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Abstract

Satoyama is one of the semi-natural ecosystems in Japan. Traditional agricultural practices in satoyama provide preferable
habitats for many species, thus, enhancing biodiversity. However, many satoyama ecosystems have been altered by agri-
cultural intensification and rapid urbanization. Meanwhile, ageing and shrinking population has led to the abandonment of
remaining satoyama ecosystems, resulting in their potential degradation. We argue that counteracting the abandonment of
satoyama is particularly essential in urbanized landscapes because conserving its biodiversity would have a payoff for urban
communities. We focused on nature-oriented park use of satoyama ecosystems, utilizing their original scenery, topogra-
phy, water features, and vegetation. To evaluate the potential of nature-oriented park use for biodiversity conservation, we
examined the differences in diversity and species composition of vascular plants and butterflies among three land-use types
(agricultural-use, park-use, and abandoned sites) of satoyama ecosystems. Diversity of native plants and butterflies did not
significantly differ between agricultural-use and park-use sites and that of native plants was significantly lower at abandoned
sites than at agricultural-use sites. Although species composition of native plants at agricultural-use sites and park-use sites
significantly differ, that of native butterflies did not. The efficacy of park use for biodiversity conservation, thus, depended on
the taxa. Nonetheless, for striking a balance between the difficulty in maintaining agricultural use and accelerating satoyama
abandonment, our study highlights the utility of park use as an alternative usage, contributing to biodiversity conservation.
Balancing the wise use of satoyama in urbanized landscapes is a fundamental step toward the conservation of its biodiversity
and human—nature interactions.

Keywords Agricultural abandonment - Cultural ecosystem services - Human—nature interaction - Park management - Semi-
natural - Urban shrinkage
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many ecosystems (Foley et al. 2005; Grimm et al. 2008; Sala
2000). In semi-natural ecosystems, such as agricultural fields
and pastures, however, many studies have suggested that the
effects of human activities on biodiversity are often posi-
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tive rather than negative (Queiroz et al. 2014; Uchida and
Ushimaru 2014; Bonari et al. 2017; Uchida et al. 2018b).
In Japan, satoyama is broadly defined as a mosaic of dif-
ferent habitats including secondary woodlands and grass-
lands, paddy fields, and crop fields (Fukamachi et al. 2001;
Koyanagi et al. 2012; Ministry of the Environment 2010;
Takeuchi et al. 2003). Historically, traditional agroforestry
practices in safoyama, such as mowing and tree thinning, has
been implemented to obtain fodder and fuels (Berglund et al.
2014; Takeuchi et al. 2003). These practices in satoyama
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provide suitable habitats for many species across taxa; peri-
odic and intermediate-level disturbances create environ-
mental heterogeneity and mosaics, which in turn enhance
biodiversity (Katoh et al. 2009; Koyanagi et al. 2009; Uchida
and Ushimaru 2014; Ohwaki 2015).

Over the past 100 years, however, many satoyama eco-
systems have been altered due to agricultural intensification
(Uematsu et al. 2010) and rapid urbanization (Koyanagi
et al. 2012; Soga and Koike 2013; Uchida et al. 2018a).
Meanwhile, the ageing and shrinking population has led to
the abandonment of remaining satoyama (Fig. 1). Given
that urban shrinkage and population decline are expected to
continue in Japan during the next few decades, the emerging

Fig. 1 Three distinct land use
types for satoyama ecosystems.
a Agricultural use is managed
by thinning to obtain timber
and wood fuel at woodlands,
and mowing practices eliminate
pests constraining crop growth
at grasslands. b Playground
equipment (slide) was set in
small valleys (called yato).
This environment is managed
by thinning to avoid tree fall-
ing and modulate brightness
for park users at woodlands
and mowing to prevent the
appearance of harmful insects
and control succession from

Satoyama

issue for satoyama would be to figure out a way to counteract
the abandonment of remaining satoyama (Normile 2016).
Uchida and Ushimaru (2014) demonstrated that abandon-
ment of formerly managed satoyama ecosystems decreases
the species richness of plants, butterflies, and grasshoppers.
They suggested that a low level or absence of anthropogenic
disturbance following land abandonment causes a decline in
habitat quality, resulting in biodiversity loss. Here, we argue
that counteracting the abandonment of satoyama is particu-
larly essential in urbanized landscapes because conserving
the biodiversity would have a payoft to the urban communi-
ties (Dallimer et al. 2012; Aoshima et al. 2018). Biodiver-
sity in satoyama ecosystems potentially provides a range

grassland to woodlands. ¢ Ces-
sation of farmland activities
from agricultural use land leads
to abandoned land

e— - m——_

b Nature-oriented park use
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of opportunities, such as appreciation of various flora and
fauna (Lindemann-Matthies et al. 2010), perception of the
human—nature relationship in preserving biodiversity (Fuller
et al. 2007), and environmental education for children (Soga
et al. 2016). The Japanese National Biodiversity Strategy
2012-2020 has been highly concerned with the degradation
of satoyama ecosystems due to their abandonment in urban-
ized areas, recognized as one of the national biodiversity
crises (Ministry of the Environment 2012). Nevertheless, in
the context of Japanese demographic shifts even in urban-
ized areas (United Nations 2014), the reintroduction of tra-
ditional agricultural use of satoyama would not be realistic
because the number of farmers is predicted to decrease rap-
idly (Ministry of Agriculture, Forestry and Fisheries 2016).
Consequently, we know little about an appropriate alterna-
tive usage, if any, of satoyama to ensure its biodiversity con-
servation, and the efficiency of such usage (Berglund et al.
2014; Katoh et al. 2009).

In the search for alternative usage of satoyama ecosys-
tems that potentially enables the maintenance of biodiver-
sity, we focused on nature-oriented park use of satoyama
ecosystems, utilizing their original scenery, topography,
water features, and vegetation. Periodic human disturbance
can occur under the park use: woodlands need to be man-
aged to avoid tree falling and modulate brightness for aes-
thetic landscape design, and grasslands need to be managed
to prevent the appearance of harmful insects and control
succession from grasslands to woodlands (Fig. 1). Although
motivations for management practices (i.e., periodic distur-
bances on biodiversity) would be different between agricul-
tural use and park use, human disturbances may contribute
to maintaining biodiversity. At the same time, in nature-
oriented park, there are many artificial constructions, such as
paved walking paths, playgrounds, and rest areas associated
with the establishment and improvement of park environ-
ments would possibly facilitate the invasion of exotic species
by increasing their invasion opportunities.

Here, we investigated the differences in diversity and spe-
cies composition of plant and butterfly assemblages among
three land-use types of satoyama ecosystems in the eastern
part of Kanagawa prefecture, Japan: agricultural use, park
use, and abandoned land (Fig. 1). We surveyed all vascular
plant assemblages in the herb and shrub layer for flora and
butterfly assemblages, as a representative indicator of fauna
responses across three habitats, including woodland, wood-
land—grassland edge, and grassland in each land-use type.
Butterfly assemblages are one of the significant components
of satoyama ecosystems because both larvae and adults of
butterflies depend on particular food plant species and flow-
ering plant species such as Rorippa indica (L.) Hiern, Smilax
china L., and Pleioblastus chino (Franch. et Sav.) Makino
widely distributed across satoyama ecosystems. Focusing on
both plant and butterfly assemblages is intended to perform

a more holistic evaluation of biodiversity under different
land use of satoyama ecosystems. Most of our study sites
are located within Yokohama City, where the green cover-
age ratio of the area in Yokohama City has rapidly decreased
from 50.0% in 1970 to 29.8% in 2009 (Yokohama Environ-
ment Planning Bureau 2013), following a high economic
growth and associated urbanization. Nonetheless, relatively
large greeneries currently or formerly used as satoyama have
remained in highly urbanized landscapes. Specifically, we
tested the following hypothesis: (i) diversity and species
composition of native plants and butterflies at park-use site
are similar to agricultural-use site, (ii) diversity of native
plants and butterflies at abandoned site is lower than agri-
cultural-use site, and their species composition at abandoned
sites is different from agricultural-use site, and (iii) diversity
of exotic plants and butterflies is higher at park-use sites than
at agricultural-use sites.

Methods
Study area

The study was conducted in the eastern part of Kanagawa
prefecture, mainly in Yokohama City, and partly in Kam-
akura City (35°31'-57'N, 139°50'-57'E) (Fig. 2). Yokohama
is the second largest city in Japan, which covers 435.290 km?
and has a population of 3.7 million (City of Yokohama
2017). After a period of rapid economic development in the
1970-1980s, Yokohama had experienced remarkable urbani-
zation processes and population growth, with concomitant
declines in the extent of natural areas (Yokohama Environ-
ment Planning Bureau 2013). The mean annual temperature
was 15.8 °C, with a minimum monthly average temperature
of 5.9 °C in January and a maximum of 26.7 °C in August,

@ Agricultural-use
A Nature-oriented park-use
M Abandoned

Fig.2 Location of the 14 study sites in the eastern part of Kanagawa
prefecture, Japan. Agricultural-use site is indicated with black circles,
nature-oriented park-use site with grey triangles and abandoned site
with grey squares
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during the period of 1981-2010. The mean annual rainfall
during the same period was 1688.6 mm. All these climatic
descriptions are based on the data from the Japan Meteoro-
logical Agency.

Study site and land-use description

We selected 14 study sites with three different land-use types
(four sites for agricultural use, four sites for park use, and
six sites for abandoned land) (Fig. 2). The study sites except
for abandoned sites have more than 5 ha of area and are
composed of the typical landforms of satoyama landscape,
i.e., hills and water-eroded small valleys (Katoh et al. 2009;
Berglund et al. 2014). We designated the areas of abandoned
sites by our on-site survey, and the estimated areas are gener-
ally less than 1.5 ha. The small valleys have woodland and
grassland, and the grassland has been historically used as
paddy and crop fields. We defined the land-use types based
on several criteria, including the percentage area of farm-
land and artificially built areas within each site, determined
using ArcGIS 10.3 (ESRI, Red-lands, CA, US), the number
of playground equipment, and the purpose of visit to each
site by users, via questionnaires (Matsumura et al. unpub-
lished data) (Table 1). We confirmed the trajectories of land

use at the study sites over the past 100 years, using multi-
temporal aerial photographs (1947-1948, 1977-1979, and
2007-2008) and Zinsoku-Sokuzu (the oldest Japanese maps
that cover our study sites and were based on a plane-table
survey during the 1880s). We summarized the attributes of
three land-use types in Table 1 and their brief descriptions
are provided below.

i. Agricultural-use type (4 sites; 14 survey transects):
These sites mainly consist of woodlands dominated
by broadleaf deciduous trees managed through thin-
ning to obtain timber and wood fuel, and grasslands
dominated by forbs managed through mowing to elim-
inate pests which constrain crop growth. More than
1.0% of the total area was farmlands and the purpose
of the visit by users was to seek natural experience
and events. Although two of these sites are named
as a park (i.e., Maioka Park and Kamakura Central
Park), these sites included relatively high percentage
of agricultural land use and are open to public mainly
for agricultural experience and enjoying agricultural
landscapes (this is reflected in the result from the on-
site questionnaire about the purpose of visit by users;
Table 1). We, therefore, designated these sites as agri-

Table 1 Description of sites, showing site area (ha), farmland area (proportion, and area (ha)), artificially built area (proportion, and area (ha)),

number of playground equipment, and purpose of visit by users

Site Area Farmland area

Artificially built area Number of play-

Purpose of the visit by users®

ground equipment®

Agricultural use

Niharu citizen woodland® 151.1 8.72% 13.2 0.70% 1.1 0 Mainly, the group preferred
Maioka park 126.7 17.50% 22.1 0.90% 1.2 1 natural experience and
Segami citizen woodland® 76.8 4.70% 36 000% 0 0 events
Kamakura central park 44.6 2.50% 1.13 0.04% 0.02 0
Nature-oriented park-use
Kodomo no kuni 134.1 0.50% 0.3 7.30% 9.8 34 Mainly, parenting group
Tsuduki central park 29.4 0.20% 0.05  3.80% 1.1 3 interested in flora and
Kodomo natural park 76.8 0.50% 0.4 1.90% 1.5 fauna
Sikinomori park 70.9 0.60% 0.4 1.90% 14 8
Abandoned
Abandoned-1 0.59
Abandoned-2 0.27
Abandoned-3 1.48
Abandoned-4 0.54
Abandoned-5 0.77
Abandoned-6 0.62

Note that the data on the area of the sites are different from the officially published data because we designated the site area as a cluster of bio-

logical habitats rather than its artificial boundary, using aerial photographs

#Playground equipment includes slide, jungle gym, iron rod, seesaw, aerial ladder, sand pool, spring rider, trampoline, and free playground

PPurpose of a visit by users was based on the face-to-face on-site questionnaire (Matsumura et al., unpublished data)

“Recently, Yokohama City has designated these traditional sites under the citizen woodland (“shimin no mori”’) system where the sites are open
to public with the permission of landowners, for the conservation of biodiversity as well as traditional agricultural landscapes
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cultural-use sites. These sites have traditionally been
used for agricultural production at least for a century
(we confirmed this evidence from Zinsoku-Sokuzu)
by landowners and located within the areas includ-
ing a number of important satoyama for biodiversity
conservation (Ministry of the Environment 2016).
We thus assumed that the agricultural-use sites are
essentially similar to traditional satoyama ecosystems
managed purely for agricultural production. These
sites were dominated by P. chino, Oplismenus undu-
latifolius (Ard.) Roem. et Schult., Houttuynia cordata
Thunb.

ii. Park-use type (4 sites; 15 survey transects): These sites
mainly consist of woodlands dominated by broadleaf
deciduous trees managed through thinning to avoid
tree falling and modulate the brightness for park users,
and grasslands dominated by forbs managed through
mowing to prevent the appearance of harmful insects
and control succession from grassland to woodlands.
More than 1.0% of the total area was covered by arti-
ficially built surfaces, more than three playground
equipment was installed, and the purpose of the visit
by users was mainly to play with children and appreci-
ate various flora and fauna. Dominant species at the
ground layer were P. chino, H. cordata, and O. undu-
latifolius.

iii. Abandoned type (6 sites; 6 survey transects): These
sites had been formerly used for agriculture, but were
eventually abandoned for at least 3 years, as revealed
by historical aerial photographs. Dominant species at
the ground layer were P. chino and Persicaria thun-
bergii (Siebold et Zucc.) H.Gross.

Landscape variables

We estimated the area of farmland, grassland, paddy field,
artificial woodland, secondary woodland and urban set-
tlements within 1 km radius from the centre of each tran-
sect, based on aerial photographs from Google maps (Map
data©2018 Google). To do this, we used Spatial Analyst
10.3 in ArcGIS (ESRI). To reduce the dimensionality of
six landscape variables, we used principal component
analysis (PCA). We found that two primary axes explained
50.9% of the total variance. PCA axis 1 value represented
an increasing area of paddy field and a decreasing area
of urban settlements. Negative PCA1 value thus indicates
relatively high urbanization around the study transect (Fig.
S1). PCA axis 2 value represented an increasing area of
secondary woodland and a decreasing area of artificial
woodland. Negative PCA2 value thus indicates increas-
ing human interventions (Fig. S1).

Field survey design

We surveyed plant and butterfly assemblages at each site
in summer (between late May and late June) and autumn
(between early September and early October) 2017. At every
site, each of the survey transects was established in a differ-
ent valley to account for differences in environmental and
topographical conditions among valleys, and a 30-40 m
transect (10 or 20 m on the grassland side and 20 m on the
woodland side) was established perpendicular to the wood-
land and grassland edge (Fig. S2). The number of transects
at each site was generally three, but we increased the number
of transects at the sites with relatively extensive areas and
set only one transect at the abandoned sites, as we could not
sample different valleys for practical reasons (in our study
area, there are few extensively abandoned sites that include
two or more valleys). We defined the woodland edge as the
start of area where no trees with >3 cm diameter at breast
height could be found. At each transect, 1 m X 1 m quadrats
were established at different distances: 20, 10, 3, and O m
from the edge to the woodland interior, and 20, 10, and 3 m
from the edge to the grassland (woodland exterior). How-
ever, we could not set quadrats at 20 m from the edge in the
grassland side of 12 transects because of the limited extent
of the grassland side. Consequently, our data consisted of
232 quadrats (six or seven quadrats per transect), along 35
transects, at 14 sites. We divided the quadrat into 16 grids to
estimate species abundance. We recorded the vascular plant
species present in each quadrat and the abundance of each
species as the number of grids (ranging from O to 16) where
the species occurred. Plant nomenclature was based on the
YList (http://ylist.info).

For butterfly surveys, the transects were divided into
woodland and grassland (Fig. S2). We recorded the number
of species (hereafter richness) and number of individuals
(hereafter abundance) of butterflies within 5 m width along
the transects for 15 min on woodland and grassland sides,
respectively (i.e., Pollard Walks). Butterfly sampling was
conducted on sunny days between 9:30 a.m. and 15:00 p.m.
in summer and autumn 2017. When we could not visually
identify butterfly individuals, the individuals were caught by
an insect net and were released after species identification.
Butterfly nomenclature was based on the Japan Butterfly
Conservation Society (2012).

Data analysis

To avoid the complexity in interpretation of results, we
classified the data from quadrats at 10 and 20 m from the
woodland—grassland edge in the woodland side as woodland
habitat, those at the edge and at 3 m from the edge either
in the woodland and grassland sides as edge habitat, and
those at 10 and 20 m from the edge in the grassland side as
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grassland habitat (Fig. S1). We examined the differences in
richness and Shannon diversity index (hereafter diversity)
(Shannon and Weaver 1949) of native and exotic plant spe-
cies in each habitat (woodland, edge, and grassland) among
the land-use types. We also examined the differences in
richness, abundance, and diversity of butterfly species in
each habitat (woodland and grassland) among the land-use
types. Similar to the plant species, we intended to catego-
rize butterfly species into native and exotic ones, but we
found only one exotic species (ratio of abundance of exotic
butterfly species in total butterfly abundance: 0.04) (Hes-
tina assimilis (Linnaeus, 1758)), so we examined only the
native butterfly species. We also examined how landscape
variables (summarized by PCA axis 1 and 2 values; Fig.
S1, Tables S1, 2) affect the diversity of plant and butterfly
assemblages, by including landscape variables as explana-
tory variables. Throughout these analyses, we used gener-
alized linear mixed models (GLMM) with a Gaussian (for
Shannon diversity) or Poisson (for plant and butterfly spe-
cies richness, and butterfly abundance) error distribution. In
these models, we included transect and site identity nested
within season as random factor for plant analyses, and site
identity nested within season as a random factor for butterfly
analyses, to account for pseudo-replication.

To examine the differences in species composition of
native plants and butterflies in each habitat among the
land-use types, we performed an ordination based on the
abundance matrix of species per quadrat for plants, and an
ordination based on the abundance matrix of species per
transect for butterflies, through permutational MANOVA
(PERMANOVA) and visualization with non-metric mul-
tidimensional scaling (NMDS) using Bray—Curtis dissimi-
larity. We did not perform ordination analyses of species
composition of exotic plants and butterflies, due to their
scarce presence (average exotic species richness of plants
per plot: 0.05). We summarized species composition of plant
and butterfly assemblages with the first two NMDS axes
and compared convex hulls that outline native plant spe-
cies composition in each habitat under each land-use type.
All statistical analyses were performed using the R software
(version 3.4.2; R Development Core Team). The GLMM,
PERMANOVA and NMDS analyses were performed using
the glmer and Imer functions of the “lme4” package (Bates
et al. 2015) and the adonis and meta-MDS function of the
“vegan” package (Oksanen et al. 2011) of R, respectively.

Results

In total, we found 340 plant species (310 native and 30
exotic species), and 47 butterfly species (46 native and 1
exotic species, for a total of 670 individuals). The number
of total plant species found under each of the land-use types

@ Springer

was 262 species across agricultural-use sites, 251 species
across park-use sites, and 108 species across abandoned
sites. The number of total butterfly species found was 37
across agricultural-use sites, 36 across park-use sites, and
23 across abandoned sites.

Species richness and diversity of native and exotic plants
did not significantly differ between agricultural-use and
park-use sites across all habitats (Figs. 3, S3, Tables S1, 2).
Native plant species richness and diversity were significantly
lower at abandoned sites than at agricultural-use sites among
all habitat types. Exotic plant species richness and diversity
at park-use and abandoned sites generally did not differ sig-
nificantly from agricultural-use sites. Native plant species
richness and diversity had no relationships with landscape
variables, regardless of the habitats, but exotic plant spe-
cies richness increased with PCA axis 1 value in woodland
habitats (Tables S1, 2).

Species richness, abundance, and diversity of butterflies
at park-use did not significantly differ from those at agricul-
tural-use sites across all habitats (Figs. 4, S4, Tables S1, S2).
However, the diversity of butterflies at park-use sites was
lower than at agricultural-use sites in grassland habitats (Fig.
S4, Table S2). In addition, species richness, abundance, and
diversity of butterflies were marginally lower at abandoned
sites than at agricultural-use sites across all habitats (Figs. 4,
S4). Furthermore, species richness and diversity of butter-
flies had no relationship with landscape variables, regardless
of the habitats, but the abundance of butterflies increased
with PCA axis 1 value in woodland habitats (Tables S1, S2).

Species composition of native plants at park-use sites sig-
nificantly differed from that at agricultural-use site across all
habitats, whereas species composition of native butterflies at
park-use did not (Fig. 5, Table S3). Species composition of
native plants and butterflies at abandoned sites significantly
differed from that at agricultural-use sites across all habitats.

Discussion

We provide the first evidence with regard to the potential of
nature-oriented park use of satoyama ecosystem for secur-
ing biodiversity conservation, by comparing diversity and
species composition of plant and butterfly assemblages
between park-use and agricultural-use sites (Figs. 3, 4, 5).
Nonetheless, lower diversity of plant and butterfly assem-
blages in abandoned sites than in agricultural-use sites sug-
gests that an abandonment of satoyama ecosystems degrades
the original biodiversity, in accordance with the results of
previous studies in Japan (Figs. 3, 4) (Osawa et al. 2013;
Uchida et al. 2016; Uchida and Ushimaru 2014; Uematsu
et al. 2010). However, our results suggest that species com-
position at park-use sites does not necessarily resemble that
at agricultural-use sites (Fig. 5); under the park use, species
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Fig. 3 Comparison of species
richness of native and exotic
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Fig.4 Comparison of species richness and abundance of native but-
terflies among land-use types. Agricultural use was used as a refer-
ence category. Box plots represent medians (bold black horizontal
line), and first and third quartiles (box perimeters), the whiskers are
90th percentiles, and the small circles are outliers. n.s. (not signifi-
cant)

sites.

Although limited stakeholders (i.e., farmer) benefit from
the agricultural use of satoyama ecosystems, it is likely that
biodiversity conservation under the park use can directly
provide various benefits for a range of stakeholders (Dal-
limer et al. 2012). Therefore, for striking a balance between
the difficulty of maintaining agricultural use and accelerat-
ing abandonment in satoyama ecosystems in the face of age-
ing and shrinking population, our study highlights the utility
of park use as one of the alternative usages contributing to
biodiversity conservation. Yet, species composition at park
use and agricultural use were different depending on taxa.
This highlights the need for a more careful evaluation of
biodiversity across other taxa in future studies.

We found no discernible differences in species richness
and diversity of native plants and butterflies between agri-
cultural-use and park-use sites, regardless of the habitats
(Figs. 3, 4, S3, S4, Tables S1, S2). We generally observed
species that are known to be specific to satoyama ecosystems
such as Cephalanthera falcata (Thunb.) Blume and Chloran-
thus serratus (Thunb.) Roem. et Schult (Kanagawa prefec-
ture 2016) at both park-use and agricultural-use sites. This
suggests that, although the management purpose is different,
park management could mimic environmental modification
by traditional agroforestry practices, thereby resulting in the
maintenance of biodiversity. In addition, generally, we did
not find significant effects of landscape variables on species
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Fig.5 Non-metric multidimensional scaling (NMDS) ordination
diagram based on Bray—Curtis dissimilarities of native plant and
butterfly species composition. Convex hulls outline native plant and
butterfly species composition under each land-use type. Each point
represents the sample quadrat with a shape according to the land-use

richness and diversity of native plants and butterflies (Tables
S1, S2). We thus argue that, even if the management purpose
is different among land-use types, maintaining periodic and
intermediate-level disturbances is essential for biodiversity
conservation regardless of surrounding landscape contexts
(Aguilera et al. 2018). However, species richness of exotic
plants and abundance of native butterflies were significantly
increased with area of paddy, grassland and secondary
woodland (PCA axis 1) in woodland habitats (Table S1).
Potential interactive effects between land use types and sur-
rounding landscapes need to be further explored in future
studies.

However, we observed that species composition of native
plants at park-use sites significantly differed from those at
agricultural-use sites (Fig. 5, Table S3). Aggemyr et al.
(2018) suggested that species diversity and composition
differ in their response to landscape properties, and species
composition strongly depended on local habitat environmen-
tal heterogeneity. Although species composition of native
butterflies at park-use sites did not significantly differ from

@ Springer
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type. The inset table represents the result of PERMANOVA compar-
ing the species composition of native plants and butterflies among
land-use types. Agricultural use was used as a reference category in
performing PERMANOVA. #**P <0.001, n.s. (not significant)

those at agricultural-use sites (Fig. 5, Table S3), diversity
of native butterflies was significantly lower at park-use sites
than at agricultural-use sites in grassland habitats (Fig. S4,
Table S2). This might be reflected that some butterfly spe-
cies (e.g., Limenitis glorifica (Fruhstorfer, 1909)) were rarely
observed in grassland habitats at park-use sites. Previous
studies reported that species replacement would occur due
to land-use changes through the extinction of specialist spe-
cies (e.g., Bagaria et al. 2019). We thus argue that species
composition of native butterflies may probably shift in the
future at park-use sites.

In contrast to our hypothesis, invasion of exotic species
due to an increasing number of artificially built areas was
not observed under the park use (Fig. 3, Table S1). Previous
studies have also reported that the invasion of exotic species
is limited to the naturalized areas in urban landscapes, where
the disturbance intensity is relatively low, in contrast with
highly urbanized areas (Uddin et al. 2013), and that occupa-
tion of complementary niches by native plant species pre-
vents biological invasion (Elton 1958; Hector et al. 2001).
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We observed a decrease in native plant diversity due to
the abandonment of satoyama (as suggested by Fig. 3). This
would be attributable to the absence of disturbance, enhanc-
ing competitively superior, taller species such as P. chino and
Pueraria lobata (Willd.) Ohwi, which restrict the amount of
sunlight available to shorter species (Kitazawa and Ohsawa
2002). Furthermore, species richness, abundance and diver-
sity of native butterflies at abandoned sites were marginally
lower than at agricultural-use sites across habitats (Figs. 4,
S4, Tables S1, S2). Abandonment would lead to a decrease
in trophic resources formerly supported by farmland areas
(Stefanescu et al. 2009) and concomitant changes in plant
community structure by the dominance of tall, competitive
superior plant species (Kitazawa and Ohsawa 2002).

Implications

Our finding on the potential of nature-oriented park use of
satoyama for securing biodiversity conservation can also
be applicable to other areas of urbanized landscapes in
Japan facing accelerated satoyama abandonment. We argue
that, although management regimes under park use would
not conserve biodiversity of all taxa, they would maintain
aesthetic sceneries such as landscapes surrounded by hilly
woodlands and bright habitats inheriting the legacy of satoy-
ama. Moreover, instead of provisioning services such as tim-
ber and crop under the agricultural use, the park use will
provide a range of cultural services for city dwellers, such
as aesthetic and recreational value (Bolund and Hunhammar
1999). These multiple benefits created by park use should be
evaluated in further studies.

Current opinions on the future usage of semi-natural
ecosystems have been extensively debated worldwide, as to
whether we need to re-wilding them through abandonment
or to conserve the “nature” of semi-natural ecosystems by
continuing human involvement (Navarro and Pereira 2012;
Queiroz et al. 2014). This controversy stems from the fact
that the impact of abandonment of semi-natural ecosys-
tems on biodiversity is not consistent across geographic
regions and environmental contexts. However, previous
studies in Japan and our results consistently indicate that
biodiversity in satoyama ecosystems would decrease if they
are abandoned. Hence, counteracting the abandonment of
satoyama would be essentially important for the biota as
well as for human well-being. Nature-oriented park use is
one of such counteracting options. We do not suggest that
continuing the agricultural use of satoyama is not in line
with the current socio-demographic contexts and needs to
be replaced by park use. As the agricultural use of satoyama
itself includes a variety of traditional knowledge and cultural
heritages (Takeuchi 2010), the National Spatial Strategy
such as agriculture enhancement and agricultural landscape

conservation (Ministry of Land, Infrastructure, Transport
and Tourism 2015) that secures its sustainability should
be simultaneously implemented. Balancing the wise use
of satoyama in urbanized landscapes is a fundamental step
toward conservation of its biodiversity and human—nature
interactions for future generations in this urban era.
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