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ABSTRACT

Semi-natural grasslands created by traditional animal husbandry are among the most
threatened habitat types in northern Europe, and many of the species adapted to them
are currently endangered. Improving the conservation status of grassland species
requires increasing the area of habitats that are suitable for them. This may be
achieved by restoring degraded semi-natural grasslands, or by developing the
management of other early-successional habitats to better suit the needs of grassland
species. This thesis concerns the conservation of grassland species in young
anthropogenic habitats that may function as alternatives to semi-natural grasslands
under suitable management. Collectively referred to as novel habitats, these include
power line clearings, road verges and urban lawns, which are all regularly managed
for specific purposes. The current quality of these habitats as alternatives to semi-
natural grasslands is limited by management regimes that are suboptimal for
grassland species. Modifying or altering these regimes would be especially
beneficial in areas which are environmentally otherwise suitable for grassland
species. The implementation of any management alteration, however, is complicated
by the fact that grassland conservation is not the primary motivation for managing
these habitats. Rather, the current management regimes of novel habitats are driven
by societal phenomena both on the level of individual novel habitat stakeholders and
on the level above them. The first include phenomena such as values assigned to
novel habitats and the attitudes towards particular management methods. The latter
include phenomena such as legislation, established practices and norms for the
appearance and functioning of novel habitats. Understanding how these social
scientific phenomena drive novel habitat management is equally important in
utilizing them in grassland conservation as is understanding which environmental
conditions favor the population performance and species richness of grassland
species in them.

This thesis aims to combine ecological data on the environmental conditions
favoring grassland species and social scientific data on the valuation of and attitudes
towards novel habitats to propose guidelines for managing novel habitats for greater
grassland conservation benefit. Chapters I-II concern the environmental
determinants for the population performance and species richness of grassland
species in novel habitats, while Chapters IV-V concern the values stakeholders
assign to novel habitats, the attitudes they hold towards management practices that
would favor grassland species, and the barriers that prevent the implementation of
such alterations. The results show that specific environmental conditions support



species rich grassland communities in novel habitats, although the determinants for
species richness vary between species groups. Dry soils, southerly exposition and
abundant light favor the population performance and species richness of grassland
plants, while grassland butterflies are favored by mesic habitat conditions. In
addition, local and regional land-use history related to semi-natural grasslands is
positively related to the performance of grassland species populations and to the
species richness of grassland plants, but not butterflies. The results also show that
the values assigned to novel habitats and the attitudes towards managing them for
greater grassland conservation benefit are diverse, interrelated and differ between
stakeholder groups. Stakeholders who are positive towards management alterations
favoring grassland species assign positive values of species richness, beauty and
wildness to grassland vegetation, while stakeholders who are negative towards these
alterations assign negative values of untidiness, lack of care and unsafety to such
vegetation. Specific management alterations increasing the quality of novel habitats
for grassland species, such as stakeholder education, are perceived as more feasible
than others. Likewise, specific implementation barriers to these alterations, such as
lack of resources, are perceived more severe than others among stakeholders.

The results of this thesis, along with previous research, indicate that especially
novel habitats with dry soils, abundant light and a warm microclimate are suitable
for at least grassland plants and that there is support among novel habitat
stakeholders for managing these habitats to better suit the needs of grassland species.
However, the multivalued nature of these habitats has to be taken into account when
implementing any alterations to current management regimes. This may be achieved
by ensuring that novel habitats under altered management retain a cared for,
maintained appearance and that the original motivations for their management, such
as traffic safety in road verges, are not compromised lest the alterations or grassland
species themselves be faced with negative attitudes.

KEYWORDS: Semi-natural grassland, ecosystem novelty, nature conservation,
nature management, nature valuation, attitudes
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TIVISTELMA

Perinteisen karjatalouden luomat niityt, kedot ja muut perinnebiotoopit kuuluvat
Pohjois-Euroopan uhanalaisimpiin luontotyyppeihin. Moni niihin sopeutunut kasvi-
tai hyonteislaji on arvioitu uhanalaiseksi. Niittylajiston suotuisa suojelutaso
edellyttdisi, ettd niille lajeille soveltuvien elinympéristjen pinta-ala kasvaisi huo-
mattavasti nykyisestd. Tdmé voidaan saada aikaiseksi joko ennallistamalla
tuhoutuneita perinnebiotooppeja, tai kehittdmalld muiden aikaissukkessiivisten
elinympéristéjen hoitoa niittylajiston tarpeita paremmin vastaavaksi. Tama vaitds-
kirja koskee niittylajiston suojelua nuorissa, ihmisen luomissa elinymparistdissa,
jotka oikein hoidettuina voisivat toimia vaihtoehtoina perinteisen karjatalouden
luomille varsinaisille perinnebiotoopeille. Téllaisia ns. uusymparistoja ovat esi-
merkiksi johtoaukeat, tienvarret ja puistonurmikot, joita kaikkia hoidetaan sdin-
nollisesti tiettyjd tarkoitusperid varten joko niittdmélld tai muilla tavoin.
Sadnnollisyydestddn huolimatta uusympéristdjen hoitomenetelmdt ovat niitty-
lajistolle usein epdedullisia, mikd heikentdd uusympdiristojen laatua niittylajien
elinympéristoni. Hoitomenetelmien muokkaus niittylajistolle soveltuvammaksi olisi
hyodyllistd etenkin alueilla, jotka muilta ympéristooloiltaan soveltuvat niittylajis-
tolle. Muokkausta kuitenkin vaikeuttaa se, ettei niittylajiston suojelu ole uusympéa-
ristdjen hoidon pédasiallinen tarkoitus, vaan nykyiset hoitomenetelmét perustuvat
pitkélti yhteiskunnallisiin ilmidihin kunkin uusympéristdon ja sen sidosryhmien
ympdrilld. Téllaisia ovat esimerkiksi sidosryhmien uusympaéristoihin liittimaét arvot,
sidosryhmien asenteet uusympéristdjen erilaisia hoitomenetelmid kohtaan,
uusympéristdjen hoitomenetelmid koskeva lainsdédintd ja niiden ulkonékdon ja
toiminnallisuuteen liittyvét normit ja vakiintuneet kdytdnnot. Jotta uusympéristoja
olisi mahdollista hyodyntdd niittylajiston suojelussa, on aivan yhtd tirkedd
ymmartdd, kuinka ndmé yhteiskunnalliset ilmiét muovaavat uusympéristojen
nykyisid hoitomenetelmis, kuin on ymmértidd, mitkd ekologiset tekijdt suosivat
niittylajipopulaatioiden elinvoimaisuutta tai niittylajiyhteis6jen runsaslajisuutta
uusymparistoissa.

Tassd viitoskirjassa yhdistdn ekologista aineistoa niittylajistoa suosivista
ympéristooloista yhteiskuntatieteelliseen aineistoon uusympéristdihin liittyvista
asenteista ja arvoista, ja ehdotan ohjenuoria uusymparistéjen nykyistd laajemmalle
hyodyntédmiselle niittylajiston suojelussa. Viitoskirjan kappaleet I-III kisittelevit
niittylajipopulaatioiden elinvoimaisuuteen ja niittylajiyhteisdjen lajimaaraan vaikut-
tavia ymparistooloja uusymparistoissd. Kappaleet IV-V puolestaan kisittelevat eri
sidosryhmien uusympéristoihin liittimid arvoja, asenteita erilaisia niittylajistoa



suosivia hoitomenetelmid kohtaan, ja kdytinnon esteitd, joihin tdménkaltaisten
hoitomenetelmien toimeenpano térméd. Kappaleiden I-III tulosten mukaan tietyt
ympéristoolot suosivat runsaslajisten niittylajiyhteisdjen kehittymistd uusympéris-
toissd, joskin eri lajiryhmien lajimiérd uusympéristdissd riippuu eri ymparisto-
oloista. Kuiva maaperd, eteldinen ekspositio ja runsas valo suosivat niittykasvi-
populaatioiden elinvoimaisuutta ja niittykasviyhteisdjen runsaslajisuutta. Tuore
maaperd puolestaan suosii niittyperhosyhteisdjen runsaslajisuutta. Tadmén lisdksi
perinnebiotooppeihin liittyvd paikallinen ja maisemallinen maankayttohistoria
liittyy positiivisesti niittykasvipopulaatioiden elinvoimaisuuteen ja niittykasviyhtei-
sOjen runsaslajisuuteen. Niittyperhosten lajimédrdn ja maankdyttShistorian valilla
tallaista yhteytti ei havaittu. Kappaleiden IV-V tulosten mukaan uusympéristéihin
liitetyt arvot ja asenteet niittylajistoa suosivien hoitomenetelmien toimeenpanemista
kohtaan ovat monimuotoisia, toisiinsa liittyvid ja vaihtelevat eri sidosryhmien
valilld. Myonteisesti  niittylajistoa suosiviin hoitomenetelmiin  suhtautuvat
sidosryhmat liittdvat uusympéristdjen niittykasvillisuuteen myonteisid runsaslaji-
suuden, kauneuden ja villiyden arvoja. Kielteisesti niittylajistoa suosiviin hoito-
menetelmiin  suhtautuvat sidosryhmét puolestaan liittdvdt uusympéristojen
niittykasvillisuuteen kielteisid epasiisteyden, hoitamattomuuden ja turvattomuuden
arvoja. Tietyt niittylajistoa suosivat menetelmét, kuten sidosryhmien koulutus,
koetaan toteutuskelpoisemmiksi uusympéristdjen hoidossa kuin toiset. Samaten,
tietyt kiytdnnon esteet ndiden menetelmien toimeenpanolle, kuten resurssien puute,
koetaan sidosryhmien parissa vakavammiksi kuin toiset.

Viitoskirjan tulosten ja aiemman tutkimuksen perusteella erityisesti valoisat,
lampimit ja maaperdltddn kuivat uusympéristét soveltuvat niittykasvien elin-
ympéristoiksi. Asenteet uusympéristdjen hoitomenetelmien kehittdmiseksi niitty-
lajeja suosivampaan suuntaan ovat eri sidosryhmissd vaihtelevia, mutta padosin
neutraaleja tai myonteisid. Uusympdristdjen moniarvoisuus tulee kuitenkin ottaa
huomioon nykyisid hoitomenetelmid muokatessa. Tédméd voidaan varmistaa
esimerkiksi siten, ettd niittylajistoa suosien hoidetut uusympéristot sdilyttavét siistin,
hoidetun ulkoasun. On my0s tirkedd varmistaa, etteivét niittylajistoa suosivat
hoitomenetelmét vaaranna kunkin uusympariston hoidon alkuperdisid tavoitteita,
kuten liikenneturvallisuutta tienvarsilla, silld tima johtaisi todennékdisesti kielteisiin
asenteisiin itse niittylajistoa ja sitd suosivia hoitomenetelmid kohtaan.

ASIASANAT: Perinnebiotooppi, uusympéristd, luonnonsuojelu, luonnonhoito,
arvotus, asennetutkimus
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1 Introduction

1.1 Semi-natural grasslands

Semi-natural grasslands are early-successional communities characterized by
frequent moderate disturbance, a low-growing, often treeless field layer, abundant
light, and high species richness of vascular plants, insects and other groups of species
(Fig 1, Pykala 2001, Dengler et al. 2014, Lehtomaa et al. 2018b). As the principal
source of fodder and as areas for grazing, the history of semi-natural grasslands,
wooded pastures and other traditional rural biotopes in northern Europe is closely
associated with the introduction of agriculture and animal husbandry into the region
(Pykala 2001, Eriksson & Cousins 2014). The first signs of cultivation and domestic
animals in northern Europe appeared roughly 5500 BCE (Eriksson & Cousins 2014),
reaching Finland via the Baltic region roughly 5000 BCE (Blauer 2015). In the
following millennia, in Finland especially during the late Iron Age (Alenius et al.
2017, Vanhanen 2019), forest clearing, slash-and-burn cultivation, hay-making and
cattle grazing led to a proliferation of open to semi-open landscapes on a scale not
likely witnessed since the megafaunal extinctions of the late Pleistocene (Svenning
2002, Johnson 2009). This greatly increased the area of suitable open habitats for
many species previously dependent on temporary clearings created by forest fires or
floods, or on the more permanent, yet narrow bands of coastal meadows (Pykala
2001, Eriksson & Cousins 2014).

As human populations and their cattle expanded to new regions, several species,
termed archaeophytes, accompanied them and became established into the newly
opened landscapes (Suominen & Hamet-Ahti 1993). In Finland, for example,
archaeophytes comprise roughly 10-25 % of all species adapted to dry or mesic
grasslands (Pykild 2001). During their greatest extent in the mid 19™ century, semi-
natural grasslands covered on estimate as much as 2.65 million hectares in Finland,
and roughly one third of the entire area of Estonia (Suomenmaan virallinen tilasto
1869, Talvi & Talvi 2012). The prevalence of these habitats in landscapes of the time
is evident in historical maps, such as the Senate maps depicting land cover in
southern Finland in the late 19" and early 20™ centuries (The National Archives of
Finland 2019).
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Figure 1. An abandoned patch of semi-natural grassland in Mikkeli, Eteld-Savo. Herbs and
grasses, such as Agrostis capillaris, Knautia arvensis, Campanula glomerata, Pimpinella
saxifraga and Leucanthemum vulgare will dominate the field layer still for a few years before
a secondary succession of willows, pines and birches takes over. Picture: JL.

However, since the late 19" century, the vast majority of semi-natural grasslands
both in Finland and elsewhere in northern Europe have either been cleared into arable
fields, afforested for silviculture or simply abandoned and left for natural succession
to take over (Luoto et al. 2003, Kivinen 2005, Eriksson & Cousins 2014, Cousins et
al. 2015). This was caused by agricultural reformations and societal and political
changes that left semi-natural grasslands less essential in agriculture and animal
husbandry and increased the incentives for transforming them into other land use
types (Luoto et al. 2003). For example, the shift from winter fodder mown and
collected from semi-natural grasslands to that cultivated in fields encouraged farmers
to clear suitable grasslands into arable fields. Likewise, the shift from grazing in
semi-natural grasslands to grazing in permanent, improved pastures caused many of
the previously essential grasslands to become abandoned. As a consequence, the
once dense patchwork of semi-natural grasslands was reduced to individual,
fragmented remnants during the course of the 20™ century (Vainio et al. 2001, Luoto
et al. 2003, Eriksson & Cousins 2014, Cousins et al. 2015). Presently only an

12



Introduction

estimated 30 000 hectares of semi-natural grasslands with conservation value remain
under favorable management (Kemppainen & Lehtomaa 2009, Lehtomaa et al.
2018a) in Finland. To demonstrate the magnitude of landscape change during the
past 150 years, Fig 2 presents a comparison of the cover of semi-natural grasslands
and pastures in 1880-90 (Lampinen & Turkia 2019) and those remaining to the
present day in South-Western Finland (Lounais-Suomen ympdaristokeskus 2008,
Finnish Environment Institute 2019a).

Because of their decline, semi-natural grasslands are now among the most
threatened habitat types both in Finland (Kontula & Raunio 2018) and elsewhere in
Europe (Janssen et al. 2017). As a habitat of threatened species, semi-natural
grasslands and other rural and cultural habitats are second only to old-growth forests
(Hyvérinen et al. 2019). For example, semi-natural grasslands and wooded pastures
provide primary habitat for almost 600 near threatened, threatened or regionally
extinct species of vascular plants, mosses, lichens, insects or other groups of species
in Finland (Hyvérinen et al. 2019). In addition, the number of species regionally
extinct in Finland per habitat type is highest in semi-natural grasslands (Hyvérinen
et al. 2019). Similar patterns apply in Sweden as well: Out of all red-listed Swedish
species, 33% have their primary habitat in agricultural landscapes, including semi-
natural grasslands (ArtDatabanken 2015).

Besides continued deterioration due to successional overgrowth or management
that is suboptimal for grassland species, or downright destruction due to housing
development or silviculture, the remaining fragments of semi-natural grasslands may
be threatened also by extinction debt (Helm et al. 2006, Cousins 2009). Extinction
debt is a phenomenon where species inhabiting a given habitat are fated to suffer
local extinction in the future due to a delayed response of the species community to
past decreases in habitat area or quality (Kuussaari et al. 2009). For example, plant
populations of long-lived species and those capable of vegetative reproduction may
respond to deteriorating habitat conditions with substantial delays compared to
populations of shorter-lived species. Due to this delay, populations of the first group
of species are more prone to develop extinction debts, while populations of the latter
group are prone to go extinct more quickly (Saar et al. 2012). The possible presence
of extinction debts indicates that the species richness of the remaining fragments of
semi-natural grasslands may continue to decline in the future despite restoration
efforts (Johansson et al. 2011).
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Figure 2 a). Pastures and dry grasslands (light red) and mesic (green) and moist (blue)
grasslands in south-western Finland 1870-1890, based on the Senate maps, georeferenced
and delineated by Lampinen & Turkia (2019).
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Figure 2 b). Semi-natural grasslands and other traditional rural biotopes (red) surveyed in
the 1990’s (Lounais-Suomen ympéristokeskus 2008) and present pastures (green) according
to CORINE 2012 land cover data (Finnish Environment Institute 2019a).
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1.2 Habitats and novel habitats

Habitats are the physical settings in which individuals of a given species reside and
interact with one another (Hall et al. 1997). From the species’ point of view, habitats
vary in quality, depending on the conditions that the species have adapted to. The
quality of a particular habitat for a given species can be understood as the potential
of the habitat to provide conditions that allow the species to establish populations,
reproduce and persist in the habitat (Hall et al. 1997, Johnson 2007). For grassland
species adapted to the abundant light and warmth typical to the early stages of
succession, the most critical aspects of habitat quality include the availability of light
and the intensity, frequency and continuity of disturbance such as grazing or mowing
(Huhta et al. 2001, Pyk&ld 2005, Pykéla et al. 2005). Disturbance prevents succession
from progressing towards more closed vegetation, and levels the resource
competition between plant species in the field layer, thus preventing the competitive
exclusion of poor competitors, e.g. small-sized species (Grime 1973). According to
island biogeography and metapopulation models, also the size and connectivity to
other similar habitats influence how many species may reside in a particular habitat
and how well propagules and genes may flow from one habitat to another
(MacArthur & Wilson 1967, Crooks & Sanjayan 2006, Hodgson et al. 2010). A
grassland habitat of good quality is thus regularly disturbed, large and well-
connected to other similar habitats. Conversely, a grassland habitat of poor quality
is abandoned or under suboptimal management, overgrown, small and isolated from
others.

Reductions in habitat quality lead to habitat degradation and ultimately habitat
loss, which are considered the primary threats to the favorable conservation status of
species worldwide (Baillie et al. 2004). Upon regional habitat loss, species adapted
to semi-natural grasslands have three options: They may either immediately go
extinct (Fischer & Stocklin 1996), persist in the degraded remaining habitat
fragments often presenting extinction debts (Cousins 2009), or resort to other, novel
habitats that provide similar conditions as semi-natural grasslands (Lundholm &
Richardson 2010, Auestad et al. 2011, Gardiner et al. 2018). This thesis focuses on
the last of these options.

Novel habitats are environments created and managed by humans for specific
purposes and characterized by partly similar structural or functional properties as
natural habitats (Lundholm & Richardson 2010, Gardiner et al. 2018). Put simply,
the environmental conditions in novel habitats resemble those in natural habitats to
a sufficient extent for species adapted to specific natural habitats to be able to inhabit,
persist and reproduce in them. Terms with similar meanings include alternative
(Tikka et al. 2000; 2001), analogous (Lundholm & Richardson 2010) and surrogate
habitats (Berndt et al. 2008). For example, the rooftops and ledges of urban buildings

16
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provide novel habitats for city doves (Columba livia domestica), a species whose
ancestors inhabited rocky cliffs.

The concept of novel habitats is based on the framework of novel ecosystems
(Hobbs et al. 2009; 2013; 2014). The “novelty” of a particular system in this case
refers to differences in the system's qualities (such as species composition or
ecosystem functioning) that are a) anthropogenic in origin, b) self-sustaining and c)
beyond the historical range of variability of those qualities compared to similar
natural systems of the same region (Hobbs et al. 2009; 2013; 2014, Morse et al.
2014). The degree of a system's novelty may vary, with truly novel ecosystems
having shifted over a threshold to a permanently altered state that cannot be reversed
without significant restoration effort (Morse et al. 2014). In comparison, less novel
ecosystems (“hybrid” systems) still share similarities with natural ecosystems in e.g.
species composition or ecosystem functioning but are nonetheless beyond the
historical range of variability in all or some of such qualities (Hobbs et al. 2009).

The difference between novel habitats and novel ecosystems is similar to that
between natural habitats and ecosystems. While habitats are physical places of
species’ occurrence and reproduction characterized by species-specific
environmental requirements (as described above) (Hall et al. 1997), ecosystems are
joint entities of species, the communities they form, and the abiotic conditions these
interact with (Tansley 1935). For example, the regularly managed road verges
discussed in this thesis may be perceived as a novel habitat, while the entire
surrounding transport system (i.e. the constructed motorway next to the verge, the
structurally rearranged, potentially polluted soils beneath it, the biotic communities
of the forests and fields adjoining the road affected by the traffic, etc.) forms a novel
ecosystem.

From the perspective of nature conservation, especially interesting are novel
habitats and novel ecosystems that are able to provide suitable conditions for
threatened species, or for those whose original (semi-)natural habitats are threatened
(Lundholm & Richardson 2010, Kowarik 2011, Gardiner et al. 2018). Recent studies
indicate that the declining biota of semi-natural grasslands may find suitable
conditions in different types of rights-of-way (Gardiner et al. 2018), such as power
line clearings (Wagner et al. 2014, Eldegard et al. 2017), road verges (Auestad et al.
2010; 2011) and railway embankments (Tikka et al 2000; 2001, Morén et al. 2014).
Sites of soil and mineral extraction, such as unused gravel pits (Lenda et al. 2012)
and abandoned quarries (Tropek et al. 2010), and urban greenspaces, such as green
roofs (Madre et al. 2013), brownfields (Eyre et al. 2003), ruderal areas (Ockinger et
al. 2009) and urban parks and lawns (Thompson et al. 2004, Fischer et al. 2013) have
also been shown to sometimes provide suitable conditions for grassland species.
Although all of these are anthropogenic in origin, they vary in their degree of novelty,
i.e. the extent to which they resemble actual semi-natural grasslands regarding their

17



Jussi Lampinen

species composition, vegetation structure and ecosystem service provision, and in
the degree to which they are self-sustaining. This thesis focuses on three types of
novel habitats, described in greater detail in the following.

1.2.1 Power line clearings

Power line clearings are linear, corridor-like elements clear-cut into landscapes for
the purpose of transmitting electricity (Fig 3, Monni & Lankinen 1995, Wagner et
al. 2014, FEldegard et al. 2017). Especially in forested landscapes, power line
clearings are regularly either mown or otherwise managed with intervals ranging
from a few to eight years (Bramble & Byrnes 1983, Luken et al. 1992, Berg et al.
2013, Fingrid 2019a, b). This is done to sustain the vegetation in the clearings in a
low-growing state and thus prevent trees or shrubs from growing tall enough to short-
circuit the overhead power lines (Ahmad et al. 2013). The woody debris resulting
from each clear-cut is most often left on the ground (Berg et al. 2013, Fingrid 2019a,
b). Due to the long interval between each management event, power line clearings
often develop a dense vegetation structure characterized by bushes and tree saplings,
with low-growing herbaceous vegetation being present as patches (Berg et al. 2013).
In Europe, power line clearings span up to 265 000 kilometers in length (Eurelectric
2009), but the exact area under regular mowing management is difficult to assess
due to variation in clearing widths and in the amount of corridor vegetation. In
Finland, the area of power line clearings in regular mowing management is estimated
to exceed 50 000 hectares (Kuussaari et al. 2003).
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Figure 3. Power line clearings ranging from dry to mesic conditions with abundant grassland
plants in a) Lohja, Uusimaa and b-¢) Turku, Varsinais-Suomi. Pictures: JL.
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1.2.2 Road verges

Like power line clearings, road verges are linear, narrow habitats that form a network
of varying density across rural and urban landscapes (Fig 4) (Auffret & Cousins
2013, Gardiner et al. 2018). Lining roads on both sides, road verges are regularly
mown with rotating blades or flails to prevent the verge vegetation from obstructing
the visibility along the road, from attracting browsing animals, and from clogging
the ditches draining the road (Parr & Way 1988, Auestad et al. 2010). Compared to
power line clearings, road verges are managed with shorter intervals depending on
the speed limit and amount of traffic on the road in question (Liikennevirasto 2014).
In Finland, road verges have been classified into several management classes varying
from the wide highway verges mown at least twice per summer to the narrow verges
of rural roads mown only once per summer (Jantunen et al. 2007, Liikennevirasto
2014). The mown biomass is most often crushed or mulched and left on the ground
(Schaffers et al. 1998). Upon establishment, verges are either sown with herbaceous
species (Mahosenaho & Pirinen 1999, Liikennevirasto 2014) or allowed to freely
become vegetated with species dispersing from the surrounding habitats (Skrindo &
Pedersen 2004). Because of the intense management and the sown seed mixtures,
road verges are dominated by open herbaceous vegetation. As with power line
clearings, the exact area of regularly managed road verges is difficult to assess due
to the varying widths of the mown part of the verge. Still, the total length of all road
verges in Europe is estimated to reach as much as 4,8 million kilometers (European
union road federation 2017). In Finland, the area of state-managed road verges is
estimated to exceed 100 000 hectares (Jantunen et al. 2004).
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Figure 4. Rural road verges dominated by grassland plants in a) Mikkeli, Eteld-Savo, with
abundant Knautia arvensis and in b) Espoo, Uusimaa, with abundant Centaurea jacea,
Hieracium umbellatum and Angelica sylvestris. Pictures: JL.
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1.2.3 Urban lawns and grasslands

Lawns and grasslands established and managed for both recreational and aesthetic
purposes are an essential part of urban greenspaces (Fig 5, Hedblom et al. 2017,
Ignatieva et al. 2017). Covering vast areas in public parks, yards and private gardens,
lawns and so-called amenity grasslands are sown upon establishment with seed
mixtures of competitive grasses and forbs that form a uniform, dense field layer
resistant to trampling (Alumai et al. 2009, Wheeler et al. 2017). This field layer is
then mown with varying intervals ranging from several times per month to only once
per summer, depending on the intensity of use and visual demands the lawns are
subjected to. For example, in Turku, Helsinki and other large cities in Finland, lawns
and amenity grasslands are classified into management classes varying from the
intensively managed lawns surrounding historical public buildings in the city center
to the less-intensively managed, taller grasslands surrounding recreational areas in
the city outskirts (Nuotio 2007). The mown biomass is either mulched and left on
the ground or removed from the lawns, again depending on the use and demands
subjected to the lawn. In addition to mowing, lawns may be fertilized, irrigated and
occasionally re-seeded (Thompson et al. 2004). The extent of regularly managed
lawns and grasslands is difficult to assess on a large scale due to the small size and
scattered distribution of lawns in urban areas (Hedblom et al. 2017). In the United
States, however, estimates of the cover of turf grass lawns over the entire continent
reach as much as 163 800 square kilometers (Milesi 2005).
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b)

Figure 5. Urban lawns mown only once or twice per season may develop a vegetation
structure similar to semi-natural grasslands, although the species present are often more
generalistic in nature. a) Turku, Finland, b) Miinster, Germany. Pictures: JL (a) and Valentin
Klaus (b).
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1.3 Novel habitats and the social sciences

Because of their anthropogenic origin and regular management, all of the novel
habitats described above are prime examples of social-ecological systems, i.e.
systems that are shaped by both ecological and social phenomena and the
interactions and feedbacks between them (Berkes et al. 2000, Liu et al. 2007, Cook
et al. 2011). For example, the species composition of a given power line clearing is
influenced on one hand by the ecological and biophysical preconditions of the
surrounding landscape and on the other by the decision-making processes of the
people perceiving and managing the clearing (Nassauer 1995, Berkes et al. 2000,
Cook et al. 2011). Similar to ecological phenomena that operate on various spatial
scales, the social phenomena influencing how and why a given novel habitat is
managed operate on multiple scales ranging from individuals to institutions and
regions (Cook et al. 2011). On the level of individuals, such phenomena include
personal values and attitudes (Nassauer 1995, Nassauer et al. 2009), and on the level
of institutions and regions, they include municipal regulations and policies,
legislation and the economy (Liu et al. 2007, Cook et al. 2011). Again, like
ecological phenomena, social phenomena may affect habitats both immediately or
through legacy effects, with present habitats presenting evidence of e.g. historical
management decisions based on individual beliefs or regional policies (Liu et al.
2007, Cook et al. 2011). The social scientific chapters of this thesis focus both on
the phenomena operating on the level of individuals, namely the values assigned to
and attitudes towards novel habitats, and on the phenomena operating on institutional
and regional scales, namely the policies and decision-making that affect novel
habitat management.

1.3.1 The influence of values on habitat management

Values are central to human behavior, as they form the base for beliefs, attitudes,
intentions and ultimately action (Ives & Kendal 2014 and references therein), they
are the “foundation on which people’s prioritizations are built” (Manfredo et al.
2016). In the literature concerning nature valuation, the term “value” may refer either
to underlying, held values, or assigned values, which are also called valued
properties (Ives & Kendal 2014). The first of these describe personal perceptions of
which behaviors or end states are desirable and important in life (Schwartz & Bilsky
1987). For example, a person may perceive equality or sustainability as important
underlying values guiding their life. Assigned values, or valued properties, on the
other hand, describe the reasons for which something (the object of valuation) is
perceived valuable, whether extrinsic or intrinsic (Ives & Kendal 2014). Terms with
similar connotations as assigned values include landscape (Raymond & Brown 2007,
Ives & Kendal 2014), community (Raymond et al. 2009) and social values
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(Tyrvédinen et al. 2007, Vesanto 2007, Ives et al. 2017). Assigned values may be
monetary, but they may just as well include any other social, aesthetic or utility
feature imaginable that render the object of valuation valuable to the person
perceiving it. For example, a person who owns a patch of forest may value that forest
for its recreation potential or scenic beauty.

The research field of nature valuation links closely to the ecosystem services
framework (Carpenter et al. 2009), as both concern features in nature that humans
perceive either beneficial or desirable (services) or disadvantageous or undesirable
(disservices) to themselves or the humanity at large (Schaich et al. 2010). Studies
describing the values assigned to natural areas have previously focused on e.g. river
reserves (Bryan et al. 2010), forests (Brown & Reed 2000), urban greenspaces
(Tyrvéinen et al. 2007, Ives et al. 2017), residential areas (Cook et al. 2011) and, to
a lesser extent, semi-natural grasslands (Lindborg et al. 2008, Raatikainen & Barron
2017). Values assigned to novel habitats have received only little attention. There
are, however, indications that novel habitats are assigned just as many values as any
other regularly managed habitat, especially in urban areas, where novel habitats of
various types form a significant part of urban greenspaces (Hobbs et al. 2014, Weber
et al. 2014).

To an ecologist, all this text concerning values may appear abstract and trivial.
However, in nature conservation it is instrumental to understand what are the values
that different stakeholders assign to habitats of conservation interest, as they shed
light on the attitudes and motivations preceding the conservation actions (or lack
thereof) regarding these habitats (Larson et al. 2010, Ives & Kendal 2014, Ives et al.
2017). Attitudes, in turn, may be defined as statements (or “summary evaluations”
(Ajzen 2001)) of a person’s views over a given topic and are often expressed as
preferences or agreements considering that topic (Ives & Kendal 2014). Especially
in social-ecological systems, habitat management designed solely in terms of
ecological values is likely to lead to negative attitudes and objection from the
stakeholders of that habitat in the long run (Nassauer 1995). Examples of non-
ecological assigned values that may direct the attitudes towards the management of
habitats of conservation interest include especially aesthetics (Gobster et al. 2007),
signs of care (Nassauer 1995) and safety (Jorgensen et al. 2002). In this context, the
intrinsic or ecological value of a particular habitat or environmental concern over its
conservation status are simply values among many others that shape the decision-
making around conservation action in that particular habitat. Conflicts between
specific assigned values may arise during habitat management when non-ecological
values, such as aesthetics or safety, dictate the goals of management despite evident
ecological values, such as high species richness or the presence of endangered
species. Similar conflicts may arise when ecological values are dismissed during
habitat management due to social phenomena operating above the level of
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individuals, such as institutional practices, regional legislation or collective norms
(Cook et al. 2011). In situations where the implementation of ecologically sensitive
habitat management is clearly constrained by the aforementioned phenomena, the
term implementation barrier may be used to refer to the limiting phenomena.

1.4 Grassland conservation in novel habitats:
potential, limitations and unanswered
questions

To summarize the previous sections, power line clearings, road verges and urban
lawns are all characterized by either frequent disturbance, open low-growing
vegetation with abundant light, or both. They also cover immense areas in both rural
and urban landscapes (Eurelectric 2009, European union road federation 2017,
Milesi 2005) and have been shown to be much more structurally connected to one
another than the remaining fragments of semi-natural grasslands are (Auffret &
Cousins 2013). Novel habitats thus share some of the most crucial determinants of
habitat quality for grasslands species and have indeed been found to sometimes
support diverse communities of species originally adapted to semi-natural grasslands
(e.g. Tikka et al. 2000, Eldegard et al. 2017).

Why, then, do grassland species continue their decline towards extinction, as
evident in the most recent assessment of threatened species in Finland (Hyvarinen et
al. 2019)? Despite their superficial similarity with semi-natural grasslands, all three
novel habitat types discussed in this thesis differ in their own ways from them. In
power line clearings and road verges, the most crucial difference is the fact that the
mown biomass is not removed but is left to decay on the ground (Schaffers et al.
1998, Fingrid 2019a, b). This hinders the recruitment of grassland seedlings (Loydi
et al. 2013) and the depletion of nutrients from the soil, thus favoring competitive,
large species or those adapted to nutrient-rich soils (Schaffers et al. 1998, Noordijk
et al. 2009). In urban lawns, the obstacles to the development of species-rich
grassland vegetation are the intensity of management and the artificial fertilizers and
seed mixtures of competitive species used in lawn establishment (Thompson et al.
2004, Chollet et al. 2018). Thus, the quality of novel habitats for grassland species
is often less than that in traditionally managed semi-natural grasslands (Fig 6), and
alterations to the management regimes of each novel habitat type are required to
maximize their potential as grassland habitat. Accordingly, altering the management
of power line clearings, road verges or lawns has often been suggested in the
literature, with specific suggestions concerning e.g. readjustments to mowing
schedules and the removal of the mown biomass to better mimic the management of
semi-natural grasslands (e.g. Jantunen et al. 2007, Komonen et al. 2013, Garbuzov
et al. 2014, Chollet et al. 2018).
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If we are to hope for such management alterations to be implemented on a large
scale, however, important questions remain unanswered concerning both the ecology
and the social scientific aspects of grassland conservation in novel habitats. First, we
must understand how local and landscape-scale environmental conditions affect the
performance, occurrence, abundance and composition of grassland species in novel
habitats. This is important, so that any potential management alteration may be
focused into novel habitats that have the greatest potential for developing species-
rich grassland vegetation. Based on previous studies we already know the answer
regarding road verges, as grassland species have been shown to be especially
frequent on old verges with nutrient-poor, dry soils (Jantunen et al. 2006). The local
determinants of grassland species richness and occurrence in other novel habitats
have been seldom studied, as have the landscape scale determinants of grassland
species occurrence in any novel habitat for that matter. For example, the effects of
urbanization, if there are any, on grassland species performance and grassland
communities have seldom been studied. Yet understanding if and how urbanization
affects grassland species is important if we are to utilize novel habitats in grassland
conservation, as novel habitats are equally characteristic to urban landscapes (Hobbs
et a. 2014) as historical semi-natural grasslands were to rural landscapes. Likewise,
the relationship between the occurrence of grassland species in novel habitats and
the present and past connectivity of that habitat to semi-natural grasslands has
received little attention, despite the fact that the effects of past habitat connectivity
in present grassland plant communities are well documented (e.g. Lindborg &
Eriksson 2004, Helm et al. 2006).

Second, to ensure the implementation of any potential management alteration,
we must understand how the stakeholders of novel habitats value these habitats and
their role in grassland conservation. The values stakeholders assign to novel habitats,
the potential conflicts between these values, the attitudes towards altering novel
habitat management or the opinions concerning different types of potential
management alterations have all received only a little, if any, attention. Yet the
answers to these questions are crucial in explaining why novel habitats are currently
managed the way they are, and most importantly, why they are often not managed
for greater grassland conservation benefit.
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Figure 6. The quality of novel habitats for grassland species may be limited by a) invasive
species, b) suboptimal management regimes resulting in successional overgrowth during
management intervals or (¢) management methods that suit the needs of grassland species
poorly. Pictures: JL (a-b) and Wikimedia Commons/Max Holder GmbH (c).
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1.5 The aims of the thesis

This thesis consists of five chapters. Chapter I concerns the environmental
determinants of the population performance of a threatened grassland specialist
along a gradient of urbanization, while chapters II-III concern those for the species
richness of native grassland plants, non-native plants, and grassland butterflies in
power line clearings. Chapters V-V address the attitudes of novel habitat
stakeholders towards utilizing novel habitats in grassland conservation, the values
they associate with novel habitats, and the barriers to the implementation of novel
habitat management that would favor grassland species. The overall aim of this thesis
is to combine ecological and social scientific data concerning grassland conservation
in novel habitats into practical management guidelines that may be used to increase
the quality of novel habitats as grassland habitat while taking into account the pre-
existing reasons for the management of each novel habitat type. More specifically,
the aims are:

1) To describe the local and landscape-scale environmental conditions likely to
favor the performance and occurrence of grassland species in novel habitats
(chapters I-IIT)

2) To describe the values that stakeholders assign to novel habitats, and
determine how these values relate to attitudes towards utilizing novel
habitats in grassland conservation (chapters [V-V)

3) To identify key barriers to managing novel habitats for greater grassland
conservation benefit (chapter V)

4) To propose practical solutions for managing novel habitats in ways that

increase their habitat quality for grassland species, but do not compromise
the pre-existing motivations and limits for their management (chapters [-V)

29



2 Materials and Methods

2.1 Study areas and fieldwork

The fieldwork for this thesis was conducted in five different areas of varying
geographical extent. The fieldwork for chapters I-III focused on southern Finland,
more specifically the regions of Varsinais-Suomi (I, II) and Uusimaa (III). The
fieldwork for chapter IV was carried out in 19 European cities ranging from Malaga
to Turku, and the fieldwork for chapter V in the municipalities and traffic
administrative sectors of Finland. The time and the people responsible for the
fieldwork varied between the chapters. The fieldwork for chapter III was conducted
already in 2003, while the fieldwork for the rest of the chapters was conducted in
2012 (II), 2015-2016 (I, IV) and 2018 (V). JL was solely responsible for the
fieldwork in three chapters (I-II, V) and took part in that of two others (III-1V), with
collaborators in the field including the co-authors of each chapter. Sites of data
collection are presented in Fig 7, and more detailed descriptions of the study areas
and fieldwork are included in the Materials and methods —sections of individual
chapters.
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2.2 Types of data

The data in this thesis comprises ecological observational data on the population and
community ecology of grassland plants (I-III) and butterflies (III) inhabiting remnant
grasslands (I) and novel habitats (II-III), data on the local and landscape-scale
environmental conditions experienced by these species (I-11I) and survey data on the
attitudes and values of stakeholders of novel habitats (IV-V). In chapter I the
ecological data consists of population performance metrics, such as population size
estimates, of a rare specialist sedge, Carex caryophyllea (VU), inhabiting
unmanaged remnant dry grasslands (Lampinen 2017). In chapters II-III, the
ecological data consist of species richness counts of grassland plants (II-III),
grassland butterflies (III) and invasive alien plants (II) inhabiting power line
clearings. In chapters I-II, the ecological data were collected with quadrats of 5x5
meters (I) or 25x25 meters (II). In chapter 11, the size of each quadrat was 0.25 ha,
but the dimensions of each quadrat differed slightly due to differing widths of the
power line clearings being sampled. The butterfly data in chapter III was collected
with crisscrossing transects of 250 meters situated within each quadrat during three
separate visits (Pollard & Yates 1993, Poyry et al. 2009). The nomenclature used in
the ecological data follows that of Mossberg & Stenberg (2003) (I-1I) or Himet-Ahti
et al. (1998) (III) for plants and Kullberg et al. (2002) (III) for butterflies. The term
“grassland species” is used in reference to species whose historical or present habitat
preferences have primarily focused on dry to mesic grasslands. The classification of
which species can be considered grassland species, and which not follow the
definitions of Pykald (2001) for grassland plants and Pitkdnen et al. (2001) for
grassland butterflies. As for alien species, the classification follows Hémet-Ahti et
al. (1998) and Ministry of Agriculture and Forestry (2012).

The environmental data in chapters I-III consists of both local and landscape-
scale variables collected using the same quadrats as the ecological data. Among
many other variables, the local environmental data comprise Ellenberg indicator
values of e.g. soil moisture, productivity and light abundance (I-1I) (Ellenberg 1988,
Hill et al. 1999), variables describing vegetation structure (I-I11), and the topography
and exposition of the site (I-1I1). The landscape-scale environmental data, in turn,
comprise e.g. measures of connectivity of the data collection sites between one
another (I) or to current or historical semi-natural grasslands (I-I1I). The connectivity
measures were calculated following the IFM (incidence function model) measures
described in Moilanen & Nieminen (2002). The landscape-scale data also comprises
the cover of certain CORINE land cover types (I-II) (Finnish Environment Institute
2019a) surrounding each quadrat.

The survey data of chapters IV-V consists of attitudinal data (IV-V), value
typologies (IV-V) and preference data (IV). Measured on variations of the Likert-
scale (Likert 1932), the attitudinal data describe stakeholder attitudes towards
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utilizing novel habitats in grassland conservation (IV-V) and the perceived
feasibility of individual management methods for this (V). The value typologies
describe the ecological, socio-cultural and economic values (sensu Ives & Kendal
2014) stakeholders assign to novel habitats (IV-V). The preference data, in turn,
describe stakeholder preferences of novel habitats varying in the amount of grassland
vegetation they support (IV). The survey data were collected with semi-structured
surveys using questionnaires with both closed and open-ended questions, either face-
to-face (IV) or via email (V). The surveys were directed at stakeholders of two types
of novel habitats, namely urban greenspace users (IV) and road verge managers and
traffic administrators (V). The attitudinal scales were calculated as averages of
several individual Likert-items, while the value typologies and preference data were
based on open-ended questions and photographs of novel habitats varying in the
amount of grassland vegetation they support. For more specific descriptions of the
types of data collected, see the Materials and Methods —sections of individual
chapters.

2.3 Sampling

The sampling methods varied between the types of data collected and the individual
chapters. In chapter I, the population performance data were sampled from
populations of C. caryophyllea that could be located during an initial field check of
the populations, with the exact location of the quadrats being restricted by the
location of the patches of the study species in each population. In chapters II-111, the
community ecological data were sampled from power line clearings based on a set
of pre-defined, subjective rules that restricted the sampling to clearings deemed at
least somehow suitable for the development of grassland communities. In other
words, C. caryophyllea populations with only imprecisely reported locations were
omitted from the sampling in chapter I, and power line clearings transecting habitats
unsuitable for grassland species, such as peatlands, were omitted for the most part
from the sampling in chapters II-III. In total the sampled data for chapter I consists
of 75 quadrats placed in 43 C. caryophyllea populations and the sampled data for
chapters II and I1I of 71 and 44 quadrats placed in power line clearing communities,
respectively.

The local environmental data in chapters I-III was collected with the same
quadrats as the population and community ecological data, while the landscape-scale
environmental data was collected after the fieldwork with GIS-software (QGIS
Development Team 2019) from pre-defined buffers 100 (II), 250 (I) or 500 (III)
meters in diameter surrounding each quadrat. The average distance between two
sampled populations in chapter [ was 1.4 km (min 121 m, max 79 km). The average
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distance between two sampled power line clearings in chapter II was 0.3 km (min.
45 m, max. 4 km) and in chapter III 2.9 km (min. 146 m, max. 96 km).

The survey data in chapter IV was collected as 19 samples of roughly 100 face-
to-face questionnaires in 19 European cities ranging in population size and climate,
amounting to a total of 2026 questionnaires. The surveys were conducted during the
summer months of 2016 in at least three different locations varying in their proximity
to urban greenspaces within each city. At minimum, one survey location was situated
in an urban greenspace (within a park, for example), one within sight distance of an
urban greenspace (close to a park, for example) and one with no visual contact to
urban greenspaces (in a market square, for example). Potential respondents were
approached at random at the survey locations until the required number of
questionnaires (roughly 100 per study city) was achieved. The response rate in
chapter IV was 44 %.

The survey data for chapter V was collected via email during the summer of 2018
as an exhaustive sample of all stakeholders responsible for the management and
administration of road verges at the municipal, regional and national level in Finland,
with a total of 2080 potential respondents. The email addresses of the respondents
were collected from municipal and regional administrative center websites. The
response rate for the survey was 17.9 %, which resulted in a total of 373
questionnaire answers. For more specific descriptions of the sampling, see the
Materials and Methods —sections of individual chapters.

24 Quantitative and qualitative analyses

The quantitative analyses in chapters I-III concerned the relationships between
population and community ecological data of grassland species and data on local and
landscape-scale environmental conditions. The quantitative analyses in chapters V-
V investigated the relationships between attitudinal data and data concerning
different kinds of stakeholder values assigned to novel habitats. The qualitative
analyses in chapters IV-V, in turn, focused on the values associated with novel
habitats and aimed at creating a typology for them with inductive qualitative content
analysis (Elo & Kyngis 2007, Cho & Lee 2014).

I began the quantitative analyses by standardizing the predictor variables
measured on widely differing scales to mean of zero and unit-variance in certain
chapters (II-IIT). I then investigated the relationships between the response and
predictor variables in all chapters with regression analyses, such as generalized
additive models (GAM, I) (Yee & Mitchell 1991), generalized linear models (GLM,
II-II1,V) (Guisan et al. 2002), linear mixed models (LMM, IV-V) (Zuur et al. 2009)
and hierarchical partitioning (HP, II) (Chevan & Sutherland 1991). The relationship
between the response and predictor variables was modelled as univariate models in
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chapter I, while the models in other chapters were multiple in nature. In these
chapters, I selected the variables to be included in the final models with stepwise
backward elimination based on either predictor p-values (IV-V) or model AIC
(Akaike information criterion) (II-III). Because the likelihood of committing type I
error increases with multiple comparisons (Chen et al. 2017), I controlled the final
p-values in all models for either family-wise error rate (Holm 1979) (III) or false
discovery rate (Verhoeven et al. 2005) (I-II, IV-V).

I also used multivariate methods, such as principal component analysis (PCA,
IV-V) (Legendre & Legendre 1998), redundancy analysis (RDA, I) (Legendre &
Legendre 1998) and distance-based redundancy analysis (dbRDA, II) (Legendre &
Anderson 1999), or Pearson correlations (I-IV) (Pearson 1895) and Wilcoxon rank-
sum -tests (V) (Wilcoxon 1945) in certain chapters for data exploration and
interpretation. Autocorrelation issues resulting from spatially structured sampling
were accounted for either by including an autocovariate of the response variable as
a predictor in the regression analyses (II) (Dormann et al. 2007, Bardos et al. 2015)
or by calculating and interpreting Moran’s / (Moran 1950) (III). Detailed
descriptions of the analyses are included in the Materials and methods —sections of
each individual chapter.
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3 Results and discussion

The main ecological result of this thesis is that novel habitats characterized by certain
local- and landscape-scale environmental conditions may support species-rich
grassland communities, although the specific determinants for the species richness
vary between different groups of organisms. In addition, both local and regional
land-use history related to semi-natural grasslands may increase the species richness
of grassland plants, but not butterflies, in novel habitats. The main social scientific
result of this thesis is that the values assigned to novel habitats and the attitudes
towards managing them for greater grassland conservation benefit are diverse,
interrelated and differ between a) novel habitat stakeholder groups and b) novel
habitat types characterized by diverse grassland vegetation and those characterized
by less diverse vegetation. In addition, specific management alterations that could
increase the quality of novel habitats for grassland species are perceived more
feasible than others, and specific implementation barriers to these alterations more
severe than others, by novel habitat stakeholders. In the following, these results are
discussed in detail, synthesized and developed into practical guidelines for novel
habitat management that would favor grassland species while not dismissing the non-
ecological values, such as utility or aesthetic values assigned to each novel habitat

type.

3.1 The environmental conditions that favor
grassland species in novel habitats

In Chapters I-1II, I showed that variables related to disturbance, microclimate, and
edaphic conditions are the primary environmental determinants for the performance
of grassland plant populations in unmanaged grassland remnants (I) and for the
species richness of grassland plants and butterflies in power line clearings (II-11I).
More precisely, I showed that bright, warm and sufficiently disturbed open habitats
(Fig 8a) are optimal for the population performance of Carex caryophyllea, a dry
grassland specialist, and that grassland plants are most species-rich in old power line
clearings with abundant light (Fig 8b), southerly expositions and steep slopes.
Grassland butterflies, in turn, are most species rich in recently managed power line
clearings with mesic soils and low amounts of clear-cut debris. As for negative
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relationships, 1 showed that increasing shrub cover is negatively linked with the
performance of C. caryophyllea populations (Fig 8a), and that the length of the time
elapsed since previous clear-cut management and the amount of clear-cut debris are
negatively linked with the species richness of grassland plants and butterflies in
power line clearings.

First, these results show that novel habitats with suitable environmental
conditions indeed support species-rich communities of grassland species, a
conclusion similar to those drawn by e.g. Jantunen et al. (2006), Valtonen et al.
(2007) and Eldegard et al. (2017). Second, the environmental conditions favoring
the performance of grassland species populations and the species richness of
grassland species in semi-natural grasslands operate in a similar fashion in novel
habitats as well. The result that abundant light and a southerly exposition have a
positive relationship and increasing soil moisture a negative relationship with the
species richness of grassland plants in power line clearings (II) indicates that
especially dry grassland specialists may find power line clearings suitable habitats.
This is likely because dry clearings with bright, warm conditions are characterized
by more extreme climatic conditions resulting in slower successional overgrowth
between management intervals, than clearings with mesic soils. This is similar to the
finding of Pykala et al. (2005), who showed that especially sun-lit habitats with warm
exposures retain high species richness of grassland species following grassland
abandonment. Compared to grassland plants, I found that the species richness of
grassland butterflies is positively linked with mesic habitat conditions in power line
clearings (III). This could be explained by the observation by Ockinger & Smith
(2006) that vegetation height in managed semi-natural grassland has a positive
relationship with butterfly species richness: Mesic conditions support a more
diverse, taller vegetation structure with nectar, host plants and resting sites for a
wider selection of butterfly species than dry clearings with short vegetation.

The result that the species richness of both grassland plants and butterflies is
negatively related to the time elapsed since previous clear-cut management and to
the amount of clear-cut debris left in the clearings (III) indicates that the habitat
quality of the clearings fluctuates according to the management regime of the
clearings, especially in mesic soils quickly covered by shrubs. This is in line with
the fact that grassland species are adapted to early-successional, open conditions and
suffer from secondary succession and litter accumulation (Foster & Gross 1998,
Ockinger et al. 2006, Galvanek & Leps 2008). A simple way to increase the habitat
quality of the clearings for grassland species would thus be to increase the frequency
of clear-cuts and to remove the resulting debris from the clearings, as suggested by
also Berg et al. (2013; 2016) and Komonen et al. (2013).

Non-native species are typical to novel habitats (Hobbs et al. 2009), and in
chapter II, I showed that the highest richness of non-native plant species is found in
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power line clearings with productive, mesic soils close to urban land use types (Figs
8c-d). Two factors explain this result. First, productivity, in general, has been
suggested to have a positive, though humpbacked relationship with plant species
richness (Waide et al. 1999, but see Adler et al. 2011). Second, the most important
prerequisites for the invasion of non-natives in a given community are the
simultaneous release of resources from the use of resident species and the propagule
pressure of non-native species (Davis et al. 2002). The regular management of
power line clearings releases ample amounts of space, light, and nutrients from the
use of resident species, while the urban surroundings rich in gardens and parks
function as the source of non-native propagules. One of the vectors for these
propagules to the clearings is the inappropriate disposal of garden waste. Rusterholz
etal. (2012) showed, that the disposal of garden waste in forests results in an increase
in the species richness of non-native plant species in those forests, and the same
phenomenon was described by Lampinen (2018) in power line clearings: Clearings
with mulch, compost and other material originating from nearby gardens support
higher numbers of non-native plant species than clearings without such waste.

To conclude, novel habitats may support species-rich communities of both
grassland plants and grassland butterflies, and the environmental conditions that
favor their population performance and species richness in novel habitats appear
similar to those that favor them in the remaining semi-natural grasslands. Non-native
species are a prevalent part of the species community especially in urban novel
habitats, but at least in power line clearings they occupy areas characterized by
different environmental conditions than those occupied by grassland species.
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Figure 8. Relationships between a) the length of Carex caryophyllea female spikes at seed
maturation (a proxy for the number of seeds produced) and the percentage cover of shrubs
and saplings (1), b) the species richness of grassland plants and the availability of light (based
on Ellenberg indicator values) (II), ¢) the species richness of invasive non-native plants and
soil productivity (based on Ellenberg indicator values) (II) and d) the species richness of
invasive non-native plants and the urbanization of the surrounding landscape (II). Figure a
describes data collected from remnants of dry grassland, figures b-d data collected from
power line clearings.
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3.2 The relationships between present species
richness of novel habitats and land-use history

In Chapters I-I1I, I showed that structural connectivity in the late 19" century to semi-
natural grasslands has a positive relationship with the present population
performance of a grassland specialist species in remnants of dry grasslands (I) and
with the present species richness of grassland specialist plants in power line clearings
(II-1ID) (Fig 9). I found no such relationships between past connectivity metrics and
the present species richness of grassland specialist butterflies, or between present
connectivity metrics and the species richness of either species group, in power line
clearings (III).

These results follow those of Jonason et al. (2014), who found that the species
richness of grassland plants in forest clear-cuts is higher in areas with a land-use
history related to semi-natural grasslands than those that have a history of continuous
forest cover. Although I found no similar relationship between grassland butterflies
and past connectivity metrics, Ibbe et al. (2011) showed that also present
communities of butterflies may be more species-rich in clear-cuts with a land-use
history of grasslands than in those without. Together with these previous conclusions
the results in this thesis highlight how historical (whether social or ecological)
phenomena may result in legacy effects observable in present-day habitats (Szabd
2010).

The results in this thesis also follow the consensus that the delay with which
changes in habitat area or quality result in changes in the species richness of those
habitats depends on the life span, the degree of habitat specialization and the mobility
of the species occupying that habitat (Kuussaari et al. 2009, Briickmann et al. 2010,
Saar et al. 2012). Short-lived, mobile species such as habitat specialist butterflies
either migrate elsewhere from degrading habitats or experience rapid extinctions.
The latter applies also to annual specialist plants, while perennial plants may persist
for long periods of time simply because of the longer age of plant individuals,
especially if they are capable of clonal reproduction (Saar et al. 2012). Based on the
results, power line clearings are most likely to provide habitat for two types of
grassland specialist species, namely perennial grassland plants and mobile butterfly
species. During the successional overgrowth of management intervals, perennial
grassland plants are more likely capable of persisting in the clearings, while
butterflies may migrate to other suitable habitats.
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Positive relationships between past landscape patterns and present patterns of
species richness indicate the presence of an extinction debt in the community
(Kuussaari et al. 2009). The obvious question, however, is how to explain the
presence of extinction debt in modern-day power line clearings crossing landscapes
predominantly covered by forest? The most likely explanation is that the landscapes
which the clearings now cross were historically utilized for forest grazing, a general
custom in traditional animal husbandry shown to increase the species richness of
forest field layers (Oldén et al. 2016). In forest grazing, cattle grazed in forests
surrounding villages during the summer, moving rather freely from one area to
another and effectively dispersing seeds of various species both within and between
forests. As a consequence, small openings of grassland patches were typical to
forests of the late 19" century, and grassland plant species common in the forest floor
vegetation (Tonteri 2001, Vanha-Majamaa et al. 2001).

The potential extinction debt indicated by the results in Chapter III bears two
important implications for novel habitat management in general. First, novel habitats
may function as parts of landscape-scale networks of habitats suitable for grassland
species, rather than being short-lived, isolated islands. The positive relationship
between past connectivity and present species richness indicates that the area of the
present-day power line clearings has functioned as grassland habitat for a sufficiently
long period of time for the species richness to accumulate as a result of high
connectivity between grassland patches in the surrounding landscape. Second, power
line clearings may be especially important habitats for grassland species in
landscapes that have experienced severe losses in the area of semi-natural grasslands.
Management alterations aiming at increasing the suitability of the clearings for
grassland species should thus be focused on these landscapes

41



Jussi Lampinen

Year 1870 a) Year 1870 b) Year 1870 c)

Year 2000
S

Figure 9. Conceptual relationship between landscape-scale and local land-use history related
to semi-natural grasslands and the present species richness of grassland plants in power line
clearings, adapted from Lampinen et al. 2017. Power line clearings situated in a) landscapes
or b) localities historically rich in semi-natural grasslands may support more grassland plant
species in the present day than clearings in ¢) landscapes with no history of semi-natural
grasslands.

3.3 The valuation of novel habitats

In Chapters IV-V, I showed that the stakeholders of urban lawns and road verges
assign diverse ecological and socio-cultural values to these habitats and that the
values differ depending on whether the novel habitat in question is currently
characterized by abundant grassland vegetation or not (Table 1). For example, urban
lawns across Europe managed as tall-growing grasslands were positively valued by
urban greenspace users for their wild, natural appearance and species richness, while
those managed as regular, short-cut lawns were positively valued for their recreation
potential and clean, cared appearance. Negative values assigned to lawns managed
as tall-growing grasslands included perceived lack of care and health-related threats
(e.g. allergy, insect bites). Likewise, road verges with abundant grassland vegetation
were positively valued by stakeholders for their species richness and beauty, and
negatively valued for their perceived danger to traffic safety, untidiness and lack of
care.

These results illustrate the multivalued nature of road verges and urban lawns
and highlight how the fact that novel habitats may provide habitat for grassland
species (“the grassland conservation benefit”) is merely one value among many
others that stakeholders of each novel habitat type may assign to them. The diversity
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of values of utility, aesthetics, health and safety assigned to novel habitats reflects
the varying uses and purposes of these habitats. While the main historical motivation
for managing semi-natural grasslands was undoubtedly economic and tangibly
related to the sustenance of those managing the grasslands, the motivations for
managing novel habitats are different according to each novel habitat type: While
urban lawns have been established for aesthetic and recreational purposes (Hedblom
et al. 2017, Ignatieva et al. 2017), road verges are managed primarily to ensure
unobstructed visibility along the road environment (Parr & Way 1988, Auestad et al.
2010). In this context, it is understandable that not all stakeholders assign positive
ecological values, such as species richness, to novel habitats characterized by
abundant grassland vegetation or that some perceive such ecological values to
conflict with the non-ecological values, such as recreation potential.

The results also follow previous, although scarce, studies investigating the
valuation of novel habitats and grasslands. For example, Weber et al. (2014)
identified a similar diversity of aesthetic, ecological and economic values that urban
residents of Berlin assign to different types of roadside vegetation (managed vs. not
managed). Similar to the results in this thesis, the study found that while unmanaged,
wild-growing roadsides are especially assigned values of naturalness and wildness,
those planted and managed regularly are associated with values of cleanliness and
order. As for actual semi-natural grasslands, Raatikainen & Barron (2017) showed
that farmers managing traditional rural biotopes assign values related to cultural
heritage, biodiversity and aesthetics to these habitats and their management.
Likewise, Lindborg et al. (2008) highlight the aesthetic and heritage values of the
remaining semi-natural grasslands as a part of modern agricultural landscapes. In
this thesis, both urban lawns and road verges characterized by grassland vegetation
were indeed assigned positive values of beauty (aesthetics), identity and cultural
heritage, although these were, with the exception of aesthetics, far less common than
those related to the cleanliness, biodiversity and utility values mentioned above.

The strong representation of positive values of beauty and species richness
assigned to novel habitats characterized by grassland vegetation likely bases on the
fact that floral richness is in general perceived attractive (Lindemann-Matthies et al.
2010). This renders further leverage for introducing altered management practices in
novel habitats that favor grassland species. However, the several positive values
assigned to novel habitats without grassland vegetation and the negative values
assigned to those with grassland vegetation imply that planning novel habitat
management strictly with their grassland conservation value in mind likely results in
dismissing other important motivations for their management. As we see in the next
section, this may translate to negative attitudes towards utilizing novel habitats in
grassland conservation.
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Table 1. Examples of variation in the values assigned by stakeholders to a-b) urban lawns
(Chapter IV, n = 2048) and ¢-d) road verges (Chapter V, n = 371) characterized by (a, ¢) or
devoid of (b, d) grassland vegetation, extracted using photographic stimuli.

a) Urban lawns with grassland vegetation

100

80

. 60
Proportionof
respondents

20

Naturality, ~ Species  Recreation — Health, Beauty  Cleanliness, ~Cues to
wildness  richness, utility safety order
diversity

care

b) Urban lawns without grassland vegetation
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. 60
Proportionof

respondents
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0
Naturality, ~ Species  Recreation  Health, Beauty  Cleanliness, ~Cues to
wildness  richness,  utility safety order care
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¢) Road verges with grassland vegetation
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d) Road verges without grassland vegetation
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3.4 The attitudes towards managing novel habitats
for greater grassland conservation benefit

In Chapters IV-V, I also showed that attitudes towards managing novel habitats for
greater grassland conservation benefit vary among stakeholders from positive to
neutral and negative. Among stakeholders related to road verge management, over
half of both managing and administrative stakeholders supported positive attitudes
towards managing road verges for greater grassland conservation benefit (Table 2).
I also showed, that attitudes towards managing novel habitats for greater grassland
conservation benefit covary with a) the values stakeholders assign to novel habitats
(IV-V), b) the way stakeholders personally utilize the novel habitat in question (IV)
and c) the stakeholders’ personal backgrounds and their level of familiarity with
semi-natural grasslands and their conservation value (V). Put concisely, stakeholders
who are willing to manage novel habitats for greater grassland conservation benefit
assign positive values of wildness, species richness and beauty to novel habitats
characterized by grassland vegetation (IV-V), utilize novel habitats (in the case of
urban lawns) for social and nature-related activities (IV) and are familiar with semi-
natural grasslands (V). Stakeholders who are against managing novel habitats for
greater grassland conservation benefit assign negative values of unsafety, untidiness,
and neglect with novel habitats characterized by grassland vegetation (IV-V) and, in
the case of urban lawns, utilize urban greenspaces mainly for passing through.

The positivity towards grassland-friendly novel habitat management found in
this thesis is encouraging and relates to the results of Southon et al. (2017), who
found that established meadows in urban greenspaces are preferred by greenspace
users over regular, short-cut lawns. The results also echo those by Fischer et al.
(2018), who found that urban greenspaces, such as streetscapes, wastelands, and
forests with high plant species richness are preferred across Europe over the same
urban greenspaces with lower plant species richness. However, the negative attitudes
towards managing novel habitats for greater grassland conservation benefits found
in this thesis are also expectable, as the potential for grassland conservation has
hardly been the original intention, but rather the fortunate by-product of novel habitat
management.

Understanding what determines the attitudes towards certain kind of novel
habitat management helps understand why some stakeholders remain negative
towards management alterations for greater grassland conservation benefit. The
relationships between attitudes and values described above indicate that some road
verge stakeholders are likely to always prefer the clean, cared appearance of regular
road verges over the species richness of verges dominated by grassland vegetation,
and some urban greenspace users to value the recreation potential of short-cut lawns
over the beauty of meadow-like lawns. This is well in-line with the notion that
especially values of aesthetics, cues to care, order, safety, and economics dictate
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whether landscapes or habitats, in this case, are perceived as desirable or particular
ways of their management feasible (Nassauer 1995, Cook et al. 2011, Hoyle et al.
2017). A similar example is provided by Weber et al. (2014), who found that urban
residents preferring planted, managed vegetation on roadsides justify their
preference with values of aesthetics and order. Proponents of wild, unmanaged
vegetation, on the other hand, justify their opinion with ecological, but also with
economic values. Taken together, the results in this thesis and the research described
above indicate that managing novel habitats for grassland species only would dismiss
many equally important values and result in negative attitudes and objection from
the stakeholders in the long run.

In Chapter V I also showed, that out of a selection of management alterations
capable of increasing the quality of road verges as habitat for grassland species,
stakeholder education and use of local soil and grassland species seeds in verge
landscaping were considered the most feasible methods among road verge
stakeholders (V). This is encouraging, as awareness concerning the ecological
benefits of managing road verges as grasslands relates to positive attitudes towards
actual grassland vegetation in the verges (Lucey & Barton 2011). Likewise,
landscaping verges with grassland propagules has been shown to be a viable
technique in establishing plant communities in the verges that bear close
resemblance to those in actual semi-natural grasslands (Auestad et al. 2016). Certain
management alterations, such as altering the mowing schedule of the verges to better
accommodate the life cycle of grassland species, were considered less feasible by
road verge stakeholders (V). This is unfortunate, as adjusting the time of mowing to
late summer, so that grassland plants have the time to flower and set seed, is one of
the most common and scientifically sound suggestions for improving the quality of
verges for grassland species (Valtonen et al. 2006, Jantunen et al. 2007, Noordijk et
al. 2009, Jakobsson et al. 2018).

Familiarity with grasslands is an understandable predictor for positive attitudes
towards managing novel habitats for greater grassland conservation benefit.
However, it is well known that increasing education on a problem does not alone
help increase behavior that would solve that problem (Steg & Vleg 2009). Indeed,
despite the fact that values readily translate to attitudes, a mismatch is often observed
between attitudes towards a particular outcome and the actions that would pursue it
(Schultz 2011 and references therein, Heberlein 2012). In other words, several
barriers often exist between attitudes, behavioral intent and actual behavior. In the
next section, the barriers facing the implementation of grassland-friendly novel
habitat management are described in greater detail.
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Table 2. Variation in the attitude towards managing road verges for greater grassland
conservation benefit among three groups of road verge stakeholders, (E = environmental
administration, T = traffic administration and P = practical verge management) calculated as
the average of two Likert -items. Asterisks represent statistically significant differences in
the average within group attitude between the stakeholder groups according to pairwise
Wilcoxon rank-sum tests. Modified from Chapter V.

On a scale of 0 — 100, how...

a) positive are you towards considering grassland species during road verge
mowing and other road management action, and
b)  how necessary do you perceive this?

1.3

E 0.6
T R = = .
r N - 197 11 54

2.5 10.6 85.0

"Not at all positive ”Not very positive "I don’tknow”  “Somewhat positive "Very positive
ornecessary” (0-20)  or necessary” (21-40)  (41-60) andnecessary” (61-80)  and necessary” (81-100)

E = Environmental administration, T: Traffic administration, P = Practical verge managers,
n=160 n=2386 n=127

3.5 The barriers to managing novel habitats for
greater grassland conservation benefit

In Chapter V, I showed that the most important perceived barriers to managing road
verges for greater grassland conservation benefit are inadequate stakeholder
resources, including money, employers and equipment. The perceived compromises
to traffic safety that any deviation from current management regimes would result in
are also considered severe barriers. In addition, the lack of information concerning
semi-natural grasslands, biodiversity, or the role of novel habitats in grassland
conservation, and the negative values associated with novel habitats characterized
by grassland vegetation, may also be considered barriers facing the altered
management of novel habitats.

These results correspond to those obtained by an interview study by Hoyle et al.
(2017) concerning the perception of urban greenspace managers on the possibilities
of increasing the cover of meadows in urban greenspaces at the expense of regular
short-cut lawns. Especially the concern over vastly increasing management costs
with the introduction of meadow management is common to the results. Also Akbar
et al. (2003) mention increased costs of management as a perceived handicap of
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introducing road verge management that would favor grassland plants. On the other
hand, the legislative and contractual constraints mentioned as barriers to grassland-
friendly road verge management by O’Sullivan et al. (2017) were mentioned the least
often in Chapter V. The results in Chapter V also contradict those of Southon et al.
(2017), who report to have found only few barriers to accepting meadows as a part
of urban greenspaces. This may be explained by the study of Southon et al. (2017)
focusing on stakeholders who utilize novel habitats for recreation, while Chapter V
in this thesis focused on the stakeholders responsible for the management and
administration of novel habitats. In addition, the contradictory results between the
two studies likely relate also to different study systems: while the study by Southon
et al. (2017) concerns increasing the cover of grassland vegetation in urban
greenspaces, Chapter V concerns that in road verges.

How then to overcome the barriers to implementing grassland-friendly novel
habitat management? Lucey & Barton (2011) showed for road verges and Southon
et al. (2017) for urban greenspaces that increased awareness of the benefits of
grassland vegetation leads to more positive attitudes towards such vegetation. As
mentioned above, however, positive attitudes do not necessarily lead to changes in
behavior, and thus simply increasing the education of the stakeholders, despite its
perceived feasibility in Chapter V, will not be enough to ensure that management is
truly altered. Legislative changes resulting in laws that state how road verges should
be managed could function as a top-down mechanism for ensuring that management
is altered, but without substantial increases to the resources the managing
stakeholders rely upon such laws would bear little consequence. As such, studies are
needed to assess the realized changes to management costs and perceived traffic
safety to ascertain whether the present resources simply require redistribution and
whether the true problem is the negative attitudes described earlier. One solution
considering both traffic safety and the need for altered management may be mosaic-
like mowing. In this approach, road verges are mown as they currently are, but only
the part of the verge next to the road is mown in early summer and the rest in late
summer. Suggested by e.g. Noordijk et al. (2009), this alternative requires research
both on the ecological consequences and the changes to costs and perceived traffic
safety following its implementation.

Mosaic-like mowing could function in urban lawns as well to produce
management solutions that favor the development of grassland vegetation but do not
dismiss the recreation potential or aesthetic requirements urban greenspace users
place on lawns. For example, in a given greenspace, spatial variation in the mowing
intensity could produce areas of short-cut lawns reserved for recreation and areas of
taller grass reserved for grassland species. Participatory planning among local
residents, the stakeholders managing the lawns, and researchers could function in
locating these areas within the greenspace so that all parties feel heard.
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conservation

Power line clearings, road and railway verges and various urban lawns and
grasslands are among the predominant early-successional habitats of present-day
Finland (Fig 10). Improving the current conservation status of grassland species is
just as much in the hands of people managing these habitats as it is in the hands of
the farmers grazing, the biologists surveying or the volunteers restoring the
remaining fragments of actual semi-natural grasslands. Rather than meticulous site-
specific management plans, however, a change in the entire way we manage novel
habitats is required for them to be fully utilized in grassland conservation.

Based on previous research on the restoration of semi-natural grasslands and the
results of chapters I-I1I, we now have the ecological know-how for a) identifying the
conditions in novel habitats likely to result in grassland conservation potential and
b) managing novel habitats in ways that maximize the benefits to grasslands species.
Based on previous research in nature valuation and the results in chapters I[V-V, we
now understand that stakeholders assign several, sometimes conflicting values to
novel habitats, and that this valuation functions as a base for attitudes towards
altering the current management of novel habitats to better suit the needs of grassland
species. With these results in mind, the following guidelines may be applied to the
management of novel habitats for increasing their quality for grassland species
irrespective of the type of novel habitat:

1. Altering the management of novel habitats to better mimic the traditional
management of semi-natural grasslands is likely to increase the suitability
of novel habitats for grassland species, although the responses to different
management regimes may vary among different groups of species.

2. Management alterations aiming at favoring specifically grassland plants

should be focused into areas characterized by dry soils, southerly slopes, and
a local or regional land-use history related to semi-natural grasslands.
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It is important to remember the multivalued nature of novel habitats when
planning the implementation of any management alteration: Traffic safety
in road verges, efficient electricity transportation in power line clearings,
and the recreation opportunities in urban lawns are values that cannot be
dismissed altogether during management planning lest the alterations be
faced with negative attitudes among novel habitat stakeholders.

In addition to the values specific to each novel habitat type, certain values,
such as order, neatness, signs of care and floral abundance are universally
perceived as desirable in managed environments. Any management
alteration compromising these may be perceived negatively by some novel
habitat stakeholders.

Management alterations that favor grassland species but do not compromise
the habitat-specific or universal values described above are likely to differ
among novel habitat types. However, increasing stakeholder resources and
awareness and including both the administrators, managers and users of
novel habitats in management planning could result in solutions that all
parties may conform to.

Proposals for increasing the grassland conservation value of specific novel habitat
types include:
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In power line clearings, increasing the frequency of clear-cuts and removing
the resulting debris from the corridors is likely to increase the species
richness of both grassland plants and butterflies inhabiting them (II-I1I, Berg
et al. 2013; 2016).

In road verges, mosaic mowing targeting especially old verges with sandy,
nutrient-poor soils could favor the flowering of grassland plants while not
compromising traffic security or the cared appearance of the verges (V,
Jantunen et al. 2006, Noordijk 2009).

In urban lawns, participatory planning with greenspace users could give
insight into where to locate areas of tall-growing, grassland-like lawns and
where to maintain regular, short-cut lawns reserved for recreation.
Introducing signs of care, such as mown borders, paths and signs, into areas
reserved for grassland-like lawns could increase the positive attitudes of
greenspace users towards them (IV, Nassauer 1995, Southon et al. 2017).



Conclusions and implications for conservation

In addition to the need for saving grassland species from further regional extinctions,
conceptual leverage for implementing the above guidelines may be found in the
history of grassland vegetation in Europe and the various types of habitats grassland
species have occupied over the course of millennia. Grasslands of different types are
estimated to have existed in Europe for at least 1,8 million years, maintained partly
by the alternating periods of cold and warmer climatic conditions, partly by
megafaunal grazing (Prins 1998, Pértel et al. 2005). Following the extinction of these
animals during the late Pleistocene, grassland species are thought to have retreated
to remnants of open vegetation maintained by environmental conditions too harsh or
too frequently disturbed for forest development (Svenning 2002). Thus, the semi-
natural grasslands that spread across Europe thousands of years later as a response
to the advent of agriculture and animal husbandry would have, at the time,
undoubtedly appeared as novel as road verges, power line clearings and lawns appear
to us today. In this context, developing the management of novel habitats to better
suit the needs of grassland species simply equals helping these species take the next
step in their adaptation to different kinds of early-successional, open habitats.
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Figure 10. An example of the extent of roads (Liikennevirasto 2019), railways
(Liikennevirasto 2019) and power line clearings (Finnish Environment Institute 2019b) in
South-Western Finland 2019.
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5 Future research needs

Even if all of the above guidelines were implemented into practice, questions would
still remain unanswered concerning grassland conservation in novel habitats. The
most obvious one concerns the extent, spatial configuration and exact locations of
novel habitats that currently support species-rich grassland communities. While the
remaining semi-natural grasslands in Finland were surveyed already in the 1990°s
(Vainio et al. 2001), attempts at locating novel habitats with potential for grassland
conservation have proved unsuccessful or focused into limited geographical areas.
For example, Heliold & Poyry (2008) conclude that locating power line clearings
with species-rich grassland vegetation is not possible with remote sensing data on
the topography and soil of the clearings. However, by combining such data with data
on the historical locations of semi-natural grasslands (Lampinen & Turkia 2019),
one could locate the areas where semi-natural grasslands have historically been most
abundant, and thus the novel habitats that may still be rich in grassland species. This
approach could supplement field-based surveys for valuable sites, an example of
which is the survey for sites of conservation value the in the road verges of Varsinais-
Suomi (Myllymédki et al. 2019). Alternatively, more intricate remote sensing
methods and materials, such as LIDAR (e.g. Zlinszky et al. 2014), should be piloted
in locating novel habitats with grassland vegetation of conservation value.

In addition, studies are required to quantify the realized changes in the valuation
of novel habitats following the implementation of management alterations that favor
grassland species. Without documenting the perceived changes to the recreation
possibilities of urban lawns, the traffic safety of road verges, or the management
costs of power line clearings it is difficult to assess the large-scale impacts of
grassland-friendly management.

Finally, assessing the long-term commitment of stakeholders to the novel
management methods, and the resulting changes in species composition should also
follow any implemented management alteration. Only by assuring that the
management alterations are not simply interventions but rather result in a permanent
change in novel habitat management may one hope for the grassland conservation
value of the sites to truly increase.
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