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Distribution of spiders will be changed as climate warms. Abundance of spider species was predicted
nationwide in South Korea. Abundance of spiders was projected using temperature species distribution
model based on a nationwide data (366 forest sites) according to climate change scenario RCP 4.5 and 8.5.
The model predicts that 9 out of 17 species will increase in abundance while 8 species will decrease. Based
on this finding, a qualitative prediction (increase or decrease) was conducted on the species with more than

1% occurrence: 68 species are expected to decrease, 9 to increase, and 8 to change a little. In pooled esti-

mation, 76 species (75%) are expected to decrease, 18 species (18%) to increase, and by 8 species (8%) to have

iamgﬁ;e little change. The projection indicates that majority of spider species will decrease, but minority of species
Climate change will increase as climate warms, suggesting great increase of remained species in lowlands.
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Introduction creatures attributing to climate change. The studies on climate

It has been confirmed in a variety of biota in the 20th century
that the distribution of living creatures increasingly directs to the
polar area or moves to higher altitude (Hickling et al., 2006,
Konvicka et al.,, 2003, Parmesan et al., 1999). Although some un-
certainty exists due to the complicated interaction between the
members of living creatures in ecosystem, global warming is
leaving distinct climate fingerprints in the biosphere (Parmesan
and Yohe, 2003, Walther et al., 2002, Walther et al., 2005). Inter-
governmental Panel on Climate Change (“IPCC” 2007) reported that
as the mean temperature on earth increases by 1.5-2.5 °C
compared to that during 1980 through 1999, about 20-30% of plant
and animal species are likely to become extinct. Thomas et al.
(2004) warned that the year of 2050 would witness 15—37% of
the current species would become endangered. However, there are
some researchers who pose a question of such a massive reduction
in biodiversity (i.e. Botkin et al., 2007, Bradshaw and Holzapfel,
2006, He and Hubbell, 2011). As such, due to the complicated
interaction between living creatures and environmental factors
(Thomas et al., 2004) and a lack of data available for prediction,
there are lots of uncertainties to predict the response of living
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change have focused on flagship taxa (i.e. butterfly, bird, fish, etc.)
while most of taxa have yet to be subject to study. In this respect,
we could predict more precisely the change in biota caused by
climate change only when the reliable data would be accumulated
in relation to biological changes in those taxa that have experienced
a lack of studies (Hickling et al., 2006).

Spiders are an animal that has evolved 0.4 billion years ago,
44,540 species of which are known to be distributed around the
world (Platnick, 2000) and 726 species of which have been re-
ported in Korea (Kim and Kim, 2010). Many people regard a spider
as a kind of insects; systematology says spiders are completely
different from insects. Insects have a variety of feeding habits while
spiders show the same feeding habit as a predator. Spiders mostly
eat insects; the feeding habit of which causes them to play an
important role in ecosystem as a natural enemy to control the
density of harmful insects generating in forests and farmlands.
Spiders are largely divided into two by life type: those which spin a
web (web spider) and those which do not spin a web (wandering
spider) (Uetz, 1977). Webs are various including 7 other kinds such
as orb web. Wandering spiders not spinning a web wander or hide
in grass field or forest without a certain residing place and catch a
prey, which account for about a half of Arachnida (Namkung, 2001).
The results examining forest fire areas say that after a forest fire,
web spiders decrease in population while wandering spiders rather
increase in population (Lee et al., 2012).
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Spiders are used as a biological indicator to watch any environ-
mental change because they are highly diverse, large in population,
and significantly function in terrestrial ecosystems (Jung et al., 2008,
Mgobozi et al., 2008). The studies on spiders inhabiting Korea were
concentrated largely on taxonomic research and biota survey of
spiders while ecological researches are relatively poor (i.e. Jung et al.,
2008, Lee and Lee, 1990, Lee et al., 2012). Spiders inhabiting Korea
were arranged by Namkung (2001); however, there is still a lack of
studies that analyze the distribution status of spiders nationwide in a
quantitative method. Even though some researchers recently
conduct the studies on the effect of climate change on spiders
(Brandon et al., 2009, Crouch and Lubin, 2000, Davies et al., 2011,
Lensing and Wise, 2006, Saupe et al., 2011), there are few studies to
predict the change in distribution of spiders in accordance with
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climate change. This study was aimed to project the abundance and
the distribution of spiders inhabiting the domestic forests in Korea
according to climate change. Using data of the spiders collected from
a total of 366 study sites in the forests nationwide, we predicted the
prospective changes in accordance with the climate change scenarios
(RCP 4.5 and 8.5) by a temperature species distribution model using
the value of abundance in each temperature band.

Materials and methods
Study site

Spider surveys were conducted at 366 study sites (Figure 1). In
order to select study sites as impartially as possible, 8 study sites
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Figure 1. Study sites for the survey of forest spiders in South Korea.



Table 1

TS Kwon et al. / Journal of Asia-Pacific Biodiversity 7 (2014) e133—e155

el135

Species distribution model by multiple regression model for the 17 candidate spider species. Environmental factors: rainfall (X;), insolation (X;), mean temperature (X3),
minimum temperature (X4), maximum temperature (Xs), NDVI (Xg), and altitude (X7).

Species Korean name Multiple regression model R? P

Pirata yaginumai gre=ciAol y = —1.922567 + 0.31465"X3 —0.11254*X, —0.07989*Xs + 0.00031*X5 —0.0002*Xs 022 0.0000
Itatsida praticola ZAH70]| y = —1.0351 + 0.19825*X3 —0.07865*X4 —0.06287*X5 + 0.00014*X; 0.14 0.0000
Sernokorba pallidipatellis AMEELOi7AO| y = —1.52354 — 0.06448*X,4 + 0.13882*X3 + 0.00022*X; 0.13 0.0000
Nippononeta cheunghensis HstmoteAlZA0o| y = —0.298279 + 0.059378*X4 + 0.098224*X3 —0.042547*X5 + 0.000095*X; 0.12 0.0000
Stemmops nipponicus Hi=okz40| y = —0.699992 — 0.029514*X4 + 0.000016*Xg 0.12  0.0000
Anahita fauna LH72/740] y = —0.836097 — 0.000184*X; + 0.095706*X3 —0.036412*X4 0.09 0.0000
Xysticus ephippiatus CHE A 70| y = —1.56221 + 0.18431*X5 —0.00028*X7 —0.0646*X4 + 0.00010*X; —0.03583*X5 —0.00001*Xg 0.21 0.0000
Harmochirus insulanus AEZES7H0O| y = —1.922567 + 0.31465*X3 —0.11254*X4 —0.07989*X5 + 0.00031*X; —0.0002*X¢ 0.22 0.0000
Orthobula crucifera [SENZSpSpRln]] y = —0.193785 + 0.006547*X5 —0.00503*X, 0.10 0.0000
Phintella cavaleriei Sd™ol=2 370l y = —0.400873 — 0.000032*X; + 0.000095*X7; —0.027468"X3 0.10 0.0000
Diplocephaloides saganus ElHioH T A7 D] y = —0.005162 — 0.000081*X; + 0.00821*X4 —0.000053*X; 0.09  0.0000
Harmochirus pullus gtng|Z&740l y = —0.467958 — 0.063797*X5 —0.024772*X4 —0.000078*X; —0.000008*Xg 0.14 0.0000

~0.014667*X,4 —0.00003*X,

Doenitzius purvus EHAIZO| y = —0.178526 — 0.000023*X; + 0.007681*X5 — 0.00005*X; 0.05 0.0000
Neoantistea quelpartensis A=2|&7{0] y = —0.332385 — 0.030688*X4 + 0.000018*Xs —0.000154*X; —0.040605*X5 + 0.053595*X3 0.09 0.0000
Evarcha albaria E=NZE 70Ol y = —0.284223 — 0.011042*X5 + 0.000063*X; —0.000006*Xg 0.07 0.0000
Zelotes asiaticus otAlotdEt7 O] y = —0.389359 + 0.054697*X3 + 0.020883*X4 0.06 0.0011
Gnaphosa kompirensis SxL7{0] y = 0.291163 — 0.006885*X5 —0.000085*X7; —0.009597*X¢ 0.08 0.0000
Arctosa kwangreungensis FE=5soi70l y = 0.152723 — 0.000064*X; —0.037205*X3 —0.01351*X4 —0.012876"X5 0.06 0.0008
Drassyllus biglobus A2 oi7Hol y = 0.018929 — 0.003761*X4 0.03  0.0132

were arbitrarily arranged within the lattice (0.5 x 0.5 degrees of
latitude and longitude). The currently selected sites were on average
8.3 study sites designated within the lattice (SD = 1.8; maximum
value: 13; minimum value: 6), among which also include higher
mountains more than 1100 m above sea level such as Hallasan,
Seolaksan, Jirisan, Gyebangsan, Gariwangsan, Taebaeksan, Sobaek-
san, Minjujisan, Deokyusan, Gayasan, and Unmunsan Mountains.
Across those high mountains were selected and surveyed 4—7 study
sites in each mountain at an interval of 200—300 m of altitude: the
study sites are largely health forests more than 30 years old and with
understory vegetation well developed. The top areas of those
mountains that are formed in grassland and/or bushes were
included in study sites. A survey was also conducted in the Jeju is-
land; however, a mistake in the course of identification caused
irrevocably to omit the results obtained on the island.

Survey and identification of spiders

Spider surveys were conducted using a pitfall trap. 10 pitfall
traps were installed in a line at an interval of 5 m at each survey site
and then collected 10—15 days later. Each trap was a third filled
with automotive antifreeze (polyethylene glycol, eco-friendly) as
preservative solution. Since automotive antifreeze has no attractive
effect, less evaporates, and is fit for conserving insect specimen, it is
being much used as preservative solution (Greenslade and
Greenslade, 1971). A plastic container (diameter: 9.5 cm; depth:
6.5 cm) that is used to contain soup when going on a picnic was
used for trap container. This container has a lid, easy to collect and
conserve a sample. When collecting a pitfall trap, the liquid con-
tained in the container was finely filtered and the residue including
spider body was put into the container on which was then placed a

Table 2

Correlation between abundance (no of individuals per trap) and environmental factors in common (>10% occurrence) spider species. Significance, *: P < 0.05, **: P < 0.01,

P < 0.001.
Species Korean name Environmental factor

Precipitation Insolation Mean Minimum Maximum Vegetation Altitude
temperature temperature temperature index

Pirata yaginumai wescizal —0.15** 0.08 0.37*** 0.25%** 0.33*** —0.20%** —0.31***
Itatsida praticola EAH|740] —0.09 0.01 0.28*** 0.15** 0.27** -0.13* —0.28***
Sernokorba pallidipatellis MEELUoi70| —0.24*** 0.06 0.13* -0.06 0.23*** —0.02 —0.20%**
Nippononeta cheunghensis HstmobdAlAo]l -0.13* —-0.05 0.00 —0.18™** 0.13* —0.06 —0.14**
Stemmops nipponicus Hiz1aob740| —0.25%** 0.05 0.12* —-0.08 0.24*** —0.18*** —0.22*
Anahita fauna LH=2l740| —0.14** 0.02 0.26*** 0.17** 0.26*** -0.10 —0.26™**
Xysticus ephippiatus CHE HlI740O] -0.13* 0.08 0.16** 0.06 0.17** -0.11* —0.14**
Harmochirus insulanus MEZS7H0| —0.02 0.09 0.32*** 0.25%** 0.25*** —0.15** —0.21%
Orthobula crucifera Axtarx|740l —0.17** 0.13* 0.23*** 0.08 0.26*** —0.19*** —0.23***
Phintella cavaleriei LHEol=Z 570l —0.19*** 0.12* 0.21*** 0.11* 0.22*** —-0.10 —0.19***
Diplocephaloides saganus Elujof I Al740] —0.09 -0.07 0.05 —0.08 0.16** —0.14** —0.17**
Harmochirus pullus gtna|Zd&740l —-0.09 0.10 0.24*** 0.13* 0.23*** —0.19%** —0.20%**
Doenitzius purvus Z™AIZO| —0.17** 0.06 0.10 —0.02 0.16** —0.05 —-0.13*
Phrurolithus pennatus A2 AADI -0.11* 0.08 0.04 —0.08 0.13* —0.08 -0.13*
Neoantistea quelpartensis MFelE740] —-0.03 —-0.08 -0.13* —0.20*** -0.07 0.16** 0.04
Evarcha albaria E=WZ 570l -0.11* 0.07 0.20%** 0.09 0.22%** —0.19%** —-0.18**
Zelotes asiaticus otAlotdzt 70| —0.05 0.00 0.18* 0.10* 0.16™ -0.10 -0.15**
Gnaphosa kompirensis L0 —-0.07 —-0.09 -0.16** —0.24*** —-0.06 0.01 0.03
Synagelides agoriformis o{2/7Ha|7HO| -0.07 0.00 0.04 -0.06 0.11% 0.04 -0.10
Arctosa kwangreungensis ZE==ciAH0l -0.12* 0.03 0.11* 0.05 0.16** -0.07 -0.16™*
Drassyllus biglobus AerZztof40l —0.09 —0.05 —0.09 —0.14** —0.02 0.05 0.00
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lid; which was taken into a laboratory to conserve in alcohol (80%)
until identification. Spider surveys were conducted from every
mid-May to mid-September for 4 years between 2006 through
2009. Meteorological data were obtained from the nearest weather
stations to survey sites for recording weather condition during
sampling (Korea Meteorological Administration 2006—2009),
which is available in Kwon et al. (2013). The identification work was
conducted by late Dr Kim Byung-Woo (passed away in 2012 as a
research scientist in the Korea National Park Research Institute).
Data of survey sites and spider species collected is shown in Kwon
et al. (2013).

Analysis and prediction

Environmental factors

Using GIS technique based on the coordinates of study sites, the
temperature (annual average temperature, annual highest tem-
perature, and annual lowest temperature), annual precipitation,
daily value of solar radiation, and vegetation index (Normalized
Difference Vegetation Index, NDVI as of May 2005) were deter-
mined. Temperature was estimated in reference to the digital map
provided by the Korea Meteorological Administration and the Na-
tional Institute of Agriculture & Forestry Meteorological Research
(Yun et al,, 2013), which used the mean value from 1971 to 2008.
The length of lattice in spatial resolution was 30 m.

Relationship between environmental factors and abundance

The correlation between the abundance (number of individuals)
of 21 species that appeared more than 10% in frequency and the
environmental factors of collection sites was analyzed using the
correlation analysis. Significance was determined in reference to
p < 0.05. Stepwise multiple regression analysis was used to make a
multiple regression model for the abundance of each species.

Prediction of temperature change
In 2012, the Korea Meteorological Administration (KMA)
developed and provided the scenario of specific climate change of
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the Korean peninsula (lattice length: 12.5 km) including South
Korea (lattice length: 1 km) which would be used in the fifth IPCC
assessment report. This study used the distribution map of
average temperature in the scenarios of RCP 4.5 and 8.5 provided
by KMA (resolution of 1 km) to obtain the average temperature
during 2011 through 2015 and during 2056 through 2065 in each
lattice (1 km?) which was used to predict distribution pattern of
abundance.

Prediction of abundance

In general, species distribution model (SDM) mostly considers
a variety of environmental factors; however, the factors available
to predict climate change on an actual basis include temperature
and precipitation: precipitation has higher variability in season
(Yun et al., 2013), substantially lower predictability compared to
temperature. Hence, the models including a variety of environ-
mental factors (i.e. niche model) usually predict assuming that
the other factors other than temperature do not change (MY Shin,
personal communication). However, since the environmental
factors other than temperature will change with complicated
connection with temperature change, such assumption does not
reflect reality. Therefore, rather than a complex model consid-
ering a variety of factors that is not possible to predict, a simple
model only considering temperature would be regarded more
reasonably realistic for a more robust prediction of climate-driven
biological change. This is more the case particularly in South
Korea where the relationship between the distribution of ar-
thropods including spiders and insects and the environmental
factors is little known. This study made a variety of multiple
regression models using 7 factors; however, each of which had
less power of explanation just ranging 3—22%; thus, we judged it
not appropriate to predict using such models (Table 1). Accord-
ingly, this study predicted the change in abundance in the
following methods using the mean value of abundance in each
temperature band.

The correlation analysis between 21 species that appeared 10%
or more in occurrence (i.e., the number of study sites where the
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Figure 2. Temperature (annual mean) and abundance (number of individuals per trap) of the most common spider species.
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species were collected is more than 37) and the environmental
factors revealed that average temperature is highly correlated with
abundance compared to the other environmental factors (Table 2),
which explains only 4% of the variation of abundance (Table 2,
Figure 6). This is because of high variability of abundance between
study sites (Figure 2). However, comparing the mean value of
abundance in each temperature band showed higher relevance
between abundance and temperature (Figure 3). This study divided
the average temperature of study sites into 6 bands: 3~7°C,
7~9°C,9~11°C, 11 ~13°C, 13 ~15°C, and 15 ~17°C; then calculated
mean value of abundance and SE of each species in those bands,
respectively. When comparing the mean values of abundance by
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temperature band, the species that are distributed in linear or bell
figure (normal distribution) were assumed to have high relevance
with temperature. The analysis results revealed that 17 out of 21
species had such a distribution pattern highly depending on tem-
perature change. Using the mean value of abundance in each
temperature band (Table 3), the distribution change of each species
was predicted in connection with temperature change. The periods
of years predicted were two: during 2010 through 2015 and during
2056 through 2065; grasping the prospective distribution by
temperature band during each period and reflecting the mean
value of abundance in temperature band, the distribution pattern of
abundance for each species was projected into two periods. Since
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Figure 3. Abundance (number of individuals per trap) in most common (>10% occurrence) 21 spider species. Error bars mean one SE. Different letters indicate significant difference

(p < 0.05) in Fisher LSD multi-comparison test after one-way ANOVA.
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Figure 3. (continued).
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Figure 3. (continued).

the surveys were only conducted in forests, the analysis applied to
forests. The temperature band more than 15°C rarely appeared as of
now so that there is no data on the mean value of abundance. Thus,
the abundance in this temperature band was estimated in the way
described in Box 1. All GIS-related analyses was carried out using
ArcGIS 10.1.

Results and discussion
Abundance of spiders and environmental factors
Appendix 1 shows the occurrence of 230 species collected from

366 survey sites in forests nationwide and the temperature of each
collection site. The frequency in average temperature for all species

Table 3

that appeared at survey sites followed the normal distribution as
shown in Figure 4 (Kolmogorov-Smirnov test, D = 0.074, p = 0.2).
Table 2 shows the correlation between the abundance of 21 species
of spiders collected commonly that appeared 10% or more in
occurrence and the environmental factors. Figure 6 shows the
comparison of r? (determination coefficient) value of environ-
mental factors with abundance of such species. The environmental
factors that most affect the distribution of spiders include highest
temperature, average temperature, and altitude, indicating no sig-
nificant difference between those 3 major environmental factors.
The similarity of the influence of altitude to average temperature
was due to the high correlation between those two environmental
factors. Lowest temperature, precipitation, vegetation index, and
solar radiation indicated relatively lower value of determination

Abundance (no of individuals per trap) in eight temperature bands used for prediction of spider abundance. Abundance in 3—15°C is observed values, and that in 15—19 "C is
estimated by the Neighborhood Approximation Method (Box 1).

Species Korean name Temperature range
3-7 7-9 9-11 11-13 13-15 15-17 17-19

Pirata yaginumai Y2 =cizol 0.000 0.040 0.141 0.277 0.268 0.259 0.251
Itatsida praticola ExAd|70| 0.000 0.028 0.134 0.178 0.146 0.120 0.098
Sernokorba pallidipatellis MEELION7AO| 0.007 0.071 0.196 0.131 0.064 0.031 0.015
Nippononeta cheunghensis Hstmot™Al740| 0.027 0.142 0.136 0.078 0.075 0.072 0.069
Stemmops nipponicus HiE=ok740| 0.000 0.038 0.129 0.087 0.039 0.017 0.008
Anahita fauna LH=2l70| 0.000 0.014 0.046 0.073 0.068 0.063 0.059
Xysticus ephippiatus CHE A 7o) 0.017 0.022 0.047 0.078 0.046 0.027 0.016
Harmochirus insulanus A EZS7H0| 0.000 0.000 0.021 0.116 0.146 0.184 0.231
Orthobula crucifera AlRHAEX (A0 0.000 0.006 0.037 0.047 0.043 0.039 0.036
Phintella cavaleriei Mol & 70l 0.000 0.003 0.029 0.040 0.036 0.032 0.029
Diplocephaloides saganus ElHioH Al O] 0.000 0.018 0.046 0.029 0.011 0.004 0.002
Harmochirus pullus gtog|Z&740| 0.000 0.011 0.017 0.036 0.046 0.059 0.075
Doenitzius purvus S AIADO| 0.000 0.014 0.028 0.018 0.011 0.007 0.004
Evarcha albaria E=NZEH0O| 0.000 0.002 0.017 0.028 0.025 0.022 0.020
Zelotes asiaticus okAlotedzt740| 0.000 0.005 0.019 0.041 0.032 0.025 0.019
Gnaphosa kompirensis ==L 7o) 0.007 0.063 0.026 0.003 0.000 0.000 0.000
Synagelides agoriformis o{zl7HOl7 O] 0.000 0.008 0.024 0.013 0.004 0.001 0.000
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Box 1
Estimation of abundance in high temperature bands (>15°C)
using Neighborhood Approximation Method

1. Background

Currently, Korea has its average temperature between 3 °C
and 15 °C. The annual average temperature in study sites
were divided into 6 temperature bands at an interval of
approximately 3°C: 3—7°C, 7—9°C, 9—11°C, 11-13°C, and 13
—15°C. Among those bands, the study sites belonging to 3
—5°C and 5—7 °C band were far less so that those two bands
were unified into one band (Figure 4). Currently, the study
sties falling over the temperature band more than 15 °C are
much less; according to the climate change scenario,
however, 50 years later we will see far more temperature
bands of 15—17 °C (Appendices 2 and 3). Therefore, it is
important to accurately approximate the abundance in
temperature zones more than 15 °C in order to raise accu-
racy of prediction. As a result of using the second order or
third order of polynomial regressions that had been used
for ants (Kwon et al., 2011), the second order polynomial
regression tends to overestimate abundance while the third
order one tends to underestimate abundance (Figure 5),
demanding a new prediction method.

2. Assumption

Abundance of species is likely to be highest in the optimal
temperature scope; if temperature is lower or higher than
the scope, abundance gradually (non-linearly) reduces
generating a bell-shaped distribution pattern in the entire
temperature scope (normal distribution). However, the data
obtained in this study were not collected from those entire
temperature scopes so that it is difficult to estimate the
abundance of the temperature band not observed in this
study based on such data on assumption of normal distri-
bution or using a simple statistical model. This study
assumed that a change at a certain point would be the most
similar to the change in the nearest point (based on the
gradual change occurring in a normal distribution) and
accordingly that the change rate steadily would remain, the
subsequent values were approximated (Neighborhood
Approximation Method).

3. Example for estimation of abundance

When a species indicates its abundance of 0.5 in the 11
—13 °C temperature band and 0.3 in 13—15 °C, the abun-
dance in the 15—17 °C band is estimated D = 0.3%(0.3/
0.5) = 0.18 while the abundance in the 17—19 °C band is
estimated D = 0.18%(0.18/0.3) = 0.108. However, the farther
distant from the reference observation value (17—19 °C
temperature band) the temperature band is, the larger the
error is. Fortunately, the temperature bands higher than
17 °C rarely appears so that this approximation method
would be a realistic way to raise predictability.

coefficients. Table 1 shows the multiple regression models of 17
candidate species; because the distribution model of each species
was mostly very significant (p < 0.05 ~ p < 0.0001) but the power
of explanation for the variation in abundance was relatively lower
(r? = 0.03~0.22), the models were not regarded as an appropriate
means to predict spider distribution.

Change of temperature according to climate scenario RCP 4.5 and
85

Appendices 2 and 3 shows the temperature change in accor-
dance with the climate change scenarios RCP 4.5 and 8.5. RCP 4.5

) /%%4

2 3 4 5 6 7 8 9 10 11 12 13 14 15
Mean temp erature

Figure 4. Histogram of temperatures (annual mean) in occurred sites of spider species.
This pattern is not significantly different from the normal distribution (Kolmogorov-
Smirnov test, D = 0.074, p = 0.2). Data for this figure is provided in Appendix 1. Species
richness is no of species.

says the average temperature in Korea will increase from 12.15 °C to
13.3 °C 50 years later while RCP 8.5 predicts that the average
temperature in Korea will increase from 11.17 °C to 14.41 °C. The
higher temperature of 15°C or more — little appearing in the pre-
sent — is predicted to far increase by 19% in RCP 4.5 and 43% in RCP
8.5 in 50 years later.

025 ¢
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Figure 5. Abundance (no of individuals per trap) in six temperature bands in Itatsida
practicola. Dark bars are observed values, and open bars in high temperature band
(>15°C) are predicted values using quadratic (two-dimensional) polynomial regression
model (a), three-dimensional polynomial regression model (b), and Neighborhood
Approximation Estimation (Box 1) (c). Error bars indicate one SE. Equations for a and b
are as follows; a) y = —0.0129x? + 0.1219x — 0.1263 (R* = 0.893, P = 0.041), b):
y = —0.0129x> + 0.1034x? — 0.1831x + 0.0908 (R? = 0.991, P = 0.041)
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Figure 6. Determination index (R?) of environmental factors on abundance of the
most common 21 spider species. Data for this figure is provided in Table 2. Error bars
indicate one SE. Different letters on bars indicate significant difference between cases
in Fisher LSD multiple-comparison test after an analysis of one way ANOVA, F ¢
140 = 6.2726, P < 0.001.

Prediction of abundance in each spider species

Quantitative prediction of abundance

Among 21 species that appeared more than 10% in occurrence,
the results from predicting nationwide average of abundance of the
candidate 17 species according to the climate change scenarios RCP
4.5 and 8.5 are shown in Table 4; among which, 9 species were
predicted to increase their abundance while the remaining 8 spe-
cies were predicted to have their abundance decreased. De-
scriptions on projections of abundance were arranged in
descending order of occurrence.

Pirata yaginumai

This species was reported to inhabit mostly fields and grass
land in Korea (Im, 1996, Namkung, 2001) and also reported to
inhabit ginseng farmland (Im, 1996). It was reported to live mostly
in humid habitats (e.g. lakeside, ponds, swampy meadows, etc.) in

Russia (Omelko et al., 2011). Although it was reported a rare
species in the Jeju island (Namkung et al., 2002), however, judging
from the report on the spiders in Juwangsan Mountain— inland
area — saying that this species was commonly collected in forests
and surrounding green fields (Kim, 2010), this species is likely to
inhabit forests as well as meadows. This species appeared the
most common in this study (occurred at 51.6% sites). It is
distributed in Japan, China, and Russia, regarded as a northern
species; however, the projection shows that as temperature rises,
this species increase in abundance and distribution (Table 4 and
Figures 7 and 8). It is currently distributed more abundantly in
areas other than high altitudes, but is predicted to increase
gradually in such high altitudes. This species is abundantly
distributed in most areas other than uplands and the average
temperature of collection sites is between 7.6 and 14.1°C
(mean = 11.2°C) (Appendix 1). According RCP 4.5, as 50 years
elapse, its abundance is predicted to increase by 1.4% while RCP
8.5 predicted that it would increase by 7.5% (Table 4). This species
shows high density in areas other than high mountains in
Gangwon-do; however, it is predicted to be more abundant in
high mountains but to be decreased in southern parts where it has
a high abundance at present (RCP 8.5) (Figure 8).

Itatsida praticola

This species is a wandering spider often observed in the layers of
litters, and under stone and dead trees in forests (Namkung, 2001).
Im (1996) took notes of this species often found on grass roots and
also in mulberry farmlands and reported its adult stage between
May and June and between September and November. Yaginuma
(1986) reported that it wandered on ground and was observed
between grasses. It is distributed in China and Japan (Im, 1996,
Namkung, 2001). Domestically, this species occurred secondly
frequently (46.7%) following Pirata yaginumai and mostly inhabits
forests; unlike Pirata yaginumai which is common inland but rare in
the Jeju island, it is relatively common in this island (Namkung
et al.,, 2002). The temperature range of this species is between 7.1
and 13.9°C (mean: 11.3°C) (Appendix 1): 50 years later, its abun-
dance is likely to increase by about 3.5% (RCP 4.5) and by about
16.4% (RCP 8.5). In present, this species is denser in relatively
lowland but predicted to become denser in upland other than those
lowlands 50 years later (Figures 7 and 8). However, abundance of
this species is expected to be still low in high mountains of
Gangwon-do even in 50 years later.

Table 4
Change of abundance of the 17 candidate spider species according to climate scenario RCP 4.5 and 8.5.
Species Korean name RCP 4.5 RCP 8.5
2011~2015 2056 ~2065 Change (%) 2011~2015 2056 ~2065 Change (%)

Pirata yaginumai dr2=chz0| 0.214 0.217 14 0.182 0.196 7.7
Itatsida praticola ZAHI70| 0.144 0.149 3.5 0.128 0.149 16.4
Anahita fauna L= 2l740] 0.059 0.065 10.2 0.051 0.069 353
Harmochirus insulanus AEZE 70| 0.089 0.108 213 0.065 0.12 84.6
Orthobula crucifera Axtatx|740] 0.039 0.042 7.7 0.035 0.044 25.7
Phintella cavaleriei H™ol=Z5 70l 0.033 0.035 6.1 0.028 0.037 32.1
Sibianor pullus gtna|zdE740l 0.032 0.038 18.8 0.025 0.045 80.0
Evarcha albaria E=YZs710l 0.022 0.025 13.6 0.019 0.027 421
Zelotes asiaticus okAlotdzt 70| 0.03 0.033 10.0 0.025 0.035 40.0
Sernokorba pallidipatellis AMEELOf7AO| 0.121 0.098 -19.0 0.128 0.069 —46.1
Nippononeta cheunghensis Hstwmob-d A0l 0.095 0.078 -17.9 0.102 0.058 —43.1
Stemmops nipponicus HEmoka| 0.079 0.063 -20.3 0.083 0.044 —47.0
Xysticus ephippiatus CHE A 70| 0.057 0.055 -3.5 0.053 0.052 -1.9
Diplocephaloides saganus ElBioH ™ Al7{ O] 0.027 0.021 —22.2 0.029 0.014 —51.7
Doenitzius purvus S AIHDO| 0.018 0.015 -16.7 0.019 0.01 —47.4
Gnaphosa kompirensis &L 70| 0.013 0.007 —46.2 0.019 0.003 —84.2
Synagelides agoriformis o{z|7Hal7A O] 0.013 0.01 -23.1 0.014 0.006 —57.1
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Figure 7. Charge in abundance of spiders according to climate scenario RCP 4.5.

Sernokorba pallidipatellis

This species wanders at the foot of a mountain, on ground
surface of forest paths, or in the layers of litters, and also hides
in tree trunks or under stone (Namkung, 2001). It is distributed
in Japan and China (Namkung, 2001). However, this species was
reported in 2009 to inhabit Lazo Nature Preservation District in
Maritime, Russia (Marusik, 2009). This species was found as a
dominant species in a variety of green fields in Paltan-myeon,
Hwaseong-si, Gyeonggi-do (Jung et al, 2008) and also
observed in vineyard in Cheonan-si (Kim et al., 2002). It wan-
ders on grasslands and lives in bushes (Marusik, 2009). Thus,
like both dominant species described above, it is a generalist
species that inhabits in a variety of green fields including
grassland and that widely uses ground surface and bushes. It is
distributed in the Jeju island but not common there (Namkung
et al, 2002). The average temperature of collection sites

ranges between 6.1 and 13.9°C (mean = 10.8 °C) (Appendix 1).
Currently, it tends to be distributed more abundantly in high-
lands than in lowlands, which is expected to be strengthen in
future (Figures 7 and 8). The abundance in 50 years is predicted
to reduce by about 19% (RCP 4.5) or by about 46% (RCP 8.5)
compared to the current status (Table 4).

Nippononeta cheunghensis

This is a common species appearing 40.4% of the survey sites
(Appendix 1); however, not recorded in the Korea’s illustrated
spider books (Im, 1996, Namkung, 2001) or in the Japan’s illustrated
spider book (Yaginuma, 1986) nor appeared in the spiders biota and
population surveys conducted in Juwangsan Mountain (Kim, 2010),
Jeju (Namkung et al., 2002), Cheonan, Chungcheongnam-do (Kim
et al., 2002), Namyangju, Gyeonggi-do (Lee and Lee, 1990), and
Hwaseong, Gyeonggi-do (Jung et al., 2008). Hence, this species is
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Figure 7. (continued).

likely to be recently renamed. It is distributed in areas where the
temperature scope is between 6.1 and 10.4°C (mean = 10.4°C),
similar to that of Sernokorba pallidipatellis (Appendix 1). Therefore,
those two species have the similar distribution pattern in the pre-
sent and future; however, this species tends to show more
distinction of abundance between uplands and lowlands compared
to Sernokorba pallidipatellis— that is to say, less abundance in
lowlands but more abundance in uplands, and further the rising
temperature is likely to more strengthen such trend as it is
distributed more upwards (Figures 7 and 8). The change in its
abundance is predicted to decrease by 17.9% in RCP 4.5 and by 43.1%
in RCP 8.5.

Stemmops nipponicus

This species inhabits the layer of litters or dead trees spinning
an irregular web, most of them wander on fallen leaves and are
also found in caves (Namkung, 2001). It is distributed in China and

Japan. Its adult stage is throughout the year. It is also observed in
mulberry and ginseng farmlands (Im, 1996). It lives in the Jeju
island (Namkung et al., 2002). This species was one of the domi-
nant species found in a variety of green fields around rice paddies
in Paltan-myeon, Hwaseong, Gyeonggi-do (Jung et al., 2008). Its
degree of decrease in abundance is similar to that of Sernokorba
pallidipatellis and it is predicted to decrease by 20.3% in RCP 4.5
and by 46.1% in RCP 8.5 (Table 4). Currently, it is distributed in
areas where the temperature scope is between 7.6 and 14.1°C
(mean = 10.8°C), the same as that of Pirata yaginumai but some-
what lower average temperature (Appendix 1). For this reason,
this species is predicted to decrease in abundance unlike Pirata
yaginumai (reduce by 20.3% in RCP 4.5; reduce by 47 % in RCP 8.5;
Table 4). It shows higher abundance in higher mountains and
rising temperature causes its movement to uplands, predicted to
become more abundant in higher mountains in Gangwon-do in 50
years later (Figures 7 and 8).
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This species wanders on ground surface, under stone, and in the
litters in forests, mountains and fields, and grasslands (Im, 1996,
Namkung, 2001). It produces a disc-shaped egg pouch on a leave
which is protected by a mother spider (Namkung, 2001). It is
distributed in Japan, China, Taiwan, and Russia (Im, 1996, Namkung,
2001) and is also found in Singapore (Zhang and Song, 2002). It
reaches adult stage between May and July and domestically shows
a wide distribution nationwide ranging from the Jeju Island to
Sokrisan Mt. and Seolaksan Mt. (Im, 1996). This study confirmed
that this species is distributed nationwide (Appendix 1). It
appeared as a dominant species in a variety of green fields around
rice paddies in Paltan-myeon, Hwaseong, Gyeonggi-do (Jung et al.,
2008). The chromosome configuration and the sex-determining
chromosome for a Taiwanese population were reported by Chen
(1999). This species is distributed in areas where the temperature

scope is between 8.0 and 14.1°C (mean = 11.4°C) (Appendix 1),
showing relatively even abundance in the regions other than those
at higher altitude. Rising temperature is predicted to cause its in-
crease in abundance by 10.2% in RCP 4.5 or by 35.3% in RCP 8.5. It
shows less change in distribution of abundance compared to other
species; however, it is predicted to become more abundant in the
regions at higher altitude (Figures 7 and 8).

Xysticus ephippiatus

This species is often observed in forests and grasslands and
appears between May and September. It is distributed in Japan,
China, Mongolia, and Russia (Namkung, 2001). It is often found in
farmlands (mulberry, dong quai and bean/sesame farms, and
cultivated upland, arable lands, and tea plantation) and confirmed
to exist in the provinces of Gyeonggi, Gangwon, Chungcheong, and
Gyeongsang (Im, 1996). It is commonly collected in the Jeju island
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Figure 8. Charge in abundance of spiders according to climate scenario RCP 8.5.

(Namkung et al., 2002) and has a record to be collected in
Juwangsan Mt. (Kim, 2010). It reaches adult stage between June
and July (Im, 1996). Jung et al. (2008) revealed in his survey in
green fields in Hwaseong, Gyeonggi-do that this species was a
dominant one. It is distributed in areas where the temperature
scope is between 6.1 and 13.6°C (mean = 11.0°C) (Appendix 1). It
is currently predicted that the species will become highly abun-
dant in most regions other than in higher mountains but rising
temperature is likely to move its distribution upwards, predicted
to have more abundant at higher altitude but less abundant at
lower altitude (Figures 7 and 8). Its abundance is predicted to
decrease by 3.5% in RCP 4.5 and by 1.9% in RCP 8.5 (Table 4). In
contrast to other species that are predicted to more decrease in
RCP 8.5 than in RCP 4.5, this species indicates more decrease in
RCP 4.5. However, the degree of decrease is relatively lower than
other species.

Harmochirus insulanus

This species wanders on tree leaves or grass leaves in
mountains and fields, making a pouch-shaped nest under litters
to overwinter (Namkung, 2001). Im (1996) also reported that this
species does predatory activities in the layer of vegetation.
However, judging from its common collection in a pitfall trap
during this study, it was indicated that the species forages in
vegetation as well as on ground. It reaches adult stage between
June and September (Im, 1996) and is distributed in Japan, China,
India, and Australia while being reported to be domestically
distributed nationwide (Namkung, 2001). It has the closest
relationship with Harmochirus luculentus (Logunov and Aoryhon,
2000). It is distributed mostly in areas where the temperature
scope is between 9.8 and 14.1°C (mean = 12.0°C), predicted to
become more abundant in future (Appendix 1). It is predicted
that its abundance will increase due to rising temperature: by
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21.3% in RCP 4.5 and by 84.6% in RCP 8.5 (Table 4). This species is
usually distributed currently in lowlands and is unlikely to move
upwards due to rising temperature unlike other species so that it
is expected to rarely occur at high altitudes even in 50 years later
(Figures 7 and 8).

Orthobula crucifera

This species inhabits the litters or soils in forests wandering
on ground (Im, 1996). It is domestically distributed in Suwon,
Palgongsan Mt., and the Jeju island while distributing in Japan
and China (Im, 1996, Namkung, 2001). This species appeared as a
dominant spider in a variety of green fields around rice paddies
in Hwaseong, Gyeonggi-do (Jung et al.,, 2008). Hence, it is
determined to be a species that uses as a habitat, both forests
and grasslands. It reaches adult stage between May and July and
between September and November (Im, 1996) and is distributed

in areas where the temperature scope is between 7.6 and 14.1°C
(mean = 11.5°C), predicted to become more abundant (Appendix
1). The abundance is predicted to increase by 7.7% in RCP 4.5 and
by 25.7% in RCP 8.5 (Table 4). This species is evenly distributed
in most regions other than high altitudes, predicted to expand
its distribution scope to uplands as temperature rises (Figures 7
and 8).

Phintella cavaleriei

This species inhabits mountains, plains, and farms and rice
paddies, and jumps up on plant leaves to hunt a prey (Namkung,
2001). It is distributed in Korea and China (Namkung, 2001). There
is no record on its distribution in the Jeju island and Japan over-
seas (Namkung et al., 2002, Yaginuma, 1986). There is a record that
this species have been collected in Juwangsan Mt. (Kim, 2010) and
it was often collected in rice paddies and surrounding green fields
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Figure 8. (continued).

in Hwaseong, Gyeonggi-do, particularly more notable in forests
than in open green fields (grassland on streamside and rice paddy
ridges) (Jung et al., 2008), which suggests that this species usually
inhabits forests rather than grasslands. In this study, its occurrence
was 18% and it was distributed in areas where the temperature
scope was between 8.5 and 14.1°C (mean = 11.5°C) (Appendix 1).
Thus, it is predicted to become more abundant as climate warms.
Its nationwide average of abundance was predicted to increase by
6.1% in RCP 4.5 and 32.1% in RCP 8.5 (Table 4). This species rarely
occurs at highest altitudes at present; however, is evenly and
abundantly distributed in the other areas. This species will move
upwards in 50 years later, but remain to be in low abundance at
very high altitudes and thus its distribution pattern of abundance
will not be greatly changed. It is predicted to be widely distributed
across the country (Figures 7 and 8).

Diplocephaloides saganus

This species reportedly appears during three periods: between
April and May, between July and August, and between October and
November; and is distributed in Japan (Namkung, 2001). It was
reported to live mostly in open green fields (grasslands, streamside,
and forest path sides); however, it is likely that it is regarded as a
species that uses as a habitat, both forests and open green fields as
this species occurred commonly in forests in the present study. It
was not recorded in the Jeju island (Namkung et al., 2002) but was
recorded in Mts. Juwangsan, Samaksan, and Jirisan (Im, 1996, Kim,
2010). This species appeared 16.1% in occurrence and its tempera-
ture scope of collection sites was between 8.2 and 13.2°C
(mean 10.7°C) (Appendix 1). Its abundance is predicted to
decrease due to rising temperature: by 22.2% in RCP 4.5 and by
51.7% in RCP 8.5 (Table 4). Rising temperature will cause upward
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change in abundance in the 17 candidate spider species of which abundance was
quantitatively predicted according to the climate scenario of RCP 4.5 (diamonds) and
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movements and its distribution scopes will be narrowed. In 50
years later, its abundance will be higher at higher altitudes
(Figures 7 and 8).

Sibianor pullus

This species wanders on ground of plains or green fields, and
over litters in forests, being observed foraging all year round in
southern regions. It is distributed in Japan, China, and Russias
(Namkung, 2001). Its adults are observed between June and
September (Im, 1996). It was not recorded in the Jeju island
(Namkung, 2001) while it was recorded in farmlands in Geosan,
Chungcheongbuk-do (ginseng farmland, cultivated upland) (Im,
1996). The surveys conducted in green fields around rice paddies
in Hwaseong, Gyeonggi-do collected a few individuals only on rice
paddy ridges (Jung et al., 2008). These results revealed that this
species inhabits mostly open green fields and is likely a rare spe-
cies; however, in this study it occurred at 16.1% of total sites,
becoming the top 5.2% abundant species among a total of 230
species (Appendix 1). This finding indicated that the previous spi-
der surveys were mostly conducted in green fields other than in
forests by a qualitative collection method so that the results a bit
differed from the actual distribution. This species is distributed in
areas where the temperature scope is between 7.6 and 13.6°C
(mean = 11.5°C) (Appendix 1). It is predicted to become increas-
ingly more abundant due to rising temperature (18.8% increase in
RCP 4.5; 80% increase in RCP 8.5) (Table 4). However, the species is
expected to experience less altitudinal change in abundance
compared to other species, and accordingly, is not abundant at high
altitudes even in 50 years later (Figures 7 and 8).

Doenitzius pruvus

This is a species spinning a sheet-shaped web nearer to ground,
often appearing between May and September and distributing in
Japan, China, and Russia (Namkung, 2001). Domestically, it is
recorded in the Jeju island and Mt. Juwangsan (Kim, 2010,
Namkung et al., 2002), and was observed in higher population in
forests than in other green fields in the surveys conducted in a
variety of green fields around rice paddies in Hwaseong, Gyeonggi-

do (Jung et al., 2008), suggesting it mainly inhabits forests. In this
study this species occurred at 15.6% of total sites and the temper-
ature scope of collection sites was between 5.4 and 12.9°C
(mean = 10.3°C) (Appendix 1). It was predicted to become less
abundant due to rising temperature. Scenario RCP 4.5 estimated the
abundance to decrease by about 16.7% while RCP 8.5 estimated the
decrease in abundance by about 47.4% (Table 4). It is widely
distributed in most areas other than higher altitudes; however the
population will move to higher altitudes as temperature increases
in 50 years later so that its scope of distribution is predicted to be
gradually narrowed (Figures 7 and 8).

Evarcha albaria

This species is distributed nationwide, often observed in forests
and grasslands, and around private houses; appears between May
and September and makes a nest by rolling up herb leaves around
July for spawning (Namkung, 2001). It inhabits meadows or forests,
foraging on branches and leaves, and seems to be abundant and
reaches adult stage between June and July (Im, 1996). It is distrib-
uted in Japan, China, Mongolia, and Russia (Namkung, 2001). It is
commonly distributed in the Jeju island (Namkung et al., 2002) and
also recorded in Mt. Juwangsan (Kim, 2010). In the surveys on the
green fields around rice paddies in Hwaseong, Gyeonggi-do, this
species was collected at a similar level both in forests and open
green fields (Jung et al., 2008). Thus, this species is determined to
use as a habitat, both forests and open green fields. In this study,
this species occurred at 12.8% of total sites and its temperature
scope of collection sites was between 7.6 and 13.6°C
(mean = 11.5°C) (Appendix 1), and thus was predicted to become
more abundant due to rising temperature (by 13.5% in RCP 4.5;
42.1% in RCP 8.5; Table 4). The change in its abundance of this
species is much different compared with other species. RCP 4.5 did
not lead to much change in abundance while RCP 8.5 led to the
increase in abundance in southern areas (Gyeongsangnam-do and
Jeollanam-do) but the decrease in abundance in middle inland
areas (provinces of Chungcheong, Gyeongsangbuk-do, and
Jeollabuk-do, etc.) (Figures 7 and 8). Both scenarios predicted that
the species would not expand its distribution to higher altitude in
50 years later.

Zelotes asiaticus

This species wanders over the litters or on ground surface, and
often appears between April and September. It is distributed in
Japan, China, and Taiwan, indicating a sort of southern species
(Namkung, 2001). It reaches adult stage between September and
October: it is estimated that it hatches out in summer and passes
winter in immaturity and then becomes an adult next autumn. It
is domestically distributed in Geumjeongsan, Ungilsan Bonghwa,
Sokrisan, Juwangsan mountains, Hwaseong, Dopyeong, Suwon,
Chungju, Geomundo Island, and the Jeju Island (Im, 1996, Jung
et al., 2008, Kim, 2010, Namkung, 2001). The surveys on green
fields around rice paddies in Hwaseong, Gyeonggi-do, this spe-
cies were collected much more in forests than open green fields
(Jung et al., 2008) suggesting that it more often uses forests as an
habitat. In this study, this species occurred 12% of total sites and
the temperature scope of collection sites was between 8.7 and
13.2°C (mean = 11.4°C) (Appendix 1). This species is predicted to
become increasingly abundant due to rising temperature by 10%
in RCP 4.5 and 40% in RCP 8.5 (Table 4). Abundance become
homogenous in 50 years later in RCP 4.5 like Evarcha albaria,
whereas abundant and less abundant (provinces of Gyeonggi,
Chungcheong, and Gyeongsangnam-do) regions become clearly
divided in RCP 8.5 (Figures 7 and 8). Both two scenarios indicate
that this species moves its distribution to higher altitudes but is
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Table 5
Qualitative prediction of abundance for common spider species (>1% occurrence) except the 17 candidate species in Table 4.
Family Kor. Family Species Korean name Change
Agelenidae 7tAI7 0] Coelotes songminjae CIRL7EAHI D] Decreased
Agelena limbata EE£70| Decreased
Thomisidae H7{o|zk Xysticus concretus A RIAHZHO| Decreased
Tmarus koreanus = AH 70| Decreased
Diaea subdola ZEAIZ A AHO| Decreased
Bassaniana decorata L2 H & A 7O Decreased
Cybaeidae =740z Cybaeus triangulus arzZr=2 570 Decreased
Cybaeus mosanensis ZAF=ZE7{0| Decreased
Salticidae pig=palnlini; Phintella linea otEZE A0 Decreased
Helicius yaginumai ZEFRZS7H0Ol Decreased
Yaginumaella medvedevi EHeZds70l Decreased
Euophrys kataokai dAdoloredsi2E 740l Decreased
Bristowia heterospinosa wotEZ2E 70| Decreased
Asianellus festivus A E7{0| Decreased
Neon reticulatus H22&70 Decreased
Marpissa milleri 2570l Decreased
Pseudeuophrys erratica HdeHelHigd S0l Decreased
Theridiidae 1aobz4olzt Achaearanea angulithorax Znotz0o| Decreased
Achaearanea japonica Hetolmot 0| Decreased
Dipoena castrata A™o|zIAD| Decreased
Dipoena mustelina HotzA0o| Decreased
Robertus naejangensis L& oot 0l Decreased
Theridion longipalpum Zl4=4mol 70| Decreased
Theridion subpallens 2[4 nt7{0| Decreased
Episinus nubilus RlotE=2740| Decreased
Lycosidae =ScHz4olzt Alopecosa virgata MBI =CH740| Decreased
Pardosa lugubris EESCH70O| Decreased
Arctosa ipsa EH==coi7H0| Decreased
Pardosa laura 7hAISCH7AO) Decreased
Pardosa brevivulva B|7FAISCH7AHO] Decreased
Pisauridae sy Pisaura lama ol7|E MA70l Decreased
Anapidae T E2Holn Comaroma maculosa Rz E2|7A0| Decreased
Liocranidae =il Phrurolithus palgongensis ST AHAO| Decreased
Phrurolithus sinicus wmotEARAO| Decreased
Phrurolithus coreanus k= L=PN 2] Decreased
Phrurolithus pennatus AT AAD| Decreased
Amaurobiidae H|E740l=t Ambanus euini A7tH 70| Decreased
Alloclubionoides jaegeri Atdl=oq2/HIg 0| Decreased
Ambanus kayasanensis 7hokat7HAI74O| Decreased
Ambanus lunatus £e2|7kA 0] Decreased
Ambanus kimi 8717k AHI740O| Decreased
Philodromidae A< A 7oz Thanatus miniaceus E=3EAH 70| Decreased
Philodromus subaureolus ZM<H7Ho| Decreased
Gnaphosidae #2740zt Drassyllus shaanxiensis 30470l Decreased
Drassyllus biglobus Adr2 o740l Decreased
Gnaphosa potanini EZEHESA L HO| Decreased
Drassodes serratidens =270l Decreased
Clubionidae g 740zt Clubiona rostrata 2algdd 70| Decreased
Zoridae 4 e7Holt Zora nemoralis TEAEHO| Decreased
Araneidae &40zt Neoscona scylla x|olo{z|g 70| Decreased
Hahniidae o|&740|nt Hahnia corticicola QIE740| Decreased
Neoantistea quelpartensis MFELelE740| Decreased
Dictynidae baluliniy Cicurina japonica FCix|AH0O| Decreased
Linyphiidae HAl7O|zt Solenysa geumoensis JHOlAlIs 74 0] Decreased
Nippononeta projecta ZmobyAlH0| Decreased
Cresmatoneta nipponensis JHOI-d Al D) Decreased
Eldonia kayaensis 7HoF Al D] Decreased
Neriene albolimbata AZEHAIAHO| Decreased
Neriene clathrata ARPHAIZAD Decreased
Lepthyphantes nasus I™AIAO| Decreased
Gnathonarium gibberum EZZoi™AIADO| Decreased
Nippononeta ungulata gEmoPgAl7AO| Decreased
Gonatium japonicum H7HAICHEIH Al O] Decreased
Neriene oidedicata IR eH™AIZAO] Decreased
Walckenaeria lurida g3 goi™AlIADO| Decreased
Walckenaeria coreana JHEFEHAIZADO| Decreased
Arcuphantes scitulus HELEAFR Al ZA4D] Decreased
Corinnidae Fzutol=t Trachelas japonicus =2o|7Aa| Decreased
Agelenidae 7+ A7 0|2 Alloclubionoides cochlea ZrdoloizlHIE O] Stable
Thomisidae H 7o)zt Xysticus saganus HAH 70| Stable
Oxytate striatipes EAFAH7HO| Stable
Ozyptila nongae =28 H 70| Stable

(continued on next page)
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Family Kor. Family Species Korean name Change
Salticidae Z2&7{0|at Telamonia vlijmi Hedeuzds7Hol Stable
Marpissa pulla AEZE7HO| Stable
Linyphiidae HAl0O|zt Paikiniana vulgaris A O™ AlIADO| Stable
Hylyphantes graminicola EZEOI™AIADO| Stable
Tetragnathidae Z7{0|at Leucauge celebesiana worz740| Increased
Segestriidae SF740|zt Ariadna lateralis S0l Increased
Nesticidae 2ot7|7{o|nt Nesticella brevipes ob=otz|740l Increased
Salticidae Z&70lzt Plexippoides regius goie|FEZ S 70| Increased
Myrmarachne inermichelis Z-Al7HOl 70| Increased
Lycosidae s paluliniy Arctosa kwangreungensis FE=soi70l Increased
Amaurobiidae HIE 70| T Alloclubionoides coreanus ZEMAZAHO| Increased
Gnaphosidae #2|7{0|zt Cladothela oculinotata EZZeiEx|AH0O| Increased
Araneidae &7{0|zt Chorizopes nipponicus Helg 740l Increased

unlikely expanded to the highest altitudes in Kwangwondo

highest altitudes, likely to decrease abundance in low to mid

where climate is most cool.

Gnaphosa kompirensis

This species is observed under stone, over litters, inside a cave,
and in mountains and fields; and usually appear between May and
September, widely distributing in Japan, China, Vietnam, and
Russia (Namkung, 2001). Adult spiders occur between June and
July and this species are found in a variety of farmlands (growing
mulberry, ginseng, dong quai, bean, sesame, and other arable
lands) largely in Suwon, Hongcheon, Yangyang, Pocheon, Goesan,
Chunyang, Mungyeong, and Daejin (Im, 1996). It is also distributed
in the Jeju island (Namkung et al., 2002) and also found in Mt.
Juwangsan (Kim, 2010). The survey on the green fields around rice
paddies in Hwaseong, Gyeonggi-do revealed the population was
denser in forests than in open green fields (Jung et al., 2008). Thus,
this species can be said to be a forest spider. The result from the
survey conducted on ground and vegetation in pine tree forest in
Namyangju, Gyeonggi-do revealed that the species was not
collected from crown but from ground surface (Lee and Lee, 1990),
suggesting that it is forage mostly on ground surface. It occurred
11.7% of total sites with the temperature scope between 6.1 and
12.8 °C (average 9.5 °C) (Appendix 1). This species was predicted
to decrease greatest among 17 candidate species (RCP 4.5 reduced
by 46.2% and RCP 8.5 by 84.2%) (Table 4). It is estimated that the
species is currently distributed most in high altitudes. RCP 4.5
projects slightly changed range but RCP 8.5 project the
greatly retracted range that is restricted in Kwangwondo
(Figures 7 and 8).

Synagelides agoriformis

This species wanders over litters in forests, and overwinters in
a nest under a stone or inside cave, the bark of a tree trunk
(Namkung, 2001). It occurs between May and October, distrib-
uting in Japan, China, and Russia (Namkung, 2001) overseas, and
also domestically distributing in the Jeju island, Mt. Juwangsan,
and Hwaseong, Gyeonggi-do (Jung et al, 2008, Kim, 2010,
Namkung et al., 2002). The surveys conducted 38 times on the
green fields around rice paddies in Hwaseong, Gyeonggi-do for 4
years collected only 2 individuals from the green field along rice
paddy ridges (Jung et al., 2008). However, this species occurred
in this study at 11.5% of total sites with temperature scope be-
tween 8.2 and 13.1°C (average 10.5°C) (Appendix 1). Rising
temperature is expected to decrease the abundance: RCP 4.5 by
23.1% and RCP 8.5 by 57.1% (Table 4). The current distribution is
most abundant in the high altitude in the east northern region
but few appearing in highest altitudes there. The distribution is
projected to move upwards 50 years later with most abundant in

altitudes in other regions with much more reduction in RCP 8.5
(Figures 7 and 8).

Qualitative prediction of abundance

The non-candidate species with more than 1% occurrence
were qualitatively determined into three categories: increase, no
change, and decrease in abundance. Figure 9 shows the relation
between the change rate of abundance of the candidate species
and the average of temperatures of occurred sites. The mean
value of annual average temperature in collection sites of species
was a linear relation with the change rate of abundance
(100*(abundance in 2056—2065 — abundance in 2011-2015)/
abundance in 2011-2015). Accordingly, RCP 4.5 had the change
rate of 0 at 11.17 °C while RCP 8.5 had 0 at 11 °C on the regression
equation in Figure 9. Therefore, it was determined assuming that:
when the mean value of the average temperature in distribution
site lies between 11 and 11.17 °C, abundance does not change (no
change); when the value lies above the range, abundance in-
creases; and when the value lies below the range, abundance
decreases. It was predicted that: 9 out of a total of 85 species
would have the increase in abundance, which would be followed
by 68 species likely to have the decrease in abundance and
subsequently 8 species likely to have little change in abundance
(Table 5).

Conclusion

This study simply took the change in temperature in account
when predicting the abundance of spiders, not considering the
competition between species. Thus, as most species increase, a
few species likely to increase in population would occupy the
habitat of the disappearing species, likely to increase much more
than expected. Therefore, many species decrease in population
while some of species likely become far more abundant, pre-
dicted to lower diversity nationwide. Spiders have the same
feeding habit as a predator; however, they show a variety of
activity time, habitat, and behavior characteristics in each spe-
cies, suggesting much more difference in their preferential preys
by species. Accordingly, the rapid change in spiders due to rising
temperature is suggested to substantially influence the other
prey organisms (particularly, insects) or the predatory arthropod
(ants, carabid beetles) in a competitive relation with them.
Higher mountains are predicted to witness the increase in pop-
ulation and further the diversity of species because lowland
species tend to move upward.
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Appendix 1. Occurrence (number of occurred sites) and temperatures of occurred sites of spider species which had been collected
from a national survey at 366 forest sites in South Korea from 2006 to 2009. Species are listed according to an order of occurrence.

Species Korean name Occurrence Temperature
Site % Minimum Maximum Average

Pirata yaginumai wesoizal 189 51.6 7.6 14.1 11.2
Itatsida praticola ZE 70| 171 46.7 7.1 13.9 113
Sernokorba pallidipatellis MEELIONAO| 163 44,5 6.1 13.9 10.8
Nippononeta cheunghensis Hatmob-gAl740O] 148 404 6.1 13.9 104
Stemmops nipponicus HEobz0| 124 33.9 7.6 14.1 10.8
Anahita fauna L7217 0] 113 30.9 8.0 14.1 114
Xysticus ephippiatus CHE A 7{0O] 93 25.4 6.1 13.6 11.0
Harmochirus insulanus AEZE7H0| 83 22.7 9.8 14.1 12.0
Orthobula crucifera ARt R|AHDO) 75 20.5 7.6 14.1 114
Phintella cavaleriei Yol Z570l 66 18.0 8.5 14.1 115
Diplocephaloides saganus ElHioH T Al7{ O] 59 16.1 8.2 13.2 10.7
Harmochirus pullus gto2l2s740| 59 16.1 7.6 13.6 115
Doenitzius pruvus Z™AIAO| 57 15.6 5.4 129 103
Phrurolithus pennatus AL EAADI 53 14.5 5.1 14.1 10.5
Neoantistea quelpartensis MFLlE7{0| 51 13.9 5.5 13.1 9.9
Evarcha albaria E=MZE57H0| 47 12.8 7.6 13.6 11.5
Zelotes asiaticus otAlotdzt7O| 44 12.0 8.7 13.2 114
Gnaphosa kompirensis &L 0| 43 11.7 6.1 12.8 9.5
Synagelides agoriformis o{Z|7Ho]7 o] 42 115 8.2 13.1 10.5
Arctosa kwangreungensis Z8=5schAH0l 40 10.9 9.7 134 11.6
Drassyllus biglobus Aer o740l 37 10.1 54 13.0 9.1
Pardosa brevivulva B|7tAISCH7HO] 35 9.6 5.4 13.7 10.2
Asianellus festivus MZZE 70| 34 9.3 3.9 13.2 10.1
Clubiona rostrata Haldg 70| 33 9.0 49 13.7 9.3
Gnaphosa potanini EEFSELZAO| 31 8.5 5.4 129 10.3
Cladothela oculinotata EZZef3x|7A0l 26 71 5.1 14.1 11.3
Eldonia kayaensis 7HoFH Al D] 24 6.6 6.5 13.7 8.9
Solenysa geumoensis JHolAls O] 21 5.7 5.1 13.1 9.2
Zora nemoralis FEAEHO| 21 5.7 3.9 12.5 8.8
Lepthyphantes nasus IA™AIAAO| 19 52 6.8 11.9 9.5
Ariadna lateralis SF70| 18 49 103 13.1 12.2
Dipoena mustelina Aotz o| 17 4.6 5.4 12.7 10.1
Ambanus kayasanensis 7tokat7H A 74 0] 16 44 6.2 12.8 103
Episinus nubilus lotE=2 70| 16 44 7.3 13.8 10.8
Philodromus subaureolus ZMH Aol 16 4.4 6.5 14.1 109
Phintella linea otBEZE HO| 16 44 7.6 14.1 10.5
Comaroma maculosa AT EgAH0| 15 4.1 7.2 13.1 10.7
Pseudeuophrys erraica d2HelH12 s 70l 15 41 7.2 129 109
Xysticus concretus A X|H 70| 15 41 5.5 13.1 8.8
Alloclubionoides cochlea grgolo{Z|HIE O] 14 3.8 8.0 10.5 11.0
Coelotes songminjae 2Ixt7HAI740] 14 3.8 9.4 121 10.7
Phrurolithus coreanus Te{Z AtHO| 14 3.8 5.4 13.2 10.2
Drassodes serratidens =+2l740| 13 3.6 6.8 13.1 10.6
Cybaeus mosanensis DAL= E740)| 12 33 7.1 12.0 9.7
Hahnia corticicola Q& 70| 12 33 5.5 12.0 8.4
Ambanus lunatus %274 I70] 11 3.0 9.2 11.7 10.6
Arcuphantes scitulus THRfLEARE A4 O] 11 3.0 8.4 12.0 9.9
Neon reticulatus H2Z&70| 11 3.0 7.1 12.2 10.6
Theridion longipalpum Zl=4mo70| 11 3.0 5.4 14.1 104
Alloclubionoides jaegeri Al 2o{2IHIE 70| 10 2.7 6.1 11.6 8.7
Oxytate striatipes EAHFAHO| 10 2.7 9.3 12.6 11.1
Pardosa laura JHAISCHAO) 10 2.7 3.9 12.3 9.6
Xysticus saganus HAH 70| 10 2.7 8.2 13.8 11.1
Achaearanea angulithorax Z1atz40| 9 25 55 12.6 9.3
Cresmatoneta nipponensis JHOId AlAHD] 9 2.5 5.1 12.2 8.7
Euophrys kataokai ddolotHsiz 740l 9 25 5.4 11.8 9.5
Leucauge celebesiana mobZ 740 9 2.5 6.2 13.1 11.3
Robertus naejangensis L& ot 0| 9 2.5 8.0 119 10.2
Thanatus miniaceus E3EH7H0O| 9 25 7.2 12.4 10.5
Walckenaeria coreana JHE I E™HAIZAO| 9 2.5 7.9 12.8 10.5
Gonatium japonicum H7HAICHEI Al O] 8 2.2 6.8 13.7 10.0
Helicius yaginumai S EFZ570 8 2.2 10.0 11.7 10.9
Neriene clathrata AURFHAIAHDI 8 2.2 5.5 13.7 9.3
Neriene oidedicata o Fei™AI7Ol 8 2.2 6.2 13.1 10.9
Nesticella brevipes mokZotz|7{0| 8 22 7.6 12.7 11.2
Phrurolithus sinicus motEA7AO] 8 2.2 6.8 12.8 8.9
Pisaura lama ot7|EMA7{0| 8 2.2 7.2 124 10.5
Telamonia vlijmi d2giFE2s 7ol 7 19 8.1 14.1 11.1
Bristowia heterospinosa nogs2570| 6 1.6 5.1 12.7 10.0
Drassyllus shaanxiensis 30§70 6 1.6 7.1 123 8.9
Hylyphantes graminicola EZEoi™AIADI 6 1.6 8.3 124 11.1
Marpissa pulla AEZ S 70| 6 1.6 8.5 14.1 11.0
Neoscona scylla x|oloiz|g 70| 6 1.6 6.2 129 10.7

(continued on next page)



(continued )

Species Korean name Occurrence Temperature
Site % Minimum Maximum Average

Ozyptila nongae =z SH 70| 6 1.6 9.3 122 11.1
Phrurolithus palgongensis ST AAO| 6 1.6 6.5 10.2 8.4
Yaginumaella medvedevi EHEZ3s70| 6 1.6 5.5 104 8.2
Achaearanea japonica Herolmnt 0| 5 14 8.7 13.1 10.3
Agelena limbata EE70| 5 14 8.7 10.8 10.8
Alopecosa virgata AME=CH70| 5 14 8.2 11.3 9.9
Ambanus euini 7174 0] 5 14 7.1 9.0 8.0
Ambanus kimi E717tAH 0] 5 14 9.2 12.8 10.7
Diaea subdola ZtAIZAH 70| 5 14 8.7 11.8 10.0
Marpissa milleri &S50l 5 14 89 121 10.9
Trachelas japonicus E=dol|7A0| 5 14 5.4 13.1 84
Alloclubionoides coreanus ZEMALAHOI 4 1.1 11.6 12.2 12.8
Arctosa ipsa Ee=soi7Hol 4 1.1 7.1 10.5 8.5
Bassaniana decorata Lt H&A Ol 4 1.1 8.6 123 10.8
Chorizopes nipponicus Helg 70| 4 1.1 11.1 13.2 123
Cicurina japonica B =P Pals] 4 1.1 6.8 13.1 10.1
Cybaeus triangulus azt=Z7{0| 4 1.1 8.0 9.6 8.7
Dipoena castrata A™ol|EIAD| 4 1.1 7.9 111 9.3
Gnathonarium gibberum EZoi™A|ADO| 4 1.1 8.2 10.7 9.6
Myrmarachne inermichelis ZEAIZHOIZAD] 4 1.1 103 135 12.2
Neriene albolimbata ArEHAIHO| 4 1.1 6.5 10.7 9.1
Nippononeta projecta Zmot-AlZ0] 4 1.1 6.7 10.2 8.0
Nippononeta ungulata grEm o A0l 4 1.1 8.2 10.6 9.9
Paikiniana vulgaris wago™A|AHDO| 4 1.1 8.7 12.6 11.1
Pardosa lugubris EE=soi70Ol 4 1.1 7.6 9.3 83
Plexippoides regius goielFEZ SOl 4 1.1 11.1 124 116
Theridion subpallens E|Mo70| 4 1.1 7.3 11.8 10.7
Tmarus koreanus =7 0| 4 1.1 8.8 10.2 9.6
Walckenaeria lurida R EH™AIAD| 4 1.1 6.8 12.0 9.6
Acusilas coccineus L 70| 3 0.8 10.3 11.7 11.0
Arctosa stigmosa =5chAHo| 3 0.8 10.0 12.8 12.0
Arcuphantes pennatus FIHLEARE Al D] 3 0.8 9.3 105 9.8
Callobius koreanus BHEH|E7AHD] 3 0.8 8.1 10.7 9.5
Clubiona kasanensis 7hekedd 740l 3 0.8 7.9 10.1 8.7
Crustulina guttata HHrolAtor ool 3 0.8 9.7 11.6 104
Diphya okumae ZtAlo{2(Zt 0] 3 0.8 7.9 115 9.8
Dipoena flavomarginatum EE0/T7H0| 3 0.8 8.0 8.4 8.2
Drassyllus sanmenensis A E&oiol7ol 3 0.8 11.2 115 113
Haplodrassus montanus AEAHOHZ4 O] 3 0.8 71 114 8.7
Neriene emphana CHE ™ AlI7HO| 3 0.8 89 125 10.5
Nurscia albofasciata A 2Rz 70| 3 0.8 9.3 9.6 9.4
Oia imadatei o™ Al D) 3 0.8 83 11.1 9.8
Paikiniana mira A EoA|7AO| 3 0.8 6.8 11.2 8.7
Phintella abnormis dMEZSH0| 3 0.8 10.7 14.1 12.1
Poecilochroa coreana st=&7470] 3 0.8 7.9 12.8 9.7
Sergiolus hosiziro EHEIH70) 3 0.8 84 13.5 10.1
Sinopoda stellata H7{50|S7{0| 3 0.8 9.9 10.6 10.3
Tmarus rimosus oA 70| 3 0.8 8.0 8.4 8.2
Walckenaeria antica I EEFH™AIHADI 3 0.8 9.7 10.8 10.2
Agyneta rurestris wobE A0l 2 0.5 7.1 12.5 9.8
Alloclubionoides quadrativulvus 27LAH7HO) 2 0.5 113 12.7 12.0
Alopecosa albostriata ER LSOl 2 0.5 7.6 10.0 8.8
Anyphaena pugil 370l 2 0.5 9.4 11.9 10.7
Argiope minuta mobsZ 0| 2 0.5 125 13.7 13.1
Bathylinyphia major 7EAI Al D] 2 0.5 5.1 11.9 8.5
Callilepis schuszteri A 77|740) 2 0.5 9.2 10.1 9.6
Clubiona coreana gr=edd 70| 2 0.5 8.4 10.8 9.6
Clubiona diversa Hotdd 70| 2 0.5 8.5 113 9.9
Crispiphantes rhomboideus OtE 2 mobHAIHO) 2 0.5 6.8 10.1 8.4
Cyclosa sedeculata LEHX|AO| 2 0.5 84 11.8 10.1
Doenitzius peniculus S A0 2 0.5 9.4 12.0 10.7
Dolomedes sulfureus | 2 0.5 5.1 8.1 6.6
Ero japonica £sigral 2 0.5 9.8 12.8 11.3
Gnaphosa hastata U0 2 0.5 10.1 13.2 11.6
Gnathonarium dentatum EZoH™AIAHDI 2 0.5 8.4 8.7 8.5
Lathys dihamata Az FotE L0l 2 0.5 5.1 9.4 7.2
Leucauge blanda Fuz 0| 2 0.5 10.7 126 11.7
Lycosa coelestis ANF=scH7Ho) 2 0.5 11.5 129 122
Micaria dives AMASHO| 2 0.5 124 13.1 12.7
Mimetus testaceus 20| 2 0.5 12.0 122 12.1
Neoscona punctigera Zto{2|& 70| 2 0.5 9.9 11.1 10.5
Opopaea syarakai 2 0.5 12.8 132 13.0
Pardosa hedini F350i7H0| 2 0.5 9.6 12.6 11.1
Pisaura ancora FESME70| 2 0.5 12.0 141 13.0
Ryojius japonicus 2 0.5 10.6 111 10.8
Siler cupreus FuzE70l 2 0.5 11.1 13.2 121
Theridion lyricus EnotH0| 2 0.5 7.8 9.1 8.4
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Thymoites ulleungensis 283 2wntA0| 2 0.5 7.9 8.7 8.3
Tibellus oblongus SH7IM 70O 2 0.5 10.1 10.6 104
Trochosa ruricola ZEE|Soi7H0| 2 0.5 8.7 12.8 10.8
Agroeca mongolica S=¢nzA0| 1 0.3 9.7 9.7 9.7
Alloclubionoides coreana gh=o{2lHIE 0] 1 0.3 7.7 7.7 7.7
Alloclubionoides terdecimus HAlo{2IHIE 0] 1 0.3 12.9 129 12.9
Alopecosa hokkaidebsis 1 0.3 105 10.5 10.5
Alopecosa pulverulenta HX|SCH7A0| 1 03 9.0 9.0 9.0
Ambanus dimidiatus I3 ItAHZHOI 1 03 10.0 10.0 10.0
Anelosimus crassipes 7+AIF 00| 1 0.3 11.3 11.3 11.3
Araneus fuscocolorata He 70| 1 0.3 7.7 7.7 7.7
Argiope bruennichi =370l 1 0.3 119 119 119
Catrianeira shaxianensis CHE Lt 7H0) 1 0.3 9.8 9.8 9.8
Cheiracanthium taegense cHTo{2|dd 740l 1 03 12.8 12.8 12.8
Cheiracanthium uncinatum ZF|Eoi2| ¥ 70| 1 0.3 104 104 104
Chikuni albipes FEpag=hnhilpalal] 1 0.3 12.2 12.2 12.2
Clubiona jucunda Azl 0| 1 03 9.4 9.4 9.4
Clubiona kimyoungkii g 70| 1 03 7.7 7.7 7.7
Coleosoma octomaculatum o{E™maot740| 1 0.3 8.5 8.5 8.5
Crispiphantes biseulsanensis Hlg 4 Al 1 03 6.8 6.8 6.8
Cyclosa kumadai o{zZ|E2HK|AH0O| 1 03 114 114 114
Cyclosa octotuberculata oS EHX|7O| 1 03 11.8 11.8 11.8
Cyclosa vallata S5Hx|AHO| 1 0.3 7.9 7.9 7.9
Dipoena punctisparsa Melo|zl7Ho| 1 0.3 11.6 11.6 11.6
Dolomedes raptor HZ74Oo| 1 03 11.6 11.6 11.6
Entelecara dabudongensis CHRE S A SO A|ZAO] 1 0.3 7.1 7.1 7.1
Eriophora sachalinensis sg70l 1 03 5.5 5.5 5.5
Floronia exornata L™ AIAO| 1 03 7.9 7.9 7.9
Gnaphosa kansuensis Z=5x740] 1 03 9.8 9.8 9.8
Haplodrassus kulczynskii Z+JMoiAHo| 1 0.3 7.9 7.9 7.9
Haplodrassus mayumiae 1 0.3 124 124 124
Hypsosinga sanguinea Abxbol & 740 1 0.3 8.4 8.4 8.4
Ischnothyreus flagellichelis 1 0.3 39 39 39
Kishidaia albimaculata 1 0.3 7.8 7.8 7.8
Larinioides cornutus 7|4& 70l 1 0.3 10.9 10.9 10.9
Lathys sexoculata SE0[oHE L0l 1 03 7.9 7.9 7.9
Lepthyphantes latus gteb- Al o) 1 0.3 11.5 11.5 11.5
Lycosa suzukii E=riz0o| 1 0.3 12.0 12.0 12.0
Meioneta nigra A™Emot-H A0l 1 0.3 10.8 10.8 10.8
Miagrammopes orientalis &X 70| 1 0.3 10.6 10.6 10.6
Moneta caudifer Zlotg= 70| 1 0.3 6.2 6.2 6.2
Myrmarachne formicaria AbzHOl740) 1 0.3 13.7 13.7 13.7
Myrmarachne japonica £740|7{0| 1 0.3 115 115 115
Mysmenella jobi e 70| 1 03 84 8.4 84
Nematogmus sanguinolentus A o™ AlIDO| 1 03 9.5 9.5 9.5
Neon minutus geld22& 70| 1 0.3 8.4 8.4 8.4
Neoscona scylloides edso{2|g 0l 1 03 8.8 8.8 8.8
Nephila clavata fe7H0| 1 03 13.2 13.2 13.2
Neriene longipedella SEHAIAHO| 1 0.3 8.1 8.1 8.1
Octonoba sinensis 538470l 1 03 11.0 11.0 11.0
Orchestina sanguinea 1 0.3 10.7 10.7 10.7
Orchestina thoracica 1 0.3 8.1 8.1 8.1
Ozyptila nipponica Mz S 70| 1 0.3 12.0 12.0 12.0
Paracoelotes spinivulvus = Z 7|0l 1 03 11.6 11.6 11.6
Parasteatoda culicivora S ok740l 1 0.3 6.2 6.2 6.2
Pardosa astrigera H=cH7{0| 1 0.3 9.5 9.5 9.5
Perenethis fascigera HIH=H 0] 1 0.3 11.5 115 11.5
Philodromus rufus SHMAHZHO| 1 03 111 111 111
Philodromus spinitarsis LI ZM<A 70Ol 1 0.3 8.0 8.0 8.0
Phintella bifurcilinea gE2570| 1 0.3 11.5 11.5 11.5
Phlegra fasciata HiCrl A2 &S 74 0] 1 03 11.6 11.6 11.6
Pirata piratoides Stksoizo]l 1 0.3 10.9 10.9 10.9
Pirata procurvus E5chAH0l 1 0.3 9.8 9.8 9.8
Plexippoides annulipedis 2EFLZSH0O| 1 03 109 109 109
Sinopoda pengi 1 0.3 11.8 11.8 11.8
Talavera trivittata MEHINZE7AH0O| 1 0.3 13.2 13.2 13.2
Tetragnatha extensa ZdiZ 0| 1 03 8.4 8.4 84
Theridion adamsoni oter&nbzA0| 1 03 8.5 8.5 8.5
Theridion quadrimaculatus ool o| 1 0.3 124 124 124
Theridion sterninotata Atedmant740| 1 0.3 8.0 8.0 8.0
Tibellus fengi 1 0.3 8.2 8.2 8.2
Tibellus tenellus MR O] 1 0.3 7.6 7.6 7.6
Tmarus orientalis sS2HAH 70| 1 0.3 10.2 10.2 10.2
Ummeliata angulituberis ZEEf™AIADI 1 03 6.5 6.5 6.5
Ummeliata feminea ESE0i™AIADO| 1 03 10.1 10.1 10.1
Ummeliata insecticeps SE7I&I™EAIADO| 1 0.3 13.1 13.1 13.1

(continued on next page)
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Walckenaeria nishikawai 1 03 10.8 10.8 10.8
Xysticus atrimaculatus HAHZHO| 1 0.3 11.6 11.6 11.6
Xysticus croceus EA7al 1 0.3 12.0 12.0 12.0
Zelotes kimwha ZstdetHol 1 0.3 11.1 11.1 11.1
Appendix 2. Change in temperature according to climate References

scenario RCP 4.5 and 8.5.
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Appendix 3. Distribution of temperature according to climate
scenario RCP 4.5 and 8.5.
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