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Abstract

The main paradigm for protection of biodiversity, focusing on maintaining or restoring
conditions where humans leave no or little impact, risks overlooking anthropogenic land-
scapes harboring a rich native biodiversity. An example is northern European agricultural
landscapes with traditionally managed semi-natural grasslands harboring an exceptional
local richness of many taxa, such as plants, fungi and insects. During the last century these
grasslands have declined by more than 95%, i.e. in the same magnitude as other, interna-
tionally more recognized declines of natural habitats. In this study, data from the Swedish
Red List was used to calculate tentative extinction rates for vascular plants, insects (Lepi-
doptera, Coleoptera, Hymenoptera) and fungi, given a scenario where such landscapes
would vanish. Conservative estimates suggest that abandonment of traditional management
in these landscapes would result in elevated extinction rates in all these taxa, between two
and three orders of magnitude higher than global background extinction rates. It is sug-
gested that the species richness in these landscapes reflects a species pool from Pleistocene
herbivore-structured environments, which, after the extinction of the Pleistocene mega-
fauna, was rescued by the introduction of pre-historic agriculture. Maintaining traditionally
managed agricultural landscapes is of paramount importance to prevent species loss. There
is no inherent conflict between preservation of anthropogenic landscapes and remain-
ing ‘wild’ areas, but valuating also anthropogenic landscapes is essential for biodiversity
conservation.
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Introduction

The current discourse on global biodiversity decline is strongly focused on anthropogenic
impacts as a major threat and that actions need to be taken to reduce these impacts. There
are good reasons for this generalization. Anthropogenic transformation of natural habi-
tats is a main driver behind global species loss (Brummitt et al. 2015; IPBES 2019) and
projected species extinction rates are estimated to be several orders of magnitude higher
than background extinction rates (Pereira et al. 2010; Barnosky et al. 2011; Pimm et al.
2014; Ceballos et al. 2015; Humphreys et al. 2019). To counteract this loss of biodiversity,
a dominating course of action is to preserve remaining ‘wild’ areas and to strive toward
increasing these, e.g. by ‘giving back land to nature’ (e.g. Wilson 2016; Pimm et al. 2018),
by prioritizing land sparing (e.g. Phalan et al. 2011, 2016), and by restoration of habitats
to a state which is similar to that they would have had in the absence of human activities
(e.g. Garibaldi et al. 2020). Accordingly, this paradigm for protection of biodiversity equals
maintaining or restoring conditions where humans leave no or little impact. However, there
is a risk that this paradigm overlooks traditionally managed anthropogenic landscapes har-
boring a rich native biodiversity. Such landscapes may comprise a variety of habitats and
ecological conditions suitable for many species (e.g. Eriksson et al. 2002; Emanuelsson
2009; Tscharntke et al. 2012; Berglund et al. 2014; Plieninger et al. 2015; Tieskens et al.
2017; Angelstam et al. 2020). Although the importance of anthropogenic landscapes for
current biodiversity has been acknowledged in many studies, a common feature of these
studies is that they remark that this issue either has been neglected (e.g. Pimentel et al.
1992; Poschlod and WallisDeVries 2002; Plieninger et al. 2006; Bliege Bird and Nimmo
2018), or that current policy measures for maintaining these landscape’s biodiversity are
insufficient (e.g. Fischer et al. 2012; Raatikainen and Barron 2017). A starting-point for
the present paper is that it would be valuable to have quantitative assessments of the effects
on biodiversity of abandonment of traditionally managed anthropogenic landscapes, using
approaches similar to the global assessments of species extinctions mentioned above.

The objective of this paper is to examine the potential loss of species, assessed as
projected species extinction rates, if traditional agricultural landscapes would cease
to exist, using Sweden as an example. The term ‘traditional’ here means landscapes
maintaining features reflecting old-fashioned management, rooted in times before
agriculture and forestry were modernized from the late nineteenth century onwards.
In Sweden, as in many other parts of Europe, a long history of agricultural manage-
ment, largely based on livestock as a key component, have formed such landscapes
(Emanuelsson 2009), and there are still relatively large areas in Sweden maintaining
features of traditional management, particularly remaining semi-natural grasslands
(Eriksson and Cousins 2014). These grasslands are termed semi-natural because they
are dominated by a native species pool, and only to a limited extent are influenced by
fertilization, plowing or sowing. Due to modernization of agriculture and forestry dur-
ing the last 100-150 years, semi-natural grasslands have declined drastically all over
Europe (e.g. Veen et al. 2009; Eriksson and Cousins 2014; Plieninger et al. 2015).
Fuller (1987) estimated that 97% of unimproved grassland (i.e. semi-natural grass-
land) in England and Wales was lost between 1932 and 1984. Ridding et al. (2015)
estimated that 47% of semi-natural grasslands in England was lost between 1960 and
2013. Luoto et al. (2003) concluded that in Finland, only about 1% of the semi-natural
grasslands of 1880 remains until the present day. For one province in Sweden, Cousins
et al. (2015) estimated that semi-natural grassland cover has decreased by over 96%
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since the year 1900. In Sweden, traditionally managed hay-meadows, i.e. land that was
specifically used for production of livestock fodder, more or less ceased to exist after
modernization of agriculture from the late nineteenth century onwards, and currently
approximately 1.7% of the area of semi-natural meadows are still managed for hay-
making as compared to 1927 (Swedish Board of Agriculture 2019). Until the late nine-
teenth century, vast areas was used for forest grazing in Sweden. Compared with 1927,
about 2% of these grazed forests remains (Swedish Board of Agriculture 2019).

Approximately 270,000 hectares of species-rich semi-natural grasslands remain
in Sweden, of which c. 98% are currently maintained by livestock grazing (Swedish
Board of Agriculture 2005). Due to a relatively recent abandonment of grazing man-
agement, and a typically quite slow plant population response to land-use change, there
are also areas (unknown how large) that could potentially be restored (e.g. Waldén and
Lindborg 2016).

This loss of semi-natural grasslands is in the same magnitude as other, internation-
ally more well-known and recognized declines of natural habitats, for example the
Atlantic rainforest in Brazil where (depending on region) 1-12% of forest area remains
today (Saatchi et al. 2001), and natural forests in Madagascar, which have been sub-
jected to a loss of c. 44% during the period 1953-2014 (Vieilledent et al. 2018).
Similar to tropical forests (Laurance et al. 2018), fragmentation of remaining semi-
natural grasslands implies an additional problem due to loss of dispersal routes, and
decreasing functional connectivity (Poschlod and Bonn 1998; Bruun and Fritzbgger
2002; Auffret et al. 2015). For example, Manton and Angelstam (2018) estimated that
remaining grassland fragments more or less completely have lost the functionality for
harboring several bird species.

In addition to the direct ecosystem services gained from biodiversity of grasslands
(e.g. Bengtsson et al. 2019), and their values as essential components of historical cul-
tural landscape history (Emanuelsson 2009; Eriksson 2016), semi-natural grasslands
harbor an exceptional plant species diversity at small spatial scales (Wilson et al.
2012). One often finds more than 40 species of flowering plants in a single square
meter. The reduction in area of semi-natural grasslands thus directly causes decline in
many plant species. The diversity of flowering plants in semi-natural grasslands pro-
vides habitat for numerous insects (Dover et al. 2011; Milberg et al. 2016; Rotchés-
Ribalta et al. 2018). For example, semi-natural grasslands are the most important habi-
tat for European butterflies (lepidopterans), many of which are currently threatened
(van Swaay et al. 2006; Kuussaari et al. 2007). Several studies also report declines
in the diversity of hymenopterans (i.e. bees, wasps, ants) during the last century, and
decline or change in grassland management is considered as one of the most important
causes (e.g. Bommarco et al. 2012; Ollerton et al. 2014). Overall, insects have been
reported to decline worldwide (e.g. Sdnchez-Bayo and Wyckhuys 2019), and the taxa
mentioned above, lepidopterans and hymenopterans, are among those affected most.
In addition to plants and insects, semi-natural grasslands are key habitats for many
species of fungi (Rydin et al. 1997) and for many birds (e.g. Manton and Angelstam
2018). Overall, approximately a third of Red Listed species in Sweden are strongly
dependent on traditional agricultural landscapes, where semi-natural grasslands are
key habitats (Eide et al. 2020).

Based on this background, the specific question asked in this study is: What are the
projected species extinction rates for vascular plants, insects (Lepidoptera, Coleoptera,
Hymenoptera) and fungi, in a scenario where traditional agricultural landscapes in Swe-
den would cease to exist?
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An approach to assess species extinction rates

The extinction of a species is technically when the last individual of that species dies. It is
difficult to detect when this happens, or if it has happened, and in the conservation litera-
ture there is a discussion on how one should infer extinctions using different data sources
(e.g. Collen et al. 2010). Furthermore, in practice, one may consider a species functionally
extinct long before the final disappearance of the last individual. This is well illustrated by
one of the most charismatic of the extinct Pleistocene megafauna, the woolly mammoth.
Lister (2014) described how the abundance and distribution of woolly mammoth changed
over the course of the last 40,000 years. A decline is detected from around 21,500 years BP,
and was particularly pronounced after a warming period commencing around 14,700 years
BP. From 12,000 years BP, woolly mammoths only occurred in northern Siberia, ultimately
leading to a distribution confined to some small islands outside the northern Siberian coast.
The woolly mammoth finally went extinct in Wrangel Island around 4000 years BP. Thus,
extinction can be seen as a drawn-out process, rather than as a time-specific event, as is
implicit in the concept of extinction debt (e.g. Tilman et al. 1994; Hylander and Ehrlén
2013), meaning that species may be doomed, but have not yet disappeared completely.

The view that species extinction is an extended process rather than a time specific
event lies behind an approach to estimate extinction rates based on IUCN assessments of
extinction risks (Mace et al. 2008; IUCN 2019) advocated by Smith et al. (1993a, b). This
approach is commonly employed (e.g. Mace 1994; Stork 2010; Barnosky et al. 2011; Pimm
et al. 2014). Using taxa that are assumed to be comparatively well studied, information on
the total number of species of that taxon, the number of species considered threatened,
and an assumption of the threatened species’ fate during a coming specified time-period,
extinction rates can be estimated. The estimated extinction rates are then compared with
a background extinction rate, i.e. the rate of extinction that is considered natural. Smith
et al. (1993b) suggested that species fate could be assessed for example by examining
trends in the IUCN status classification, but it has been noticed that such trends may in fact
reflect changes in the state of knowledge rather than real changes in the species’ status (e.g.
Pimm et al. 2014; Eide et al. 2020). Extinction rates are expressed with the metric EEMSY
(extinctions per million species-years) (Pimm et al. 1995). de Vos et al. (2014) and Pimm
et al. (2014) argued that an accurate estimate of average background extinction rate would
be approximately 0.1 E/MSY, i.e. lower than previously used estimates of 1-2 E/MSY (e.g.
Barnosky et al. 2011; Ceballos et al. 2015).

Methods

In order to try answering the question ‘How would disappearance of traditional agricul-
tural landscapes affect species extinctions?’ information was compiled from the Swedish
Red List (SLU ArtDatabanken 2020). In this list, all species are assigned to one or several
landscape types, and for each species there is an assessment of whether each landscape
type is particularly important for that species. The approach used was to include only those
species that are considered dependent on agricultural landscapes, i.e. for which agricul-
tural landscapes are particularly important. In the Red List, ‘agricultural landscape’ mainly
refers to landscapes with semi-natural grasslands (Eide et al. 2020), but includes also some
other habitats, for example ditches, ponds and small fields. These features are all associated
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with remains of old-fashioned management, qualifying that agricultural landscapes in the
Red List corresponds to remains of traditional agricultural landscapes. However, mak-
ing autecological assessments to identify specific habitats for species within agricultural
landscapes, although possible for some species, would have been very difficult since the
regional population dynamics are very poorly studied for most species.

The three categories of threated species: CR (Critically Endangered), EN (Endangered),
and VU (Vulnerable) were considered. Species categorized as RE (Regionally Extinct) and
DD (Data Deficient) were excluded. Varieties and apomictic taxa were also excluded.

Data was compiled for vascular plants, lepidopterans (e.g. butterflies and moths), hyme-
nopterans (e.g. bees, wasps and ants), coleopterans (beetles), and fungi (including Asco-
mycota and Basidiomycota), and for each of these five taxa, projected extinction rates were
calculated.

In order to calculate extinction rates using the metric E/MSY, one first has to estimate E,
i.e. the number of species expected to go extinct given the scenario that traditionally man-
aged agricultural landscapes would cease to exist. In the calculations, this number equaled
the number of species, for each of the five taxa, categorized as threatened (CR, EN or VU).
The value of the denominator, MSY, ‘million species-years’, was calculated using the num-
ber of species of each taxon that has been assessed in the Swedish Red List, multiplied by a
chosen time period. The resulting figure was scaled to million species-years.

All calculations were based on a time-period of 100 years, i.e. if management of tradi-
tional agricultural landscapes with semi-natural grasslands would cease today, the threated
species in these landscapes would be regionally extinct within 100 years. This time-period
was chosen because many plant species have been found to respond slowly to land-use
change, and remnant populations may remain approximately a century, i.e. somewhere
between 50 and 200 years (e.g. Lindborg and Eriksson 2004; Herben et al. 2006). This
is probably too a long time-period for species in other taxa, such as short-lived species as
insects, so the choice of time-period is likely to be conservative.

In order to get a range of extinctions rates, two alternative methods were used for each
of the five taxa. In the Swedish Red List, a threatened species may be assigned to one
or several landscape types. In the calculations of extinction rates, the least conservative
method was based on all species for which agricultural landscapes are important, irrespec-
tive of whether the species also inhabit other landscapes, e.g. wetlands, forests or urban
habitats. Thus, including all these species may overestimate extinction rates. Therefore, a
second calculation was made, including only those species restricted to agricultural land-
scapes. The two calculated extinction rates thus cover a range from less, to more conserva-
tive estimates.

Results

The results are presented in Fig. 1 and Table 1. For vascular plants almost all species
in Sweden have been assessed in the preparation of the Swedish Red List. Of a total of
1599 assessed species, 434 are on the Red List (this includes also the categories NT,
near threatened, DD, data deficient, and RE, regionally extinct). Of these, 157 species
(36.2%) are threatened (i.e. categorized as CR, critically endangered, EN, endangered,
or VU, vulnerable) and at least partly dependent on traditional agricultural landscapes.
Assuming that these species would disappear if these landscapes vanished, that would
imply that c. 10% of vascular plant species in Sweden went extinct. Using a time-period

@ Springer



1346 Biodiversity and Conservation (2021) 30:1341-1357

Extinction rate (E/MSY)

1200

1000

800 —

600 —

400 —

200 —

, |l | ‘I "R

Plants Lepidoptera Coleoptera Hymenoptera Fungi

Fig. 1 Projected extinction rates for five taxa under a scenario when management of traditional agricultural
landscapes would vanish. The grey bars are based on all threatened species for which agricultural land-
scapes are important. Black bars are based only on species restricted to agricultural landscapes

Table 1 Estimated extinction rates for five taxa based on the 2020 Swedish Red List

Taxon Plants Lepidoptera Coleoptera Hymenoptera Fungi
# Assessed species 1599 2626 4373 1008 3628
Fraction of total # species 99% 100% 98% 12% 65%
# Red listed species 434 549 933 250 851

# Species: AL important 157 186 151 57 58

# Species: AL only 17 22 32 10 39
Extinction rate 1 (E/MSY) 982 708 345 565 160
Extinction rate 2 (E/MSY) 106 84 73 99 107

‘Plants’ refer to vascular plants. ‘Fungi’ refers to Ascomycota and Basidiomycota. ‘# Species: AL impor-
tant’ are threatened species for which agricultural landscapes are important, but also including species
inhabiting other landscapes. ‘# Species: AL only’ are threatened species which are restricted to agricultural
landscapes. Extinction rate 1 is based on ‘# Species: AL important’. Extinction rate 2 is based on ‘# Spe-
cies: AL only’. E/MSY is number of extinctions per million species-years

AL agricultural landscapes

of 100 years for this extinction process yielded an estimated extinction rate of 982 E/
MSY. If the calculation was instead based only on those 17 species exclusively inhabit-
ing agricultural landscapes, the estimated extinction rate was 106 E/MSY.

Also for lepidopterans and coleopterans, most species have been assessed. If all 186
threatened lepidopteran species at least partly dependent on traditional agricultural
landscapes would disappear if these landscapes vanished, that would imply that c. 7%
of all species in Sweden went extinct. For lepidopterans, the estimated extinction rates
based on the two ways of selecting species were 708 and 84 E/MSY, respectively.

For coleopterans, the corresponding estimated extinction rates were 345 and 73 E/
MSY. A relatively small fraction of all Red Listed coleopterans live in agricultural
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landscapes (16.2%) compared to vascular plants (36.2%) and lepidopterans (33.9%);
many coleopterans depend on wood and mostly occur in forests. However, the fraction
of the species living in agricultural landscapes which is restricted to these landscapes
was higher among coleopterans (21.2%) than for vascular plants (10.8%) and lepidop-
terans (11.8%).

For two of the taxa, a large fraction of species has not been assessed in the Red List.
This is most pronounced for hymenopterans, where only 12% of the species have been
assessed. This means that the estimated extinction rate is based on an additional assump-
tion: that the assessed species are an unbiased sample of all species. This is probably not a
valid assumption, and therefore the extinction rates for hymenopterans must be taken with
more caution than for the preceding three taxa. The calculated extinction rates were 565
and 99 E/MSY, respectively.

For fungi, 65% of the species have been assessed. Using the same assumption as for
hymenopterans, that the assessed species are an unbiased sample of all species, this yielded
estimated extinction rates of 160 and 107 E/MSY. Only 6.8% of the species of Red Listed
fungi inhabit agricultural landscapes, most species occur in forests. For those threatened
species of fungi that do inhabit agricultural landscapes, however, a large fraction of species
are restricted to these landscapes (67.2%). This is reflected in the comparatively small dif-
ference between the two estimates of extinction rate.

Discussion

On maps representing biodiversity hotspots, global biodiversity patterns and threats to bio-
diversity, northern Europe is typically blank (e.g. Myers et al. 2000; Pimm et al. 2014; Til-
man et al. 2017). This representation is also found in commonly used undergraduate text-
books (e.g. Gaston and Spicer 2004) communicating the impression that nothing of major
interest for biodiversity takes place in this part of the world. As the results show, this view
overlooks that traditional agricultural management has shaped anthropogenic landscapes
with exceptionally rich biodiversity, and that large parts of this biodiversity run the risk of
becoming extinct in the near future.

From the standpoint of a conservation paradigm focused on ‘wild’ nature as a prerequi-
site for high biodiversity, it may seem paradoxical that any anthropogenic landscape is so
species-rich, and that many species seem to be confined to these anthropogenic landscapes.
Agriculture reached northern continental Europe during the 6th millennium BC, equipped
with a complete farming package, including cattle (e.g. Rowley-Conwy 2011; McClure
2015). Since species exist for a much longer time, there has to be some ‘natural’ (here used
in the meaning ‘not influenced by humans’) environment where these species lived before
the arrival of agriculture.

Most discussions on this issue revolve around a suggestion by Vera (2000) that pre-
agricultural landscapes during the Holocene were shaped by large herbivores creating a
grassland-forest mosaic, resembling the landscape that later was formed by agriculture;
the ‘wood pasture hypothesis’. However, this hypothesis has been questioned (e.g. Mitchell
2005; Whitehouse and Smith 2010), and vegetation reconstructions based on pollen (e.g.
Roberts et al. 2018) suggest that forests dominated Europe during mid Holocene, with a
maximum cover between 6000 and 4000 BC, despite that open habitats occurred locally
(Svenning 2002; Auffret and Cousins 2018; Feurdean et al. 2018).
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Although Vera’s wood-pasture hypothesis in its original version thus can be questioned
based on evidence, it may hold if the timeframe is extended to the whole Pleistocene (e.g.
Andersson and Appelqvist 1990; Gill 2013). Before the last glaciation there was a diverse
and abundant fauna of large herbivores in the northern hemisphere: elephants, rhinos, cer-
vids, bovids and horses (e.g. Bradshaw et al. 2003; Rivals and Lister 2016; Lister 2014).
Recent studies suggest that steppe communities at this time were dominated by forbs (Will-
erslev et al. 2014), and mycorrhizal associations were dominated by AM fungi, typical for
grasslands (Zobel et al. 2018). Fossil remains of dung beetles were more abundant before
the last glaciation than in the early Holocene (Sandom et al. 2014). Put together, this evi-
dence suggests that vegetation during the Pleistocene was strongly influenced by large
herbivores.

A large fraction of the Pleistocene megafauna went extinct between 50,000 and
10,000 years BP (e.g. Koch and Barnosky 2006; Meltzer 2015), and as an effect of the
extinction of large herbivores, forest cover and density increased (Johnson 2009; Gill
2013), creating the forest dominated vegetation during mid Holocene. The advent of agri-
culture in Europe changed this landscape and other mechanisms promoting species richness
were introduced in the anthropogenic landscapes (Eriksson 2013). Large areas of open or
semi-open grasslands appeared and human settlement structure became increasingly per-
manent, grassland connectivity increased, and movement of people and livestock promoted
dispersal of seeds. Species-richness in semi-natural grasslands is generally promoted by
low levels of nutrients, and removal of biomass by grazing and mowing add to this effect
by reducing the effects of potential competitive dominants. Grazing livestock also promote
heterogeneity, due to dietary choices, creation of small-scale disturbances and deposition
of dung and urine (e.g. Rook et al. 2004), and they promote seed dispersal within pastures
(e.g. Kiviniemi and Eriksson 1999). Grassland heterogeneity has been found positive for
diversity of plants (e.g. Oster et al. 2007), as well as for insects (e.g. Sjodin et al. 2008; van
Klink et al. 2015; Bonari et al. 2017).

Accordingly, the species pool that once inhabited the herbivore-structured landscapes
of the Pleistocene may, along with the post-glacial migration, have been rescued by the
advent of agriculture, and the creation of open habitats used for grazing and mowing. As
succinctly stated by Johnson (2009, p. 2516): “To understand living plant communities,
we need to re-imagine them with their full complement of Pleistocene megafauna”. As a
corollary, the current abandonment of managing these landscapes, as summarized in the
introduction, leads to elevated extinctions in this species pool.

The results suggest that even the most conservative estimate, focusing on species
restricted to agricultural landscapes, yield projected extinction rates for all five taxa that
are around two to three orders of magnitude higher than the background extinction rate,
using the figure (0.1 E/MSY) suggested by de Vos et al. (2014) and Pimm et al. (2014).
A global background extinction rate is likely to be lower than a hypothetical ‘regional
background extinction rate’ because species with a wide geographic range probably dis-
appear regionally at a faster rate (e.g. Pimm et al. 2014). One should thus acknowledge
that a background extinction rate of 0.1 E/MSY may be too low as a reference point in
the context of this study, since it was based on data for just one country. Unfortunately,
we have no knowledge on regional background extinction rates, but this problem moti-
vates some caution when interpreting the results. However, one reason for considering
this problem as not too serious is that many of the species threatened in Sweden are in
fact facing the same situation of disappearing semi-natural grasslands all over Europe
(as mentioned in the Introduction). A comparison with global background extinction
rates would thus seem appropriate. In addition, while the time period used for extinction
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Fig.2 The future of semi-natural grasslands? As part of an experiment on litter decomposition initiated in
2004, small grazing exclosures were established in a semi-natural grassland at Langmaren, c. 100 km south
of Stockholm, Sweden. After the experiment was completed, the land manager decided to maintain some
of the exclosures to show visitors what would happen if grazing would cease. The photo was taken in 2018,
thus showing the encroachment after 14 years of abandonment of grazing. This site harbors an exceptional
local-scale plant species richness, a rich fauna of butterflies, and several Red Listed insects, for example the
endangered drum grasshopper (Psophus stridulus). Without grazing, the whole area would soon turn into a
species-poor, dense forest. The photo illustrates that a time-period of 100 years may be too conservative for
estimating extinction rates in semi-natural grasslands. Photo: The author

after abandonment of traditional management, 100 years, is reasonable for vascular
plants, it is likely to be too long for short lived organisms such as insects (Fig. 2). If,
for example, 10 years was chosen instead, that would increase the extinction rate by one
order of magnitude.

Based on these projected increases of extinction rates one may ask whether species
loss has already started. Using the same criterion (species for which agricultural land-
scapes are important), the number of species recorded as RE (‘Regionally Extinct’) in
the Swedish Red List (SLU ArtDatabanken 2020) is 15 (vascular plants), 16 (lepidop-
terans), 21 (coleopterans), 12 (hymenopterans) and 1 (fungi). These figures may seem
small, given the decline of semi-natural grasslands over the last 100-150 years. One
possible explanation is that the elevated extinction rates have not yet become manifested
in realized extinctions because the remains of traditional agricultural landscapes have
been sufficient to prevent extinctions. Furthermore, due to a slow response to land-use
change by many plants, there are large areas (unknown how large) that still maintain
features of previously managed grasslands. Extinction may be a slow process, particu-
larly for plants (e.g. Cronk 2016).

A related question is whether disappearance of semi-natural grasslands by aban-
donment of grazing or mowing management (Fig. 2) automatically mean disappear-
ance of all the inhabitant species. Also the traditional agricultural landscape was
once a ‘novel ecosystem’ (cf. Hobbs et al. 2009) and there may be new habitats in the
modern landscapes where these species thrive, at least to some extent. Many species
occur in regional metapopulations (e.g. Hanski et al. 2017), and maintenance of such
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metapopulations is dependent on the structure and composition of whole landscapes, for
example habitat connectivity (e.g. Pérez-Sanchez et al. 2020) and relationship between
forest and open land (e.g. Bergman et al. 2018). Also habitats other than semi-natural
grasslands may contribute to such landscape level features. Some plant species typical
for semi-natural meadows inhabit road verges if these are properly managed (Auestad
et al. 2011), and the same holds for some insects (Kuussaari et al. 2007). Power line
corridors may harbor both insects (Berg et al. 2016) and plants (Svensson et al. 2017)
which are considered typical for semi-natural grasslands. Gardens and urban parks may
serve similar functions. Ex-arable fields transformed for grazing will to some extent be
colonized by semi-natural grassland plants (Cousins and Aggemyr 2008; Oster et al.
2009). This of course depends on continuing grazing management on these lands.
Whether these new anthropogenic habitats are sufficient for species long-term survival,
or if they are just what Wrangel Island was for woolly mammoths (Lister 2014), a tran-
sient last resort, is an open question.

Even if these possible caveats and the inherent lack of precision in estimates of spe-
cies extinction rates based on Red List data are taken into consideration, it is clear that
the investigated anthropogenic landscapes, traditional Scandinavian agricultural landscapes
preserving remains of historical management, host a considerable threatened biodiversity.
A large part of this biodiversity risks extinction if these landscapes cease to be managed,
and the magnitude of the rates of species extinction is similar to what has been estimated
for global species loss (e.g. Humphreys et al. 2019). It is reasonable that this conclusion
holds not only for the traditional anthropogenic landscapes in northern Europe investigated
here, but also for other anthropogenic landscapes where there has been a long history of
management, for example in the Mediterranean (e.g. Marull et al. 2015) and in Asia (e.g.
Berglund et al. 2014). A ‘wild’ nature paradigm as a role model for conservation (e.g.
Wuerthner et al. 2014; Wilson 2016; Pimm et al. 2018) is therefore insufficient for main-
taining biodiversity. Considering that most of Earth’s landscapes are more or less anthropo-
genic (Ellis and Ramankutty 2008), one may also question the realism of removing human
impacts from a large fraction of Earth’s terrestrial surface (e.g. Mehrabi et al. 2018).

Even though it is in a sense well-known that cultural landscapes with a long history
of human impacts harbors a high biodiversity (see Introduction), this aspect is often
neglected. As stated by Bliege Bird and Nimmo (2018, p. 1052): “(...) it is surprising that
the rewilding movement, and the ecological sciences in general, have so far largely failed to
recognize the long evolutionary history of people in ecosystems.” This neglect is illustrated
by some recent suggestions aimed at climate change mitigation. In a publication from the
European Academies Science Advisory Council (EASAC 2017), discussing the future of
European forestry and its role in mitigating climate change as well as preservation of bio-
diversity and forest production itself, forests are seen as either ‘wild’ (or should be trans-
formed to ‘wild’ forests), or as pure production forest. There is no mentioning of the role
of previous history of forest grazing, despite the fact that this was perhaps the dominating
use of European forests historically (e.g. Agnoletti and Santoro 2015), and that numerous
species thrived in such anthropogenically impacted semi-open forests (e.g. Eriksson 2018).
Another example is from a recent publication on sustainable food production (Willett et al.
2019). Although it is beyond doubt that meat production and consumption should decease
globally, applying this global generalization to regional conditions may be detrimental to
biodiversity. In fact, maintaining sustainable grazing in Swedish semi-natural grasslands
may even necessitate an increase in land used for this purpose (e.g. Holmstrom et al. 2018),
thus in turn necessitating an increasing market for meat produced on this land, in order to
be economically sustainable for the farmers.
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It is important to stress that there is no inherent conflict between preservation of biodi-
verse anthropogenic landscapes and remaining areas that only to a minor extent have been
subjected to human impact (e.g. Marris 2011, 2014; Mace 2014). Land-sparing and land-
sharing are not mutually exclusive (e.g. Fischer et al. 2014; Kremen 2015), and conserva-
tion programs can be successfully integrated in anthropogenic landscapes (e.g. Campagn-
aro et al. 2019). Furthermore, considering the extensive reduction in faunas worldwide
(e.g. Dirzo et al. 2014) it has been proposed that rewilding should be applied to recreate
natural trophic relationships involving large wild herbivores (e.g. Svenning et al. 2016).
Maintaining livestock grazing in semi-natural grasslands would be an obvious complement
to such rewilding programs (e.g. Garrido et al. 2019).

Recently, aspects of promoting relationships between people and biodiversity have been
highlighted by the concepts relational values (Chan et al. 2016) and nature’s contribution
to people (Diaz et al. 2018). Learning and understanding the historic background of land-
scapes where anthropogenic impacts have promoted species richness is likely to stimulate
both respect and interest in maintaining species, and may also provide insights useful for
integrating conservation goals in working or domesticated landscapes (Ellis 2013, 2015;
Crumley et al. 2018; Kremen and Merenlender 2018). Engaging stakeholders and the
wider public is essential to combat the increasing loss of biodiversity (e.g. Campagnaro
et al. 2019). After all, success in motivating goals for species conservation is more likely
in landscapes where people actually live, and where they can experience the richness of
biodiversity.
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