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The abundance and diversity of soil and litter fauna collected in a ‘satoyama’
area in Kanazawa University's Kakuma Campus, Kanazawa City, Ishikawa, Japan
in 2005 are discussed. Ten sampling sites were established: six of them were located
in the cultivated area in a valley with terraced paddies under restoration and other
four in unmanaged forested area. The samples were dealt with at higher taxonomic
levels such as class and order. CCA ordination revealed a clear separation of soil
and litter fauna composition among different habitat types (forested area, dwarf
bamboo area, and cultivated area) and between layers (soil and litter) with specific
environmental condition. The amount of litter was the strongest influence, affecting
the richness and density of the soil and litter fauna like Collembola and Arachnida.
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OO6CcyXIaroTcs YUCICHHOCTD M pa3Hoo0pa3re 0OMUTAIONINX B TIOYBE U TTOACTHIIKE
0ECTI03BOHOYHBIX KUBOTHBIX, COOpaHHBIX B 2005 T. B TpaguIMoHHOH 1t SnoHun
CEeNIbCKOH MECTHOCTM B OKPECTHOCTSIX CTYJEHYECKOI'O TIOpOJIKa YHHUBEPCHTETA
KananzaBa. M3yueHo 10 MOmenIbHBIX y4acTKOB, M3 KOTOPBIX 7 PAacIONOXKEHBI Ha
KYJbTUBHUPYCMBIX Yy4YaCTKax JOJIMHBI, 3aHATBIX PHUCOBBIMU YC€KaMH B ITPOLECCE HUX
peKyIbTHBANNHU, a 4 y4acTKa — B €CTECTBCHHBIX JICCHBIX 3KOcHcTeMaX. /laHHEIC
MPOaHATN3MPOBAHBI Ha BBICIIEM TaKCOHOMHYECKOM YPOBHE, T.€. ITO KJIaccaM M OT-
psnaM. MeTo oM OpAWHAIIMY BBISBJICHBI SCHBIC OTIIMYHS (hayHBI OSCIIO3BOHOYHBIX
KaK MEXIy pa3HbBIMH OMOTOMaMu (JECHBIC YYACTKH, 3apociu O0aMOydHHUKA, ITOJIA),
TaK M MEXIy MOYBEHHBIM M MOJACTHIOYHBIM SIPYyCaAMH, XapaKTePU3yHOUMMHUCS
cnenn(UIHBIMHA YCIOBUSAME oOMTaHus. Hambombire BIUsSHHE Ha pazHOOOpasue U
YHCIEHHOCTh OECII03BOHOYHBIX, 0COOEHHO KOJUIEMOOJ M TAyKOB, OKa3bIBACT HAJIHMUHE
WJIM OTCYTCTBHE MTOJICTUIIKH.

1) Buvicwas wixona ecmecmegeHHbIx HAyK u mexnonozuu, Ynusepcumem Kanaoszaea,
Kanaoszaea, Anonus.

2) Omoenenue duopasnoobpaszus, Uncmumym npupoosi u mexHoaio2ull OXpaHul
oxpyarcadicueti cpeovl, Ynusepcumem Kanaoszasa, Kanaosasa, Anonust.

INTRODUCTION

In Japan, “satoyama” is a traditional rural, composed of several habitat types,
e.g. paddy fields, secondary forests, grasslands, ponds, and streams (Kato, 2001;
Kobori & Primack, 2003; Takeuchi et al., 2003). The satoyama is supposed to be
important because it provide us various kinds of “ecosystem services” such as pro-
visioning (e.g. food, timber), regulating (e.g. climate, water), cultural (e.g. aesthetic,
recreation) and supporting (e.g. nutrient cycling, soil formation). Recently, however,
the management has been neglected in many satoyama areas due to decreasing and
aging human population. In unmanaged satoyama, the “type 2” crisis of
biodiversity (see, The National Biodiversity Strategy of Japan, 2002) may occur.
Biodiversity plays a critical role in the functioning of ecosystems, including
ecosystem services to human societies. In satoyama, it is important to monitor the
change in biodiversity and biological interactions in relation to the changes of
satoyama environments. Reliable studies of biodiversity in both well-managed and
neglected satoyama have been still scanty.

The important roles of litter and soil invertebrates in the nutrient cycles in
satoyama and other ecosystems have been recognized (e.g. Kazunori et al., 2009;
Kagawa & Maeto, 2009). Satoyama is characterized by mosaic of various habitat
patches in small area with different soil characteristics, due to differences in plant
composition, soil management practices, etc. During the development of the soil
characters, soil fauna plays important roles in decomposition, nutrient cycling, and
maintaining biological, chemical and physical character of the soil ecosystem (Vohland
& Schroth, 1999; Ausden ef al., 2001). Soil invertebrates are also known as ecosystem
engineers that directly or indirectly modulate the availability of resources to other
species by causing physical state changes in biotic or abiotic materials (Jones ef al.,
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1997). Soil invertebrates living in soil and in litter on the ground have been proved
to be effective indicators in assessing environmental conditions, including various
human disturbances (Paoletti & Bressan, 1996). Soil fauna also have significant
effects on the structure of plant communities by creating patches of distinct vegetation
(Bardgett, 2005).

This study aims to examined the abundance and taxonomical diversity of soil
and litter fauna living in different habitats in an unmanaged satoyama area within
Kanazawa University's Kakuma Campus, Kanazawa, Japan in 2005. This study deals
with only invertebrate macrofauna, with body length larger than 1 mm (Coleman et
al., 2004). In this article, we analyzed the samples at higher taxonomic resolutions
mainly classes and orders. These higher-taxon indicators for soil invertebrates often
show a performance similar to that of species-level indicators (Paoletti & Bressan,
1996).

So far several biodiversity studies have been done in the present study area, e.g.
(1) flying insects using chemical attractant traps (Kanagami et al., 1996; Nakamura et
al., 2006), using water pan trap from different vertical strata in 1999-2000 (Leksono
et al., 2005) and using window traps (Trisnawati & Nakamura, 2008), (2) various
groups of insects using four IBOY-specified traps (pitfall, window, light, and
malaise traps) in 2001 (Nakamura et al., 2006), (3) ground beetles using pitfall traps
(Nakamura et al., 2006), and (4) pollination system (Utsunomiya & Nakamura,
2006; Putra & Nakamura, 2009).

STUDY SITES

Climates. The study was carried out in a satoyama area (74 ha, 60-150 m altitude,
5 km southeast of central Kanazawa city, Ishikawa prefecture) in Kanazawa Uni-
versity's Kakuma Campus (N36°32'E136°42") (Fig. 1A). In Kanazawa, the average
values of annual temperature was 14.5°C with a range from 3.5 (January) to 26.8 °C
(August) and annual rainfall 2442.9 mm (for 30 years: 1977-2006) (Japan Meteoro-
logical Agency, http.//www.data.jma.go.jp). Figure 2 shows the seasonal change of
monthly average air temperature and precipitation in 2005.

Vegetation. The Kakuma hills are covered with secondary forests, mainly
consisting of deciduous broad leaved trees, predominated with two oak species,
Quercus serrata and Q. variabilis, and patches of plantations of Japanese cedar
(sugi), Cryptomeria japonica, and moso bamboo, Phyllostachys sp. When local
people owned the forests in Kakuma, they managed them as satoyama forests and
used Kitadan valley as terraced paddies. The forests and terraced paddies have been
abandoned since the land was sold to Kanazawa University in the early-1980s. The
forests in the campus have become taller and denser with shrubs and undergrowth.
The sugi plantations and bamboo were also left unmanaged. The bamboo has been
expanding quickly, killing other trees and plants. Terraced paddies cultivated in
almost all valleys in Kakuma were also abandoned at the same time. Since 2002,
terraced paddies in Kitadan, a small valley (0.5 ha), have been restored gradually by
local volunteers for nature education and for monitoring the biodiversity change
during the restoration.
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SAMPLING METHODS

Sampling site. In July of 2005, a total of ten sampling sites with different vege-
tations and land use were established. Six were located in Kitadan valley (Fig. 1C):
(1) site SA1, SA2 and SA3 were in the dwarf bamboo, Sasa sp. fields, located in the
edges between forest and cultivated area, (2) site PF1 and PF2 on the bank between
paddy fields, (3) site ME in a Japanese millet plantation, established in May 2004.
During the study period, agricultural practices, e.g. mowing, weeding and water
ditch construction, were frequent. Ploughing and mowing were conducted in rice
paddies from June to September. Site ME was the driest area in Kitadan and the
millet was cultivated from May until September. Other four sites were located in
Kakuma forest (Fig. 1B) : (1) site BM was located in an unmanaged moso bamboo
grove, (2) site KO in Q. serrata (Konara in Japanese language) stand, (3) site KA in
Q. variabilis (Abemaki) stand, and (4) site CD in an unmanaged C. japonica (Japa-
nese cedar) plantation. Below the Kitadan valley and Kakuma forest are reffered as
“Kitadan valley” and “forested area”. Furthermore, four sites in the forests (BA,
KO, KA and CD) and three sites, located in margin of Kitadan (SA1, SA2 and SA3)
are referred to as “unmanaged sites”, meanwhile cultivated areas in Kitadan (ME,
PF1 and PF2) are referred to as “managed sites”.

Kanazawa University

Fig. 1. Maps showing the location of Kanazawa city (A) and the forested area and
Kitadan valley (B) in Kakuma Campus of Kanazawa University. Four and six sampling sites,
established in the forested area and Kitadan valley, are indicated within dashed and solid
lines, respectively. See the text and Table 1 for explanations of sampling site codes.
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Table 1

Environmental characteristics of the ten sampling sites in the study area

. Dominant Manage- - Litter Soil -
Site Vegetation lant ment Month Thick- Fresh Tempe- | Mois-
code g E ecies in 2005 ness, weight, rapture, | ture,

P mm g °C %
July 16,7 140,7 20,2 13,3
Quercus Sept 42,0 127,2 19,4 20,0

K

o Secondary | serrata None Nov 42,0 276,5 12,5 783
broad- Mean 33,6 181,5 174 372
leaved July 15,7 2554 21,5 30,0
KA | forest ?e':f;f;‘s 0. | None Sept 40,0 152,9 19,1 10,0
vaviabils Nov 40,0 229.7 9,9 46,7
Mean 31,9 212,7 16,9 28,9
Tamancse Crnio July 11,7 3343 22,6 50,0
D Ceﬂar m’eyrfa None Sept 63,0 256,1 19,5 383
plantation | japonica Nov 63,0 328,6 19,5 38,3
Mean 459 306,4 20,5 22
Moso July 30,0 503,0 20,7 30,0
Phyllosta- Sept 62,0 2359 19,8 25,0
BM Bfi‘:]f;" chys sp. None Nov 62,0 556,1 9.1 63,3
Mean 51,3 431,6 16,5 39,4
July 57 288,1 22.6 90,0
SAT Mowing Sept 12,0 262,7 20,9 25,0
(early Apr) | Nov 12,0 4158 13,1 333
Mean 9.9 3222 18,9 49,4
Dwarf July 14,3 3495 222 41,7
Sept 12,0 298,1 20,8 46,7

A2 | bamb s Sp. N : 2 : .

S ﬁ":ﬁi 00 Sasasp one Nov 12,0 407,3 9.6 38,3
Mean 12,8 3516 17,5 272

July 53 390,9 222 80,0

Sept 12,0 322,1 20,0 25,0

SA3 None Nov 12,0 335,1 9.7 66,7
Mean 9.8 3494 173 57,2

Oryza ] July 73 69,1 24,1 80,0

PFI sativa, Z?i%hmg Sept | 12,0 744 225 | 650
Terraced Polygonum morz)vi’n Nov 12,0 73,5 10,8 433
paddies thunbergii, (Ma -I\%ov) Mean 10,4 72,3 19,1 62,3

under Potenilla | £ i)a ady |duly 5,7 12,0 24,5 80,0

PE2 restoration centigrana, cultivation Sept 11,0 54,9 21,4 20,0
Cardamine | o onty  |_Nov 11,0 59.8 11,0 40,0

Slexuosa Mean 9,2 423 19,0 46,7

; July 2,0 254 26,1 31,7

ME ;ﬁ?;ese Setaria Cultivation | Sept 2,0 20,9 234 63,3
lantation italica (May-Sept) Nov 2,0 20,9 9,5 23,3

P Mean 2,0 24 19,7 394




Measurement of environmental variables. Immediately before the sampling
of soil and litter in the quadrate (see below), soil temperature (°C), soil moisture
(%) and litter thickness (mm) were recorded at three points in each site, and the
average of the values were used (Table 1). Soil temperature was measured using a
digital soil thermometer with the accuracy 0.1 at 10 cm depth, soil moisture using
soil tester with the accuracy of 0.2 at 10 — 15 cm depth below litter layer, and litter
thickness on soil surface using ruler with the accuracy of 0.1 cm. Litter gathered
from the quadrate were brought to the laboratory for measuring the fresh weight on
the same day.

Sampling, sorting and identification of organisms from soil and litter. Soil
and litter were sampled in the following manner in the first and second week of July,
September, and November of 2005. At each site three sampling quadrats (25 x 25 cm)
were randomly placed with 3 — 5 m apart one another. From each quadrate, all litter
on the surface and soil within 10 cm depth were sampled. Each sample was separately
kept in a cloth bag and transported to the laboratory. Soil and litter samples were
hand sorted for organisms larger than 2 mm in size and then extracted by Berlese
funnels with 3 mm wire grid mesh aided by a 40 W light bulb. The Barlese extraction
was carried out for three consecutive days. All invertebrates sampled were examined
under a stereomicroscope and then were separated into higher taxa using the keys of
Dindal (1990), Triplehorn and Johnson (2005). The samples were identified to order
with exceptions that (1) Hymenoptera were split into Formicidae and other Hymeno-
ptera, (2) Symphyla, Diplopoda, Annelida, Mollusca to class and (3) Platyhelminthes
to phyla. All invertebrates thus sorted were counted. After the sorting, the soil and
litter were returned to original places to minimize site degradation.

Data analysis. The number of invertebrates collected from soil and litter was
compared among sites using ANOVA and Tukey HSD test. In these analyses, the
data from 3 sampling points at each site were pooled and then were transformed to
In (x+1) prior to the analyses, as negative binomial distribution usually prevails in
soil animal population (Huhta, 2002). These statistical analyses were conducted using
Statistica software package (StatSoft Inc., Tulsa, USA). Canonical Correspondence
Analysis (CCA) was used to visualize the variation in the composition of soil and
litter invertebrate among the sampling sites in relation to environmental variables.
CANOCO for Windows version 4.5 with the Monte Carlo test (499 permutations)
was used for calculation.

RESULTS AND DISCUSSION
1. Environment conditions

Soil temperature at the open sites (ME, PF1 and PF2) in Kitadan valley was
higher, especially in July and September due to the open landscape, than the shady
forested areas (BM, KO, KA and CD) and sasa areas (SA1, SA2 and SA3). The
lowest soil temperature was recorded at BM (16.5°C, ranged from 9.1 to 20.7°C),
while the highest at ME in Kitadan valley (19.7°C, ranged from 9.5 to 26.1°C)
(Table 1).



Soil moisture was significantly different (p<0.001) among sampling sites: low at
BM (39.4%), KO (37.2), KA (28.9) in the forested area and ME (39.4) in most open
place in Kitadan valley. While high at PF1 (62.3), located on the bank of paddy fields.
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Fig. 2. Changes in the average monthly values of air temperature () and monthly
precipitation (A) of Kanazawa city in 2005 (obtained from Japan Meteorological Agency,

http://www.data.jma.go.jp).

Litter fresh weight was significantly different (p<0.001) among sampling sites: the
highest at BM (431.6 g), followed by SA2 (351.6), SA3 (349.4) and SA1 (322.2),
while lowest at ME (22.4), followed by PF2 (42.3) and PF1 (72.3) located in Kitadan
valley. Litter decomposition rate was low in the sites dominated by dense moso
bamboo (BM) and sasa (SA1, SA2 and SA3), due to shading effect and low soil
temperature (Ishikawa et al., 2006; Risch et al., 2007).
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Fig. 3. Total number of individuals (A), and those of taxa at phylum (B), class (C), and
order (D) levels in the samples collected from the litter and soil of the satoyama area in

Kanazawa University's Kakuma Campus.
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Litter layer thickness was lowest at ME among all sampling sites (2 mm) due to
the agricultural practices such as mowing and litter removal, while higher at BM and
CD (51.3 and 45.9 mm, respectively), where no management practice was carried out.
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(B) Kitadan valley
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Fig. 4. Total number of individuals (top) and those of taxa (bottom) collected from litter
(L) and soil (S) in each sampling site. Number on each bar: total number of taxa, including
the number of phyla in square brackets and that of classes in parentheses; black — phylum;
light grey — class; dark grey — order. Sampling site codes are as in Table 1.

2. Abundance

(2.1) Whole study site. In total, 27,399 individuals were collected (14,769 and
12,630 from litter and soil, respectively) from the whole study sites. No difference
was found in total number of individuals between litter and soil (Kruskal-Wallis test,
p>0.05) (Fig. 3).
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(2.2) Habitat groups. Mean total number of individuals per site collected in the
forested area (1805.0 (mean) +567.7 (SD) and 1311.5+604.3 in litter and soil,
respectively) was larger than in Kitadan valley (1258+685.5 and 1231+£358). In both
areas, total number of individuals collected from litter was higher than that from
soil (7220 vs 5246 and 7549 vs 7384 in the forested area and in Kitadan valley,
respectively) (Fig. 4).

(2.3) Each study site. In most sampling sites, total number of individuals
collected from litter was higher than from soil, except ME and PF2 (Fig. 4). In soil,
the highest number was recorded in BM (1958), followed ME (1913), KA (1483),
and SA2 (1186), while CD was the lowest (555), followed by PF2 (1136) and PF1
(949) (Fig. 4). In litter, the highest number was recorded in BM (2653), followed by
SA3 (1,935), SA1 (1,839) and SA2 (1,702), while the lowest in ME (220), followed
by PF2 (754) and PF1 (1,099) (Fig. 4).

3. Taxonomic composition
3.1. General composition

(3.1.1) Whole study areas. Phyla: Four phyla, i.e. Annelida, Arthropoda, Mol-
lusca and Platyhelminthes, were recorded from the litter samples, while three phyla
without Platyhelminthes from the soil samples (Table 2, Fig. 4).

Class: In both litter and soil samples, eight classes were recorded, consisting of
six classes (Arachnida, Insecta, Malacostraca, Chilopoda, Symphyla and Diplopoda)
in Arthropoda, one, in Annelida (Oligochaeta) and one, in Mollusca (Gastropoda).
Oligochaeta was separated into Megadrile and Microdrile. The former is large
terrestrial and semiaquatic segmented worms, commonly referred to as earthworms,
while the latter is small, mostly aquatic oligochaete worms (Hendrix et al., 2008)
(Table 2, Fig. 4).

Order: Arachnida samples consisted of five orders, Insecta 13 orders. Malaco-
straca two orders, and Chilopoda two orders (Table 2, Fig. 4).

Total number of taxa: In this article, the numbers of “taxa” are counted at order
level, while the phylum Platyhelminthes and classes Chilopoda, Symphyla, Diplopoda
and Oligochaeta are treated as one taxon, because these are not identified into lower
levels. Thus, as mentioned below, a total 27 “taxa”, including one phyla, four classes
mentioned above and 22 orders were recorded in the whole area. Twenty seven and
26 “taxa” were recorded from litter and soil samples, respectively (Table 2).

(3.1.2) Habitat groups. Total number of “taxa” was slightly larger in the forested
area (26 and 25 in litter and soil, respectively) than in Kitadan valley (24 and 23)
(Fig. 4, Table 2). In soil, 4 classes and 21 orders were found in the forested area,
meanwhile 4 classes and 19 orders in Kitadan valley. In litter, 1 phylum, 4 classes
and 21 orders were recorded in the forested area, while 1 phylum, 4 classes and 20
orders in Kitadan valley. Generally, the composition of “taxa” was similar in both
area, but some “taxa” such as Isoptera, Thysanoptera and Neuroptera were found
only in the forested area (Table 2).
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(3.1.3) Each study site. More “taxa” were recorded in litter than in soil at each
site except ME and SAI. In soil, the highest number of taxa was found in the
forested area, i.e. KA and SA2 (20 “taxa”), followed by BM (19), and three sites in
the Kitadan valley, ME (19), SA1 (19), and SA3 (19). The lowest number was in
the Kitadan valley, i.e. PF1 (14), followed by PF2 (18) and 2 sites in the forested
area, KO (18) and CD (18) (Table 2). In litter, the highest number of “taxa” were
found in BM, KA, CD and SA3 (217taxa”), followed by KO (20) and PF2 (20). All
of those sites were located in the forested area except for SA3 and PF2, located in
Kitadan valley. While the lowest number of “taxa” was recorded in Kitadan valley,
i.e. ME (14), followed by PF1 (17) and SA1 (17).

Some “taxa” were recorded only in particular sites, e.g. Pseudoscorpionida
(BM, KO, KA, SAI1, SA2, SA3), Opiliones (KO, PF2, SA3), Isoptera (KO, CD),
Blattodea (BM, KA, ME), Thysanoptera (BM, KO, KA, CD), Orthoptera (CD, ME,
PF2) and Neuroptera (CD). Present results show that number of “taxa” was higher
in the areas without management practices (the forest area) than in the areas with
management (the Kitadan valley) (Table 2).
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Fig. 5. Order of abundance of the macrofauna at class level for the entire study area,
collected from litter (top) and soil (bottom). Sampling site codes are as in Fig. 1. Abbrevia-
tions of taxa: Ins — Insecta; Ara — Arachnida; Mal — Malacostraca; Oli — Oligochaeta; Chi —
Chilopoda; Dip — Diplopoda; Sym — Symphyla; Gas — Gastropoda; and Pla — Platy-
helminthes, a phylum that we did not categorize into classes.
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3.2. Ranking of taxa at phyla and class levels

(3.2.1) Whole study site. In soil, Insecta made up 58.5% of the total number of
individuals collected, followed by Arachnida (27.3%), Oligochaeta (4.2%), Malaco-
straca (3.5%), Chilopoda (3.2%), Symphyla (2.3%), Diplopoda (0.8%) and
Gastropoda (0.1%) (Fig. 5).

In litter, the ranking of the number of individuals collected was as follows :
Insecta (46.3%), Arachnida (40.8%), Malacostraca (5.4%), Oligochaeta (3.3% and
4.2%), Chilopoda (2.2%), Diplopoda (1%), Symphyla (0.8%), Gastropoda (0.1%)
and Platyhelminthes (0.02%) (Fig. 5). The ranking in soil (Fig. 5, bottom) was same
as in the litter (Fig. 5, top) except that ranking changed in Malacostraca (third to
fourth), Oligochaeta (fourth to third), the Diplopoda (sixth to seventh) and Symphyla
(seventh to sixth).

(3.2.2) Habitat groups. Forested area: In soil, Insecta also made up 52.6% all
individuals collected, followed by Arachnida (33%), Oligochacta (4.8%),
Chilopoda (4%), Symphyla (2.7%), Malacostraca (2.6%), Diplopoda (0.3%) and
Gastropoda (0.1%) (Fig.6B). In litter, Insecta made up 48.3% of all individuals
collected, followed by Arachnida (42.2%), Malacostraca (17.3%), Chilopoda
(9.5%), Oligochaeta (5.4%), Symphyla (3.7%), Diplopoda (1.2%), Gastropoda
(0.2%) and Platyhelminthes (0.04%) (Fig. 6A).

Kitadan valley: In soil, Insecta made up 62.7% of all individuals collected, fol-
lowed by Arachnida (23.3%), Malacostraca (4.2%), Oligochaeta (3.9%), Chilopoda
(2.7%), Symphyla (2%), Diplopoda (1.1%) and Gastropoda (0.1%) (Fig. 6B). In
litter, Insecta made up 44.3% of all individuals collected, followed by Arachnida
(39.5%), Malacostraca (6.6%), Oligochaeta (5.2%), Chilopoda (1.9%), Diplopoda
(1.7%), Symphyla (0.6%), Gastropoda (0.1%) and Platyhelminthes (0.03%) (Fig. 6A).

It can be summarized that in both forested area and Kitadan valley, (1) both
litter and soil, Insecta and Arachnida were most dominant; (2) in soil, the percen-
tages of Insect was almost two times larger than in litter.

(3.2.3) Each study site. In soil of both the forested and the Kitadan areas, Insecta
was the most dominant class : in the forested area, BM (56.1%), KO (53.7%), KA
(47.5%) and CD (52%), followed by Arachnida; in Kitadan valley, ME (84%), PF1
(70%), PF2 (63.3%), SA1 (48.5%), SA2 (47.2%) and SA3 (49%), followed by
Arachnida (Fig. 6). The following minor classes were recorded in certain sites with
higher percentage: Malacostraca in KO (3.7%), KA (3.4%), PF1 (8.2%), PF2 (5.3%),
SA1 (4.8%), SA2 (3.5%) and SA3 (4.6%); Chilopoda in KO (8.5%), CD (5%), SA1
(2.8%), SA2 (7.4%) and SA3 (5.5%); Symphyla in BA (3%), KA (3.4%); CD (3.4%),
PF1 (2.7%) and PF2 (4.9%); Diplopoda in SA3 (3.3%); Oligochaeta in KO (8.5%),
CD (9.1%), PF2 (5.7%), SA1 (5.5%), SA2 (5.9%) and SA3 (8.6%) (Fig. 6).

In litter of both Insecta and Arachnida were most dominant in both forested and
Kitadan areas. In forested area, Arachnida was dominant in BM (46%) and KA
(48.4%), while Insecta was highest in KO (50.7%) and CD (59.5%). In Kitadan
valley, Arachnida was dominant in PF1 (41.3%), SA2 (44.7%) and SA3 (43.3%),
while Insecta was dominant in ME (65%), PF2 (48%), SA1 (52%). The following
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minor classes were recorded in certain sites with higher percentage : Malacostraca
in KO (6.4%), PF1 (5.6%), PF2 (6.5%), SA1 (5.9%), SA2 (8.1%) and SA3 (6.9%);
Chilopoda in BA (3.7%), KO (2.1%), KA (1.9%), CD (1.9%), SA1 (1.7%), SA2
(3.11%) and SA3 (2.8%); Oligochaeta in ME (7.3%), PF1 (12.1%), SA1 (5%), SA2
(3.7%) and SA3 (3.5%); Diplopoda in SA1 (3.9%), SA2 (1.2%) and SA3 (1.3%)
(Fig. 6). Some taxa showed specific habitat preference, e.g. Symphyla was collected
from the sites with thick litter without human disturbance (BM) (see, Migge-Kleian et
al., 2007), while Malacostraca (Amphipoda) from the continuously wet paddy field
sites in Kitadan valley (PF1 and PF2) (see, Hassall et al., 1987; Vilisic et al., 2007).

It can be summarized that (1) in soil, Insecta was dominant in all sites,
meanwhile in litter Insecta and/or Arachnida was dominated in most sites; (2) minor
classes, e.g. Malacostraca, Oligochaeta and Diplopoda were more common in Kitadan
valley than in forested area; meanwhile Chilopoda in the areas without management
practices (the site in the forested area and sasa sites), where litter layer was thick and
moist (Table 2, Fig. 6) and number of potential prey might be larger (Lawrence &
Wise, 2000)

3.3. Order composition in Class Insecta

(3.3.1) Whole study site. In Class Insecta, a total number of orders collected
was 13, 12 in soil and 13 in litter, respectively. Figure 7C shows the abundance
ranking at order level in soil : Formicidae was the most abundant order, making up
24.0% of the total number of individuals collected, followed by Collembola (20.6%),
Diptera (larvae and adults, 6.3%), Coleoptera (larvae and adults, 4.7%), Hemiptera
(0.8%), Isoptera (0.8%), Lepidoptera (larvae and adults, 0.4%), Diplura (0.3%), Pso-
coptera (0.2%), Hymenoptera (0.2%), Blattodaea (0.02%), Thysanoptera (0.02%),
Orthoptera (0.02%) and Neuroptera (0.01%). Meanwhile, in litter, Collembola was
the most abundant order, making up 23.3% of the total number of individuals col-
lected (Table 2), followed by Formicidae (10.0%), Diptera (larvae and adults, 5.0%),
Coleoptera (larvae and adults, 3.6%), Lepidoptera (larvae and adults, 2.6%), Hemi-
ptera (0.9%), Psocoptera, (0.2%), Isoptera (0.8%), Diplura (0.3%), Hymenoptera
(0.2%), Blattodea (0.1%), Thysanoptera (0.07%), Orthoptera (0.01%) and Neuroptera
(0.01%). The abundance ranking of orders in class Insecta was quite different
between litter and soil, except the fact Diptera (larvae and adults) and Coleoptera
(larvae and adults) showed in the same ranking (third and fourth).

(3.3.2) Habitat groups. Forested area: In soil, Collembola was most abundant
(30.0%), followed by Diptera (larvae and adults, 8.3%), Formicidae (7.1%), Coleop-
tera (larvae and adults, 3.7%) and Isoptera (1.9%), Lepidoptera (larvae and adults,
0.4%), Diplura (0.4%), Hemiptera (0.3%), Psocoptera (0.2%), Hymenoptera (0.2%),
Blattodea (0.04%), Thysanoptera (0.04%), Orthoptera (0.02%) and Neuroptera
(0.02%) (Table 2, Fig. 7A). In litter, the abundance ranking was as follows:
Collembola was the most abundant, making up 29.8% of the total number of
individuals collected from forested area, followed by Formicidae (6.1%), Diptera
(larvae and adults, 5.0%), Lepidoptera (larvae and adults, 3.4%), Coleoptera (larvae
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Fig. 6. Comparison of faunal composition in soil and litter at class level among the sam-
pling sites in (A) forested area and (B) Kitadan valley. Sampling site codes are as in Table 1.
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Insecta among the sampling sites in (A) forested area and (B) Kitadan valley. Sampling site
codes are as in Table 1.
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and adults, 2.9%), Blattodea (0.2%), Isoptera (0.2%), Hymenoptera (0.2%), He-
miptera (0.1%), Diplura (0.1%), Thysanoptera (0.1%), Psocoptera (0.07%) and
Neuroptera (0.01%). Orthoptera was not recorded in litter sample (Table 2).

Kitadan valley: In soil, Formicidae was the most abundant taxa (36.0%), followed
by Collembola (14.0%), Coleoptera (larvae and adults, 5.4%), Diptera (larvae and
adults, 4.9%), Hemiptera (1.2%), Lepidoptera (larvae and adults, 0.4%), Psocoptera
(0.3%), Hymenoptera (0.2%), Diplura (0.2%), Blattodea (0.01%) and Orthoptera
(0.01%) (Table 2, Fig. 7B)._In litter, Collembola was most abundant taxa (17.2%),
followed by Formicidae (13.8%), Diptera (larvae and adults, 4.9%), Coleoptera (lar-
vae and adults, 4.3%), Lepidoptera (larvae and adults, 1.2%), Hemiptera (1.7%),
Psocoptera (0.3%), Hymenoptera (0.2%), Diplura (0.01%), Blattodea (0.01%) and
Orthoptera (0.01%).

Summarizing, (1) the abundance ranking at order levels in class Insecta was
quite different between litter and soil, both in the forested area and Kitadan valley;
(2) Collembola was the most dominant order in forested area (both in litter and soil)
and Kitadan valley (in litter), meanwhile Formicidae was the most dominant order in
soil of Kitadan valley. As mentioned bellow, a large number of ants were collected
from soil of ME and PF1.

(3.3.3) Each study site. In soil, Collembola was the most abundant in both fo-
rested and Kitadan areas except for ME and PF1, where Formicidae was dominant
(69.1% and 43.9%). Formicidae was the second abundant in KA (4.8%), CD (17.7%),
PF2 (24.8%), SA1 (11.9%), SA2 (21.6%) and SA3 (22.5%). Diptera (larvae and
adults) was the second dominant in BM (12.3%) and PF1 (8.9%). Meanwhile
Coleoptera (larvae and adults) was the second dominant in ME (4.6%). Isoptera
appeared more frequent in KO (9.4%) (Fig. 7).

In litter, Collembola was the most abundant in all sites in both forested and
Kitadan areas except for ME, where Formicidae was dominant (23.2%). Formicidae
was the second most abundant in KO (13.3%), KA (8.1%), PF1 (11.7%), PF2
(10.3%), SA1 (15.5%) SA2 (12.2%), and SA3 (15.0%). Diptera (larvae and adults)
was the second most abundant in CD (9.6%) and ME (21.8%), while Coleoptera
(larvae and adults) in BM (2.5%) (Fig. 7). Isoptera was found only in KO and CD
in the forested area, where woody materials were abundant (Table 2). Distribution
of Coleoptera adults (F=2.41, p<0.01), Coleoptera larvae (F=2.83, p<0.01), Lepido-
ptera larvae (F=9.06, p<0.01), Hemiptera (F=3.43, p<0.01), and Thysanoptera
(F=2.49, p<0.01) were significantly biased among different sampling sites.

These results indicate that (1) the order composition was quite different between
litter and soil both in forested and Kitadan areas; (2) the abundant orders, Collembola
and Lepidoptera (larvae and adults), were more prevalent in the forested area than
in Kitadan valley. Meanwhile, Formicidae, Oligochaeta, Diptera (larvae and adults)
and Coleoptera (larvae and adults) were more abundant in the Kitadan valley than
in the forested area.
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4. Multivariate analysis

In Figure 8, CCA ordination visualizes the variation in the soil and litter faunal
composition obtained from the sites in the forested area and Kitadan valley at three
sampling periods (July, September and November, 2005). Although there are some
exceptions, the figure shows that most litter samples (open symbols) were located in

2 5

3 3

Fig. 8. CCA ordination showing the variation in faunal composition among the sampling
sites (site codes are as in Table 1), sampling layers (soil and litter, denoted with closed and
open symbols, respectively), and sampling periods (J, S, and N, hyphenated with the sampling
site codes indicate July, September, and November of 2005, respectively). Arrows indicate
the environmental parameters (A — soil temperature; B — litter biomass; C — soil moisture;

and D — litter thickness). o — sites in forested area; O , sasa sites; and 2 , sites in Kitadan

valley. Circles with numbers (1-5) indicate the groups of sampling sites. Dotted circles in
circle 2 show the sasa sites, sampled during different months.
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the left side of the y-axis and the soil ones (closed symbols) in the right side, indi-
cating that soil and litter layer were rather clearly separated from each other. In
more closer view, the following facts are also revealed: in PF1, PF2 and ME, the
culativated sites in Kitadan, litter samples (circle 1 and 3) were distinctly different
from soil samples (circle 4), as mentioned in earlier part (see, Order composition in
class Insecta). The litter samples, moreover, collected in September (circle 3) is also
different from those collected in July and November (circle 1). In the sasa sites
(SA1, SA2 and SA3), the litter samples (open rectangles within dotted circle 2-1)
were separated from the soil samples with exceptions of those collected in September
(dotted circle 2-2) and SA3 in November (circle 2). With regard to seasonality in
the sasa sites, the samples collected in September from both litter (dotted circle 2-2)
and soil (2-3) were separated from the litter and soil samples, respectively, collected
in July and November. In addition, the soil and litter samples collected from the
sasa sites in September also were separated along the second axis. However, in the
forested sites (circle 5) faunal composition was not separated neither among the
sites and between litter and soil nor among sampling months. The possible reason
why samples collected in September differed from those collected in July and
November in Kitadan valley may depend on the local climate and amount of litter.
In the study area, precipitation was low and temperature was high in September
(Fig. 2), which affected the populations of major taxa such as Collembola.

In the above ordination, the first and second CCA axes explained 5.3% and 1.3%
of variation, respectively. Monte-Carlo test showed that the first axis (/' = 4.432,
p = 0.002) and all axes are highly significant (/" = 2.085, p = 0.002) with first axis
explain more than other axes. The species-environment correlation coefficients for
the first and second CCA axes were 0.89 and 0.82, respectively, suggesting a strong
relation between soil and litter taxa to litter thickness, litter biomass, soil moisture
(second axis) and the soil temperature (first axis) (Fig. 8). Biological interpretation
of CCA ordination (Fig. 8) may be related to the following facts: Collembola and
Acariformes were abundant in litter of the forested and sasa sites (e.g. BA, KA,
KO, SA1, SA2 and SA3) (Fig. 7) and have positive correlation with litter biomass
and litter thickness, but have negative correlation with soil temperature and
humidity (Fig. 8). Formicidae was abundant in agriculture area in Kitadan valley
(e.g. PF1, 2 and 3 and ME), where litter was scarce.
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