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Abstract

Understanding how future climate conditions will be impact on the biodiversity and species composition is important,
because biodiversity becomes more important in environment assessment. To understand the biological changes including
diversity and species composition over time (temporal variation within a year), the species diversity and composition
of ground beetles were investigated in two well-preserved areas in the Sobaeksan National Park using pitfall traps.
In addition, relationships between ground beetles and environmental variables were studied by considering temporal
variation. We collected 2,146 ground beetle specimens representing 45 species, and individual-based rarefaction curves
indicated that similar species richness was found between Geumseon Valley (GV) and Namcheon Valley (NV). The
Bray-Curtis matrix comparisons between study sites were characterized by similar ground beetles sample heterogeneity,
while temporal variations in abundance, species richness, and p-diversity of ground beetles showed rather difference
over time according to location of study sites. In GV site, minimum temperature was selected as the best predictor
for abundance, species richness, and B-diversity of ground beetles, while those relationships in NV site were more
complicated. In conclusion, our study suggests that understanding the different response of ground beetles to climatic
variables related to local habitat conditions is important to predict the effect of climate change on biological communities.
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Introduction

Forest ecosystem has been under threat due to the im-
pacts of climate change and human disturbances (e.g., frag-
mentation and loss of habitat). In particular, climate change
is predicted to alter tree phenology that could disrupt pro-
ducer-herbivore dynamics (Visser and Holleman 2001;
Hodkinson 2005), and is known to affect behaviour and
physiology of predatory arthropods (Schmitz and Barton

2014). Therefore, understanding how future climate con-
ditions will be impact on the biodiversity and species com-
position is important, because biodiversity becomes more
important in environment assessment. There are some em-
pirical studies in terms of temporal variations that have ex-
amined that population declines and phenological changes
can be occurred under climate change (e.g., Roy and Sparks
2000; Pozsgai and Littlewood 2014).

To understand the biological changes including species
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diversity and composition over time (temporal variation
within a year), we studied ground beetle assemblages
(Coleoptera: Carabidae), because they constitute a taxono-
mically and ecologically diverse group. Ground beetles are
one of most popular taxa in biodiversity monitoring because
of their potential capability of bioindication under environ-
mental changes (Thiele 1977; Lovei and Sunderland 1996;
Rainio and Niemeld 2003) with comparative analyses in
their abundance or community structure (Koivula 2011).
Predatory arthropods are generally influenced by the de-
gree of food limitation between sites, depending on habitat
quality or landscape features (Ostman 2005), although in
case of ant assemblages some other factors, such as thermal
tolerances relating to physiological traits or the coexistence
and distribution of species, are known to be more important
factors for the species turnover (B-diversity) along eleva-
tional gradients (Bishop et al. 2015). In general, the species
turnover of community composition over space and time in
terms of the metacommunity perspective, can be influenced
by local environmental conditions (Penev 1996; Leibold et
al. 2004; Holyoak et al. 2005).

Therefore, this study was conducted to investigate the
species diversity and composition of ground beetles from
two well-preserved areas in the Sobaeksan National Park.
In addition, relationships between ground beetles and envi-
ronmental variables were studied by considering temporal

variation.

Materials and Methods
Stuady area

The flora of Sobaeksan National Park shows character-
istics intermediate between northern and southern floras
(KNPA 2007). The climate of Sobaeksan National Park is
temperate to continental, with a dry, cold winter and hot,
humid summer. In particular, the summer monsoon brings
abundant moisture from the ocean and produces heavy
rainfall. In Sobaeksan National Park, we selected two sites
to investigate the community structure of ground beetles
around Namcheon Valley (NV; Latitude, 37° 02' 10.5";
Longitude, 128° 31' 04.1"; Altitude, 285 m) on the north-
ern slope, and around Geumseon Valley (GV; Latitude, 36°
56' 25.7"; Longitude, 128° 29' 55.1"; Altitude, 678 m) on

the southern slope (Fig. 1a), in consideration of mountain’s
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topography, environmental characteristics and major vege-
tation structure.

For collecting temperature and relative humidity (R.H.),
we installed HOBO data loggers in each site from middle
January to early December. During study periods in 2016,
annual mean temperatures in NV and GV sites were 16.4°C
and 14.2°C, respectively, and annual means of R.H. in NV
and GV sites were 80.8% and 85.6%, respectively.

Sampling

For ground beetle collection, pitfall traps were used.
Pitfall trapping is a standard sampling method for compar-
ing the abundance or community structure of ground bee-
tles (Niemeld 1996; Koivula et al. 2003). The plastic pitfall
traps (300 ml, 75 mm diameter, 100 mm depth) were
un-baited, containing preservatives (200 ml, 95% ethyl-al-
cohol:95%:ethylene-glycol=1:1) as killing-preserving sol-
ution. A plastic roof was placed 3 cm above each trap to pre-
vent the inflow of rainfall and litter.

Three study plots (20 X20 m”) were placed in each site
and spaced 50 m apart from each other (Fig. 1b). In each
plot, nine pitfall traps were placed in a grid of 3X3 traps.
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Fig. 1. Map of study area (a) and sampling design for collecting ground
beetles in two study sites (b). In sampling design, opened-circles indicate
pitfall trap.
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Table 1. Species list of ground beetle assemblages in Geumseon and Namcheon valleys

Species Geumseon valley Namcheon valley
Agonum xestus (Bates, 1883) 63 26
Amara congrua Morawitz, 1862 2
Amara sp.1 1
Anisodactylus punctatipennis Morawitz, 1862 1 3
Aulonocarabus koreanus kwonileeigue Deuve, 1992 1 7
Aulonocarabus seishinensis seishinensis Lapouge, 1931 6
Aulonocarabus semiopacus Reitter, 1895 47
Brachinus scotomedes 1.. Redtenbacher, 1867 10 6
Chlaenius naeviger Morawitz, 1862
Chlaenius ocreatus Bates, 1873
Coptolabrus jankowskii jankowskii Oberthur, 1883 8 10
Coreocarabus fraterculus assimilis Kwon et Lee, 1984 10
Cymindis collaris Motschulsky, 1845 9 6
Diplocheila zeelandica (Redtenbacher, 1868) 4
Dischissus mirandus Bates, 1873 1
Dolichus coreicus Jedlitka, 1936 9 1
Eucarabus sternbergi sobacksanensis Kwon et Lee, 1984 28 15
Galerita orientalis Schmidt-Goebel, 1946 4
Harpalus discrepans Morawitz, 1862 6 45
Harpalus niigatanus Schauberger, 1929 2
Harpalus roninus Bates, 1873 21
Harpalus tridens Morawitz, 1862
Harpalus vicarius Harold, 1883 3
Nebria chinensis chinensis Bates, 1872 18 29
Nebria coreica Solsky, 1875 1
Owycentrus argutoroides (Bates, 1873) 1
Pheropsophus jessoensis Morawitz, 1862 53
Pristosia impunctata Sasakawa, Kim, Kim&Kubota, 2006 13
Pristosia vigil (Tschitschérine, 1895) 112 6
Prerostichus audax Tschitschérine, 1895 330 27
Prerostichus ishikawaioides Sasakawa, Kim, Kim&Kubota, 2008 9
Prerostichus microcephalus (Motschulsky, 1860) 1 1
Prerostichus orientalis orientalis Motschulsky, 1845 522 1
Prerostichus scurrus (Tschitschérine, 1901) 57 1
Prerostichus subovatus (Motschulsky, 1860) 1
Prerostichus sulcitarsis Morawitz, 1863 1
Prerostichus vicinus Park et Kwon, 1996 13
Synuchus agonus (Tschitschérine, 1895) 100 45
Synuchus arcuaticollis Motschulsky, 1860 2 10
Synuchus crocatus (Bates, 1883) 41 191
Synuchus cycloderus (Bates, 1873) 29 27
Synuchus melantho (Bates, 1883) 55 20
Synuchus nitidus (Motschulsky, 1861) 1 13
Synuchus sp.1 2 5
Trichotichnus sp.1 17 26
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Overall, 27 pitfall traps were placed in each study site, with
a total of 54 pitfall traps used. Pitfall traps were replaced ap-
proximately every two weeks from March to November in
2016.

Collected ground beetles were brought to the laboratory,
dried, mounted, and identified to species level under a dis-
secting microscope (X63). Identification was performed
according to Habu (1967, 1973, 1978, 1987), Kwon and
Lee (1984), Park and Paik (2001), and Park et al. (2014)
and nomenclature was confirmed according to the lists of
Korean Carabidae by Park and Paik (2001), Park (2004),
and Park and Park (2013).

Dala analysis

Species richness was measured by the total number of
species collected during the sampling period, and abun-
dance was measured by the total number of individuals col-
lected in a set of traps for each study site. The species rich-
ness of ground beetles was estimated with individual-based
rarefaction curves for each site. Rarefaction curves are
based on random re-sampling of the pool of captured in-
dividuals, and are used to estimate expected richness in low-
er sample sizes (Gotelli and Colwell 2001). Rarefaction
methods allow meaningful standardization and comparison
of datasets (Gotelli and Colwell 2001).

To examine variation in sample heterogeneity (B-diver-
sity) between study sites, we used a Bray-Curtis pair-wise
sample dissimilarity matrix (Legendre et al. 2005; Ander-
son et al. 2006). We first selected matrix values for each of
the GV and NV sites. Then we calculated average ground
beetle catch for all sites within a given category, and for each
site we calculated Bray-Curtis distance between the catch of
a given site and the average catch of the corresponding
study site. These distance were subjected to Levene’s test to
examine variance homogeneity. Then, one-way ANOVA
was used to compare sample heterogeneity between the
study sites.

To examine the relationship between ground beetle as-
semblages and environmental variables (temperature and
relative humidity), stepwise multiple regressions were con-
ducted to test the relative importance of all independent en-
vironmental variables in explaining the abundance, species
richness, and B-diversity of ground beetles. For GV site,

multiple linear regressions were conducted because of its
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linear relationship between ground beetle assemblages and
environmental variables. On the other hand, temporal var-
iation of ground beetle assemblages in NV site showed dou-
ble-humped distribution in general. Thus quadratic re-
gressions were applied to NV site.

Rarefaction curves, Bray-Curtis dissimilarity indices,
one-way ANOVA, and stepwise multiple regressions were
conducted using the R version 3.0.2 (R Core Team 2013).

Results

Ground beetles in Geumseon and Namcheon valleys

We collected 2,146 ground beetle specimens represent-
ing 45 species (Table 1). Dominant species in Geumseon
valley (GV) was Prerostichus orientalis orientalis (33.9% of
the total catch) and Prerostichus audax (21.5%), while
Synuchus  crocatus (31.4%) and  Pheropsophus  jessoensis
(8.7%) were dominant in Namcheon valley (NV). Ten and
eleven species were unique to the GV and NV sites, re-
spectively, and 22 species were shared between the two
study sites.

Individual-based rarefaction curves indicated that sim-
ilar species richness was found between GV and NV (Fig. 2).
However, catches of all ground beetle species were sig-
nificantly greater in GV, compared with NV (1538 vs 608

individuals).

Spatial and temporal variation of ground beetles di-
versity

The Bray-Curtis matrix comparisons between study sites

40 1

oGV e« NV

Species richness (mean * S.E.)

0 300 600 900 1200 1500 1800

No. of individuals

Fig. 2. Species richness estimation based on individual-based rarefaction
curves in two study sites.
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were characterized by similar ground beetles sample hetero-
geneity (Levene’s test statistic=0.0009, p=0.978; ANOVA,
Fi14=6.82, p=0.059) (Fig. 3). On the other hand, tempo-
ral variations in abundance (Fig. 4a), species richness (Fig.
4b), and B-diversity of ground beetles (Fig. 4c) showed
rather different over time according to location of study
sites. In GV, abundance and B-diversity of ground beetles
were relatively high during summer, while species richness
was relatively high during late August and late September.
Abundance, species richness, and B-diversity of ground
beetles in NV showed two peaks in June and late September
but not high during summer season. However, temporal
variation of ground beetles between GV and NV showed
significant difference in abundance only (rm-ANOVA, F', ;;=
4.88, p=0.041), while it did not differ in species richness
(Fi.7=1.26,p=0.277) and B-diversity (¥1,,,=0.88, p=0.361).

Temporal patterns of ground beetle assemblages in both
sites were relatively well predicted by environmental varia-
bles derived from temperature and relative humidity (Table
2). In particular, abundance (#},16=27.16, p<0.001), species
richness (F5, 14=25.49, p<0.001), and B-diversity (¥,
=109.70, p<0.001) of ground beetles in GV site were well
predicted by minimum temperature with linear relation-
ships, while in NV site minimum temperature squared and
maximum relative humidity squared were relatively im-
portant (Fs 9=15.92, p=0.008).

Discussion

This study shows that temporal variation in environ-
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Fig. 3. Comparison of spatial variations of Bray-Curtis similarity (1-dissim-
ilarity) of ground beetle assemblages between two study sites.
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mental variables in terms of temperature and relative hu-
midity is important to understand changes in ground beetle
assemblages (abundance, species richness, and B-diversity).
Therefore, microclimatic variables could be used to predict
changes in communities in mountainous forest ecosystems.
However, the patterns in temporal variations of ground
beetles were also influenced by various combinations of en-
vironmental variables, depending on spatial locations.

As most plants and animals, temperature and rainfall are

basically important for ground beetles in terms of habitat
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Fig. 4. Comparison of temporal variations of abundance (a), species rich-

ness (b), and Bray-Curtis similarity (1-dissimilarity), (c) of ground beetle
assemblages between two study sites.
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Table 2. Relationship between ground beetle assemblages (abundance, species richness, and B-diversity) and selected environmental variables

as determined by stepwise multiple regression analyses. Multiple linear regressions were conducted to GV site because of its linear relation-

ships between ground beetle assemblages and environmental variables. On the other hand, quadratic regressions were applied to NV site

Independent Geumseon valley (GV) Namcheon valley (NV)
variables&statistics Abundance Species richness  B-diversity Abundance Species richness  B-diversity
Independent variables
(interccept) _18.26 10.95 ".3.81 ".217.66 "-1081.00 *221.64
Avg. Temp. "N E. N.E. N.E. NE. N.E. N.E.
Max. Temp. N.E. N.E. N.E. N.E. 2.4 ".9.29
Min. Temp. ***4.06 *EE0.45 *HHD25 "3.24 "0.86 "6.59
Avg. RH. N.E. 16.20 N.E. "831.58 255.10 "560.67
Max. R.H. N.E. -32.74 N.E. N.E. "2708.00 N.E.
Min. R.H. N.E. N.E. N.E. ".352.75 "-40.89 "-434.70
(Avg. Temp.)*2 - - - "0.11 "0.16 "0.61
(Max. Temp.)*2 - - - N.E. N.E. N.E.
(Min. Temp.)"2 - - - N.E. ".0.14 *-0.66
(Avg. RH.)2 ; ; - "_572.93 "252.90 N.E.
(Max. RH.)"2 ; - - N.E. ".1556.00 *457.06
(Min. RH.)"2 - - - "380.08 N.E. %227.95
Statistics for final model

F 27.16 25.49 109.7 3.29 3.97 592

d.f 1,16 3, 14 1,16 6,11 9,8 8,9

P <0.001 <0.001 <0.001 0.042 0.033 0.008
Adjusted R’ 0.606 0.812 0.865 0.447 0.612 0.698

"Abbreviation of ns in superscript means that the given variable was included into the regression model with insignificant.

*N.E. indicates that the given variable was not entered into the regression model.
Asterisks indicate statistical significant levels: *p <0.05, **p < 0.01, ***p < 0.001.

and microhabitat distributions (Lévei and Sunderland
1996; Antvogel and Bonn 2001), reproduction (Ernsting
and Isaaks 2000), and population dynamics (Hon€k 1997).
In our study, annual mean temperature and relative humid-
ity were relatively different between two study sites, and
those differences were because of the different locations of
study sites in terms of altitude, slope, and aspect. For these
reasons, the distributional pattern of many ground beetle
species or their relative abundance may also different ac-
cording to location of study sites (Table 1). In general, dis-
tribution of ground beetles depends on biotic and abiotic
factors, such as temperature, humidity, food availability, the
presence of competitors, and life history (Lévei and
Sunderland 1996). According to Jung et al. (2012), some
species (for example, Prerostichus orientalis orientalis and
Synuchus cycloderus) were gradually changes in their relative
abundances along the altitudinal gradient in Sobaeksan

National Park. Thus, species composition of ground beetles

in Sobaeksan National Park was divided in two groups,
higher and lower altitudes. In fact, P orientalis orientalis and
P audax in our study were dominant species in GV site, but
not in NV site. Therefore, the difference in species compo-
sition due to the difference of environmental characteristics
between two study sites seems to be the cause of temporal
variations of ground beetle assemblages.

Differences in species composition can affect the pre-
dicted outcomes of temporal changes in ground beetle
assemblages. In GV site, minimum temperature was only
selected as best predictor for seasonal changes in abun-
dance, species richness, and beta-diversity of ground bee-
tles, but those relationships in NV site where double-hum-
ped patterns in carabid beetles was found along seasonal
changes were more complicated (Fig. 4). These differences
of temporal patterns in ground beetles between GV and NV
sites may be because of the presence of Prerostichus species.

In fact, 933 ground beetle individuals (7 species) were
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caught in GV site, and their temporal variation is more sim-
ilar to total ground beetle assemblages (data not shown). In
NV site, on the other hand, very few ground beetles were
caught (31 individuals belonging to 5 species). Thus, se-
lected predictors for models are clearly different, although
seasonal changes of temperature and relative humidity be-
tween two study sites were similar to each other. This result
indicates that temporal variation of ground beetle assemb-
lages can be altered by climate change, because the change
of distributions and population dynamics of insect species
to avoid future negative climate conditions is predicted in
general. For example, some ground beetle species showed
population declines and/or phenological changes based on
short-term (Kiritani 2013) or long-term monitoring (Pozsgai
and Littlewood 2014).

In conclusion, our study suggests that understanding the
different response of ground beetles to climatic variables re-
lated to local habitat conditions is important to predict the
effect of climate change on biological communities. However,
the present data can involve some uncertainties because of
short-term monitoring within a year. In addition, because
environmental changes can also alter vegetation related var-
iables and soil properties as well as temperature and relative
humidity, investigation of other environmental variables

would also be need.
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