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Table 1. The consrrﬁction of bearing~branch of apple tree and the distribution of mine

' of the apple leaf miner to each element, -
\‘_\__‘_“_—‘—__‘_;_:“‘\\—1\- — = " = = = = = e
. Locality Location Kind No. of No. of ‘ No. of mine

and of of _ cluster (A) mine (Bg Per cluster

varaiety cluster cluster Mmean.  §.p mean. S, D (B/A)
Farm of Termina) flower 18.2 2.4 22.5 4.6 1.18
Aomorj leaf 38.6 5.6 13.2 3.2 3.36
apple Ex. tota] 56.8‘ 7.2 35.7 6.4 0.64
ta. Laterai - flower 208  3g 139 25 0.86
leaf 39.1 7.6 6.3 1.4 0.17
onathan) total 60.8 g4 0.2 30 0.38
Total flower 39.8 3.7 36.4 5.9 . 0.99
B leaf 77.7 9.0 19.5 4.2 3.26
tota] 117.5 9.7 55.9 8.0 0.51

—_— —_—

Terming] flower 50.0 4.9 1177 14.5 2.37
: leaf ' 14,5 1.5 7.2 1.8 0.66
Onoe total 60.5 5.4 124,95 15.6 2.07
Lateraf flower 45,5 3.4 43.2 g5 1.01
(Jonathan) leaf 79§ 18.0 5 0.35
total 93,4 10.8 61.3 11. 0.66

Tota] flower

1
5
’ 7.1 .9 .
leaf 58. 9.1 25.3 6.3 0.41
. total 153.9 12.8 186.2 23.8 - 1.21
B _ —
Onoe Terminga] 88.7 7.3 165.1 0.7 1.92
(Delicious) Laterat 103.6 13.5 44.6 8.6 © 0.46
Total 192 .4 i8.0 37.2 37.2 1.15
Note ; Hereafter we define flower cluster developed from terming) bud as terminal flower cluster
(TFC) leaf cluster developed from terminal byd a4 terminal legf cluster (TLC) flower
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Table 2. Relation between the types of cluster

in mine density in the first genera
tion of the apple leaf miner.

Variable ilcfug;?isosrilon T o
TCl #)—LC( y) TN e 20
LEC{x) —fher ) Y=O5UH0.248 ¢ 73 99
51!1(%?;:; ——l::?%fs)ter ?5?553_3]3_32,;,%10 0.755 20
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Table 2. I8 index within type of cluster in
the first generation of the apple
leaf miner.

Jonathan Jonathan [Elicious,ﬁ

(A2

(B

c

TC LCTotal

Branch

TC LCTotal TC

LC'Total

5.29 2.29 4.88
3.43 3.37 3.47
1.18 1.68 1.38
1.29 1.14 1.33
2.65 2.89 2.32
1.95 - 2.64
0.66 2.53 1.63
2.26 0.39 1.87
4.67 2.51 5.54

1.45 1.61 2.06 3.43 23.33 6.74

1.42 1.54 1.92 2.24
1.34 1,13 1.82 1.33
2.35 1.29 2.42 1.12
1.15 1.71 1.67 1.46
1.30 1.89 2.05 1.80
1.17 1.60 1.42 2.40
1.221.92 1.45 1.39
1.222.381.78 1.3
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2.48 2.70 2.55 0.931.20 1.99 1.38

5.40 2.68
2.21 1.77
1.48 1.69
1.91 1.99
1.41 2,17
2.70 2.75
1.19 1.72
0.94 1.79

2.05 2.29
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Fig. 1. The relation of variance (5°) ro mean
density (%) in flower—cluster in the fi
rst generation.
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2. Fitness of observed values to the theori.
tical distribution of negative binomia],
I 1: Obsexjved value,
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Table 5. Frequency distribution of mine on

leaf and flower cluster in the first
generation.

No. of mine g 123450674 g Total

: Cateulated valye, No. of leaf -251% 41 0 1 p 0 0 320
No. of FIL, 2759 178 32 o1 71001 1 3000
— T

Table 4. Distribution of mine in clusters on

trees in the first generation studied
in a comercial orchard of Oneko,

Inakadate,

Inner Variety
Level Direction or v n
- ‘Quter g8 =583 2
— SEQ5 2 A
Top South Quter 15 9 2 28
Inner 12 6 0 18
Total 27 15 2 44

—_— 7

North Outer 17 9 27

Bottom South

———

1
Inner 15 4 ' g g
Taotal 32 13 2

Total 59 28 4 91

Outer 3 37. 8 78
Inner 28 43 3 74
Total g1 gp

North Cuter .43 16 4 68
Inner 41 11 2 54

Total 79 27 6 112

Total 130 107 17 254

Total 199 135 21 o255
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Table 6. Analysis of variance of mine density
on clusters after log (#+1) transfor.
mation. (Pooled date on Jonathan and
Delicious in Table 4 were used),

EMS

Inter tree  1.48431 9 0.164923 o124-2000p2
Intra tree 29.04238 1990 0.014594 op2
Total  30.52660 1999

Source S8 DF MS

Table 7. Analys of variance of mine density
for Jonathan in Table 4 after
log (x24+1) transformation,

Source SS DF MS EMS
Inter tree  ().223511 4 0.055902 o124 20002

Intra tree 18.026384 995 0.018117 or?

Total 18.250095 999
-_—
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Table 8.

in late July and the density of mine at the given part.

#=0.01T Np =1021.7+- 20821

L

% =0.05C Np = 4¢5+:%§L1
L

¥=0.1"T Np= 12.2+ 111\3'3.0
L

F=0.5 T Np= 0.93+ ig.s
L
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LB SRS D b B,
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Structure of bearing branch at the time of pupal stage of the second generation

Ralls (n=29)

Jonathan {n=34)

Max. Min. Mean SD. CV. Max. Min. Mean SD. CV.
Total FC in branch 53 15 29.4 9.77 0.33 96 13 50.0 17.88 0.36
Total mine in FC 65 2 26.6 12.69 0.52 80 8 25.8  16.i3 0.63
No. of mine per FC 1.81 0.10 0.882 0.435 (.49 1.10 0.22 0.512  0.212 0.41
Total shoot in branch 17 3 8.7 321 0.37 17 4 103 355 0.35
Total leaf in shoot 166 22 71.4 34.27  0.48 204 39 114.4 46,51 0.4l
Total mine in shoot 60 4 24.9.  14.17 0.57 39 2 15.7 .56 0.61
No. of mine per leaf 0.73 0.08 0.361 0.167 0.46 3.33 0.03 0.146 0.089 0.61
Total mine in branch 112 16 49.5 21.39  0.43 106 13 . 41.5 22.63 0.54

8.D.: standard deviation (+)
C.V. ! coefficient of variation (+)
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Table 19.

|

Distritution of mine within tree,
-—_“__L—ﬁ_‘_ﬁ‘___h_ﬁ_k———‘_____ﬁ
Orchard B
———tare &

I. ¥ TR fsi 2 mined S 7

Table 9. Structure of shoot and the distriby
tion of mipe within sheot.

h——:r_—-_—___ SES
iStf:rfiesf of Ralls Jonathan
ca rom T —re— T
bottom to No. of gléine No. of ll;g;ne
top leaf leaf leaf leaf
—_—
1 248 0.34 T345 0.3
2 248 0.35 345 ¢.13
3 244 0.46 345 0.22
4 242 0.43 343 0.18
5 242 0.36 339 0.25
6 218 0.29 333 0.18
7 187 0.40 320 0.17
8 144 0.26 302 0.08
9 109 0.45 275 0.13
10 87 0.20 244 ¢.09
11 49 0.14 203 0.07
12 27 0.11 136 0.04
13 13 0 125 0.05
14 1 0 90 0
15 1 0 57 0.02
16 1 0 35 0.11
17 1 ¢} 3 0
18 2 0
19 1 0
Total 2073 0.35°  agqy 0.14
T 0

LRI 5B b7 TR&SYHRL, R & St
NI Th TR T ET L TR B, 103T 57 b 5

Orchard A

Q
a Level Di . Jonatha_nhm . Ralls — Ralls
g T Direction g Jenathan et T No o T Noor e —
34 ‘mine mine in mine in mine in mine in mine in
o in LMS+ a_cluster a LMS a cluster a LMS cluster
Top South 9 - 105 14 41 . 3 20
North i1 - 89 6 27 8 16
II Sub-tota] 20 194 . 20 68 11 36
Bormm—m——— %0 -—‘——i——_‘—“‘—i——_h__
Bottom South 55 278 23 135 13 58
North 59 335 20 141 11 36
Sub.tota] 114 613 43 276 24 94
o - -t
Total 134 807 63 344 35 130
— i %
Top South .16 159 17 135 7 20
’ North 18 109 19 85 1 18
I Sub-tota] 32 268 36 220 8 39
Bottom South 60 654 56 295 13 98
. North 73 320 58 245 49
Sub-total 133 1074 114 540 19 147
Total 165 1342 150 760 27 186
Top South T 699 - 366 - 40 -
North 526 - 372 - 53 -
v Sub-total 1325 738 - 93 -
— T —_— T
Bottom South 2027 - 1426 - 113
North 1957 - 1530 - 104 -
Bub-total 3984 - 2956 - 217 -
—_— T =
T'otal 5309 - 3694 - 310 -
_— —— T

* ! Hereafter we define LMS as a leaf in middle part of shoot
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Table 11. Analysis of variance of mine density within tree in the second generation in Table 1{).

LMS - FL

Sourse DF . - -

’ 55 MS F P 55 MS F P
Level (A) 1 171.12 171.12 36.876 sk 4914.2 4914.20 89.773 ok
Direction (B) 1 0.32 0.32 0.069 13.62 13.62 0.249
Inter tree (C) 19 414.15 21.80 4.698 * 4739.20 249 .43 - 4,557 A
A Xx B 1 0.61 0.61 0.131 108.06 108.06 1.974
AxC 19 181.63 3.56 2.063 1881.18 99.01 1.809
B x C 19 209.93 11.05 2.381 * 2306.68 121.40 2.218 *
AxBxC 19 88.14 4.64 ’ 1040.14 04.74

Total 79 1065.90 15003.00

FEOD I GEEOE L 1 5 FAET 2000 -
Toidisbk, TNTOECHL & 5ehirgE, By Ly
KTRICE L, RERCPihote, S, ki
DIER - 1 BREOEG 81T & 24k b AU B
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Table 12. Analysis of variance of mine density in the second generation after log (x--1)

transformation in Table 10.

Sample  yariety Source ss DF MS EMS Sy
Jonathan Inter tree 0.4474 9 0.04971  or+240e7°  0.00019
LMS Intra tree 11.2607 2390 0.00471 F1*
Total 11.7061 ° 2399 . |
Ralls Inter tree 0.1050 9 0.01167 o2+ 240072 (.0000:
Intra tree 4.6162 2390 0.00193 o2
Pooled Total 4.7212 2399 .
levels Jonathan Inter tree 0.8375 9 0.09305 sL24-120s9%  0.00037
TFC Intra tree 57.2929 1190 0.04814  op?’ .
i Total 58.1304 1199 o
LFC Ralls . Inter tree 1.6105 9 0.17894  op2+120e0?  0.00129
Intra tree 29.0721 1190 0.02443 o2
Total 30.6826 1199
Jonathan  Inter tree 0.3566 9  0.03961  or2-+120sw®  (.00028
LMS Intra tree 7.4321 1190 0.00625 or?
Total 7.7886 1199 . I
Ralls Inter tree _0.1014 9 0.01127  r+1200¢*  0.00008
7 rIf}tra tree 3.4140 1150 3.00187 ar?
Bottom otal 3.5154 1199 . _T
Jonathan Inter tree 2.6847 9 0.29830  or2460s47  0.0040
TFC Intra tree 32.3074 590  0.05476  oL?
il Total 36.9921 599 I
LFC Ralls Inter tree 2.1916 9 0.24351 o2+ 60477 0.00343
Intra tree 22.0926 590 0.03744 o012

Total 24,2842 599




¢y%y*vﬂ®@¢ﬁmﬁT%ﬂ% I.

bhiz, iz, ﬁ%ﬁ@%i%bik%u\@m—ﬂ,fm
m,ﬁéﬁgoﬂ&ézﬁﬁ&ﬁﬁbt:amxb,a

SIEL ok,
%L;ﬁ&awm%ﬁ%ﬁ

LB ok eE 5 2o

¥, A@@%@r:bwcéﬁﬁs‘ﬁﬁt (HL x5 hfrsg s s

ﬁ%%%ﬁ)r&ﬂl@(ﬂﬂ)miﬁﬁﬁb,%ﬁ%

ﬁbt&ca,%mi®i5

Rizotze Tiis, LF

C&KLt%ﬁ&T%ﬁHKOMT&t%%TH.&%
Tﬁﬁ@%ﬁ%éﬁm%@%<&aﬁ@ﬁ&%h.ﬁo

%ﬁ%ﬁ%@ﬁ@vzoto

~Tabhle 13.

Lz oL mrs ¢

Vv 2B ie kit mined 4 9

@ﬁﬁ,m%&%%%ﬁfﬁﬁﬁ%<.%Lz5¢ﬁ¥
TR o, 4, mE i Zos EETZ e B
%BQ%é,ﬁﬁ@%ﬁﬁ@%fﬁ?<kotamm.
%%5,%L:5¢ﬁ%&%hﬂ£fk%w%ﬁﬂ&&
h,ﬁWGﬁﬁ%ﬂifk%b@fﬁomo
%Sﬂﬁ@%éhﬁzﬁﬁéﬁﬁ,Aﬁ?mﬁbxﬁ

‘¢&%v@%§%5?@ﬁim§»ﬁ@m@baf.é

ﬁ@%@%&m%zﬁﬁib%%@v&&%éotcm
ﬁ%ﬁ%%ﬁ%geémA@o@%,ﬁi&:&mbr
ﬁﬁ%ﬁLt&:a,%wiwlﬁmtb.ﬁb;ﬁ*

Analysis of variance of mine density within tree in the third generation in Tabie 10,

Source DF

385 MS F
- ™
Level (A) 1 400.51 400.51 54.050

Direction (B 1
Inter tree (C) 19
A X B 1
A x C 19
B x ¢ 19

LMS TFC+LFC
P S5 MS F P
_
ok 15848.45 15848.45 148.607  dokx
5.51 5.51 0.744 1843.20  1843.20  17.083 e
213.94 11.26 1.520 10901.45  573.76 5.380 =
1.02 1.02 0.138 423.20  423.20 3.968
179.74 9.46 1.277 11412.08°  600.63 5.631 #=
159.24 9.38 1.131 5223.30 274.9] 2.578 =

&%vuk?@%ﬁﬂﬁﬁ%m&&h;%ommﬁ%k
%%EBh&momo~ﬁ,%ﬁ%ﬁfat%ﬁ,LT

DEDEIREEOE K2

< s I RS
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Analysis of variance of mine densijt

AxBxC 19 140.73 7.41 2026.30  106.65
B - - - - ‘ —____—_—'—‘———
Total 19 1100.69 47677.95 &

to&KAﬁoﬁﬁmour.%zﬁﬁo%émﬁuf
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¥ in the bottom of crown in the third generation

Table 14,
after log (
Sample unit Variety
Jonathan
LMS
Rolls
Jonathan
TFC+LFC
Ralls

total
- fotal

‘E&@%T@ﬂfﬂﬁﬁ%<

% 1) transformation in Table 190,
Source 'S8
Inter tree - 0.7458
Intra tree 8.4650
total : 9.2108
Inter tree 0.3323
Intra tree 8.6288
total 8.9611
Inter tree 27.6346
Intra tree 17.2816
tota] 44,9162
Inter tree 4.4921
Intra tree 25.1336

 29.6557

&L Mo S T D
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E LB Zre B

w$®i5ktb.A@@Eﬁkiwﬂiﬁmﬁlﬁﬁ

DF MS EMS Sp2
9 0.0829  o12480s02 §.00090
790 0.0107 g2
799
9 0.069  or2+80s27  §.00033
790 0.0109 - g72
799
9 3.0705 612440002 0.07586
390 0.0443 g2
399 '
9 0.4991 012448002  (.01087
390 0.0644  gp2

399
—_—
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Table 15. Analysis of variance of mine density within tree in the fourth generation.

Source SS DF MS F P
Level {A) 297289.1 1 297289.10 393,747 sk
Direction (B} 13.6 1 13.60 0.018
Inter tree (C) 75726.4 19 3985.60 5.275 wk
AxB 152.5 1 152.50 0.202
TA X C 19220.9 19 1011.63 1.339
B x C 285999 T8 1505.26 1.992
AxBxC 14255.5 . 19 755.55
Total 435357.9 79 '

oo MEASMEOREEEFEEORERE RS L, LET
WMoRLETIrSCEEERES D, ¥RHL & 5P
BowEE L BT 5 oFEOME 4 By ERIEEE

b, SHETIGL TS S FTHOEES S Lok
ErRIFHTETHZ ERAETES, LL, Fhb
OREFRITEIGERC R LI X 5, RofEnb R THTL

Table 16. Relations in mine density among the parts of crown.

Generation Variable n r -Regression equation
11 Top( ¥ ), Bottom( %)
LMS 28 0.577 *#% y=0.241 (x —6.167) +1.700
TFC LFC k1] 0.754 % ¥ =0.248 (x—32.933) +9.967
LMS(y ),TFC+LFC( %) 30 0.618 *=% 9 =0,158 (¥ —42.700) +7.733
LMS( y ),TFC+LFC( z) £ =2.416 (¥ —7.733) +42.700
II1 Top( ¥ ), Bottom{ x ) .
LMS 29 0.408 = 9 =0.149 (x —8.867) +2.530
TFC+LFC 30 0.568 sk ¥=0.192 (x —58.700) +17.567
JLMSC y ), TFC+LFC( x> 30 0.752 *+% »=0.111 (x —76.267) +11.400
LMS(y ), TFC+LFC{ x) #=5.107 (y —11.400) +76.267
v Top( %), Bottom( x }
LMS 30 0.741 #%% ¥ =0.324 ( x —238.567) -+71.867

LEWEBEDLO TRl ot 61T, B2 e
FAEECREAELTHL & 5> PSS E L ToB
FEEBE, =0.780 £ih, THOME (2) 2k
MORBEEE (y) ¥HEETa-doEBHERI

¥ =0.304 x —0.681
Eftotz, ¥, H2UHRLEI B0 BE ¥ B5L
T, L5 PREEDOmned (£) ALEEL5D
mine$ (y) FHET D icHOBIFR L LT

¥ =9.748 x +-0.151
AFEUrh, L= 0.388Thote, HL, 22
Tx. 3L NERESDLEEF S i h FSmine
Hehs,

2 il LS 3 RO REE 5 misih 3 47w
FHEEOFUREEL O, T Eew, B2
HATRE0RET >, IR TIOREL w2 T
THEE SR 25 EoBSE IWA0 (1968) Wit

S THRE LIS, LolERT

Z=0.005+1.751% o
Litote, 68, CHILERETRELE Y Ab
WEERRL I B EERR G LISERAEHLLZLOT,
COB, HE 0.920THE -, Tikb, }lkﬂ\ﬂaﬁligﬁ;
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Exb oo IASHE RicT o b CES, SR ED
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(NL) 1 IWAO and KUNO (1968) i@ L5 &

BRHERSE (d) R —E L LB s
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Ny = i {1.005 x +0.751 %)
FIECHT B dOf (D=2) w-ite LIHE
2 1.005 ’
Ny = D ( = +0.751>
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Table 17. Susceptibility to artack by leaf miner in leaves in different kind of shoot,

No. of mine in No. of mine in Type B No. of mine in

Variety Leaf on primary  F o ——— ——————
Primary Leaf on secondary
Type A growth (B)) growth (Bjs) Type C
_—_ T .

Ralls 20 7 259 380
Ralls 10 2 229 413
Delicious - 15 4 104 230

o

Delicious 9 122 295
Classification of shoot hereafter.

Type A : normal shoot without secondary growth.
Type B : shoot with secondary growth.
Type C: sprout which is growing without termination tili Jate autumn.

Table 18, Percentage distribution of mine to the leaves on the secondary growth shoot in the
fourth generation.

. . . Kind of No. of sample . Ng, of miner % of mine in B; to
Locality Variety  pingicide Tree  Branch Per branch (B4 By
Yawatazaki, Onoe Ralis Bordeaux Mixture 3 30 1070 97.1
Kanehira, Iwaki Ralls Bordeaux Mixture 5 50 371 90.6
Kanehira, Iwakj Ralls Monox 1 io 70 95.9

—_
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Table 19. Distribution of mine among leaves
of shoot type C. -

w g Zi\;vata- Kanehira {gakada- Inal_wra_date
gEgE (Rallsy  (Rall) (0,0 (Delicious
‘-Eu.. ;g mean % mean % mean % mean %
moi‘,’ g8 of of of of
mine mine mine mine
— e mine
1 4.0 6.3 0.3 3.4 3.5 8.5 2.6 9.7
2 6.3 9.9 0.7 9.4 5.112.2 2.911.2
3 7.211.3 056 7.7 4.510.9 4.7 17.6
4 7.912.0 0.7 9.4 6.0 14.5 3.915.0
5 8.1 12.4 0.7 85 4.5 10.7 3.011.4
6 7.311.1 0.7 8.5 3.9 8.5 2.2 8.3
7 6.1 9.3 9.7 85 2.8 5.8 1.7 6.8
8 4.6 6.3 0.7 9.4 31 756 1.3 4.7
G 4.4 6.2 0.5 6.0 2.2 5.4 0.9 1.5
10 2.6 3.9 0.4 5.1 1.6 3.9 0.8 2.8
11 2.3 3.4 0.1 1.7 1.4 3.4 0.8 3.2
iz 1.5 21 o.2 26 1.1 2.5 0.4 1.5
13 0.9 1.3 0.1 1.7 0.5 1.3 0.4 1.5
14 0.4 0.5 0.3 4.3 0.4 1.1 0.3 1.1
15 0.6 0.9 0. L7 01 0.2 0.3 08
16 0.3 0.4 0.3 3.4 0.2 0.5 0.2 0.8
17 0.4 0.6 0.1 0.8 0.1 0.2 0 0
18 0.3 0,4 01 0.8 0.1 0.2 0" 0
19 0.3 0.4 0.1 1.7 0.2 0.4 0.1 0.2
20 0.2 0.2 0.3 4.3 0 0 0 0
21 3.1 0.2 ¢ 0 0 4] 0 0
22 0.3 0.3 0 ] 0 0 0
23 0.2 0.2 0.1 0.7 0 0 0 0
24 0.1 0.1 0 0 4] 0 0 0
25 0.1 0.1 0 0 0 0 0 0
Z.0 0 0 0 9o o ¢ 9
27 4] 0 0 4} 0 0 0 0
28 0 0 -0 0 0 0 0 0
29 0.1 6.1 0 4] 0 0 0 0
30 0 0 0 0 0 0 0 0
—_ —_— 7 0 0
No. shoot 3p 15

8
8
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Studies on the population of the apple leaf ‘mjner,
Lithocolletis Yingoniellz MATSUMURA.
L. Distribution of the mines on trees.

Masatery YAMADaA, Nebuyuki OYAMA and Norio SEKITA, .

Entomology Section, Aomori Apple Experiment Station,
Kuro’jshi—Cify, Aomori—Prefecture. Japan,

of the distribution within trees, The result ig Summarised as follows,

1. By the analysis of variance, it wasg found that the pPopulation density g significantly
higher in the bottom part of the crown thap in the top in a]] generations, but there Wwas no
such difference between the inner and outer Parts of the crown nor between the southern and
northern pares. The vertiea] 'variation in density may be attributable to the low flying ability

of the adyltg and the difference in tnicro-climatic conditions between defferent levels of the crown.

17

2. The distribution of mineg within leafclusters in the first generation is fitted to the .

negative biomija] series with a ceémmon k. The higl aggregative tendency of this insect in the
first- generation jg Probably due to the combined effects of the ovipositing behavior and hetero.
geneity among Iegf‘clugters. The 'héterogeneity among leaf.clusters was already disscussed in
detail in 4 Previous paper (TSUGAWA et g] 1968) .

3. In the second generation the mine ig found in leaves of both fruit-clusters and growing

shoots. The distribution Pattern in frujtclyseers is also fitted 1o the negative binomial with
4 common k, within growing shoots there s a great difference in dens;’ty among leaves of
different ages.

4. In the third generation the variation in Population denéity due to the leaf age is greatly

reduced, because there is, asg g rule, no growth of shoots ar the time of oviposition by the second
generation adulys, The pattern of distribution in fruitclusters also shows the negative binomial
with a common k.

5. In the forth generation, when there is no secondary growth of shoot, little difference in
density ig found ameng leaves of differens ages, bur if secondary growth beceurrs the new leaves
are preferred by ovipositing adults. Thig favors the survival of thig insect, because such new
leaves on the secondary shoot Persist later in the season than the older ones. The detai] of




