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Table . Duration of egg and larval stages in the

field,
Duration in days
Stage o (95 con-
observed Range Mean fidence

interval)

Egg 14 5-9 7.0 +0.64
Young larva (a) 124 7-15 11.8 +0.22
OMd larva (B) 132 15-30  23.3 +0.42
A+B 114 28-41  33.9 +0.54

Note ; Larval stage is divided into two sub-stages,
namely, (A) from hatching to evacuation and
(B) from evacuation to cocooning.

Table 2. Showing the development of individuals in the nests.
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E; Egg, L A: Larva from hatching to evacuation, L B; Larva from evacuation to cocooning




L i B - Bl - ol v v R st s Kl 2 Z R o RAEFI e B4 2855 (B340 7

feodee IETER e E S 3 ORI » T
5 (BiR5—C) , SPgilsimiicic- Tk, £
DDz Lo b skl ohbiEE b, IRANK
i BIMEEITL 2L T AERET L, S

1 BAZEHEL T 528, ¥ b Bt fEmilic szl h

ARE EHPBIMETERL o BEXATiobha &
5icie B EEIRILESEREREL, Bl » il
BalimoBea Afctreilhies s ek 2
WIEICRL 2w foo SIRAHEEAESFEHFL T B L
TEM B & BEA e TR B L 1o

TR L 7o 5T AR D B 0 b DRHHR & Sh BRI 2 seed 5
EEIEDL S, THRORET DV T RO
REFEMIFEIRDL 5 TH 10

Findoh, SR T HETESE 0 S B Ty
i B ETHIZA, RENT b Thb Edd o]
DA S ETEN, HELThEEdE 2L hikbs
FEMBA E VIR TE ot 08, M ddy
SERLLCRIMG & e o fedt, & OBRCERT2 X5
| EBOEIERTRote Tidbh, BEnbOT6 AF
WinbEg L b, Z0E ¥ 7 BhiE va0~40 BRI
WL, T ATEHS gl b Tiehh, 88
AT —FE T 5, LR ATH D, P
MDA RAaliny, AORI I b
CBlmEeE s (RS —E) o IR0 E T B
B 196EEEOES § 130 T 1 ElDB{EA R b,
B3~ CHEER O BILL @ Th ot = ORI

JiE o kiREFER T L &, SROEGHNThHS
fodd, EHEHRER L E—cTiobh, 9108/
NTHRET T 50 L 2RI F@ATRIRL TED
F FiE 55, hRPOFHE Y Lt b M3 EIRL
I 5V mER, EREEBTLTER V. LhL, BEMA:
BTV, BB L 57 D LBEH++5
A%, BOEINR T bl

(2) TETCHII2HT

HRE I BT LERENEAFINEIFOLH>TH Y,
IR RE AR ARG, Bl EERSR, 15CE
30CTIE 4.5HDER LBz, $hHMAHELTHBR
WA B E COBEISTT 9.6H, 30CT 4.48
Linh, FHCHL HOoERAL R, BEHDH 29
HMETORELIS~STOREN T E M Sh %24,
ACTTRH T 2o B ot iR, HELTHE
TpafEbifd s Ecollidiy, 15°CT22.68, 0CT
14.68, 25CTI3NTH D, HiFLEHIALH, 30
TTHISTE M D, 25COBEL 0631 BR
otio Tk, HEOLOI15CTO HE L b LEREINE
<, SEbEPOE D ETHIBALMD, Zhik
19644 EDFREF L 0 L5 1 B o foo FREE
% EPURBEOIE IR, Fo#Efey s A8y
E o TERRRDBL CEBPEEL T oic b 25,
25CTT7 AI0B 25k L s, 7 A9REIHEL =%
DAY Y (Ko

Table 3. Growth rate of Osmia cornifrons at different conditions.

Hatching to evacuation

Evacuation to cocooning

Temperature Fgg A+B
Range Mean S5.D. Range Mean S.D. Range Mean S.D.
19 6.5 7-12 9.6 =1.00 9-17 13.1  =*1.98 19-27 22.6  £2.44
20 4.0 4-6 4,5 =0.74 6-16 9.8 £2.08 10-22 4.6  +3.59
25 3.0 4-5 4.4 0.4 6-13 8.4 +£1.67 i0-18 13.0 +1.84
30 2.0 7-4 4.4 x=0.80 8-16 1.1 +2.22 11-18 13.7  +1.94
Room temp. 7.0 il i - 20-24 21.8  +1.35 31-35 32.8  +0.59
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Table 4. Periods of adult emergence in relation to the dates of nest completion by foundress in previous

spring-
Date of nest Male Female
fgnggﬁgé E Date of appearance from nest 'E Date of appearance from nest
spring [_<° April May ES April May
20 25 7 28 3@ 1 20 25 27 3 1 2 3 4 ]
May 8 c 0 15 1 3 5 0 i 5
9 3 3 1 [ ]
10 7 2 4 1 7 1 2 3
11 7 ) 1 11 3 5 1 2
12 10 1 4 Z 2 37 2 11 15 1 1 7
13 1 7 3 1 7 1 i 1 1 3
14 5 1 4 10 5 1 [ 3
15 1 4 1 5 1 23 4 6 5 3 5
16 2 8 1 8 4 25 3 & 7 1 3 3
17 14 8 4 1 1 17 1 ] 5 1 3
20 4 2 1 1 19 1 7 4 4 4
Total 95 3 20 23 1 10 1 171 2 1 9 € 48 51 4 13 ¥
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Table 5, Life cicle of O. cornifrons.

Apr. May June July Aug. Sept.
Oct.—Mar.
Early Middle Late E M L. E M L. EM L E M L E M L
........................ (A )ererrermnneeneriniay
P Avrearien —
PR Teeenns -

(A):Adult in cocoon A : Adult in flight

E : Egg

L : Larva {PP):Prepupa (P):Pupa
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Fig. 3. The trend of adult emergence and nest construction
of O. cornifrons in regard to the several environ-
mental factors
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Table 6. The effect of temperature on activity of Osmiz in the laboratory. In this study three
femzles (A, B and C) and five males (D, E, F, G and H) were used.

Temperature State of activity
Within glass tube  Water Femal Male

9 Still normlly 8till normlly
8 do do
7 do, but A fallen do, but E fallen
6 do do
5 do, but C fallen do
6 . do do
7 7C  do do
8 8 do do
g ] do, A and C quiver while fallen do, D quiver

10 10 do do

11 1 do, A recover from fallen do, move slowly

12 13 do do, D and G walk

13 14 Quiver, C recover from fallen, walk Quiver, E recover from fallen

unsteadily

14 15  Quiver or walk Quiver or walk

15 16 do do

16 17 Walk actively, but still partially Walk actively, but still partially
17 18 do do ' do

18 19 do do Walk actively or on wing
i8 20 Walk actively or on wing do

20 21 do do

21 23 do do

22 23 do do
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Table 7. Comparison of activity of two species, Osmiz and Apis studied under sebsequently changing

temper alure.

Temperature Osmia {Female) Apis (Worker)
8C Still normally Still normally
7 do do
8 do do
9 Still but quiver temporarilly do
10 Quiver or still do
11 do, but rub their face with foreleges Quiver or still
12 Walk or still, B rub her face do
13 do do
14 do do
15 do do
18 do Walk or still, C rub its face
17 Walk actively do
18 do do, walk actively in part
19 do do de
20 ' do do do

Note : Time interval at each degree of temperature was kapt about 10 minutes.
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Table 8. Preference of hele diameter for the nest censtruction.

Hole diameter

Year Locality D1:11?1.):-':5
3.1-3.5 3.6-4.0 4.1-4.5 4.6-5.0 5.1-5.5 5.6-6.0 6.1-6.5 6.6-7-0 7.1-7.5 7.6-8.0

1964 A. A. E. Sx 2 4 10 27 7 60
Goshogawara 1 3 4 5 6 4 2 25
Twaki 1 8 18 17 i 13 ] 2 76
1967 A. A. E. S. 3 11 3 20 8 2 2 1 78
1969 Aseishi 1 8 14 12 17 8 6 1 67
Tzushita 5 10 20 10 14 g 6 1 (&)
Hatakenaka 1 2 7 4 ] 3 18
Tareyanagi 4 3 9 10 3 3 2 34
Yawatazaki 1 11 23 35 22 17 4 3 116
Fujisaki ] 7 i T 3 1 ? 1 24
do 3 9 13 i1 17 5 1 60
do 4 6 2 4 16
do 5 6 15 8 1 2 37
Kashiwa 1 1 4 7 3 3 19
do 3 2 1 1 7
A A E 5 6 19 40 37 19 13 6 1 141
Total 3 21 86 174 210 168 110 54 23 4 853

# The field of Aomori Apple Experiment Station.
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Table 9. Cell length in relation to hole diameter of tubes (as nest stuff glass tubes were offered).

Number of

Cell length (mm.}

Hole diameter tubes examined

Range

Mean 0595 confidence interval

(mm.)
3.5 16 12-17 14.4 +1.08
4.2 21 11-13 12.0 +0.47
5.2 35 814 1.2 +0.31
8.0 39 9-12 10.6 +0.19
7.2 i7 9-12 10.4 +0.59

Table 10. Corelation between the hole diameter of nest and cell length studied in reed nest.

Hole diameter

Cell length (mm.)

(mm.) 7 8 g8 10 1 12 13 14 15 6 17 18 Total
3.1-3.5 P : 3
3.6-4.0 5 2 5 4 2 ] 18
4.1-45 2 18 19 13 1 3 |83
4.6-5.0 3 19 4 m;m 153 2 i 116
5.1-5.5 1 7 3% s0 8 B 5 3 : 155
5.6-5.0 8 w4 % T 3 12 17
6.1-6.5 8 0 @ 15 6 ? 74
6.6-7.0 57 1 133 T 45
7.1-7.5 6 6 3 2 18
7.6-7.8 ] 19 4
Total ' & % i1 w9 131 8 2 12 2 4 1 613
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Table 1. Cell length {mm.) in relation to its position in tubes,

.Hole Series of cell (innermost to outermost) Date of nest
Tube diameter completion
(mm.) 1 2 3 4 5 B 7 8 9 10 1 i2
1 7.2 1 10 11 12 10 10 1 9 8 8 8 May 12
2 5.4 1 1 12 12 13 12 11 0 it 11 12
3 6.0 13 13 12 13 12 10 11 10 10 9 12
4 5.2 12 10 11 11 10 10 11 9 9 10 12
5 5.2 12 14 11 11 1 11 i0 9 10 g 13
6 5.2 10 12 10 9 10 11 10 9 1 5 i0 13
7 6.0 12 1 10 12 12 9 9 9 g 8 13
8 4.2 1 1 11 11 10 10 11 15 9 12 15
g 7.2 10 1 10 12 13 12 12 10 g 9 15
10 5.2 12 13 14 12 12 -10 10 10 10 12 16
11 6.2 11 10 12 .10 g 9 9 0 3 9 9 17
12 5.2 11 10 12 1" 14 11 11 11 12 10 17
13 6.0 12 12 13 12 13 9 9 [ 0 6 8 7 18
14 5.2 12 13 15 13 1 12 10 " 11 10 21
15 7.2 12 10 11 1 9 10 10 7 8 8 10 -
Table 12. Number of cells per nest.
Number No. of cells per nest
Year Locality of nest Nest materials
examined Range Mean S. D.
1963 A A E S 197 1-13 6.37 +2.34 Glass tubes (15em)
1968 do 120 1-13 5.33 +3.04 Reed stem (15}
1964 do ar 4-14 7.1 4-3.45 Reed stem (30)
1968 do 146 . 2-15 7.7 +3.50 Reed stem (307
1969 do 338 P17 8.69 +2.98 Reed stem (30)
1969 Fujisaki 87 2-15 7.99 +3.07 Reed stem (30)
1969 Kashiwa 28 3-16 9.25 +3.30 Reed stem (30)
1969 Fujisaki 118 1-11 5.02 +2.10

Reed stem (20)
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Table 13. Relation between the length of reed stem and the length actually used for cell construction

by Osmiag bee.

Length of stem

Length occupied by cells (mm.)

(mm.) 11-35 36-60 6i-85  85-110  111-135 136-160 161-185 186-210  Total
. 26- 50 2 i 3
51~ 75 9 35 1 45
76-100 3 28 61 ! 93
101-125 8 17 74 76 1 176
126-150 4 3 20 62 38 1 130
151-175 2 5 i 29 31 g 93
176-200 1 1 2 1 8 17 2 42
201-225 3 5 4 1 9 1 23
226-250 1 1 i 1 4
" 951-275 0
276-300 1 1
Total 24 94 172 185 85 39 13 1 615
Table 14, Serial distribution of sexes within nests.
Distribution of sexes Complete nest Uncomplete nest
(innermost to outermost) 1957 1968 Total 2% 1967 1968 Total %
2 31 48 79 15,2 37 71 108 23.0
& ' 39 102 141 27.2 24 104 128 27.2
-5 58 107 165 31.8 43 103 146 313
H- ‘ 2 3 1 2.1 4 5 9 1.3
5L 12 31 43 8.3 n 24 35 7.4
-5 B 14 20 3.9 2 16 18 3.8
2% g 1 20 3.9 3 12 15 3.2
T-2-5-9 2 4 6 1.2 0 4 4 0.9
B-G-2-5-2 4 ] 13 2.5 i 5 7 1.5
-2 F-2e 1 2 3 0.6 1 0 1 0.2
L-5-2-5-2-5 pi 4 6 1.2 0 ! 1 0.2
T-R-5-2-5-¢ 0 2 2 0.4 1 0 1 0.2
2B -5 0 3 3 0.5 0 0 0 0
H-R-E-L-5-2-F 0 1 1 0.2 0 0 0 0
2-5-2-5-2-5-2-% 0 2 ? 0.4 0 1 ] 0.2
-5 5-8 1 a 1 0.2 0 0 0 0
L-B-R-B-L-5-2-5-2 0 3 3 0.5 0 0 0 0
Total 167 352 519 128 346 474

In this Table if more than one females or males are placed in succesion. it was expressed by & end &

respectively.
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Table 15. Conparison of prefference of nest stuffs by the foundress.

Year Nesting site Material No. supplied No. nested %
1984 A Glass tube 127 12 9.5
Reed stem 178 i2 6.7
Polygonum stem 55 1 1.8
B Polygonum stem 84 59 70.2
Reed stem 62 a7 91.9
Deutzia stem 25 0 0
1965 A Reed stem 200 16 8.0
Vinyl straw 200 1 0.5
Vinyl tube, 5 mm. 15 1 1.7

{green in color)

do, 6 mm. i5 0 0

do, 7 mm, 15 0 0

Chalk burrow 5 mm. 84 0 Q
do, 6 mm. 84 3 3.5

B Boad burrow 280 0 0

Vinyl tube, 5 mm. 15 0 0

(black in color}
do, 6 mm, 15 0 C
do, 7 mm, 15 0 H

Table 15. Acceptability of varnished tubes by the foundress as the nest, -

v Material N lied No. used No. not used
ear aterials o. supplie Completely Uncon(gietely Etz;fﬁyof E:ergi?éii* Unused

1965 5 cm long with one side 300 g 2 10.0 110 160
J)gecr?;;ong with both side 200 1 0 0.5 1 61
g)gecnqca Jong with both side 168 0 . ) . -
e ey ™ M 00 5 8 7.8 I -

1967 15 em long with one side 500 0 12 .2 186 -
ltljog;li I.ong with one side a4 5 15 191 9 5

Note : *(A) Although, at least one cell is completed, not all the cells are completed.
*#(B) Although, clay is carried into the tube, no cell is constructed.
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Bl D E L b0 L TIHFIRRTE L V2R 7o
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Table 17. Time required for a trip to collect pollen,
Time required (minute-second)
Date Individual 0.01 2.01 4.01 6.01 8.01 18.|01 2[].[[]1
2,00 4.00 6.00 8.00 10.00 18.00 20.00
1965, May 19 B 5 18 1
20 A 1 4 1
B 11 i 3 Z 3 1
1966, May 12 C 2 3 2 4 1 1 1
D 1 2 1 3 )
E [ 4 4 i
F 1 1 2 2 6 3 1
13 c 1 9 7 i 1
D 3 5 1 1
18 G 2 4 3
H#* 1 10 6
I 4 3
Note : * Studied in a field cage
Table |8. Time required for providing nest with both honeydew and pollen.
Size of ‘Time required (second)
]d-jple Date Individual 9~ T~ JE1~ T~
fameters 31~60 61~80 " y5p “ysp 180 pap 21~ Mean
1865, May 20 A 13 3 1 80.6
15566, May 12 B 18 3 1 79.3
Large 12 C 9 8 - 3 1 1 96.0
12 Dk i 20 3 2 71.0
18 B 4 17 1 7.5
1965, May 19 F 14 29 3 3 4 105.8
12 G 3 12 g 3 2 118.3
Small 12 H ] 7 16 9 ] 3 118.0
18 I 3 & 1 99.0
18 ) ] 10 9 2 i 97.5
18 K 1 5 4 114.0
18 L 2 8 12 1 3 yi 102.8
18 M 1 2 8 4 4 2 117.6

Nate : * Depending upon a size of hole diameter of nest, behavior of bees in the provisioning of nest
is different. Namely, as they carry pollen mainly on their abdomens and honeydew in their
guts, if they made their nest in a hole of small diameter, at first they enter forward into the
nest to disgorge honeydew. After disgorging they exit backward and again enter backward into
the nest to brush off the pollen. But if they made in a hole of large diameter, as they can
make a U-turn in their nest, they enter forward into the nest, after disgorging of boneydew,
make a U-turn there to brush off the pollen and exit forward.

#* Studied in the field cage.
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Table 22, Ability of cell construction.

Interval of

Number of cells Serial number of trips for

Year Individual observation constructed pollen(P) and for clay(C)
198 A 02 G000 10
B G0 ot 7. 00 24~
1968 A (-0 76900 = 5C-18P-7C-8P
B @t0'Fs. 50 = 9P-10C-14P
¢ .50 16,30 % 4C-15P-5C-9P
P (501 16.30 -2~ 13P-4C-21 P-9C-3P
B G55 19 1 3C-11P-35C
1964 A G014 16.30) 1= 2C-(10+ x)P-8C-9P
B (140016, 30 -+ 3C-8P
c Q14 o016, 30 -+ 2C-11P
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Table 23. No. of flower visited during a trip.

No. of flower visited

No. Size of bee

Range Mean S.D. g?};SOf
1t Small 13-37  21.9 +6.35 21
2  Midle 14-38 25.3 +7.72 13
3 Large 17-52  34.5 +8.86 2
4  Small 14-33  21.0 +8.52 4
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Table 24, No. of flower-visits by a bee per minute.

Flower-visits per minute

Date Hour

T o v

1964, May 9 10.55-12.00 20 8.5-21.5 15.0
1966, May 11 10.25-10.54 15 8.8-13.7 11.0
10.55-11.28 11 7.2-14.5 10.7

11.29-12.50 9 6.8-14.1 10.2

13.15-13. 32 9 6.7-13.9 9.8

14.10-14.30 8 9.0-15.3 1.1

1966, May 12 9.50-10.15 7 5.4-14.6 9.7
10.15-11.30 17 5.1-13.¢ 9.5
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Table 25. Comparison between two species, Osmiz
cornifrons (RADOSZKOWSKI) and Apis mel-
lifera LINNEAUS in actual contact with
stigma of flower.

Rate of contact with

stigma per visit No. of Osmiz No. of Apis
100 12 27
50-89 4 9
1-49 0 1
1 0 1

Table 26. Comparison between the rates of stigma
of apple flower actually contacted by two
species CUsmiz and Apis

Osmiz Apts

No. flower Rateof No. flower Rate of
visited contact visited contact

1966, May 12 165 97.6 168 66.7
1968, May 16 96 95.8 875 52.3
Mean - 96.7 - 58.5
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Table 27. Florae visited by Osmia cornifrons recognized by the present authors to date.

Sex of bees

Species of plants

Salicaceae Salix spp. (¥ %4 )
Caryophyllaceae  Stellariz aguatics SCOP. (& oo~z ) &
Stellgria mediz CRY. (~2-) )
Cruciferae Brassicz campestvis L. (775 ) ) L
Raphanus satiwus L. (&4 2 T R
Saxifragaceae Ribes vubrum L. (7952 27 1) & &
Ribes Grossularvia L. (24327 Y) T &
Rosaceae Spiraen Thunbergii SIEB. (=% ¥ &) &
Malus Sieboldii REHD. (£ 1) & R
Malus Halligna KOEHNE (34 F) & Lk
Malus micromalus MAKINO (3 b4 Fo) ) ReR
Malus pumilz MILL, (Y v =) & b
Pyrus serofing REHDER (3-3) S Qo
Chaenomeles lagenaria KOIDZUMI (K &) ey L
Chaenomeles jzponica LINDL. (7 4#) )
Fragariq chiloensis DUCH. (4S5 v a4 % =) B L
Prunus Avmenigea L. (7 v Z) s &
Prunus Mume SIEB. et ZUCC. (7 2) s 2
Prunus salicing LINDL. (A x=) &
Prunus Persica BATSCH. (&%) ey Lo
Prunus Ilosgkura SIEB. (v #' 142 3) 5} QP
Prunus yedoensis MATSUM, (¥ 24 3w 742 3) S R
Prunus donarium SIEB. (A # ~<¥ & F) & R
Prunus Grayana MAXIM. (97 3 XH¥ 27 ) & R
Pruynus Avium L. (A 3o 34 273) ) L
Violaceae Violz spp. (A 3 VD &
Stachyuraceae Stachyurus praecox SIEB. et ZUCC. (F#7v) & Rl
Elaegnaceae Elzeagnus multiflora THUNB. (2 27 1) 5 &
Oleaceae Forsythia suspensz VAHL., (L= ) &
Compositae Taraxacum officinale WEBER (=4 5% & wHH) s L
Perasites japonicus MIQ. (7 %) &
Liliaceae Hyacinthus ovientalis L. (k¥ v v 2D &
Evythvonium jrponicum DECNE. (&2 1) Y
Gagez lulex KER-GAWL. (F-34 /7 7 =) )
Narcissus Tazeitz 1. (A4 £ &

Note : *Pollen-collection
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Table 28. Blooming period of several Rosaceae in
the vicinity of Kuroishi city.

Species Beginning Full Petal fall
Apricot Apr. 22 Apr. 29 May 5
Cherry May 3 May 7 May 14
Pear May 4 May 5 May 14
Peach May 3 May 7 May 14
Plum May 2 May 5 May {0

Note : All are shown with average during 1964-1969
but data are lucked in cherry for 1968, and
for petal fall in apricot and cherry at 1966, in
peach, pear and plum at 1968.
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Table 29. Sex ratio of Osmia observed by collected nests from several localities in different years.

Year Locality No. nest No. cell ﬁ?ﬁg;gf ]::ni:’ggfn:g ult
1965 Kuroishi-city, Fukutami 69 353 41.8 88.5
Goshogawara-city 25 169 40.8 94.1
1966 Kuroishi-city, Fukutami 34 230 40.0 85.7
1967 Hirosaki-city, Jumoku 22 41 58.5 38.0
{karigaseki-mura, Kogake 3 18 41.5 81.9
Kuroish!-city, Aseishi 21 127 66.9 90.1
Goshogawara-city, Harako 15 52 44.2 73.2
Morita-mura 16 59 50.8 €9.4
Kuroishi-city, Fukutami 49 303 40.6 92.8
1968 Onoe-machi, Niiyama A 98 508 46.7 85.0
Niiyama B 85 462 50.4 81.0
Saruka 57 420 61.4 95.5
Yawatazaki 61 351 52.4 86.9
Kuroishi-city, Fukutami - 310 58.0 -
1968 Fujisaki-machi A (Murakami) 45 294 42.0 90.2
B (Ogasawara) 16 57 40.3 38.2
C (Hyodo) 60 433 33.0 75.9
D (Osanai) 16 61 58.8 30.6
E (Kosugi) 19 134 50.7 66.6
Kashiwa-mura - 24 45.8 42.8
Onoe-machi, Yawatazaki 12 63 3.7 77.8
Saruka 49 353 26.9 90.3
Kuroishi-city, Izushita 70 688 39.7 95.0
Aseishi 66 920 41.6 91.1
Inakadate-mura, Tareyanagi a5 212 59.4 93.4
Hatakenaka 18 129 36.6 92.8
Kuroishi-city, Fukutami 143 938 42.0 79.1
1870 Ttayanagi-machi, Gokigata 150 1,037 57.1 78.3
Fujisaki-machi (Ogasawara) 38 202 50.5 91.9
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sH 75 e v Chloris sinicy minor
(TEMMINCK & SCHLEGEL)

v, 7 ~=r 0 =01 (Salticidae)

=, #=F a7 =01§F Chretodaciylus sp.
(BAKER [B%E)
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Table 3(). Position of cells attacked by Plinus jazpo-
nicus REITTER and Anthrenus verbasci
LINNEAUS (1870)

Position of cell Ptinus Anthrenus
Innermost cell 1 (0.9%) 1(1.9%)
Autermost cell 101 (93.5) 49 (94.2)
Others 6 { 5.62 2 (3.8
Total 108 52
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Table 31. Dates of pupation and duration of pupal stage of Monodoniomerus osmiae KAMIJO, parasite

of pre-pupa of Osmia.

Date of pupation

Duration of pupal stage

Cocoon of Sex of No. of
Osmia M. osmiae M. osmiae Range Mean Range Mean S.D.
1 2 13 May 23-27 May 26 26-29 27.8 +0.97
& 1 - May 25 - 26 -
2 2 17 May 22=June 6 May 30 19-30 24.0 +1.80
& 1 - May 27 - 25 -
3 2 10 May 20-73 May 22 28-31 29.4 +0.84
G} 1 - May 23 - 28 -
4 2 14 May 21-26 May 23 27-30 728.9 +1.07
s 1 - May 23 - 28 -
5 2 14 May 29-June 3 June 1 22-24 22.7 +0.74
) 1 - May 29 - 23 -
6 2 9 May 23-31 May 30 24-26 24.7 +0.50
7 2 8 May 25-27 May 26 28-289 28.4 +0.50

Table 32, Longevity of adult life of Monodontomerus
osmige KAMIJO.

Date of Se No. days No.
emergence X Range Mean observed
June 21 e 11-12 1.1 78
5 - 7 1
June 24 2 4-9 7.6 17
) - 4 i

Fok BBV oL 5 A0 ESBIBEL, 24~30E D
AR ~T 6 A T ARSI L, REREED

FPERBECH S TR 52, HLGHEN DL S
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Table 33. Position of cells attacked by Monodentomerus osmize KAMIJO

Position of cell attacked

Year No. cell i
observed Innermost Autermost Other Nest with a
single cell
1867 24 2 6 i3 3
1958 12 0 2 9 i
1969 140 11 (7.9%) 121 (85.4%) 8 (5.7%) -

Table 34. Number of Monodontomerus osmiae KAMIJO
adults emerged from a host

No. of adult emerged

Cocoon

2 )
1 13 [
2 17 1
3 10 1
4 14 1
5 14 1
6 g 0
7 8 0
8 i8 ]
9 12 1
10 19 i
11 14 0
i2 16 3
13 17 1
14 14 2
15 16 1
16 14 1
17 23 2
18 5 1
18 19 1
20 10 i
21 14 4
22 g 1
23 3 &
24 18 4
25 14 2
26 i0 1
27 10 1
28 9 1

Mean 13.1 1.5
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Tahle 35. Factors affecting mortality of Osmiz in nest and rate of mortalities. (see Fig. 4)

No. Predators Parasite ¥ungus or unknown
Year Locality observed Tro Total
Nest Cell Ch. P.j Awv. Br. Mo Egg Larva p:;a Pupa Adult

1964 Kuroishi city, Fukutami 69 602 9.8 0 0 0 0 0 1.7t 0.8 0.2 0.8 13.3

Goshogawara city 25 182 0.5 0 0 0 0.5 0 2.7 g 1.t 1.6 6.6

Iwaki-machi, Godat - 616 1.0 0 0 0 02 58 2.1 29 1.3 0.6 14.0

1965 Kuroishi city,Fukatami 39 259 120 ©0 0 0 0O 0.8 08 0 0 0.8 14.3

1966 Kuroishi city, Fukutami 34 297 12.1 0 a 0 0 0 0 0 0.3 1.0 13.4

Aseishi 21 141 041 0 0 0 0 - - - - 0 8.5

Hirosaki city, Jumoku 22 108 3.0 0 0 4.6 9.3 - - - - 0 62.0

Tkarigaseki-mura,Kogake 31 134 13.4 0 0 0 0 - - - - 0 19.4

Goshogawara city,Harake 15 71 23.8 0 0 0 1.4 - - - - 0 26.7

Morita~mura 16 85 21.7 1] 0 0 3.5 - - - - 0 30.6

1967 Onoe-machi,Niiyama A 98 595 0.7 1.0 0 0 0.3 0.2 16.0 2.2 0 1.5 21.9

Niiyama B 85 612 0.3 3.3 0 0 0.2 26 39 05 0.2 1.3 12.3

Saruka 57 445 0.4 1.6 0 0 0.4 0 2.0 0 0 0 4.4

Yawatazaki 61 405 0.2 2.4 0 0 0.2 0 81 1.5 0 0.5 12.9

1968 Kuroishi city, Fukutami 143 1186 16.2 0 0.2 g Q.1 2.2 07 1.0 0.3 0.1 20.8

Fujisaki-machi (Murakami} 45 326 5.8 0 1.2 0 0 3.1 a 0 0 0 101

(Ogasawara) 16 149 53.7 0 0 0 0 4.1 0 2.7 0 1.3 B1.8

(THyodo) B0 563 3.2 1] 0 0 0 17.9 0 1.8 0 0.2 2341

(Osanal) i6 199 60.8 1.0 0.5 0 0 5.5 6 1.0 0 0.5 68.8

(Kosugi) 19 201 1.0 0 0 a 0 31.8 0 0 0 0.5 33.3

Kashiwa-mura 12 56 48.2 1] 0 0 0 5.4 o 1.8 0 1.8 57.2

Onoe-machi, Nilyama 55 440 0.3 1.9 0 0 0.5 3.6 4.8 6.7 0.5 0 18.3

Saruka 45 391 0.3 0.5 0 0 g0 1.0 56 1.0 1.3 ¢ 9.7

Yawatazaki 12 81 1.2 0 0 0 1.2 7.4 123 0 0 0 22.1

Inakadate-mura, Tareyanagi 35 227 0 0 0.4 0 0.9 1.8 2.2 0.4 0.4 0 6.5

Hatakenaka 18 139 0.7 ] 0 0 0 5.8 0.7 0 0 0 7.2

Kuroishi-city, lzushita 70 742 0.4 0 0 0 0.3 4.4 1.8 0.3 0.1 ¢ 7.3

Aseishi 66 1020 1.4 0.8 0 0 0.3 27 1.6 2.9 0.2 0 9.9

1969 Kuroishi city, Fukutami 63 422 2.1 1.4 0.9 0 2.4 16.8 11.1 0.9 0.2 0.2 36.0

Itayanagi-machi, Gokigata 150 1037 12.8 1.7 1.7 0 2.1 0.7 0 0.z 0 1.5 20.7
Fujisaki-machi

(Ogasawara A) 20 100 1.0 0 0.1 0 0.1 0. 0 0.1 g 0.1 1.%

(Ogasawara B ) 18 102 11.7 0 ] 0 1.0 1.0 a 0 1.0 4.7

Note : Ch. : Chaefodactylus sp.
P. j. : Plinus japonicus REITTER
A. v. . Anthrenus verbasci LINNEAUS
Br. ; Brachymeria sp,
. M. o.: Monodontomerus osmize KAMIJO
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Fig. 4. Mortality of O. cornifrons caused
by the grain mite, Chzetodactylus sp.
in relation to the total mortality
(derlved from Table 35)
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dxF
Fungus or unknown

Fungus or unknown
A,

Fungus or unknown
Fungus or unknown
M.o.

Fungus or unknown

Ch.

Fujisaki-machi
{Hyodo)

dx 100qx

101 17.9

8 3.9

2.2

0.2

Ix

563
462
444
434
433

5.5

dx 100gx
64.3

3.0

1.5

4.6

18 31.1

(Osanai)
121

Fujisaki-machi
Ix
199
188
a7
67
65
65
64

0.1
0.6
16.1
2.6
0.4
1.9

Onoe-machi
Yawatazaki
dx 100gx
95
13
g9

Ix

595
594
5490
495
487
482
480

0.4
1.8
0.2
0.2
0.1

0

dx 100qx
33 4.4

Kuroishi city
Tzushita

742
709
708
693
691
689
688
6&s
688
237

Table 36, Life table of Osmia cornifrens (RADOSZKOWSKI)
1x

100gx

2.6

3.0

0.3

0.2

482 52.4

Kuroishi city
Aseishi
1x dx
1019 7
992 14
978 16
962 29
933
930
928
928

2.6
16.6
6.8
4.1
0.3
0.1
0.9
544 38.5

Kuroishi city
Fukutami
dx 100ax
26
192

1182
1156
964
956
943
940
937
936
927
383

Ix

Egg
Larva

Pre-pupa

Pupa
Adult
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290 66.9

33
143
100gx : dx as percentage of 1x

g1
41

234 23.0
: No. dying during x

231

465
dx

415 60.3

» No. living at biggining of x

9z
438
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Table 37. Spray cource in the orchards where multiplication of Osmiz were studied in 1967.

Orchard ’Epj:;;i:?é Material of dilute spray
Onoe-machi, Saruka Apr. 27-28 30% dichlone & 20% thiuram WP §7g.
May 5 309 dichlone & 202 thiuram WP 67g, nicotine sulfate
June 2-3 1252. 19.5% Karathane WP 100g, 40% vamidothion EC §7g,
46 6% parathion EC 50g.
Onoe-machi, Yawatazaki Apr. 30 309 dichlone & 20% thiuram WP G7g, 15% lindane 125g.
and Nilyama A May 6 wettable suifur 250g, lead arsenate 310g.
May 18 19.5% Karathane WP 100g, lead arsenate 310g, 40%
vamidothion EC p7g.
June 2 19.5% Karathane WP 100g, 25% Sumithion 12bg.

Onoe-machi, Niiyama B

Unknown

AERL, BEI T oA THBRBTARETE I —
LT &, 196683 A FARE 7T ¥ HidE - CRlo
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Table 38. Multiplication of released Osmiz studied at different localities in 1967.

% of No. of reed £ .
ot No. released ggfégeme rez.d cjsftem stem mest No. of cell per reed Eicilsof
Female mule bumboo  BPNY oncside B0 Rem  Mem  pRIEC

" .

A (Nilyama A) 40 40 98 138 45 20 =15 9.2(7.00 14.9

B (Niiyama B) 30 30 100 124 o0 24 1-12 8.7(6.3 20.4

C (Saruka) 40 50 100 189 45 6 1-15 B.7(7.8> 11.1

D (Yawatazaki) 40 40 100 208 4% 8 1-11 7.6(6.62 161
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Table 39. Multiplication of released Osmia (1958).

Losals Method of No. of adult released Ne. of stem nested cNe(i'ls?f

oeatty release female male One side Both side ﬁ;?%ﬁ:g}e
Inakadate-mura (Hatakenaka) A 50 6 4 - 0 0.5
B 48 30 7 1 i.2
Onoce-machi (Yawatazaki) A 49 16 7 1 1.2
B 42 50 4 0 0.5
(Saruka) B a0 a0 52 z 7.8
{Kanaya) A 49 46 30 8 7.8
B 49 36 25 3 4.3
Kuroishi-city (fzushita) A 48 31 4 12 10.5
B 50 50 17 1 2.7
Inakadate-mura (Tareyanagi) A 229 177 31 2 0.9
Onoe-machi B 227 247 53 Z i.9

Note, A : Bundles of nest were hung in a horrisontal position under the eaves of the huts in orchards.
B : Bundles of nest were placed at breast hight in orchard and were covered with a small board

roof to keepout the rain.

BAEZEWTY 1 BT hE b o EIER 0ERE T, 4
b OTCIIHEGEAD I 1 B Thicy 0.5FE
5REOLDLH D, 15THAb 1ENSD L ZAH
AFT, 3~TEDEZ AR 4B, 10EME0LD |
PETH o7 —F, EERFAEICL 29T+

T BT A, ERE22TEENL 1 D15
7= 00.9fFCh b, BEI-CI22TEOnL TR T 440
{Ho EIRL 2 Tihhich ot 20 X 5 i EIRHED
ol B ik B S B L 3 e
nAEX 5w, BEERL I FOEEER R st

Table 40. Multiplication of released Osmig (]959).

No. of stem nested
No. of cells
. Method of No. of cells
Locality release compl * constructed
pleted
One side Both side y a female
Inakadate-mura, Toyomaki A 49 12 466 9.3
Inakadate A 38 2 220 4.4
B 22 3 138 2.8
Namiocka-machi, Gosanmai A 28 0 91 1.8
: B 17 1] 67 1.3
Kitanakano A 14 ] 42 0.8
B 10 0 5 0.5
Kuroishi city A 13 0 83 1.7
B 12 0 31 1.6
Mishima A 26 2 149 3.0
B 33 3 351 7.0
Aseishi A 16 1 67 1.3
B 10 0 48 0.9
Tzushita (4} A 45 10 568 1T
B 26 3 298 5.0
Tzushita (B} B 38 2 220 4.4
Fukutami B 62 i 447 8.4
Onoe-machi, Yawatazaki A 23 7 3 6.2
B 40 ] 354 7.1
Kanaya A 36 7 449 9.0
B e 0 200 4.0
Nanawa-mura A 20 1 114 2.3
B 10 1 58 1.2
Hiraka-machi, Hirofune A 12 0 61 1.2
B i0 0 ag 0.8

Note . Method of release is the same noted at Table 39,
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Rate of mortalities

Ratio of
Predators Parasite Fungus or unknown Total ilif(l:tri;sfe %:frfaﬂ:f :ifgrcrl:;;e
Ch. P.j. A.v. M. o Egg Larva Pre-pura Pupz  Adult
4.8 0 1.2 1.2 3.1 0.4 0.8 0.3 0.2 i1.3 4,13 24.7 3.53
2.3 1.4 2.7 2.7 0.5 0.9 0 0 0.9 21.9 1.28 70.3 1.80
0.7 0.7 3.6 3.6 1.4 0 0 0 0.7 7.8 1.70 68.2 2.32
0 0.1 0.5 0.5 0 0.5 0.1 0 0 1.3 0.78 64.1 .00
0.3 0 0.3 0.3 0.1 2.4 0.1 0 0 3.2 0.45 64 .4 0.58
0.2 0 0 0 0 0.1 0 0 0 0.4 0.25 72.0 0.36
0.2 0. 0.1 0.1 0.1 0.1 0 0 0 0.6 0.10 40.0 0.08
0 0 0.1 0.1 0.4 1.4 0.2 0.1 1] 2.4 0.62 35.5 0.44
0 0 0.1 0.1 0 0.8 0.1 0 0 1.1 0.72 61.1 0.88
8.1 2.1 4.0 4.0 0 6.7 4] 0 0 21.5 1.7 65.8 1.54
0.9 2.3 0.3 0.3 0 4.0 0.6 0 0.3 9.5 3.18 66.4 4,22
0 0.1 0.6 0.6 1.0 1.0 0 0 0 2.8 0.47 55.3 0.52
0 0 0 0 0.1 0.1 0 0 1] 0.2 0.37 54.1 0.40
1.2 0.5 2.0 2.0 0 2.6 0.7 0 0.2 7.2 5.4 56.8 5.18
1.7 0.7 2.3 2.3 0 3.0 0.3 0 0 9.3 2.70 61.1 3.30
2.3 1.4 2.7 2.7 0.5 0.9 0 0 0.9 21.9 3.25 50.8 3.30
2.1 0.9 2.4 2.4 16.8 11.1 0.9 0.2 0.2 36.0 2.69 61.0 3.28
0.3 0.3 1.3 1.3 2.8 5.4 1.0 0 1.3 14.5 7.67 43.1 2.30
1.4 0 1.7 1.7 1.1 10.5 0.6 0.3 0.3 18.3 7.89 49.0 2.80
0.7 0 1.6 1.6 1.6 2.4 0.7. 0.2 0.2 9.2 4.08 59.6 4.89
1.5 1.0 2.5 2.5 0.5 5.0 1.0 0 0 12.5 1.75 7.1 2.70
0.9 1.8 1.8 1.8 4.4 5.1 0.9 0 0 18.5 0.93 49.5 0.92
0.3 0 0.2 0.2 0.8 1.1 0.2 0 0 3.5 0.40 57.9 0.46
0.5 0 0.2 0.2 0.8 1.1 0.2 0 0 3.5 0.40 57.5 0.46
0.1 0 0 0] 0.1 0.1 0.4 0 0 0.4 0.22 54.5 0.24
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Table 41. Rate of fruit setting studied at private orchard Takeshima's in Fujisaki in 1966.

. Jonathan Ralls
Position Within 20m Beyond Within 30m Beyond
:fuster from a domicile ggﬁigﬁ;ﬂ a from & domicile g?)lrgigim 8
Range Mean Range Mean Range Mean Range Mean
Terminal Rate of seiting to cluster 68-100 88.4 84-98 86.4 34-94 57.2 24-36 32.4
No. of individual flower  176-238 182 187232 211 243-277 264 255271 261
Rate of setting to flower 27.1-55.1 35.6  25.8-43.0 31.6 8.7-54.0 23.5 5.7-13.9 9.6
Lateral Rate of setting to cluster 80-90 85.2 76-94 91.6 40-82 58.8 18-48 20.8
No. of individual flower  160-232 200 162-246 217 250-270 261 295-269 266
Rate of setting to flower 77.3-42.2 36.3 24.0-40.5 32.2 10.2-32.3 18.6 5.2-16.1 9.0
Total Rate of setting to cluster 74-95 86.8 84-96 88.8 47-88 58.0 21-41 3.6
No. of individual flower  380-415 37! 395-463 435 493-547 525 511-53 527
Rate of setting to flower 30.8-42.4 35.9 31.8-39.6 35.0 11.5-47.1 21.0 5.5-12.9 9.3
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Fig. 5. Diagramatic view of an orchard Take-

shima's.

A, Nesting site of O. cornifrons; (O, Ralls;
@, Delicic’us; &, Jonathan; @, Indo;
©, Meclntosh; &), Golden Delicious;

@), American summer Pearmain;

o, Young tree.

Figures indicate the studied trees.

The explanatory note in this figure is well
applicable in the following figures,

(B 1 —G,H) o BTERTOZEFIBAI LN A CEFliz
LB ~FADPELES D E2nA 0T, TERLL
HoBREFRALIG I IRL Ty,

Table 42. Rate of fruite setting on the indi-
vidual tree at varing distances from a
domicile, studied on a private orchard
adjacent to Takeshima's where domi-
cile is present.

Distance Position Cluster Individual flower

from of
nest (m) Cluster  No. Sliﬁfn;f No. iﬁ?ngf
5  Terminal 50 86 257 59.5
Lateral 50 98 251 45.0
Total 100 9z 508 52.4
10 Terminal 50 86 257 40.1
Lateral 30 70 268 30.6
Total 100 78 575 32.2
16 Terminal 50 84 256 94.2
Lateral 50 6 254 3.1
Total 100 80 510 52.5
292 Terminal 50 78 245 41.8
Lateral 50 72 235 3.5
Total 100 75 480 36.7
28 Terminal 20 94 227 20.7
Lateral 50 58 238 23.1
Total 100 56 460 72.0
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Table 43. Rate of fruit setting studied at private orchard Takeshima's in Fujisaki in 1957.

Ralls Dalicious
Tree No, of No. of Rate of  Rate of Distance No. of No. of Rate of  Rate of
flower per fruit set setting to setting to from flower per fruit set setting to setting to
_ cluster per cluster cluster flower nest (m)  cluster per cluster cluster flower
S 5.9 3.9 96 64.9 9.5 -4.5 2.5 98 55.1
2 5.9 3.3 100 55.3 20.0 4.5 2.6 . 95 57.7
© 3 5.8 2.6 100 61.1 16.0 4.7 2.8 96 56.2
4. 2.8 3.5 a7 51.5 23.0 4.4 2.0 a7 44.3
5 6.0 3.4 99 56.5 30.0 4.7 2.5 97 53.5
6 6.0 3.4 100 96.2 39.5 4.7 2.0 92 43.0
7 5.8 3.2 ar 53.3 46.5 4.7 2.0 a7 42.6
8 6.1 3.3 a7 53.5 53.0 4.8 2.3 95 47.0
9 5.9 2.7 96 46.3 12.0 4.7 2.4 a7 50.4
10 6.0 2.7 g8 45.3 23.5 4.7 2.1 97 45.9
Mean 5.9 3.0 98.0 54.4 4.6 7.3 96.1 49.6
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Table 44, Rate of fruit set at private orchard Murakami’s in Fujisaki in 1968 (cf. Fig 7) .

Ralls Delicious
Tree Distance No. of No. of Rate of Rate of Distance No. of . No. of  Rate of Rate of
from flower  fruit set setting  setting g flower fruit set setting  setting
per per to to per per to to

nest (m) cluster  cluster cluster tlower nest (m) cluster  cluster cluster  flower

3 11.0 5.6 3.0 94 53.0 4.5 3.8 1.7 84 4.7

2 23.8 5.5 2.5 84 45,9 14.5 4.2 1.5 88 36.3

3 20.0 5.6 2.8 93 50.1 23.5 4.0 0.9 64 72.4

4 34.5 5.4 2.1 &r 38.9 31.8 4.1 1.7 88 39.8

] 41.0 5.5 2.5 90 44.5 45.0 4.1 1.3 o8 31.8

6 33.0 3.5 2.7 80 48.5 48.5 4.1 1.1 75 26.0

7 40.0 5.5 2.2 84 39.3 32.0 4.3 1.6 83 3.8

8 17.5 5.7 2.5 9 43.2 30.0 4.2 1.8 84 43.3

9 22.5 5.7 2.4 96 41.9 7.0 4.3 2.3 89 53.8

10 7.5 5.6 2.5 N 43.9 28.0 4.1 1.6 89 37.8
Mean 5.6 2.5 90.0 45.0 4.1 1.6 84.2 7.3

Table 45, Rate of fruit set at private orchard Murakami's in Fujisaki in 1869, (cf. Fig. B)

Ralls Delicious

Distance No. of No. of Rate of Rate of Distance No. of No. of Rate of Rate of

Tree flower fruit set setting  setting flower fruit set setting  setting
from per per to 1o from per per to to
nest (m)  cluster cluster cluster flower nest {m) cluster cluster cluster flower

1 1.0 5.6 3.8 85 | 68.3 — - — — —
2 23.8 5.2 3.6 98 70.1 14.5 4.7 3.4 100 72.6
3 20.0 5.3 2.5 90 47.3 23.5 4.7 2.5 97 52.1
4 34.5 5.5 2.3 89 41.8 31.8 4.7 2.9 97 52.5
5 41.0 5.1 1.0 65 19.3 45.0 4.9 2.5 94 521
6 33.0 5.5 2.2 a8 40.5 48.5 4.8 2.4 g7 50.3
7. 40.0 5.2 1.0 50 19.6 32.0 4.8 2.9 100 58.4
8 i7.5 5.6 3.5 a7 62.1 3C.0 4.8 2.9 100 54.3
8 22.5 5.7 3.2 90 55.9 17.0 4.8 31 97 65.4
i0 7.5 5.4 2.8 82 52.6 28.0 4.7 2.5 100 52.5
it 5.0 5.2 3.7 98 70.4 4.5 4.6 2.8 100 61.4
12 6.0 5.8 2.6 88 48.8 6.7 4.8 3.4 100 71.2
13 7.6 4.6 2.3 85 54.2

14 12.5 4.3 2.6 86 66.4

13 19.6 5.2 3.0 95 36.7

16 24.5 . 5.4 3.0 9z 59.7

17 13.0 5:4 3.3 93 59.9

Mean 5.3 2.7 871 52.3 4.8 2.8 9%.4  60.3
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Table 45, Rate of fruit set at private orchard Ogasawara’s in Fujisaki in 1988, (cf. Fig. 10)

Ralls Delicious
Tree Distance No. of No. of Rate of Rate of No. of No. of Rate of Rate of
from flower per fruit set setting to setting to flower per fruit set setting to setting to
nest ([m)  cluster per cluster cluster flower cluster per cluster cluster flower
1 4.7 5.8 3.6 100 64.3 4.7 2.4 100 47.9
2 5.0 5.8 3.6 100 61.3 5.3 4.5 100 76.5
3 6.9 5.9 4.0 100 £6.9 4.5 3.4 99 75.1
4 11.5 6.0 4.2 100 69.6 4.5 3.6 i00 66.1
5 17.8 6.0 3.4 100 56.6 4.1 3.5 100 72.1
] 18.5 5.8 3.1 98 53.8 4.4 3.0 99 69.3
7 24.5 5.9 2.2 93 54.1 4.5 3.2 100 68.9
8 24.3 5.8 3.5 100 61.4 4.5 2.0 85 45.4
g 30.8 6.0 3.4 100 96.5 4.3 1.7 90 68.3
10 31.0 6.0 2.9 100 48.2 4.5 2.5 70 45.0
" 31.2 6.0 3.2 100 43.0 4.6 2.6 9 55.3
12 37.6 5.8 2.4 92 9.5 4.2 2.9 95 £8.5
13 37.5 5.8 2.7 a7 44.5 4.3 1.1 67 24.5
14 37.3 6.0 2.8 96 46.9 4.5 1.2 78 27.2
15 43.8 5.8 2.6 100 42.8 4.5 1.1 67 24.4
16 44.0 5.9 2.6 86 42.9 4.5 0.7 48 14.1
7 441 6.0 2.3 95 3r.9 4.4 0.9 61 20.8
18 50.5 5.9 2.9 90 41.3 4.5 1.6 71 34.4
19 50.5 6.0 2.8 94 46.8 4.6 2.0 82 42.0
20 50.3 5.9 2.4 93 40.3 4.5 2.0 89 43.3
21 56.8 5.9 2.1 g0 35.5 4.6 1.6 7l 34.6
22 57.0 6.0 Z2.4 ar 39.7 4.3 i.8 83 41.8
23 57.0 6.0 2.8 96 46.1 4.4 2.2 93 50.6
24 51.5 6.0 2.9 99 48.2 4.5 2.5 94 56.2
25 45,2 6.0 2.4 95 40.5 4.3 2.1 96 48.3
26 39.0 5.9 2.3 90 38.5 4.6 2.2 91 48.3
27 31.9 6.0 3.1 94 43.1 4.5 2.7 95 59.4
28 21.8 5.9 3.1 97 51.9 4.7 2.9 100 69.0
29 4.7 2.2 86 46.9
30 11.3 5.0 3.7 100 62.
Mean 5.9 2.8 96.3 49. 4.5 2.5 85.4 43.9
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Fig, 10. Relation between the fruit setting
and distance from nest studied in
QOgasawara’s in Ralls (derived from
Table 45, 47).

Table 47.

Rate of fruit set at private orchard

QOgasawara’s in Fujisaki in 1969.
(Variety . Ralls) (cf. Fig. 10).

Distance No. of No. of Rate of Rate of

Tree from f]]::ver f)l;;lt set igttmg igttmg
nest (m) closter closter cluster flower

1 4.7 5.3 1.0 67 18.6

i 5.0 5.5 1.5 80 47.9

3 6.9 4.8 1.3 71 26.9

4 11.5 5.0 1.3 72 8.3

5 17.8 4.8 1.4 70 72.9

8 18.5 4.5 1.0 62 21.9

7 4.5 5.0 1.1 69 21.3

8 24.3 4.7 0.9 62 18.7

9 0.8 4.9 1.1 72 22.7

10 3.0 4.9 1.0 68 21.2
11 3.2 4.7 0.9 67 18.0
12 37.6 4.7 0.7 96 15.1
17 441 4.4 0.5 43 12.1
18 50.5 2.1 0.6 30 12.3
23 57.0 5.0 0.7 42 14.4
30 1.3 5.1 i.2 66 23.8
Mean 4.9 1.0 63.3 21.6

Table 48. Rate of fruit set at private orchard
QOgasawara’s in Fujisaki in 1969.
(Variety : Delicious)

No. of No. of Rate of Rate of
Tree flower per fruit set setting to setting to

cluster per cluster cluster flower

3 3.8 2.4 ar 61.2
4 4.4 2.2 88 48.6
5 4.1 1.5 78 36.2
6 4.4 1.8 83 1.7
7 4.4 1.8 85 40.1
8 4.6 1.5 83 33.0
] 4.4 1.4 87 31.5
0 4.6 1.4 82 30.2
11 4.4 1.4 76 30.9
12 5.4 1.4 87 29.8
13 4.6 0.6 71 13.1
14 4.5 1.3 v 29.3
15 4.5 0.9 64 19.1
16 4.4 0.8 58 14.1
K4 4.7 0.9 67 19.6
18 4.8 1.3 85 26.5
18 4.6 0.8 68 19.4
20 4.8 1.4 86 0.1
23 4.8 1.3 85 28.0
22 4.7 1.2 78 24.5
23 4.7 1.4 67 28.7
24 4.4 i.2 20 26.2
25 4.5 1.7 N 38.5
7 4.4 1.8 29 41.4
Mean 4.5 1.4 79.8 30.9
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Fig. {1. Diagramatic view of an orchard
Osanai’s.
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Table 49. Rate of fruit set at private orchard
Qsanai’s in Fujisaki in 1968.
(Variety : Ralls}

No. .of Rate of Rate of
Tree fruit set setting to setting to

per cluster cluster flower

1 2.8 100 48.3
Z 3.7 100 61.0
3 3.8 100 54.5
4 4.0 100 661
5 3.2 100 54.0
6 3.8 100 63.7
7 3.5 99 " 58.8
2 3.3 100 . 55.5
9 2.8 100 48.4
10 3.2 99 53.1
11 3.2 100 52.7
12 2.9 99 48.2
13 3.1 93 50.9
14 3.4 100 56.6
15 3.6 100 59.9
i6 3.3 98 53.8
17 2.8 98 46.3
18 3.0 99 45.0
19 3.2 100 53.3
26 3.0 98 50.6
21 3.0 ‘ 1ao 439.4
22 3.6 99 599.6
23 3.9 100 64.1
24 3.5 100 57.0
23 3.2 100 53.3
26 3.9 100 64.1
Mean 3.3 99.5 55.3
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Table 50. Rate of fruit set at private orchard
QOsanai's in Fujisaki in1968.
(Variety ; Delicious)

No. of No. of Rate of Rate of
Tree flower per fruit set setiting to setting to
cluster per cluster cluster flower
1 5.1 2.4 95 57.8
2 4.0 2.7 98 66.4
3 3.8 2.2 94 57.7
4 4.3 3.0 99 69.1
5 4.2 2.0 N 45.5
5 42 3. 98 73.2
7 4.1 2.3 84 57.5
8 4.3 1.9 100 56.5
9 4.2 2.4 96 5.7
10 4.1 2.1 95 51.5
i1 4.2 2.1 98 49.5
12 3.4 2.2 85 50.8
13 4.1 2.5 93 59.1
14 4.2 2.6 99 63.%
15 4,2 2.7 a9 65.7
Mean 4.1 2.4 96.7 58.8
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Fig. 12. Diagramatic view of an orchard
Hyedo's.
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Table 51. Rate of fruit set at private orchard Hyodo’s in Fujisaki in 1968. (Variety : Ralls)

No. of Rate of Rate of No. of Rate of Rate of
Tree fruit set setting to setting to Tree fruit set setling to setting to
per cluster cluster flower per cluster cluster flower
1 3.9 100 63.7 11 3.4 100 96.8
i 3.4 98 55.9 12 3.4 100 56.5
3 3.3 98 54.4 13 3.4 99 56.8
4 3.8 100 £3.5 14 3.3 100 54.7
3 3.4 99 56.0 15 2.8 g7 46.9
6 3.3 99 55.3 16 3.5 g8 58.7
7 3.0 89 20.7 17 3.1 96 30.9
8 3.2 100 33.4 18 3.1 100 51.3
9 3.6 100 59.1 19 3.4 100 56.7
10 3.5 i00 57.7 20 3.4 100 55.7
Mean 3.4 92.3 57.0 Mean 3.3 99.0 54.5
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Table 52. Rate of fruit set at private orchard Hyodo's in Fujisaki in 1968. (Variety : Delicious)

Rate of No. of Rate of No., of
Block Tree setting to fruit set setting to fruit set
cluster per cluster flower per cluster
A -5 Range 91-95 4.5-5.0 24.8-47.5 1.2-2.4
Mean 93.2 4.7 40.7 1.9
B 6-10 Reange 81100 4.2-4.8 28.2-55.5 1.3-2.6
Mean 92.6 4.6 44.3 2.1
C 11-15 Range 84-99 4.5-4.8 33.6-62.5 1.5-3.0
Mezan 94.6 4.6 50.5 2.3
D 16-20 Range 45-92 4.5-4.8 24.8-45.0 1.1-2.2
Mean 73.8 4.7 32.8 1.6
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Fig. 13. Diagramatic view of an orchard
Jchinohe's.

Table 53. Rate of fruit set at private orchard
Ichinohe’s in Fujisaki in 1968.
(Variety : Ralls)

No. of No. of Rate of Rate of
Tree flower per fruit set setting to setting to
cluster per cluster cluster flower
1 6.0 2.8 98 45.8
2 5.9 2.6 95 43.1
3 5.9 2.8 g7 47.7
4 5.9 2.2 a5 37
9 5.9 2.3 93 37.6
6 5.0 2.5 97 42.5
7 5.9 1.8 93 30.2
8 5.9 2.3 95 39.4
9 6.0 2.7 95 44.8
10 6.0 2.9 98 41.2
Mean 5.9 2.5 95.6 40.5
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Table 54. Rate of fruit set at private orchard
Ichinohe’s in Fujisaki in 1958.
(Variety ; Delicious)

No. of No. of Rate of Rate of
Tree fruit set flower setting to setting to
per cluster per cluster cluster flower

1 4.5 1.8 a7 39.7
2 4.7 1.5 75 21.9
3 4.8 2.2 93 44.7
4 4.5 2.4 g8 52.0
5 4.6 2.3 g8 43.1
6 4.7 1.6 96 34.3
7 4.6 1.9 92 40.6
8 4.6 2.2 96 47.9
9 4.6 1.7 a7 36.0
10 4.5 2.1 94 44.7
1 4.7 1.1 67 23.1
12 4.5 1.3 72 28.4
13 4.7 1.2 74 25.5
14 4.7 2.2 73 24.7
15 4.5 2.2 63 26.4
16 4.4 0.9 57 19.5
17 4.4 0.7 55 15.7
18 4.6 0.6 56 13.8
19 4.6 1.1 68 23.4
20 4.7 0.4 79 79.5
Mean 4.6 1.5 77.8 3.7
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Fig. 14. Diagramatic view of an orchard

Hanada's.
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Table 55. Rate of fruit set at private orchard Hanada's in Itayanagi in 1967. (Variety : Ralls)

?istance Nfo. Rate of setting to cluster Rate of setting to flower

rom 0

nest (mj Trze Range Mean Range Mean
0-10 5 - 41-70 50.2 9.5-18.5 - 13.5
11-20 5 28-47 36.0 6.5-14.3 9.6
21~30 5 26-48 38.8 7.5-13.5 10.9
31-40 3 5-26 16.2 0.9- 6.8 3.7
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Table 56. Rate of fruit set at private orchard
Hanada's in Itayanagi in 1968.
{Variety ; Ralls) (cf. Fig. 15)

Distance No. of No. of Rateof Rate of
flower fruit set setting setting

Tree from per per to to

nest (m) cluster cluster cluster flower
i 8.0 6.0 3.1 97 52.3
2 16.0 5.8 2.5 ar 42.7
3 21.4 5.8 2.3 9N 39.4
4 28.7 5.8 2.1 a7 36.3
5 37.3 5.5 2.1 a0 ar.1
6 37.2 5.6 2.0 91 35.6
7 31.2 5.7 2.4 95 41.3
8 36.8 5.8 2.0 88 34.6
9 25.3 5.7 2.0 92 34.7

10 34.1 5.8 2.7 94 42.9
11 82.9 5.9 2.2 94 37.6
12 20.1 5.8 2.3 94 34.4
13 17.0 5.7 2.4 94 40.8
14 20.5 5.8 1.9 85 32.5
15 21.7 5.8 1.9 87 33.2
6  16.3 6.0 2.4 89 39.8
17 18.2 5.9 1.8 76 0.4
18 20.4 5.5 0.6 . 39 10.6
19 26.2 5,5 0.6 48 10.8
20 30.2 5.7 . . 0.6 45 9.9
21 10.5 5.9 2.4 99 40.5
2 4.9 5.9 2.4 %5 0.6
23 9.0 6.0 2.2 94 6.7
2% 7.7 5.9 1.7 66 78.9
2% 7.5 5.9 2.7 88 44.5
Mean 5.8 2.1 87.3  34.7
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Fig. 15 Relation between the fruit setting and
distance from nest studied in Hanada’s in
1968. {derived from Table 5§).

@; Trees at the border of the orchard.
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Fig. 16. Relation between the fruit setting and
distance from nest studied in Hanada’s in
1969. (derived from Table 57).

@®; Trees at the border of the orchard.
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Table 57. Rate of fruit set at private orchard
Hanada's in Itayanagi in 1988.
(Variety ; Ralls} (cf. Fig. 16)

Distance No. of No. of Rate of Rate of
Tree from ;lé):ver f;;;lt set igttmg igttmg
nest {m) cluster cluster cluster flower
1 2.0 5.1 .7 99 72.4
2 16.0 5.2 3.6 98 69.5
3 21.4 4.9 2.2 89 45.9
4 28.7 5.7 7.9 96 56.8
5 3.3 5.2 3.3 97 68.2
6 3.2 4.9 2.8 99 67.2
7 31.2 5.1 7.8 94 54.7
8 36.8 5.7 178 82 32.6
9 25.3 5.6 1.9 90 33.6
10 34.1 5.1 2.0 82 38.2
1 32.9 5.3 1.6 78 30.3
12 2001 5.1 2.3 94 45.8
13 17.0 5.3 2.4 a7 45.2
14 0.5 5.0 2.5 83 49.0
15 21.7 5.0 2.5 92 49.3
16 16.3 5.1 2.7 99 53.4
7 18.2 5.0 2.2 28 44,5
18 21.4 4.9 1.5 63 79.9
19 26.2 5.2 1.5 66 28.3
20 30.2 5.0 1.4 73 27.4
21 10.5 4.9 1.9 88 38.0
22 4.9 9.1 2.8 86 55.8
23 9.0 5.2 2.1 a0 45.0
24 17.7 5.2 2.2 92 42.0
26 13.8 5.5 3.2 85 58.2
7 27.0 5.0 1.5 78 29.6
28 14.6 5.2 3.1 100 53.1
29 19.1 5.1 1.9 87 43.3
Mean 5.2 2.4 87.2 50.1
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Fig. 17. Diagramatic view of an orchard
Sasaki’s.
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Table 58, Number of beges visiting on flower at
various distances from nest studies in
Sasaki's orchard at Itayanagi in 1969.

Distance No. of blooming No. of bees
fron flower on studied visited during
nest (m) branches 10:30-13:00
10 416 21
20 298 30
40 208 3
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Table 59, Rate of fruit set at private orchard
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Table 60. Rate of fruit set at private orchard

Sasaki’s in Itayanagi in 1989, Sasaki’s in 1969.
(Variety : Ralls) (cf. Fig. 18) (Variety : Delicious) (cf. Fig. 18)
Distance No. of No. of Rale of Rate of Distance No. of No. of Rate of Rate of
Tree from il::ver if;lt set iittmg igttmg Tree from ;iiwer g;n set it;ttmg igttmg
nest {m) cluster cluster cluster flower nest (m) cluster cluster cluster flower
1 9.4% 5.3 4,2 88 B4.4 1 26 ** 5.0 3.4 a9 65.9
2 12.0% 5.3 4.4 100 83.4 2 29wk 4.9 2.7 85 62.3
3 30.0% 5.1 4.1 100 80.8 3 35 == 5.1 3.0 83 58.2
4 21.0% 5.1 4.1 a7 80.6 4 13 ** 5.1 4.0 100 78.6
5 26.0% 5.3 4.4 96 83.4 5 i6 ** 5.2 3.8 100 73.1
6 12.6% 5.3 2.8 99 50.3 6 20 ** 5.3 3.7 58 69.7
g 15.3* 5.1 3.2 96 63.1 T 28 5.4 4.1 89 76.0
9 19.0% 5.2 4.2 100 82.1 g 27 5.1 3.5 100 67.7
10 13.6% 5.3 4.3 100 81.9 g 31 #* 5.0 3.2 100 62.8
11 4 kk 5.8 5.1 100 88.0 A 10, 3* 5.0 2.8 100 95.9
12 7ok 6.0 5.4 100 90.0 14 4.0* 5.2 3.4 100 8.6
13 13 % 6.0 5.1 100 85.8 17 21, 4% 5.0 3.7 100 73.6
14 71 6.0 4.9 100 82.0 18 23.5% 5.1 3.7 100 72.9
15 16 ** 5.8 5.3 100 91.0 18 21.0% 5.1 3.0 100 59.2
16 23 A 5.8 5.5 100 93.6 20 24.5% 5.7 3.7 100 73.5
17 34 ** 5.9 5.0 100 86.6 21 26.9% 5.0 3.2 100 63.6
18 22 ** 5.7 3.8 98 80.5 22 39.0% 5.2 3.7 100 73.1
19 7] ®* 5.6 3.7 95 66.8 Mean 5.1 3.5 99.1 67.9
g? ig t: g; gg ?g ggl # distance from the nest C,** from the nest A.
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Table 1. Rate of fruit set at private orchard
Sato’s in Itayanagi in 1969.
(Variety : Delicious)

Distance No. of No. of Rate of Rate of
flower fruit set setting setting

Tree from oer per to to

nest (m) cluster cluster cluster flower

1 4.4 5.3 2.8 100 53.2
2 19.6 5.2 2.2 100 42.9
3 22.9 5.4 3.2 100 59.9
4 18.1 5.1 2.3 98 44.8
3 19.8 4.9 2.1 98 43.9
6 28.5 4.8 7.2 93 45.5
7 25.6 5.2 2.0 5 38.9
8 4.7 5.3 2.8 88 52.7
9 29.7 5.4 2.8 a0 52.6
10 26.9 5.2 Z.9 98 56.0
11 13.5 5.3 2.9 95 52.4
12 11.8 5.2 2.4 93 45.1
13 13.8 5.4 3.4 100 62.3
4 12.5 5.3 2.9 95 53.4
5 10.7 5.1 2.7 98 51.8
i6 12.0 5.1 2.4 97 47.5
Mean 5.2 2.8 94.9 50.2
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Table 2. Experimental design to study the effectiveness of Osmiz bee for pollination

Design Tree caged Rﬂeﬂleasa of Supply of Year
2 pollinizes 1957 1968 1969
! * + + O O O
2 + + _ - o p
3 + — _ o o o
* - - - o o 0

* As bees did not construct nest, experiment is failed.
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Table 63. Efficiency of Osmiz bee for the apple flower pollination studied on variety Jonathan in 1967.

. Position of Cluster Individual flower No. of fruit
N o el o Rt SiTl
1 Terminal 69 i00 346 80.6 22
Lateral 117 100 941 65.4 8
Total 186 100 887 7.4 30
a Terminal 136 76.4 750 18.6 5
Lateral 178 43.3 867 12.0 )
Total 314 53.2 1617 14.2 i0
4 Terminal 45 7.1 230 30.5 7
Lateral i02 80.4 501 3.9 6
Total 147 -84.4 731 3.0 13
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Table 4. Efficiency of Osmia bee for the apple flower pollination studied on variety Jonathan in 1968.

e Fosition of Cluster Individual flower_ iz;inienofof
esign cluster No. ;Re%‘:‘iangf No. iﬁ?ﬂ;f centragl flower
1* Terminal 102 44.1 409 12.5 14.7
Lateral 150 36.0 544 i2.9 4.0
2 Terminal 152 33.8 587 12.3 8.6
Lateral 150 39.3 543 13.1 11.3
3 Terminal 77 39.0 3N 0.6 1.7
Lateral 150 27.3 506 8.7 4.0
4 Terminal 92 65.2 374 23.8 13.0
Lateral 150 78.7 552 41,1 15.3

# As bees did not construct nest, experiment is failed.
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Table §5. Efficiency of Osmia bee for the apple
flower pollination studied on variety

Yonathan in 1969.

Position Cluster Individual flower
Design zfuster N Rate of N Rate of
0. setting 0. setting

1 Terminal 210 85.2 1045 31.6
Lateral 210 48.7 981 13.5
7 Terminal 200 61.5 1068 26.7
Lateral 200 57.5 994 18.8
3 Terminal 353 §2.9 1730 19.3

Lateral 294 83.1 1379 17.7
4 Terminal 59 94.3 312 51.0
Lateral 90  86.7 462  31.2
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Tabie 65. Siructure of bearing branches.

No. Per cent of lateral
Ags of N o. flower cluster bud c¢luster to no.
Variety branches per branch clusters
tree (year) studied Range Mean 95% C. L. Range Mean 95% C. L.
30-40 Ralls 35 47-245 108.8+15.2 3-44 19.6+£4.3
Delicious 35 48-139 79.14& 7.3 0-3z 10.3+3.4
Jonathan 35 80-208 125.6+11.3 24-84 58.8+6.3
13 Ralls 24 63-147 99.5+11.1 3-38 15.9+4.8
Jonathan 24 69-170 116.5£10.0 12-65 34.5-£4.6
Delicious 72 75-152 110.4% 9.2 3-35 11.8£3.6
Golden P 97-191 125.6+11.9 25-70 44.245.4
Indo 20 ar-114 80.4+ B.2 =17 4.442.0
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Table §7. Theoretical number of flowers per 10a.
on Ralls and Jonathan.

No. of terminal No. of lateral

Variety  flocer flower Total
Ralls 238706 59712 298425
Jonathan 250971 361155 612126
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Table 68. Flowering period of several varieties in the vicinity of Kuroishi city.

Blooming stage

Interval from initiatory to

Variety
Initiatory Full Petal fall Full Petal fall
Indo May 6 May 11 May 16 5 10
Smericen Summer - May 5 May 10 May 16 5 1
Jonathan May 7 May 13 May 19 6 12
Delicious May 8 May 13 May 18 5 10
Ralls ‘ May 11 May 17 May 23 3 12

All the data are shown by an average of 1856-1966.
(Source from Annual Report for 1957. Aomori Apple Experiment Station.}
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Table 68, Theoretical number of bees required for the pollination of apple in a area of 10a.

Expectancy of longitivity of flight in days.

Variety

1 2 3 4 5 6 7 8 g9 10
No. of necessity Ralls 303 151 101 76 61 51 43 37 34 30
of female bee Jonathan 622 311 208 156 125 104 89 7 B9 62
No. of necessity Ralls 99 50 33 25 20 17 14 12 ki 10
of nest Jonathan 204 102 68 51 4] 34 29 % 23 20
No. of needing Ralls 909 456 303 228 183 153 129 11 102 90
new nest Jonathan 1866 833 6524 468 375 312 26T 234 207 186

AFWLACEEFHTS EE T IR, FIRTE
X S EEORALEEL TRy S LIRS TH
6 5 =]

(iv) HREH b OBE T H

FERto@BRRBosriligihe X o Tk aa, 3T
ii~f & 5 R ok I oY 40m & Aicdil, B
Baporm L tila oS s, b oiERy
W—ie 3 5 b i 30 m Lo T A 2 U, 302
TR SR L e S 7o O 2 e IBIR I A
38 &AL T30 DBFFIOWTEFOREL HH L
THB EENCI | HFES - D303, HETINE4MLD
HIAphuI v sins,

Tiobh, ChHEEIFED 10 i h MBS 3 &
MTEDCEN TR, 02 0BEh b Ao ES
LERRCL THETE5, M dE v HEELIWTL
Wk EFIHTEE D - ETL T AT ED,, FHER
ElA e 5 BE#®MA &R~ &l EELE T
BDW, < A3 FORBRBIEL 72 195650 B R
THBHE, il &L BEMoR U SMoEME T3
Bf, EX&EF V¥ ARGED X 5 HREMETIRS A
frH D BRTE T30 2 bic b 280 ~ 650 PE, HE-Tik
T0~380m T ANEEI L T ik Cch b, £,
HEORFEwRT 5 diliEmHo | ~2 B oS
ARG R i i T R S IR R L Tl A
it e Bt

= 2CRRENE S AL E DB Ao TR B o Sy
B LA, Moffl, flads )y« ARaEeHiE
BAEEAEEE L, T—AFvF ) v v ARMECHR
WEErZERA, LicdioT, BEoRRTEL T 5
DHBEIEROBFONE~FE LLSoBESONTE~
FEOBCENCINETRIE L v

ik, SEEEET T 0EEEE BEONAT S
LB HRAALTHREGWDT, TEEOENEL25S
BV BEOSE L CATREFREERAATHLNT
W& OBEEEYE L TR RTRER b4, Thio
B4 5 &G TH Y, L0 X 5B TIhE)

W~ E o TSR Y ET 5,

P8 (1966, 1969} vX102 Bz h ME~FETLFEA
BI5H&ELTINFETHD &b (RACTIAFALR 6
H&LTHEL T3, ZoCifilofld: Lifssie
WS5AELTHELELL) , wiE - duk (1966) 1B
¢ 266.4 PE, #LFET303.6 P b+ FnMETHS
Evns, dekt (1967, 1968) 1108 Sz b 05T
TR, A RIAA T0~50EA LU & i~TL s
Bo HLDHENFEELOHEMEL ST EL 3
EREDEND, CHIIFEORI L 7L ot~ F OiEHE
Mo FFil & SEEBIEHOEB o Tk VTR T
WHTBHTHD, ChbhoFEROEF L ZE, ¥
A~ FOIEIEC BT ES | BE ST b oTERE
A8 B OFENLEBTERNRA > B Ev 5 Z b
ERBME TS, LnL, 1 TEdhi b ORI
PR XUMRIC X DEERARE L, FiboEREL
100 % Eitict e A bBREOTHER & i2hie b ik
hivadostELBNRB, —, FIH - bkt (1966)
¥ XOUER (1967, 1969) 131 Bl TEM#% 22 Bl
I AEeERTER CGHTH - bR Ee T2 5, FLET2.2
i, dufRiad 120 8D & 1 B &7 bEMREEE (e
45, HBETIS~T0E) &2 L Tw5Z EARAL
> TnBEH, o ThhbhoFlBiEs Hiciics it
1 BBt - < o BB STE i BT ThH
b, BIE «AeA (19660 THLE S 2B NEETTH b
dbAt (1967, 19580 CI@KERMEE Aicdh, Zwaan
~F OGO M5 X clREth s, —F,
BHaha~NEERE D B 8L L2505
MR Eredv bRE L, B (1965, 1969) t1Da b
fo DENBANE & LT 1 AR b7z b 6000TED R Ew EEE L
LT amb10a Bz 9 e 08000E SR &7 D, &
fo, Wil - db46t (1966) 2102 Bic 0 12840, 1#tH
72 0 AR 200018 2 R 5 2 B TEL b7z 10000
~ 12000 {H e s g Ui e sl b i0a b
Fo TR 120000~244000 B o TE 2 B35 = bt HEE -
Tt oTwde P18 (1985, 1969) DEEE-~FarhnTE



I« AN« BEEE « B« BRI 0 v SRk B A R E S Mo BRI e BT A R GE3 IR 67

R ACHIET 2 & o CThv Bl 0FEEcriEy
T <. BIE - ded (1966) DBAIESRC TS EE
BT o SRR B, ot kbivbh ot
FCRBEYCH30GE, AETREIFEE G > ZHo
g ahtk b, —REAFLELWLHBH,
TR k5 mEE A RiA A CHEEOTEH
EIMEL, e ~F OSSR NI LR b
IBLDTHb. 02 Hic h LEAFROBHERT,
B S h i lbofER, BHEL CEEsh s h®ir Vg
Bahfrhde bl MEREBEIhTw20T, 2h
BOLBEE BT s BRIV TR EENR Lo b4
& T, S8, D biEEL A BB AR
TERI T B RV,

ek, 41 DOEEEE L T~F OBIE T S
OFEA S b, FE1955, 1969) wi50m, JbASCI967,
1968JHRT0 ™ dodLdo it 40~50m & LT B L s L, Hil
SHEOBRINLET L S MRS hTES T, B -k
FI966 ) Cridiic 52 m & CIEFIGREFHE L BT 5 0
MBBEELTVLEETT, FLWEIITREIR TV
Vo AT SR X b &P ERER D O CHIlT X
bR OSIROEFAEL (o soh bk
HRE OB EILE  OHEME OB R B2 TI0~50m it
[REECH D, REOHECHic > TH—kfsEELED
CE0m MR THEMEEIET 5 05 Y L 5 TH D,
(5) EEHILSLORRAIC &1 5 58

Vv BRI £ = S5 ORI FEEL, kit
oL OABHTERL, APRCEBEt-TED

L.

AR CFHFRCBITE v 22 FnEBE LRy Y
v SO FIR S5 o oL B e T o
WTHIE L, 2olERU TS ThD,

7 EHAECHTD = 2 2 AFOFIR 19405ER 5
FHREEETRE TR IR AT X - T T
bh, EELTHERRC L ) EEeENShi, £0
%, REOEH 0 b O R R ¥ CREN T
b Lot oto

M FHRRI s Y v TS F B s ~a ~ 4
VW oAF, DV AF, w2 asAF0 SEAEE
Th, v T AFREEAE R i e IR L AR
L, 7O b5 » P X DEECIRETE S, F4o00
SR E LU AL Tl b, 0 v T
Heanlk s miissyETS,

(%) < xa AP0kt s REREYREL CF
FEERY Wb LS, TORKEME (1958) X
STRESNLDEBEALE—H LI, THhbh, ©
B A ATAHLHELSHTHE T, T4l

F MR CHEMAT 20T, - O, SIS
BTV, i b~8 AOMRL 7 v Fre-Y53g
F LS HAFENERETEOT, chbO~FiE
LA EREE SnaFo ARG X 3 ESET
ExLich, ficih, PRORMc 2L TH
OMEFIRETHS, O, XFrs h@EF¥THED
Pl AhS &3 R oEEY S b, SRR
ABXblcE o ATEAFOREAR o b LT
ME o THE L WEENEC B L2 b, ¥,
HEEOBENLE ROBEHRILMT 2T Lvps, ~F
AEATHEHET-S 8 Bhin B4 B EgE o
BLEETHD BHABRHEL THE 0BENLfIL 53
T, HradTolBinbERMET T TR
M BEL Tiabiove Lidia T, BRoibho
R 4 BI0REE Ce T 5880355,
(6) SEHFICHIT B RAONEEE

42 4 AR T EL, B3 | B
W LI0EBRTHET 24, 5T oXa8RE H+4350
L ThbERY RS2 COEBRFE L T4 Ah~T
W BTET 2 LB TH B, = OB Bl
SR THLID, BRERDAR T L, BT
FAF,AVER, TR, BE, $IF, 12w I
ZIFIERLEEDZOT, cOLSREN DR IEX
Vg DX O HRTENE ofc {ig & T AT 200 m e
WM D L b il o TP~ F OES
EARLLEL I THD,

3

gt 5 A ERE CREIIT S, 5 AdhgrEilahi
B 1 ERE oI &40 1 A oS R ET, 68
TR & T - THRIRS %, £0ET BT @ik
LCi 2 BomiHe#ETIbL, 20EE, ¥9A
THEEE THIEL <5,

) % XUt 15~30CoiH TRE M X h
S5, 0°CTish Rk OB o T F5F » M)
EnafEArLabhs,

A MofEicEs e b s s AaskteilEc
B, WTHREREECTES LEL bR BEHD
bk 4 B T EoifiE SwniTidhh, SE g
A CLLLED B fTichh, BHOREMLY v =
OEFTEME - T B,

) EEREN TR - R ORERIEOBEC L5
HEE S IR R L T & RERREC 4~ 870),
f#ED (9~11°C) |, #HT (12~16°C) \RIFHT (16°C
AR A sk, R RL - 3 v S DsHEEE X
B b PR TR A T i .



€8 FHE b A CHBRRE $155

B wAnSFOlL, TY, &2, A2F0, ¥F
A, TAEFOEMFOr, EREERORIIRERR
P)n B, TEAHR, Bizabic o Tk b, 8T D
ErcEZeE A TR, A DS EAE D,

@) BN TIirbh 5 EoREL 3.5~ 8.0 nedHR
c@Ebbi, 5.0~6.5mDYoRE{FIHENG, &
CHELREROMCTADHEMEEGR LN, 1R
- h OBEERHY PR e R 20 7 HTH
OEBHHVER § BRETH >

& ERonT, s ToFliEofcydai, Ho
EETHEBEIRTHLLOELEL, RoTETH
ofE, HEidofing, *omoiRFlEmLicd
DR Z I E EF ot,

@ HEoOrERUE RO, BEOCIER, EHLE
OEEL LU EA, BN, RESEofrRolERF R
BT, R TIHEES & O A D ESERED (FRLAT
e TR T %,

) BMOSERCES L HEERLEOER, LEOfF
g, Ers YoEogE, {Bhodiiki oL o
FREMENL T o h, 15308~ 2 5308, 145~2
g 250, 1~ 25THD, FROBZTHE
2~ 3EOHERERTH I EMNTED,

&) Vv TOIERFEPO < £ 2 AT T R |
R 10{Efr e, CofiE Stk bxng, ¥
fo, ~FOER Y v TTEOHIE~EEMT S LETED T
B, %Ll ETth b, v AFTREENTH o

® EOERRERITICS TS U v S TOBERL
EROK PN L v Ricy, Do 0 PE2E, P
©25M8, KECIETH 51 ‘

) w2 o AFOREEDIIs T C6M, »TTE
MR E oA, BB HEL TwaREAED
BATEIEM R s 2t »TREE LT BT51E
BEoL S {IEE D,

O MehnErRrUEERTER R D BRS
A~ TS, LEOEE TS TRNME.TS
'C';é el TCG

(3 ERIRELI60MSEEMG TR C & 2RO E S
FEROICASERS b, 5 HOIMFCE TR TV S,
05 BEEINGEGARO Lo 1 ~ 2 8©, #AN
AT CrBHL R, :

@ FEGIERRIEOMARE L CEHIEE 7 2
1 AR SN BRI A REE L THA X, 2=
8, RRES 8 rafe b, 2 oiEhil
BEBCEREELLTAR A AFHO @Y HIF .

& =2 =0 | Chzelodactylus sp. DEFLITT
A0 ATHB TS Chactodzciylus krombeini BAKER
EEEAYEL, BE ot e B RE ¥ = RIS
OEEER IR,

) Monodontomerus osmige KAMIJO 3= 2 = .3F
ORI FEL, FE 1 EhbEHODTEE (%
1) ok TR, 6 AX~T AlhnePEL, T
S OBRECHETD, FFEMITFEO LPHTE
FghlCHA L, 5 BT At L T25~29 0 ok
AT Do

() EAFECEAE TR EGEYERL TREL
FoET A, L =OFECIBETARLAEL, £
EoFRE OB HERNGRA RS, RWT
Pi~Elk Rl it 5 EETWHO TR, Hic
BB T T B BT O8N - 1o
i, F=0FER 7o ROFEFHC L YBEETE S,

5 IR ERE IR R U O b T D &
AT~ £ 2 S FoHEAEDTEL, oy
v#l, BHC, NACkhXo#HdishTwa Lo A3
LA,

B w2z AFRHEFLTY Y TOEBCHAL T
%0 v THRERIIEOEOWT, ToFflHckiraE
EREEL-ECA, ChboBck i} % o~ FOAF
e, REOFMERE, < a2 AFEEREERTE, B
KR/ X ESEFLTHHY, EOETEA~TF
OFGEREDL LR TE D, bhbhoRHRROEE
LERERESITLEDTHot, ChEDETIIMEE
Ec s LT =0RE & B I3 HERDTS
o, FAoE BRI TS BRI & © B TR [
%& L"Ci}%ﬁﬁh‘f:o

() ZhbLoEBEENL~ 2= A AFOERNIROR
ST n kT, —oRBETENSLOENELE
FERoMizizH - ADERBRS D bR,

& ~FoRMCETIEERLIRE 290500
o, 1 orEomERCERY R {FET, S 100
e gl tEacBET 2 HETh D, BEOHR
Tl — e ER R B D E N TES,

() BRSO RS ERES L EE R Rigs
piF, FOF~ A aAFRRUTER S, BIGER
Wil A, BHEE L TRGEOIES S 2 R
EMCREENEE ), ~FoEMENEEE R,

N =anSroF|FELMEML Y v TETCO~F
D EE IR EEY 40 melL TBEES0am 1 B L
BM, BERLE T nici0ac | BEHE LA
HIve Fo, BAEREDSCD Vv TR EEE
~FOBENEN G | BIESLL D ORE~FEE ~F O
B B R BIR L TR,

(v} BLEii~fo B & FIE e BT Jlf e s e
SEAREE AL U v 2B U T SEEFIA T A B A e
FoiFIE, HeRE:, HEHE, ~FoSEAEL S0
THREMTELEL .



—_

25.

26.
7.
28.
29.
30.

31.

32.
33.

HIE « N33« B « Bk« Bl 5 0 v TR st 5 Rt & SR o BT B+ 5 R (B340 69

51 A x ®|

. EHRRDACH (1965) b A ZIEEEE 75—T6.

(1968) v A ZHEEEE  105—108.

. HHRE D ACRESE (1962) EHER 1718,

———— (1963) HEIER| 2324,
— (1964) FHFR 22—24.

(1965) ¥4k 2, 25—28.

(1966) FEWHFH 2.

(19670 FREH 2, 3335,

(1968) HERER 2, 44—45.

(1969) #HF#k 2.

. BAKER, E. W. (1962) Natural history ‘of Plummers Island, Maryland. Description of the stages of

Chaetodactylus kvombeini, new species, a mite associated with the bee, Osmig lignaria SAY. Proc Bio.
Sei. Washingion 75 : 277—236.
BOHART, G.E. (1953) Pollination by native insects. In 1857 Yeavbook of Agricullure. U. S. Dept.
Agr. 10T—121.

(1957) Pollination of alfalfa and red clover. Ann. Rev. Ent. 2 : 355—380.

- CPREE (1957) YA E Y v o+ AFOERRRCERCE T MR ARSI

16 : 193—202.

(1958) wrAd Y Y aFAr Lt dy v A rOBEEECET AT kRt

16 : 481—4897.

(1959 a) ¥ e &Y ¥~ AFOROMHEOEL DT JLRESERE

17 4554

1959 b) wmAE Y Y oag ARk a v g Yy oS3 QRGBT A R Sl
ek 17 1 55—68.

(1963 a) Vv T OIEEAREEL L Toy v ~A50FA BE 31 1280

(1963 b) HOTEREAERE LTo v ¥ ~rA7oF ot BHE 31 :29.

. FHEHTRE (1961) RELFR Vv T RESE BEE 0 419474

. TEEERE (19610 HEBYE v v el 344—418.

. EERER (1936) 2=y /oo Y35 (Osmin excavate ALFKEN) Off2% BfREHES 8 7 43—63.
. (EERENE (1959) IMhled:fk%E 366P.

. Kampo, K. (1963) A revision of the spscies of the Monodoniominge occurring in Japan (Hym.

Chalidoidea). Insecta Matsumurana 26 . 89—098,

(1965) A new host-record of Monrodontomerus osmiae KAMIIO, Insecta Matsumurana
28 . 78,
dedigR= (1967) Y v ToFER B Y v~ 7 ORFEEENE S AofE 11 O 2331,
(1968) ¥ ¥ ~rAF0fEFLFIA EMoRFE 1425658,
— (1969 Vv =HIEEROFERE SAOREE 13 (@) 3841,
- HiEZEAE (1968) Bkl L ~ 4 =27 0EifEficonwT REFER$E 71318,
KITAMURA, T. and Y. MAETA (1969} Studies on the pollination of apple by Osmiz cornifrons
(RADOSZKOWSKI) and Osmia pedicornis COCKERELL. Kontyu 37 . 83—30.
KROMBEIN, K. V. (1962) Natural history of Plummers Island, Maryland. Biological notes on
Chaetodactylus krombeini BAKER, a parasitic mite of the Megachilid bee, Osmia (QOsmia) lignaria SAY
(Acarina | Chaetodactylidae.). Proc. Bio. Soe. Washington. 75 . 237—250.
KUGLER, H. (1955) Einfiihrung in die Bliitentkologie. (BZZEZR) (BIIEE HEED.
LOKEN, A. (1956) Pollination studies in apple orchards of western Norway. Proc. Xth Int. Congr.
Ent. 4:961—0965.




70

34.
35.
36.
3ar.
38.

39.
40.

HEE DA CHBERE $155

FiEEL « ERE= (1964) v 2~ AFRRILBDAZORY - 3 vt 7588 OFBThiA s
DRV F—> 2 v ELTHBIRTVD ¥y ~g A EFA O ER, WhRRTE 1 @ : 4552
———— (1965 a) = & 2.3 Osmia cornifrons (RADOSZKOWSKI) - Awndreng valeriana HIRASHIMA
BT AV HEESL. FARR 38

(1965 b) 7 4 U BT &4 Osmia lignavia SAY. WikEd 3:9.

(1965 e ¥ ¥~ F R 4 oM BT & R oWT. IRENE SIS0,

s JERERZ (1965) YO ~r A BRIBIVATOHEY F—¥ o vEBTEE (I)HEY &~
gL Tonwy 7+ AFEBFIHOSELMES. BR 33 11734,

(1966) BPAETEE~ 2 2 A RFHAL D AT OB, EIEEHE 19 (3): 13—16-
MAETA, Y. and T. KITAMURA (1968 Some biological notes on the introduced wild bee, Osmig
(Osmia) lignaria SAY (Iym. : Megachilidae.). Bull. Tohoku Nutional Agric. Exp. Sta. 36 : 53—70.

. MIYAMOTO, S. {1959} Biclogical studies on Japanese bees. XII. Flower relationships of five species

_ of bees belonging to the genus Osmiz (Hym. . Megachilidae). Sei. Rep. Hyogo Univ. Agric. 4 : 35—40.

4.

43.
44.
45.
46.
47.

48.

49,
50.
51,
52.

(1962) Outline of flower relationship of Japanese bees. Acta Hymenoplera 1
. 393—455.
Pt (1958) ~ 2 =ML b A ZOZER 22P.
19602 Y v aFFEE e w2 3 A F, FHEAE 11 (@) 1920,
———— {1965) ¥~ 2 af L b A ZO%FE 41P.
(1969) ¥ v~ 5FIROEE. EMHORE 154 2425
TopD, F. E. and S. E. MC GREGOR (1960) The use of honey bees in the production of crops. Ans.
Rev. Ent. 5 265—278.
27 « (LERFERE » FEEIFEL » AMUEFT (1967 ¥ v T s 2 R LSRRI M o &
13 HFHERoFMOG S 0 v “HoEREE. FEvASHRE 11115
— (1969) Vv TE kL KoRE BAERICEZE 44809812,
\WEEE (1967) BHRickit s~ 2 aA57048E #HIbEHR 5. 3—4.
(1969) Vv oD = 2 2 AFORIEFHA. FHORE. 1541417,
YASUMATSU, K. and Y. HIRASHIMA (1350) Revision of the genus Osmia of Japan and Korea
(Hym. : Megachilidae). Mushi 21: 1—18.




JLE « ALl - BEEE - B3 e BRI 0 v TR Sb B RS S RAEFI A BT A TREE (B340 71

Preservation and utilization of natural enemies

and useful insects in apple orchards

III. The ecology of the megachilid bee, Osmia
cornifrons RADOSZKOWSKI (Hym. : Apidae)
and its utifization for apple pollination

Masateru YAMADA, Nobuyuki OYAMA, Norio SEKITA
Shoel SHIRASAKI and Chikara TSUGAWA

Entomology Section, Aomori Apple Experiment Station
Kuroishi-City, Aomori-Prefecture, Japan

Summary

In a previous paper (TSUGAWA et al. 1957) we described several species of insects as pollinators
in apple orchards. The present paper was dealt with the ecology of Osmiz cornifrons RADOSZKOWSKI
and its use as a pollinator of apple blossoms.

In Aomori Prefecture, the northern tip of Honshu, three species of Osmiz have been found to date,
i. e., O. cornifrons RADOSZKOWSKI, . orientalis BENOIST and O. {aurus SMITH.

Among them, O. cornifrons was supposed most effective as a pollinator of apple blossoms in the follow-
ing points ; 1) its wide distribution in the Tsugaru plain of this prefecture where some fourty per cent
of apples in Japan are produced, 2) its ready acceptance of an artificial nest, which makes artificial mul-
tiplication quite easy, 3) its high ability of pollen transfer and 4) the coincidince of its f[lying
period with the time of apple blooming.

In our country, although the exact history of -the use of O. cormifrons for pollination has been not
well known, the late Mr. Eikyu MATSUYAMA in Tsurudamachi has been-supposed to be the first whe
found this species to be a useful pollinator of apple blossom and used it consciously.

His first trial in 1940's and the following ones by others revealed the usefulness of this species.
This method of pollination was introduced te the public mainly by the press. At present, O. cosmifrons
is widely recognized as effective as the honey bee in pollinating apple blossoms.

The flying period of O. cornifrons observed in this study was very similar to that reported by
Takeshima in 1958. Namely, the males appeared from mid April to early May, and the females from late
April to late May. This period was well synchronized 1o the apple blooming period, during which the
female engaged in the nest-constructing activities.

An important factor affecting these activities was temperature. At a temperature below 16°C the bee
could not fly and stayed still in its nest. .

For the nesting site the bee chose a burrow above the ground . the stems of pithy plant such as
reed, giant knotweed or bamboo were preferred. During the present study it was found that the females
could also utilize glass and varnished tubes.

The hole diametars they accepted ranged from 3.5 to 8.0mm, but the majority preferred the hole of
5.0 to 6.5mm. A reverse correlation was found between the hole diameter and the cell length.

The structure of the nest and the process of its construction were very similar to those of O.
excavata ALFKEN reported by IKUSHIMA (1936) and HIRASHIMA (1957) and of O. ligneriz SAY by J.
T. MEDBLER (1967). The females collected clay to make the cells and to plug their nest and provided
each cell with a mixture of poilen and nector. Each nest was composed of about § cells on average. In
each cell a single egg was laid by the foundress. In favourable circumstances, the foundress completed
2 to 3 cells a day.

The larvae hatched within a week after oviposition and grew rapidly. By the end of July all
the larvae consumed their food. The larvae then varnisbed the inner walls with secretion from gut
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and spun tough silken cocoons, in which they entered diapause as pre-pupae. After one month of diapause
they pupated and about two weeks later emerged as adults. The adults remained still to spend the
winter in the cocoon until April or May of the next spring.

At all stages development took place between 15 and 30°C, but above 30°C development after the
feeding stage was greatly inhibited. The two sexes were not randomly distributed in the nest. There
was a strong tendency that the cells made first contained females and those made last males, which
secemed to be associated with the earlier emergence of the males in the spring. The sex ratio of adults
that emerged from nests was 46.39 ¢ 53.7 % on average.

On a favorable day the female visited about ten flowers per minute and 22 to 35 {lowers in a single
trip. The foraging activity seemed to be somewhat correlated with the body size. Among the flowers
visited by O. cornifrons, about 35% was actually contacted on their stigma, while in the case of the
honey bee it was only 60%.

Within the range of about 40 meters from the nesting site, there was a reverse correlation between
the fruit setting and distance from the nest, but beyond this distance little effect was exerted by this
species on the fruit setting. For this reason, a cluster of nest should be placed in each 302 of orchard.
To have a good result in fruit setting, the number of bees in the nest cluster shown in Table 6§ stould
be recommended.

The important factors that affect the survival of this species were natural enemies and pesticides.
As natural enemies the present authors have recognized to date three species of birds and one species
of spider preying on the adult, some secies of mice, one species of grain mite (Chaefodactylus sp.),
five species of insects and fungus consuming the contents of the cell, and three species of Vespidae
competing for the nesting site.

The life history of grain mite, Chaeivdaciylus sp., was very similar to the one reporied by L. V.
KROMBEIN (1962) on Chaelodactylus, except that both hypopial forms, migratory and encysted, were
found in overwintering nests.

Monodontomerus osmize KAMIJO attacks pre-pupae of O. cornifrons only when the nests were un-—
plugged. In the cocoon of the host it grew and spent the winter as a mature larva. It pupated in
late May and remained as a pupa in the cocoon for about 2 month. In late June or early July several
adults emerged from a single hLost.

By the life table analysis, it was elucidated that the most important factor controlling the popu-
lation of O. cornifrons was the predation by the grain mite, Chaefodactylus sp. and the death of eggs
and larvae by unknown factors. The latter may have close connection with the insecticide application
on apple trees, because the death by unknown cause was comparatively high in orchards where organic
phosphate, BHC or NAC was sprayed at the periods of green cluster of apple in order to control the
leaf roller. ‘

For this reason, to maintain O. cornifrons at a high level of population density it should be
necessary to give positive aids:the protection from natural enemies, renewal of the nest material
every year, choice of selective pesticides, adjustment of spray program and so on.
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Plate |. Domicile of Osmia cornifrons in apple orchard. A, B and D. At Matsuyama's in
Tsuruta. C. At Hanada's in Itayanagi. E. At Fykui's in Kashiwa. F. At Koseki's in
Kashiwa G and H. At Takeshima’s in Fujisaki.
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Plate 2.

Continued from plate 1.

wara's in Fujisaki.

Hyodo's in Fujisaki.
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C. At Murakami's in Fujisaki.
G. At Ichinohe's in Fujisaki.

=

A. At H. Ogasawara’s in Fujisaki. B and E. At T.

D. At Osanai’s in Fujisaki.

Qgasa-
F. At
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Plate 3. A and B. Exterior view of domicile in the field of the Experiment Station. C. Trap
nest for Xylocopz appendiculaia circumpolans SMITH deviced by the late Mr. Eikyu
Matsuyama. D and E. Burrowed board which was accepted by bezes for nesting. F. Glass
tube accepted by bees for nesting. G. Reed-stem commonly used by bee keepers.
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Plate 4, A. Male adults resting in the burrow of pole. B. Copulation of O. cornifrons. C. Man-
made hole in earth from which the foundress collects clay for nest construction. D. Near sighted
view of C., note the tunnel made by bees as a result of clay collection. E. Females collecting
clay. F. A female entering backward into the nest for brushing off the collected pollen.
G. A tree covered by net, in which adult of O. cornifrons is kept, for the study of fruit setting.
H. A roof thatched with miscanthus which is widely used by O. cornifrons for nesting.
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Plate 5,

A, B and C. Interfor view of nest, showing cocoons, larvae and egg, respectively. D. Side
view of pupa. E. Dorsal view of pupa, left 9 and right & . F and G. Dorsal view of
adult, female and male, respectively. H and 1. Front view of head and mouth parts of
female and of male, respectively. -J and K. Reproductive organ of male and female,
respectively.
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Plate 6. A to E. Male adult entering into the budding flower of pear. F. Male sucking honey
from a flower of Gageg sp. G. Female visiting an apple flower. H. Female visiting
an apple flower without petal.
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Plate 7.

Grain mite, Caelodactylus sp. A. Swarming of the grain mites at the entrance of bee
nest. B. The grain mite dispersing in swarm. C and D. Interior view of nest infested
by the grain mite. E. The grain mite clinging on the body of host. F. Adult of the
grain mite. G. Ensysted hypopi. H. Hypopi swarming on the cell wall.



Plate 8. A. Overwintering larvae of Monodoniomerus osmize in the host cocoon. B. Adult of
M. osmige. (left &, right 2). Cand D. Cell infested by some kind of fungus. E. Adult
of Odynerus quadrifacizius just after emergence, competitor for nest stuff. F. Larva
of Brachymeria sp. and pupa of O. cornifrons infested by the parasite. G and H. Nest
attacked by Ptinus japonicus . Larva of Anfhrenus verbasci ]J. Cell attacked hy A.

verbasci.




