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Satoyama, the traditional rural landscape of Japan, has been paid much attention
because, beside its many important roles, it is a key to biodiversity conservation in
Japan. The effects of habitat heterogeneity and restoration activities on the abundance
and diversity of above-ground arthropod assemblages were studied using window
traps in a “satoyama area” within Kanazawa University’s Campus, Kanazawa,
Japan in 2005 and 2006. Monthly samples were taken at upper and ground levels
from nine sites, including forested areas and valley areas with paddies under restora-
tion. A total of 93,134 individuals from 24 orders, including 18 Insecta orders, 3
Arachnida, 2 Crustacea and 1 Chilopoda, were collected during the study, and an
order level analysis was carried out. At the upper level, Diptera was the dominant
order (about 70%), followed by Homoptera and Coleoptera (5-10 %), and at ground
level, Diptera (about 40%), Collembola (10%), and ants (8%) were dominant. DCA
ordination revealed a clear separation of arthropod order compositions among
different habitat types and between upper and ground levels, but the separation was
less apparent between years. DCA ordination of 18 orders revealed the variation of
spatial distribution of these orders in accordance with habit ("flying" or "non-flying")
and habitat preference ("forests" or "cultivated valley" sites).

KEY WORDS: satoyama management, rural landscape, biodiversity, above-
ground arthropod assemblage, higher taxon approach, window trap, DCA analysis.
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N. Tpucnasatu, K. Hakamypa. ILnoTHOCTB, pa3HO00pa3ne H pacnpeeieHue
HANOYBEHHBLIBX YWICHHCTOHOTHX, COOPaHHBIX OKOHHBIMH JOBYNIKAMH B
KanangzaBe, SlmoHusi: aHajiu3 Ha YpPOBHe OTpsiAoB // JlajJbHEBOCTOYHBIM
sHToMoJor. 2008. N 181. C. 1-23.

TpamuumonHBI cenmbckuid  JMaHmmadgr B SAnoHmm (carosMa) TIpHUBIEKAeT
NPHUCTaJIbHOE BHUMAaHUE HMCCIIEIOBATENEH, TOMUMO BCEro MPOYEro, Kak KI04eBOW
U COXpaHeHHsT Onopa3HooOpasus 3Toi ctpansl. B 2005-2006 rr. 3¢ ekt BausamS
Pa3HOPOIHOCTH MECTOOOUTAHMH M PEKYJIbTUBALMU TPAAULMOHHBIX arponaamadTos
Ha YHCIICHHOCTh M Pa3HOOOpa3ne KOMIUIEKCOB HAAMOYBEHHBIX YJIEHHUCTOHOTHX OBLI
H3YUYCH C MCIOJIb30BAHUEM OKOHHBIX JIOBYHICK B OKPECTHOCTAX KaMIlyCa YHHUBEPCU-
tera Kananzaser (Amonms: XoHcio). [IpoOsr oTOMpanuch eXeMecsIHO Ha ypOBHE
MMOYBEI U BBIIIE B 9 TOYKaX, BKIIFO4as JICCHbIC 6I/IOTOH])I 1 JOJIMHBI C pUCOBBIMU YCKaMU
TOCJIe UX BOCCTaHOBIeHUS. Beero Obuto codpano 93134 5k3. WieHHCTOHOTHX U3 24
OTpsI0B, B TOM uncie HacekoMbIX (Insecta) — 18 otpsinos, Arachnida — 3, Crustacea —
2, Chilopoda — 1 oTpsim; mOMyYeHHBIE TaHHBIC TIPOAHATH3UPOBAHEI HA YPOBHE OTSI-
JI0B. B Hafmo4BeHHOM sipyce JOMHHHPOBAIN ABYKPBLUIBIE (0K0JI0 70%), paBHOKPHIIBIE
X00OTHBIE M )KECKOKpBLIbIe HacekoMble (5-10%); Ha TOUBE IOMUHHPOBAJIN IBYKPBUIbIC
(oxomo 40%), xomrem6omsl (10%) u mypassu (8%). DCA opauHanms mokasaia
SICHBIE OTJIIMYMS COOOIIECTB WICHUCTOHOTUX HA YPOBHE OTPSIOB KaK B Pa3IMUHBIX
MECTOOOUTAHUSAX, TaK U B HAJAMOYBEHHOM fIpyCEe M Ha YPOBHE IIOYBBI, TOTJA Kak
pazmuuus mexay 2005 u 2006 rr. menee BoipaxeHnsl. DCA opanHanus 18 oTpsaaos
MOKa3ana, YTO BAPbUPOBAHNUE CTAIIMAIBHOTO PACIPECICHUS 3THX OTPSI0B 3aBUCHUT
otr nosexeHus ("'neratomue” M "HeneTaromue" HACEKOMBIE) M MPEIIIOUTHTEIBLHBIX
MectoobuTanuii ("necHsie" u ""BO3EBIBAEMBIC JONUHHBIE" YUaCTKH).

1) Buvlcuwas wixona ecmecmeennbix Hayk u mexuonoeuu Ynusepcumem Kanaosagoi,
Kanaosasa, Anonus.

2) Omoenenue 6uopasroobpasus, Uncmumym npupoosl u mexHoI02uli OXpaHsl
oKpyacaxcueli cpednl, Ynusepcumem Kanaosaswi, Kanaosaea, Anonus.

INTRODUCTION

The traditional rural landscape of Japan, "satoyama", making up about 40% of
the land area of Japan, is characterized by mosaic habitats with diverse habitat types
such as secondary forests, grasslands, rice paddy fields, and ponds within a narrow
area (Tabata, 1997; Kato, 2001). Satoyama provides a variety of habitat types for
wildlife with a high structural diversity of landscape elements facilitating the migra-
tion and dispersal of fauna and flora between different habitats. This landscape is a
key element to biodiversity conservation in Japan (Washitani, 2001; Ministry of the
Environment..., 2002). However, rapid economic growth since the 1960s has
brought urban development and expansion of abandoned areas caused by the decreasing
and aging population in satoyama areas. Under these conditions, habitat diversity is
likely to decline, and undoubtedly this decline is a serious threat to biodiversity in
Japan’s countryside (Kato, 2001; Washitani, 2001).
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For conservation planning of satoyama areas we need greater understanding of
the rural habitat capacity and impacts of habitat changes on biodiversity (Hutcheson
et al., 1999; Kremen et al., 1993). Biodiversity monitoring should be conducted to
evaluate changes in habitat composition, structure, and functioning related to the
effects of natural trends and/or anthropogenic activities over time (Noss, 1990).
Besides the ubiquity and taxonomical richness, the sensitivity of many arthropods
to ecological factors such as climate, vegetation changes, and intensities of
managements makes arthropods effective indicators of habitat changes at both the
local and regional scales.

In the present study, we collected above-ground arthropods using standardized
IBOY flight traps (window traps) at upper and ground levels from different habitat
types in a “satoyama area” within Kanazawa University’s Kakuma Campus,
Kanazawa, Japan in 2005 and 2006. Recently, in this satoyama area we monitored
seasonal/annual biodiversity and ecological relationships between organisms such
as pollination and seed dispersal (Nakamura et al., 2006). The previous studies
(summarized in Nakamura et al., 2006) included : (1) flying insects collected by
chemical attractant traps in 1996-2000 (Kanagami, et al., 1996; Nakamura et al.,
2006), (2) insects collected by four IBOY-specified traps (pitfall, window, light,
and malaise traps) in 2001, (3) flying beetles collected by water pan trap from
different vertical strata in 1999-2000 (Leksono et al., 2005), and (4) ground beetles
collected by pitfall traps among restored and non-restored habitats in 2004-2005
(Nakamura et al., 2006).

In this study, we analyzed the arthropod samples at the order level as a surrogate
for arthropod biodiversity at the species level (Baldi, 2003). We adopted order level
assessment as a rapid procedure to evaluate habitat heterogeneity in this satoyama
area. The reliability of such a higher taxon approach has been reported recently
(Basset et al., 2004; Tanabe et al, 2006; Biaggini, et al., 2007; Moreno et al., 2008)
and will also be discussed in this study.

STUDY SITES

Climate and topography: The study was carried out in a satoyama area (74 ha,
60-150 m altitude, 5 km southeast of central Kanazawa city, Ishikawa prefecture)
within Kanazawa University’s Kakuma Campus (N36°32° E136°42) (Fig. 1). In
Kanazawa, the average annual temperature value was 14.8°C with a monthly range
from 3.5 °C (January) to 26.8 °C (August) and annual rainfall of 2545 mm (for 30
years : 1977-2006, Japan Meteorological Agency, http://www.data.jma.go.jp).

Sampling site: Kakuma forests consist mainly of deciduous broad leaved trees
predominated by two oak species, Quercus serrata and Q. variabilis, patches of
plantations of Japanese cedar, Cryptomeria japonica, and moso bamboo, Phyllo-
stachys sp. When local people owned the forests in Kakuma, they managed them as
satoyama forests. The forests have been abandoned since the land was sold to
Kanazawa University 30 years ago. The forests in the campus have become taller and
denser with shrubs and undergrowth, and the cedar plantations and bamboo have been
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Fig. 1. Maps showing the locations of (A) Ishikawa Prefecture and Kanazawa City,
Japan; (B) the five sampling sites (dotted circle) in the forests of the satoyama area within
Kanazawa University's Kakuma Campus and the border of Kitadan Valley (bold line); and
(C) an enlarged map of Kitadan Valley, showing the four sampling sites each of which
included two sampling plots (closed triangle). See the text for the explanations of sampling
site codes

left unmanaged. The bamboo patches have expanded quickly, killing trees and other
plants that were overgrown by the bamboo. Terraced rice paddies cultivated in
almost all the valleys in Kakuma were also abandoned at the same time. Since
2002, terraced paddies in Kitadan, a small valley (0.5 ha, Fig. 1), have been restored
gradually by local volunteers for nature education and for monitoring the recovery
of biodiversity.

In this study, a total of nine sampling sites were established in the largest forest
patch (62 ha) running along the western border of the campus. Five of the sites were
established in areas of the forest with different vegetation profiles: (1) site KO in
deciduous broad-leaved forest dominated by oak, Quercus serrata; (2) site KA in
deciduous broad-leaved forest dominated by oaks, Q. serrata and Q. variabilis; (3)
site KS in Q. serrata forest with dense dwarf bamboo undergrowth, Sasa sp; (4) site
CD in an unmanaged plantation of Japanese cedar, Cryptomeria japonica; and (5) site
BM in an unmanaged moso bamboo grove, Phyllostachys sp. All five sites except
KS, which is located near Kitadan, were located in the upper half of the forest patch
(Table 1, Fig. 1). Inside Kitadan valley four sampling site were established: (1) site
PO on the bank of an area of artificial ponds and ditches for irrigation, where in 2005
and 2006 management practices, e.g. mowing weeds and construction of water
ditches, were conducted frequently; (2) site PF on a path between rice paddies, where
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ploughing and mowing were conducted from June to September; (3) site WG in a
wet grassland of Miscanthus sp. reaching 1.5-2.5 m high, where grass-cutting
management activities were infrequent (only once in spring); and (4) site ME in a
Japanese millet plantation, which was the driest site in Kitadan and plowed for
cereal plantation from May to September (Table 1). In this article, the six sites in the
forests and four sites in Kitadan valley are referred to as “forested” and “cultivated
valley” sites, respectively.

SAMPLING METHODS

To collect above-ground (flying) invertebrates, IBOY standard window traps
consisting of a yellow collecting bucket (diameter 35 cm and 15 cm high) and
transparent intersect panels (50 cm high x 45 cm wide) were used (Nakashizuka &
Stork, 2002). The buckets were filled with 1.5 L of 50% ethylene glycol as a
preservative and a small amount of detergent was added.

At each sampling site, two replications, each containing two traps at ground and
upper levels, were placed 5-10 m from each other. At ground level, the trap was set
at the height of 1.5 from the ground using ropes. At the upper level, the trap was
suspended by a rope using a canopy pulley at heights, ranging from 10-15 m in the
forest sites, which represents the lower canopy stratum (Humphrey et al., 1999),
and at height of 5-10 m at the sites in Kitadan Valley. Monthly sampling was
carried out by opening the traps between June and November in 2005 and 2006.
The samples were taken back to the laboratory and were identified at class or order
levels using Borror et al. (1989) and Nauman et al. (1991). Arthropods belong to
the order Hymenoptera were then separated into Formicidae (ants) and other
Hymenoptera (non Formicidae) groups (henceforth referred to as “Hymenoptera-
ant” and “Hymenoptera non-ant”, respectively). Diptera were further determined to
suborder and family levels, and some of them to species levels, the results of which
will be published subsequently.

Out of 24 orders that were recorded in this study, the 14 orders (Diptera, Homo-
ptera, Hymenoptera-non ant, Coleoptera, Lepidoptera, Thysanoptera, Psocoptera,
Hemiptera, Neuroptera, Trichoptera, Mecoptera, Plecoptera, Odonata, and Epheme-
roptera) are categorized as “flying" orders and the other 10 orders (Collembola,
Araneae, Hymenoptera-ant, Amphipoda, Orthoptera, Opiliones, Isopoda, Acarina,
Blattaria, and Lithobiomorpha) as “non-flying" orders in this article.

DATA ANALYSIS

Mann-Whitney U test and/or Kruskall-Wallis test (H) were used to examine the
differences in the abundance and diversity of arthropod orders among the sites, bet-
ween the strata, and between the years. Detrended Correspondence Analysis (DCA)
was carried out to visualize the variation in the composition of arthropod orders
among the sampling sites (Fig. 7) and the spatial distribution of arthropod orders,
which is represented by the number of individuals in each order collected from each
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Fig. 2. Comparison of the average number of the individuals collected per trap (£ 1 SE)
among the sampling sites. A : upper level, B : ground level

sampling site (Fig. 8). After the number for each taxon was square root-transformed,
CANOCO version 4.5 (ter Braak and Smilauer, 2002) was used for the calculations.
DCA site scores and taxon scores from the first and second axes (Jongman et al.,
1995) were further examined using t-test. All statistical tests of analysis of variance
were performed using STATISTICA 6.0 software.
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RESULTS
ABUNDANCE

Whole study sites

In 2005, a total of 36,548 individuals were collected from the whole study site
(19,877 and 16,671 individuals at upper and ground levels, respectively); while in
20006, a total of 56,586 individuals were collected (38,874 and 17,712, respectively)
(Tables 2, 3). The difference between the two levels was significant (Mann-
Whitney U test, P<0.05 and P<0.001 in 2005 and 2006, respectively). The
abundance in 2006 was increased sharply from that in 2005 at the upper level but
only slightly at ground level.

Habitat groups and each study site

At the upper level, the abundance per site in “forested” sites was larger than in
“cultivated valley” sites in both years (Fig. 2). At ground level, there was no
significant difference between the “forested" and "cultivated valley" sites in both
years (Mann-Whitney U test, P<0.05 at upper level and P>0.05 at ground level)
(Fig. 2, bottom). The abundance per site was more variable at the upper level,
especially among forested sites in 2006, than at ground level in both years (Fig. 2,
Tables 2, 3).

In 2005, the abundance per site ranged from 797 individuals/trap (ME) to 2087.5
(KA) at the upper level (Fig. 2, top) and from 700.5 (KO) to 1231.5 (WG) at ground
level Fig. 2, bottom). At the upper level, sites KA, KS, and KO (oak sites) showed
higher abundance (2087.5, 1198, and 1176, respectively) than other sites (Fig. 2,
top). In 2006, at the upper level site BM showed the highest abundance (7699.5),
which increased sharply from that of 2005 (867.5). Sites PO (792) and ME (796)
had the lowest abundance levels (Fig. 2, top). At ground level, arthropod abundance
ranged from 741 (PF) to 1151 (ME) (Fig. 2, bottom). Abundance was significantly
different among the sites at the upper level in 2005 (Kruskal-Wallis test, P<0.05)
and more significant in 2006 (P<0.001). Abundance at ground level in 2006
(P<0.01) was significantly different, but significance was not observed in 2005
(P>0.05). At each site, differences in abundance between the upper and ground
levels were larger in 2006 than that in 2005 (Fig. 2, Tables 2, 3).

ORDER RICHNESS
Whole study sites

A total of 24 orders were collected during the entire study with 23 orders recorded
in each year. Order richness at the upper level in 2006 (23) was slightly higher than
in 2005 (21); however, at ground level, it was the same in both years (23) (Fig. 3,
Tables 2, 3).
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Habitat groups and among study sites

In both years, order richness per site in the “cultivated valley” sites ranged
between 18 and 22 orders and in “forested” sites between 18 and 21 orders (Fig. 3).
However, there was no significant difference between the habitat groups and strata
(Kruskal-Wallis test, P>0.05). At the upper level, order richness per site increased
slightly from 2005 (range 13 to 19) to 2006 (16 to 20) in all sites, except sites KS,
PO, and WG. However, at ground level the differences in order richness were less
apparent between the years (Fig. 3).

Forested sites Cultivated
valley sites

N
N
§
\

NN
V22222

KS BM C PO P WG M

3

KO

Number of orders

V27772727277

KO KA KS BM CD PO PF WG ME

Fig. 3. Comparison of the number of orders collected per site among the sampling sites.
A :upper level, B : ground level

ORDER RANKING

At the upper level in 2005 and 2006, Diptera was the dominant order, making
up 65.7% and 78.5%, respectively, of the total number of individuals collected from
all study sites (Fig. 4, left). The 10 orders are ranked in order of abundance; Homo-
ptera (10.9% and 5.0%), Coleoptera (5.3% and 4.0%), Hymenoptera-non ant (4.6%
and 4.0%), Araneae (3.7% and 2.0%), Lepidoptera (2.9% and 1.4%), Hymenoptera-
ant (2.3% and 2.2%), Collembola (1.3% and 0.5%), Thysanoptera (1.0% and 1.1%),
Psocoptera (0.7% and 0.5%), Hemiptera (0.5 and 0.2 %), Acarina (0.4% and 0.1%)
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and Orthoptera (0.4% and 0.1%). The top 13 orders at the upper level accounted for
99.5% (2005) and 99.6% (2006) of all arthropods (Fig. 4, left). At ground level in
2005 and 2006, Diptera was also the ranked first (41.9% and 42.9%), followed by
Collembola (10.3% and 10.5%), Hymenoptera-non ant (8.6% and 7.4%), Araneae
(6.8% and 5.5%), Coleoptera (6.3% and 5.9%), Homoptera (6.1% and 7.8%), Hyme-
noptera-ant (5.5% and 8.7%), Amphipoda (3.9% and 1.6%), Orthoptera (2.6% and
2.0%) Lepidoptera (2.6% and 1.0%), Opiliones (1.9% and 1.8%), Isopoda (1.3%
and 2.4%) and Acarina (0.9% and 0.8%). Diptera and these 12 orders accounted for
98.7% (2005) and 98.3% (2006) of all arthropods (Fig. 4, right).
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% The thirteen most abundant order in 2005
** The thirteen most abundant order in 2006

Fig. 4. Abundance ranking at order level for the whole study area. The results are
presented separately as the average number of individuals per trap, per year, and for the
upper and ground levels

By comparing the two levels, it was found that (1) “flying" orders were
naturally more dominant at the upper level than at ground level, i.e. 7 vs 5 (2005)
and 9 vs 5 (2006) out of the top 13 orders; (2) the ranking of the top 13 orders
between the two years was more stable at the upper level than at ground level (Fig.
4), i.e. of the 13 major orders at upper level, the four top orders (Diptera, Homoptera,
Coleoptera, and Hymenoptera-non ant) were ranked in the same sequence, the
following seven orders (5th to 11th in the ranking) were the same with a few
changes in ranking, and the last two orders (12th and 13th) were replaced with others
(Fig. 4, left). However, at ground level the top two orders (Diptera and Collembola)
were the same, but the
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subsequent eleven orders (3rd to 13th) changed their ranks (Fig.4, right). “Non-
flying” orders were naturally more abundant at ground level, e.g. Collembola,
Araneae, Hymenoptera-ant, Amphipoda, Opiliones, Isopoda, and Acarina (Fig. 4,
right). However, some “non-flying” orders were included in the top 13 orders at the
upper level, e.g. Araneae, Hymenoptera-ant, Collembola, and Acarina.

ORDER COMPOSITION AT EACH SITE

Figures 5, 6 and Tables 2, 3 shows the composition of the orders at each site, at
the two levels, and in both years separately. In this section, the order composition of
the samples was compared in terms of the proportion (%) of the sample collected at
each site. In both years, the following abundant orders were more prevalent in the
“forested” sites than in the “cultivated valley” sites: Diptera, Coleoptera, Collembola,
Hymenoptera-ant, and Opiliones. Conversely, Homoptera, Hymenoptera-non ant,
Araneae, Amphipoda, and Isopoda were collected more frequently in the “cultivated
valley” sites than in the “forested” sites.

SPATIAL DISTRIBUTION OF ABUNDANT ORDERS
“Flying” orders

(1) Diptera was the most abundant order across all the study sites (Fig. 4) and
was widespread over all sites (Figs. 5, 6). Its proportion was higher in “forested”
than “cultivated valley” sites (Mann-Whitney U test, P<0.001 at the upper level,
P>0.05 at ground level) and higher at the upper level than at ground level (Mann-
Whitney U test, P<0.001 in both years) (Tables 2, 3, Figs. 5, 6). The highest
proportion occurred at the upper level in 2005 at sites KA (85%) and KS (64%)
(Fig. 5) due to swarming behavior of particular families, and in 2006 at sites BM
(95%) and KO (86%) (Fig. 6); at ground level in 2005 at site KA (62%), and in
2006 at sites PF (52%) and CD (48%) (Tables 2, 3).

(2) Homoptera was second ranked at the upper level for the whole sample in
both years but sixth (2005) and fourth (2006) ranked at ground level (Fig. 4). Its
proportion was higher in “cultivated valley” than “forested” sites (Mann-Whitney
U test, P<0.001 at the two levels), and higher at the upper level than at ground level
(Mann-Whitney U test, P<0.001 in both years) (Tables 2, 3, Figs. 5, 6). The highest
proportion was in 2005 at sites PO (20%) and ME (18%) at the upper level and at
site PF (14%) at ground level; in 2006 at sites PF (18% and 24% at upper and ground
levels, respectively) and WG (17% and 10%) (Figs. 5, 6).

(3) Coleoptera was third ranked at the upper level for the whole sample in both
years and fifth (2005) and sixth (2006) ranked at ground level (Fig. 4). Its proportion
was higher at the upper level than at ground level (Mann-Whitney U test, P>0.05 in
2005 and P<0.001 in 2006) and higher in “forested” sites (except BM at the upper
level) than “cultivated valley” sites (Mann-Whitney U test, P<0.001 at the two levels)
(Figs. 5, 6).
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Fig. 5. Comparison of arthropod faunal composition among the sampling sites in 2005.
See the text for an explanation of the sampling site codes and site groups, i.e. “Forest” and
“Cultivated valley”

(4) Hymenoptera non-ant was ranked fourth in both years at the upper level and
third (2005) and fifth (2006) at ground level with a higher proportion in all “cultivated
valley” sites at both levels (Figs. 5, 6). In some “forested” sites (e.g. KA and CD)
its proportion was higher at ground level than at the upper level.

(5) Orthoptera’s highest proportion was at ground level at site ME, a “cultivated
valley” site (16% in 2005 and 8% in 2006) (Figs. 5, 6) where many ground crickets
were collected.

“Non-flying” orders

(1) Collembola was second ranked at ground level in both years and collected
more in “forested” than “cultivated valley” sites in both years (Tables 2, 3) with its
highest proportion at sites CD and BM (19% and 16%, respectively) in 2005, and at
sites CD and KS (16% and 14%, respectively) in 2006 (Figs. 5, 6).

(2) Hymenoptera-ant was collected more frequently in “forested” sites at ground
level. The highest proportion was observed at site KS (11%) in 2005 and at site BM
in 2006 (18%).
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Fig. 6. Comparison of arthropod faunal composition among the sampling sites in 2006.
See the text for an explanation of the sampling site codes and site groups, i.e. “Forest” and
“Cultivated valley”

(3) Araneae was collected more frequently in “cultivated valley” than “forested”
sites at ground level (Tables 2, 3) and with its highest proportion in site PO in both
years (13% and 9%).

(4) Amphipoda preferred moist habitats in “cultivated valley” sites (site WG) in
both years (18% and 5%) and at ground level rather than at the upper level (Tables
2, 3, Figs. 5, 6).

(5) Isopoda was also found more frequently at ground level rather than at the
upper level in particular “cultivated valley” sites (ME and WG) (Tables 2, 3, Figs. 5, 6).

(6) Opiliones was collected in “forested” sites with its highest proportion at site
KS in both years (6% in 2005 and 2006).

MULTIVARIATE ANALYSES
Variation in faunal composition among sites

DCA ordination revealed a clear separation of arthropod order compositions,
reflecting different habitat types and at upper and ground levels, but it was less
apparent between years (Fig. 7). Upper and ground levels were separated from each
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Table 2

The number of individuals in different arthropod orders collected using
window traps in Kakuma forest

Order KO KA KS BM CD
Year [2005 [2006 | 2005 [ 2006 [ 2005] 2006] 2005 | 2006 [ 2005 [ 2006

Acarina

Upper 8 6 27 4 16 7 15 3 9 2

Ground 51 54 18 13 17 21 38 31 10 10
Araneae

Upper 104 107 70 62 75 101 99 81 76 95

Ground 142 127 81 69 89 84 125 106 90 77
Opiliones

Upper 11 4 2 3 10 2 3 1 1

Ground 24 38 43 73 106 115 31 34 43 44
Amphipoda

Upper 0 1 0 0 0 0 0 0 0

Ground 7 26 0 0 9 0 0 1 1 0
Isopoda

Upper 1 0 0 0 1 0 0 1 0 1

Ground 0 10 0 0 42 7 19 16 0
Lithobiomorpha

Upper 0 0 0 0 0 0 0 0 0 0

Ground 0 0 0 0 5 0 0 0 0 0
Blattaria

Upper 0 1 1 0 0 1 0 0 2

Ground 0 0 2 0 0 1 2 0
Coleoptera

Upper 191 231 112 451 147 171 71 172 222 218

Ground 155 155 145 108 149 128 129 348 92 64
Collembola

Upper 5 11 22 24 66 44 37 25 22 13

Ground 116 158 83 214 211 260 295 216 284 286
Diptera

Upper 1441 6308 3578 2390 1523 1118 1096 14467 1070 2141

Ground 629 950 1327 854 616 774 714 834 607 867
Ephemeroptera

Upper 0 1 0 1 0 0 0 0 0

Ground 0 0 0 0 0 0 0 0 1
Hemiptera

Upper 13 13 8 8 12 9 1 2 22 12

Ground 5 6 6 2 10 6 1 7 4 18
Homoptera

Upper 189 119 151 225 260 265 90 46 229 146

Ground 62 121 39 81 45 58 76 24 68 97
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Table 2 (continued)

Order KO KA KS BM CD
Year [2005 [2006 | 2005 [ 2006 | 2005] 2006 ] 2005 | 2006 | 2005 | 2006

Hymenoptera-ant

Upper 115 317 18 105 95 86 68 191 25 51

Ground 98 286 71 163 190 242 116 384 47 172
Hymenoptera-
non ant

Upper 138 184 63 80 64 70 63 218 91 94

Ground 73 143 202 191 87 120 94 89 184 150
Lepidoptera

Upper 81 67 55 64 77 60 123 92 121 127

Ground 19 29 53 27 105 25 152 18 45 22
Mecoptera

Upper 0 4 0 0 2 2 0 0 0

Ground 2 17 2 2 7 9 0 1 3 6
Neuroptera

Upper 4 10 10 5 8 0 4 15

Ground 2 0 1 1 1 0 2 1 0 1
Odonata

Upper 0 0 0 0 0 0 0 0 0

Ground 1 0 0 0 0 1 0 0 0 0
Orthoptera

Upper 9 5 14 4 6 4 10 11 4 10

Ground 6 25 20 23 17 25 10 17 23
Plecoptera

Upper 0 0 0 1 1 1 0 1 0 5

Ground 0 0 0 0 0 0 0 0
Psocoptera

Upper 17 19 27 22 20 21 35 33 23 61

Ground 4 3 16 10 5 3 12 13 11 13
Thysanoptera

Upper 21 29 24 148 15 23 16 37 16 23

Ground 2 5 21 4 11 5 26 3 7
Trichoptera

Upper 4 9 6 1 6 8 9 3 13

Ground 3 0 1 0 0 0 0 2 0 1
Total: specimens

Upper 2352 7446 4175 3608 2396 1999 1735 15399 1938 3030

Ground 1401 2150 2113 1854 1715 1889 1819 2161 1511 1864
Total: orders

Upper 17 20 16 18 19 19 15 18 16 19

Ground 19 17 17 17 19 17 16 20 17 19
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Table 3

The number of individuals in different arthropod orders collected using
window traps in Kitadan valley

Order PO PF WG ME
Year | 2005 [ 2006 | 2005 | 2006 | 2005 | 2006 | 2005 | 2006

Acarina

Upper 4 2 0 1 3 4 2

Ground 9 6 4 1 2 1 5 10
Araneae

Upper 112 82 63 66 68 83 74 84

Ground 211 168 115 59 164 161 124 114
Opiliones

Upper 1 0 0 0 0 0 0 0

Ground 14 2 0 0 3 2 52 23
Amphipoda

Upper 5 1 0 0 4 0 1

Ground 87 70 38 0 454 102 51 80
Isopoda

Upper 2 1 0 2 1 1 0 3

Ground 25 13 0 0 92 42 43 325
Lithobiomorpha

Upper 0 0 0 0 0 0 0 0

Ground 2 0 0 0 0 0 0 0
Blattaria

Upper 0 0 0 0 0 0 0 0

Ground 0 0 0 0 0 0 0 0
Coleoptera

Upper 70 68 61 63 75 81 97 105

Ground 102 71 72 37 116 75 93 57
Collembola

Upper 34 25 5 1 24 16 33 43

Ground 211 206 114 75 199 175 209 275
Diptera

Upper 833 902 1150 1029 1507 1302 868 855

Ground 551 749 1007 762 762 979 770 829
Ephemeroptera

Upper 1 0 0 0 0 0 0 0

Ground 0 0 0 0 0 0 0 0
Hemiptera

Upper 4 4 7 11 13 18 9 9

Ground 17 4 7 10 13 3 10 18
Homoptera

Upper 314 220 298 350 333 386 292 182

Ground 120 292 270 360 173 194 156 147
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Table 3 (continued)

Order PO PF WG ME
Year | 2005 [ 2006 | 2005 | 2006 [ 2005 | 2006 | 2005 | 2006

Hymenoptera-ant

Upper 48 40 42 36 21 15 21 21

Ground 122 80 43 14 156 135 66 70
Hymenoptera-non
ant

Upper 112 135 147 333 135 258 108 185

Ground 175 186 175 117 285 203 154 117
Lepidoptera

Upper 30 44 11 20 30 37 42 42

Ground 10 17 7 12 7 9 31 24
Mecoptera

Upper 2 5 0 0 0 2 3

Ground 2 0 0 0 0 1 2 5
Neuroptera

Upper 5 2 4 2 1 2 7

Ground 0 1 0 0 4 0 1 0
Odonata

Upper 0 0 1 0 0 0 0

Ground 1 4 0 0 0 0 0
Orthoptera

Upper 7 2 5 6 0 2 14 5

Ground 19 14 14 18 26 23 308 194
Plecoptera

Upper 2 1 0 1 1 0 5

Ground 0 5 6 1 6 6 0 4
Psocoptera

Upper 3 10 3 7 2 5 2 14

Ground 3 2 5 2 3 0 6 0
Thysanoptera

Upper 23 38 26 31 36 47 21 22

Ground 5 3 4 9 1 0 4
Trichoptera

Upper 0 1 2 0 1 0 4

Ground 3 2 1 0 0 0 0 0
Total: specimens

Upper 1612 1583 1822 1961 2254 2255 1594 1592

Ground 1689 1895 1882 1479 2466 2111 2088 2296
Total: orders

Upper 19 20 13 17 16 16 16 19

Ground 20 20 16 15 17 17 17 18
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Fig. 7. DCA ordination showing the distribution of arthropod orders collected from
different sampling sites, strata, and years. Triangles and circles indicate the "forested" and
"cultivated valley" sites, respectively. Open and closed symbols indicate the upper and
ground levels, respectively. See the text for an explanation of the sampling site codes

other along the first axis, while the site groups, i.e. “cultivated valley” sites (PO,
PF, WG, and ME) and "forested" sites (KO, KA, KS, BM, and CD), were separated
along the second axis. At the upper level, between-site-groups heterogeneity was
nearly the same in the two habitat groups. Site BM was obviously more different
between the two years than other sites. However, at ground level, among-sites
heterogeneity was larger (lower similarity among-sites) in “cultivated valley” sites
than those in “forested” sites. Sites in the “cultivated valley”, except site ME, were
relatively different between the years. Both axes explained 50.2% of the variability
in the order composition of the samples. Site score analysis by DCA discriminated
effectively among the site groups and strata (t-test, P<0.0001 for the first and second
axes).

Variation in spatial distribution of orders

Figure 8 shows DCA ordination of 18 orders consisting of 11 “flying” and seven
“non-flying” orders. The former consisted of seven “forested” and four “cultivated
valley” orders, which were more frequently collected from “forested” and “cultivated
valley” sites, respectively, and the latter four “forested” and three “cultivated valley”
orders (Fig. 8, Tables 2, 3). Figure 8 shows a clear separation of the 18 orders into four
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Fig. 8. DCA ordination showing the spatial distribution of each arthropod order among
the study sites. Abbreviations for taxa : Dip, Diptera; Lep, Lepidoptera; Cole, Coleoptera;
Thy, Thysanoptera; Pso, Psocoptera; Hom, Homoptera; Neu, Neuroptera; Tri, Trichoptera;
Hym, Hymenoptera-non ant; Hem, Hemiptera; Ple, Plecoptera; Mec, Mecoptera; Ara,
Araneae; Amp, Amphipoda; Ort, Orthoptera; Iso, Isopoda; Aca, Acarina; Coll, Collembola;
Opi, Opiliones; Ant, Hymenoptera-ant

groups; (1) separation of “forest” orders and “cultivated valley” orders along the
second axis; (2) the “forest” orders aggregated closely and they were separated
clearly into “flying” and “non-flying” orders along the first axis; (3) “cultivated
valley” orders located below “forested” orders, except for Orthoptera (categorized
as “flying” order, but samples of this order were composed mainly of ground
crickets) and Isopoda, were again separated into “flying” and “non-flying” orders
along the first axis; and (4) three “non-flying” orders, Isopoda (together with
Orthoptera), Amphipoda, and Araneae, were separated from one another reflecting
their localized distribution at particular sites in the “cultivated valley” (sites WG
and ME, see explanation of spatial distribution of each order). The first and second
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axes explained 50.2% of the variability in order distribution among the sites. Analysis
of the taxon scores confirmed the significant difference in the distribution of the
orders among sampling sites (t-test; P<0.0001 and P= 0.034 for the first and second
axes, respectively).

DISCUSSION

For the present study, few comparable data sets have been collected from sato-
yama areas using similar sampling and analyzing methods, so below we discuss the
present results using our own data. First, we collected arthropods in the present
study area using four types of IBOY-specified traps (light, window, malaise, and
pitfall traps) at two levels (upper and ground levels) in three places within the
Quercus forest, where site KO was located in the present study (forest inside, edge
and upper slope, located within a radius of 100 m) in June, August, and October of
2001 (three days duration each time; henceforth referred to as the IBOY study;
Nakamura et al., 2006). Second, we studied the arthropod diversity in a satoyama
area with mixed deciduous forest predominated by red pines, Pinus densiflora, and
a sporadic mixture of oaks, Quercus, where a matsutake mushroom, Tricholoma
matsutake, revival project was taking place, in Suzu city on the Noto Peninsula
(230 km north of Kanazawa). In this project, trees other than pine trees were cut
and the forest floor was raked. The effects of the management on invertebrate com-
munities were examined using four sampling methods: window and pitfall traps and
sampling of litter and soil. Samples were collected only once in September 2005 from
the "managed site" and from the surrounding "control site" without management
(Linawati et al., 2006; referred to as Suzu study). In the IBOY study, window traps
collected 1115 individuals comprising five top ranked orders (Diptera 48%, Coleo-
ptera 24%, Hymenoptera-non ant 11%, Hemiptera 7%, and Hymenoptera-ant 5%;
Nakamura et al., 2006). In the Suzu study, window traps collected 1253 invertebrates;
Diptera (31%), Hymenoptera non-ant (18%), Homoptera (13%) and Araneae (13%)
were abundant at the control site and comprised 75% of the total catch. In the
managed site, Hymenoptera non-ant (49%), Diptera (23%), Homoptera (13%), and
Lepidoptera (4%) accounted for 89% of the total catch (Linawati et al., 2006). In
the present study, Diptera (ca. 70% for the whole study area and also in KO) was
ranked first in abundance, followed by Homoptera, Coleoptera, and Hymenoptera
non-ant (Tables 2, 3). Compared to the present study, the abundance rankings of
orders in the IBOY and Suzu studies were similar, but the proportion of Diptera
was lower in both studies possibly due to the fact that samples were not collected in
November when Diptera abundance increased rapidly. In addition, the satoyama
forest in Suzu was more open and dominated by pines, which provided different con-
ditions from the present study area. In the IBOY and Suzu studies, DCA ordinations
using higher taxa, which were similar to the present study, revealed that the taxonomic
composition and numbers of individuals collected varied greatly depending on the
type of traps used, indicating that it is not possible to accurately understand bio-
diversity using only certain trapping methods. In the IBOY study, DCA ordination
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using only window trap samples also separated the taxonomic compositions among
the three sites within one forest but differences between the strata was not detected
(Nakamura et al., 2006). In the Suzu study, DCA ordination of window trap samples
as well as those of other samples clearly separated the control site from the managed
site. In Suzu, some groups of flying insects belonging to Diptera, Homoptera, and
Hymenoptera tended to show higher abundance (although a lower percentage) at
the managed site compared to the control site. This pattern may be attributed to the
preference of these orders for open habitats and their photophilous nature (Linawati
et al., 2006). In the present study, the "cultivated valley" was under restoration and
the habitat conditions of the sites within the valley were diverse, e.g. ME, PO, PF,
and WG, reflecting their unique compositions of arthropod orders (Tables 2, 3, Figs.
5, 6). As shown in the Suzu study, managing activity can affect arthropod
assemblages in the present study area, as DCA ordination indicated in the separation
of the "cultivated valley" sites from "forested" sites (Fig. 7) although the difference
in the topography and related vegetation are also included.

In the present study site, monthly pitfall sampling of ground arthropods was
carried out in 2004 and 2005. DCA ordination using higher taxonomic composition
(order and class) clearly separated the major habitat types as well as the effects of
management activities (Nakamura et al. 2006), which is generally in accordance
with the present results obtained by window trap data (Fig. 7). Moreover, species
level analysis with Carabidae (ground beetles) also showed similar results (Fig. 4 in
Nakamura et al. 2006). In the next stage; first, the difference in the grouping of the
habitats and the resolutions of the separation between the data using window traps
in the present study and those obtained by pitfall traps should be examined at the
higher taxonomic levels; and second, more detailed examination of habitat
heterogeneity and effects of managements should be done on lower taxonomic
levels, which we have started with Diptera and will be published subsequently.

ACKNOWLEDGEMENTS

We wish to express our sincere thanks to the following persons for their encou-
ragement and assistance in the field Mr. K. Aoki, Mr. S. Kameda, Mr. N. Kameda,
and all members of the Laboratory of Ecology, Faculty of Science, Kanazawa
University. This study is supported in part by the 21st Century COE Program of
Kanazawa University (2002-2005, team leader: Professor K. Hayakawa), partly by
a Grant-in-Aid for Scientific Research (No. 18580328) to KN, and by a Japanese
Government (Monbukagakusho) Scholarship to IT from the Ministry of Education,
Culture, Sports, Science, and Technology of Japan.

REFERENCES

Baldi, A. 2003. Using higher taxa as surrogates of species richness: a study based on
3700 Coleoptera, Diptera, and Acari species in Central-Hungarian reserves. — Basic and
Applied Ecology 4: 589-593.

21



Basset, Y., Movoungou, J.F., Mikisa, O., Miller, S.E. & Kitching, R.L. 2004. Discrimi-
natory power of different arthropod data sets for the biological monitoring of anthropogenic
disturbance in tropical forest. — Biodiversity and Conservation 13: 709-732.

Biaggini, M., Consorti, R., Dapporto, L., Dellacasa, M., Paggetti, E & Corti, C. 2007.
The taxonomic level order as a possible tool for rapid assessment of Arthropod diversity in
agricultural landscapes. — Agriculture, Ecosystem and Environment 122: 183-191.

Borror, D.C., Triplehorn, C.A., & Johnson, N.F. 1989. An introduction to study of insect.
6th Ed. Saunders College Pub. Winston. Inc., London. 847 p.

Humphrey, J.W., Hawes, C., Peace, A.J., Ferris-Kaan, R. & Jukes, M.R. 1999. Relationship
between insect diversity and habitat characteristics in plantation forests. — Forest Ecology and
Management 113: 11-21.

Hutcheson, J., Walsh, P. & Given, D. 1999. Potential Value of Indicator Species for
Conservation and Management of New Zealand Terrestrial Communities. Department of
Conservation, Wellington, New Zealand. 90 p.

Jongman, R.H.G., ter Braak, C.J.F. & van Tongeren, O.F.R. 1995. Data Analysis in
Community and Landscape Ecology. Cambridge University Press, Cambridge. 299 p.

Kanagami, H., Nakano, T., Takada, K., Nakamura, A. & Nakamura, K., 1996. Insect
fauna sampled by chemical traps on Kakuma hills in Kanazawa City. — Proceeding of the
Association for Plant Protection of Hokuriku 44: 81-85. (In Japanese).

Kato, M. 2001. ‘Satoyama’ and biodiversity conservation: ‘Satoyama’ as important insect
habitats. — Global Environment Research 5: 135-149.

Kremen, C., Colwell, R.K., Erwin, T.L., Murphy, D.D., Noss, R.F. & Sanjayan, M.A.
1993. Terrestrial arthropod assemblages: their use in conservation planning. — Conservation
Biology 7: 796-808.

Leksono, A.S., Takada, K., Koji, S., Nakagoshi, N., Anggraeni, T. & Nakamura, K.

2005. Vertical and seasonal distribution of flying beetles in a suburban temperate deciduous
forest collected by water pan trap. — Insect Science 12: 199-206.

Linawati, Tanabe, S., Ohwaki, A., Akaishi, D., Putra, R.E., Trisnawati, 1., Kinasih, I.,
Kikuchi, C., Kasagi, T., Nagashima, S. & Nakamura, K. 2006. Effects of the red-pine forest
management for mushroom cultivation on the ground, below- and above-ground invertebrates
in Suzu, Central Japan. — Far Eastern Entomologist 166: 1-15.

Ministry of the Environment, Government of Japan. 2002. Living with Nature : The
National Biodiversity Strategy of Japan. Nature Conservation Bureau, Ministry of the En-
vironment, Government of Japan, Tokyo. 23 p.

Moreno, C.E., Guevara, R., Sanchez-Rojas, G., Tellez, D. & Verdu, J.R. 2008. Community
level patterns in diverse systems: A case study of litter fauna in a Mexican pine-oak forest
using higher taxa surrogates and re-sampling methods. — Acta Oecologia 33: 73-84.

Nakamura, K., Tanabe, S.I., Kimura, K., Kasagi, T., Utsunomiya, D., Ohwaki, A., Akaishi,
D., Takada, K., Linawati, Putra, R.E., Koji, S., Nakamura, A., Okawara, K. & Kinoshita, E.
2006. Satoyama biodiversity and conservation in the Pan-Japan Sea Region. — In: K. Hayakawa
et al. (Eds.). Past, Present and Future Environments of Pan-Japan Sea Region. Maruzen Co.
Ltd.: 510-546.

Nakashizuka, T & Stork, N. 2002. Biodiversity Research Methods: IBOY in Western
Pacific and Asia. Kyoto University Press, Kyoto, Japan and Trans Pacific Press, Melbourne,
Australia, 216 p.

Nauman, [.D., Carne, P.B., Lawrence, J.F., Nielsen, E.S., Spradbery, J.P., Taylor, R.W.,
Whitten, M.J. & Littlejohn, M.J. 1991. The Insects of Australia. A Textbook for Students and
Research Workers. 2nd Ed. Cornell University Press, New York. 1137 p.

22



Noss, R.F. 1990. Indicators for monitoring biodiversity: a hierarchical approach. — Con-
servation Biology 4: 355-364.

Tabata, H. 1997. Satoyama and Its Conservation. Hoiku-sha, Osaka. 196 p. (In Japanese).

Tanabe, S-1., Kholin, S.K., Cho, Y.B., Hiramatsu, S-I., Ohwaki, A., Koji, S., Higuchi, A.,
Storozhenko, S.Y., Nishihara, S., Esaki, K., Kimura, K. & Nakamura, K. 2007. A higher-
taxon approach with soil invertebrates to assessing habitat diversity in East Asian rural
landscapes. — In : Hong, S.-K., Nagakoshi, N., Fu, B.J. & Morimoto Y. (Eds.). Landscape
Ecological Applications in Man-Influenced Areas: Linking Man and Nature Systems. Springer,
Netherland: 163-177.

ter Braak, C.J.F. & Smilauer, P. 2002. CANOCO Reference Manual and CanoDraw for
Windows User’s Guide. Software for Canonical Community Ordination (version 4.5). Micro
Computer Power, Ithaca, NY, U.S.A.

Washitani, I. 2001. Traditional sustainable ecosystem ‘Satoyama’ and biodiversity crisis
in Japan: conservation ecological perspective. — Global Environmental Research 5: 119-133.

23



© Far Eastern entomologist (Far East. entomol.) Journal published since October 1994.
Editor-in-Chief: S.Yu. Storozhenko

Editorial Board: A.S. Lelej, V.S. Sidorenko, N.V. Kurzenko

Address: Institute of Biology and Soil Science, Far East Branch of Russian Academy of
Sciences, 690022, Vladivostok-22, Russia.

E-mail: entomol@ibss.dvo.ru FAX: (4232) 310 193



