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Chapter 1.

General introduction



General introduction

Global climatic warming is suggested to be created by the enhanced greenhouse
effect, and will precipitate other environmental changes in rainfall, winds, ocean currents,
sealevel and storm patterns at a rate unprecedented in the least a century ago (Pearman 1988;
Tangley 1988; Houghton & Woodall 1989; Pittock & Whetton 1990). Such climate-induced
changes have the capacity to make dramatic alterations to floral and faunal composition,
species dominance, and the structure, function and distribution of ecosystems, which may
cause species extinction (Peters & Darling 1985; Busby 1988; Main 1988; Cohn 1989; Fajer
1989; Greenwood & Boardman 1989; Mansergh & Bennett 1989; Botkin et al. 1991; Dennis
& Shreeve 1991; Woodward & Rochefort 1991). Thus, enhanced greenhouse climate change
will present major problems for the survival of species. Understanding the effects of global
warming has become an important issue in the preservation of the global environment and
biodiversity.

Climate change poses major new challenges to biodiversity conservation. As
atmospheric CO, increases over the next century, it is expected to become the first or second
greatest driver of global biodiversity loss (Sala ef al. 2000; Thomas et al. 2004). Global
average temperatures have increased 0.2°C per decade since the 1970s, and global average
precipitation increased 2% in the last 100 years (IPPC 2007). Moreover, climate changes are
spatially heterogeneous. Some locations, while others, are exposed to secondary effects like
sea level rise (IPPC 2007). Climate change may have already resulted in several recent
species extinctions (McLaughlim et al. 2002; Pounds et al. 2006).

Conserving biodiversity in forests has become a key issue in national and

international forest policy and management because forests support numerous species in



many taxonomic groups including invertebrate and microbes (Lindenmayer et al. 2006). In
particular, rapid changes in landscapes due to urbanization, agriculture, and road construction
have caused forest loss and fragmentation, threatening forest biodiversity worldwide
(Brockerhoff et al. 2008).

Mountainous areas have very high biodiversity due to small environmental
disturbance and habitat for many organisms, considered as a very important ecosystem for
many local unique species and conserving biodiversity (Lomolino 2001). In Korea, forests
are important for conserving and enhancing biodiversity because they cover approximately
64% of the nation (Lee 2012). During the Korean War and earlier, most primary forests in
Korea were devastated, and growing stocks declined precipitously to 5.6 m’/ha in 1952 (Lee
2012). During reforestation periods, coniferous trees were planted in urbanized areas or
agricultural landscapes, while deciduous trees were regenerating or planted in mountainous
areas. Consequently, growing stocks of Korean forests have increased to 126 m’/ha in 2010
(Lee 2012).

Microclimate is a suite of climatic conditions measured in localized areas near the
earth's surface (Geiger 1965). Environmental variables in microclimatic scale, which include
temperature, light, wind speed, and moisture, have been critical for the ecology of organisms,
providing meaningful indicators for their habitat selection and other activities. In seminal
studies, Shirley (1929, 1945) emphasized microclimate as a determinant of ecological
patterns in both plant and animal communities, and as a driver of such processes by
influencing the growth and mortality of organisms. The effects of microclimate on ecological
processes such as plant regeneration and growth, soil respiration, nutrient cycling and wildlife
habitat selection has become an essential component of current ecological research (Perry

1994).



Relationships between microclimate and biological processes are complex and often
nonlinear. For example, decomposition rates of organic material within pits, mounds, and the
floor of a wetland are strongly related to soil temperature and moisture. However,
microclimatic studies have traditionally focused on statistical summaries in relatively wide
scales, and less attention has been paid to variability in microclimate or to the differences
among microclimatic patterns across spatial and temporal scales. The microclimatic
environment and its relative importance for driving biological processes can vary with spatial
and temporal scales because ecosystem structure and function are scale dependent
(Meentemeyer & Box 1987). Thus, relationships between microclimate and structural
landscape features or ecosystem processes developed at any single scale of study may not be
applicable at other scales (Levin 1992). However, most studies of global climate warming
have paid less attention to spatial and temporal variation in microclimates.

Studies of insects have revealed strong declines of some groups, suggesting that
biodiversity losses are disproportionately high for this class (Thomas & Clarke 2004). This is
of concern because insects are important in ecosystem functions, and their declines are likely
to cause serious disruptions of natural processes (Walpole et al. 2009). However, information
on trends in population decline or persistence is lacking in many key insect groups with
critical roles in ecosystems (Butchart et al. 2010). Beetles (order Coleoptera) are composed
with 40% of total insects, which comprises approximately 0.8—1.2 million species.
Coleoptera is diverse in size and feeding ecology, and plays an important role as primary and
secondary consumers in the ecosystem. Of these, carabid beetles (family Carabidae) are a
species-rich group and are ubiquitous in the majority of terrestrial ecosystems (Thiele 1977).
In addition, carabid beetles are good environmental indicators due to the fact that they are
likely to be affected by disturbance in local habitat because they are often flightless and have

low dispersal ability (Thiele 1977; Ishitani et al. 1997; Rainio & Niemeld 2003; Pearce &



Venier 2006; Maleque et al. 2009). Carabid beetles are mainly carnivorous, with some
omnivorous and plant-feeding species. Some carabid species live on the tree, but most
species exercise food crawling on the ground surface. Thus, carabid beetles occupy an
important position within the ecosystem as predators to prey on small terrestrial invertebrates
(Pausch 1979; Sunderland 2002; Holland 2002; Kubota et al. 2001). These species mainly
live in forest, grassland or wetland, and their inhabitations are affected by geographical and
seasonal variation in environment, biological community, vegetation, and biomass of litter
layer therein (Thiele 1977; Luff 1975; Luff et al. 1989).

The aim of this study is to provide insights into the impact of spatial and temporal
environmental variations on the community of carabid beetle. I examined 1) how carabid
beetle communities are distributed in Baekdudaegan Mountain Range; 2) which
environmental parameters are responsible for variation in the carabid beetle communities; 3)
how much variations are involved in spatial and temporal differences in communities and
environmental variables. In the next chapter, Chapter 2, I conducted a basic survey for
elucidating species composition and distribution of carabid ground beetles in Backdudaegan
Mountain Range, Korea. Field survey using pitfall traps were performed and collected beetles
were identified. In Chapter 3, I examined whether and how carabid beetle communities
change over time within sites, and how they differ between sites, on a local scale. In Chapter
4, I quantify spatial and temporal variations in carabid beetle community compositions and in

background microclimatic variables, using a generalized linear modelling approach.



Chapter 2.

Community structure and distribution of
carabid beetles (Coleoptera: Carabidae)

in Baekdudaegan mountain of Gangwon-do, Korea



Introduction

Approximately 0.8 — 1.2 million species of insects are living all around the world,
and 40% of which consist of beetles. The order Coleoptera is diverse in size, behavior, and
feeding ecology, playing an important role as primary and secondary consumers in the
ecosystem (Pausch 1979; Sunderland 2002; Holland 2002; Kubota et al. 2001). The family
Carabidae is mainly carnivorous, but some species are omnivorous or herbivorous. Some
species live on the tree, but most carabid beetles forage on the ground. They mainly live in
forest, grassland or wetland, and their inhabitations are affected by geographical and seasonal
environment, biological community, vegetation type, tree age, and biomass of litter layer
therein (Thiele 1977; Luff 1975; Luff et al. 1989).

The ecological studies about distribution and population dynamics of carabid beetles
have been conducted mainly in Europe (Thiele 1977; Luff 1975; Luff et al. 1989). It has been
shown that carabid beetles occupy an important position within the ecosystem as predators of
small invertebrates (Pausch 1979; Sunderland 2002; Holland 2002; Kubota et al. 2001). Since
most of carabid beetles are flightless and have low dispersal ability, they are sensitive to
habitat disturbance and thus suitable as environmental indicators (Thiele 1977; Ishitani et al.
1997; Rainio & Niemeld 2003; Pearce & Venier 2006; Maleque et al. 2009). However,
knowledge about the ecology of Korean carabid beetles is relatively scarce. Elucidating
distribution and abundance of species is of value for carabid beetle conservation and
understanding relevant environmental factors.

I conducted a basic survey for elucidating species composition and distribution of
carabid beetles in Backdudaegan of Gangwon-do, Korea. Field survey using pitfall traps were

performed at 11 study sites and then collected beetles were identified.



Material and Methods

Study area

Eleven study sites were selected in Backdudaegan mountains, Gangwon-do, Korea: 3
sites in Mt. Jinburyung, 3 in Mt. Odaesan, 3 in Mt. Taebaeksan, and 2 in Mt. Dutasan. All
study sites were dominated by Quercus trees. In some study sites, red pine tree occurred and
Pseudostellaria palibiniana and Dioscorea quinqueloba were found as understory vegetation.
Geographic coordinates, elevation, and vegetation of these sites were shown in Fig. 2-1 and
Table 2-1.

In Mt. Jinburyung, the site 1 (J1) maintained developed litter layer and understory
vegetation due to the restriction of civilian access for natural conservation and army
operation. However, the sites 2 (J2) and 3 (J3) did not due to mountain trails and a valley
topography.

In Mt. Odaesan, some Sasamorpha purpurascens was found in the forest floor of the
site 1 (O1). The site 2 (O2) maintained developed litter layer and understory vegetation. In
the site 3 (O3), Japanese red pine trees and Quercus trees occurred, and litter layer and
understory vegetation was quite poor.

In Mt. Taebaeksan, the site 1 (T1) harbored broadleaf trees and a red pine trees. The
site 2 (T2) maintained developed litter layer in its valley area which are dominated by
broadleaf trees. The study site 3 (T3) was located in Manhangjae of Taebaeksan mountain
area and had developed litter layer.

In Mt. Dutasan, the site 1 (D1) maintained developed litter layer and understory
vegetation. The site 2 (D2) had high humidity and poor litter layer, and Sasa borealis was

found in valley area.
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Figure 2-1. Locations of study mountains and sites in Baekdudaegan, Korea. Number of
study sites was shown in parentheses attached to the name of mountains.



Table 2-1. Habitat environment of each survey site in Baeckdudaegan.

Study sites Latitude Slope Altitude i?::tld Doiminant tree species Understory vegetation species
y Longitude P (m) ©) P e ’
0 lica Synurus deltoides,
0164} " uercus mongolica, S ;
N38°16'00.31 - Lo Impatiens textori,
n E128°23'07.14" NwW 694 20 ?lluﬁfm?ﬁyrluﬁv Isodon excisus,
YIIPLOCOS CHINENSIS Oplismenus undulatifolius etc.
Jinbu- Quercus mongolica Carex siderosticta,
°15'53.01" s , H ica asiatica,
12 N38 :5 5,3 0l N N 1,038 10 Acer pseudosieboldianum, epatica asiatica .
ryung E128°20'01.94 - ; Adenophora remotiflora,
Tilia mandshurica . .
Primula jesoana etc.
Styrax obassi Pseudostellaria palibiniana,
rax obassia . .
N38°17'03.36" o o Dioscorea quinqueloba,
3 E128°21'40.76" W 32 0 g_uer'c‘ulé mv('}’;g()llwy Isodon japonicus,
s densiytora Clematis heracleifolis etc.
Ouercusmonotea, B it
N38°44'31.86" Ulmus davidiana var. ) : PRV,
o1 0 N w 741 25 ) , Carex siderosticta,
E128°37'11.08 Jjaponica, o . .
Fraxinus rhynchophylla Lespsdeza japonica,
Rodgers iapodophylla etc.
Sasa borealis,
o1t N Quercus mongolica, Ainsliaea acerifolia,
Odaesan 02 N38 ?5 5,8'29 " SwW 1,062 32 Tilia mandshurica, Carex siderosticta,
E128°36'20.22 . . . . ..
Acer pseudosieboldianum Tripterygium regelii,
Viola albida etc.
Disporums milacinum,
N38°47'10.76" Fraxinus rhynchophylla, Arisaema amurense,
03 E128°37'0§ g3" N 668 20 Pinus densiflora, Pseudostellaria palibiniana,
: Acer pseudosieboldianum Pseudostellaria heterophylla,
Isodon japonicas etc.
Quercus mongolica Sasa borealis,
Tl N37 96 %6'02 N SW 704 35 Fraxinus rhynchophylla Tr'zpteryglum .regglll,
E128°51'30.24 L X Disporums milacinum,
Tilia mandshurica, . .
Carex siderosticta etc.
Quercus mongolica, Astilbe koreana,
Taebaeksan N37°09'38.22" Ulmus davidiana var. Carex humilis,
T E128°53'10.35" w 1274 36 Jjaponica, Athyrium niponicum,
Fraxinus rhynchophylla Viola albida etc.
, Athyrium niponicum,
Betula davurica .
N37°722.90" o VS Syneilesis palmata,
T3 E128°57'32.88" w 968 23 Pinus demlﬂ()m,. Disporums milacinum,
Quercus mongolica ,
Festuca ovina etc.
Quercus mongolica, Impatiens noli-tangere,
N37°20'43.00" Ulmus davidiana var. Viola albida,
D1 E129°00'36.04" N 1024 26 Japonica, Anemone reflexa,
Morus bombycis Impatiens textori etc.
Dutasan
D2 N37°23'26.00" EN 797 5 Quercus mongolica Staphylea bumalda,

E128°59'51.02"

Fraxinus rhynchophylla
Rhus trichocarpa

Cimicifuga dahurica,
Stephanandra incisa,
Deutzia glabrata etc.




Collection of ground beetles

Field survey was performed for two years (2011-2012) with two replications within a
year (2011: Jul. 10-11 and Aug. 18-19 in Jinburyung, Jul. 11-12 and Aug. 19-20 in Odaesan,
Jul. 13-14 and Aug. 20-21 in Taebaeksan, Jul. 14-15 and Aug. 21-22 in Dutasan; 2012: Jul.
19-20 and Aug. 18-19 in Jinburyung, Jul. 20-21 and Aug. 19-20 in Odaesan, Jul. 21-22 and
Aug. 20-21 in Taebaeksan, Jul. 22-23 and Aug. 21-22 in Dutasan). Beetles were collected by
pitfall traps (a plastic cup, 7.0 cm top diameter and 8.0 cm depth). Attractant (the powder of
silkworm pupa) was put into the trap. Pitfall traps are devices for capturing small organisms
living on the ground as they fall accidentally. The number of collected individuals were
regarded as an indicator of the relative population density at the site, which reflects
population density and biological activity (Briggs 1961; Erwin 1988; Heyborne et al. 2003).
At each site, 200 traps were set in 2 or 3 lines with 2 m intervals. The traps were collected
after 24 hours. All captured beetles were classified and counted. For the species belonging to
the subfamily Carabinae, most of which belong to a single genus Carabus, subgenera were

used for calculating genus-level diversity.

Analysis

Beetles belonging to the family Carabidae were used in the following analyses, and
other taxonomic groups were used as an auxiliary data. All individuals were identified to
species. Data from four samplings in each site were combined before analyses. Community
diversity was compared with diversity index (Shannon-Wiener 1963) among sites.

To identify the similarity of beetle communities among study sites, Whittaker's
percentage similarity (Whittaker 1975) was used to analyze similarity of community structure

in sites, in which the number of individuals were transformed to log,,(N+1) before



calculation. The similarity matrix among sites was analyzed by a cluster analysis using
unweighted pair-group method using average (UPGMA). Non-metric multi-dimensional
scaling (NMDS) was also used to compare community structure. The NMDS is an iterative
procedure, constructing the plot by successively refining the positions of points until satisfied
(Clarke & Warwick 2001). In addition, first two dimensions often provide a reasonable
starting point to the iterative computation for the 2-dimensional configuration (Clarke &
Warwick 2001). The stress value obtained from the NMDS analysis is a measure of distortion
between the positions of real data points and their graphical representation. Thus, a low stress
value represents few distortions from the real position of the data points and is associated
with a graph that more accurately represents the dissimilarities in species composition. These

analyses were performed using SYSTAT version 5.2.



Results and Discussion

Distribution of species

Carabid beetles collected at 11 study sites in Baeckdudaegan mountains were shown
in Table 2-2. In total, 837 individuals were collected, which belonged to 32 species and 14
genera. Among them, 217, 303, 144, and 209 individuals were found in Mts. Jinburyung,
Odaesan, Taebaeksan and Dutasan, respectively. The numbers of genera and species
collected in these 4 mountains were summarized in Figures 2-2 and 2-3.

In Mt. Jinburyung, the carabid beetles were identified into 10 genera and 20 species,
most of which were obtained from the site at the highest altitude (1,020 m). At genus level,
Leptocarabus was most abundant, followed by Synuchus, and Pterostichus (Figure 2-3). At
species level, Leptocarabus seishinensis (Lapouge, 1931) was most dominant, and Synuchus
nitidus Motschulsky, 1861 and Pterostichus audax Tschitscherine, 1895 were the second and
third dominant species. In particular, more L. seishinensis were collected in high altitudes
than the lower site (316 m), and more S. nitidus were collected at the site of a medium
altitude (702 m) than other altitudes.

In Mt. Odaesan, carabid beetles were identified into 12 genera and 29 species, most
of which (18 species) were collected in O1 (altitude 742 m). At genus level, Pterostichus was
most abundant, followed by Synuchus and Eucarabus. At species level, Eucarabus sternbergi
(Roeschke, 1898) was most dominant, followed by Synuchus sp.1, Pterostichus bellator Csiki,
1930 and Synuchus callitheres Bates, 1873. Eucarabus sternbergi was collected in O3 twice
as many as in O1 and O2. Two more species of Harpalinae were collected in O1.

In Mt. Taebaeksan, carabid beetles were identified into 9 genera and 18 species, most

of which were collected in T2 at a high altitude (1,274 m). At genus level, Synuchus and



Pterostichus were the first and second dominant groups. At species level, Synuchus sp.1 was
most dominant and A. seishinensis, S. nitidus and E. sternbergi were similarly dominant.
Synuchus sp. was collected mostly in the high altitude (1,274 m).

In Mt. Dutasan, carabid beetles were identified into 11 genera and 21 species, which
were collected evenly across the study sites. At genus level, Anisodactylus was most
dominant, followed by Pterostichus and Tomocarabus. Anisodactylus punctatipennis
Morawitz, 1862 was most dominant, and Tomocarabus fraterculus (Reitter, 1895) and E.
sternbergi were the second and third dominant species.

In summary, the more carabid beetle species tended to be collected at the higher
altitudes. In particular, an endangered species Acoptolabrus mirabilissimus (Ishikawa &
Deuve, 1982) was collected at over 1,000 m altitude at the study sites in Mts. Jinburyung and
Odaesan. This result suggest that carabid beetle diversity becomes high in sites with well-
conserved vegetation, low levels of development of the organic material, which may be
associated with altitude. It has been found that carabid beetle diversity increased according to
altitude in the Amazon region (Gentry1998). Further investigation is needed to see why and
how this species favors high altitudes, which may be important in determining the effect of
climate change on distribution of this species. By contrast, L. seishinensis and E. sternbergi
were collected in all study sites. These species may not favor particular altitudes, showing
wide distributions across all study area. The genus Synuchus and Pterostichus were also
distributed in all the study sites. Interestingly, a large number of 7. fraterculus were collected
in Mt. Dutasan. It may be related to the habitat conditions suitable for this species, and

further investigation will be required.
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Baekdudaegan mountains.



Table 2-2. List of carabid beetles in Baekdudaegan, Gangwon do.

Jinburyung Odaesan Taebaeksan Dutasan
Genus Species J1 J2 J3 Total O1 02 03 Total T1 T2 T3 Total D1 D2 Total
Eucarabus Eucarabus sternbergi 2 10 12 12 11 26 49 7 14 21 3 16 19
Leptocarabus Leptocarabus seishinensis 14 51 4 69 4 16 20 10 2 10 22 1 12 13
Leptocarabus semiopacus 1 2 3 1 1 2 2
Morphocarabus  Morphocarabus venustus 1 1 4 4 2 2
Tomocarabus Tomocarabus fraterculus 2 2 5 1 6 11 20 31
Coptolabrus Coptolabrus smaragdinus 3 5 6 6 3 3
Coptolabrus jankowskii 1 1 3 3 13 13
Acoptolabrus Acoptolabrus mirabilissimus 7 7 1 1
Synuchus Synuchus callitheres 4 4 11 13 24 2 2 5 6 11
Synuchus cycloides 3 5 2 10
Synuchus nitidus 26 3 29 1 3 4 1 21 22
Synuchus sp.1 43 1 44 30 1 31 2 29 31 1 1 2
Synuchus sp.2 2 1 3 2 2
Platynus Platynus assimilis 4 3 7 8 3 11 2 2
Poecilus Poecilus versicolor 1 1 2 4 1 5 5 1 1 7 1 1
Pterostichus Pterostichus orientalis 5 5 13 13 12 6 18
Pterostichus audax 3 8 11 6 1 7 11 2 13 4 8
Pterostichus scurra 6 6 4 15 19 1 1 2 2 2
Pterostichus compar 3 2 3 8 4 4 1 1
Pterostichus bellator 1 1 23 4 27 2 1 3 6 6 12
Pterostichus taebaegsanus 1 1 1 1
Pterostichus sp.1 1 1 1 1 1 1
Pterostichus sp.2 9 9 1 1 2
Pterostichus coreicus 18 18
Dolichus Dolichus halensis 1 1 4 4
Dolichus sp. 10 10
Pristosia Pristosia vigil 4 4 6 6 1 1
Anisodactylus ~ Aisodactylus 1 1 3 3 55 9 64
punctatipennis
Trigonognatha  Trigonognatha coreana 1 1 2
Harpalus Harpalus griseus 1 1 3 3
Harpalus pseudophonoides 1 1
Chlaenius Chlaenius pallipes 4 4 1 1

Total 97 98 22 217 152 79 72 303 40 70 34 144 120 89 209




Species diversity

Diversity index was the highest at O1 and O2 in Mt. Odaesan (Fig. 2-4), probably
due to the high species richness and no particular dominant species. The habitat of these two
sites seemed stable with relatively infrequent environmental disturbance, where Quercus
trees dominated and litter layer was developed at the forest floor.

By contrast, diversity index was low at J1 and J2 in Jinburyung, and T2 and T3 in Mt.
Taebaeksan. Low diversity in J1 and J2 might be due to several reasons. In the case of the J1,
the small number of species emergence may be resulted from extensive ecological
disturbance due to the construction of ski resorts in its adjacent area. The abundance of a
particular species (Synuchus sp.1) may also be a factor. The J2 was expected to show
relatively high diversity because of genetic conservation area, but this site had a low diversity.

This could be due to particular dominance of L. seishinensis.
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Figure 2-4. Shannon-Wiener diversity index of carabid beetle communities in 11 study sites
in Baekdudaegan.



Similarity of community structure

Cluster analysis based on Whittaker's percentage similarity between communities
showed that study sites were divided into two groups but not clustered with respect to
geographical proximity (Fig. 2-5). The first group consisted of T1 and T3 in Mt. Taebaeksan,
O3 in Mt. Odaesan, and J3 in Mt. Jinburyung. The second group included J1 in Mt.
Jinburyung, T2 in Mt. Taebaeksan, and D1 and D2 in Mt. Dutasan. This result suggests that
differences in community composition among sites may be associated with differences in
dominant tree species. The sites in the second group, J1 in Mt. Jinburyung, T2 in Mt.
Taebaeksan, and D1 and D2 in Mt. Dutasan were dominated by Quercus mongolica, while
those in the first group, T1 and T3 in Mt. Taebaeksan, O3 in Mt. Odaesan, and J3 in Mt.
Jinburyung harbored Pinus densiflora in relatively high densities.

Non-metric multidimensional scaling (NMDS) showed that the sites were arranged in
relation to altitude (Fig. 2-6). The relatively higher sites (O2 in Mt. Odaesan, J2 in Mt.
Jinburyung, D1 in Mt. Dutasan) exhibited larger scores in the dimension 2, but T2 in Mt.
Taebaeksan was exceptional. By contrast, the relatively lower sites (O3 in Mt. Odaesan, J3 in
Mt. Jinburyung, T1 in Mt. Taebaeksan) were located around the smaller scores of the
dimension 2.

The present result suggests carabid beetle community compositions was primarily
determined by altitude (Fig. 2-6). Some species were distributed in specific altitudinal ranges.
By contrast, dominant species showed wide distributional ranges. In general, dominant
species have a wide niche breadth (Suttiprapan et al. 2006), and thus likely affect the patterns
of species richness, abundance, and diversity observed. In Korean mountains, any particular
patterns had not been detected in carabid beetle communities along altitudinal gradient

between 200 — 1400 m (Kim & Lee 1992b; Park er al. 1997; Park et al. 2003; Yeon et al.



2005). This study indicated that carabid beetles may respond to environmental factors such as
altitude, slope, and vegetation. Long-term monitoring should be conducted to determine how

the community changes along with various environmental factors.
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Chapter 3.

Local climate mediates spatial and temporal
variation in carabid beetle communities in three

forests in Mount Odaesan, Korea



Introduction

Global environmental changes may lead to dramatic alterations in floral and faunal
composition, species dominance, and the structure, function and distribution of ecosystems,
and via these processes may cause species extinctions (Peters 1985; Busby 1988; Main 1988;
Cohn 1989; Fajer 1989; Greenwood & Boardman 1989; Mansergh & Bennett 1989; Botkin et
al. 1991; Dennis & Shreeve 1991; Woodward & Rochefort 1991). Enhanced greenhouse
effect climate change has presented major problems for the survival of species (Jackson et al.
2009; Loarie et al. 2009; Dawson et al. 2011; Bellard et al. 2012). Therefore, understanding
the effects of global warming has become an important issue for the preservation of the
global environment and biodiversity.

Studies of global climate change have mostly been based on statistical summaries of
changes within relatively wide spatial and temporal scales (Gobbi et al. 2007), and less
attention has been paid to variability in microclimates at narrower spatial and temporal scales.
The microclimate is the suite of climatic conditions measured in a localised area (Geiger
1965; Baileyer al. 1997; Chen et al. 1999). Environmental variables that can be measured at
the microclimatic scale include temperature, light, wind speed and moisture; these can be
critical for the ecology of organisms and therefore may provide meaningful indicators for
their habitat selection and other activities. In seminal studies, Shirley (1929, 1945)
emphasised that microclimate can be a determinant of ecological patterns in both plant and
animal communities, and a driver of ecological processes via its influence on the growth and
mortality of organisms. Relationships between microclimate and biological processes are

complex and often nonlinear (Chen et al. 1999; Eyre et al. 2005; Gillingham et al. 2012). The



microclimatic environment and its relative importance for driving biological processes can
vary with spatial and temporal scales, because ecosystem structure and function are scale-
dependent (Meentemeyer & Box 1987). Thus, relationships between microclimate and
structural landscape features or ecosystem processes quantified at any single scale of study
may not be applicable at other scales (Levin 1992). Additionally, global climatic change and
its effects on global to local ecological processes are ongoing. Hence, continuous research is
important to address this issue, although most researchers have examined only a snapshot of
these processes based on data from one or a few years (Jung et al. 2012).

Examining the relative importance of environmental factors in determining faunal
composition in adjacent sites or regions is a prerequisite for understanding the processes that
shape communities. This understanding is vital for predicting interactions between regional
species pools and local communities, delineating regions for environmental assessment and
conservation, and predicting the effects of global change on species’ distributions at large
spatial scales. Here, I examine the effect of microclimate on carabid beetle communities and
variation in the microclimate of adjacent sites. Carabid beetles (Coleoptera: Carabidae) are
good environmental indicators: they are likely to be affected by disturbance in local habitats
because they are often flightless and have low dispersal ability (Thiele 1977; den Boer et al.
1980; Ishitani et al. 1997; Rainio & Niemeld 2003; Pearce & Venier 2006; Maleque et al.
2009). In contrast to mobile species that can move to suitable environments, species with low
mobility are expected to be influenced more directly by local environments. Beetles make up
approximately 40% of the 0.8—1.2 million insect species. The Coleoptera are diverse in size
and feeding ecology, and play important roles as primary and secondary consumers in many
ecosystems. Carabid beetles are mainly carnivorous; some species are omnivorous oOr
granivorous. Some carabid species live on trees, but most live and forage on the surface of

the ground. Thus, carabid beetles occupy an important position within ecosystems as



predators of small terrestrial invertebrates (Pausch 1979; Sunderland 2002; Holland 2002;
Kubota et al. 2001). The species mainly live in forest, grassland or wetland, and their habitats
are affected by geographical and seasonal variation in the environment, biological
communities, vegetation, and the biomass of the litter layer (Thiele 1977; Luff 1975; Luff et
al. 1989).

The aim of this study was to examine 1) whether and how carabid beetle
communities change over time within sites, and 2) how they differ between sites, on a local
scale. The study sites were within one mountain area that exhibits variation in vegetation,
slope direction and altitude. The within-site changes and between-site differences in
communities are expected to be attributable to differing responses to local microclimates.
Based on the results, we discuss the importance of understanding spatial and temporal

variation in microclimates in studies of global environmental change.



Materials and methods

Study area and field survey

I conducted field surveys on Mount Odaesan, Korea, in 3 months of each year when
adult carabid beetles are active (July, August and September) for 5 consecutive years (2011:
11-12. Jul, 19-20. Aug, 17-18. Sep, 2012: 20-21. Jul, 19-20. Aug, 20-21. Sep, 2013: 25-26.
Jul, 18-19. Aug, 22-23. Sep, 2014: 27-28. Jul, 22-23. Aug, 23-24. Sep, 2015: 22-23. Jul, 12-
13. Aug, 12-13. Sep). This sampling was arranged to capture both spring and autumn
breeders in limited opportunities within the national park. Spring breeders are active in
Korean mountains before July, but most of them continue their activities until autumn.
Autumn breeders start their activities from June or July and end in September or October
(e.g., Kim & Lee 1992a). The annual average temperature and precipitation in the study area
were 6.4°C and 1,717 mm, respectively (Korea Meteorological Administration 2011). The
three study sites were within the Odaesan National Park (Table 3-1, Fig. 3-1) and were used
with permission from Baekdudaegan Mountain Range Ecological Monitoring (permit no.
C1008923-01-01). The study sites were situated within primary (Site 2) and secondary (Sites
1 and 3) deciduous forests (Table 3-1) that were formed on a 4.8—-11.5 cm deep litter layer on
a 28-75 cm deep layer of stony soil. The soil mostly consisted of loam, sandy loam and silt
loam (Kim 2006). Site 1 was on a west-facing slope near the bottom of a valley (steepness =
25°,741 m above sea level), where trees were relatively tall and the forest canopy was mostly
closed. Site 2, the highest elevation site, was on the ridge of a south-west-facing slope (32°,
1,062 m), where trees were relatively short and the forest canopy was thin and sporadically
opened. Site 3 was on a continuous north-facing slope (20°, 668 m), where, as in Site 1, trees

were relatively tall and the forest canopy was mostly closed.



Environmental measurements were obtained using HOBO data loggers (Onset
Computer Corporation, Bourne, MA) to record air temperature, air humidity, light intensity
and soil temperature hourly from June 2010 to September 2015. Each logger was attached to
a tree trunk 120 cm above the ground. Soil temperature was measured 5 cm underground.
The data were downloaded directly from each logger every month. This system cannot
measure precipitation, and generally it is difficult to measure it hourly, although it is an
important environmental parameter to predict carabid beetle communities. I expected that air

humidity is closely related to the precipitation and can be a surrogate.

To capture community composition at each study site, I collected carabid beetles
using pitfall traps (plastic cups 7.0 cm in diameter and 8.0 cm deep) containing an attractant
(powder of silkworm pupa) (Lovei & Sunderland 1996; Holland 2002; Heyborne ef al. 2003).
Two hundred traps were set in two or three lines at 2 m intervals at each study site in each
month and year, and beetles were collected 24 hours later. All the beetles caught in the 200
traps were combined to form the sample for that site, month and year. The exact position of
the trap lines was changed arbitrarily within study sites each time to avoid any effects of
previous captures. All carabid beetles that were captured were counted and identified to
species, except for three Pterostichus, three Synuchus and one Dolichus species that were
regarded only as morphospecies. My field survey resulted in 45 samples of carabid beetle

communities: each of three sites was sampled in 3 months in each of 5 years.
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Figure 3-1. Locations of the three study sites on Mount Odaesan, Korea.



Table 3-1. Habitat and environmental information on the study sites on Mount Odaesan,
Korea.

. Latitude Gradient Altitude . . .
Site . Slope Dominant plants Understorey vegetation species
Longitude (%) (m)
N38°44'31.86" Quercus mongolica, Brachybotrys paridiformis,
1 E128°37'] 1 08" w 25 741 Ulmus davidiana var. japonica, Pseudostellaria heterophylla,
’ Fraxinus rhynchophylla Carex siderosticta etc.
N38°45'58 29" Q.u'ercus mongo.lica, Sc.tsa k()realis, .
2 SW 32 1,062 Tilia mandshurica, Ainsliaea acerifolia,
E128°36'20.22" . . ) .
Acer pseudosieboldianum Carex siderosticta etc.
N38°47'10.76" Ffaxinus r}.lynchophylla, Dis.'p()rum smilacinum,
3 N 20 668 Pinus densiflora, Arisaema amurense,

E128°37'09.83"
873709.8 Acer pseudosieboldianum Pseudostellaria palibiniana etc.




Analysis of environmental factors

To summarise the microclimate data, I first calculated daily means from the data that
had been collected at hourly intervals in each site. Then, 12 environmental variables were
calculated for each year: summer mean air temperature (S.tem), winter mean air temperature
(W.tem), summer highest mean air temperature (S.H.tem), winter highest mean air
temperature (W.H.tem), summer lowest mean air temperature (S.L.tem), winter lowest mean
air temperature (W.L.tem), summer mean air humidity (S.hum), winter mean air humidity
(W.hum), summer mean illumination (S.llu), winter mean illumination (W.illu), summer
mean soil temperature (S.Soil) and winter mean soil temperature (W.Soil). Winter variables
were calculated from the data collected in the December to February period before the month
of sampling. Summer variables were calculated from the data collected in the period from
June to the date of sampling. I focused on summer and winter microclimates, because, for
carabid beetles in this region, summer conditions may be important for reproduction and
population growth, and winter conditions may be important for survival during hibernation

(Kim & Lee 1992a, 1992b).

To examine directional trends in climate change (e.g., environmental warming) in
our observation period, as well as local differences between study sites, I analysed each of the
12 climatic variables in turn using generalised linear models (GLMs). In this analysis, I used
1 of 12 climatic variables as the dependent variable, and site and year (as a continuous
variable) as independent variables. Identity-link and normal distribution were assumed, and
likelihood ratio tests were used to examine the statistical significance of parameters. A

significant effect of year was expected if directional climate change occurred.



Analysis of beetle communities

Firstly, I examined relationships between variations in the carabid beetle community
composition over the months and years of sampling and the 12 environmental variables by
means of canonical correspondence analysis (CCA). Statistical significance of the effect of
the environmental measures was examined by a randomisation test based on 999 pseudo-
replications. I calculated the scores of the CCA axes (CCA1 and CCA2) for measures of
community composition. This analysis was performed using the function vegan in the

software package R 3.1.3 (R Development Core Team 2015).

Secondly, I examined whether temporal changes in carabid beetle communities
differed between sites. To summarise the composition of communities, I calculated five
measures characterising the community for each sample: species richness (the number of
species), individual abundance (the total number of individuals), diversity index (Shannon-
Wiener 1963), CCA1 and CCA2. I constructed GLMs with one of five measures of
community composition as a dependent variable, and with site, year (as a categorical variable)
and their interaction as independent variables. Log-link and Poisson distribution were used
for count data (species richness and individual abundance); identity-link and normal
distribution were used for metric data (diversity index and CCA scores). Statistical
significance was based on likelihood ratio tests. Significant interactions were expected if the
patterns of temporal change in communities differed between sites. In addition, to quantify
spatial and temporal variations in communities, I calculated Sgrensen's index among three
sites based on the data pooled for five years and based on the data from each year (spatial £-

diversity), and across five years within each site (temporal S-diversity). I also calculated



Shanon's diversity index for the data from each site and year and for pooled data across five

years in each site (a-diversity).

Thirdly, to determine which environmental factors influenced temporal changes in
communities in each site, and also to confirm the results of the CCA, I constructed
generalised linear mixed models (GLMMs) for each site, with one of the five measures of
community composition as the dependent variable, and the 12 environmental factors as
independent variables. Since I sampled three times each year, year was included as a random
term. Log-link and Poisson distribution were used for count data (species richness and
individual abundance); identity-link and normal distribution were used for metric data
(diversity index and CCA scores). I used the automated model selection procedure to run
models for all possible combinations of the explanatory variables, and then selected the best-
fitting models based on the Akaike Information Criterion (AIC), using AAIC < 4 as a cut-off
criterion to delineate a ‘top model set” (Grueber et al. 2011). The relative importance of each
predictor variable was calculated using the model average as a sum of the Akaike weights
over all of the selected models in which the parameter of interest appeared. These analyses

were performed using the function Ime4 and MuMIn in R.



Results

Spatial and temporal variation in environmental factors

In all three study sites during the study period, the monthly means of air temperature,
soil temperature and air humidity were highest in August and lowest in December or January
(Fig. 3-2, 3-3, 3-4 and 3-5). Air temperature tended to be lowest in Site 1, followed by Sites 2
and 3 in winter. S.H.tem and W.H.tem were significantly higher in Site 2, and W.tem and
S.L.tem were significantly higher in Site 3, than in Site 1 (Table 3-2). This tendency was
slight in soil temperature, but W.Soil was significantly higher in Site 2 than in Site 1 (Table
3-2). Air humidity tended to be lowest at Site 3, significantly so for W.hum (Table 3-2).
[llumination was highest in December or January and lowest in August (Fig. 3-5), and was
significantly higher in Site 2 than in Site 1 (Table 3-2). I detected no significant directional

trends in environmental changes in the 5 years of study (Table 3-2).
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Figure 3-2. Temporal changes in monthly mean air temperature in the three study sites on
Mount Odaesan, Korea
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Figure 3-3. Temporal changes in monthly mean soil temperature in the three study sites on
Mount Odaesan, Korea
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Figure 3-4. Temporal changes in monthly air humidity in the three study sites on Mount
Odaesan, Korea
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Mount Odaesan, Korea



Table 3-2. Generalised linear models explaining temporal and spatial

environmental measures.

Estimate SE Pr (> It)
S.tem
Year 0.232 0.170 0.200
Site 2 -0.154 0.590 0.799
Site 3 1.022 0.590 0.111
W.tem
Year 0.303 0.232 0.218
Site 2 1.426 0.805 0.104
Site 3 2412 0.805 0.012%
S.H.tem
Year -0.200 0.278 0.488
Site 2 2.498 0.964 0.025*
Site 3 0.33 0.964 0.739
W.H.tem
Year -0.261 0.294 0.393
Site 2 6.272 1.018 7.08e-05%%*
Site 3 2.594 1.018 0.027*
S.L.tem
Year 0.142 0.148 0.358
Site 2 0.006 0.511 0.991
Site 3 1.852 0.511 0.004%**
W.L.tem
Year 0433 0.546 0.444
Site 2 -0.174 1.890 0.928
Site 3 2.408 1.890 0.229
S.Soil
Year 0.135 0.384 0.732
Site 2 0.576 1.330 0.673
Site 3 0.266 1.330 0.845
W.Soil
Year -0.165 0.135 0.248
Site 2 1.042 0.468 0.048*
Site 3 0.358 0.468 0.461
S.hum
Year -2.681 3.066 0.400
Site 2 -10.346 10.619 0.351
Site 3 -18.378 10.619 0.111
W.hum
Year -1.028 1.381 0472
Site 2 -7.182 4785 0.162
Site 3 -19.792 4785 0.002%*
S.illu
Year -0.787 0.818 0.357
Site 2 3.342 2.834 0.263
Site 3 -5.232 2.834 0.092
W.illu
Year -1.222 3.298 0.718
Site 2 34.320 11.426 0.012*
Site 3 0.996 11.426 0.932

% P<0.001, ** P<0.01,* P<0.05.

variation in



Spatial and temporal variation in beetle communities

This study collected 6,638 individual carabid beetles from three study sites. The
beetles belonged to 31 species in 17 genera (Table 3-4). At the genus level, Synuchus (2,769
individuals), Carabus (1,409) and Pterostichus (1,076) were dominant, followed by Pristosia
(779). The number of individuals captured tended to increase across years in the sites 2 and 3,
whereas did not in Site 1 (Table 3-3).

The 45 community data-points (from three sites over 5 years, with repetitions in 3
months each year) were segregated along two CCA axes (Figs. 3-6, 3-7, 3-8, 3-9 and 3-10).
Variation along the CCA1 axis was mainly determined by S.H.tem, W.H.tem, S.Soil and
W.Soil. Variation along the CCA2 axis was by S.tem, S.L.tem, W.illu and W.Soil (Fig. 3-6).
Total variation between communities was significantly influenced by variation in S.tem,
S.illu, W.llu and W.Soil (Fig. 3-6). Pterostichus species showed large variation in their
preferred environments along the CCA1 axis, and Anisodactylus punctatipennis Morawitz,
1862 and Brachinus stenoderus Bates, 1873 were positioned near the positive extreme of this
axis (Fig. 3-7). By contrast, Carabus and Synuchus species showed large variation in their
preferred environments along the CCA2 axis, and Chlaenius pallipes Geble, 1823 and
Pterostichus coreicus Jedlicka, 1962 were at the positive extreme of this axis (Fig. 3-7).

The patterns of temporal change in community composition differed between sites.
Community compositions in Sites 1 and 2 varied mostly along the CCA2 axis, and tended to
vary least in Site 1, with the exception of the sample from July 2011. By contrast, community
composition in Site 3 varied mostly along the CCA1 axis (Figs. 3-8, 3-9 and 3-10). This
variation could be attributed primarily to the communities observed in 2012. Variation

between the three monthly replications in each site within each year was less than that



between years, indicating that this analysis mainly captured changes between years within
each site.

Between-site differences in temporal community changes were confirmed by GLM
analyses. Interaction terms between site and year were significant for individual abundance
(s = 360, P< 0.00001), diversity index (Fg 55 = 2.62, P = 0.026) and CCA1 (Fys5 = 7.97, P<
0.00001), but not significant for species richness (’s = 6.44, P = 0.598) and CCA2 (Fy 5 =
1.40, P =0.236).

Temporal variation in communities among five years were as large as spatial
variation among three sites: temporal A-diversity index ranged 0.41 to 0.53, while spatial £-
diversity did 0.26 to 0.59 (Table 3-4). Spatial f-diversity decreased when based on the data
pooled for five years (0.15). a-diversity ranged 0.62 to 1.25 in each site and year, and
increased when pooled among five years (1.24-1.26). These results probably indicate that rare

species dropped out from single year data were recovered when pooled.
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Figure 3-6. Canonical correspondence analysis (CCA) of associations between
environmental conditions and carabid beetle community composition (Directions of
environmental variation; significant factors are shown as bold vectors).
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Figure 3-7. Canonical correspondence analysis (CCA) of associations between
environmental conditions and carabid beetle community composition (Environmental
preference of species; species with fewer than ten individuals are not shown).
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Figure 3-8. Canonical correspondence analysis (CCA) of temporal variations in communities
in each study site. Black arrows are a rough indication of changes in carabid beetle
community composition in each of the 5 years of sampling.
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Figure 3-9. Canonical correspondence analysis (CCA) of temporal variations in communities
in each study site. Black arrows are a rough indication of changes in carabid beetle
community composition in each of the 5 years of sampling.
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Figure 3-10. Canonical correspondence analysis (CCA) of temporal variations in
communities in each study site. Black arrows are a rough indication of changes in carabid
beetle community composition in each of the 5 years of sampling.



Table 3-3. List of numbers of ground beetles found on Mount Odaesan, Korea, at three study
sites, each sampled in 3 months each year over 5 years.

Site 1 Site 2 Site 3
Species 2011 2012 2013 2014 2015 2011 2012 2013 2014 2015 2011 2012 2013 2014 2015 Total
Carabus (Eucarabus) sternbergi 92 67 39 11 21 43 18 25 133 43 86 28 26 114 50 1796
Carabus (Leptocarabus) seishinensis 8 21 27 18 23 4 2 17 21 17 11 16 26 22 233
Carabus (Leptocarabus) semiopacus 4 19 15 22 11 17 26 2 2 4 18 15 2 52 209
Carabus (Morphocarabus) venustus 8 2 4 7 2 1 1 25
Carabus (Tomocarabus) fraterculus 10 2 5 7 1 5 1 4 3 21 12 73
Carabus (Coptolabrus) smaragdinus 3 2 0 1 1 1 6 7 7 2 5 6 41
Carabus (Coptolabrus) jankowskii 3 5 4 2 3 3 2 1 3 28
Carabus (Acoptolabrus) mirabilissimus 1 1 1 3
Carabus (Acoptolabrus) leechi 1 1
Synuchus callitheres 22 64 87 37 35 95 45 61 65 12 50 32 73 50 728
Synuchus cycloides 5 99 89 21 21 18 54 69 51 8 12 39 46 74 30 708
Synuchus nitidus 113 79 120 74 1 63 30 119 52 3 37 93 41 825
Synuchus sp.1 30 52 36 36 21 2 2 37 23 5 18 9 271
Synuchus sp.2 3 37 7 5 52 32 9 24 7 176
Synuchus sp.3 1 2 22 2 21 13 61
Platynus assimilis 8 39 9 2 32 9 10 40 37 5 23 20 24 258
Poecilus versicolor 47 1 7 8 13 7 9 34 23 8 1 2 7 167
Pterostichus orientalis 32 16 27 4 2 5 5 1 7 14 34 147
Pterostichus audax 6 10 8 23 2 2 30 46 1 1 23 15 33 200
Pterostichus scurra 7 13 9 15 2 10 49 5 19 35 27 13 208
Pterostichus compar 10 2 4 4 2 12 25 23 4 55 5 6 7 159
Pterostichus bellator 23 7 1 14 4 9 3230 22 23 3 12 180
Pterostichus teabaegsanus 2 3 1 5 11
Pterostichus coreicus 18 3 21
Pterostichus sp.1 1 2 6 6 4 8 8 14 11 1 4 3 76
Pterostichus sp.2 9 2 4 11 3 13 9 2 2 1 6 62
Pterostichus sp.3 1 4 7 12
Dolichus halensis 10 1 1 2 2 3 19
Dolichus sp. 2 7 10 9 12 1 3 4 8 2 6 14 27 105
Pristosia vigil 71 59 24 37 16 66 57 107 90 16 104 39 55 38 779
Anisodactylus punctatipennis 1 1 13 1 16
Harpalus griseus 1 1 5 1 1 2 11
Brachinus stenoderus 1 1 5 4 3 14
Lachnolebia cribricollis 3 3
Chlaenius pallipes 1 1 4 3 3 12

Total 264 604 529 414 410 160 337 340 817 692 173 381 377 633 507 6,638




Table 3-4. Spatial and temporal variation in ground beetle communities. Plain and bold

numbers indicate a- and S-diversity indices, respectively.

Syears 2011 2012 2013 2014 2015 Temporal
Site 1 1.24 1.02 1.01 1.13 1.06 1.13 041
Site 2 1.26 1.07 092 1.11 1.18 1.25 0.53
Site 3 1.24 0.62 1.00 1.16 1.01 1.22 0.47
Spatial 3 0.15 0.59 0.44 0.26 0.36 043




Environmental factors influencing beetle community within sites

At Site 1, beetle species richness was significantly positively associated with S.L.tem.
Individual abundance was significantly positively associated with S.tem and S.L.tem, and
negatively associated with S.Soil. The diversity index was significantly positively associated
with W.tem, S.L.tem, S.hum and W .Soil, and negatively associated with S.H.tem and S.Soil.
The CCAL score was significantly negatively associated with S.L.tem, and the CCA2 score
was significantly negatively associated with S.tem and S.L.tem (Table 3-5).

At Site 2, species richness was significantly negatively associated with S.illu.
Individual abundance was significantly positively associated with S.tem, S.L.tem, W.L.tem
and W.Soil, and negatively associated with W.H.tem and S.illu. The diversity index was
positively associated with W.tem, and negatively associated with S.illu. The CCA1 score was
positively associated with S.illu (Table 3-5).

At Site 3, species richness was significantly negatively associated with S.H.tem.
Individual abundance was significantly positively associated with W.tem and W.illu, and
negatively associated with S.H.tem, W.H.tem, S.L.tem and W.L.tem. The diversity index was
significantly negatively associated with W.illu. The CCA1 score was significantly positively
associated with S.L.tem, W.tem, S.tem, W .L.tem and S.Soil, and negatively associated with

W .H.tem, W.illu, W.Soil and S.H.tem (Table 3-5).



Table 3-5. Generalised linear mixed models (GLMMs) explaining temporal changes in
carabid beetle communities in each of three study sites on Mount Odaesan, Korea, Bold
values are statistically significant (P < 0.05).

Species richness Individual abundance Diversity index CCA1 CCA2
Site 1
S.tem 0.220+0.125 0.125+0.032%%%* - -0.178+0.262 -1.371+0.454%*
W.tem -0.048+0.142 1.205+2.164 0.123+0.034%%* -0.245+0.233 -2.201+£2.306
S.H.tem -0.367+0.663 1.112+1.829 -0.118+0.046* 0.168+0.385 0.962+2.370
W.H.tem 0.511+0.635 0.506+0.329 - -0.363+0.384 -2.597+3.858
S.L.tem 0.718+0.282* 0.382+0.171* 0.240+0.096* -1.043+0.476*  -4.048+1.294**
W .L.tem -0.052+0.247 -0.100+£0.376 - -0.124£0.099  0.124+0.958
S.Soil -0.234+0.142 -0.287+0.132%* -0.071+0.034* 0.059+0.192 1.149+0.730
W.Soil -1.432+1.725 -0.405+0.551 0.245+0.126* 1.025+0.750 6.230+8.518
S.hum 0.094+0.240 -0.014+0.102 0.040+0.019* 0.082+0.083 -0.764+1.474
W .hum -0.018+0.141 0.632+0.701 - 0.092+0.064 -0.081+1.242
S.illu 0.299+0.336 0.003+0.354 - -0.246+0.220 -1.480+2.679
W.illu -0.011+0.062 0.014+0.031 - -0.026+0.021 0.065+0.426
Site 2
S.tem 1.127+0.674 1.931+0.132%** 0.420+0.254 -4451£8.659  0.423+0.532
W.tem 0.390+0.299 - 0.190+0.090* -2077+£4.550  0.514+0.317
S.H.tem 0.130+0.083 -0.013+0.135 0.017+0.098 -0.533+£3.454 -0.051+0.138
W.H.tem -0.286+0.254 -3.647+0.222%%% 0.002+0.098 6.57+16.162 -0.167+0.186
S.L.tem 0.630+1.438 11.033+0.686*** 0.257+0.512 -6.460+£33.708  -0.407+0.646
W .L.tem -0.121+0.357 1.451+0.097%*** -0.002+0.356 -1.597+5.605 0.374+0.193
S.Soil 0.573+0.641 -0.186+1.948 0.523+0.333 3.653+42.822  0.663+0.692
W.Soil -0.735+1.091 2.645+0.183%%* 0.067+0.298 -3.557+16.823  -0.317+0.503
S.hum 0.036+0.036 -0.025+0.013 0.004+0.013 -0.138+0.404 -0.017+0.022
W .hum 0.090+0.333 - -0.107+£0.231 0.480+5.504 0.116+0.165
S.illu -0.055+0.019%* -0.094+0.012%%* -0.017+0.005%* 0.330+0.160%  -0.049+0.051
W.illu -0.016+0.010 - -0.002+0.014 0.086+2.559 0.002+0.013
Site 3
S.tem -0.436+0.446 -0.553+0.829 0.016+0.042 0.501+£0.206*  -0.046+0.276
W.tem -0.029+0.083 0.505+0.214* -0.011+0.026 0.554+0.145%*%* -0.079+0.239
S.H.tem -0.803+0.339* -0.727+0.249%* -0.011+0.041 -0.592+0.242*  -0.472+0.344
W.H.tem -0.928+1.865 -2.114+0.595%%* -0.033+0.102 -1.361+0.497** -0.606+1.197
S.L.tem -0.020+0.103 -2.868+0.242%%* 0.008+0.029 0.343+0.138*  -0.082+0.224
W .L.tem -0.002+0.089 -0.398+0.037#%* 0.012+0.024 0.417+£0.090*** -0.168+0.117
S.Soil 0.132+0.150 0.061+0.506 -0.003+0.014 0.333+0.072%%* -0.027+0.059
W.Soil 0.072+0.149 0.283+0.467 -0.018+0.031 -0.303+0.147*  -0.078+0.194
S.hum -0.001+0.015 -0.042+0.065 -0.0001+0.001 - 0.004+0.008
W .hum -0.028+0.029 0.0004+0.042 -0.001+0.003 - 0.003+0.015
S.illu 0.080+0.770 -0.141£1.021 -0.071+£0.070 - -0.275+0.331
W.illu 0.014+0.011 0.027+0.003%%* -0.007+0.002%%* -0.079+0.017*** 0.008+0.024

##% P<(0.001, ** P<0.01, * P<0.05, - not included in final model.



Discussion

This study revealed temporal changes in carabid beetle communities, the patterns of
which differed between sites (Figs. 3-8, 3-9 and 3-10) even within a relatively small area, i.e.,
a single mountain system (Fig. 3-1). This could be explained by neutral processes via
stochastic changes in communities and/or by deterministic processes via ecological and
environmental factors affecting communities. This study highlighted spatial and temporal
variation in environmental factors that is important for understanding changes in carabid
beetle communities. I found evidence that microclimatic factors could be used to predict
changes in communities in all three of the study sites: the composition of the ground beetle
communities was influenced by various combinations of environmental factors (Table 3-5).
Additionally, these effects were not necessarily consistent between sites, and the directions of
the effects (positive or negative) differed between sites. Thus, my results suggest that
different modes of deterministic processes took place in each local community. My results
also provide support for the notion that variation in the number of carabid beetle species and
their abundance between years is to be expected, not only in temporary habitats, but also in

permanent habitats (i.e., mountainous forest floors) (den Boer 1986; Luff 1990).

The present results indicate that microclimatic variables influencing carabid beetle
communities differed between sites within a relatively small area (Table 3-5). This finding is
concordant with the notion that large-scale features such as climate zonation determine the
basic community structure of carabid beetles, while local-scale features such as habitat
availability and landscape structure are more important in determining specific local species’
distribution (Penev 1996). Additionally, this results revealed that communities can change in

response to site-specific environmental change. For example, the carabid beetle community



in Site 3 changed drastically in 2012 (Fig. 3-10); those in other sites did not. In that year, an
exceptionally large number of Pterostichus compare Tschitscherine, 1901 and Pristosia vigil
Tschitscherine, 1895 were collected at Site 3 (Table 3-3), and this may have been responsible
for the observed large change in the community. This site experienced relatively low air
humidity in 2012 and thereafter (Fig. 3-10), and this could be a factor causing change in the
community composition. Sustek (2007) suggested that the principal factor responsible for
changes in carabid beetle communities was humidity, although we did not detect any effects
of summer and winter humidities on measures of diversity and community composition in
Site 3. The changes in communities that we observed were mostly related to variation in the
relative abundance of individuals rather than to variation in species composition, and
variation in individual abundance was more often explained by local environmental factors

than variation in species richness (Table 3-5).

Why did responses to environmental factors differ between communities at the
different sites? Firstly, the differences in the species composition of communities could play
a role. Carabid beetle distribution depends on abiotic and biotic factors, involving
temperature, humidity, food availability, presence of competitors and life history (Lovei &
Sunderland 1996), and the relationships can differ between species (Ribera et al. 2001). Thus,
communities with different species compositions may respond differently to similar
environmental changes. Secondly, communities with similar species compositions may
respond differently to local environmental conditions, if local environments per se vary
between sites. This means that a species experiences different environmental conditions in
different sites. For example, the temperature in one site may be optimal for one species, but
in another site it may be lower and suboptimal for the species. If so, increased temperature in

this area will affect the species inhabiting the first site negatively while simultaneously



affecting the species in the second site positively, resulting in different community responses
at different sites. Although these two processes are not mutually exclusive, my results suggest
that the second process played a major role in the study sites, because species compositions
were similar at all three sites (Table 3-4). Additionally, interspecific interactions, especially
competition, may affect carabid communities (Niemeld 1993), but this remains to be

examined in my study sites.

Detailed examination of the data indicates that differences in environmental factors
that determine the composition of carabid beetle communities may result from variation in
environments per se between sites. For example, the effect of summer temperature was the
opposite in Sites 1 and 3. Site 1 was relatively cold, so that even lower temperatures may
have adversely affected the growth and activity of carabid beetles. The opposite may be true
in Site 3, which had relatively high temperature. In addition, S.illu was negatively associated
with species richness, individual abundance and diversity index in Site 2, while there was no
relationship in the other sites. Site 2 is at higher elevation than the other two sites on a south-
west-facing ridge, and vegetation height is relatively low there. In such an environment,
excessive summer illumination may result in the desiccation of the forest floor, via increased
temperature in the forest floor and/or increased transpiration by understorey plants. Carabid
beetles reproduce in relatively humid seasons during which their prey is abundant. Thus,
strong illumination in the summer may have an adverse effect on carabid beetle communities.
Cardenas & Hidalgo (2000) suggested that the life-cycle of univoltine carabid beetles was
primarily determined by annual fluctuations in environmental (climatic) conditions in

temperate zones. My results are concordant with this suggestion.

The present data can involve some uncertainties, which remain to be clarified. The

data may include variation in voltinism among species that can influence the results.



However I treated all the species samely irrespective of possible variation in voltinism,
because of only a limited information about detailed life histories of carabids in Korea.
Elucidation of life histories of individual species will benefit in further interpretation of my
results. I also found that an increasing tendency of individuals across years in two of three
sites. However, I cannot determine whether this is associated with global climate change or a
result by chance. My ongoing survey in the wider geographical scales will provide further

insights into this problem.

In conclusion, the present results suggest that local communities of carabid beetle are
influenced by local variations in microclimate, and that these influences vary between sites.
This indicates the importance of conducting temporal surveys of communities at local scales.
Such investigations are expected to reveal an additional fraction of variation in communities,
and to provide information on the underlying processes that have been overlooked, especially
in studies of global community patterns and changes. Since the present data are relatively
limited (5 years and three sites), increases in temporal and spatial scale sample sizes would be
beneficial, and would allow more general conclusions to be drawn. Investigation of other
environmental factors would also be beneficial; for instance, soil pH is of interest, as
suggested by Elek et al. (2001). We did not find directional changes in microclimates over
the 5 years of this study; therefore, my results cannot provide information on global climate

change or on the effects of ongoing global warming.



Chapter 4.

Quantifying spatial and temporal change of carabid
beetle communities and local environments in
Baekdudaegan mountains of Gangwon-do, Korea



Introduction

Spatial and temporal variation in ecological environments is an important factor that
can enhance the species pool within a given area, which is target for biodiversity
conservation (Whittaker 1975; Huston 1979). Spatial variation in communities results from
variation in the overlap of the geographical ranges of species (Arita & Rodriguez 2002).
Similarly, temporal variation in communities results from variation in the overlap of
phenological ranges of species. In particular, temporal studies of biodiversity are essential for
forecasting future change in community structure and ecosystem function. Determining the
mechanisms that drive temporal change in communities remains an important and interesting
challenge in ecology (van der Putten er al. 2009). Spatial factors, such as landscape,
determine the presence of potential colonizers (species pool), their population dynamics, and
their ability to reach particular patches in the landscape. Local environmental conditions
determine the suitability of the habitat or patch in question (Butaye ef al. 2002; Eggleton et al.
2005; Summerville & Crist 2008). Although ecologists have focused on the causes of spatial
variation in communities (Kaspari et al. 2000; Jetz & Rahbek 2001, 2002), temporal variation
and their causes have received little attention (Morales et al. 2005). As the first step to
understand the mechanisms shaping patterns of spatial and temporal community variations, it
is necessary to quantify how much variations are involved in communities established in
given spatial and temporal scales.

Carabid beetles are found almost everywhere on terrestrial habitats, but their
distributions are often correlated with environmental variables (Butterfield er al. 1995;

Allegro & Sciaky 2003). These beetles are often selective of or restricted to a particular



habitat, i.e. they show habitat specificity and fidelity (Thiele 1977; Lovei & Sunderland 1996;
Rainio & Niemeld 2003; Pearce & Venier 2006; Botes et al. 2007). These ecological
characteristics of ground beetles make them ideal organisms for study to assess biodiversity
and habitat characteristics along environmental change. Thus, to understand spatial and
temporal variations in carabid beetle communities, it is also vital to quantify how much
variations are involved in environmental variables in given temporal and spatial scales.

In this study, I quantify the spatial and temporal variations in carabid beetle
community compositions and in background microclimatic variables in Baekdudaegan
Mountain Range, Korea, based on 5 years survey data. The 9 study sites were within three
mountains, which exhibit variation in vegetation, slope direction and altitude. The within-site
changes and between-site differences in communities and environmental variables are

estimated using a generalized linear modelling approach.



Materials and methods

Study area and field survey

I conducted field surveys in 9 sites (3 sites each in 3 mountains: Mts. Jinburyung,
Odaesan, Taebaeksan in Baeckdudaegan Mountain Range, Korea). Baekdudaegan mountain
range is a watershed-crest-line of around 1400-1500 km long, which runs through most of the
length of the Korean Peninsula, from Mt. Paektusan in the north as far south as Mt. Jirisan
(Fig. 4-1). All study sites were dominantly covered by Quercus trees and more or less with
red pine trees. Pseudostellaria palibiniana and Dioscorea quinqueloba were found as
understory vegetation. Jinburyung site 1 (J1) was on a north-west-facing slope (steepness =
20°, 694 m above sea level), where trees were relatively tall and the forest canopy was mostly
closed. Jinburyung site 2 (J2) was of the highest site on a north-facing slope (10°, 1,038 m),
where trees were relatively short and the forest canopy was thin and sporadically opened.
Jinburyung site 3 (J3) was on a west-facing slope (10°, 323 m), where trees were relatively
tall and the forest canopy was mostly closed. Odaesan site 1 (O1) was on a west-facing slope
near the bottom of a valley (25°, 741 m), where trees were relatively tall and the forest
canopy was mostly closed. Odaesan site 2 (O2) was the highest site on the ridge of a south-
west-facing slope (32°, 1,062 m), where trees were relatively short and the forest canopy was
thin and sporadically opened. Odaesan site 3 (O3) was on a continuous north-facing slope
(20°, 668 m), where, as in Ol, trees were relatively tall and the forest canopy was mostly
closed. Taebaeksan site 1 (T1) was on a west-facing slope (28°, 968 m). Taebaeksan site 2
(T2) was the highest site was on a west-facing slope (36°, 1,274 m). Taebaeksan site 3 (T3)
was on a south-west-facing slope (35°, 704 m). In all the sites in Mt. Taebaeksan, trees were

relatively tall and the forest canopies were mostly closed (Table 4-1).



Environmental variables were obtained using HOBO data loggers (Onset Computer
Corporation, Bourne, MA) to record air temperature, air humidity, light intensity and soil
temperature hourly from June 2010 to September 2015. Each logger was attached to a tree
trunk 120 cm above the ground. Soil temperature was measured 5 cm underground. The data
were downloaded directly from each logger every month. This system cannot measure
precipitation, and generally it is difficult to measure hourly, although it is an important
environmental parameter to predict carabid beetle communities. I expected that air humidity

is closely related to the precipitation and can be a surrogate.

To capture community composition at each study site, I collected carabid beetles
twice a year (July and August) for 5 consecutive years (2011: Jul. 10-11 and Aug. 18-19 in
Jinburyung, Jul. 11-12 and Aug. 19-20 in Odaesan, Jul. 13-14 and Aug. 20-21 in Taebaeksan;
2012: Jul. 19-20 and Aug. 18-19 in Jinburyung, Jul. 20-21 and Aug. 19-20 in Odaesan, Jul.
21-22 and Aug. 20-21 in Taebaeksan; 2013: Jul. 24-25 and Aug. 17-18 in Jinburyung, Jul.
25-26 and Aug. 18—19 in Odaesan, Jul. 26-27 and Aug. 19-20 in Taebaeksan; 2014: Jul. 26-
27 and Aug. 21-22 in Jinburyung, Jul. 27-28 and Aug. 22-23 in Odaesan, Jul. 28-29 and Aug.
23-24 in Taebaeksan; 2015: Jul. 21-22 and Aug. 11-12 in Jinburyung, Jul. 22-23 and Aug.
12—-13 in Odaesan, Jul. 23-24 and Aug. 13-14 in Taebaeksan) using pitfall traps (plastic cups
7.0 cm in diameter and 8.0 cm deep) containing an attractant (powder of silkworm pupa)
(Lovei & Sunderland 1996; Holland 2002; Heyborne et al. 2003). This sampling season was
chosen because adult carabid beetles are active. Two hundred traps were set in two or three
lines at 2 m intervals at each study site in each month and year, and beetles were collected 24
hours later. All the beetles caught in the 200 traps constituted the sample for that site, month
and year. The exact position of the trap lines was changed arbitrarily within study sites each

time to avoid any effects of previous captures. All carabid beetles captured were counted and



identified to species, except for three Pterostichus, three Synuchus and one Dolichus species
that were regarded only as morphospecies. Data from two repeated samplings within a year
were combined before analysis, resulting in 45 community data points across 9 sites in 3

mountains and 5 years.
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Figure 4-1. Locations of study sites on Backdudaecgan Mountain Range, Korea.



Table 4-1. Habitat and environmental information on the study sites on Baekdudaegan
Mountain Range, Korea.

i i Gradi Understorey vegetation
Site Latitude Slope Altitude ent Dominant tree species . yves
Longitude (m) © species
N38°16/0031" Q.u'ercus mong(}vllca, Synurlfts deltalde.s,
J1 oma N NW 694 20 Tilia mandshurica, Impatiens textori,
E128°23'07.14 . . .
Synplocos chinensis Isodon excisus etc.
. o1t N Quercus mongolica, Carex siderosticta,
Jinbu- J2 N38 :5 5,3'01 N N 1,038 10 Acer pseudosieboldianum, Hepatica asiatica,
ryung E128°20'01.94 - . . o
Tilia mandshurica Primula jesoana etc.
N38°1703 36" Styrax obassia, . steudostellurfa palibiniana,
I3 N w 323 10 Quercus mongolica, Dioscorea quinqueloba,
E128°21'40.76 . . . .
Pinus densiflora Isodon japonicus etc.
Quercus mongolica, L .
B . o ¢
N38°44'31.86" Ulmus davidiana var. rachybptr} N p.arldlformu,
o1 ot N W 741 25 X . Carex siderosticta,
E128°37'11.08 Jjaponica, Lespsdeza japonica etc
Fraxinus rhynchophylla P Jop ’
Odae- orct N Quercus mongolica, Sasa borealis,
san 02 1133113 §8f35 65;(52292" SW 1,062 32 Tilia mandshurica, Carex siderosticta,
: Acer pseudosieboldianum Viola albida etc.
N38°47'10.76" Ffaxmus rhynchophylla, Dm.'p()rums milacinum,
03 N 668 20 Pinus densiflora, Arisaema amurense,
E128°37'09.83" . . . .
Acer pseudosieboldianum Isodon japonicus etc.
o " Betula davurica, Athyrium niponicum,
Tl N37 07 2,2 20 N W 968 28 Pinus densiflora, Syneilesis palmata,
E128°57'32.88 . ;
Quercus mongolica Festuca ovina etc.
Quercus mongolica, "
Tae- N37°09'38.22" Ulmus davidiana var. Astilbe k(}re.qna,
baek- T2 o N w 1,274 36 . . Carex humilis,
E128°53'10.35 Japonica, Viola albida ctc
san Fraxinus rhynchophylla ’
T3  N37°06'36.02" SW 704 35 Quercus mongolica, Sasa borealis,

E128°51'30.24"

Fraxinus rhynchophylla
Tilia mandshurica,

Tripterygium regelii,
Carex siderosticta etc.




Analysis of environmental factors

To summarise the microclimate data, I first calculated daily means from the data that
had been collected at hourly intervals in each site. Then, 12 environmental variables were
calculated for each year: summer mean air temperature (S.tem), winter mean air temperature
(W.tem), summer highest mean air temperature (S.H.tem), winter highest mean air
temperature (W.H.tem), summer lowest mean air temperature (S.L.tem), winter lowest mean
air temperature (W.L.tem), summer mean air humidity (S.hum), winter mean air humidity
(W.hum), summer mean illumination (S.llu), winter mean illumination (W.illu), summer
mean soil temperature (S.Soil) and winter mean soil temperature (W.Soil). Winter variables
were calculated from the data collected in the December to February period before the month
of sampling. Summer variables were calculated from the data collected in the period from
June to the date of sampling. I focused on summer and winter microclimates, because, for
carabid beetles in this region, summer conditions may be important for reproduction and
population growth, and winter conditions may be important for survival during hibernation
(Kim & Lee 1992a, 1992b). These climatic variables are associated with spatial and temporal
variation in carabid beetle communities as indicated by my previous study (Chapter 3, Park et

al.2016).

To examine relative contributions of spatial and temporal variations to total variation
in climates, I constructed generalised linear models (GLMs) with each of the 12 climatic
variables as a dependent variable, and year, mountain, and site (nested within mountain) as
independent variables. Identity link and normal distribution were assumed. Adjusted squared
deviance, an equivalent to adjusted coefficient of variation, was calculated for year, mountain

and site in each model of environmental variables (Peres-Neto et al. 2006).



Analysis of beetle communities
To summarize and visualize variation in community composition in relation to
climatic variables, I performed canonical correspondence analysis (CCA) based on the 45
carabid beetle community composition data and the 12 environmental variables. Statistical
significance of the effect of the environmental variables was examined by a randomisation
test based on 999 pseudo-replications. This analysis was performed using the function vegan

in the software package R 3.1.3 (R Development Core Team 2015).

I examined relative contributions of spatial and temporal variations to total variation
in community composition. Firstly, I calculated Sgrensen's indices among three sites within a
mountain based on the data pooled for five years (spatial A-diversity among sites within
mountain) and that among three mountains based on the data pooled for three sites and five
years (spatial F-diversity among mountains). I also calculated Sgrensen's indices across five
years data within each site (temporal A-diversity within site) and within each mountain based
on the data pooled for three sites (temporal A-diversity within mountain). In addition, I
calculated Shanon's diversity indices (Shannon-Wiener 1963) for the data from each site and
year (a-diversity within site and year), for pooled data across five years in each site (a-
diversity within site), and for pooled data across three sites and five years in mountain (a-

diversity within mountain).

Secondly, I partitioned total variation in community composition across all study
sites and years into temporal and spatial variations. To summarise the composition of
communities, I calculated five measures for community samples (i.e., data obtained from a
site and a year): species richness (the number of species), individual abundance (the total

number of individuals), diversity index (Shannon-Wiener 1963), and the scores of the CCA



axes (CCA1 and CCA2). I constructed GLMs with one of five measures of community
composition as a dependent variable, and with year, mountain and site (nested within
mountain). Log-link and Poisson distribution were used for count data (species richness and
individual abundance); identity-link and normal distribution were used for metric data
(diversity index and CCA scores). Variation partitioning was performed to determine how
much the variation of the GLM was explained by the pure effect of each factor (year,
mountain and site) and which proportion was attributable to their shared effect (Whittaker
1984; Legendre & Legendre 1998). Variation partitioning was carried out with the RsqGLM
function in the R package modEvA. There are many different ways to calculate an R* for
GLMs, and no consensus on which one is best. Therefore, I used 4 different measures. Cox &
Snell's R* is based on the log likelihood for the model compared to the log likelihood for a
baseline model (Cox 1970), whereas it has a theoretical maximum value of less than 1, even
for a "perfect" model. Nagelkerke's R” is an adjusted version of the Cox & Snell R-square that
adjusts the scale of the statistic to cover the full range from 0 to 1 (Nagelkerke 1991).
McFadden's R® is another version, based on the log-likelihood kernels for the intercept-only
model and the full estimated model (McFadden 1974). Pearson's R* is simplified method for

solving a two variable simultaneous equation (Pearson 1895).



Results

Spatial and temporal variation in environmental factors

Environmental variables varied among mountains as well as sites within a mountain.
In all study sites during the study period, the monthly means of air temperature, soil
temperature and air humidity were highest in August and lowest in December or January.
S.tem was highest in J3, followed by O3 and T3. W.tem was lowest in J2, followed by O1
and T2 (fig. 4-2). S.H.tem was highest in J3 and lowest in J2. W .H.tem was highest in O2 and
lowest in T3 (fig. 4-3). S.L.tem was highest in J3 and lowest in O1. W L.tem was highest in
T3 and lowest in J2 (fig. 4-4). S.soil was highest in J3 and lowest in O1. W.soil was highest
in J1 and lowest in T3 (fig. 4-5). S.hum was highest in Ol and lowest in T2. W.hum was
highest in O1 and lowest in O3 (fig. 4-6). S.illu was highest in J2 and lowest in O3. W.illu
was highest in J3 and lowest in T1 (fig. 4-7).

Site, mountain and year contributed variously to the variations in the environmental
factors. All environmental factors except S.L.tem were significantly explained by site. S.Soil,
S.illu and W.illu were significantly explained by mountain, and S.hum and W.L.tem were
significantly explained by year. Variance partitioning revealed that site accounted for the
largest proportion of explained variability in 10 of 12 environmental factors, while mountain
accounted for the largest proportion of explained variabilities in S.Soil and S.illu. Year
accounted for the second largest proportion of explained variability in all environmental

factors (Table 4-2).
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Figure 4-2. Mean of summer and winter mean air temperature in each study sites on
Baekdudaegan Mountain Range, Korea
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Figure 4-4. Mean of summer and winter lowest air temperature in each study sites on
Baekdudaegan Mountain Range, Korea
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Figure 4-6. Mean of summer and winter air humidity in each study sites on Backdudaegan
Mountain Range, Korea
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Mountain Range, Korea



Table 4-2. Variation partitioning of environmental factors among explanatory variables. The
factors with the first and second largest effects were shown in boldfaces and italics,
respectively.

Year Mountain Site within mountain Error
S.tem 0.094 0.002 0.512%%* 0.392
S.H.tem 0.022 0.054 0.644+** 0.280
S.L.tem 0.153 0.078 0.235 0.534
S.Soil 0.151 0.188* 0.145% 0.516
S.hum 0.219* 0.084 0.395%* 0.302
S.illu 0.203 0.216%* 0.203%* 0.549
W.tem 0.274 0.009 0.536%** 0.182
W H.tem 0.089 0.038 0.670%** 0.203
W .L.tem 0.288** 0.017 0.347* 0.347
W .Soil 0.188 0.062 0.281* 0.469
W .hum 0.114 0.007 0.457+* 0422
W.illu 0.062 0.264** 0.480%** 0.194

% P <0.001,** P<0.01,* P<0.05



Spatial and temporal variation in beetle communities

I collected 7,595 individuals of carabid beetles from the study sites which belonged
to 33 species in 13 genera (Tables 4-3 and 4-4). At the genus level, Synuchus (2,405
individuals), Carabus (2,355) and Pterostichus (1,567) were dominant, followed by Pristosia
(547).

The 45 community data-points were segregated along two CCA axes (Figs. 4-8, 4-9,
4-10, 4-11 and 4-12). Variation along the CCA1 axis explained 11.7% of total variation, and
was mainly determined by S.tem, S.H.tem, W.illu and S.Soil. Variation along the CCA2 axis
explained 7.5% of total variation, and was determined by S.L.tem, W.hum, S.illu and W .Soil
(Fig. 4-8). However, these climatic variables were not statistically significant. Pterostichus
species showed large variation in their preferred environments along the CCAT1 axis (Fig. 4-
9). By contrast, Carabus and Synuchus species showed large variation in their preferred
environments along the CCA2 axis (Fig. 4-9). Anisodactylus punctatipennis Morawitz, 1862,
Lachnolebia cribricollis Morawitz, 1862 and Carabus (Acoptolabrus) leechi Bates, 1888
were positioned near the positive extreme of the CCA1 axis, while Trigonognatha coreana
Tschitscherine 1985 was at the positive extreme of the CCA2 axis (Fig. 4-9).

The patterns of temporal change in community composition differed between sites
(Figs. 4-10, 4-11 and 4-12). Community compositions in Jinburyung and Odaesan varied
mostly along the CCA2 axis. By contrast, community composition in Taebaeksan varied both
along the CCA1 and CCA2 axes. Community compositions tended to vary least in Odaesan,
with the exception of the sample from 2011 year. Variation between the five yearly
replications in each site was larger than variation between sites, indicating that this analysis

mainly captured changes between years within each site.



Temporal variation in communities among five years was as large as spatial variation
among sites and among mountains: temporal [-diversity indices ranged 0.32 to 0.66, while
spatial S-diversity did 0.35 to 0.59 (Table 4-4). a-diversity ranged 0.36 to 1.31 in each site
and year, and increased when pooled among five years (1.04-1.28). Spatial S-diversity within
mountain ranged 0.293 to 0.486 in each mountain and year, and decreased when pooled
among five years (0.239-0.270). These suggest that rare species dropped out from single year
data were recovered when pooled.

Site, mountain and year variously explained variations in the carabid communities.
All measures of community compositions except CCA2 were significantly explained by year.
In addition, species richness, individual abundance and CCA1l were significantly explained
by mountain, and individual abundance and CCA1l were significantly explained by site.
Variance partitioning revealed that year accounted for the largest proportion of explained
variability in all the measures of community compositions. Mountain accounted for the
second largest proportion of explained variability in 7 of 9 measures of community
compositions, while site accounted for the second largest proportion of explained variabilities

in CCA1 and CCA2 (Table 4-5).
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Table 4-3. List of numbers of ground beetles found on Baekdudaegan Mountain Range,
Korea, at three mountain, each sampled in 2 months each year over 5 years.

Jinburyung Odaesan Taebaeksan Total
Species 2011 2012 2013 2014 2015 2011 2012 2013 2014 2015 2011 2012 2013 2014 2015
Carabus (Eucarabus) sternbergi 12 74 53 22 30 115 55 59 199 77 21 13 88 31 56 905
Carabus (Leptocarabus) seishinensis 69 31 41 62 53 25 29 34 61 41 22 1 41 87 63 660
Carabus (Leptocarabus) semiopacus 3 26 14 21 103 10 44 26 50 7 4 85 393
Carabus (Leptocarabus) koreanus 8 1 9
Carabus (Morphocarabus) venustus 1 27 26 22 4 7 8 3 13 13 2 126
Carabus (Tomocarabus) fraterculus 2 5 2 1 5 12 9 3 1 5 3 48
Carabus (Coptolabrus) smaragdinus 5 7 3 2 7 3 5 11 13 3 65
Carabus (Coptolabrus) jankowskii 1 8 12 3 3 9 5 4 7 1 25 35 17 136
Carabus (Acoptolabrus) mirabilissimus 7 1 1 1 1 1 12
Carabus (Acoptolabrus) leechi 1 1
Synuchus callitheres 4 9 19 1 57 23 56 74 100 97 2 10 19 86 557
Synuchus cycloides 3 3 10 53 112 66 82 4 101 434
Synuchus nitidus 29 31 41 23 59 4 65 83 259 115 22 29 50 88 898
Synuchus sp.1 44 2 1 7 100 31 22 5 67 38 31 12 10 5 285
Synuchus sp.2 3 2 5 4 95 39 1 14 10 173
Synuchus sp.3 44 14 58
Platynus assimilis 7 3 10 11 27 42 27 56 2 2 40 227
Poecilus versicolor 5 23 20 7 26 13 43 9 43 28 8 37 37 299
Pterostichus orientalis 2 12 7 5 41 30 40 7 7 11 18 180
Pterostichus audax 11 17 12 19 41 7 3 38852 69 13 10 40 62 394
Pterostichus scurra 6 30 9 12 30 19 15 36 43 49 2 6 31 104 392
Pterostichus compar 14 11 8 31 5 31 29 4 10 66 209
Pterostichus bellator 1 10 8 6 27 19 33 31 42 3 6 7 8 25 226
Pterostichus teabaegsanus 1 10 1 1 4 17
Pterostichus coreicus 18 18
Pterostichus sp.1 5 5 1 14 6 16 20 2 2 71
Pterostichus sp.2 9 2 4 17 19 51
Pterostichus sp.3 4 5 9
Dolichus halensis 9 7 10 1 2 12 10 34 4 12 28 129
Dolichus sp. 10 6 16
Pristosia vigil 4 1 9 15 35 6 72 119 105 94 3 4 3 15 62 547
Anisodactylus punctatipennis 1 1 13 5 20
Harpalus griseus 1 1 3 2 7
Brachinus stenoderus 5 5 10
Lachnolebia cribricollis 3 3
Chlaenius pallipes 4 4 1 9
Trigonognatha coreana 1 1

Total 217 335 268 250 516 368 536 806 1,362 1,087 143 40 276 424 967 7,595




Table 4-4. Spatial and temporal variation in ground beetle communities. Plain and bold
numbers indicate a- and S-diversity indices, respectively.

Total

(pooled for 2011 2012 2013 2014 2015 Temporal 8

5 years)
Jinburyung
(pooled for 3 sites) 1.19 0.96 1.11 1.08 1.08 1.14 0.367
J1 1.18 0.64 1.08 0.96 0.98 1.11 0.327
2 1.04 0.81 0.77 0.93 0.85 0.96 0.326
I3 1.15 0.70 1.02 0.92 1.03 1.11 0.393
Spatial # within Jinburyung 0.239 0.318 0.352 0.340 0.293 0.327 -
Odaesan
(pooled for 3 sites) 1.28 1.13 1.15 1.20 1.20 1.31 0.332
0Ol 1.24 1.02 1.01 1.13 1.06 1.13 0.327
02 1.26 1.07 0.92 1.11 1.18 1.25 0.359
03 1.24 0.62 1.00 1.16 1.10 1.22 0.324
Spatial # within Odaesan 0.254 0.407 0.431 0.486 0.430 0.475 -
Tacbacksan 1.26 101 0.82 1.00 1.13 122 0573
(pooled for 3 sites)
T1 1.20 0.87 0.36 0.86 1.11 1.07 0.568
T2 1.17 0.71 0.00 091 0.90 1.10 0.662
T3 1.19 0.65 0.76 0.77 0.96 1.17 0.562
Spatial # within Taebaeksan 0.270 0.354 0.321 0.317 0.389 0.374 -

Spatial # among mountains 0.442 0.446 0.594 0.450 0.520 0.404 -




Table 4-5. Variation partitioning of carabid community composition among explanatory
variables. The factors with the first and second largest effects were shown in boldfaces and
italics, respectively.

Year Mountain Site within mountain Error
Diversity 0.350** 0.199 0.044 0.407
Richness(McFadden) 0.336*** 0.302%** 0.034 0.329
Richness(Pearson) 0.327*** 0.327%** 0.048 0.298
Abundance (CoxSnell) 0.581*** 0.20]%** 0.008*** 0.210
Abundance (NagelKerke) 0.582%** 0.20]%** 0.008*** 0.209
Abundance (McFadden) 0.123*** 0.094*** 0.005%*%* 0.775
Abundance (Pearson) 0.399%** 0.294%%* 0.014%%* 0.293
CCAl 0.315%** 0.162%* 0.179** 0.344
CCA2 0.176 0.121 0.122 0.581

% P <0.001,** P<0.01,* P<0.05



Discussion

I attempted to quantify spatial and temporal variation in carabid beetle communities
and its background environments in Baekdudaegan mountains in Korea based on continuous
survey for 5 years. It was revealed that temporal variation was larger than spatial variation
among sites and that among mountains in carabid beetle community compositions. In
microclimate variables, spatial variation among sites within mountain represented the largest
proportion of explained variation, and temporal variation was the second. These results
indicate that temporal change provides significant component of variation in communities
and environments, while it is often overlooked in the study of community and its dependence
on environments.

What is a factor responsible for the observed temporal variation in carabid beetle
communities? First, it could be due to insufficient survey. I used 200 traps for obtaining one
community sample in one site and in one month. Although this amount of traps is quite larger
than in related studies (e.g., Small et al. 2006; Riley & Browne 2011; Jung et al. 2012;
Gillingham er al. 2012), it might not be sufficient to capture the composition of the beetle
communities inhabiting each site. Insufficient survey can randomly bias the observed
composition of the community, such as due to random dropout of species, and may introduce
apparent temporal fluctuation of communities. However, the results indicate this may not be
the case. When community samples were pooled for five years within site, a-diversity
increased and spatial S-diversity among sites within mountain decreased (Table 4-4). This
might be due to random dropout of species from community data in each site and year. By

contrast, such a tendency was not observed in temporal S-diversity: it did not change after



pooling for three sites within mountain (Table 4-4). This inconsistency suggests that change
in observed community composition among years within site was not at random but similar
across sites. The results of CCA also support this notion: changes in community
compositions showed a tendency to trace similar trajectories among sites (Fig. 4-4, 4-5 and 4-
6). Thus, insufficient survey is not regarded as a major factor of temporal variation in carabid
beetle communities.

Second, the change in local environment may cause temporal variation in
communities. The results in Chapter 3 indicated that the spatial variation of the carabid beetle
communities occurred due to changes in the local environmental factors. However, the results
of this study differed in part from those of Chapter 3. The results of CCA showed no
significant effects of environmental factors, and variance partitioning revealed that relative
contribution of temporal variation differed between in environmental variables and carabid
beetle community composition. It is possible that environmental factors that I did not
investigate may influence carabid beetle communities. In addition, carabid beetles involve
spring and autumn breeders: the former species reproduces in the spring and overwinters as
adults, and the latter species reproduces in autumn and overwinters as larvae (Allen 1979;
Luff 1987). Thus, the phenology of carabid beetles can be related to their life cycles. The
phenology of most insects is influenced by temperature (Southwood 1978). Thus, the
phenology in spring may be related to the time when temperatures are increasing, and that in
autumn may be related to the time when temperatures are decreasing (French et al. 2001). My
survey was conducted in July and August, the season with the highest temperature in Korea.
Therefore, survey of carabid beetle communities in spring and autumn may detect significant
effect of environmental variables.

Third, ecological processes other than responses to environmental factors may result

in temporal variation in communities. The impact of interaction between species can



influence population dynamics of species. Resource competition is an interaction in which
individuals of different species have a negative effect upon each other by affecting access to
resources (Alley 1982; Welden & Slauson 1986; Connell 1990). Species can also negatively
interact with each other through reproductive interference (Keddy & Shipley 1989; Groning
& Hochkirch 2008). Carabid beetles have traditionally been regarded as an example of the
lack of competition in animal communities (Lindroth 1949; Thiele 1964, 1977; den Boer
1980, 1985), whereas reproductive interference is occasionally evident (Okuzaki et al. 2010).
Further study is necessary to reveal the effect of interspecific interaction on temporal change
in carabid beetle communities in this study area.

In conclusion, my results indicated that carabid beetle communities involved
significant amount of temporal variation. This indicates the importance of conducting
temporal surveys of communities at local scales. Such investigations are expected to reveal
an additional fraction of variation in communities, and to provide information on the
underlying processes that have been overlooked, especially in studies of global community
patterns and changes. Since this data are relatively limited (5 years and three site in each
three mountain), increases in temporal scale sample sizes would be beneficial, and would
allow more general conclusions to be drawn. The geographical scale of this study was
relatively narrow, within Baekdudaegan Mountain Range in Korean Peninsula. Survey in
wider geographical scales may increase relative contribution of spatial variation and decrease
that of temporal variation, warranting further study. In addition, the data may include
variation in voltinism among species that can influence the results. However I treated all the
species samely irrespective of possible variation in voltinism, because of only limited
information about detailed life histories of carabids in Korea. Elucidation of life histories of

individual species will benefit in further interpretation of this results.



Chapter 5.

General discussion



General discussion

Understanding the distributional patterns of biodiversity and the potential
mechanisms that act along environmental gradients is one of the most important challenges in
biogeography, conservation biology, ecology and evolution (Gaston 2000). This knowledge
is critically important for biodiversity conservation, sustainable use and natural reserve area
planning and management (Grytnes & Vetaas 2002). Species diversity is one of the most
important features of biotic communities because it is closely related to other parameters of
ecosystem functioning such as productivity, temporal variability and invasion resistance
(Zhang et al. 2006; Acharya et al. 2011). Ecologists have recognized that biodiversity in an
area is divided into three components such as alpha, beta and gamma diversity, alpha and
gamma diversity are related to the species richness found in a single site or habitat, sharing
the same characteristics and differentiated only by scale, while beta diversity is defined as the
change in species composition among sites, habitat or gradients (Sfenthourakis & Panitsa
2012; Swenson et al. 2012). This species diversity-centric approach is a logical starting point
in biodiversity studies and has been successful in contributing initial insights in to the
distribution of biodiversity and the drivers governing these patterns (Swenson et al. 2012;

Legendre et al. 2005).

One of the most important properties of biodiversity is its spatial variation (Rahbek
2005). In general, environmental drivers such as climate, temperature, humidity and
illumination, regional area of a species pool, habitat heterogeneity, productivity and
geological history contribute to this spatial distribution of biodiversity at broad geographic
scales (Field et al. 2009), while at the local scale not only biotic factors such as competition

and facilitation contribute to levels of biodiversity but also abiotic factors such as



geomorphological heterogeneity and disturbance make their own contribution (Gentili et al.
2013). In particular, general interest in the importance of regional-level patterns and the
drivers that generate spatial variation in biodiversity have increased considerably during the
last decades (Legendre et al. 2004). In particular, mountain ecosystems have received
increasing attention from researchers examining ecological and biogeographical patterns as
well as theories of biodiversity because they provide habitats for various organisms. In
addition, a series of environmental gradients in mountain ecosystems are important factors

affecting biodiversity and patterns of species distribution (Rahbek 1995; Grau et al. 2007).

Many studies have reported reduced abundance and species richness of carabid
beetles in coniferous forests compared to mixed and deciduous forests (Butterfield et al. 1995;
Fahy & Gormally 1998; Jukes et al. 2001; Kubota ef al. 2001; Yu et al. 2006), although some
of these studies (Jukes et al. 2001; Kubota et al. 2001; Yu et al. 2006) compared forest types
of different successional phases. On the other hand, other studies (Niemeld 1993; Lee & Lee
1995; Koivula et al. 2002; Oxbrough et al. 2012) have found greater or equal beetle
abundance and species richness in coniferous forests than in natural or mixed forests. These
differences among studies may be in part due to different tree species at each study site (Yu
et al. 2006). In addition, several environmental variables, such as temperature, humidity,
illumination, elevation, and habitat complexity (e.g., number of tree species, canopy cover
and leaf-litter depth), may also be more important factors affecting the distribution of carabid
beetles (Koivula er al. 2002; Fuller et al. 2008; Oxbrough et al. 2012). Generally, large-
bodied species suffer greater declines during environmental change than smaller ones
possibly because of their lower reproductive and dispersal powers (Kotze & O’Hara 2003). In
Korea, planted or regenerating forests are generally found throughout the nation, while

primary forests are restricted to protected and higher mountainous areas, particularly national



parks. Many studies in Korea have reported greater diversity of brachypterous and/or large-
bodied carabid beetles in deciduous forests in protected mountain forests (Lee & Lee 1995;
Kubota et al. 2001; Jung et al. 2012). Although these studies have looked at biodiversity of
various taxa and regions, few studies have comprehensively analyzed different components
of diversity (i.e. spatial and temporal variations), and little attention has been paid to the
response of different components of diversity along environmental gradients in mountain

ecosystems.

My investigation has focused on which environmental parameters are responsible for
variation in the carabid beetle communities, and how much variations are involved in spatial
and temporal differences in carabid beetle communities. I found that environmental variables
can be used to predict temporal changes in local carabid beetle communities, and responses in
carabid beetle communities to microclimate variables differed between sites even within a
relatively narrow area. I also found that temporal variation in carabid beetle community
compositions was larger than spatial variation among sites and that among mountains. Thus,
temporal change provides significant component of variation in communities, while it is often
overlooked in the study of global climate change and its effect on communities.

My results suggest that prediction of community responses to ongoing global climate
change involves a large amount of uncertainty. The response of local communities is
determined by local environmental factors, and thus detailed observation of local climate
factors is necessary for predicting temporal changes in local communities. However, such a
prediction is difficult by snapshot data obtained in relatively short time scales and in
relatively wider geographical ranges. Additionally, responses of local communities to
microclimates differed among sites, suggesting difficulty in statistical modelling of

community responses. A possible solution for these problems is to investigate how



environmental factors affect each species' population dynamics. In other words, if the
environmental dependence of single species can be predicted by climate data, and such
predictions can be made for all the species consisting of a community, it may be possible to
predict the response of the community across a wide geographical range with spatially
heterogeneous climatic conditions, as a set of responses of species belonging to the
community. The results of this study consist of the data of population densities of all species
involved in communities and background microclimates across 11 sites and for five years.

This dataset can be helpful for realizing the above idea, and it will be my next study theme.



Acknowledgements

I express my sincere gratitude to Dr. Yasuoki Takami for his enthusiastic supervision
in the course of my doctoral study. I am grateful to Prof. Atushi Ushimaru, Dr. Shinji Sugiura,
Dr. Takuya Sato and Prof. Taira Enomoto for their constructive suggestions and criticisms. I
sincerely appreciate Prof. Jong Kuk Kim for his helpful suggestions and constant
encouragements. I also thank Messrs. Tae Woong Jang and Sung Chan Lee for their help in
field surveys, and Messrs. Sogo Takahashi, Tadasi Shinohara, Daisuke Satomi, Takahiro
Kuroda and Tian Xia for their discussion on my study and for their help to my life in Japan.
Lastly, I am profoundly grateful to Ms. Marina Yamaguchi, Mr. Tae Sung Park and my

family for their assistance in my daily life and study activity in Kobe University.



References

Acharya, B. K., Chettri, B. & Vijayan, L. (2011). Distribution pattern of trees along an

elevational gradient of Eastern Himalaya, India. Acta Oecologica, 37, 329-336.

Allegro, G. & Sciaky, R. (2003). Assessing the potential role of ground beetles (Coleoptera,
Carabidae) as bioindicators in poplar stands, with a newly proposed ecological index

(FAI). Forest Ecology and Management, 175,275-284.

Allen, R. T. (1979). The occurrence and importance of ground beetles in agricultural and

surrounding habitats, In Carabid beetles, Springer Netherlands, 485-505.

Alley, T. R. (1982). Competition theory, evolution, and the concept of an ecological niche.

Acta Biotheoretica, 31, 165-179.

Arita, H. T. & Rodriguez, P. (2002). Geographic range, turnover rate and the scaling of

species diversity. Ecography 25, 541-550.

Bailey, W. G., Oke, T. R. & Rouse, W. (1997). Surface Climates of Canada, Vol. 4. McGill-

Queen’s University Press, Kingston, Canada.

Bellard, C., Bertelsmeier, C., Leadley, P., Thuiller, W. & Courchamp, F. (2012). Impacts of

climate change on the future of biodiversity. Ecology Letters, 15,365-377.

Botkin, D. B., Woodby, D. A. & Nisbet, R. A. (1991). Kirtland's warbler habitats: a possible

early indicator of climatic warming. Biological Conservation, 56, 63-78.



Botes, A., McGeoch, M. A. & Chown, S. L. (2007). Ground-dwelling beetle assemblages in
the northern Cape Floristic Region: patterns, correlates and implications. Austral Ecology.

32,210-224.

Butterfield, J., Luff, M. L., Baines, M. & Eyre, M. D. (1995). Carabid beetle communities as
indicatorsof conservation potential in upland forests. Forest Ecology and Management,

79, 63-717.

den Boer, P. J. (1968). Spreading of risk and stabilization of animal numbers. Acta

Biotheoretica, 18, 165-194.

den Boer, P. J., Vanhuizen, T.H., Denboerdaanje, W., Aukema, B. & Denbieman, C. (1980).
Wing polymorphism and dimorphism in ground beetles as stages in an evolutionary

process (Coleoptera, Carabidae). Entomologia Generalis, 6, 107-134.

den Boer, P. J. (1985). Exclusion, competition or coexistence? A question of testing the right

hypotheses. Journal of Zoological Systematics and Evolutionary Research, 23,259-274.

den Boer, P. J., Luff, M. L., Mossakowski, D. & Weber, F. (eds) (1986). Carabid Beetles:
their Adaptations and Dynamics: XVIIth International Congress of Entomology

Hamburg, 1984. G. Fischer, Stuttgart, Germany.

Briggs, J. C. (1961). The east Pacific barrier and the distribution of marine shore fishes.

Evolution, 15, 545-554.

Brockerhoff, E. G., Jactel, H., Parrotta, J. A., Quine, C. P. & Sayer, J. (2008). Plantation
forests and biodiversity: oxymoron or opportunity?, Biodiversity and Conservation, 17,

925-951.



Busby, J. R. (1988). Potential impacts of climate change on Australia’s flora and fauna.

Greenhouse: planning for climate change (ed. G.I. Pearman), E. J. Brill, New York,

387-398.

Butchart, S. H. M., Walpole, M., Collen, B., van Strien, A., Scharlemann, J. P. W., Almond,
R. E. E., Baillie, J. E. M., Bomhard, B., Brown, C., Bruno, J., Carpenter, K. E., Carr, G.
M., Chanson, J., Chenery, A. M., Csirke, J., Davidson, N. C., Dentener, F., Foster, M.,
Galli, A., Galloway, J. N., Genovesi, P., Gregory, R. D., Hockings, M., Kapos, V.,
Lamarque, J.-F., Leverington, F., Loh, J., McGeoch, M. A., McRae, L., Minasyan, A.,
Morcillo, M. H., Oldfield, T. E. E., Pauly, D., Quader, S., Revenga, C., Sauer, J. R.,
Skolnik, B., Spear, D., Stanwell Smith, D., Stuart, S. N., Symes, A., Tierney, M., Tyrrell,
T.D., Vié, J. C. & Watson, R. (2010). Global biodiversity: indicators of recent declines.

Science, 328, 1164-1168.

Butaye, J., Jacquemyn, H., Honnay, O. & Hermy, M. (2002). The species pool concept
applied to forests in a fragmented landscape: dispersal limitation versus habitat limitation.

Journal of Vegetation Science, 13, 27-34.

Cardenas, A. M. & Hidalgo, J. M. (2000). Seasonal activity and reproductive biology of the
ground beetle Carabus dufouri (Coleoptera: Carabidae). European Journal of

Entomology, 97,329-338.

Chen, J., Saunders, S. C., Crow, T. R., Naiman, R. J., Brosofske, K. D., Mroz, G. D.,
Brookshire, L. B. & Franklin, J. F. (1999). Microclimate in forest ecosystem and
landscape ecology variations in local climate can be used to monitor and compare the

effects of differentmanagement regimes. BioScience, 49, 288-297.



Clarke, K. R & Warwick, R. M. (2001). Change in marine communities: an approach to

statistical analysis and interpretation. 2nd ed. Primer-E, Plymouth, UK.

Cohn, J. P. (1989). Gauging the biological impacts of the greenhouse effect. Bioscience, 39,

142-146.

Connell, J. H. (1980). Diversity and the coevolution of competitors, or the ghost of

competition past. Oikos, 35, 131-138.

Cox, D.R. (1970). The Analysis of Binary Data. London, Methuen.

Dawson, T. P., Jackson, S.T., House, J. 1., Prentice, 1. C. & Mace, G. M. (2011). Beyond

predictions: biodiversity conservation in a changing climate. Science, 332, 53-58.

Dennis, R. L. H. & Shreeve, T. G. (1991). Climatic change and the British butterfly fauna:

opportunities and constrains. Biological Conservation, 55,1-16.

Eggleton, P., Vanbergen, A. J., Jones, D. T., Lambert, M. C., Rockett, C., Hammond, P. M.,
Beccaloni, J., Marriott, D., Ross E. & Giusti, A. (2005). Assemblages of soil macrofauna
across a Scottish land-use intensification gradient: influences of habitat quality,

heterogeneity and area. Journal of Applied Ecology,42,1153-1164.

Elek, Z., Magura, T. & Té6thmérész, T. (2001). Impacts of non-native Norway spruce
plantation on abundance and species richness of ground beetles (Coleoptera: Carabidae).

Web Ecology, 2,32-37.

Erwin, T.L. (1988). The tropical forest canopy—the heart of biotic diversity. (ed. Wilson E.O.),

Biodiversity, National Academy Press, Washington D.C., 123-129.



Eyre, M. D., Rushton, S. P., Luff, M. L. & Telfer, M. G. (2005). Investigating the
relationships between the distribution of British ground beetle species (Coleoptera,
Carabidae) and temperature, precipitation and altitude. Journal of Biogeography, 32,

973-983.

Fahy, O. & Gormally, M. (1998). A comparison of plant and carabid beetle communities in
an Irish oak woodland with a nearby conifer plantation and clearfelled site. Forest

Ecology and Management, 110, 263-273.

Fajer, E. D. (1989). How enriched carbon dioxide environments may alter biotic systems

even in the absence of climatic changes. Biological Conservation, 3, 318-320.

Field, R., Hawkins, B.A., Cornell, H.V., Currie, D.J., Diniz-Filho, J.AF., Guégan, J.F.,
Kaufman, D.M., Kerr, J.T., Mittelbach, G.G., Oderdorff, T., O'Brien, EM. & Turner,
JR.G. (2009). Spatial species-richness gradients across scales: a meta-analysis. Journal

of Biogeography, 36, 132-147.

French, B. W., Elliott, N. C., Berberet, R. C. & Burd, J. D. (2001). Effects of riparian and
grassland habitats on ground beetle (Coleoptera: Carabidae) assemblages in adjacent

wheat fields. Environmental Entomology, 30, 225-234.

Fuller, R. J., Oliver, T. H. & Leather, S. R. (2008). Forest management effects on carabid
beetle communities in coniferous and broadleaved forests: implications for conservation.

Insect Conservation and Diversity, 1,242-252.

Gaston, K.J. (2000).Global patterns in biodiversity. Nature, 405, 220-227.

Geiger, R. (1965). The Climate Near the Ground. Harvard University Press: Cambridge, MA,

611.



Gentili, R., Armiraglio, S., Sgorbati, S. & Baroni, C. (2013). Geomorphological disturbance
affects ecological driving forces and plant turnover along an altitudinal stress gradient on

alpine slopes. Plant Ecology, 214, 571-586.

Gentry, A. H. (1988). Tree species richness of upper Amazonian forests. Proceedings of the

National Academy of Sciences, 85, 156-159.

Gillingham, P. K., Palmer, S. C., Huntley, B., Kunin, W. E., Chipperfield, J. D., & Thomas,
C. D. (2012). The relative importance of climate and habitat in determining the
distributions of species at different spatial scales: a case study with ground beetles in

Great Britain. Ecography, 35, 831-838.

Gobbi, M., Rossaro, B., Vater, A., De Bernardi, F., Pelfini, M., & Brandmayr, P. (2007).
Environmental features influencing Carabid beetle (Coleoptera) assemblages along a

recently deglaciated area in the Alpine region. Ecological Entomology, 32, 682-689.

Grau, O., Grytnes, J. A. & Birks, H. J. B. (2007). A comparison of altitudinal species richness

patterns of bryophytes with other plant groups in Nepal, Central Himalaya. Journal of

Biogeography, 34, 1907-1915.

Greenwood, G. & Boardman, R. (1989). Climatic change and some possible effects upon
terrestrial ecology of South Australia. The Mallee Lands: A Conservation Perspective,
Proceedings of the National Mallee Conference (ed. by J. C. Noble, P. J. Joss and G. K.

Jones), CSIRO, Canberra, Australia, 135-139.

Groning, J. & Hochkirch, A. (2008). Reproductive interference between animal species.

Quarterly Review of Biology, 83,257-282.



Grueber, C. E., Nakagawa, S., Laws, R. J., & Jamieson, I. G. (2011). Multimodel inference in
ecology and evolution: challenges and solutions. Journal of Evolutionary Biology, 24,

699-711.

Grytnes, J. A. & Vetaas, O. R. (2002). Species richness and altitude: A comparison between
null models and interpolated plant species richness along the Himalayan altitudinal

gradient, Nepal. American Naturalist, 159,294-304.

Heyborne, W. H., Miller, J. C., & Parsons, G. L. (2003). Ground dwelling beetles and forest
vegetation change over a 17-year-period, in western Oregon, USA. Forest Ecology and

Management, 179, 123-134.

Holland, J. M. (2002). The agroecology of carabid beetles, Intercept Ltd. Andover,

Hampshire, UK, 356.

Houghton, R. A. & Woodall, G. M. (1989). Global climatic change. Scientific American, 260,

18-26.

Huston, M. (1979). A general hypothesis of species diversity. American Naturalist, 113, 81-

101.

IPCC (2007). Climate change 2007 — The Physical Science Basis. Cambridge University

Press, Cmbridge.

Ishitani, M., Tsukamoto, T., Ikeda, K., Yamakawa, K. & Yano, K. (1997). Faunal and
Biological Studies of Ground Beetles (Coleoptera; Carabidae and Brachinidae): (1)
Species Compositions on the Banks of the Same River System. Japanese Journal of

Entomology, 65, 704-720.



Jackson, S. T., Betancourt, J. L., Booth, R. K., & Gray, S. T. (2009). Ecology and the ratchet
of events: climate variability, niche dimensions, and species distributions. Proceedings of

the National Academy of Sciences, 106, 19685-19692.

Jetz, W. & Rahbek, C. (2001). Geometric constraints explain much of the species diversity
pattern in African birds. Proceedings of the National Academy of Sciences, 98, 5661—

5666.

Jetz, W. & Rahbek, C. (2002). Geographic range size and determinants of avian species

richness. Science, 297, 1548—1551.

Jukes, M. R., Peace, A. J. & Ferris, R. (2001). Carabid beetle communities associated with
coniferous plantations in Britain: the influence of site, ground vegetation and stand

structure. Forest Ecology and Management, 148,271-286.

Jung, J. K., Kim, S. T., Lee, S. Y., Park, C. G., Park, J. K., & Lee, J. H. (2012). Community
structure of ground beetles (Coleoptera: Carabidae) along an altitudinal gradient on Mt.

Sobaeksan, Korea. Journal of Asia-Pacific Entomology, 15, 487-494.

Kaspari, M., O’Donnell, S. & Kercher, J. R. (2000). Energy, density, and constraints to
species richness: ant assemblages along a productivity gradient. American Naturalist 155,

280-293.

Keddy, P. A. & Shipley, B. (1989). Competitive hierarchies in herbaceous plant communities.

Oikos, 54,234-241.

Kim,J. L., & Lee, C. E. (1992a). Breeding patterns in southern Korean Carabina (Coleoptera,

Carabidae). Proceedings of the Entomological Society of Washington, 94, 136-150.



Kim. J. L. & Lee. C. E. (1992b). Seasonal prevalence and geographical fluctuations of the

southern Korean Carabina (Coleoptera: Carabidae). Nature and Life, 22,33—41.

Koivula, M., Kukkonen, J. & Niemeld, J. (2002). Boreal carabid-beetle (Coleoptera,
Carabidae) assemblages along the clear-cut originated succession gradient. Biodiversity

& Conservation, 11, 1269-1288.

Kotze, D. J. & O'hara, R. B. (2003). Species decline—but why? Explanations of carabid

beetle (Coleoptera, Carabidae) declines in Europe. Oecologia, 135, 138-148.

Korea Meteorological Administration (2011) [Web document]. URL : http://www kma.go kr.

Kubota, K., Kim, J. K., Lee, C. Y. & Furuta, K. (2001). Ground beetle fauna in Pinus
densiflora forests in Yangyang-gun, Kangwon province, with a special reference to the
outbreaks of the pine needle gall-midge (Thecodiplosis japonensis). Journal of Korean

Forestry Society, 90, 632-642.

Lee, H. P. & Lee, G. H. (1995). Species composition and seasonal abundance of ground
beetles (Coleoptera: Carabidae) in three different types of forests. Bulletin of

Entomological Research , 21, 84-90.

Lee, D. K. (2012). Ecological management of forests. Seoul National University Press, Seoul.

(In Korean)

Legendre, P. & Legendre, L. (1998). Numerical Ecology, ed. Elsevier, Netherlands.

Legendre, P., Dale, M. R., Fortin, M. J., Casgrain, P., & Gurevitch, J. (2004). Effects of

spatial structures on the results of field experiments. Ecology, 85, 3202-3214.



Legendre, P., Borcard, B. & Peres-Neto, P.R. (2005). Analyzing beta diversity: Partitioning
the spatial variation of community composition data. Ecological Monographs, 75, 435—

450.

Levin, S. A. (1992). The problem of pattern and scale in ecology: the Robert H. MacArthur

award lecture. Ecology, 73, 1943-1967.

Lindroth, C. H. (1949). Die fennoskandischen Carabidae III. Gdteborgs Kungl. Vetensk.

Vitterh. Sarah. Handl. B4 1-911.

Lindenmayer, D.B., Franklin, J.F. & Fischer, J. (2006). General management principles and a
checklist of strategies to guide forest biodiversity conservation. Biological Conservation

131,433-445.

Loarie, S. R., Duffy, P. B., Hamilton, H., Asner, G. P., Field, C. B., & Ackerly, D. D. (2009).

The velocity of climate change. Nature, 462, 1052-1055.

Logan, J. A., Régniere, J. & Powell, J. A. (2003). Assessing the impact of global warming on

forest pest dynamics. Frontiers in Ecology and Environment, 1, 130-137.

Lomolino, M. A. R. K. (2001). Elevation gradients of species-density: historical and

prospective views. Global Ecology and biogeography, 10, 3-13.

Lovei, G. L., & Sunderland, K. D. (1996). Ecology and behavior of ground beetles

(Coleoptera: Carabidae). Annual Review of Entomology, 41,231-256.

Luff, M. L. (1975). Some features influencing the efficiency of pitfall traps. Oecologia, 19,

345-357.



Luff, M. L. (1987). Biology of polyphagous ground beetles in agriculture. Agricultural

Zoology Reviews, 2,237-278.

Luff, M. L., Eyre, M. D. & Rushton, S. P. (1989). Classification and ordination of habitats of
ground beetles (Coleoptera, Carabidae) in north-east England. Journal of Biogeography,

16,121-130.

Luff, M. L. (1990). Spatial and temporal stability of Carabid communities in a grass/arable
mosaic. The Role of Ground Beetles in Ecological and Environmental Studies (ed. N. E.

Stork), Intercept, Andover, Massachusetts, 191-200.

Maleque, M. A., Maeto, K. & Ishii, H. T. (2009). Arthropods as bioindicators of sustainable
forest management, with a focus on plantation forests. Applied Entomology and Zoology,

44,1-11.

Main, A.R. (1988). Climatic change and its impact on nature conservation in Australia.
Greenhouse: Planning for Climate Change (ed. by G. I. Pearman), CSIRO Division of

Atmospheric Research, Melbourne, Australia, 361-374.

Mansergh, 1., & Bennett, S. (1989). Greenhouse’and wildlife management in Victoria.

Victorian Naturalist, 106, 243-252.

McFadden, D. P. (1974): “Conditional Logit Analysis of Qualitative Choice Behavior,” in

Frontiers in Econometrics, ed. by P. Zarembka. New York: Academic Press.

McLaughlin, J. F., Hellmann, J. J., Boggs, C. L. & Ehrlich, P. R. (2002). Climate change
hastens population extinctions. Proceedings of the National Academy of Sciences, 99,

6070-6074.



Meentemeyer, V. & Box, E. O. (1987). Scale effects in landscape studies. In: Turner M.G.
(ed.), Landscape Heterogeneity and Disturbance. Springer-Verlag, New York, New York,

USA, 15-34.

Morales, M. A., Dodge, G. J. & Inouye, D. W. (2005). A phenological mid-domain effect in

flowering phenology. Oecologia, 142, 83—89.

Nagelkerke, N. J. (1991). A note on a general definition of the coefficient of determination.

Biometrika, 78, 691-692.

Niemeld, J. (1993) Interspecific competition in ground-beetle assemblages (Carabidae): what

have we learned? Oikos, 66, 325-335.

Okuzaki, Y., Takami, Y. & Sota, T. (2010). Resource partitioning or reproductive isolation:
the ecological role of body size differences among closely related species in sympatry.

Journal of Animal Ecology, 78, 383-392.

Oxbrough, A., French, V., Irwin, S., Kelly, T. C., Smiddy, P. & O’Halloran, J. (2012). Can
mixed species stands enhance arthropod diversity in plantation forests?. Forest Ecology

and Management, 270, 11-18.

Park, J. K., Kwon, Y. J., & Lim, J. S. (1997). Diversity and abundance of ground-beetles

(Coleoptera: Carabidae) in Mt. Togyusan. Korean Journal of Soil Zoology, 2,92-97.

Park, J. K., Yeon, H. S., & Trac, D. H. (2003). Diversity and abundance of ground-beetles

(Coleoptera) in Mt. Gabjangsan, Korea. Korean Journal of Soil Zoology, 8, 32-36.



Park, Y. H., Kim, J. K., Jang, T. W, Chae H. M. & Takami, Y. (2016). Local climate
mediates spatial and temporal variation in carabid beetle communities in three forests in

Mount Odaesan, Korea. Ecological Entomology, online.

Pausch, R. D. (1979). Observations on the biology of the seed corn beetles, Stenolophus
comma and Stenolophus lecontei. Annals of the Entomological Society of America, 72,

24-28.

Pearman, G. 1. (1988). Greenhouse gases: evidence for atmospheric changes and
anthropogenic causes. In Greenhouse: planning for climate change, ed. G. 1. Pearman.

CSIRO, Melbourne, 3-21.

Peters, R. L. & Darling, J. S. (1985). The greenhouse effect and nature reserves. BioScience,

35,707-717.

Pearson, K. (1895). Note on regression and inheritance in the case of two parents.

Proceedings of the Royal Society of London, 58, 240-242.

Perry, D.A. (1994). Forest Ecosystems. Johns Hopkins University Press, Baltimore, MD, pp.

649.

Pearce, J. L. & Venier, L. A. (2006). The use of ground beetles (Coleoptera: Carabidae) and
spiders (Araneae) as bioindicators of sustainable forest management: a review.

Ecological Indicators, 6,780-793.

Penev, L. (1996). Large-scale variation in carabid assemblages, with special reference to the

local fauna concept. Annales Zoologici Fennici 33,49—-63.



Peres-Neto, P. R., Legendre, P., Dray, S., & Borcard, D. (2006). Variation partitioning of

species data matrices: estimation and comparison of fractions. Ecology, 87, 2614-2625.

Peters, R. L. (1985). The greenhouse effect and nature reserves. Bioscience, 35,707-717.

Pittock, A. B. & Whetton, P. H. (1990). Regional impact of the enhanced greenhouse effect
on Victoria: Annual Report 1989-90. Climate Impact Group, CSIRO Division of

Atmospheric Research, Melbourne.

Pounds, J.A., Bustamante, M.R., Coloma, L.A., Consuegra, J.A., Fogden, M.P.L., Foster,
P.N., La Marca, E., Masters, K.L., Merino-Viteri, A., Puschendorf, R., Ron, S.R.,
Sénchez-Azofeifa, G.A., Still, CJ. & Young, B.E. (2006). Widespread amphibian

extinctions from epidemic disease driven by global warming. Nature, 439, 161-167.

van der Putten, W. H., Bardgett, R. D., de Ruiter, P. C. Hol, W. H. G., Meyer, K. M.,
Bezemer,T. M., Bradfod, M. A., Christensen, S., Eppinga, M. B., Fukami, T., Hemerik,
L., Molofsky, J., Schéadler, M., Scherber, C., Strauss, S. Y., Vos, M. & Warkle, D. A.
(2009). Empirical and theoretical challenges in aboveground—belowground ecology.

Oecologia, 161, 1-14.

R Development Core Team. (2015). R: A Language and Environment for Statistical

Computing. R Foundation for Statistical Computing, Vienna, Austria.

Rahbek, C. (1995). The elevational gradient of species richness: a uniform pattern?.

Ecography, 18,200-205.

Rahbek, C. (2005). The role of spatial scale and the perception of large-scale species-richness

patterns. Ecology Letters, 8,224-239.



Rainio, J. & Niemeld, J. (2003). Ground beetles (Coleoptera: Carabidae) as bioindicators.

Biodiversity & Conservation, 12, 487-506.

Ribera, I., Dolédec, S., Downie, 1. S., & Foster, G. N. (2001). Effect of land disturbance and

stress on species traits of ground beetle assemblages. Ecology, 82, 1112-1129.

Riley, K. N. & Browne, R. A. (2011). Changes in ground beetle diversity and community

composition in age structured forests (Coleoptera, Carabidae). ZooKeys, 147, 601-621.

Sala, O.E., Chapin, F.S., Armesto, J.J., Berlow, E., Bloomfield, J., Dirzo, R., Huber-Sanwald,
E., Huenneke, L.F., Jackson, R.B., Kinzig, A., Leemans, R., Lodge, D.M., Mooney, H.A.,
Oesterheld, M., Poff, N.L., Sykes, M.T., Walker, B.H., Walker, M. & Wall, D.H. (2000).

Global biodiversity scenarios for the year 2100. Science, 287, 1770-1774.

Sfenthourakis, S. & Panitsa, M. (2012). From plots to islands: species diversity at different

scales. Journal of Biogeography, 39, 750-759.

Shannon, C. E. & Wiener, W. (1963). The Mathematical Theory of Communication.

University of Illinois Press, Urbana, Illinois.

Shirley, H. L. (1929). The influence of light intensity and light quality upon the growth of

plants. American Journal of Botany, 16, 354-390.

Shirley, H. L. (1945). Light as an ecological factor and its measurement. II. The Botanical

Review, 11,497-532.

Small, E., Sadler, J. P. & Telfer, M. (2006). Do landscape factors affect brownfield carabid

assemblages?. Science of the total environment, 360, 205-222.

Southwood, T. R. E. (1978). Ecological Methods, 2nd ed. Chapman and Hall, London.



Sunderland, K. D. (2002). Invertebrate pest control by carabids. (ed. by J. M. Holland) The

agroecology of carabid beetles, Intercept, Andover, U.K, 165-214.

Summerville, K. S., & Crist, T. O. (2008). Structure and conservation of lepidopteran
communities in managed forests of northeastern North America: a review. The Canadian

Entomologist, 140, 475-494.

Sustek, Z. (2007). Reactions of carabid communities on wind disaster in High Tatra: a
manifestation of species humidity preference. /5th International Poster Day, Transport

of Water, Chemicals and Energy in the System Soil-Crop Canopy-Atmosphere.

Bratislava, 15, 635-643.

Suttiprapan, P., Yamamoto, S., & Nakamura, H. (2006). Species composition and the vertical
niche breadth of ground beetles (Carabidae, Brachinidae) in the Southern Japan Alps.

Japanese Journal of Environmental Entomology and Zoology, 17, 143-152.

Swenson, N.G., Erickson, D.L., Mi, X.C., Bourg, N.A., Forero-Montafia, J., Ge, X.J., Howe,
R., Lake, J. K., Liu, XJ., Ma, K.P., Pei, N.C., Thompson, J., Uriarte, M., Wolf, A.,
Wright, SJ., Ye, W.H., Zhang, J.L., Zimmerman, JK. & Kress, W.J. (2012).
Phylogenetic and functional diversity alpha and beta diversity in temperate and tropical

tree communities. Ecology, 93, S112-S125.
Tangley, L. (1988). Preparing for climate change, BioScience, 38, 14-18.

Thomas, C. D., Cameron, A., Green, R. E., Bakkenes, M., Beaumont, L. J., Collingham, Y.
C., Erasmus, B. F. N., Ferreira de Siquira, M., Grainger, A., Hannah, L., Hughes, L.,

Huntley, B., Van Jaarsveld, A. S., Midgley, G. F., Miles, L., Ortega-Huerta, M. A.,



Peterson, A. T., Phillips, O. L. & Williams, S. E. (2004). Extinction risk from climate

change. Nature, 427, 145-148.

Thomas, J. A. & Clarke, R. T. (2004). Extinction rates and butterflies: response. Science, 305,

1563-1564.

Thiele, H. U. (1964). Experimentelle Untersuchungen iiber die Ursachen der Biotopbindung

bei Carabiden. Zeitschrift fiir Morphologie und Okologie der Tiere, 53, 387-452.

Thiele. H. U. (1977). Carabid beetles in their environments. Springer, Verlag, Berlin,

Germany.

Walpole, M., Almond, R.E.A., Besancon, C., Butchard, S.H.M., Campbell-Lendrum, D., Carr,
G.M., Collen, B., Collette, L., Davidson, N.C., Dulloo, E., Fazel, A.M., Galloway, J.N.,
Gill, M., Goverse, T., Hockings, M., Leaman, D.J., Morgan, D.H.W., Revenga, C.,
Rickwood, C.J., Schutyser, F., Simons, S., Stattersfield, AJ., Tyrrel, T. D., Vie,J. C. &
Zimsky, M. (2009). Tracking progress toward the 2010 biodiversity target and beyond.

Science, 325, 1503-1504.

Welden, C. W. & Slauson, W. L. (1986). The intensity of competition versus its importance:

an overlooked distinction and some implications. Quarterly Review of Biology, 61, 23-44.

Whittaker, R. H. (1975). Communities and Ecosystems, 2nd ed. Macmillan, London.

Whittaker, J. (1984.) Model interpretation from the additive elements of the likelihood

function. Applied Statistics, 33, 52—-64.

Woodward, F. I. & Rochefort, L. (1991). Sensitivity analysis of vegetation diversity to

environmental change. Global Ecology and Biogeography Letters, 1,7-23.



Yeon, H. S., Park, J. K., Lee, D. W., & Chung, K. M. (2005). Distribution of ground-beetles
(Coleoptera: Carabidae) in Mt. Gabjangsan, Korea. Asian Journal of Turfgrass Science,

19, 47-55.

Yu, X. D., Luo, T. H. & Zhou, H. Z. (2006). Distribution of carabid beetles among
regenerating and natural forest types in Southwestern China. Forest Ecology and

Management, 231, 169-177.

Zhang, X.Y.,Ma, K. M., Anand, M. & Fu, B. J. (2006). Do generalized scaling laws exist for

species abundance distribution in mountains? Oikos, 115, 81-88.



	Microsoft Word - 甲_128d844d_朴容煥_理学.docx
	Microsoft Word - 甲_128d844d_朴容煥_理学.docx2
	Microsoft Word - 甲_128d844d_朴容煥_理学.docx3

