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A total of 426 individuals in 25 species and 5 families of bees were collected
monthly from May to October in 2009 and 2010 using window traps at canopy and
ground levels from four types of forest (pine, deciduous, evergreen and sugi) on
Noto Peninsula The highest numbers of individuals and species were recorded in
pine forests, where no significant difference was found between managed and
unmanaged sites. The abundance and diversity of bees were generally higher at
canopy than at ground level.
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Ha momyoctpoBe HoTo B uerhlpex Twmax JiecOB (COCHSKAX, JUCTOMATHBIX H
BEYHO3EJICHBIX Jiecax U mocankax kpuntomepun) B 2009-2010 rr. cobpano 426 3k3.
muéa, OoTHOCAIMXCS K 25 Bumam u3 5 cemeiictB. COOpbI MPOM3BOIUINCH €XKe-
MECAYHO C Mas 110 OKTHpr C UCIIOJIb30BAHHMEM OKOHHBIX JIOBYUICK, YCTAHOBJICHHBIX B
KpOHax ACPEBLEB U HA YPOBHC ITOYBbLI. Han6om>1uee YUCJIO OK3EMIUIIPOB U BHUJOB
OTMEUCHO B COCHOBBIX JIeCaxX, MPUYEM CYIICCTBEHHBIX Pa3lINUUii MEKIY €CTCCTBCH-
HBIMH ¥ TIOJIBEPKCHHBIMH XO3SHCTBEHHOU JIEATEIHPHOCTH YYaCTKaMU HE BEISBIICHO.
YucIieHHOCT ¥ BHIIOBOE Pa3HOOOpa3re MUEN B KPOHAX JIEPEBBEB B IIEJIOM OKA3aJI0Ch
BEIIIIE, YEM Ha YPOBHE MTOYBHL

1) Illkona ecmecmeennvIx HAYK U mexHoao2ull, yHusepcumem Karnaosasa, Anonus.
2) Yuusepcumem Kanaozaea, Anonus.
3) LlIxona ecmecmeentbix HAYK U mexnonoeutl, ynueepcumem banoynea, Hnoonesus.

INTRODUCTION

Satoyama is a dynamic mosaic of socio-ecological production landscapes, cove-
ring 40 and 60% of Japan’s national land and Ishikawa Prefecture, respectively
(JSSA, 2010). It is important because it produces a range of ecosystem services for
human wellbeing, for which biodiversity is a key element (Washitani, 2001; Kobori &
Primack, 2003). In Japan, the human population is decreasing and aging, resulting in
an increase of abandoned satoyama areas, which in turn causes the deterioration of
biodiversity and the decrease of ecosystem services from satoyama (JSSA, 2010;
The National Biodiversity Strategy of Japan 2012-2020). For example, on Noto
Peninsula, the production of matsutake mushrooms (7richoloma matsutake) has
decreased markedly due to an increase of abandoned pine forests (Linawati et al.,
2006).

In our preceding studies, we quantitatively investigated the changes in inverte-
brate biodiversity in the forests of Noto Peninsula. First, Linawati et al. (2006)
reported the effects of red-pine (Pinus densiflora) forest management for the revival
of matsutake mushroom production on invertebrate communities using four
sampling methods, namely, window and pitfall traps, and the sampling of litter and
soil. Second, Barsulo (2011) compared the flying insect assemblages as an indicator
of forest conditions among four types of forest, namely, red-pine (Pinus densiflora)
forest, deciduous (Quercus) forest, evergreen forest predominated by Quercus,
Machilus thunbergii and Camellia japonica, and a plantation of sugi (Cryptomeria
Japonica). The samples were collected using IBOY window traps at canopy and
ground levels. He showed that beetle assemblages differed among forest types. In
pine forests, the beetle assemblages differed between canopy and ground levels, but
not between managed and unmanaged forests (Barsulo & Nakamura, 2011).

In the present study, we used bees as an indicator of forest conditions. The bee
samples were sorted from the samples collected by Barsulo (2011). Bees, which are
influenced by the proximity to forest, are crucial pollinators in wild habitats and
agricultural ecosystems (Michener, 2000; James & Pitts-Singer, 2008; Brosi ef al.,
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2007). We aimed to compare the species composition and abundance of bees: (1)
among different forest types, (2) between canopy and ground levels, (3) between
different types of management (especially in red-pine forests), (4) with those of
beetles collected in the same sample (Basulo, 2011; Barsulo & Nakamura, 2011)
and (5) with those of bees collected from non-forested habitats in satoyama using
sweeping nets on Noto Peninsula (Kasagi et al., 2012) and in Kanazawa, located
100 km southwest of the present study area (Putra, 2009; Priawandiputra and
Nakamura, unpublished data).

Japan
Noto Peninsula
fd -~ ELS
P "t
Ishilcawa — ” L
- Prefecture y .
v.Vud Suzu city E2
@
Pz
®
. P3
Wajima city
&
oL oz  MNoto Town N
o W 208

Fig. 1. Map of the study sites at the tip of Noto

Peninsula (Ishikawa, Japan): P = pine forest, D = Fig. 2. IBOY-type window trap
deciduous forest, E = evergreen forest and S = sugi  set at canopy and ground levels.
forest.

STUDY SITES

This study was conducted in Suzu City and Noto Town, located on the north of
Noto Peninsula, Ishikawa, Japan (Fig. 1), as mentioned in previous articles (Barsulo
& Nakamura, 2011; Barsulo, 2011).

SAMPLING METHODS

Window traps. Flying insects including beetles and bees were collected monthly
12 times in total from May-October 2009 (6 times) and May-October 2010 (6 times),
using the IBOY standard window traps (Nakashizuka & Stork, 2002; Kearns &
Inouye, 1993), which consisted of a yellow collecting bucket (diameter 35 cm and
15 cm high) and 2 transparent intersect panels (50 cm high x 45 cm wide) (Fig. 2).
The traps were placed in 11 study sites, including 6 pine, 2 deciduous, 2 evergreen
and 1 sugi sites (for details, see Table 1). The pine sites included 3 pairs of managed
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and 3 unmanaged sites, where the distance between a pair of managed and unmana-
ged sites was 10 to 20 m. In each sampling site, two replications, each containing
two traps at ground (1.5 m from the ground) and canopy levels (10-15 m from the
ground), were placed 10-20 m apart.

Identification of specimens. Bees were sorted from the samples collected from
the studied sites. All collected bee specimens were pinned and 90% and 10% of
them were identified to the species or genus level, respectively, using the reports by
Michener (2000) and Yamane et al. (1999). The bee specimens were also compared
with already identified museum specimens kept at Kanazawa University for further
confirmation. Voucher specimens were deposited at the Laboratory of Ecology,
Graduate School of Natural Science and Technology, Kanazawa University.

DATA ANALYSIS

Independence of sites. Before analysis, Mantel tests based on Monte-Carlo
permutation were used to check the spatial autocorrelation of abundance and spe-
cies richness of bees among the sites, using R, version 2.13.1, Ade4 package (R
Development Core Team 2008; http://www.R-project.org).

Rarefaction of species estimators. Species accumulation curves (cumulative
number of species collected against a measure of the sampling effort) were drawn
for the bee data set in each forest type (pine, evergreen, deciduous and sugi) to
estimate the number of unobserved species and then the sampling efficiency of the
bees. Jacknifel estimators were calculated using R, version 2.13.1, Vegan package
(ibid.).

Comparison of abundance and species richness. Wilcoxon test and Kruskal-
Wallis test (JMP version 5.0.1, SAS Institute) were used to examine the differences
in abundance and species richness of bee assemblages among forest types, between
strata (canopy and ground) and between types of management (managed and unma-
naged) of pine forests.

Similarity. The degree of similarity of bee assemblages among forest types was
analyzed by analysis of similarity (ANOSIM) using a Bray-Curtis matrix with 1000
permutations and non-metric multidimensional scaling (NMDS) based on Bray-
Curtis. All analyses were performed using PAST software version 1.95 (Hammer e?
al., 2001).

RESULTS
1. Independence of sites

The results of the Mantel test (9999 replicates) indicated no significant corre-
lation, first, between the location of sampling sites and bee abundance, and second,
between the location of sampling sites and number of bee species, which showed
statistical independence of the sampling sites in this study (r=-0.08, p=0.6 and r=-
0.11, p=0.6).



Table 1. Details of characteristics of the sampling sites mentioned in Barsulo &

Nakamura (2011)
Forest | Mana- Rep— . Altitude Slope Tree species found at t.he
tvpes ement lica- Location ca (m) (degree) sampling site surroundind
yp g tion & the traps
37°29°58.50”°N, Pinus densiflora, Eurya
! 137°18°22.60’E 129 0-30 Japonica
Mana- 37°25°26.30™'N, .
ged 2 137°12°19.90F 226 0-15 Ditto.
37°22°52.20"N, .
3 137°12°38.30"°F 158 0-45 Ditto.
P. densiflora, Acer
37°29°58.50"°N, sieboldianum,
Pine ! 137°18°22.60"’E 129 0-30 Eleutherococcus
sciadophylloides
Unma- | 37°25°26.30"N, 26 030 P df’”gl".m’ Q?‘,m[“ls
naged 137°12°19.90"°F - serrata, E. japonica, llex
macropoda
P. densiflora, Q. serrata,
3 37°22°52.20"N, 158 0-10 A. sieboldianum, E.
137°12°38.30’E Japonica, Cryptomeria
Japonica
Q. serrata, Q. variabilis, A.
1 37°20°4.70"°N, 277 0-10 sieboldianum, A. rufinerve,
Deci- | Mana- 137°0°48.10”E Carpinus japonica, Padus
dous ged grayana
37°20°4.70"N, .
2 13790°48.10°"F 277 0-30 Ditto.
Q. acuta, Machilus
37930°38.40"N, - thun.bergtz,-Camgllza
1 010> ' 172 15-50 Japonica, E. japonica, A.
137°19°53.90”E ! ; .
sieboldianum, Neoritsea
Ever- | Natu- sericea
1
green ) ra Castanopsis sieboldii, C.
5 37°28°47.80"N, 20 0-45 Japonica, M thunbergii,
137°20°10.60"°E (Sasa sp., Polystichum
ohmurae)
.| Unma- 37°30°40.50"N, o
Sugi naged 1 137°19°56.90°°F 167 0-30 Cryptomeria japonica

2. Estimating species richness

Figure 3 shows the species accumulation curves of the bees collected in each
forest type and all forests combined. In pine forest, the accumulated number of
species increased steeply from 6 species (1st sample) to 23 (7th), and then slowly
approached an asymptote from 23 species (8th) to 25 (12th). Meanwhile, the trends
in the other three forest types (deciduous, evergreen and sugi) differed from those
for the pine forests, namely, the accumulated number of species did not rapidly
increase during early samples, and then the asymptote was lower than that of pine




forests, namely, at 12, 9 and 4 species in deciduous, evergreen and sugi forests,
respectively. The trend of accumulation curves for all forest types combined
reflected that of pine forests.

Table 2 shows the number of species observed (a), that of species estimated by
Jacknifel (b) and the sampling ratio (c) for each forest type. The number of species
observed for all forests combined and that for pine forests were the same (25 species),
followed by deciduous (12), evergreen (9) and sugi forests (4). The Jackknifel
estimates were 31.4 (all forests combined), 32.3 (pine forests), 18.4 (deciduous
forests), 12.7 (evergreen forests) and 5.8 (sugi forests). Sampling ratios, calculated
as a/b x 100, were 79.6, 77.3, 65.2, 70.8 and 68.9 for these categories. In pine
forests, the sampling ratios in managed and unmanaged types were 71 and 75.7,
respectively. As indicated above, the sampling ratio was sufficiently high to deal
with the bee assemblages in this study.

Table 2. Comparison of the number of species observed and that estimated by
Jacknifel among forest types

. Pine
Forest types Deci- Ever- Mana- Unman- | Managed + Sugi Al
duous green Forest
ged aged Unmanaged
a. No. of species 12 9 20 20 25 4 25
observed
. 18.4 12.7 28.2 26.4 5.8 314
b. Jacknifel (SE) (3.0) 23) (5.0) (.6) 2367 | 43 | 3o
c. Sampling ratio
(a/b x 100, %) 65.2 70.8 71 75.5 77.3 68.9 79.6
3. Abundance
3.1. All forests

A total of 426 bee individuals (9.7 individuals per trap) were collected from all
forests (Table 6). No difference was found between the mean numbers of individuals
collected at canopy (11.7 individuals per trap) and ground levels (7.6) (Wilcoxon
test, P>0.05).

3.2. Each forest type

Pine forest. Almost 70% of individuals of all samples were collected from pine
forests (297 individuals and 12.4 individuals/trap) (Table 4, 5). In pine forests, the
number of bees collected at canopy level (172 and 14.3) was larger than at ground
level (125 and 10.4). The number of bees collected from managed pine forests (155
and 12.9) was higher than that from unmanaged ones (142 and 11.8), but no signi-
ficant difference was found between managed and unmanaged pine forests in terms
of whether or not the two levels of ground and canopy were combined (Wilcoxon
and Kruskal-Wallis test, P>0.05) (Fig. 4).
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Other forests. The numbers of bees collected per trap in other forest types were
smaller than in pine forest, namely, 11.2 at canopy and 5.5 at ground levels in
deciduous forests, 8.7 and 5 in evergreen, and 2 and 0 in sugi (Table 3, 6).
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Fig. 3. The species accumulation curve for bees collected in each sample. Different
symbols refer to different types of forest (all forests, -=—; pine, —e—; deciduous, —&—;
evergreen, —*—; sugi, —¥").

4. Family richness
4.1. All forests

From both ground and canopy levels combined for all forests, a total of 5
families, including Halictidae, Apidae, Andrenidae, Colletidae and Megachilidae,
were recorded (Table 6). Three families (Halictidae, Apidae and Andrenidae) were
collected at both canopy and ground levels. On the other hand, Colletidae was
collected only at canopy level, while Megachilidae was collected only at ground
level.

4.2. Each forest type

Pine forest: All families were found in pine forest, where Megachilidae was
collected only at ground level in managed pine forest and Colletidae was collected
only at canopy level in the unmanaged type (Table 4, 5).

Other forests: In deciduous and evergreen forests, only three families
(Halictidae, Andrenidae and Apidae) were collected (Table 3). Meanwhile, in sugi
forests, Andrenidae was collected at neither ground nor canopy level, and the other
two families (Apidae and Halictidae) were found only at canopy level (Table 6 and
Fig. 5).
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Fig. 4. Comparison of mean numbers of bee individuals (top) and species (bottom)
collected per trap at canopy (l), ground (U) and both levels combined (8) among the 4 forest
types. For pine forests, data for managed and unmanaged forests are shown separately. Mean
(column) = SD (error bar) are given.

5. Abundance at family level
5.1 All forests

In all forest data combined, the abundance ranking of the top five families was
as follows: Apidae (306 individuals), Halictidae (85), Andrenidae (33), Colletidae
(1) and Megachilidae (1) (Table 6). The same pattern was also shown in the other
forests. Apidae was the top-ranked family in terms of abundance at both canopy
(190 individuals) and ground levels (116) among the families.

5.2 Each forest type

Pine forest. In pine forests, Apidae was the most abundant family (209 indi-
viduals) and was more abundant at canopy than at ground level (129 individuals at
canopy and 80 at ground level) (Table 4, 5). The abundances of Apidae (106 in ma-
naged and 103 in unmanaged types) and Halictidae (34 in managed and 33 in
unmanaged types) were significantly greater than those of other families in both
managed and unmanaged forest types (Kruskal-Wallis test, P<0.0001) (Fig. 5). No
significant difference was found in abundance between managed and unmanaged
types for all families (Kruskal-Wallis test, P>0.05) (Fig. 5).
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Table 3. List of the bees collected from the deciduous and evergreen forest

Famil Species Bee Deciduous (2) Evergreen (2)

y P code C4) G4) T(8) C@) G4) T(8)
Andrena japonica 3 0.25 0.25 0.25 0.25 0(0) 0.12
Cockerell [@)) @)) 2) (1) (1)
A. kaguya Hirashima 6 2(92)5 (()5 2135; 0(0) 0(0) 0(0)

Andrenidae 17, ober of ] 25 7035 [ 016 [ 025 [ TT012
individuals (10) 3) (13) (1) (1)
. 0.5 0.5 0.25 0.25 0.25
Number of species - ?) ?) ) ) 0(0) )
Bombus ardens 5 0.25 0(0) 0.12 1.25 0.25 0.75
ardens Smith 1 (1) (5) (€8] (6)
B. diversus diversus 1 4.25 4.25 4.25 3.5 3.5 3.5
Smith a7 a7 34 (14) (14) (28)
B. hypocrita 1.5 0.75 0.25 0.12
hypocrita Perez 7 (6) 0(0) (6) 0(0) (1) (1)
Lo . 0.5 0.5 0.5 2.25 0.25 1.25
B. ignitus Smith 2 2 ) ) ©) ) (10)
Ceratina japonica 0.25 0.12
Apidae Cockerell 1 (1) 0(0) 1) 0(0) 0(0) 0(0)
Tetralonia mitsukurii
Cockerell 24 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
Xylocopa
appendiculata 25 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
circumvolans Smith
Number of ) 6.75 4.75 5.75 7(28) 4.25 5.62
individuals 27 19) (46) 17 (45)
. 1.25 0.5 0.62 0.75 0.5
Number of species - ) ?) ) 3) 1(4) )
Lasioglossum
amamiense Ebmer et 14 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
Sakagami
L. japonicum Dalla 0.5 0.75 0.25 0.5
forre PO e el o @
L. kuroshio
Sakagami et 8 0(12 )5 0(0) 0(11 )2 0(0) (()5 0(22)5
Takahashi
L. mutilum Vachal 15 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
L. nipponicola
Halictidae Sakagaml et 16 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
Tadauchi
L. occidens Smith 17 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
L. ohei Hirashima et
Sakagami 18 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
L. primavera 0.25 0.12
Sakagami et Maeta 19 (1) 0(0) (1) 0(0) 0(0) 0(0)
. . 0.25 0.12 0.5 0.25
L. proximatum Smith 9 1) 0(0) ) Q) 0(0) )
L. sibiriacum
Bluthgen 20 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
Lasioglossum sp. 21 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)




Table 3 (continued)

Famil Species Bee Deciduous (2) Evergreen (2)

y P code C4) G4 T(8) C@) G4) T(8)

L. villosulum 0.25 0.12 0.25 0.12

trichopse Strand 2 1) 000 (1) (1) 00 (1)
L. vulsum Vachal 10 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
Halictidae Sphecodes sp. 23 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
Number of ) 2(8) 0(0) 1(8) 1.5 0.75 1.1

individuals ©) 3) ®)

. 1.25 0.62 0.75 0.5 0.5

. Number of species - ) 0(0) ) 3) Q) )
Colletidae Is-lr)rzllici}elus Sfloralis 3 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)

Megachilidae | Coelioxys yanonis

Matsumura 12 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)

. 11.2 5.5 8.4 8.7 6.9

Total no. of individuals (45) 22) (67) (35) 5(20) (55)

Total no. of species 4.7 2.2 35 4.2 22 32

orse 12 “ 12 ) ®) (€]

Abbreviations. Numbers in parentheses in each forest indicate numbers of sites. Strata: C =
canopy, G = ground, T = C+G. Numbers in parentheses beside C, G and T refer to number of
traps. Number for each bee species refers to number of individuals collected per trap and that
in parentheses is total number collected at C, G and T in each site.

Other forest. The abundance of these families in other forests was lower than
that in pine forest, namely, Apidae (46 in deciduous, 45 in evergreen and 6 in sugi),
Halictidae (67, 9 and 1) and Andrenidae (13, 1 and 0) (Table 3, 6). Apidac was
more abundant at canopy than at ground level, namely, deciduous (27 vs. 19),
evergreen (28 vs. 17) and sugi (6 vs. 0). Apidac was significantly more abundant
than other families at both layers in all forest types (Fig. 5, Kruskal-Wallis test,
P<0.05).

6. Species richness
6.1. All forests

A total of 25 species were collected from all forest types, including Halictidae
(14 species), Apidae (7), Andrenidae (2), Collectidae (1) and Megachilidae (1)
(Table 6). Halictidae had the highest number of species in both strata (13 and 13
species at canopy and ground levels, respectively), compared with Apidae (5 and
7), Andrenidae (2 and 2), Colletidae (1 and 0) and Megachilidae (0 and 1). The
same pattern was also shown in other forests. The number of species per trap at
canopy level (4.8 species per trap) was significantly higher than at ground level
(3.3) (Wilcoxon test, P=0.02), although the number of species at canopy level (21
species) was lower than at ground level (23).

6.2. Each forest type
Pine forest. The largest number of species was found in pine forests (25 species
and 5 species per trap) (Table 4, 5 and Fig. 4). The numbers of species in Halictidae
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Table 4. List of the bees collected from the pine forest

. . Bee Managed (3) Unmanaged (3)
Family Species code C©) G(6) C6) G(6)
And . . 3 0.5 0.16 0.33 0.16 0.16 0.16
ndrena japonica (3) (1) ) ) ) )
A. kaguya 6 0.83 1.66 0.83 0(0) 0.5 0.25
Andrenidac G | 6 | 0o & | e
Number of ) 1.3 1(6) 1.1 0.16 0.6 0.41
individuals 8) (14) (€)) 4 )
Number of . 0.3 0.3 0.16 0.16 0.3 0.16
fmber o7 speetes i @lololonl oo
Bombus ardens 5 0.66 0(0) 0.33 0.5 0.16 0.33
ardens 4 4) 3) (1) 4)
B. diversus diversus 1 7.5 13.33 7.08 8.16 4.66 6.41
) (45) (40) (85) (49) (28) (77)
B. hypocrita 7 0.5 0.16 0.33 1(6) 0.33 0.66
hypocrita 3) (1) 4) 2) ()
B, ionitus 5 1.16 0.33 0.75 1.16 0.33 0.75
e ) @ © @) (@) ©
Cerating i . 1 0.16 0.16 0.16 0.66 0.16 0.41
Apidae crama apome O lolaol@alon | ®
Lo . 0.16 0.08
Tetralonia mitsukurii 24 0(0) (1) ) 0(0) 0(0) 0(0)
Xylocopa
appendiculata 25 0(0) 0('11)6 0(? )8 0(0) 0(0) 0(0)
circumvolans
Number of 10 7.6 8.83 11.5 5.67 8.58
individuals ) (60) (46) (106) (69) (34) (103)
. 0.83 0.58 0.83 0.83 0.41
Number of species - 5) 1(6) ) ) ) )
Lasioglossum 0.16 0.08 0.16 0.08
amamiense 14 0(0) (1) (€8] (€8] 0(0) (€8]
. . 0.83 1.33 0.75 1
L. japonicum 4 s) 4) ©) 1(6) 1(6) (12)
. 0.5 1 0.33 0.16
L. kuroshio 8 3) 39 (12) ) 0(0) )
L. mutilum Vachal 15 0(0) 0('11)6 O(? )8 0(0) 0('11)6 O(? )8
L. nipponicola 16 0(0) 0(0) 0(0) 0(11)6 0(11)6 0(21)6
Halictidae L. occidens 17 0(0) 0(11 )6 0(? )8 0(;)3 0(0) 0(21)6
L. ohei 18 | oo 0('11)6 0('?)8 00) | 00) | 00
L. primavera 19 0(0) 0(11)6 O(? )8 0(0) 0(0) 0(0)
L imat 9 0.33 0.33 0.33 0.33 0.16 0.25
provimanm @l el o on]| o
R 0.16 0.08 0.5 0.16 0.33
L. sibiriacum 20 0(0) (1) ) 3) ) )
Lasioglossum sp. 21 0(0) 0(0) 0(0) 0(11 )6 0('11)6 0(21)6
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Table 4 (continued)

. . Bee Managed (3) Unmanaged (3)
Family Species code C©) G(6) C®) G(6)
L. villosulum 0.16 0.08
trichopse 22 00 0(0) 0(0) 0(0) (1) (1)
0.33 0.16 0.25 0.33 0.67
L. vulsum 10 ?) (1) 3) ) 0(0) ?)
.. 0.16 0.16
Halictidae Sphecodes sp. 23 0(0) 0(0) 0(0) ) 0(0) )
Number of 3.67 2.83 3.5 2.75
individuals 2D oy | ey | ey | 20D 63
Number of species ) 0.66 1.66 0.83 1.66 1.16 1
4 P “ a | dao | do @) a2
Colletidac | 110 ous floralis 13 000) | 000) | 0(0 0('11)6 0 (0) 0('21)6
Megachilidac | ) i vanonis 2 | oo 0('11)6 0('?)8 00) | 00) | 00
T 11.2 5.5 13.3 12.5 12.9 15.3
Total no. of individuals (45) 22) (80) (75) (155) (92)
Total no. of species 47 2.2 4.8 35 51 6
R a2 “ an | a9 20 | A7

Abbreviations see Table 3.

(14 species and 2.1 species per trap) and Apidae (7 and 2.2) were significantly higher
than those in Andrenidae (2 and 0.5), Collectidae (1 and 0.04) and Megachilidae (1
and 0.04) (Kruskal-Wallis test, P<0.0001) (Fig. 5). The number of species was not
significantly different between canopy (18 and 5.4) and ground levels (23 and 4.6)
(Wilcoxon test, P>0.05) (Fig. 4). The number of species per trap for each family
also did not differ significantly between canopy and ground levels (Wilcoxon test,
P>0.05) (Fig. 5). The numbers of species in Halictidae (10 species in managed and
12 species in unmanaged types) and Apidae (7 and 5) were larger than in other
families. In each family, no significant difference was found either between the two
levels of canopy and ground or between managed and unmanaged types (Kruskal-
Wallis test, P>0.05) (Fig. 5). The numbers of species in Apidae and Halictidae at
both layers in managed and unmanaged pine forests were significantly higher than
those in other families (Kruskal-Wallis test, P<0.0001) (Fig. 5). The total numbers
of species collected from managed and unmanaged types were the same (20 species).
In detail, the number of species at canopy level was smaller than at ground level in
managed pine forests (11 and 19), while the number of species collected at canopy
level was larger than at ground level in unmanaged pine forests (17 at canopy and
14 species at ground level). When these levels were combined or separated, no
significant difference was found in the number of species per trap between the two
levels in managed and unmanaged types of forest (Kruskal-Wallis test and Wilcoxon
test, P>0.05) (Fig. 4).

Other forests. The number of species in other forests was lower than that in
pine forests, namely, deciduous (12), evergreen (9) and sugi (4) (Table 3 and 6).
Halictidae and Apidae showed lower numbers of species in other forests than in
pine forests. In other forests, Apidae exhibited a higher number of species per trap
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Table 5. List of the bees collected from the pine (managed + unmanaged) forest

. . Bee Managed + Unmanaged (6)
Family Species code Cc(12) C(12) T(24)
Andrena japonica 3 0.33 (4) 0.16 (2) 0.25 (6)
A. kaguya 6 041 (5) 0.66 (8) 0.54 (13)
Andrenidae Number of
individuals - 0.75(9) 0.83 (10) 0.8 (19)
Number of species - 0.16 (2) 0.16 (2) 0.08 (2)
Bombus ardens
ardens 5 0.58 (7) 0.08 (1) 0.33 (8)
B. diversus diversus 1 7.83 (94) 5.66 (68) 6.75 (162)
B. hypocrita
hypocrita 7 0.75(9) 0.25(3) 0.5(12)
B. ignitus 2 1.16 (14) 0.33 (4) 0.75 (18)
Apidae Ceratina japonica 11 0.41 (5) 0.16 (2) 0.29 (7)
Tetralonia mitsukurii 24 0(0) 0.08 (1) 0.04 (1)
Xylocopa appendi-
culata circumvolans 2 0(0) 0.08 (1) 0.04 (1)
Number of 10.75
individuals ) (129) 6.67 (80) 8.7(209)
Number of species - 0.41 (5) 0.58 (7) 0.29 (7)
Lasioglossum 14 0.08 (1) 0.08 (1) 0.08 (2)
amamiense
L. japonicum 4 091 (11 0.83 (10) 0.87 (21)
L. kuroshio 8 0.41 (5) 0.75 (9) 0.58 (14)
L. mutilum 15 0(0) 0.16 (2) 0.08 (2)
L. nipponicola 16 0.08 (1) 0.08 (1) 0.08 (2)
L. occidens 17 0.16 (2) 0.08 (1) 0.12(3)
L. ohei 18 0(0) 0.08 (1) 0.04 (1)
L. primavera 19 0 (0) 0.08 (1) 0.04 (1)
Halictidae L. proximatum 9 033 (4) 0.25(3) 0.29 ()
L. sibiriacum 20 0.25 (3) 0.16 (2) 0.2 (5)
Lasioglossum sp. 21 0.08 (1) 0.08 (1) 0.08 (2)
L. villosulum
irichopse 22 0(0) 0.08 (1) 0.04 (1)
L. vulsum 10 033 (4) 0.08 (1) 0.2 (5
Sphecodes sp. 23 0.08 (1) 0(0) 0.04 (1)
Number of
individuals - 2.75 (33) 2.83 (34) 2.79 (67)
Number of species - 0.83 (10) 1.08 (13) 0.58 (14)
Colletidae Hylaeus floralis
Smith 13 0.08 (1) 0(0) 0.04 (1)
Megachilidae | Coelioxys yanonis
Matsumura 12 0(0) 0.08 (1) 0.04 (1)
Total no. of individuals 11.2 (45) 5.5(22) 143 (172)
Total no. of species 4.7 (12) 224 54 (18)

Abbreviations see Table 3.
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than other families (Kruskal-Wallis test, P<0.05) (Fig. 5). The second ranked family
for the number of species in evergreen and sugi forests was Halictidae, while in
deciduous forests, it was Andrenidae. All families showed a higher number of
species at canopy than at ground level in each type of forest. In other forests, the
number of species was larger at canopy (12 species in deciduous, 7 in evergreen
and 4 in sugi) than at ground level (4, 5 and 0).

7. Abundance at species level
7.1. All forests

The four most abundant species collected were Bombus diversus (53.28%), B.
ignitus (7.98), Lasioglossum japonicum (6.8) and Andrena kaguya (5.63) (the
percentages in parentheses are the proportions of the total number of individuals in
the sample). B. diversus was also the most abundant species in all forest types. In
addition, seven singleton species and four doubleton species were collected (Table 6).

The abundances of the top four ranking species were higher at canopy (128, 27,
18 and 14 individuals for B. diversus, B. ignitus, Lasioglossum japonicum and
Andrena kaguya, respectively) than at ground level (99, 7, 11 and 10). Most bee
species was more abundant at canopy than at ground level (Table 6). Nevertheless,
four species were less abundant at canopy than at ground level, namely, L. kuroshio
(6 and 11 individuals at canopy and ground levels, respectively), L. mutillum (1 and
2), Coelioxys yanonis (0 and 1), Xylocopa appendiculata (0 and 1) and Tetralonia
mitsukurii (0 and 1).

7.2. Each forest type

Pine forest. In pine forests, B. diversus was the most abundant (162 individuals
and 6.75 per trap), followed by L. japonicum (21 and 0.87) and B. ignitus (18 and
0.75). The abundance of B. diversus was higher at canopy than at ground level (94
and 68 individuals, respectively) (Table 4). Whether the layers were combined or
separated, B. diversus was significantly more abundant in both managed and
unmanaged pine forests (Kruskal-Wallis test, P<0.0001) (Fig. 6). The abundance of
B. diversus was not significantly different between the canopy and ground levels in
both managed and unmanaged pine forests (Kruskal-Wallis test, P>0.05) (Fig. 6). The
second most abundant species was L. kuroshio (12) in managed pine forests and L.
Jjaponicum (12) in unmanaged ones (Fig. 6). The abundance of each bee species was
not significantly different either between canopy and ground layers or between
managed and unmanaged types (Kruskal-Wallis test, P>0.05) (Fig. 6).

Other forests. Similar to the case in pine forests, B. diversus was significantly
more abundant than other species irrespective of whether ground and canopy levels
were combined or separated in other forest types (Kruskal Wallis test, P<0.0001)
(Table 3, 6 and Fig. 6). The second and third most abundant species in the other
three forest types were not the same: in evergreen and sugi forests, B. ignitus (10
and 2 individuals, respectively) and B. ardens (6 and 1) were the second and third
most abundant species, respectively. Meanwhile, in deciduous forests, the second
and third most abundant species were 4. kaguya (11) and B. hypocrita (6), respec-
tively. The abundance of these species was greater at canopy than at ground level in
each forest type.
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Table 6. List of the bees collected from the sugi forest and total data on different
forest types

Famil Species Bee Sugi (1) Grand Total (11)
y P code | 2 | G | T@ | c22) | G22) | T(44)
Andrena japonica 3 0(0) 0(0) 0(0) 0(62)7 0(31)3 (()9§
A. kaguya 6 0(0) 0(0) 0(0) (()133) (()1‘(‘3 (()233
Andrenidae
Number of 0(0 0(0 0(0) 0.9 0.6 0.75
individuals ) Ol I @) | a3 | ¢33
Number of species - 0(0) 0(0) 0(0) ()(é))9 0(;))9 0(;))9
Bombus ardens 5 0.5 0(0 0.25 0.63 0.09 0.36
ardens @) © @) 14) 2 a16)
. . 1.5 0.75 5.81 4.5 5.15
B. diversus diversus 1 3) 0(0) 3) (128) (99) (227
B. hypocrita 0.68 0.18 0.43
hypocrita ’ 0O 0© 00 15) 4 19)
Lo 0.5 1.22 0.31 0.77
B. ignitus 2 1(2) 0(0) ) 27 ) (34)
Apidac Ceratina japonica 11 0(0) 0(0) 0(0) 0(62)7 0(;))9 ()(é)S
Tetralonia 0.04 0.02
mitsukurii 24 00 0O 0O 00 @ @
Xylocopa
appendiculata 25 0(0) 0(0) 0(0) 0(0) 0(? )4 0'10 )2
circumvolans (
Number of 1.5 8.63 5.27 6.95
individuals ) 3(6) 0(0) (6) (190) | (116) | (306)
Number of species - 233 0(0) 0(37)5 0(52)2 0('73)1 0(71)5
Lasioglossum 0.04 0.04 0.04
amamiense 14 0O 0 00 @ @ 2
. . 0.81 0.5 0.65
L. japonicum 4 0(0) 0(0) 0(0) (18) an (29)
. 0.27 0.5 0.38
L. kuroshio 8 0(0) 0(0) 0(0) ) (11 (17)
. 0.5 0.25 0.04 0.09 0.06
L. mutilum 15 1) 0(0) (1) 1) ?) 3)
L. nipponicola 16 0(0) 0(0) 0(0) 0'?4 0'?4 0';)4
Halictidae 0( 0)9 0( 0)4 0( 0)6
L. occidens 17 0(0) 0(0) 0(0) ) ) 3)
. 0.04 0.02
L. ohei 18 0(0) 0(0) 0(0) 0(0) 1) (1)
. 0.04 0.04 0.04
L. primavera 19 0(0) 0(0) 0(0) 1) 1) ?)
. 0.31 0.13 0.22
L. proximatum 9 0(0) 0(0) 0(0) &) 3) (10)
o 0.13 0.09 0.11
L. sibiriacum 20 0(0) 0(0) 0(0) 3) ) 5)

15




Table 6 (continued)

Famil Species Bee Sugi (1) Grand Total (11)

Y p code [ €@ | G@) | Td) | €22 | G22) | T(44)
Lasioglossum sp. 21 0(0) 0(0) 0(0) 0(? )4 0(? )4 0(3)4

L. villosulum 0.09 0.04 0.06

trichopse 2100 | 0O | 00) 1o | gy | (3

0.18 0.04 0.11

L. vulsum 10| 00) | 00) | 00) | 3 )

Sphecodes sp. 23 | 0@ | 0 | 000 0('?)4 0 (0) 0('?)2

Number of 0.5 0(0) 0.25 2.18 1.68 1.93

individuals i (1) M | @8 | 31 | 89

. 0.5 0.25 0.63 0.63 0.34

‘ Number of species 1) 0(0) (1) (14) (14) (15)
Colletidac | 11 ous floralis 13 | 00) | 000) | 0(0) 0('?)4 0 (0) 0('?)2
Megachilidae | 1o v vanonis 12 | 0@ | 000 | 000) | 0(0) 0('?)4 0('?)2

s . 3.5 1.7 11.8 7.6 9.7
Total no. of individuals ) 0(0) ) 259 | (167) | 426)

. 1.5 4.8 33 4.1

Total no. of species 3(4) 0(0) ) @1 22) ©5)

Abbreviations see Table 3.
8. Inclusion relation of species richness among the forest types

Figure 7 shows the inclusion relation of species richness among the four forest
types. A number of bee species in the three forest types (12 species in deciduous, 9
in evergreen and 4 in sugi forest) were also identified in pine forests. Nine species
in evergreen forests were also collected in deciduous forests. The only exception
was in sugi forests, for which three of the identified species were found in all forest
types, but one species occurred only in pine forests. Three species collected in all
forests belonged to the genus Bombus, including B. diversus, B. ardens and B.
ignitus. A total of 12 species were captured only in pine forests.

9. NMDS ordination of bee assemblages among forest types

Figure 8 shows the NMDS ordination of bee assemblages among the four forest
types. The bee species composition overlapped among the forest types. No signifi-
cant difference was found in bee species compositions among the four forest types
(ANOSIM, r=0.1, P=0.07). When the bee species composition was checked for
each forest type, the bee species composition did not differ significantly between
canopy and ground levels (ANOSIM, pine forest: r=-0.1 P=0.9; deciduous forest:
r=0.02, P=0.4; evergreen forest: r=0.4, P=0.08; sugi forest: r=1 P=0.3).
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DISCUSSION
Bee assemblages collected inside and outside forests

Bees generally prefer to inhabit areas outside of forests because flowers are
abundant in open habitats (Liow ef al., 2001; Winfree et al., 2007; Hoehn et al.,
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Fig. 5. Comparison of mean numbers of individuals (top) and species (bottom) in each
bee family collected per trap among the four forest types (upper line column for pine and
under line column for deciduous, evergreen and sugi). For pine forests, data for managed and
unmanaged forests are shown separately. At canopy (W), ground () and both levels
combined (). Mean (column) + SD (error bar) are given.
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Fig. 6. Comparison of the mean number of bee individuals in each species collected per
trap among the four forest types. For pine forests, data for managed and unmanaged forests
are shown separately. At canopy (W), ground (U) and both levels combined (B). Mean (co-
lumn) + SD (error bar) are given. Numbers refer to bee species codes as follows: 1. Bombus
diversus, 2. B. ignitus, 3. Andrena japonica, 4. Lasioglossum japonicum, 5. B. ardens, 6. A.
kaguya, 7. B. hypocrita, 8. L. kuroshio, 9. L. proximatum, 10. L. vulsum, 11. Ceratina
Japonica, 12. Coelioxys yanonis, 13. Hylaeus floralis, 14. L. amamiense, 15. L. mutillum, 16.
L. nipponicola, 17. L. occidens, 18. L. ohei, 19. L. primavera, 20. L. sibiriacum, 21. Lasio-
glossum sp., 22. L. villosulum, 23. Sphecodes sp., 24. Tetralonia mitsukurii, 25. Xylocopa
appendiculata. See Table 3, 4, 5, 6 for detail.
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2010). In the present study, we collected a total of 25 bee species using window
traps from four types of forest on Noto Peninsula. We assumed that most bees were
trapped while traversing the forests, while some preferred to inhabit forests for
nesting and feeding. Data on the bee assemblages outside forests in the same and
nearby localities are available: first, Kasagi et al. (2012) collected bees with insect
nets from open satoyama habitats, such as forest edges, footpaths between paddy
fields, roadsides and grasslands on Noto Peninsula, including in the vicinity of the
present study sites. From 55 species (3148 individuals) that they collected, 18 species
overlap with the present study. Second, Putra (2009) and Priawandiputra and
Nakamura (unpublished data) reported comparable data from a small satoyama
terraced paddy site in Kanazawa, located about 100 km southwest from the sites in
this study: from 51 species (1245 individuals, Putra, 2009) and 61 species (1870
individuals, Priawandiputra and Nakamura, unpublished data), 16 and 19 species,
respectively, overlap with the present study. Pooling these data, all 25 species
collected in the present study, except four singleton and doubleton species, were
also recorded in these three studies. The most abundant large species in the present
study, Bombus diversus (Apidae), was also abundant in the samples collected
outside forests, namely, 5th, 2nd and 10th ranked in the studies by Kasagi et al.
(2012), Putra (2009) and Priawandiputra and Nakamura (unpublished data),
respectively. Large-sized Bombus species, like B. diversus, are known for a wide
foraging range (Westphal et al., 2006; Tscheulin et al., 2011; Taki et al., 2012), so
they can use floral resources that are far from their nest sites (McFrederick & Le-
buhn, 2005). B. diversus, B. hypocrita and B. ardens are able to traverse intervening
habitats (McFrederick & Lebuhn, 2005) and are abundant in widespread woodlands
and farms in other localities (Nagamitsu et al., 2006). In contrast, it should be noted
that three abundant species collected outside forests, namely, Apis cerana F., A.
mellifera L. and Halictus aerarius S., were not collected in the present study.

Comparison between bee and beetle assemblages

The bee samples dealt with in this article and the beetles in the work of Barsulo
(2011) and Barsulo & Nakamura (2011) were collected using the same traps. The
two orders are different taxonomically and ecologically: bees (Hymenoptera: Api-
formes) consist of around 20,000 species from 9 families, with a narrow feeding
guild (anthophilous) (Michener, 2000), while beetles (order Coleoptera) belong to
the largest insect order, consisting of approximately 400,000 species from 500
families, with diverse feeding guilds (herbivores, xylophages, saprophages, fungi-
vores, predators, omnivores) (Triplehorn & Johnson, 2005). In the following
comparison between the bee and beetle assemblages, it should be noted that bees
(the present study) were dealt with at the species level, but beetles only at the
family level (Barsulo & Nakamura, 2011). In this regard, four findings should be
pointed out as follows: First, bee assemblages at species level were not significantly
different among the four forest types (Table 3, 4, 5, 6 and Fig. 8), while those of
beetles at the family level in pine forests were clearly different from the others. In
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Fig. 7. Diagram showing the overlap of bee species collected from four forest types
(pine, P, — ; deciduous, D, — ; evergreen, E, — ; sugi, S, —). The numbers inside black
circles indicate species richness found in each forest type, while the numbers outside black
circles refer to species richness shared between forest types. See the explanation in the text
regarding the numbers in the figure.

both bees and beetles, the highest numbers of species (25) and families (51), res-
pectively, were collected from pine forests (managed and unmanaged sites are
pooled). Although the numbers of sampling sites among the forest types differed,
the accumulation curves for the numbers of species (see Fig. 3) and families over
the sampling efforts support this conclusion. Second, the average number of
individuals collected per trap was highest in pine forest (12.4 individuals/trap),
followed by deciduous (8.4), evergreen (6.9) and sugi forests (1.7). Meanwhile, that
of beetle individuals per trap was highest in deciduous forest (148.7), followed by
pine (123.2), evergreen (84.2) and sugi (19.7). The species richness and abundance
of bees were found to be highest in pine forest, probably because it is sparser and
well lighted, which bees prefer over other forest types, while deciduous forests
might provide more diverse food resources for diversified beetle assemblages. In
contrast, the species richness and abundance of bees and beetles in sugi forests, which
are monotonous and dark, were the lowest. Third, to compare the forest strata, the
number of species and abundance of bees were higher at canopy than at ground
level for all forest types (Fig. 4). Meanwhile, beetles did not show a consistent
tendency in these aspects between layers, that is, canopy showed higher values than
ground level in pine forests, but the opposite was found in deciduous forests
(Barsulo & Nakamura, 2011). Fourth, no significant difference was found in abun-
dance and species richness in both bee (Fig. 4 and Fig. 8) and beetle assemblages
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between managed and unmanaged pine forests because sites of these two types were
located nearby, within easy reach considering the flight ability of bees and beetles
(Barsulo & Nakamura, 2011; Maeto et al., 2002; Tscheulin et al., 2011), and the
management activities were rather mild in the study area.
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Fig. 8. Non-metric multidimensional (NMDS) ordination based on the Bray-Curtis
similarity, using bee species composition of the four forest types (managed pine, — ;
unmanaged pine, — ; deciduous, — ; evergreen, — ; sugi, — ; 3D-NMDS, stress=0.207).
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Summary. A new name Paratrichocladius scaturigineus nom. n. is given for Paratri-
chocladius fontinalis Makarchenko et Makarchenko, 2014, which is secondary homonym of
Syncricotopus fontinalis Sether, 1969.
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