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BB L 25203, RO 10 HEDOLGILETHA
EEbRTWADS (KK, 1980). 1) HMORENEH,
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BrE LA TwAE (A, 2001). FFICHEOATER L AR
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Bhb.

3. IRRFHEDF &

LIty L
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1000 I2BWTC, HIKRBILOBRELZENTFHINS
BN ERRICOWTER 21 EEICATRAEL S
hi- (BRBEWEE S 77—, 2010). BIIHORL %

I} Environmental evaluation method using butterflies as indicator species and environmental impact assessment

2) Miroshi Nakamura (e-mail : insect2@shinshu-u.ac.jp)
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myiidae) inducing leaf galls on Fagus cren

Ihe effect of bush burning on parasitism by the egg parasitoid, Trichogramma chilonis Ishii (Hymenoptera :
I'ichogrammatidae) on Shijimiaeoides divinus barine (Leech) (Lepidoptera : Lycaenidae) eggs in Azumino,
Nagano Prefecture. Keiko Koda® and Hiroshi Nakamura. Education and Research Center of Alpine Field Science,
Iaculty of Agriculture, Shinshu University, 8304 Minamiminowa, Nagano 399-4598, Japan.

Abstract

BRush burning was carried out in Azumino, Nagano Prefecture on March 29 2009, in order to determine its effect on
parasitism of the eggs of Shijimiaeoides divinus barine by the parasitoid Trichogramma chilonis. Immediately after bush
hurning, cages were set up in the burned and a control area. Afterward, S. divinus barine eggs were taken for
nhaervation, and T. chilonis adults were collected using sticky traps placed inside and outside the cages. On June 9,
(he percentage of parasitism inside the cage from the burned area was 2.3%, and 30.3% in the control area (P<0.01).
I'wtween May 5 to June 9, 21 T chilonis were captured by the sticky traps inside the cage in the control area.
Ilowever no parasitoids were captured in the burned area. By contrast, on June 6, the percentage of parasitism on
cypn ondside the cage was 57.1% in the burned area, and 43.8% in the control area (P=0.714). Therefore, there was
no sipnificant difference between the numbers of T. chilonis captured in these two areas. It was concluded that bush

Lirning had an effect on parasitism of T. chilonis on S. divinus barine eggs.

Weywords @ Bush burning, Azumino, Egg parasitism, Trichogramma chilonis, Shijimiaeoides divinus barine
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, Mg EETDNRTWS, LA L, BL7ZED
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7o men: _ R e s :
|

I (2004) 2% Trichogramma O—TEDFEZTEAL T
5. RS (2009) 13, TORFEESATAITIN
F Trichogramma chilonis Ishii (¥ <IN FH) THY,
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AT REEATAITINFICEBTFNY ¥
TIP~DOFLEEOBFEEHL 2T 572012, RER
ZEFIIBWTHRERREE/RLIZDOTH D, i E,
AL REFEA DT RERINCL ST T VY
YYIBEEESEE LCRESN (20 BIRE 86 5),
FEHAREEE 12 LIS CHET (TAHE 17 5)
EETTCEBLZDDOTHA.

Fig.1 Map of the experiment area in Azumino City. The preservation area of Shijimiaeoides divinus barine is enclosed
with solid line. A : Burned area, B : Control area, @ : Cage.
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Fig.2 Dush burning experiment on March 29, 2009.
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parasitism by Trichogramma chilonis on eggs of
Shijimiaeoides divinus barine in the burned area. The
size of the cage is 2 m long X 1 m broad X1.8 m
height. The same cage was set in the control area.
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Table1 Percent parasitism by Trichogramma chilonis on €ggs of Shijimiaeoides divinus barine in the burned area
- and the control area -
. No. of eggs
. Sampling/Egg  No. of eggs No. of egg No. of egg .
Survey area  Treatment — Egg settng recovery sampled hatched (%) ungatched (%) par:(ig/lot;zed
Burned 14 6(42.9) 0(0.0) 8(57.1)
QOutside cage — 6/6
Control 16 7(43.8) 2(125) 7(43.8)
Burned 44 41(93.2) 2(45) 1(2.3)
6/4 6/9
Control 33 20 (60.6) 3(9.1) 10(30.3)
Inside cage
Burned ] 7(778) 1(11.D) 111D
6/18 6/23 — —
Control 17 17 (100) 0(0.0) 0(0.0)
2 03 Outside cage 12 ¢ Inside cage
S~
T
by 09 |
§ \> 02
£33 06 |
53 o4
=N o = -
z
0 0
5/5-5/14 5/14-/5/23 5/23-6/1 6/1-1/7 5/5-5/14 5/23-6/1 6/1-6/9

Duration of trapping

Fig.4 Number of Trichogramma chilonis adults captured by sticky traps.

Duration of trapping

B : Burned area, [ : Control area.
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Changes in the Butterfly Assemblage of the Tama Forest Science Garden in the Suburbs of Tokyo over a Five-year
oriod. Kazuma Matsumoto® (Forestry and Forest Products Research Institute, Tsukuba, Tbaraki 305-8687, Japan)

Abstract

Butterfly assemblages were monitored in the Tama Forest Science Garden of the Forestry and Forest Products
Rescarch Institute (Hachioji City, Tokyo Metropolis). Transect counts were performed twice a month from April to
November for a 5-year period from 2003 to 2007. Forty-two to 46 species were recorded each year with a total of 59
species observed during the 5 years of the study. Species diversity indices varied from year to year, but were
relatively high in comparison with similar studies. The mean density of all species taken together was rather low
vvery year. Forest species that used to be common in the coppice woods of the Tokyo suburbs were not abundant.
Zicevria maha argia was the most numerous species and predominated in open habitats. Narathura japonica and Mycalesis
lromcisca perdiccas were abundant in forested areas, whereas Eurema mandarina and Pieris melete were abundant in both
apen and forest habitats. Population levels of Parnara guttata, N. japonica, Z. maha, M. francisca, Lethe diana and Neope
vinihevischii varied from year to year. The patterns of seasonal occurrence of 10 common species, and a multiple
repression analysis of their abundance against cumulative temperature and precipitation, indicated that M. Japonica
inil /- maha were more numerous at high temperatures, and M. francisca and L. diana at low temperatures and high
levels of precipitation. Indices for species diversity were low in 2004 and 2007 because of very high abundances of Z
wiha and N. japonica in 2004, and of Z maha in 2007. A series of ER (“existence ratio of environmental stage”)
mulices indicated that the study area was at the “primitive stage” in 2005 and 2007, whereas an extraordinary ER
pattern with a very high value of ERps was detected in 2003, 2004 and 2006. EI indices calculated for each vear
midicated an "average level” of the natural environment, whereas an EI index based on the combined data for all 5
veatnoidicated a “rich” natural environment. Problems associated with measuring of these indices are discussed.

hevwords  butterfly assemblage, environmental assessment, transect census, biodiversity, climate
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(60 ha) 25 (Fig.1). RERMKIZALIE KM (&
KM KRS ENE. ALK THBERSLEILS W
B2 13 A4 F 3 (Ginkgo biloba L), A ¥
( Cryptomeria japonica (L.£) D. Don), & ./ ¥
(Chamaecyparis obtuse (Sieb. et Zucc) Endl), 7#<
2 (Pinus densiflora Sieb. et Zucc.)), T—5 IV
(Pinus taeda L), 77X % (Zelkova serrata (Thunb.)
Makino), 2 X% (Quercus acutissima Carruthers), 3
+5 (Q. serrata Thunb. ex Murray), ¥4 ¥ (0.
myrsinaefolia Blume), & =7V 3 (Juglans mandshurica
Maxim. subsp. sieboldiana (Maxim.) Kitamura), 71>
5 (Cerecidiphyllum japonicum Sieb. et Zuce.) B EDD
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, BIEANEWEITToTWEWOEKRBIZT I ¥
(Aucuba japonica Thunb.), ¥ ¥ (Eurya japonica
Thunb.), ¥ 7 Y/N% (Camellia japonica L.) 72 X DI}
Ptk D EAREARRL T 9 7 (Q. glauca Thunb.) D%
BRI PEY-TH L. FRITHZ b7z FHK4E,
KK X B E 3 (Abies firma Sieb. et Zucc), 7 F
hhy, R¥ Y4 (Castanopsis sieboldii (Makino)
Ilatusima ex Yamazaki et Mashiba) A5R U D, KEM
Y nhbLwifsbd b b, RIMKOEARRE, EESREIC
he, 797y, AFVAP%L, ThLHILRL-T
'\ (Torreye nucifera (L) Sieb. et Zucc), 7H<V,
YAy Q. salicing Blume), I+ 9, 7Y%,

/¥ (Celtis sinensis Pers. var japonica (Planch.)
Nalai), ¥ <% 27 5 (Prunus jamasakura Sieb. ex Koidz.),

{ (A1) (Idesia polycarpa Maxim.), I X ¥ (Swida
controversa (Hemsl.) Sojak), # I XA¥ v av
(Zanthoxylum ailanthoides Sieb. et Zucc.) 7 EMHIEL
S MARBEBE T ABARITERESSZ VT L2

CIBORBEAPETH A OREIZBH LTS

b, MESARBUTICS 7 T4 Y R EBREIS V. 20
2 RIS <, RBARKIR A O MBI B B WIRERIE,

Pod s RO RS & 2002~2003 FOZITE
A NN B AT o 7o —ERO FIER A TAR, BT
A ENMEBERAREICHAONAEETH B,

U lamnbgsnday B

N \’-—Q-—:/hm::: e
T BT roimary
[ Eheny preservation forest
Y Arboretum
Piantation forest
B Natural forest
- Buldng

Section &

Section 4
Section 1

ig. )t Sketeh map of the Tama Forest Science Garden,
showing florest types (or land uses) and the
teanncet route used for monitoring butterflies. The
roule was divided into eight sections roughly
represenling  different  forest types and
cuvironments,

O EHRIZBRRIN T A , BEREINRTWS
PN ERET, # 5 ALY (Boehmeria
wipononivea Koidz.), A A ¥ (Miscanthus sinensis
Vinderas), R EBEREPFELTWA. o2
Co AR IR (1963~65 4F) 1T D RS W KEE

W\, A UNES Y (Acer palmatum Thunb.), I

7 L5 (A cissifolium (Sieb. et Zucc) K. Koch), 7
Y&, 7IHY, AFAHY (Q. gilva Blume), 7T/
¥ (Litsea coreana Léveillé), w77 I X¥ 2~ 5 (Prunus
grayana Maxim.) 2 EOHARSHIALL T 5.

AR B BRI IR R AR B I & 0 RS
By, MLTADPKRE SRVIFINE WS, HE CEE
DLW HRAT A, B FICHRE SN TIREAR
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japonicuis (Lf) Ker-Gawler), FF I %% (Oplismenus
undulatifolius (Arduino) Roem. et Schult.), 711 F
I (Rubus buergeri Miq.) 72 EX3H 5755, HAWEH T
BT AYHEN. BARDBEREIN TV DM
BARUADERIZRE SN2V, FHIEEAIEEAL R
VHBMARZERTH Y, TEELIIB RO AL EZE
HEOEREEEYPREL TS,

2. WpAHLEAREE

Fig.1 IZRT X9 %4k 42 km OEEN— M EEE
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EEAEZWEHND 024 km 281K, 2, ERHS,
BEWANRET ATEEMLD 022 km 22K, FIIK
PR, —EBERIBICHLZ bz e ) F ik E 8 5 ABRMEA
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AHEIR 089 km %% 6 X, REMO/NERRRM L
v /%, &4+ % (Magnolia obovata Thunb.) Do
INBBATHAZE-> TS 078 kn 287 X, AEBH
D, K4V b ¥ (Picea abies (L) Karsten) NTHT
H o e WNEED 2DV ARES D % { BEEFIROT R
ML XF, 2FTOKEES 033 km ZHESK L
L, ZEHFMHAZROFELRESTERY, RBEKT
WIRBMES L AT G285 X5 ICBE L.

2003 4E~2007 SED 4 A~11 AZEA 2| (%R OW
PP, REAKLAREOMBEEZES, BRI
IEHEED THOM 2WAZEDY, IEIL 15 KOOI
RMEETo7 L2 L4AH, 11 BRRROEK W 9 K~10
B, 7H, 8 BIKROBE Y 13 K~15 Kpa Bz,
— F 2R 2 BB THEVTHIEB L OELAR 5 mBA
WL 72T 2 7% HENE L CRERLAAY, BEIC
UL CHEReRL.

3. BHEWE - B RO
Bon7—sh2EN— P aBIUREIEICER
L, fag, MRMEARE, BEAREZLENIE L.
ARG BEERE 13X 1kn H720ICRa
LCHEEFEL L.
&SN F g v He HP (1988) IZHEWVFRARIERE &
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Fig.2 Monthly mean temperature measured at the
Tama Forest Science Garden, 2002 — 2007.

Table 1
precipitation (in mm) at the Tama F
through November, 2002 —2007.

Precipitation {mm)

F70 0 THEHE (1998) DEDHLHTE | OBFEHEHTH 5.

4. FTEREOBEREDS X ORRT— 5 L OBERGIH
F 3 vEORAERICHET b EE X DML EARSEN
ownT, SEEMEERE (2004, 2005, 2006, 2007,
20082, 2008b) =& Y FABIGRED 2002 4 & HEH
BBl S 887 - 2SR Lz £HOFHR
% Fig.2 1o, MKE% Fig.3 |[oRT. T/, HED2
H1HA5 11 B 30 HI COMEIRE L MHEORE
KEAEE L Table12Rd. 27201, HERERRY
BRE,SHBABNROBLFZOREFEELTHL 10T
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Fig.3 Monthly precipitation measured at the Tama
Forest Science Garden, 2002 —2007.

Cumulative temperature (in degree days; DD) and cumulative

orest Science Garden for February

Cumulative temperature (DD)

Cumulative precipitation (mm)

2002 21128
2003 2004.9
2004 2559.4
2005 21995
2006 22138
2007 22278

1960.5
21163
1680.2
14270
17320
14045
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Table 2 Habitat type, yearly and total counts and density (counts/km/census) for each species.

O & A&

2003 2004 2005 2006 2007 2003-2007
Speeies Hobitt type  Counts  Densily  Counis  Denuily  Counts  Density  Counts  Denaity Comls Denuity  Total Mean denrity

Ve a8 Hesperidae

. LN 22 Y Erymus montanus (Bremer) F 3 0.045 6 0.089 6 0.089 4 0,060 2 0,030 21 0.063
Y4 L Ut¥ Y Dauotethys (Ménéiriés) F 7 0.104 9 0.134 4 0.060 8 0.119 7 0.104 35 0.104
D vE vk Thoressavana (Murray) F 3 0.045 [V 0.000 0 0.000 2 0.030 0 0.000 5 0015
A3 Jsoleinon lamprospihes C. et R Felder F 0 0,000 0 0.000 0 0.000 0 0.000 2 0.030 2 0.006
), LAV e N Tk Y Ccklodes ochracens (Bremer) F 12 0.179 18 0268 19 0,283 20 0.298 19 0.283 88 0.262
:57 vz Pelopidas mathuas oberthurt Evans G 0 0,000 2 0.030 1 0.015 0 0.000 0 0.000 3 0.009
1 v R3 k) Poiytrenus peflucida (Murray) G 0 0.000 0 0.000 0 0,000 1 0.015 0 0.000 1 0,003
515 { otV Pamara guttate (Bremer et Grey) G 3 0,045 21 0313 23 0,342 27 0.402 7 0.104 81 0.241
B e Papilionidae
Y YL U ATy Pamasswscrnanus Motschulsky e 0 0000 5 00m 1 ols 11 0164 2 0,030 29 0.086
) £ VYN Byasa alemons {Klug) F i 0,015 0 0.000 0 0,000 0 0.000 0 0,000 1 0.003
e YA LN Graphum sapedon apponum (Frulistorfer) F 7 0.104 5 0.074 6 0,089 2 0.030 5 0.074 25 0074
;% U upthio xuthus Linnaeus F 5 0074 0 0,000 3 0.045 0 0.000 0 0,000 8 0.024
U NN Papihio helenus neconicolens Butler F 9 0,134 4 0.060 3 0.045 1 0.015 1 0.015 18 0.054
)07 CWP YN Papihio protenor demetnus Stoll F 5 0.074 6 0.089 6 0.089 9 0.134 3 0.045 29 0.086
g | V170 Papilio macienius Janson F 3 0.045 7 0.104 5 0074 9 0.134 2 0,030 26 0.077
f&’ DOV FON Papilio dehaann C. et R Felder F 4 0,060 8 0,119 4 0,060 10 0.149 3 0,045 29 0.086
- NS4 DAY Papilio maachy Ménétries F 0 0.000 1 0,015 0 0.000 0 0.000 0 0.000 1 0.003
~ b ) Pieridae
t o\ v Cohas erate pohiographus Motschulsky G 6 0.089 0 0.000 1 0.015 3 0.045 1 0.015 11 0.033
VN oY furema mandarna (de [Orza) F 43 0,640 51 0,759 50 0,744 78 1.161 49 0.729 271 0.807
CF Nt Anthochans scolymus Butler G 0 0.000 4 0,060 7 0,104 7 0.104 1 0.015 19 0.057
——1 ' Vel WY Piers rapae curcivora Boisduval G 12 0,179 6 0.089 13 0.193 16 0.238 1 0.015 48 0,143
LN a0 Puens meste (Ménétries) F 37 0.551 66 0.982 28 0.417 65 0.967 39 0.580 235 0.699
Py Lycuenidae
"N L0 Narathure japonica (Murray) F 15 0,223 161 2,396 34 0.506 14 0.208 20 0.298 244 0.726
i . luraka hamada (H. Druce) F 0 0.000 0 0.000 0 0.000 1 0.015 0 0.000 1 0.003
s Liprmtica lutea (Hewitson) F 0 0.000 2 0.030 0 0.000 0 0.000 0 0.000 2 0.006
(A ) e S Antigius athie (Bremer) F 0 0.000 4 0060 1 0.015 0 0.000 1 0.015 6 0,018
v Akdlenaa ferrea (Butler) F 2 0.030 0 0.000 1 0.015 3 0.045 0 0.000 6 0.018
[ siupaila arata (Bremer) F 0 0,000 2 0.030 0 0.000 0 0.000 [\ 0.000 2 0.006
7y phigeas daumio  (Matsumura) G 8 0.119 4 0.060 7 0.104 12 0.179 15 0223 46 0137
B Fampides boetws (Linnaeus) G 0 0.000 0 0.000 2 0.030 0 0,000 0 0.000 ) 0,006
) theena maha argia (Ménétries) G 100 L488 254 3.780 202 3.006 132 1.964 195 2902 883 2628
' fwints argiades (Pallas) G 0 0.000 0 0.000 0 0.000 2 0.030 2 0,030 4 0012
Ly < heitron argiolus ledomdes (de '0rza) F 11 0.164 1 0.015 7 0104 1 0.015 3 0.045 23 0.068
VWU Cudastning sugitans. (Matsumura) F 3 0.045 4 0.060 1 0.015 1 0.015 2 0030 11 0033
v Cwretis acuta paracuta de Nicéville F 8 0,119 § 0.119 H 0.104 5 0.074 7 0.104 35 0104
Pty Nymphinlidae
Dec. ] P Libwthea epita celtordes Fruhstorfer F 4 0.060 9 0.134 29 0,432 10 0149 6 0,089 58 0.173
WY rantia sita mphonica (Moore) F 5 0.074 3 0,045 9 0,134 3 0.045 4 0.060 24 0071
\ SHN WU Nephargynnis anadyomene nudas (Butler F 0 0.000 2 0.030 0 0.000 0 0.000 1 0,015 3 0.009
ama | WV Pamora sagana hane (Frubstorfer) ¥ 2 0.030 2 0,030 4 0.060 1 0,015 4 0,060 13 0.039
VN Ayt paphia tsushimara Fruhstorfer F 2 0,030 2 0,030 12 0,179 3 0.043 2 0.030 21 0.063
VL W e ipyreus hyperbius Linnaeus G 0 0,000 ] 0.000 2 0.030 1 0,015 1 0015 4 0.012
174 P Ldoga camitla japonica (Ménétris) F 2 0.030 5 0.074 3 0.045 2 0,030 4 0.060 16 0,048
P pey iy plulyra excellens Butler F 2 0.030 1 0,015 3 0.045 2 0.030 0 0,000 8 0.024
144 i it phe tntermedia. Pryer F 6 0,089 16 0.238 6 0.089 5 0.074 1 0015 34 0,101
1 WA et charonda (Hewitson) F 3 0.045 0 0.000 3 0.045 0 0.000 1 0.015 7 0.021
S st porsinules japonica (C. et R, Felder) F 1 0015 0 0.000 0 0.000 0 0.000 0 0.000 1 0,003
VLt e nesimachus nesioles Fruhstorfer F 1 0.013 0 0.000 1 0015 0 0,000 3 0.045 5 0,015
POU G nachnia buregana stigosa Butler F 1 0.015 4 0,060 1 0.015 3 0,045 0 0.000 9 0,027
L n e Vs cardur (Linoasus) G 0 0.000 0 0,000 0 0.000 L 0,015 0 0.000 1 0,003
S s ondia (Herbst) G 0 0.000 1 0015 2 0,030 2 0.030 0 0.000 5 0,015
VRS ik catiace nojaporcun . (von Siebold) F 5 0.074 1 0.015 4 0.060 9 0,134 1 0.015 20 0,060
v ol ardum (Linnaens) G 1 0.015 q 0.060 5 0.074 10 0.149 4 0.060 %4 0,071
LR Wymphdis anthomelas japorica. (Stichel) F 0 0,000 0 0.000 0 0.000 1 0.015 0 0.000 1 0,003
Wb b Aonter phedima ouensts. Matsumura F 2 0.030 0 0.000 2 0.030 2 0.030 2 0.030 8 0.024
P Mok s peniicear Hewilton F 54 0804 32 0476 15 0.223 71 1.057 35 0.521 207 0,616
Ay st ANatler) F 28 0417 8 0,119 8 0.119 17 0.253 5 0,074 66 0,196
VA athe meshs (Hewilson) F 6 0.089 13 0,193 6 0.089 16 0.238 s 0223 56 0,167
DN Y Neope schkevitschi (Ménétrigs) i 28 0417 2 0,030 5 0.074 19 0,283 11 0,164 65 0,193
Yuyas v 4 Ypthinangus Butler F 7 0.104 21 0,313 13 0.193 27 0402 18 0.268 86 0256
Total 467 6949 785 11.682 585 8.705 649 9,658 507 7,543 2993 8,908
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e S n7-FEHUE 2003 2% 42 f#, 2004 A% 42 H,
92005 4% 46 H, 2006 4EA% 46 1, 2007 4EHS 42 T,
@K;é%u&&<,sﬁﬁwﬁﬁfusgﬁa&ot
(Table 4). &k N AR 2003 4E2° 467 TR,
2004 4EAS 785 MHk, 2005 A 585 B4k, 2006 42
Mgmw,mmﬂm§m7ﬁWﬁ,@%Eﬁﬁﬁ%#o
7- (Table2).
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Table3 Five dominant species in the butterfly assemblage of the Tama Forest Science Garden in 2003 —2007.

Precentage occupancy for each species was also shown in parentheses
S e =

2003 2004 2005
,Rmm»-___fmﬁﬂgi,___,._.ﬁgﬁkﬁ_“___,_,§REE%L_____,
1 7. maha Z. maha Z. maha
(21.4%) (32.4%) (34.5%)
2 M. francisca N. japonica E. mandarina
(11.6%) (20.5%) (8.6%)
3 E. mandarina P. melete N. japonica
(9.2%) (8.4%) (5.8%)
4 P. melete E. mandarina L. lepita
(7.9%) (6.5%) (5.0%)
5] L. diana M. francisca P. melete
(6.0%) (4.1%) (4.8%)
N.goschkevitschi
A
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2 3 4 5
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Sandla
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Section

w20 T2003-2007
__Species  Species  Species
Z. maha Z. maha Z. maha
(203%) (38.5%) (29.5%)
E. mandarina E. mandarina E. mandarina
(12.0%) (9.7%) (9.1%)
M. francisca P. melete N. japonica
(10.9%) (1.7%) (8.2%)
P. melete M. francisca P. melete
(10.0%) (6.9%) (7.9%)
Y. argus N. japonica M. francisca
(42%) (3.9%) (6.9%)
P. guttata
(2%
30 r
2006 -
20 r |
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0 B N BN B B R
30
2007
20 _
p Q IJ [ |
NIFEARRNRS
40

°| ‘i 1
ald il

1 2 3 4 5 6 7 8

Fig.4 Number of butterfly species observed in the eight sections of the transect route in the Tama Forest Science
Garden, 2003 — 2007. Solid and open sections of the column indicate forest species and grassland species, respectively.
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1k (0.07% ; 49f5) &A%<, 99 FITHIYI
Japonica saepestriata (Hewitson) &4+ 43I FU T3
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Flg.6  Density (counts/km/census) of butterflies observed in the eight sections of the transect route in the Tama
Fores! Science Garden, 2003 — 2007, Solid and open parts of the column indicate forest species and grassland species,

respectively,
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Counts of butterflies

Counts of butterflies
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5 R O A EHEEE L 10 BOFEHHER (Fig.6) &
FEEAEOLE (Fig7) OBBILTOEY) THS.
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2)

Fig.6 Seasonal changes in the counts of 10 dominant
butterfly species in the Tama Forest Science Garden,
. 2003 — 2007.
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Fig.7 Changes in
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Year

the annual counts of 10 dominant
butterfly species during 2003 —2007. Note different
scaling of the ordinates for the three graphs due to
variation in population levels among the species.
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FEXF gy E—rPMEICE - TENRA ) ARHEE
2ol $52 bbb, WEILE 1L, BE
W8 2k, R 34k, 10 HDRICE 4 Lok
KALRAHIT B &N T T 7 ORBEINS, B
MIcHmMT 20 TIE%EL, 4~5 HZRoh 84
BH LD D Z0TARDE 1bATE S 1247 W Ek
Wb, FEIOE =217 s ITRHETH 52,
R OBERAL 2 0 THRARIIIEHANIC & - Tl
KA EHBANTE L, T8 2{LUBEO &)
WHEL R AMPRELIY—ELED o7z, FEMMH
KBUZ 2006 EHRE, 2003 SEANRAD T, EHIEIX
1815 CTH 7z,

AyvryuivadFay  BEFRIERCEYIZ4>0E
—7HBN, F4THEIENDbR L. AHEDH
REFL L 2 B HPEICI > TRRZY, &I
2003 FIEE 1 (BEAHA) PRI, #HEA
PR HFEAICHEML7Z0ISH L, 2004 41
BiermdE <, HRITLICHP L TEGHEDH
%y — v aRR U7z SEREEEI 2004 E07R%,
2005 EXRADT, IR 24 5 THH 72

KoH &YV bITEHENR D O AR TIE S
VL fRICHIRT 2B B DR L, B EILh
eI 7z, 2004 FEOFEIZIREFBL LML 298
fhon iz c o & 9 ZEELBEMIA S b o
2o IR AR EUE 2004 EATRSS, 2006 EASHRAT,
GIhE 115 B Th o 72.

Voo YR U ABIETE R A S AR Tl e v,
(b INBLT 2 BAHARH A2 {, Fp ORI, T
Wi, 9 B F724% 10 HITEfREORROEY -2
AL 2004 AEOBEINASEE T 2005 L 2007
POk R & Rl MATRE &z A, 2003 4,
006 LD T oML o . EREARE
st o> 254 BARDSERZ, 2003 F£0 100 BRI R
b, B 25 fETh o 7.

P s A aE 2T, 1S5 ~6 B, a2t
Ay NN 8 HENEA S 9 AR B L,
AN I UCE LB RERESE 2k X D S h o
F2003 A 2006 RIS 1ML, B2 ki IS
LAY 2007 B U E ro b ODE 2L
e <, 2004 SE X 2005 SEEES 1ML, 21k d
Pt 1o AEREARERIE 2006 SEARS, 2005 4F
SihelC, IR 5.0 ETH o 7.

AUy S X EET, B 1EAT5 ~6

I, N2 bhs8 ~9 HIZHIE L, 2007 FEICEE 1
(LY 2 AT Z T D - 7ol E4ESE 2 LR
W Wh s (Ao ik E LWl - 72, EMESE

2006 EAHRE, 2003 FEARAT, EBHEIE 39
Thot-.

9) ruavhy L IFE2{LT, BLP5~6H, F
2237 AHEH 6 9 BRTFICHBL, oMW es
3L Bbn s FHE e MEr QIR 2
BB, BES1LIVE 2LOBEEIZL <,
&< 2003 £ L 2006 4FEIx%E Ao 2R, 2004 4E,
2005 4E, 2007 FIHBW D Hd o7 2007 12
FEIOBEIELBRENE P72, EREEEK
& 2003 FEAEE, 2007 4EARAST, EHEIRIE 56
BECTHh -7,

10) ¥ h&F~FSehs E2MT, E1LA5H, &
21238 H &2 dulMc BT 5. 8 1 {LoffkLxiiE
EA%R L, 2005 FE& 2007 FiZEI BRI 2P
oo E2LTEEE 11bL YL v, ZoMmERIC
DR & <, 2003 4FIEFHEICEL L, 2006 4F
& 2007 FE DB E o 1295, 2004 ST A%
oo, EREARIE 2003 F£ARE, 2004 £
BT, ERIE 140 B TH o 72,

Ul 10 #izonT, ThEnhofEM A ) &
VERERE (To), HERERE (Tp), YERKE
(Pc), TWIHERKE (Pp) EOEMJFOME, 6HIZD
WTLT 0@ ) HEZEEIE L.

1) F#%%F aw  N=0.0580Tc+0.0318Pc — 0.0657Pp —
1196 ( p<0.05, F**?=0.9912)
LEORCHERE L BV BAKREL X CHIEO Ky
kB THINT 5 Z L ARB SR,

2) A5FFL VI I N=0.2366Tc+0.0996Pp — 658.94
( p<0.05, *2=0.9331)
YEDOFHVRERE SHFEOFH EARRETHML,
EIHEOHBEREDEENERENI LATREE X
iz, AEOMBFIBEREOA L OBAIF LA
BEThol (N=02857Tc—59151, p<0.05, 2=08156).

3) ¥ b IY3 1 N=02669Tc — 42163 ( p=005, 2=0.7676)
VEOBOWRERETHENL, ZoEErKE WV
EPTRBEE T

4) EXTS5FI Yy A I N=0.0299Tc —0.0175Tp —
0.0285Pp - 39.84 ( p<0.05, r**2=0.9962)
VEOHCHERERETHEINL, HEOHVERIRE
EREVHEKRETHEADT A EAURE I NAS, 2003
N dr o 12 b DO FDBOBEREOE R
PEW,

5) a¥x /A N=—0.0700Tp+0.0405Pc — 0.0732Pp —
259.33 ( p<0.05, r**?=0,9990)
LEDOFHWEAKETHEML, WMFEOHVEEIRE L
EOEARECERDT 5 2 EATRE SN,

6) 2O Ay I N=—00159Tc+0.0264Pc+471 ( p<0.05,
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r"?=09664)
LENHVRBRETHRY L, LBEOHVEKET
BT 5 LRI,

LAETFIEE), AVFavyuFay, A FEY
Tke) ¥ rETTILHIFTE, ARZARBIRS
nix oz,

3. SREREFRE L RIBHETE I

HEREE S FT 2 o0BBTV TR 2003 FITRD
¢, D it 2007 I T i 2004 FiLRLEr T
(Table 4). ZRERBICHET 5 LEX N2 AHE
LA s MEOEMESRIEE D BLT T r OMBREEE
WL on, Y by oERERRIEERLAE
FhrAOHMEAER SN (Table5). BAMIZAERT
R wgs, WBRHECHBRESE Oz AT YD
T OMEMEEED D BIU T L REOERELER
L, FRCHBEECHBRE SOV Y/ XD
FERMEASUE D & 7 OB DI ELERL.

EI 36803, BURERE DL 0T & 2003 £
80, 2004 4EAF 91, 2005 4F 94, 2006 4EA5 96, 2007 4
296 TEREMEP R, wind R - ARICHS
+2 [HER] oEfeHEShZ LAL, 5FRIC

s S n-aat 59 HcHkT (B fREE 122 TREFR
KR E YT 5 [SHK] LHE S (Tabled).
ER HBGE, WERLOEDL ER, GEEERRBRBOR
AL PELE L, RWT ER, (BHRBREORSE
HAEM), ER, (BAWEBREOBEHFEL), ER, EHER
BB ONECET L7 (Fig.8). HH (1988)
ORRNC L TED BRENEY [RABE] ol
<% DIE ERy >> ER,s > ER >> ER,; T, 2005 &
2007 AEDRERITIEIZ T MUCHIY T B A%, ER, DIEAR
X\ 78 ERy & DEDNES L ER, LDEFKRE L,
2003 4E, 2004 4E, 2006 4Eix ER, & ER, DENDRY
gV, AROIRRE L LRI U TIETES %
W, ZIT, 2003 4E, 2004 4, 2006 FEIIE\ ERy B
L7:5 LA EET 5700, ER, OFTEHID X
N+ I DD k& AL 3R FETLIZRIILT
Table 6 1277 L7=. 2003 4E & 2006 4EI 2 DEAKRE <,
E&x%ﬁbhﬁé@ﬂﬁ%ﬁﬁbfwéwujyk/
X, RWTrOeAFXTHY, 2004 FFATHFLY
IOBBARATRVTAVY S A THolz. 3FLD
B EAAEOMEDT 1000 2@, SFHASOIT 13 &S
BTWA. F7=, 2003 L 2004 43 2 EOMED
500 MLEThz D AEXW, ZTHICKHL 2005 F& 2007
s 3EOBEABIE AR, WIS ERy &

Table4 Number of species recorded, Simpson's index of diversity (D =1— 1) , Pielou's evenness component
diversity (J') and sunose's environmental index (EI) for the butterfly assemblage of the Tama Forest Science

Garden, 2003 —2007.

- 2003 2004 2005 2006 2007 2003-2007
No.of species 42 42 46 46 42 59
Simpson D 0914 0.838 0.860 0913 0.826 0.881
Pielou J' 0.795 0.664 0.742 0.770 0.676 0.704
Sunose EI 89 91 94 96 96 122

Table5 Correlation coefficient between annual counts for five dominant species and indices of diversity (Simpson's

D =1- 4 and Pielow's J').

E. mandarina _P. melete N. japonica Z. maha M. francisca
Simpson's D 0.4030 0.0946 0.4953 -0.8772* 0.7515
Pielou's J' 0.2106 -0.2451 -0.6608 -0.8968" 0.5345
* . p=005
* 1 p <005

Table 8 Products of habitat preference (Xi) for primitive
for three major species as components of numerator o

stage, number of individuals (Ni) and indicator valus (7)
f ERps. Total sum of the products for whole species and

percentage of each product in terms of the total were aloso shown.

2003 o 2004 e 2005 o 2006 = 2007 .

Species XiNidli % Species XieNi-li % Species XiNi-fi % Speci XioNidi % Species Xi-Nieli %

M. francisca 1134 349 N. japonica 1610  37.2 Z maha 404 147 M. francisca 1491 383 M. francisca 735 298
L. diana 504 15.5 M. francisca 672 15.5 N.japonica 340 12.4 L. diana 306 7.9 Z. maha 390 15.8
Z maha 200 6.2 Z maha 508 11.8 M. francisca 315 11.5 £ maha 268 6.8 N.japonica 200 8.1

100,0 Whole species 4323

100.0 Whole species 2748 100.0 Whole species 4323

1000 Whole specics 2748 100.0

‘Whole species 3247
v
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L] w

bR LR R o A BRI

PR CIBE S L oz~ MY U3, aH,
Wl g, B OKRSE S oF g v EREY
Nt L 2L TH EER M LCREsnT

c Uk, 1991 ; FHM, 1997, 2001 ; ¥EH, 2005 ;
e, 2007), Y2 b PVIFEEUECHLE, £
O L R C At o B TR R S B R 7 BRI I R X
TR v ozt L, ARIAREIRTICE
BHINOBGIXIEFTRALTWS, $SHBEENEL
CRIMEEW S NG X ICEWIETERE I b H 5. HEsE - M
ROl I i Sk 4 2 BB TR E 2 A ERICHH L
LN ThhD.

VEN S a2V ravaF g vz, MR (1988)

TOUCIL R E ST AR, Bl L ) kg
WY 20 Wi i2 b % <, A RRBE O HF AS B 5 v
ot 4, Ohsaki (1979) AV ZuyaFavo

TSNS AR X D IEWE L ERERLTYS, %

T FF 2 7IIARTWRE LW B BT b R R AE
ELTRESNI TS (M, 1997, 2001, 2004).
ATHFLTIETT N AFE AR AR
T, 279 F T VIREROSVELTEL L, AN
RIZABI D ICHENEDS, BEMICEIBRIZVSZ s
v, ATV ABGHREORFELERIKEL, B
PHRTROND. 0 2 AWK AR L LTk
SNLDE, KR BV HEROS WS BRI
PEBICHBRIREICHAZ EE2RBL TS,
UL, thoBFEREREOL  IEFETHY, 20H
HH ZEFMBZEICE W ERIZ 2L ThHs. B
Wz E2EBORETAHELTIYRYY), aF
YN ARtv), THNEEY Choaspes benjaminii
japonica (Murray), KV 5t+1), LAF<T &S+t
U, AGRATHEN, 29X, vVST7VV3, THLY
2, UIGFITATVI, 349t FHIVI, +F
IRYYII, T4V VI, sueHhs, eaFF s
Y, ¥ bFIFIIF, I F¥YVkamEY, ARFO
Bavey, IRAVFay, a3V, FFAT7HF,
IR 5Fay, RAIFFY, e F¥Favy, L4
TG EPSEFERBZEICERLTWE 2 L HmA
(2006) IZX DRERENTWAED, ThHNDE Tt
HHZ WEELEBRKICZWETH L, BuKiZbEER
TEL/7ubArReehrFaveiictass, SE0
AETIE, ZOAEBBEEIMLTEKLS, 745w,
UIFITAVVI, AFIFYVITVIESEHOL T
YR MR EBUCEEGEINE o 7.
HSXMIEIUROEERETH L2 XFL a5 50
MaBH Y, 7 XFHIE 2002~2003 FEOLIBAE - MY
T bz b, B R EREIR OB B S
BhbHIOEEFRBEEOBZAL UCTIZHSICH 2
V. T, 7 XFRTIIESE 2 ~ 4 KOKRD HBHEATH
L. FFLTHER, I X4t FHFYVI, HrFesy
TR rhERNNGESNCORMTROSNE DX, /»
BB L ZDL) &M Hi>TWERSTHSS.

2. BH - SRELEREE

AR (2008) 13, MEARMAGEEZ 5D 5B TERS B
DOFMRETRIEINS R & HR 8 B AR OF 3 %
HHEOWEL 2003 E£2005 2005 H£F TIiToT, B#H
BB AERRENE DIZEL, BIlWAF a v S
ThhHILEzMELTWES, FUEIIEB SN LEHRK
MEROF a3 VEBEOSRERY D BXU)) 1%
BEHOmMBOMEE R il->Twa (Fig.). Zhit%
BEHFEMNFREICB T2 AREOD S ITME, SBHICR
ERBLZVWILHERE (21 vuFay, 2¥5=L)
VIVI, FANFFavhE) FMbAZEICE)EK
BEVZEILDLoTwE)., Lal, SERKEERE
TIRAEREENE: (Fig.9). ZD L) kWi BFE
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TR

ERVEHRERMTHREMTIONS T 3 VEREIRE
BB THY (BEHS, 1995), EEHKIE HAH
w2k, RAKIERCRERIZ (hoTnb L
EEBLTWB RS, I, SEGMEFRSE
DEBHEBIIZVEEWZ, RERKREETEA KL ES
B, g7 XTREGINFEEIIS .

1964 fEZITON-M S (1965) ORAEFREIC XL,
REBEHRORRARIBMIITEINR, 7THYK, - ¥
AHRBEP &N, ZOBEBTITIZEIBIUT IRy
MOHEBEARBICE TS VPBEL TV, THIVIR

s
(=)

——Tama Forest

w
o

Station

N
(=

Density (counts/ km/ census)
)

o

Simpson's index of diversity
I < {( >

0.96

0.92 |

0.88 +
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0.84 r

0.80

0.76 |
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Pielou's evenness component diversity

0.56 '
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Year

Fig.9 Comparison of density (counts/km/census),
Simpson's index of diversity (D), and Pielou’ s
evenness component diversity (J) for butterfly
assemblages in the Tama Forest Science Garden,
2003 - 2005, with those obtained from the Tama
Experimental Station and Sakuragaoka Park in the
same years by Matsumoto (2008).

Science Garden

—e—Tama Expetimental

[ —o—Sakuragaoka Park

WA

FO®BIY )ALy FaTHICLYRBICHEL, €
IDREELINTTH<A <A (Lymantria fumida
Butler) OEEDOREL2Z T TR L, 1985 E» b
1991 fFIZfrbh-&H - B4 (2000) OFETIIRA
HEERTTIHAVERTIAPEBARBIZELET S L1
ToTwsh, HERBFICARONDZ X¥ - aFF5%D%k
EBOBIIMIZRATH Y, BETHTHAEER O
BEEERKICBTT S & SN TWDA (5FIL, 1988),
ZEEMAFE O RKMKIL, FRKOBEBERIE)—Bb
T5 1960 EM LY BV RLIEID 0 ERICES TR
7o, RO BLMICERT T TITHRERKICBITL
RREBICHDEEZOND, REMKZELE IRXMRE
7 XBOF 3 vEOMBA R  ERREIMRVERIR
ik, HEEHEA O B IR O BESHLIETTIES 3
THIZERICRAZLERTEALDNZ S,

Inoue (2003) ¥, RIKEAIOBERE O H il <
FavHEBEEFREL, 50 FAEU EOSEZ RMIL,
BARICAERT 2R/ Ml e EOHEERKOF 3
YD refuge FBMTHELTWAS, LEALBEENOK
FOEROERICB W T2 T REER THE T HBER
H OB M R M RE S CRIERARICBAT LSS
121, % refuge ELCHIMAT L L9 %F a vHId
HEVSMHEL TRV, FEFETICIIEERAKOE
YHEETRE2VOT, BEMMELALEEICFavE
Wl o THHTRZEMDOEOND (FIZIEWEEH AR
WMEBMKTRAIF T VLTI OFEEW L 2o
TWbY <Y (Meliosma rigida Sieb. et Zucc.) {3 HE
WHIZEELTWZRW).

2. BREBROBHIHE L FRED)

HET (1967) &, REBWALAEE XHIROLZLHET =
THOBHIEEY ZOMBN A L HE S CREL,
I SAT A A o 72 [ H R Offid 1 FE DRI,
MIZF- 200 [FAR] O 14 05&PIEER
BEL hAHZ LERBE L. Hili (1973) &, BEWE
MIZBITA2F a v HOREKRECTCIOMALERT S L
EBICERLERLFF OISR L LTHEEL TS,

HT (1967) &R (1973) XL BICZOHRIHAL
TAHMAIZOWTIREF L Twiwgs, ZhEEHEEmIIC
BB TH L. T3, HHROEITIRE 2 XU ICHEE
LTHEY, BRBICIBVEHEED 2 RIETLER, &
LR DEBED L VDS, ZOESITHHEG L ENRTW
BV OBAFOREENE L, FIHNLERED %
WOREEZ O NG, whiE, EHAEIISIRICEME
EED, BLAIZALEEEES EET A & TRERM
RHEFLTCWBEEZ NG, S FRMOMIIES
KEEHIE LT 5720, BA OB TRITHEMEL,
FIHHT 2 BAROBEIIE VA, BEREITS
POAF 7 BERAVE & BEFHAHIN S T, BIPICRARY
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5. b FRETHAHEY Y OF 3 v OE RO
ERE LTRE (1954) &, BETH LT 7T FREE
DFFEROBAIIMZ, BREFODIODL 2 5FTAEN
RN, AN - FEBRBRRAC LA TEO LR
REIFTTWA,

BT (1967) OFHFIHEZIE, HOSHEIFETH
HLNBIRHAMTHLSH, MOSHIARE KT
VTICRE SN A HRE O IIBX et RiaHm L
SEEENZIL R L AR 5 N' B, R RE SRR
RPBH KA AT 2RISR I L Akd 5 S H,
ARSI ITXIIHTTOET VTR THM L,
WEIL B AR QHETEZVWHERFKI SN,

LEZABEROBMMAE LA 10 Bodicid, &T
(1967) WL Y NBE IR TWLREIZRL, SHoFF
19 (E hecabe L) & EN7:F% FF a vIZERIHEL
WS MThy, o, 1 FEXIERY, AFHF

VI, ¥ VVI, aVx /A, EAYFTFIVY
A, za TS MEISNTWE, [FYFTLh
Y EENTHEIIY MRS AT TH LI EPREE
chly, HETH 5,

LAFTY TR VIIFT (1967), HiE (1973) &
LIl L T2 WO TafllidE® SN Twnings,
WAL N BTh s (EZLREECAICS /AT
LD ERTHE). AEIE 1L L 210%
oAb o g v, AT R D E K
WAVNES K, 28 1L R WEIZIRE 210% <,
DD WEITEE 2P R WEH D - T, 5
DO IR RET RSB TV ATREN D 5 2T B
ah RSB L OB D B & D IR R R,

SMOALFEY YRRV, EVFRATEE L @
S AREESNTW RV, 2{LBURIISHAS
NP hdh b, BPICEVE VI BRI LRI
Lovid, EBOBEEDASFEY VL) OFHEE
C MR - FEEDEOBAL A5 5 ~ 6 HIicms
MLk, 7~8 A 24t (B 1ft), 9~
A sl (B 2 i) o mAHET L shTw
CoUE N, 1988). ZEHFMEFRE TR I AEO
Gy Oy 1 1k) BRHAHIRT 2 2 L PO LT
VoL As (AR, 2006), FOMREEBIIBO TAHRVWI E,
P 2 (LIS B L CTw BT 7 A#EB L U8
i ele o A TR ENLEESITLEAELRNWI E
cn RIS BB B R BUR T O KM 2 & T
WL 2 2l BB TR PERALTRZIDOTHA

FIOAMNAR AR ZETH L DI, TOLHHREA

LS AV TR AT EIZL B b DEE L LA,

O av RN BITH LAY, FIZX o Tl
(ot gt e, 3L TEDRTPITRAE —
A S M s e, ERTF-4 EOEME

S THEELRAMFEEON 27 LaL, &ET
Hotz 2003 FE 2006 EOEOEMKEBEINERN, B
URIRTH - 72 2004 FEOEOEEREB @S, &
HoOMME I ERRSEGTIRBIR S W, Bt Tl
NEZENFRBEING, REOSE I{LAKBRIETED
BEPRKEVH, TP 2003 FibhkhrofZ b
12002 FEOFRIZ & D B~ TGS
LA (AR e dr o 72 2 &, IS 2004 4RICE
Mol Eid 2003 RO & B E Ao
WX se#EZOND.

SBOFyFFavOFEMERIE, BEIEVER)
MAMOBB L —F 3 555, E2LDBROBR Y -
BARET, EOMMRPLEL LM EEIZID—FELT
Wikl AEOE TAEABLRE L Y D H o,
ELEMTH LR L F (Aizia julibrissin Durazz.) @
HEORRBIEC, BARHEIN T 5 R3S L
WEEN LR, ZEEMFIZRATCREI»rORN - A%
(¥ ¥\ Lespedeza bicolor Turcz. 72 &) 4wz
TlwreZEzZ ohb. BERROEE, YEOFHOH
BEETHEMNT 2 2 LARB IR, RIS L 2EMEE
HEEORMELBAET L. 2771, FABIIRBIN:
ok & DR EAHIAE & YBETHITR S AT EMBELIZL
<, BEBOEREMSHEBI/NS W & EE T,
BORERBARTHWEHBEANICEIRE 2RI 2 wp
L L,

SEOLASHFIYVIEYT P VIREMBFRICL-
THHREICHWMTEILIREINTVE, oMW
2% 2004 EEWCF LML 2, REEWEST
HoltllIZLo THHAWETHSH. YV
2007 2D RBABL o 8 A B X TH A8
BN L 7272 0 FE B EAEENRE L o 2ds, 259 F
VIRIORIIHEELRYME R Lroi. Thid
2007 F 4 ~ 7 BOSRIMEr o228, Y MYV
SOEFEETH DA )53 (Oxdlis corniculata 1) DOTEX
WAk E CHATRZOCNL, SHUBRELSHF Y
SOPNHOBEMELRLT SNV OHEORMI DV
B, ATV FTIVIEFTHEEORE LR ON LD o7
ZEikbkEZLEND.

AT % S AES MTH Y AL FEHERGAAEY
Thb. EFREHIBVTHERREILE L, BREILD
WA D A ZBH, ERBOMEETLBESL Y b
EOBORERETRIT A EIRBERTWES,
720, FRIORE S N72BKE ORI RATEIFE & H4ETH
W7 A BB LI W, TEEA 216 A £ b S
HEE, HT (1967) L Hili (1973) ofERTH—HL
TRDENL. HAL EARHE O LRI O 8 AR IR
BICBWTRENKWAREOEESL M AR TSI &
B, MEIEISEIG L CTIL AR MR AR LIk o7
L DTIE L WIEA I P,
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LATSFIVr AEE LD E 2SS, H
FHROME Y —F L7z, 7272 LE 1L e 5 2 Lo fRAE
EEHFHhREFRy. ERREOHKRILEOSVR
HRECOMMETRELTWAD, RFCHEDESWE
HRELBVHRARTEL TS & ARB N £H
MAREIE 2003 4RI 2 ho 72 d DO ZEDHEDOMEEED
EREIINZVOT, BEOREIEIE L JETHEI
BBHIEEEDBIT, BOREREAR TR
HITVERIIZVEEZONS, MW GTIIBITEHT
(1967) X B (1973) R Tk, AEOFMHHEZ
JHRBTHo7z. BElEIE, KEIRT VT OH
BEHCOATAIELLERDIHDLLEEZ TV,

raev e rE<yose A ridE 1L nE 24t
BHEWETHARWTHAS. L2L, FREBTRLL,
EREIZE CBIRE I R WEASEDONA, 70E
HFOERFOKERIE, BEOEHERIRE L BVEK
BCEIT A I 2R LTWA, BkE EEFEIRE
A SHIZ O W T ANTHBE R R v as, BELIICR
niE, £HiEEREBHOESIC L 2RBVETEH) O
T, EMEROEIZIEORARLLVEAIDH .
OFHAIRBEHEECB VW TESEESHENT 0T, K
BEIDHERMEV)EHTHEMTLEID LAV,

-
—

4. SRREETRY - BIRFGIEBROMBR

HHE (2002, 2004) X, FMWREIIBITLL T VS
FMRABICET S F s vEHOBERTOMERL LT, B
HL SNAEOFAELET, MBAHE RO 5 IITHK
FEORAEIVLETH LD, TOABRIAZVOT, Hf
EREOBAEZHLEF A ETHERTEDLRETDHD
ELTw5, REL SNABOMERIHHRE Ho50
ErT vy MRECRSLT, HERES RIS
MELbE2 5. B (1976) b T &7 FHETAR
HrshaEOEGE [FEREO 1HRE] £E2Tw
B, ERICIED - LEVWEITH A, A (2006) %
HELA-SESNMEREORAMIT 68 B (BEE, &
AErEat) ThHY, SEHONTVES VRHETO1E
B D IBFERIT 42~46 TR OT, FIEMO 35D 1
REFEELSNTWLZ 2D, FHH (2002) b
HHOEEHTORERETHBEN I HO 1 OME %
ELAEELTWA, AFD (1995) OZHUNIBT LM
ATHIEIN-MEDS 49 Fl, BEICRFEIDLPER
Ko 72 29 b olzbwv). TOFITITAMERE
LETHREOHAELEINTVDELEN)I I ELRDT,
EHICT_TAREL LERWVARWA, 130 35D
1RBERIRELENTVwDE L) THAS.

HEE LEIREHEE*BOL L TMRTE AT
ThbH., LL, AFEOREHEELH 2 HEH 16 H
THHOFL, AHD5 (1995) ORAEIZITIZA 11
(6 HoHm2m) FEM7HETHLIDICHEFEL LRIH I

A

DEDLSLRY (FHHE (2002) OREHEIAH). Zh
Wi 2o0MEAPELONS. T3, HCERESINSD
R RAE A EETICON TR TITE, REEEULHR
AR LCBMBoMMRE 250 T (A
- R, 2004), EEHICREL ZERLSDHLBEOR
M A R T U, FhUEOREROEG IZHE
BHICAKXL BB LWIEREZONE, RIC, £E
BEOERWELSS T ERE & LEIE 2 A THMED
Hb. LEGHIERCIERFRENEWELNS (, &
A OLBFERIZIE VYA 1m 729 69~11.7 T
H» 27 (Table2), A5 (1995) O=ZEINTORE
TREHMAFTHERTER 274 LEL, ZEFKRRER
TREBEESNIC o723 FY YT IFHBITLALDH
G S T T, ZREESEHV ORI S
REHP oI EHERD. \

T 72, BN D SRV CRK T AL, WENA
ROH HECITRERIZ-ELIN T 2WIZH b b
T, MOMEITEREI N DIl AEL LEARINTNS
WEEHED H B, BA (Q006) &, ZEHEMFFROTF a7
HMOBEAZEL, SHRPORETHHME LT, AiHLIC
HMARFNTBEZ L - TRETHBEEM ((FEVY
k) 2 E) O, B4Rk LIRERNTHEIEY 52 &
LHLPVEICERBLTIEVWARWEE LT, TA/NERY,
Tyau TN, IA4AYYVI, X FVFa v ERERET,
XLIBBMETLATHEYNA, CATAYTNIEE
BRI B IR MRV Z &, KL TS A7
BEAHE O TR 1A S OARSRERS RSk s b
TEDHEVEFTGTEY AT avEY (Argyronome
ruslana (Motschulsky)) b5 Hilgk s NA MR H 5 Z
ERERL WA, RS IR OEESTE L
TOYE (BENRZLVWEOBHTERLTE %\ sink Td
MFWHREIRORA L 2 3), IR (REHEA 6O
BT R REENIC A BT AREM L &), MR KR
B FORBE TN T USREHEENR T 5) 2L o T
ML S AERIIC S B A MDD 5. AR O BIRE,
HEL LROBRIZGT TR, BITHREZHHELZED
L) RERE L O BD, RERES ORI Z/T% )
B D LD iR &R pl EOBED LB SRR
HENBERETHA.

oL oERoBME LTSNS BT BBIERE
FLICX > TR S D (R, 2008). SHD 5
EORGIEICIEO L BN BB, SEEMBFEOS
HfE 68 flIZHEEDO\ 72 EI 880 X A BEAFMR R (1
&R, 2006) &—HLT [HHK] ZRLAH, HEHNC
SHE L7 EI B8 THBEK] 2R L CEHMEiRE R R R
o7 REHEELPAEPHORI THERIEDbLoTLE
JEEMETHAL. LrL, BEEZELIKER IML
El BIRELTHEN, SHRERKS ER BBO L)
WAL L > CHBBRZAZ 3 D o7, FITEHE
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SZEHRHHMZREOF a v HEE

1ALz i3 EI BEBOEFTH Y, ZoOEBITH
BENE TP oRBEICT AL VI LN ET, B
BAED R BB OFHliAE R R 1 TH o TH KB
T&hrrtEZOND,
RIFFEITMAERIE ISR E RO 2V &4 5 FE /AT
OIS, SREERBDEIC L > TRRRE AL L.
2004 EICiE, Y PYVUILASHFIYIINDNAEE
AEL, 2007 FERYT PV VIOHEEENERLCE
(o THRBBEEREDYMET L7z, 2003 4£, 2006 i3
ChYVI, ATHFITILRARL, aVy ) AN
ozl b b dHvE o T MO MEHA LB IS
L CEBREREDEL holz. ZHERROEREHIZ
SN OB EEOEREEEINTEY,
MR ORER TR IN: X ) IZRIRDOERENICZF DR
Nwidh B E2ZEZ 5N D, 2008 £2405 2005 £ F TOH 3 4F
MR S NS BETOLERBR L EAROF 3
YIRS RRERE D, F UEICLEFRMRBSE T
M7= ARERBE AT L TLBLTHY (Fig.9),
WD AR I NG, ZEWHICBITA 2004 ENE
e oBETRrEHEOYT M VIELAFEY DL
POOELWHEIMIZEI-T b6 ENTwE (B,
V08, (R BEESHREREIMET (BR) T3
ik, AR (1996, 2007) OFKMEILTE » T THF 3
SN RORBFAEICI > TIRENTWVE, Thbid
WEH ASZZRZLBbDEEZ SN,
e NiBUE 2003 SE L 2004 AFIXEMRERRSATRA S e
WY — 2 EIRL, 2005 AEICITIERRER R o HIRIRNE
VL, ATARE ZRMA TR E 2 A BIE L0 B
Wy b e id— Liedro 2. Hft (1988) OR L7 ER
A YRR LN AERBEEMIT D 4 BB & HEORE
AT L2 BRI BOERE XD X )il o T &7,
Tl (2004) LR (2008) 13 [T RBeBE] 124043
MUK BT (RSN 12435 ER /3% —
SN L CwAL F7-, BG (1998) XA (2008)
NS THY OR Lz EDONR Y = e —F L7
WA DEDFEE IR WHZRIELTn5, &5
Nl (2005) OREFEAART OB CORET
Lo i L7z D8y — v b b —F L WIRIGE R
S SNBSS RT WA, BELLHKEOR
SO MORNL BWCIEEAF (1988) DR L7z ER /88 —
SHULLE L < v, ARBFZRT 2003 4R & 2004 4EICJR
HRE S ) ER,, DEAFBEICHCHEBENTWE DR
NN LY aYy X, ruae i oRERs S
PO TWAR, IO 3 IR LB R 2K
Wi L flic b b, TNSDEPELEBT HH/MT
R ER XY — S SN B RENH Y, 85
AR S CIT S O ORI E BT B RER
Bfe i RIS L ST BT AR D B 5.
i i ok ) ICHEE DA B HEE (1988)

WL ORINZ-ERWLEM L DR - OMBEI % L,
CHICEDREFHEOARMIIREDL S 282V, 2
2L, ZhEToORGEISRINE Y —id, B
RARBRZEL TV AEFTHONTEY), HZL0
indicator value % ER /3% — ¥ OB & FiRar$+ 52 &
WWEAHEDEITH LD L.

51 FXE

LAY B - N B (1988) A FEV V) ORFLE
EoBBEFEEFA LBREROFH. HE
R REABRSGM o mE (43) 1 36—43.

ROBRSE - ANUTFARRE - AR - HF LI - ZREMH
KRB - SRHER (1965) &)1 FEERARA R IAM 4 5E
FHFSE. WEABGHIEHRE 177 1 1-86 + 6 pls

Hili B (1973) RREBENERB L ORKRTERA
BIZBIT 2804 (197248 08IL). HAERIZ
1:51-64.

Al B (1976) KR - ZEMFEIBICBIT H8ME &
DAEZ L BEH. BIREHIZE 1 95-110.

SRR (1995) HUEREEXICB A Hmfbe Fa
MHOZAL, BWEE 7 119-133.

Inoue, T. (2003) Chronosequential change in a
butterfly community after clear-cutting of
deciduous forests in a cool temperate region of
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Conservation value of semi-natural grassland habitats for butterfly diversity, and their endangered species, in the
northwestern area of Mount Fuji, central Japan. Masahiko Kitahara’* Aiko Kakizaki?’, Takashi Nakano'’, Emiko
Maruta?), Taisuke Yasuda!’. 1) Yamanashi Institute of Environmental Sciences, Kenmarubi, Fujiyoshida,

Yamanashi 403-0005, Japan. 2) Department of Biology, Faculty of Science, Toho University, Miyama, Funabashi,
Chiba 274-8510, Japan.

Abstract

Adult butterfly communities, and their diet and use of food plants, were studied in the Aokigahara woodland,
Mount [fuji, central Japan. The woodlands here are considered primeval and the adjacent semi-natural grasslands
woere used in the past as places where Japanese pampas grass is reaped. We established two study sites in the

voodlind interior, one at the edge of the wood, and two in the semi-natural grassland. We studied the butterfly
somninmities from May to October 2005 using a transect method. The total number of butterfly species recorded was
wrentest in the woodland edge site (41 spp.), followed by those in the semi-natural grassland sites (39 and 38 spp.).
I'iwer species were recorded in the woodland interior sites (28 and 20 spp.). This finding supports the commonly
lehl view that butterfly diversity is highest in intermediate successional stages. We also recorded the 38 food items
vl by adult butterflies. Most were spermatophyte plants with nectar-bearing flowers. Adult butterflies particularly
invioned the flowers of perennial herbaceous plants. The total number of butterfly species in each site was significantly
ponitively correlated with the number of herbaceous plant species present, Therefore, the high butterfly species
vichiness in the mid-successional woodland edge and semi-natural grassland habitats appears to be due to the variety
ol fnvored food plants in these sites. Seven species mentioned in the Ministry of the Environment Red List were
chinerved during this study. Their populations were predominantly concentrated in the semi-natural grassland sites,
miesingg that the preservation of these habitats is important for conserving these endangered butterfly species.

levwards D Adult food plants, Butterfly community, Conservation value, Herbaceous nectar plants, Semi-natural
bl Species richness.

BRI R IR - T A TR, BB E ZCHEET 2 RBICF B E LTRSS NTE 2 LERER
oo P BIKROEEBE= Y ) VS LIERAHOREZ AT o 72, BRERNIC 2 f1X, R 1 X, wE
Chlbe KA Y, 2005 FEo S5 ARG 10 BE T, Mo vk MEFHWTHEELL. BEoBERIZ, HET

cre bl CRIRTIR SR R (39, 38 ) , MRATA o (28 20 FE) . ORI, ERALEDIhTER

Pt gy — v (BRRINOBHOBRBETE %5) 2 XFTL50TH o7z, F-HAOMEIREITE 38 &

BEANET N B OHRIE TR OTEEORETH Y, BEAMEY, BICLEROFALE,» -7, FHEOF a7 oK

Ch b O DR AT OMBIAEES b, BEVHOKRPEBRERTT a vOEBILSWEAD 101, ME

WU OISR LTwa e EZ b, REEAEOL Y U X MERE 7 BRI , PHRE

B R L PSR IR R BRIRE O - KEIBO TEEE WV 5.

Virenprnndingg author ©mkita@yies.pref.yamanashi.jp

— 115 —



ALEIEE (En

#®

ill]

BB EDSEN Y — v B ERL, ZOMRRIRE
%%?6:&@,ﬁ%é%éﬁﬁﬁ%¢b%%®10k
w5 (eg, MacArthur, 1972 ; Pianka, 1988 ; Begon ef
Ml%@.it,:@ﬁ@%ﬁ-ﬁ%%%ﬁ@%ﬁu,
HEWEREERE LA RTREFHEVS (Primack,
1993, 1995).

HAE, EYMEHEOZELVWESIR7 B = L ALT
EFFLooH Y, TORSIERNZEEREE LR
%éﬂoo%é.HKK%wT%,E%%ﬁﬁ@ﬁ&d
%E%ﬁ&ﬁ%uﬁﬁb<,EVNwvaF?—yf
v 7 (RDB) ORI : http://www.biodic.go.jp/) % &
Lo, 1T ALOFERFETS RDB AR, BAE
12 b S HOMBRERTEAFHET B EDPEPIT 22T
x7-. EROBRBEL bE2 LN INLOMERER
moRE - a3, BEEE ST CORBOFHICLY
ook s (BIEE, 2002). —HT, HBRGEEEORE
2 EBTHIOWTON L EADDOHY, NI T
HADMBRAEEENS 13, RAKELOAFORLA
EAOTWEWEE%&%%KEETéﬁTu&<,ﬁ
EKA%@A%E%-EM&E@:%%%%KEE?&
MThbHILBDhoTEL (gL, 2001). Lol
LAsh, MR DS A BRI IR T &I R%
STBY, FORE - REZERTH IR, BBV
COMRGEEEO AL BERE, LRy PAR
g N LR EBBERE ) ML, BHEEEOSHRE
YOBERLELHPI LT LEEND L.

2 R SEERIE S THB Y, EWFHEROE
fb 14T, TRASEORED KBHHETHLOT
FEO LY D RAE BT AICRED TRV
THY, WEEEZONS., T a vHIKOVTHE,
E%%Kﬁ%vxwwﬁ%ﬁ§%<ﬁ&bﬂfﬁb,%
sy — v bBEL PR OOHE, RIS, FaT
FOMS ML, ERBEBRIIOBRTOBRETE 25
S LA bR TWBA (eg, Erhardt, 19855 A5,
1991 ; Spitzer er al., 1993 ; Blair and Launer, 1997 ;
Tnoue, 2003), ZDAHZAXAXZDWTH, FOLIS
HI AT HEPEATHRY,

EiM®m%%uu,ﬁaAEA$®Aofw&wﬁ
BB, BEICATFAASY, BEILTW2HH
mB, SHETATFOALANBUERERE, Ak
A%EVNwaﬁﬁﬁ,ﬂﬁ%&Vwa%%L%w&
REMAELTWA., 72, BED RDB KERINT
wahly FURMFa v BS CERT AT LMD
ncBy GLE, 1999 ; dbE - #L, 2001 ;AL JE,
2003 ; Kitahara and Watanabe, 2003), rETHRRIZT
LEHRAL, B ST A 7O RBO THERTY T

ThHEELON. TR, BlLALERET
2 BRI 7 B RA TR TV AT ARy RS THCHE
L I RATEEICEY - IREH e LTAIRLTE
ok BB 2 AR REL, MTOZ L ZEMICL
<, Fa v HBRBEELHRCLRERE=SY VT
HELTEBL.

ABFgEO B, (1) BhilEelisiciay 21
B RIREE L L AREEIC BT A F 3 VRO RN Y —
EBLICT AL, (2) EREFOSHKRES -
BT B LT B B E R % B o K & IRAHE O
FEELCHLMCT AL, ZLTULOMTZEL
€. (3) ELLdETEEC BT B F 3 T OSHEELHR
ﬁ@ﬁ%@t@$ﬁ%%ﬁ@i§ﬁ%%%#ﬂ?é:a
kD, HBABZXTRERL, SHEERT IEET
HoHEOBE S (species richness) %, ZREME & 13T
MEDDHDE LTHF > T 5.

T LUTE

1. AXBOBRE

WA, FLIORERICLEYT 2FA FbHEE €
BT B R AR s ATTORE N — b ERE
LCio7 (FBXE : IWEEEHEMBIN, —iH
%iﬂmmmu@?a)ﬁmﬂ.ﬁﬁ(ﬁﬁ,ﬁﬁx
ﬂ%,%E@ﬁwulé%aﬁw«m%ﬁ%fééﬁw
&&<¢5tbu,:nawsooﬁﬁw—buéf%
ELTBY, poELlEEETORMECUEL,
AN — FEOEEZEDLET 50 m BMATH- 7o X7z,
%Eﬁ%@ﬁwuléﬁﬁmw%ﬁéﬁ<ftbm,%
gL — P OESD 300 m ICEEL.

2

X FI-1

Aokigahara primary
woodland

FE

FI-2 o
/" et 6L
— GL-2

Broadleaf -

forest AT
', 100 m

Semi-natural
grassland
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Table 1 Population density,
common species of butterfly. The Re
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Colias erate

Neptis rivularis
Gonepteryx aspasia

Taraka hamada

e

Adult resources observed
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Abstract

The species composition of wild bees was surveyed on the north side of Mt. Tsukuba, Ibaraki Prefecture from March
to November 1997. A total of 974 individuals belonging to 40 species from five families were collected. Apidae and
Halictidae were the dominant families in this area, accounting for 373 individuals from 11 species and 360 individuals
from 14 species, respectively. Among the 40 species, eight were regarded as dominant species, with Bombus ardens
ardens accounting for the highest number of individuals (179). The high numbers of B. ardens ardens in this area
might be caused by an abundance of Styrax japonica, on which this bee feeds. The population of bees emerging over
short periods might depend on the abundance of flowers of favored plant species. The results were compared with
those of previous studies performed in four areas of Ibaraki Prefecture with similar climatic conditions but different
environmental characteristics, associated with different degrees of human impact. Mt. Tsukuba had poorer bee fauna
than these other areas, though the species composition was similar to those in Mt.Yamizo and Mt. Gozen, which are

good quality forest areas with natural elements.

Key words : Apiformes, Hymenoptera, bee community, species diversity, Mt. Tsukuba, Ibaraki Prefecture.

Introduction mountainside area in the northern Kanto region,
where human activities have had little impact on the

Wild bees generally specialize on particular kinds of environment, Studies of other bee faunas from similar

lowers, with different bee species having different and
often strong flower preferences (Michener, 2000).
Thus, the species composition of the bee fauna should
closely reflect the environmental characteristics of
lheir habitat, particularly with respect to the
vegetation and the pattern of human land use, which
may modify the surrounding vegetation (Hisamatsu
and Yamane, 2006).

Surveys to determine the species diversity and
composition of wild bee assemblages have been
conducted at different latitudes, and thus in different
climatic zones, in Japan (Sakagami and Fukuda,
1973 ; Matsumura et al, 1974 ; Ikudome, 1978, 1979 ;
Iwata, 1997). However, little is known about the
structure of bee communities in relation to human
activities (Hisamatsu and Yamane, 2006).

The present study examined the wild bee fauna in a

latitudes with similar climates but different
environmental conditions have been performed in
Ibaraki Prefecture (Ishii and Yamane, 1981 ; Tho and
Yamane, 1985 ; Saito er al., 1992 ; Hisamatsu and
Yamane, 2006, 2008). Comparison between the results
of the current study and these previous studies allows
the characteristics of bee faunas to be analyzed in
relation to the degree of human impact on the

environment.
Materials and Methods

Area surveyed

Wild bees were collected from the north side of Mt.
Tsukuba (36°13'N, 140°06" E ; 877 m altitude)
situated in the southern part of Ibaraki Prefecture,
central Japan ( Fig. 1A). Mt. Tsukuba is an

*Corresponding author : hisamatsu@nat.prefibaraki.jp
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independent mountain on the Kanto plain.

Regular collections were performed along a route
approximately 1.2 km in length along a road through a
cedar forest (Fig. 1B). The dominant tree species in
the area was Japanese cedar, Cryptomeria Japonica D,
Don. The site was characterized by planted vegetation,
including many species of flowering plants. During the
survey period, 139 species of flowering plants were
recorded along the survey route. Coppices along the
route consisted of secondary growth of deciduous
trees, such as Stachyurus praecox Sieb. et Zucc., Rubus
palmatus Thunb. var. coptophylius (A. Gray) Koidz.,
Weigela decora (Nakai) Nakai and Lespedeza bicolor
Turcz. var. japonica Nakai.

The results of the present survey were compared
with those reported from four sites in Ibaraki
Prefecture: the foot of Mt. Yamizo (36°55°N, 140°15'
E), consisting mainly of Japanese cedar and broad-
leaved trees and bushes along the road-side
(Hisamatsu and Yamane, 2008) ; the foot of Mt. Gozen
(36"35"N, 140°20'E), consisting of patchy secondary
forests of oak and zelkova with planted cedars (Iho
and Yamane, 1985) ; Mito on the campus of Ibaraki
University (36°25'N, 140°25'E), with many buildings,
paved roads, exposed ground and planted trees and
flowers (Saito et al., 1992) ; and Sugao in an area
adjacent to Sugao Marsh (36°00°' N, 139°55'E),
consisting of patchy rice and vegetable fields,
abandoned rice fields, human dwellings and secondary
oak forests (Hisamatsu and Yamane, 2006). The
Yamizo and Gozen areas were classified as forest

Mito City

r/"m‘\\“";:ﬁ" “

: a O ot !
TSUE:.E'JJ(II)’ ® ‘@ Tsuchiura City

environments with natural elements, whereas Mito
and Sugao have been affected by human activities and
were classified as urbanized or agricultural
environments. These four surveys, as well as the
present study, used the standardized research method
proposed by Sakagami etal. (1974).

Collection of bees

Collection of bees was carried out three times each
month from mid-March to mid-November in 1997,
following the method of Sakagami et al. (1974). A
collector walked for approximately 1 hour between
both ends of the fixed collection route, and then
returned to the starting point at the same pace. The
collector made the round-trip twice between 08:00 and
12:00 hours for one collection. In the course of the
collection, any wild bees found on any kind of flowers
were captured using a net. However, if numerous bees
were attracted to flowers at a particular spot, the
collector kept moving at a steady pace and did not
attempt to collect all the bees at that spot. Plant
species visited by bees were recorded during the
collection. Apis mellifera Linnaeus and Bombus terrestris
Linnaeus are cultured rather than wild bees and were
therefore excluded from this study.

Analysis of species diversity

The species diversities of wild bee communities at
Mt. Tsukuba and the four previously surveyed areas
in Ibaraki were evaluated based on the following three
indices : (i) number of species (S) ; (ii) Simpson's

Surveyed route

Mt. Tsukuba

A (Nyotaisan)
(Nantaisan)':'"n,. %

Fig.1 A, Location of Mt. Tsukuba in Ibaraki Prefecture ; B. Magnified map showing the surveyed route.
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index of diversity (1-D) recommended by Lande latter was recommended by Krebs (1999) as being
(1996) ; and (iii) Simpson's reciprocal index (1/D), the best overall measure of similarity between two
recommended by Morishita (1996). given communities.
Analysis of similarities among bee communities Results

The similarities between the bee communities at Mt.
Tsukuba and at each of the other four sites were Species composition of wild bees
evaluated using the following two indices : (i) number A total of 974 wild bees belonging to 40 species
of species common to the two communities concerned ; representing 13 genera and five families were collected
and (ii) Morishita's index of similarity (C1). The (Table 1). Apidae and Halictidae were the dominant

Table1 Species and number of wild bees collected at Mt. Tsukuba.

Number of individuals

Family and species name

Females  Males Total %

Colletidae 10 0 10 1.0
Hylaeus floralis (Smith) 6 6 0.62
Hylaeus nippon Hirashima 4 4 041
Halictidae 282 78 360 37.0
Lasioglossum (Dialictus) problematicum (Bliithgen) 34 4 38 3.90
Lasioglossum (Evylaeus) allodalum Ebmer et Sakagami 3 3 0.31
Lasioglossum (Evylaeus) apristum (Vachal) 114 9 123 12,63
Lasioglossum (Evylaeus) japonicum (Dalla Torre) 4 1 5 0.51
Lasioglossum (Evylaeus) longifacies Sakagami et Tadauchi 19 2 21 216
Lasioglossum (Evylaeus) metis Ebmer 16 16 1.64
Lasioglossum (Evylaeus) transpositum (Cockerell) 1 1 0.10
Lasioglossum (Lasioglossum) ebmerianum Sakagami et. Tadauchi 4 1 5 051
Lasioglossum (Lasioglossum) exiliceps (Vechal) 3 3 0.31
Lasioglossum (Lasioglossum) kansuense (Bliithgen) 76 56 132 1355
Lasioglossum (Lasioglossum) mutilum (Vechal) 2 1 3 0.31
Lasioglossum (Lasioglossum) proximatum (Smith) 2 2 0.21
Lasioglossum (Lasioglossum) scitulum (Smith) 7 7 0.72
Sphecodes nipponicus Yasumatsu et Hirashima ] 1 0.10
Andrenidae 89 51 140 144
Andrena (Andrena) aburana Hirashima 1 1 2 0.21
Andrena (Andrena) micado Strand et Yasumatsu 2 2 0.21
Andrena (Calomelissa) tsukubana Hirashima 43 36 79 811
Andrena (Chlorandrena) knuthi Alfken 17 2 19 195
Andrena (Euandrena) hebes Pérez 19 6 25 257
Andrena (Micrandrena) hikosana Hirashima 1 1 0.10
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Table1 Species and number of wild bees collected at Mt. Tsukuba
Andrena (Micrandrena) kaguya Hirashima 7 3 10 103
Andrena (Micrandrena) minutula (Kirby) 2 2 0.21
Megachilidae 64 27 91 9.3
Coclioxys acuminata Nylander 2 2 0.21
Coelioxys yanonis Matsumura 44 4 48 493
Megachile nipponica Cockerell 1 3 4 041
Megachile tsurugensis Cockerell 16 17 33 3.39
Osmia cornifrons (Radoszkowski) 1 3 4 041
Apidae 279 94 373 38.3
Xylocopa appendiculata circumvolans Smith 1 1 0.10
Ceratina (Ceratina) iwatai Yasumatsu 3 3 0.31
Ceratina (Ceratinidia) flavipes Smith 5 1 6 0.62
Ceratina (Ceratinidia) japonica Cockerell 60 2 62 6.37
Eucera mitsukurii Cockerell 14 8 22 2.26
Eucera nipponensis Pérez 3 13 16 1.64
Nomada harimensis Cockrell 1 1 0.10
Bombus (Bombus) terrestris Linnaeus 1 1 0.10
Bombus (Diversobombus) diversus diversus Smith 65 65 6.67
Bombus (Pyrobombus) ardens ardens Smith 109 70 179 18.38
Apis cerana Fabricius 17 17 1.75
Total 724 250 974 100

families at Mt. Tsukuba, accounting for 373 individuals
from 11 species and 360 individuals from 14 species,
respectively. With respect to the number of species,
Andrenidae (140 individuals, 8 species) was the third-
largest family, followed by Megachilidae (91
individuals, 5 species) and Colletidae (10 individuals, 2
species).

Among the 40 species collected, eight were
dominant according to the following definition -
Dominant species were those for which the lower 95%
confidence limit of relative abundance exceeded the
average percentage for all the species collected
(Sakuma 1964 ; 25% in this study) (Fig. 2). The most
dominant species was Bombus ardens ardens (179
individuals, 18.4% of total individuals collected),
followed by Lasioglossum (Lasioglossum) kansuense
(Bliithgen) (132 individuals, 13.6%), and Lasioglossum

(Evylaeus) apristum (Vachal) (123 individuals, 12.6%)
(Table 1). The other dominant species in descending
order of dominance were . Andrena (Calomelissa)
tsukubana Hirashima, Bombus (Diversobombus) diversus
diversus Smith, Ceratina ( Ceratinidia) japonica
Cockerell, Coelioxys ( Boreocoelioxys) yanonis
Matsumura and Lasioglossum (Dialictus) problematicum
(Bliithgen). The cumulative relative frequency of

individuals of these eight dominant species was 74.5%.

Species diversity and similarity

The value of species richness represented by the
number of species collected (S) at Mt. Tsukuba was
40, which was the lowest value of species richness
among the five study sites (Table 2 ). The values for
species diversity (species evenness) at Mt. Tsukuba
were 091 and 11.0 for 1/D and 1-D, respectively.
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Relative frequency (%)
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Fig. 2 Relative and cumulative frequencies of 10 species collected at Mt. Tsukuba. Eight species, in which the lower
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end of the 95% confidence limit exceeded 25% (an average percentage), were regarded as dominant species.

Table2 Number of wild bee species collected over 1 year, total number of individuals collected over
1 year, inverse of Simpson's index (1/D) and Simpson's diversity index (1-D) at five areas inIbaraki.

Surveyed localities

Mt. Yamizo Mt. Gozen Mito Mt. Tsukuba Sugao
Number of species (S) 58 43 55 40 43
Number of individuals (N) 1741 973 870 974 750
Inverse of Simpson's index 10.2 11.1 21.0 11.1 12.6
(/D)
Simpson's diversity (1-D) 0.90 091 095 091 092

Data sources : Mt. Yamizo, Hisamatsu and Yamane (2008) ; Mt. Gozen, Tho and Yamane (1985) ;
Mito, Saito eral. (1992) ; Mt. Tsukuba, present study ; and Sugao, Hisamatsu and Yamane (2006).

Morishita's index of similarity (C:) between Mt.
Tsukuba and Mt. Yamizo was also higher than for the
other surveyed localities (Table 3 ).

Discussion

Fewer bee species were collected in the present
survey (40 species) than in any of the other four

areas previously surveyed in Ibaraki. This suggests
low species richness of the bee fauna at Mt. Tsukuba.

Halictidae was the most dominant family by species
number, accounting for 35.0% of the total number of
species. Apidae, however, was the most dominant
family by number of individuals (38.3% of the total
number of individuals). Halictidae was the most
dominant family both by number of species and by
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Table3 Number of common species and Morishita's index of similarity (CA) between Mt. Tsukuba
(the present survey) and four other areas in Ibaraki.

Surveyed areas

Mt. Yamizo Mt. Gozen Mito Sugao
Number of common species 31 21 24 19
Morishita's C» index 0.63 0.19 0.19 0.08

Data sources . Mt. Yamizo, Hisamatsu and Yamane (2008) ; Mt. Gozen, Iho and Yamane (1985) ;
Mito, Saito er al. (1992) ; Sugao, Hisamatsu and Yamane (2006).

number of individuals in the other four areas of
Ibaraki (Mt Yamizo, Mt. Gozen, Mito, Sugao). Apidae
was the top-ranked family by number of individuals at
Mt. Tsukuba, although it was ranked second by
number of species. This is due to the large number of
individuals per species in the genus Bombus. B. ardens
ardens (179 individuals) and B. diversus diversus (65
individuals) were recognized as dominant bee species,
with B. ardens ardens being the most dominant species
and accounting for 18.4% of the bees collected at that
site. B. ardens ardens appeared in April to June, when S.
japonica Sieb. et Zucc. (Styracaceae) was in full
bloom. Thus the large population of B. ardens ardens at
Mt. Tsukuba could be accounted for by the abundance
of S. japonica, which was used as food by 88 individuals
of B. ardens ardens (49% of the total number of
individuals). Many solitary bees have short periods of
flight activity and are therefore able to specialize, even

if their favored plants bloom only for a few weeks
(Michener, 2000). Given this, the population of bees,
especially those emerging over short periods, may
depend on the quantity of flowers of certain favored
plant species.

The calculated values showed that Mt. Tsukuba was
comparable to Mt. Gozen in terms of species diversity
(species evenness . 1/D and 1-D). This may be
because the research area at Mt Tsukuba was
surrounded by forested areas, similar to Mt. Gozen.
The composition of the dominant species at Mt.
Tsukuba and Mt. Yamizo was almost identical, and a
high degree of similarity (C1= 0.63) in community
structure was observed between these sites. Based on
C., the five areas in Ibaraki were classified into two
groups . one cOmprising Mt. Tsukuba, Mt. Yamizo, and
Mt. Gozen, and the other comprising Sugao and Mito
(Fig. 3). The former group included forested areas

Morishita's index of similarity (C1)

1.0 0.5

r—l T T T

- 062
Mt. Yamizo
Mt. Tsukuba
Mt. Gozen

Mi m 041

Sugao

Fig. 3 Dendrogram showing the intercommunity similarities among five wild-bee surveys, based on Morishita's
index of similarity (C ). The clustering was determined using an average linkage clustering method. Data
sources . Mt. Yamizo, Hisamatsu and Yamane (2008) i Mt. Tsukuba, present study: Mt. Gozen, Tho and Yamane
(1985) ; Mito, Saito er al. (1992). Sugao, Hisamatsu and Yamane (2006).
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with more natural elements, while the latter group
included cultivated areas and/or areas of human
habitation. The results of this classification agree well
with the results reported by Hisamatsu and Yamane
(2006, 2008).

The results of this study showed that the bee fauna
at Mt. Tsukuba was relatively low in terms of species
richness, but that the species composition of bees at
Mt. Tsukuba was similar to that in Mt. Yamizo and
Mt. Gozen, which are good quality forest areas with
natural elements.
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