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Abstract: Land use changes have been major drivers of global biodiversity declines during the last century. Although ski resort develop-
ments generally cause biodiversity loss in mountainous grassland and forest ecosystems of East Asia, Europe and North America, they can
sustainably harbor grassland species which have largely been lost via various land use changes during the last decades. In this study, we
surveyed distributions of native endangered and threatened grassland plant species in ski run grasslands of Sugadaira area in the central
Japan. We found that ski run grasslands converted from old pastures were habitats of eight native endangered and threatened grassland
species, which have been drastically declining in recent decades. Richness of these plant species increased with direct sunlight duration
and soil pH: more open ski runs and those with soil pH of approx. 5.0-5.8 exhibited higher richness. According to our results, we dis-
cussed the potential of ski runs as an alternative habitat type of native endangered and threatened grassland plants.
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Introduction

Land use changes have been major drivers of global biodi-
versity loss during the last century (Sala et al. 2000; Gerst-
ner et al. 2014). Negative effects of land use changes on
biodiversity and the underlying mechanisms have been
intensively examined in both natural and semi-natural eco-
systems worldwide (Butchart et al. 2010; Newbold et al.
2015). Grassland biodiversity in the Palaearctic realm has
also been threatened by several types of land use changes
(Dengler et al. 2014; Wesche et al. 2016), among which
grassland abandonment and conversion to arable lands
have exerted a prevailing threat to grassland biodiversity in
this region (Torok & Dengler 2018).

Ski resort development is a typical land use change, which
has negative impacts on biodiversity of mountainous grass-
land ecosystems in East Asia, Europe and North America
(Tsuyuzaki 1994; Wipf et al. 2005; Rolando et al. 2007; Burt
& Rice 2009; Roux-Fouillet et al. 2011). In ski runs, machine
grading and artificial snow application are known to in-
crease bare ground coverage and/or to change soil mois-
ture and nutrient conditions and therefore influence plant
diversity and composition (Tsuyuzaki 1995; Tsuyuzaki

2002; Rolando et al. 2007; Burt & Rice 2009; Roux-Fouillet
et al. 2011). Soil erosion caused by machine grading leads
to low water content and reduction in soil depth
(Tsuyuzaki 1990; Watson 1985). After grading, introduced
vegetation cover to preventing soil erosion would promote
high dominance of alien plant species at the pioneer vege-
tation stage (Tsuyuzaki 1995; Tsuyuzaki 2002).

Although ski resort developments generally degrade biodi-
versity in the alpine zones, they have the potential to
maintain semi-natural grassland biodiversity which has
largely been lost via various land use changes during the
last decades below the timberline in the Palaearctic region
(Rolando et al. 2007; Ushimaru et al. 2018). This is because
typical mowing management once a year maintains semi-
natural grassland conditions on ski runs. However, the po-
tential of ski run grasslands as an alternative habitat for
native grassland plants has not been examined in Japan.

In this study, we surveyed the distribution of native endan-
gered and threatened grassland plant species in ski run
grasslands in Sugadaira area, Nagano prefecture in the
central Japan (Fig. 1). In the study area, old pastures con-
version to ski runs in the early 20" has maintained grass-
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land conditions continuously for more than 100 years on
the slopes. Ski runs are typically surrounded by secondary
forests and Larix kaempferi plantations which have estab-
lished on abandoned pastures (Fig. 1). We examined rich-
ness of native endangered and threatened grassland plant
species on ski run grasslands and how distributions of
these species were related to vegetation and environ-
mental factors. According to our results, we discuss the
potential of ski run grasslands as alternative habitat for
semi-natural grassland biodiversity.

Study area

The study was conducted in 13 ski runs in Sugadaira- and
Minenohara-plateau ski resorts in the Sugadaira area, Na-
gano Prefecture, Japan (Fig. 1, 36.512°-36.561° N,
138.304°-138.360° E, 1325-1510 m a.s.l.). In the study

area, the mean annual temperature was 6.5°C, with a
minimum monthly average of -6.2°C in January, and a
maximum monthly average of 19.4°C in July. The mean
annual precipitation was 1197.4 mm during 1986—2015.
These meteorological data were recorded by nearby auto-
mated meteorological data acquisition system (36.532° N,
138.325° E, 1253 m a.s.l.) by the Japanese Meteorological
Agency.

All study ski runs are distributed in cool temperate zone,
where the climax vegetation are broad-leaved deciduous
forests. For all the study ski runs, semi-natural grassland
conditions have been maintained by annual mowing
(mowing once in September) as a typical ski run mainte-
nance. Cut plant materials were left in situ for all the runs
every year. Wild vertebrate herbivore grazing seldom oc-
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Fig. 1. Location of study area (Sugadaira area), Nagano prefecture, Japan (a), distribution of study runs and plots with 50-
m contour line (b) and the study ski runs are indicated by bold, broken and dotted lines (the numbers of plots were 4, 2
and 1, respectively). Photos of a ski run in summer (c) and winter (d) are shown.
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Table 1. The mean and standard deviation (SD) of environmental variables in the study plots.

Vegetation Aboveground Soil water con- . Slope angle Sunlight duration
) . Soil pH o .
height (cm) biomass (g) tent (%) (°) (min)
Mean 75.54 16.97 39.75 5.177 18.66 760.1
+SD +32.98 +9.79 +8.43 +0.271 +6.88 +109.9

curred in the ski runs, although Japanese deer have in-
vaded the study area very recently.

Vegetation survey

We set four 2 x 10 m (20 m?) belt plots on each of the 13
ski runs. Plots were positioned at the center and the edge
of upper and lower positions of each run (Fig. 1). The width
of study ski runs ranged from 26 to 167 m (mean + SD: 78 +
3 m). We focused on ski run areas directly converted from
old pasture and as such areas were of limited distribution
in two runs, we used data from only 1 or 2 plots on these
runs (Fig. 1). Locations of old pasture were checked using
past aerial photographs taken in 1947, 1965, 1973, 1975,
1991 (Geographical Information Authority of Japan, GIAJ,
http://mapps.gsi.go.jp/maplibSearch.do#1). We thus set a
total of 47 plots on the 13 runs.

We conducted vegetation surveys twice in the late June
and the early August for each plot in 2015. During the sur-
vey of each plot, we recorded the presence of all native
endangered and threatened grassland plant species listed
in the National Red list (Ministry of the Environment of
Japan). To define “grassland” species, we referred to Wild
Flowers of Japan Herbaceous Plants | - lll (Satake et al.
1981). For the following analyses, we pooled two survey
data sets and counted the richness of the red list species in
each plot.

Vegetation and environmental factors

We recorded vegetation height, aboveground biomass, soil
water content, soil pH, sunlight duration, and slope angle
for each plot in August 2015 (Table 1). At five points within
each plot (1, 3, 5, 7 and 9 m from the edge of the plot on
the center line), we measured the height (in cm) of the
highest aboveground plant part within a 10-cm radius at
each point and averaged them as vegetation height per
plot for the following analyses. To measure aboveground
biomass, we clipped all of the above-ground living vascular
plant material from two additional 0.25 x 0.25 m subplots
just beside each plot, dried the material at 70°C for 72 h,
and weighted the dry biomass for each subplot. We used
the mean aboveground biomass per plot for the analyses.

At the same time of biomass sampling, we collected soil
samples at a depth of 0-5 cm using a cylindrical soil corer
with a diameter of 5-cm and a height of 5-cm (ca. 100 cm?)
from the two subplots. For each plot, the two fresh soil
samples were mixed then weighted, dried at 70 °C for 72
h, and weighted again. Soil water content (SWC in %) was
calculated as follows (Nagata & Ushimaru 2016):

SWC = Fresh soil weight (gl— dry seil weight [g)

— X 100
fresh soil waight (g)

In addition, soil pH was measured by mixed and dried soil
samples, in a 2:5 (w:w) dry soil:distilled water mixture us-
ing a HI 991221 Direct Soil pH measurement instrument
(HANNA Instruments, Smithfeild, RI, US). We took a hemi-
spherical photograph at 1-m above ground height of the
center of each plot in late August, when the weather was
cloudy. For each site, we calculated direct sunlight dura-
tion at the summer solstice (in minutes; hereafter direct
sunlight duration) as an index of light conditions during the
growing season using a hemispherical photograph analysis
program, CanopOn 2 (http://takenaka-akio.org/etc/

canopon2/).

Statistical analyses

To examine the effects of vegetation and environmental
factors on endangered grassland species richness, we con-
structed a generalized linear model (GLM) with Poisson
distribution and log-link function in which vegetation
height, aboveground biomass, soil water content, soil pH,
sunlight duration, and slope angle were incorporated as
the explanatory variables, the number of endangered and
threatened species per plot was incorporated as the re-
sponse variable. Because vegetation height was highly cor-
related with the aboveground biomass in our data set
(Pearson correlation coefficient: r = 0.578, P < 0.001, n =
47) and the variance inflation factor value (VIF; the value =
2.6) of vegetation height in the full model was higher than
those of other variables and over 2.0 (Brauner & Shacham
1998), we reconstructed a GLM without vegetation height
as the explanatory variable.

Because a single threatened species, Platycodon grandiflo-
rus was frequently observed in the study plots, we also
examined the effects of vegetation height, aboveground
biomass, soil pH, soil water content, slope angle, and
sunlight duration on the presence/absence of the species
in each plot using a GLM with binomial distribution and
logistic-link function. In the model, all the variables were
explanatory variables and the presence/absence (1/0) of
the species was the response variable. Because the study
runs and plots were not randomly distributed within the
study area, the effects of spatial autocorrelation on the
analytical results should be also considered. We calculated
the spatial auto-covariates from the latitude and longitude
measurements of the study plots, incorporating values into
each GLM, which was achieved through a simple extension
of the GLM by adding a distance-weighted function of
neighboring response values as the explanatory variable
(Dormann et al. 2007). The significance of each explanatory
variable was examined with a Wald test. For all analyses,
we used the statistical software R v3.3.2 and the vegan
package v2.4.1 (R core Team 2016).
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Table 2. Observed endangered and threatened species and their Red list category (The Ministry of the Environment of
Japan, EN: endangered, VU: vulnerable, NT: near threatened), life form and the number of center and edge plots where

the species occurred.

No. of plots
Family Scientific Name RL Life form
Center  Edge
Boraginaceae Lithospermum erythrorhizon EN Perennial 0 1
Apocynaceae Vincetoxicum atratum VU Perennial 0 2
Vincetoxicum pycnostelma NT Perennial 2 1
Plantaginaceae Veronica onoei VU Perennial 4 4
Campanulaceae Platycodon grandiflorus VU Perennial 10 9
Caprifoliaceae Triosteum sinuatum VU Perennial 1 1
Asteraceae Tephroseris flammea subsp. glabrifolia VU Perennial 0
Ranunculaceae Pulsatilla cernua VU Perennial 1 1
Results plant species of conservation importance in Japan. Since

In total, we found eight endangered and threatened native
grassland species in the study plots (Fig. 2 and Table 2).
The GLM for their richness revealed significantly positive
effects of soil pH and direct sunlight duration on the spe-
cies richness and non-significant effects of any of the other
variables (Fig. 3 and Table 3). The presence of P. grandiflo-
rus increased with direct sunlight duration, whereas the
other variables did not have any significant effects on the
P. grandiflorus presence (Fig. 4 and Table 3).

Discussion

Eight endangered and threatened grassland species includ-
ing a single EN species, Lithospermum erythrorhizon, were
found in study ski run grasslands, suggesting that ski resort
developments have a potential to harbor these grassland

semi-natural grasslands have been declining rapidly via
several types of land use change during the last century in
Japan as well as in other areas in the Palaearctic realm
(Dengler et al. 2014; Nagata & Ushimaru 2016; Uchida et
al. 2016; Torok & Dengler 2018; Ushimaru et al. 2018), it is
valuable information that the new land use, ski run use can
retain habitats for native endangered and threatened
grassland plants.

Higher soil pH (c. 5.0-5.8, see Table 1) within the acid
range of the study ski runs was suggested to be preferred
by the study species. Rare species, including some endan-
gered grassland species are known to have narrower eco-
logical niches compared to common species with respect
to soil biogeochemical parameters in Europe and Japan
(Kleijn et al. 2008; Uematsu & Ushimaru 2013). The unimo-

Fig. 2. Photos of native endangered and threatened grassland plants on ski run grasslands in the Sugadaira area, Nagano
prefecture, Japan. Upper row from left to right: Lithospermum erythrorhizon, Vincetoxicum atratum, V. pycnostelma,
Veronica onoei. Lower row from left to right: Platycodon grandiflorus, Triosteum sinuatum, Tephroseris flammea subsp.
glabrifolia and Pulsatilla cernua. Photos: Y.A. Yaida & A. Ushimaru.
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Fig. 3. Relationships of native endangered and threatened grassland species richness with vegetation and environment
variables. The regression lines (black) and the 95% prediction intervals (grey) are drawn for the significant explanatory
variables (GLM, Table 3). The regression line was calculated using fixed values (i.e. means) for the other explanatory vari-

ables.

Table 3. The GLM results for native endangered and threatened grassland plant richness and the presence/absence of
Platycodon grandifiorus. Estimated coefficients, SEs, z values and p values by Wald test are shown. Variables with statisti-
cally significant effects (p < 0.05) are indicated in bold.

Explanatory variables Estimate SE z p(>lzl)
Response variable: native endangered and threatened grassland plant richness
Intercept -1.418 x 10 4.359 -3.253 <0.01
Aboveground biomass -5.251x 1073 1.860 x 10 -0.282 0.778
Soil water content 2.810 x 107 2.387 x 10 1.177 0.239
Soil pH 1.562 6.645 x 10 2.352 <0.05
Slope angle -2.786 x 1072 2.811 x 10 -0.991 0.322
Sunlight duration 7.043 x 1073 2.505 x 1073 2.811 <0.01
Spatial auto-covariance -2.537x10° 3.590 x 10°° -0.707 0.480
Response variable: the presence/absence of P. grandiflorus
Intercept -2.699 x 10 1.115 x 10 —2.420 <0.05
Aboveground biomass 1.502 x 10 4.418 x 1072 0.340 0.734
Soil water content 4.374x 102 5.166 x 10 0.847 0.397
Soil pH 2.716 1.665 1.631 0.103
Slope angle 6.008x 10°° 6.046 x 102 0.099 0.921
Sunlight duration 1.282 x 102 5.419 x 103 2.366 <0.05
Spatial auto-covariance 8.017 x 10° 1.022 x 10* 0.784 0.433
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Fig. 4. Relationship between the Platycodon grandiflorus presence/absence (1/0) and vegetation and environmental
variables. The regression line for the significant explanatory variable (GLM, Table 3) is drawn while the other explanatory

variables are fixed as mean values.

dal relationship between soil pH and rare species richness
was reported in Japanese hay meadows, such that plots
with soil pH of c. 4.7-5.7 had higher rare species richness
than those with lower and higher soil pH (Nagata & Ushi-
maru 2016). The pH range with higher endangered and
threatened species richness in this study is consistent with
the pH range of the previous study (Nagata & Ushimaru
2016).

The endangered and threatened grassland species richness
and the Platycodon grandiflorus presence significantly in-
creased with the sunlight duration on ski runs, indicating
that more open grasslands without neighboring forests
were preferred by the species. The findings suggest that
endangered and threatened grassland plants may require
sufficient light conditions. Meanwhile, the species richness
was influenced neither by the vegetation height nor the
aboveground biomass, although endangered and threat-
ened species are often distributed in habitats with low
aboveground biomass and vegetation height in Europe and
Japan (Venterink et al. 2003; Wassen et al. 2005; Nagata &
Ushimaru 2016). The annual mowing management might
maintain enough low vegetation height and aboveground
biomass for such species everywhere in the study ski runs
whereas the establishments of secondary forests and coni-
fer plantations might cause habitat degradation for the
endangered and threatened grassland species via reducing
direct sunlight.

Our findings give important insights to conservation plan-
ning for semi-natural grassland biodiversity in Japan. First,
to maintain ski runs like semi-natural grasslands is effective
to provide habitats for endangered and threatened grass-
land species. Ski runs are known to function as a habitat of
an endangered butterfly species, Melitaea ambigua as well
(Nakahama et al. 2018). Second, open and wide ski runs
with soil pH of c. 5.0-5.8 would be more ideal for conserv-
ing endangered and threatened grassland species. There-
fore, abandonment and narrowing of ski runs and artificial
snow (ammonium sulfate) application and surface soil re-
moval by machine grading, both of which will change soil
properties (c.f. Watson 1985; Tsuyuzaki 1990; Tatemoto &
Nakamura 1998; Roux-Fouillet et al. 2011), should be
avoided. Unfortunately, some ski runs and their manage-
ments have been abandoned during the last decades due
to economic reasons (Nakamura 1999) whereas other runs
have been more intensively managed with machine grad-
ing and snow application (A. Ushimaru personal observa-
tion). We should inform resort companies, national and
local governments, local residents, conservationists and
researchers that ski runs have functioned as habitats for
endangered grassland plants by providing more open
grassland conditions for more than 70 years. Although this
study concentrated on endangered and threatened plant
species which were distributed in low densities, diversity
and composition of whole grassland plant and animal spe-
cies on ski runs should be examined to clarify the potential
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of ski runs as a new habitat type for the whole semi-
natural grassland community in future.
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