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EENTNOETLINTS 50, FHREEHRIC OV TE, BrREET 2 4ENLNLORENTH S,

COWRETICH - T, EFAHEIBERERREKRHIIEELHEE, FLEROERTTH
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25 %, RO d O 10 A& D EINE RS,

11 A 20 REETERSTHN S (Fig. 1 ).
B A DZNT, 90T S BT B
(Plate 1, 2).

Fundatrices

Fig. 1 b =244 775 0UNERE MY, &
MR ORWIAE) (B, 1963~1964F)
The life cycle of Cinara todocole and seasonal
changes of the population density and percent-
age of trees attacked in a young plantation.
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Table 1. 90, feufpkits, AEBEERORE N GREE 15°C)
Developmental periods and fecuﬁdlty of the parthenngexzetic virginoparae at 15°C

G 1)'1‘ AR H &
;%% 'F,& 19 Mgd (1‘ B No. of larvae produced
i) o (5 s g larvae per day
No. RS o vi- produ-
Form renred 1%2:;03 Pr;ézfgé n pasition ced 1 i m | W
(days)lperiod period Mean (I~ (8~ (15~ (22~
72 - - ] IR=0Y 1
(days) (days)] £8.D0 7H)| 14H) 218 28H
7 14,1 7.0 21,1 . 1 4,3 3,6 4,0 2,3 0.9
8 | 14.3 6.4 | 20,7 ”ﬁﬁg 04 22 16| LS| L1 L1
o . . 26.0 | 35,3
& i 19.9 Lk 26,4 a0t 3 L7 1.8] L3| 1.1} —
; 9: 9 (23~28)| =43

1) R, BRI 3 B, AR 48, MBI OIS - TOROLOTESEOSHRT,
There are 4 larval instars in alatae and 3 jnstars in others.
D () BEHE,
( ) indicates a range.
3D EFHBHEIDL
DHEEE OB

MOL VIR, BFRTHET
_Jw_ﬂ:ao%c

EFRE, FHUREETHH fit’i{ma)u DLEO Uy g, BT (Table 1), B
THBo HI HCE, TOROOED, Kl BORIhCE
BOHETT 5 SATON A O, 15°CTROFN GBI 20 A
D, FOREMERICE > THLDRER LAY, BT
FCIR DA SILTITN S,
AL TE e D, 10 MAEDOFE 89, 4456, 1 SO0 A

DIEde, BETFRIREERD ML L2 AMRIOBEERE S B LEL LN, FER
KB, HAHOHEHOEC LA LN W (R ZHOHENESES o LA UFERELED D
SOGHEELTHE, BPTRES LAEEPOBHLTUE S EESE L, #
[l (20~30 IS TH
b, FEERICELLEALNEH0E 1T RO TEE LR TR, B
% (Table 2), F7AMFOBOMAT, HEbEBUT 5DEWBNICHIELENSHELTH 2L, B

FHES T

CRENBEREFREVNELONBOOT, ChilRFELLTL 3D OEFHROME

W% T H
HOR o DEIERE, Bk, EPEITEMA

s
THEPOBRE LN, BT

Bohish -k, LEHBHEADWE 12 om FTRO AT

Table 2. # Gl s D GHE 15°C)
Fecundity of the flptcrous virginoparae rearved in crowds (2030 per
Z-years old seedling) from birth at 15°C

o M kKD - + 4 i R Fil
ILN() of parents ‘ No. of larvae produced Larviposition penod (day‘a)
l Mean + §.D. Mean (Min.~Max.)
8 , 36.9 & 3.2 26,0 (24--32)

1 kdtk, B B,

From the teneral adults they were reared in isolation.




Table 3,

developmental period and

Relation of t erature to the

fecundity of aptertus virginoparae

empe-
rature
¢y

period “iperiod
{days) (days)
I
16¢ 8 16, 4 39,9 6.9 g 0.9 0.7 0.7 | 07
8 6.4 20, 7 46, L6 LS L1
20° 8 9.7 3.0 13,6 310 240 180 0.9 -
i 2 9.4 13,4 2,0 1.4 1.0 1o -

v oA e

L4 K ) T8 e A

g &, Table 3D & 0T

4010

o ke
DRy

A
Relationship between temperature and the
1 larval development of apterous virginoparae,
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RNDTRPREREOASH, HRAMOYRE S - CTREEEEATAZE, 20°C PTFTRIZIZHE
WL ie s (Fig. 8o CORBLVEHHEEECHEIOHELTAT, REBRLHEIC FELHE
EENG,
EOHBAEHLTHEE, REBROS SREOETRBVE LA LS, HURREENIT
EARBEHMOECETHODR V. U VETIIMHRAEERRA L TH b BFHERLEHTTR
PARICEDRSS LNRND, BORBOBEE S, R4 UBERZOEEEOREKI L ST
PAHULB B, FRBEBENEHOEFOBENE S &3, BTRERST 25, BICHE DR
FICIS 51805 iz, MOBEERD TBEHT 3 HASS 5N 5. RE, Sbd o mMERIE 20°C 45
T, 25°C PLLETRETFROEYD, REBCIARETHL0EB L, 15°C UTFTRAEFORELE
i, ETROBOE TR BEBAINIC TH 5. |

2—3. Him (EINMgS, #H) ORE, BE

RO, HEE S 4 EBR LTRIREIL 2, Fo S UEESIE A 20°C OB T oEE T 5L, LT
Ui 5 BB 2 Bikss 5N 50 SR IEERERRL D 1BBORIEL, 15°C TRRETH
WH LIS, 20°C THEERHLTMCEY (Table 4),

FESPHE RSB RICTE - T BRI ABIRG T 3 2 T HE, 4754 bR IR BB & B AR
BED, RRBESEET L EHREES, cnBERICBY 2IOTR, RB&HR 8 EORES
DT BRHTHY, TORKDPOTIHFEERHOMBEBRE ESRBTHELURNZ, WFRI LTS HR

Table 4. EEIRREN, HERoLRBIM & EEEOBR
Relation between temperature and the larval period of sexuales

RECO i He o WAEMEANR ) 8 & MG i #
Temperature Sex No. reared Larval period (days) Remarks
10° =} 8 29,6 (28~30)
150 2 8 19.0 (19~21)
) ) 8 19,4 (18~20)
[=] 8 14,4 (13~15 s
20° 2 8 193 E1§~2(B SEoSy
Y 8 15,6 (15~16) 5 larval instars
Table 5. EEIFHTHIE, BN CREE OBK (BKRBRD
Relation of temperature to the preoviposition peried and the number
of eggs produced by oviparae {Under patural illumination)

o o 1 He O DR RS e ny
TR A AT . )
N N O pavs taken from | O of eggs 7 %
Temperature Preoviposition birth to ’ produced Remarks

period (days) - O{Iiposition Mean+ S, D.

10° 9muil 3941 L 6.041.2
159 510 25~-30 {10,541, 4 1

° - . ik 4 o4 In case
20 o18 23~31 8.0x1.4 of 4 larval instars

1) RENMOERE S IS,
It becomes shorter with decreasing of day-length.
2) FESPBRESME OB 10°, 15°1320MK, 20°I216MR DL,
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Table 6, PEEINGEEEEE L OB
Effect of temperature on the oviposition activities

| |

PESR IR UOH MO R

: CED B 99 ¥ | No. of eggs deosltcd ]
BoOE ("C) (‘n( .meviposi« No. of ...per day | A #
Temperature No, tion| eggs| DRIERIOHTE | ARG Remarks
tested| period deposited For the tlm‘r For whole
(days) 10 days days

159 6 <12”‘;g) 11,840.8 1 0.93£0.11 | 0.8340.11

10° 5 (3’\2,) 5.041.6 | 0.3240.10 | 0,2540.04

50 5 — 0,100, 06

0° 7o — 0

20.0 oo P e
L 4.8:42.7 | 0.38+40. 18
4| (agey | 4BE2T | 0.35%0.13 | 0.

. 0, 18:£0, 04

[ex

lg V\Y a1
Comlol 6 ooy 0B 0.7810,09 0.55:40.2
(in insectary) (14--29)

TH X—20H R, BFoE

221 ¥,
19

B, BT TR, BRERSHE LT L0 S 9 EN g L EikRT
BUHEEGBT MELULBERTHBITAE (Table 5), £OEIRIBENE
BTFPTH L. TH2°C TRIOPEENOE U S L END,
HHd, PEEMG E COMBRHEIIE15°C &L D,
F20°C T, MOBROAE LIVIECRIEMEK, 200 LI

AR IRTE ) &R & B RA
100Kk A E3 817V 4 Ak
. ENEFT
WA R A

BHELL 9ARPSI0A
Bl

T I

Tipb

B E DN TEF A

I5°C T 1HEHBADIRE L, ERES 12HR4 8 £<,
BEERT A, LY SEEBERSC AHiidss
CLOYC OERDERTS, 1 R4~ 68 10°C KK
5O-—20MF[, 10— 4 BeRID &L, BN £10°C

1

HD B E & FEOHGRMT W
, BLOLOHEWANE LG, LAk TEhlE R0 U0 L0
b B HET, AIBHFIC BT SIS SRR L, 1120 AFTET
2—4. IO IALES
WMAERE, AIEHH TR DS 4 HFHOBELLALLIZ LY, 5 HI0REITRT 4 %, SALHIE
10EFIHT, BEEEOIEMIC s s LT 2
RICETENARREKELTED, chd£DEE 15°C OE TN THALLI, FieD
BCIAREL, BIE15°C ORBT TR FoAERTE, 12A L ﬁja)w’)éi"ssf:lﬁ&/{;&“%;
R SE LT oF, BEFREMET 2031 ALOMEEE - TkD, Uhb2H, 3A3LEAR
B OURENE ESENZE, SHMECET S ARBE R AEMMSA BN TS (Table 7), 2/2X0
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Table 7. {0 (AR P EIBOLLEDBE
The result of hatching test against the overwintering eggs collected
at various times of the hibernation period
e an s SALE T D) USRI
it 5 A | Incubation pc.mod h) ‘1 -
£ - ! 7
HOF | . {(days) |Hatching (%) o,
Date tested tec*':c%g& W OH . A T period % hatch Remarks
o First | 7Y | Last (days) i
1968 ¥I--27 60 \ ‘ o
1969 17 20 174 21 | 24 8 73.8
H— 6 60 16 | 18 | 22 7 60.0 |
. : . s , o~ | Incubated at 15°C and
A S R B 8 | 800 1 764 relative humidity
W 7 0 7 1 9 | 14 8 85.0 |
1969 KI—19 80 l ‘ o
Xi— 8 60 (22 | — | - — 1.7
1970 1— 6 60 20 ; 24 1 2 9 26.7 |
o6 60 6 19 1 26 i e8|
W 6 60 noo15 2 10| 6.0 |
V- 6 60 11 " 13 } 16 6 | 7.0
|
Table 8. b U IR & IR D 4L & DB

Effect of the duration of cold storage on the incubation
period of overwintering eggs

A = SALE TS HE SLEIN
’@thfi i 5 v TID! PR Incubation period () &b & az
Tempera~| 27 o 9 8 HPNo, of y o fi %
ture Drr ):g H d Days eggEs ey (Qa} 5) H'al/'CHiiﬂO > ( }>] Remarks
N ate tested 077 e WIS | cnor | period % hatc B
?ﬁ?fia@d grposed | tested | rsi! 50% | (davs)
0°C 1969 X[—8 19 60 | (28) 1 — | — — & 3,3
1970 16 48 60 17 . 20 | 23 7 40.¢
6 79 60 13 16 19 7 71,7
6 107 &0 10 12 15 6 76,7
V-6 138 60 8 10 14 7 85,0 Incubated at
- R ) 15°C and 76%
V-4 166 30 8 9 1 ] 50,0 relative
V-20 182 30 8 9 12 5 50,0 humidity
—BOC 1969 Y-8 19 60| 0
1970 -6 79 60 ‘ 21 24 27 7 17,5
y—6 138 60 i i4 17 20 7 34.0
i) MERR S ZBEGRICE S ST b,
FREBBII R R0 LRE -TEY, COBGIT0EDOH B IBIELDNFRO B LT RENEE
<, FRGIEOEL BEED I IR0,
T DA, BRI AR W5 AT (Table 8), MO AR WhORED
LRMERLBDEA LN L, TihE, BEAE 00 & 500 LB, & &I

B EoRDA0ET
B B0% DA LHM T~8 HBLNTED, 2

RIL T BH, 0°COERNETTHE, &<TORBARD

SES A

& 5Tk A
ok DL L s B A

5°C 0’]Jb 7“1{\

zr:;\

BTHHE0C I

TN
L
p
[
=
[\J
«.I]
=
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Table 8. BELIHO
Relation between temperature and the anubatmﬂ period of
overwintering eggs
it A bis] : % A [Cil)a I
Peatie A g | ™ o < Incubation peric : B (i " ,
(°CHNo. of ' B ) i B
Date tested Tempera-| egg —7 (‘dfl.%). Hatching . (%) Remarks
ture tested b 50% | # 7 period % hatch
’ oY rst % Last (days)
1970 {6 59 &0 on
10° 60 17 20 22 it 88,3
15¢ 50 10 12 15 6 76,7
20° 60 8 2 10 3 13.3
25° &0 0
1970 V-6 59 60 ey Stored at 0°0 and
¢ : N i bated a 769
10¢ 4 14 17 59 9 EQC;;)&?ZLCI at 76%
59 &0 8 10 14 7
4

RIC0°C OEE MLE@"” L7z ’Qf/H W

'7}‘”25 T

IR D S ETD

P, BOSMEBEEORED DY, i

A7 WNaCl @ fi

28
PRBENOT, HALoOEERET S

o @3,

TALTH LT d L

W, BAIESEOL SR

L,

CEIYAME (REEE

Wk o T, TOMTRYA LD BBIE

Table 9 ¢

& PLE R 10207 C [
s

#4763

i
(Fig,
H &

CHERHR D 5 &

‘:E{‘ Q. (SESS

da iy s -
SEBOTHRS

07 8) 24 H

)
I

(e

. 20°C, 25°CIa

Relationship betwem t.empe AR o3
and the rate of egg development.
Mumerals indicate date tested,
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3. HIEER, RELOWBH
-1 HEZM, FEHMG
FEevA AT 7SRRI E T B ¥y (Ables sachalinesis) I UM & LT, £OEHEMNOD
I (A firma), VI Juxl (A homolepis), SNERITED 5w (A balsamea) 155, =3
B (Abies) OMAIBIESHFELI BL5THS. UL, choolifTh, HFEMEWOLLEOR

KRE O, & L < BEAR AR OHEBASI » REOH#MAIEE LU TCOLHIEL L
mrmmmobtﬁﬁf,ﬁﬁmbﬁvvﬁw%wﬁﬁgw SNTOELS, T 5O HHRRI10E

CHOVETORE 2 mTRUTOE KT, TNEBOAEERCBEBLAEEELELLS

TR, TEABRENEFELRZOVOD, HEIVEFETERCOD, TOFEBFTO UEBERRD
BECSLTRECEHEATOE Y, L LABOSYHOERO Uk, &3 0REL~OFHARER
Eipe, 2, 3OREPHERTE S,

PYRUAAT T IRGBOT 7T A VvEEEE FEEDOMBNICOSEE A, HEERIRY B,
FOES, BEPLEZIAINADHEEEOMBENEEBD, £OEMRBIILREBICEAE T, By
4@?:@#}%&:@1,17@% (BAEE, 1972%9), DS 5 RBEERET TV B LA N, RIKE
{BERRIBVNURBHAEL, »o LT, SFmdtoL ) AsHEIR b0 Bbhb, &
%, kS, GARUHE T, WAEWEE, HEMLIASERI DI AS, ERLRIES S, WHEICH
BOLTEHE ICRBELD, WES 2 myikicET 5 EEEo, UhLTFHIRESN TS

LU e, COLDWYFRNREECX s TOSFESMEILINTH S E3E L SO HBER S
Lo ZNSDORABEDLIWARE LI - Th, FHIRL EMIELHEORS OBE ORER, MO
BHELELRVWELZONZLLGTH L, ThiCbhhbod, ThbOWMHFLNLLNT, Thhfl

FICHEE LTS EE, WH LT,

YR OMIIL, ZORFERLEBIELL, TBMRICEETIT 77 5 VTR, FHOE B
BUFLRREERIC LD, BRI BERSREL MNP B0, CRRERSEES L, 775
LYBEIT S OHEOFRBMBEL LoD E0b T b (Dixox, 19709 ; SPEF, 197139), b F
=UAFTTIZIELTE, CORRPOTRAREENTORVY, LROSARPLAT, FEOM
B CREBOFE LD SERRIC & - T BAREIN G RBIER) K& 2RHED KBRS DEAL
2, AMOFLEOHEHEEREL TSI LB,

PLEDT L SHEOEBILESU I FELEHOBEIE LD, ABOFHCAERBEOMBICS &5
FHEBLOBHENEN DL N D, WEHERFETINTOEY, HLULBREHRRBFFIGLOES
TEL, BEALDLDREZCTHEMN, RET 5. FoASE L, BRAKRSHEAELEAR, miuc

WA EROFURDNLBRIEE 20085, FEROTRBBBELD, CoELS, HELTHET
VO (BB KX -TRT 77 4 v OHEEBCERE ROBROEY) 20 2BET, BROT
ERORTH O~ OFERE IRH8, COLIBLIMNCTHHERCE, HROMBEEIOLERLIT
DHUEFCA - FEMCFELTOAFABLELES SN, BeEEERAEHL L ER OIS IHE
Thbo AEMASEE T AT LB BE DR LY, BREHORRIZEELAETNT, i
W FE LSS BEIENT 5,

[EYagADL:




FETYA AT T T DM

32, BRHMEBEOHA
W, SROBEBBICETEE, B30 EERET - ORI SV TR
TSI DV T OARENTE

D% %, A CXABBMABBESIEHT, Libi-TINonE B
§ 5 6 1 FH~7 A IS BADEA S NG (Fig 1880,
BT, bEEEBEIE O OBEEME L D
WA ZD,  COBOBELSEEINC S LT MR
ED
R ORASEERADILERIC b7 23R, §5 2151

ChEE UIEME O S O,

5

N V)/f’l,/; 57)7”

U U F AT D

HELLTLS 3EB00A700, ZRIYNARD

ial} I

Wy W

BB BRI, b TSR B T OHin b5

Vo Lt

DERIT HBLE 4 s

: ‘ SPA BT L DESD, WhY3

AEBELIN, UL, HERE 20l d s &, £ oMEids
o BT AR DS, COBOBEE NRNEITEL2b0L 50

FELHEEORMCOGBHE BT AN, < HEOHE LTORE

LT AARMKECGESE, ToBBRE UGN EEEZ R

DI LEBDORNDGHR E Sl bi s b, & 6T

LS IMEIN IR S & S d, £ OBRE TS Ok

Pl BREMTE
2, Biduc Xk 59

o, eNENANEI A UTEERT 5, ELTOO.

AR o vne—20 0, R
HEECT B BRAR C LD,

W &3

N

EENBP S H LN 2D, WfncRE (an=—4
(=

B A, B iifhg

S TOERBLINTD

R UTE
I

Bdbo B

RDDT T 5 by

BRI B i - T DOk DIk~
LD PRSI TENC S &0 <
U AR O E/E 7 DR

bosBbis, LipLinis £ g

ST ELEHTH S,

Fibh, e OREIPRE BEG & X, 13

HE
BLICETEINTOAL, HEMERT HEEED HED

X009 OIFHS S O WA B O
S L, THEREEAO BERLE NS
(Fig. 5). 5, CHEEE 1~ 2mORKI DN WeATHBE, BEOBALHUT, ML
50cm PITFOTF 25, RUVT 50100 cm B o HuRt B, T 100 em BLED ER G UBTHEA &
W ey HHEED, BEESEETREOHESSBERUEGRKIE -TWa (Table 10), 71,

OB BEOBOWRTIE, ZOMEMARSERRERINTOELEBEG, o BB,

B
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Table 10, B EIEBEMBOMIE) BHCH ENR L BIEEY.
Number of eggs deposited and the egp density by tree crown story

e | Hi * #  Height from base of tree
e | VR
HHEA AET2 EEINER For
” Tree | ol ) 85 0~-50 ¢ 50~100 cim 100 e~
Sample lheight ;i.‘otah (No. of density* ,, ' i
ength O eges (p LR ENE(VER DR ENEEREE BR ERREE
No. | (cm)ranc lo)Em wyBranchNo, |Den- |BranchNo. |Den- |BranchiNo. Den-
(cm) A length | egpsl Sitylengthl eggs  sitylength| egosl sity
1 147 3, 397 36 0. 11 2,242 31 0,14 861 S 0,08 294 o ¢
2 161 5,873 64 0,11 2,720, 55| 0,20 1,381 9 0.07 1,772 o 0
3 108 1,023 57 0, &6 782 55 0.70 112 2 0,18 129 o O
4 131 2,749 204 0.74] 1,044 56, 0, 54 942 129 1,31 763 190 0,25
5 131 2,828 1, 208 4,27] 1, 433 488 3,41 1,252 664 5,30 143 56 3,92
6 106 1,059 562 5. 31 580 210, 8.62 448 332 7,41 31 200 6,45
7 187, 4,452 6,666] 14,97 1,430 490 3,43 2,259 3,883 17,19 763 2,293 30,05
8 1390 2,786 6,576| 2360 1,044 2,103 20,14  942| 2,466 26,18 800 2,007 25,09

T, SR E LCOME, FlEND
1]
3 D B T, BEOY —2BEDE
@
z 1007 HILEERE H 2ODRE-20 LK
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c % 30 Ofb LNy, chick LgE 0L
5 20 B, BICEBEET LB ORRES
[»]
a0 £HB5C LR, ABOBOECRE
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EGE NI Dem #)
No. of eqgs per 10cm of twig length

Fig. 5 e CHED RORIEHMETD oML
LSRNy b= Ry
Relationship between egg density on terminal
twigs and the proportion of eggs deposited on

R0, WD DRI
C A

S, RS CLTLEIMSTH
new shoots.
A (BB
..... EINRESERVTNIHTHN LD, LHL, ROTOEBD S - LHEOEOMAOIE HICET &
1, BNASTEEE SABICHE L TO AR SN TR0, BERSTUE WSS, & L THEOS,
TEROHEIESH & LTHEREN L0, FREOENTEHORREA LML, OO & ISR

I 2 ZMH O & U L0EREHFDS FERLTH2 5B hS
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Table 11, b+ Fewidd

Species of ants associated with Cinare fodocols

AR =T, e} Lasius niger (Linsg)
2 ¢ Lasius flavus (Fasricivs)
3 o raswi Lasius fuliginosus (Lateeinie)
4 NFTHALTY Camponoius obscuripes Mayr

8 xS oA

) Formica yessensis Forsn

6 Zuywyl Formica japonice MorscruLsky
7 Pristomvrmex pungens Mavs

Paratrechine flavipes (F. Swirs)
Myrmica lobicornis Foreu

w0 2vy7 UZ

Myrmica spp.
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HU, W 1 iR oAOREERLIRTEsbN L Lbd b,

ARTHRAFT Y BBHEOT ) TH B4, 777 sy OEERCES 2BERRSEL, 2kbEL
AEER LIV, FNR 228085 ->Th, BAsb30Ens5~10cm CLWETTH 5 (Plate 2
B, L, 277V, 7asy 7V HEBLREN D L EARDS TR EWERICS {,
L7 TRBRRAOHB TR v 7 Y BISEROEERERZLTHE, chbD7T Vb, B, o
DHBRB OIS LRE D BBETH D, Uk, B-WALT2E 0T Y g LTnicd
BEb)TENTHY, TRINGOT I OBREMIC-EOTALUINRESAO N T 5 Ghh-
1, 1955%7),

FETYAATTIET ) EOREMBROBRET VI AVOHMS VAR, KihsORE, EER
BOr#El, N2 BLTOEFREOEREVINTEAD, 25 LEHEM LA T, LRI KT

B L, LrdEHSERE e ayr 7y todkgE, o7
5y, B FTUAAT T OEBCEAPICRERBEEEITOEENSC ENT X

FREeYAATTSOKBBRELT, O TRESEINLEESRTE, Table 120280 TH
B (e e - IR, 1966 5 (LI, 1972%9), FHEBNEIBEHONTED, C02ba7=v447T
T T REFICE T S REREOSHT GFl - Bk 19629, JEETR N FevA 2T 7 I I0EE
LT B, WERRROEIN TN,

EIAAT T I AF BAMBAICEO TSGR, UL BE, B, B, ARTeEmgsh, O
{H03RBONAEOL I THBEMGFLE « G, 19619; 196218 ; Waraxase and Taxava, 19655%),
JEE TR 196l ECR UBTRAIN TS, ENETHEEORETEE, Sr0REREIChI 2~
SRANESERINTNS, FRFAXT T I FLGEAR DD - THED - T, EREFE~ORER
XoTETB=IAY, HERERAT BAPEOE LELEo2 N30, BRERRET
BHEMOBBSO LB EE SO - HEASS D, BHDBRETHL, CNOQEPLAHT, B4 A
T INAFESBOBIEFER - TARND S HICBEASL LSRBASNLETE 20 6 LTV, &
B Pevdd7 770 ARRIZZET LSS @*ﬂi%% DirZ L, 1961 FHRTHRRBEINTLL
K, EHTEARICHARLYTIE, TORABEBEMCIER - TOE L EPEPD LN TS,

FANSAFT T INFEKE L LOALATOAHERT (Waranase, 194159), g TO0 & AHLE
HEADOHTRFBESN TR, MAQIEORED &40 - TRV ADS, 777 A vOEICBY
T, T —WOEEAPORAINLIETTH S, Uhb=i 4 BHENEL 2 5NhbDiE6~T7 ]

ROFIRENTOE LS TH S,

RICHAERE LTI CWRENCERIL, 0T T 77 AV OFERPOREINLEDT, TT
TTIAVERAETHCEN, BAEELIOENABCL s THAIN TS, INL05BF Y Y
L, BFRATS, AFu IR, BEAET TS LVOARES L THELEME (oligophagous) OFf
BHRTRY, ™YLy, ~FHT v, vYHABIEEEN (polyphagous) OHERTH %,

TG AYOEEBOHEPLALE, EVORFIFY LY, FFRYF VY, ~YRTIETT, ¥
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Table 12 + ¥ = v 4 4 7 7 59 @ K & &
Parasites and predators of Cinara fodocola
B & # & % i %
U ARG A AT TGN JUSIRTIN I = N R 0 ek
stE e vy - B , RN T + [=Ryd 8 5 S - ,
A A )/Iu/dij\a ae Pauesia inouyei zhf:ﬁ opids “}j= Chrysopa wnipponensis
Par- @ : WaTanans i € Oxamoro
asites ELAAT TG NF ER RS e
P, mowicola Chrysopa septem-
Waranane et Taxapa punciata Wasmary
e v e e 3 s A =Ry
” f/’ }Z;r?cz ;I;I I/r:i;r Chrysopa phyllo-
; : - . o chroma W ESMABL
et F T b TV A O
PNy BTN e . /. 2
%H@Hﬂi Coccin :Ul;d:e Haymeonia axyridis Chrysopa formosg
Pred- " © Parras Braveg
ators Fh YT Y ot /f o F gL nhay
Coceinella septem- Hemerobit (i s Micromus numerosus
punctate brucksi Navas
Muvsant LAy o o-FE
LA A S 3T Hemerobius micans
Propylaea 4a,7fmmm Oriver
THUNBERS o man e | PERFANFL LY
PR I B S ; [ Forficuwia scudderi
Hippodamia T de BORMA\T%
{redicimpunciata Forficulidae FoNF oY D
Linng Forficula mikado
. . A~ S aTT B’JRR
u oA | YRETAT T
g '-;Zp%iﬁaéﬂi Didea alneti Faviw BRI SN
DYERI YT AT T , lmrrhw’(l Japonica
Syrphus ribesii Livug de Bormans
’7-‘-‘-?79‘17?7_"’ i NERH Y VR ST Y H RANRP I
Syvphus japonicus Sin phvim dae Paedemfs parallelus
Lorw ‘Wrse
HEVESETS A AR ToYuY I
Epistrophe balteata Re auvx idae Rlyynoceris leucospilus
DeGsear € sibiricus Jaxoviey
: NPV A
Sphaerophovia Velinoides dilatatus
wienthastri Tannt Marsumura
T rRFRTT, RV EITLETY, FeIITT, s¥aradl, ~PILvITEY, RN TreAd

ATV, Vo Ut VYT Y ey, wanyavlll, sV T YR ENZAT v, BIROOR e A

LG RT T E R AEEN > TS, 10— 0BRSS RS U BRI, &L hET T
S AV DR 1 H 10~20BLLE, 2RO EDLL
F, 196697,

WaeHCEL e
(RkIH, 1973%), ©
EBlE LTABSOLOoBEELTED, FRBATEEE
HE SRR AN TV S (L

1o S - B, 196655 T,
A A LA, PREOCL OB

L G

s

FILA B E DR

WA, BEEOEDITENTIE, 7 WS D DEBEARICE LT ORAR

Rl TAVR2

T EIHiC

YbolEd o L DDBERPIST DT, &
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NSRSy — 2 s LIS, ElEREME LT, RREC Entomophthora aphidis Hosu. 254
EXNTHEH UL, 19599, @EFHOL OIS, FAFEECENTS, AL TERLLES
ENABEREREINED - 2,

I ErAMARRORERE LA HER

1 EEEOHE, vrIYVTER

F YA AT TS EAERRESS { BROBLDS LA 505130, MERNEHE I GRS
CEHT B, LrSEERNBEHEICED, 250 0REPTCORECHE, HELTHETY
OB LHRICER LT3 40D B0, ZDOLHREHDL LT, Er0BMITE 2R E5 L
OHADOTHE, R ICENT 2 XERE D, £ODCTTE, FERBOENK X2 RS (FE£F) %
BEW LI g T vy v (Mores, 1960%°) A, BEAMOMERELRS T,

FTibhb, Table 130T & SERIC Ly, BERE 040D TS5 BRIISY, FHEENOEEKE
KOWT, T HRREE AR OL I L THE 8 [, REAICHE ChESESITIC LD #EN

Table 13, } Fevd #4779 OHFEE ORI
Classification of the aphid infestation on a tree

lﬁe;%lt%n BRI X B H L A B D LSy MR
class Ocular ciasmﬁbatlon
0 BIEETS Lo
No aphids seen.
1 IR EFELED B, (a0 2—DJEA RN, BB I~2 O/ IE I a = —)

A few aphids or 1~2 small aphid colonies,

2 —RUTHEESDD L PEGEIDT0, BEONEE a2~ HH0E 1I~2 D
KEfLan=—)

Several small or 1~2 large colonies,

3 AERBDREZ D, (BLD/PERav=—, HENEEREOARELan2~)
Many small or several large colonies.
4 BHEEBELDTE V. (BLOREHagz~, HEORERISITCN, a2om-—

BER LI a2 b TREN T o=~ 2TE50)
Many large colonies or a few huge aggregates which many colonies are linked
each other,

Table 14, + Vo v4 47 75 O ENESMEY & B0k
The mean number of aphids per class of infested tree

2 B VT D
s e L : : i Required sample
BERE | SEEEEE | e e ;
gy | PR SEREREL | g I ) size
Class samble (%) (5) (SF]£Y % Ratio of o
b mean no, g‘;o),? £=0,2
1 40 31 25 4 13 1 &7 17
2 40 188 88 14 7 6 2 6
3 40 599 226 .36 6 20 i5 4
4 15 1,256 523 135 it 40 17 5

1D B YTl nzd(e1)?
Required sample size,
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Table 15, » ¥F=A 47 77 ORAERHN
The mean number of eggs per class of infested trees

RM%’%% P
99 L equired sample
(%) JU ’5)! ) J:u e

Ratio of

e . o
’x) X100 mean 1o, % omE
| S ()

No. of
sample

Class

P

20 &0 47 11 18 1 63 16

2 ©13 340 163 45 13 & 23 [
3 0 1,153 481 152 13 206 18 5

L/f«rfb, uv‘f/‘i;

e DAL
LD My
Ao 45 (Table 15),
196487, 196689),

o PRGN

i AeSchel S- bl

I ENA,

BT b, ST 2 Bl 100 AL e SR BT VLD TEE

PETYA AT

IO AN LT, B nikE

=L O R

{35

Fig. D, 2o 2l
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LG N €

AT, ShEFho
TRl 2 DE

Mnﬂl ;“

A DA

21 b PR VERBOREOEE, EEROEE
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WBEAERKIC b K=y ARk LBk T, By ey, 77 vvBRERE AN Feyidid,
el b B A AT T OWESLFIBHEINCLIBHENL S>TVD, CO 1O KBS LR
TR 7 ERICREE SN, 1962EHICRI L S b Fe U ssiigk & e 03 b LEICHET 5 8RR
FICER DI ON, RBHIE/ NG A)TH S

e 99() (AR 1. 1ha) KB TiE, W0mX10m OEFFEORER L—EME Tamic S
HE, cOXOIRLTEESN: 29 OBREKAD 830 DLk 20T, 44ER (9 A T4H~10 Bk
) 1z, 99(A) (K 1.50a) loB0TiE, 15010 Ko 6 fi#s, B 60 RKOBEERE 4 K (1966 4F
w2 OB B, BRIELTE, 8, 10 ADERE, 777 LY OFERE FERD, HHAROMHE,
iR OseRE, BEEBESE, FEE 1970 8£E 7T, BHE 197273 CREMIIHE Ui,

(2) BRI#ER

D ORBERAR mﬁ:%’x@fﬂﬁb’@iéﬁ;

T B 1) 2R T 5720, MHEEBNICTONAKOBED F Fevdd 777 0OH
KB, AHEEAR (BEROEREEE) £2E-T, ZOBEREHEHRTEE, Fig. 60EBDTH %,

REBHIOOD TR, 775 LAVDEAEELA O M FvYREIFETHY, Tohiviicdis
A, BELHEAT AN, HERBEOUEEIRESEED, DBHBLESEL BEHCRT VY LV
FHZEEAEHRLTLE - TV b, —HI9(BYTR, HROBFET TR T 75 4 v0BARS L, %
NEGHFEOEALBEECLAESRE LN, PRYU OEFKBEDIETLTO S, Tisbb, Hki
D&M, COBSEINOT TS AYOEEREBOVWLAICLYD, FEMADT 75 LvDBA, EHIC
BEEAONE300, WINELTHERE 10EC OO, FARSEEE S K& QLB oMk
ENTEET %,

i) EARKMORGEDSELG S OBKR

SREHO( AN BT, & B, RED L HMEIE (19634 L H, 197041348 2 [H) #MEST
BTV S, JHOHERK Y, TROFHNEHER AW T, 104MIch 3 BEREOEBHETR L
O Fig.?7 Th b, cORPLABBEIIMETCEIXIR, 777 LV BAROTHORMETH,

¥
k] 60F
g:i:_ 508 / \
55 w0 VRN A
% an kY
L E ; 7 \
§3 20 4 S \
£ 10 / ' 3
. (// M
scok Fig. 6 P F=VHERRBRO Fevdt
§ o A 775 DR, AR
Sl /,/-zw! \ WIS CE/MIO9(), 9905
S < A g on 3 9 ~104)
T E pok EAME 0 o, . .
a7 Tornakomai F(a) AN Annual changes of the aphid popu-
%‘,“QJOO- o N lation and percentage of trees at-
%ﬁé a::% b e ; tacked in young Tedo-fir plantations
S 3 ? f HOLLLZ 7 | 8 ] (Tomakomai 99(a), 99(b), in au~
B DK ¢ 0GR 5 A tumn).

Years 1nvesT fed and ro.
years after planting



attack during 10years after the
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IS

PERY A AT o 21
i |
g; i ]Z
£33 Lol ok
5 80 R
el 1
RS aw \
vé@ 50 /\ P \\ i f\
e 40 P T
e ] v VA
gz 30 /\ b W “,/ﬁ\
S FwvAA 82 / \
1 ji Y i
, LU o 10 P /Aj' .
N 7 3 1;?“ U)ﬂ{ }-y g 0 «1/ "
/j\i\rflgq(’ 500 < 1000
Chatn ges in aphid population and %A@ 800
in percentage of trees attacked and g?; 600 § ;"\
dead trees caused by the aphid 5%5 Lo
&
\5 k23
£

establishment of Todo-fir plantation ;?;' . ‘
{(Tomakomal 99(b)). Month Fi BT ATV
Year 1964 1965 1969 11970
RSP NERERR, 2 3 708

1
Years after planting

L eao g, 10 A o
E /;\"fl)\99kf>)>
\\ Ratios of the aphid populations in August and in October
\ to those in June—Pattern of seasonal population changes
A\ from June to October (Tomakomai 98(b)),
\\,,,2 Numerals indicate vears investigated.
1 B 5 T,

AT ATRIRC D ST A Ok

[
STIREIT

L, & ‘/)THD;\,» ﬁa\"fh’ii

sk & 15

FOLR (6 ) OBELLE UK

OHE (811, %k Q0J]) oW

NAENDFICE Y BHED DHKETOD) &
OGS -2E, RELIOOI MO D, T

SEIEE DR (1964~1966) 12, FibroEAD
DPEEMLIKET, FOTTIEEASHOLEGD, &L IRDoBAT 5,
LB DA L E

K& LI BM, TIEE

%o Wd, 19728k

DERIE, 7~ 8 HOREERIL
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Table 16. + Fevd 47 77BN, AREEZ06~8 HE,
8 ~108 Mo 0FES C5/NMR93(A))
Ratios of aphid populations and percentages of trees atiacked in August to those
in June, or in October to those in August respectively (Tomakomal 99(b))

i ki (104 (%) :
LI 7 3 AR No@%ﬁ)hci}i%ﬁ(ﬁz‘ees 8 U J iy 10]‘ /8 9% trees at:tagfejd 8 1 / 6 1 Ioﬁﬂée}j
Year . . N Aucr / ()ct / - O . Augﬂ./ Oct.f
6}’«15 ikug ]C\;u/cq J un, Aug. 63311? éj%ug 5(5 Jun, Aug.
1963 e 8.96 - _! e | 2.9 e -
1964 7,78 72,1 | 54,2 9.3 0.75 2.5 10.5 8.9 4,2 0, 85
1965 6,95 | 121 119 17, 4 Q.98 01 13,9 15,5 6,6 1.12
1966 18,5 236 339 12.8 1. 44 3.7 24,0 30.3 6.5 1,26
1967 5 269 715 359 2,7 0. 50 25,6 52.5 41,8 2.1 0.80
1968 6 326 917 346 2.8 0,38 28,2, B55.2] 59.0 2,0 1.07
1969 7 234 1100 481 4,7 0. 44 39.3 56, 2 41,2 1.4 0,73
1970 8 e | 757 229 — Q. 30 - 58,9 30,2 — 0.51
1971 9 276 775 197 2.8 0.25)| 28,4 51.8 42,2 1.8 0,81
1972 10 393 309 51.0 0.8 0.17 25,9 33.3 10, 3 1.3 0.31

uLbabA L, TT5 LV ORBAR, BEOBHEGO L — D, PHETRRSE, FHTRK
BUTHRCRLOGI bR LD, CNHE 10 OEER 2 LRI 5 RS RERTE -
Tm&&&bﬂéo '

i) B~KHEOREOETER

WL, ENTRIET T I 6 VOBAR, BEPORETCOBRELERSLOL I G—~VERTODTH
BAdpe ENG—HOEESIZBRVEREROEELEELONT, H~E, £ L TE~HROMELS
id, oBERSAECEE LTV LR KEbiLS

WERABHEHOEE S HFEROBRILAERDTAZE, ROXIULTDE - &) LIERBRD N
% (Table 16),

9 6~8 AHOFEOHME (6 AL 8 A~DEEKEOEEE i, 6 AOBEOENINBEEET
BOoU xS IREL, 6 BOBESREICE TS 1967 ERIETII/DE D, HEoMicE SR
B, TRbEHEO ERICESRIBMEOET LN BgdAs LS (Fig 9. E5iK6~8JIHD
%&@%k$u0m¢%ﬂ%®Mﬁmw@@n,Gﬂwﬁiﬁ—'{5&&@6 FECHRARIIETS
5 (Fig, 10), LALRHS, 8§~10AMTRCOL D EERERS A VIEafmBERE s 0T,
LUA P Fe v G oREBTEHEOBBBEY & 5T, BUDREERL, HEELE S1ICePBnoM
B, BEAERPSALDE LAY, MBAMKS s EHUBRES
FEROBDBAB LB LS (Fig 1D,

Lo EDDL, BhLEETHBERIRE BiGs, ThEMOKETCRETIMRDEEICHME
LT, 5800 A OB NE LHECEEASS B LSRN, TNENOBIEE

W
LThnao &%S’Jm/ Eﬂ/%o
B1DHE TRhbbHILSE
DOFEEED 2 D)

W BERENICET T 2R & LT, KolEm &FERN
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2 1% Relatmnshlp between the popula-

f;‘; m o2 tion density in June and the rate

Gk of population increase from June

. to August (Tomakomai 99(b)).

o ¥ o . .

PR Numerals indicate years investi-

b w2 gated. Year 1972 was character-
05 A ) ‘ ) ized by unusual high tempera-

5 10 50 100 500 tures from July to August,

&R 0® B (I8

No. of aphids per 10 trees (iog scale)

Rate of increase in numnber

€ 868
7
w72 269
fd . .
= 2 20 50
”T *I }

&
&

/)’(7 197241200 T NV 3

% "J"‘&in
Relationship between the percentage of treeq
attacked in June and the rate of increase in
number of {rees attacked from June to August

(Tomakomai 99(b)).
Numerals indicate years investigated,

RPN 3
BPEA LA, b Fw

")lﬂ”ﬂd“.,

e YA B o

BB 5120°T,
VAAT T H TR DT L, — e, ik
BT ) O 53 & -
BRI N TV S, LicdoT, KBOATE -

s i 1] 1 3} i il H 3 ]
G963 64 65 ‘oo 67 68 89 70 T 272
# SR Year
Fig. 11 8~10HBIcH Y 20, SEEOH

eatn /‘T( .A{b (1}4 \4’1199(7)))
Annual changes of ratios of aphid popu-
lation and number of trees attacked
in October to those in August respec-
tively (Tomakomai 99(h)).

S, Linl, BETH
O N3

NGV NDYE

(\Lf\w)

BFHRE S -0, ChbEEEOE £
ERER EATVEZ LI,
Wi FIC & I IR D]

B, 3
(AED
BB, ECAH Table 17RRLTHEL L3,
FHEMAMAE R 2T DTHD,

TR NV 10R% D OEEKTER) TR

BB B, L LA s

A1ARHEDC
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Table 17. AR 1ARH D OMER S FEHE GB/NOH(A))

Changes in aphid densities on a tree attacked (Tomakomal 99(b))

Ay | ; 3 il M 1cms ¥4 )
5 a5 g Sk | A R
I %ﬁ%ﬁ@ S | SEERMR | 4, Z?Zi}hiﬁ%gj%ge No. af a}}bld‘i ner 1cm"
EEEEREEY/ Y Years Av, tree | Av. trunk | = ‘ of trunk volume
Year . after h(e;ﬁgt "(‘211;’1§§e L6 A8 A0 gls A } 8 A i10 A
planting - ’ [ Jun. Aug, | Oct. Jun, | Aug. Oct.
1964 2 37 10,4 31,0 68,7 60.9| 298| 6.6l 5,86
1965 3 49 22,0 3.0 86,7 7.2 1.4l 3,94 3.51
1966 4 66 48,0 50,6 1 98.3| 111 .05 | 205 2.31
1967 5 76 711 105 136 38.5 | 1.48| 1.91| 0.54
1968 6 87 102 116 166 58,6 | 1,14| 1.63| 0.57
1969 7 108 181 59,3 | 197 117 0.33] 1,09| 0.65
1970 8 130 298 — 129 | 76,0 | 0,43| 0.26
1971 9 146 406 729 150 | 46,7 0.18 0.37| 0.12
1972 10 167 582 152 92.7 . 49.5| 0.26  0.16 0,09
BRI OER DT o oIS UARMKE {35 S BEMALIERTS ZOT, FHEARSAERLE

HMEVSESLHNE, H2VRKBICEENEE - TO 000 LT, £ODiFlaFEiitR
DT OREBOFHOEEEEL LN

Lpl, CCT—2FRLRTNERLRGERE, CORMOBERESE, T b4 EEMED
EERFEOBKENAEL, SAREFESOANVEED EFHT5L, FHEOHWAREIVNE (LB L
WAL ETH B, ULEARTH, FEATOSEBEINEE LD BIC, BEMUC L » THEEHD
HENTOWELEHEN, Lk -TT 77 L VEAROBENEEOHMKY, FE~OHFEBETRE L
BHB LNl BT, FEOEARE->THALINTHD, CORLOWAPHHSI L LHE
OEMBELET LT T4,

BHEOHAE, BEEOBMCLAEELH N5, ERELTOREERONELE - TTH S,
CASHEEIIE 2 iR b S CMTL, 6 ATE~7 ALy TRPNIRET 5, £OHE

Hh, TMERCLIBHAENICREBECEBEREVASY, LSICHOREOBLICLD £ OH
EBEEEC L0, HENTETEREOEELST2L0ALS (1, 320, LALIO
B, wplo ko, 6 Aok IR EMENL LN TNRNDT, BESRT 2 REORERE
HRmE DS T ESTEIND,

ZLTEZLNLOR, B A EABOBAICRENE EREBENE TS, BT HE420
BT B ETH D, VERERONEEFEREOBHEALTH S &, LR 0% T T NME
Ho#had Q0% A BT NI TE D b —THICES) Th B, 0%% T BRI
— RS KRR B & 720, B0 EL it T B & & 75 A (LD - EH, 1967705
i, 197350), &5 U7 ASROBEERR, 777 & Y OB RNFEREERTIThiL 5 #R
EE L, BEOHARDUTMLRNEE TR, TETEERAAR KM OTHR S L DT
BOWAEETR, SO Vet 777 OHERE, AR THEENOZBETHE XD,
EOESEBENTHERNEN 0% MR ET DT, &MASEEELSD LT LM, tNEE
DEELHWBERIT EHHAT, BEHAMRLTLL CICEE, BWETEROHARS 27cb s 605,

.\
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20 P 1967
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10 vas %\EL\ BEOBAEGHIESEDEBCL, HHBWE
; RS EOWMBEICELLNEE, KEBCHEMET LT
2 ‘ /*'“/\\ > AP A NOPFNE
N Aan =L i) B-EEOEEOEHER
e% o N 10/ (FED OBFBOREN» 585w A (F
P oo ) ORBREICE M, EHRKEDE Y IEO
g i" ,23 /“/JM\._ 1965 EEyed 5 (Fig. 24),
° ok N BESPIC & B HBEORINR S 15h b IERE, AR
EEDBIRAELIRZEHBHLNDY, FEho®
BB LTons o s (Table 20), WHHE
DORFREIRULTA D &, HOLICEERFEESR
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ETo 5 (Fig. 26), HlEho®E GEED ©
O 1862, 19633 RSP T MMBURINIC
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ot R P R P P ] 725 R ORI b/ <1550 BIEMOET
Fig. 23 BRELICHY B AR BIF RS (1, 3-3), FERMERO b
(1963~19674F) , ,
Mean temperatures for each 10 days Nk, F—-EENTLEEPHERR &N S5
of month in Nopporo, BAD A~ E BRSNS S HRSE B, L

Ly ARSI ~2mE@NTosE, COBBRERMETLTNARE, 20BOETHERIMPELE
<, BEINCE I HABEDIEAPEBEAES LGN TR, LT 0B, BEEKCE &S
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B65HEOHEELFAE VETEEAERR AL TS (38, Fig. 14).
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BUC L O BEERIBNS O, BEINEMBEHRE TH WAL DRV bbb T, e GEEL
HELTHT 201, COBVEERCHZLHICELNG,

COMOMURE, FRICELTE, B3 Kb s 4 FHoRERESS 5 (Table 21),
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Table 21. S~ TR, FEUsE (BPEss(L))
Mortalities in the first (fundatrix) generation (Noppore 38(1))

e Fre 1T - e e LG - AR - e = e o 21 S .
WA R | wEmm SO AR e w R Remg (%)
Date su}viving Items® No. dying| % mo*f‘rahty
, 5 BATOER
1962 ¥L--20 E 599 Disappearence e
&8 HEBE, R
?hysmlogncw or mechdmcai 26, 2
damage
Total (Overwintering loss) :
I S Nd ;
1963 I¥—20 Eiﬁli . ? Failure to hatch ?
gL oy am >
Larval 1110rtqi;.ty .
il (FRSEDAT) 52,9
f atal (Sprmg mortality) c
Vi 4 | BEE <79.3>
1963 X—22 Eggg 675 L7 2.4
Physmloglcal of mechamual 127 18,8
damage
Total (Overwintering loss) 298 44,2
* & Ak y
1964 W—2 Eggg (377) Failure to hatch 9.0 13.0
: BRI RO 2 ana
Larval martaht,f e :
i
Total (Spring mortality) | 77 45. 4
5 | Bl BT oW oo
VE- 3 Adult 206 Generation mortality 69.5>
] AT Ok -
1965 ¥I—24 Ej%?f L 168 Disappearence 65.2 | 388
£8 LN, MBRIEESE .
Physiological or mechanical 27,4 16,3
damage
:ﬁi“ ~ i~
Total (Overwintering loss) 92.6 55.1
5 EH = 7}‘\ }n {‘f: 0]
1966 TW—26 Egg (75, 4) Failure to hatch :
e iﬁ'ﬁj‘{@]g’r)ﬁﬁ L)
meval maortality :
Tota‘i (Spring mortality) 27.9 37.0
_ ERERL p W T o=
V—26 Adult 47.5 Geperation mortality <7
BA O e ;
1967 ¥i--17 ngg 125 Disappearence 37.6 30.1
N T
Physiological or mechanical 30.2 24,1
damage
Total (Overwintering loss) 67.8 54.2
i * & oAb -
1968 W19 EjUEQ‘ (57,2) Failure to hatch ?
88 LG R QP o
Larval mortality :
1 o =
T Otdl (“-pﬁng mortality) 4.9 78.5
Yl 6 -I“Z{% &Mkm 12.3 L %'& <90, 2>

Genex ation mortality

1D BAREEAR (7~108) ZoRE

Obtained from 7 to 10 sample trees.
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k= —log S, S 1
Annual fluctuations of various k-

~ - ENEEET E:;\ )
values (k= —log S, &; survival r%fﬁ,a%&q ne Og‘?rwm\‘armg
egg loss
rate} in the first generation Barnan g
{(Nopporo 38(1)0. Vear
Table 22, WG MOBTICEYE UTv 4 L&A b L8R

Factors presumed to be responsible for the mortality during
the larval stage of fundatrix

Fa s Y H
T FRICD
- Ci??rut% £ Larval
4 atie L. A mortality
Nishit-aiae 3 ¢ includin
ty aphi wit 25TUS 7 7 N ) (n}clu( g
Year 3 by ttpl};d Wloh Lesi Max. wind e N Treo hf‘]ﬂht failure to
attack | niger .| velocity ?remp}tdi o0 hateh)
%) ) -~ (mm) o
1963 11,8 98,2 : 20,0 62.7 2 52.9
1964 4.4 98, 4 15,0 19.0 132 45,4
1966 0 91,3 18,7 19,6 192 37.0
1968 i, 1 90. 3 14,0 114, 6 257 78,5

5N BBV D 2ERDA L, b

R BEECHORGRAE

BE&EE, ADkE: - BT TR L, i

PRI TR ST L B Lk,
b honb,
Bl # i Table 22 )BT, 51
SeDHL

SBER LT B, Likkii- T,

B &, DR

1968 A, LIl

LT E
B dh e FE NSO PHEA~OEEEER <, Lisd COBR

Flebb T AL T Y G
AL DA D, Lt T,
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Table 23, F , DIEEIRDITE GLIED
Mortalities of eggs kept under or above the snow during the winter

Lo R
BT Ttems :
I 2 Mortalits fi %
Conditions kept |’ HUYIERTEY B2 (95) Remarks
%) Disap- | iiioy
peared g
; LO.Sm)l o, g 2.8 8.2 7118 |BEIRSNIUNELIOREA
0967"“68) BE LU L2.0m) ) g 7.1 54,7 11289 iR L
S 40,0 2.0 19.0 | s3:ay DB GREO.SmETF), b
L, | Under snow B (L 21 5m) & 6
(1968--69) £ CEED 84.7 14,0 70,7 17 1 83 ]
Above snc:w ’ : ’

r-‘”‘"’&'“w’ o
IR .
TS e e r0m"3

Trees
attacked _—®7

Fig. 27 FiEdgs QR iy supdnid (5 A) of

iélpﬁahm B, AMEFERLOMERZEL (ERSD, 3901
« TR 350 Annual changes of ratics of aphid population and
° « 39D number of trees attacked in May (fundatrix genera-

tion) to those in preceeding October (sexual genera-

1%1;2 b;3 & 6;5 e, ton) respectively (MNopporo 38(1), 39(1)).
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Table 25, FevAA7 73 OBEMOEHE - EEHEEOEDBE
Population changes of the Todofir aphid and factors responsible
for them in young Todo-fir plantations
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successive seasons,
2) Aphid population trend during abut 10 years after planting can be divided into three phases.
Early period : the first 2~3 years after aphid invasion ; Middle period : the next 3~4 years: Late
perciod : the last 3~4 years.
2y (1) Oviposition period {2) Period from eggs deposited to adult fundatrices
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Table 2

Appearance of alate virginoparae in the field

{
WAEAR | AEmERY  O® 0 B | B LA %) fii

Date No. of aphids Apiemv Alatae | % alatae Remarks
VI--20 140 110 30 21.4 % 2 ek

: 2 nel generaticm
VI-—13 76 73 3 o 3 i sy

Mainly 3rd gen.

i 7 5 115 6] G
Vi —30 96 96 0 ; ¢

1 3P on T,
Excluding 1st and 2nd instars and adult alatae which bad already departed.
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Table 27. REKMSEEBERRO HBEOWS (BE1EHEL D BRERRE, 15°C)
Proportion of alatae among the offspring produced by the 1st, 2und and
3rd generations exposed continuously to various day-lengths at 15°C
(Investigated by rearing mothers in isolation and their offspring in groups
of 8 to 5 from birth)
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FERET ¢ LMK DB AT TR Lok s,
TOMEE oAb OEE,

FEE RN EETE U CERE Y, A LB IO BN, BEE (AENBRoEAEE
Lird 20OFBEIR IR (FOIHHNOEE,

TR BRI BT, THOFESEELER LAY 1, 2, 4, 8#E LABGOFEEI
B (FEEE L OB,

SRRV 1EdUE MR 2 E, 3 H, 48, 5H (BB o, BMSELRE B Ui M
B, SRR, EICHEE Lok, BREEICBT S ¥ L s OB AR (B 0MR,

PlE, #~XTHEE ISR, BEB CTHEDPOME F6~H M) LHER L, HEHTTERL
Toe RAIGOMAREEDE L fod, FRIZODFL &, kLA EFE—EHOT 2~ M~ —3i
BAEAY XY (ERI), ThEN4 FROBO TR EZMIBICES LT 5,

EE T ~TIOREE, —I5 LT Table 81Kk LTH 5, FIEOHEDEE PR OGRIERE
BB S0 MR TE oL O, BASEMY, BT LES L THE - il - T, Fiifh
OB ENL S, WMEORENL AR LS CEHOBFHBSPBELTHS (ERI),

chic L, FRE 1SR SRRSO EEE TS &, wil

-

B Lafko, kitRhofy

/ yoke

%
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Table 28, °F et 4 oA B (crowding) OB (FE15h, 15°0)
Effect of rearing either the mothers or offspring in crowds on the proportion
of alatae developing among the offspring (at 18°C and 15h day)

I , ! fik fik " X . ”
H 5 reared/seedling A Nt fig ¥ 1 )
Experiment ! other No, of Apterae Alatae / aiatae

S XA VA 7 repricates
No. Mothers Offspring No. (%)

1 11 10 18 48,6
T 2 10 12 23 65,7
1) (38 3 12 20 20 50,0
54,8
I
1 10 17 18 51, 4
y o 2 12 15 25
(4 (3~5) 3 10 ¥ 14 38.9
50,9
! 23 20 0 o
2 20 4 3 17.7
?§%~M~?@% 3 22 19 2 9. &
' 4 21 15 4 21,1
S Av 12,1
I
1 5 9 15 62.5
2 6 ¢ 14 70,0
3 7 12 10 45,5
4 8 3 24 83,9
66,7
fp— 1 22 22 , 0 0
- P— 4 20 3 58.3
[—— 13 0 28 58,3
F— -8 2 24 36 60,0

ﬁm Wk (B BhcTh

ZERBLT,
EAA

o, KEOH
S B AL IF D,
WENARL LT 2D,
3,

76': /fél

OHBICEE L ThA 50 BbN%,

WL 3ENCIR S &, TR 3L
1, 2T hNn s b ¢h 5,
49)o FIbB, gk 2 B

ZILLIHD
IVOREE NS, £ O 1B
I EAEHEYT, 3

A g (Fig.
4 BELE
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Rearad 5 &gﬁffﬁ;’\\ﬂZ@bSﬁ:*?% (Figa 49, _.}.'f.lgDe &21&5&
in crowds-»singly
0o 7T | Rie, B2 BREIRY BORMERT LT S IR £
60 L WEIT A0S, 3 HEY S & 3 CHUMAE AL
x40 febO &R, BEALHBMREALL S (Fig
i
Tw 19, FEDo % DAMOBAAR, 16°C KBOTH
@
Zy ool HETRIS ﬁ Mt 3 B REICH S &H DN, T ORATHROBHAS
& i 1
g2 %0 2 [ ? | BT, B2 5 2 ORI X 0 B0 FESE
50} ? [ ) o , i
40 | o BENBY, HICHNEFEESIE SN2 bDEBD
20} - o b
0 8 i
2 3 4 5 104D
K 1% 24
lst instar Ind instar

WO R 0 88
No. of dly; affer birth

Fa\x =3 ﬁi@,&uﬁ &o)?% ﬁ NG, BEWL RO FEBESL, Ll T
éﬁgﬁg 47103 1, kS LEICH 1 A RICh D T 77 Ay A RES
Relationship between percentage of HhECEENHE, HEG LD & - iEh D omEis

alatae developing and the number of . o

% - Sk W -
days reared in crowds (in groups of eE s 2 s URHRERICED, FTH OLBREE
four) or singly after the birth (at o7 (Table 203,

12
16°C and 15 h day). '

ERIRZTHIKERLLLEOTH
GFTIEEASHBROMBUI L3 8 B b~ aic it Ui 1 %, FHHERMOTRET L
EChH, HEBOREEREDLOLTE P COES, ELTRETTO BER

o Ll Fig 47 (Bi#) &0, 8 HA&NOH
BleEHC bbb D,

HEBREE S TWOHBRELANE &0 0, TORMNE

Table 23, HEBEONEHCHT 2A0ULE0EE (15°C)
Effect of deferioration in the quality of aphx.db food on the
proportion of alatae developing (at 15°C)

£ B HOE B R HERE I U
Experiment Gl No. of aphids | No. of z’g@t@r%e fﬁdgi
No. Food condition reared/seedling| replicates P i -
2OH ) _
i Deteriorating #(4~6) 12 17 48 73.8
seedlings
i
# % W | (R (1) 38 20 11 35.5
Deteriorating
seedlings B O(3~~4) 18 10 41 80. 4
I
® & W o (B () 15 11 I 8.3
Fresh !
seedlings B (3~4) 7 9 15 62.5

<E> ERIRHRBESB E~dagho 1L #HRA ), TREES.
Experiment No. T was conducted under natural illumination in August when quite a few alatae
developed on fresh seedlings (Bee Fig. 55). In experiment No. ¥ aphids were reared under a long
day (15h) condition.
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%45 (Nova, 19604 ; Liss, 1966%), RFHIC
ISIEE LT A (Table 31),

Effect of isolation and L.rowding on the proportion of alatae developing
in the 2nd and 3 rd generations (at 15°C)

AN \ NALT-E S f (%)
’Lrenem.tmn Mother | No, of N (%
tested No. replicate | “TPHeIAC % als
. 6 6 50.0
jad 0 12 3 20,0
| V 8 5 12 70.6

Py
a

3 B2

! 8 18 10 35.7

i 2 8 10 14 58, 3
(3~35) 3 8 4 26 86.7
| ¢0,2
1 13 1 2
2 12 Q s s}
B b 3 5 g o ’
(1) 4 10 10 o
#® 3 i A 5.8
3xrd | 5 ; 5 i
“ 0 24 4 14,3
b
biid 4 8 o . o s
(35) 4 y 10 > P
T Av. 40,0
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Table 31. EMWEYR, BEHOL2OTHROFHE O HER
Relation of form of the parent to the proportion of alatae
developing among the offspring

Boo W oM i ¥ bis) H 2! il
Form of parent Apterae Alatae
b2 A 2 o e .
Comiion agens| 1 # & w [ mmz m o#|lg wm|y @
testod No, Apterae Alatae % alatae Apteme atae % alatae
’ . 1 11 10 47,6 8 6 42,9
2 (B
ond 2 21 11 34,4 21 9 | 300
(Parent) 3 17 17 50,0 6 12 66.7
“;§*3 D ! 9 18 66.7 — — —
(Offspring)! 32 5 | 45,7 6.5
Av | ) |
. . 1 25 15 37,5 22 3 12.0
% 3 ()
3rd 2 26 8 23,5 24 3 111
<Pareni> 3 18 1 5.3 24 10 29,4
“?4( 4 24 1 4,0 21 3 12,5
4th - ;
(Offspring) MAV:L'J , 17.6 16,3

(B HROE, 15°C. TR 4 ENROBEH,
Reared in groups of 3 to 4 under natural illumination at 15°C.

2—6. BHHLEE

LOBRERBELTAE L, BETHOLE I ERHE, VAR RFTOLTRERT, FREL

RIS o780y, &2 RS LFRE, B o8 BREE D TV 5 o S0 BRORA LTS
HEED, Lin LRI, INoOTHRSTEERMA, Bnd L EEELTH AR E S D, Ehefl, X
BEMHVEODBEODICE T, SERKEIBRAE(ED, ZFOI T, WAMCERELT
WHEERIEBLASHYEEN LT, BEEHOBNETES L THEE LTS &SRS SEHEE L
he L2 HRBELTR, BREBIVEATRELNEOED, 9 Lkl uBBEResRoEd
HOBHMET 5. Lehi-T, BRSO 2 i, 0B OOk R &My BRIk

BEHELTHAEEZ LN, $RCNLEREORBICES T 0T OER WA, bbb
1 O0BERE L - TE2ORBEOFERZRE ST, 2HOREHELI - THE LA LS,

AT, BAOHRRETCE, AHBOHEMEMRI, KRB 2HR, —E0ns s it fucig
THHRIT, 2OROURTRBLALSHAFALTH I, HABETCORAET VTR, BERKHE
IS E DRI R AR ONFREOMBSRIEHENMCE T LTRN MK, LHhLIDXITHED
BEL, Hun SEANCHIET 5 FTICHE - TV, FAKE, A28 EPLITH, &
BRI EICES LT, bhYwhdan =R L TED, UL ERTERL TR,
RENTH L. i ERLD, B4R ICEo figih
EDOTOAHLEBICER S,

» BYEEE UTRST LT
Vo ZinCXUBAOMAR, T 7 AV BEDHE
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BEMOKE , TOFEITL > ThALACEESEEPELLE LA L0, 5 LIKFEE YR
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=1
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LTS DN, ZHHNDE

Crarg et al, 1967%; Toss et al,, 196750 ; Way, 196859 ; Way and Cammery, 197067 ; 196928 ;

i,

Suaw, 19704047 Dyyon and Guew, 19719 1350, ZOEAEBE 24

DB, CADNEE

QLTS &AL, Uich - CTHEEBOSEMA SV, SR 2 ik

vis{t 4 (Laees, 1966%), LUsl, - A geas

% <, Lind 2O,

oD ClE b A, R
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(MacGuriveay and Awperson, 1958%),

DI TR DA
BT Q6 (Nopa, 19604), B2, PBMOBOET LT HTH
CRMRE, M2, 1970%7), S0 BRI NTO L. BIRALILZBOD
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PSR ORI K - TED, BEAROR b0 OHEE
ATTITH, BREEARZORO BB OB L

") Jl}\-@&@ i%\(/)LE ’Z)ch)@ %_) ﬂ’és 1&./7})‘1,/

B LT 20T, ohdd interval timer X3 LELONT, 2R
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Table 22, P40 @RS TIC B 28O B RIS
Appearance of oviparae and males in the field

19734F)

i
A No. of

affspring

Date : larvae irst ;
ot g & & (m'(; ov|eo| ovip- '} }P(irxodss
o egin- | YA, 7 : 2 * males belween
irti = En 1Ce ; >

birtl ning nd duced arae (days)

1 V-5 | -9 20 32 28 4 0 -6
2 5 20 9 21 35 32 0 6

3 15 51 z1 26 4 7 j). S 4
4 15 43 13 24 & 7 12 5
5 15 IX-~1 21 46 11 32 3 7 13 [

& 26 13 i i9 40 8] 36 21 3
7 26 14 1 18 34 o] G0 4 21 7
8 30 7 1 36 0 358 1 24 7
9 -1 19 5 25 & Z 25 é
10 1 19 1 13 i3 ¢ 1 26 7

@orCcHE T 4 7% "Fable 32

207, 158,

ey

A bda,
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Table 33, 1HE, BRBETICRY 2HLE0REREHS GGLIE
Appearance of oviparae and males under natural illumination
at 10°C, 15°C and 20°C

Comwmal ok F | EF el 2008 00 %
W B No. H H Larviposition No. of | Gffspring LB i ET)% B ih (H H
Tem- \todi- Date —ggper = TmE(E)y Prvae First Prirse periods
perature V’lfqga b;;th Begin- &E N df Periods gf; ol FVIRO S Z;félé males between
. ning (days) (days)
20° ¢ 1 V-7 VH-21 X-10 21 49 43 3 3 -7 -9 2
13 27 16 21 48 25 | 17 & 7 9 2
14 31 26 27 43 8 | 30 5 6 9 3
4 14 31 24 25 40 8126 3] & 9 3
5 22 -8 28 21 46 2138 & 9 15 &
6 22 8 28 21 41 0|35 & 14 6
7 22 8 28 21 41 0 36 5 15 7
3 31 16 K-l 16 38 036 2 23 7
9 31 16 1 16 33 0133 ¢}
10 | 1%-3 19 2 14 w7017 0
15°C 1 VE-18 Vi-10 X -5 27 48 44 4 0 -2
2 21 13 13 32 ) 39 26 1 12 1 -1 -8 7
3 28 20 22 34 42 20 1 17 5 3 8 5
4 Vi1 21 22 33 45 14 1 26 5 2 8 6
5 11 K~3 29 27 36 3127 & 4 13 g
& 12 4 29 26 35 327 5 5 11 6
7 14 ) 26 22 43 1138 4 5 14 9
8 15 7 27 21 30 Q126 4 15 8
9 15 7 22 16 31 0145 & 15 8
10 23 13 30 18 33 0129 4 24 11
11 24 15 X6 22 35 030 23 8
12 24 15 X-29 15 26 0124 22 7
13 30 20 X-~1 12 15 014 1 29 9
14 31 21 2 12 19 017 2 29 8
15 -2 24 4 11 21 0|21 0
10°C 1 VE-11 Vii—-20 X~-17 29 23 5118 0| Vili-26
2 11 20 18 30 24 717 0 26
3 20 28 17 21 18 4 114 ¢ 31
4 20 28 19 23 19 4 015 0 31
S 20 29 21 24 21 2119 0 31
é 28 -5 27 23 19 019 0
7 28 7 30 24 18 0|18 o}
8 [Vii-11 19 X -3 15 11 011 0
9 il 16 2 14 9 0 9 ¢}
10 11 19 1K-28 | 10 9 ¢} 9 0
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Day length (h)
Fig, 50 H oo (15°C)

Effect of day-length on the pcru,ntdge of virginoparae, oviparae
and males produced and the number of offspring produced (at
15°C).  In all cases the grandparents were taken from cultures
maintained in long 15 h days.
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Relationship between day-length and the appearance LT, FE 14 IR 2 08 18 B A
of oviparae and males under natural illumination
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to sunset.
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of offspring produced when the day-length was reduced by
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Table 34,

MNumber of davs vequired for the first appearance of oviparae in
the progeny sequence after short day fre et at15°C

5200

Ho. of parents ncshsad

I : . i -
I3 g I ¥ 18 1344 13y ' 13874
Y ik ; | ;
P 1 4 : 3 6 I ¢ 6
, i

i
I‘m. of days required

»

£
{3 mdlca*ea a range. The parenis were exposed to 134 and 13X h days from birth on wards, bu
gaposed to 9 to 134 b days from the 3rd instar ov adalf,

Table 35, L sl r

for the first appearance of males in the
150

Number of days required

progeny sequence after short day treatments started at 15°C
Day-length(h) 13 134, 134, 138/, 14
1 },« /4/\ w 0
, - 35,0 44,0
;lrtmd from 1st (35-235) {42-~48)
¥ X nsiey
No, of days o9 1 PR
after JAaY P 2 i -
freetment (20~24) | {26~29) | ‘
l |
m | | 114
ayvs before | (10~13)
: o 1.7
No. of days A (12914
after i
parturition
13 13%

by f,_)

t2, Table 4

g T34 P

3
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Days before Days after short day
treatment

Fig. 53 45 HA0PEEERD, Muesin & M
DHERE S OB R,

Relation of short day-lengths and the

developmental stages ftreated to the

time of the switch to ovipara and male

production in the progeny sequence at

15°C.
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(AL < #3898 OB&, Ak Td T
ORBEBICSEST 5, LU ISR (B L <R30 1) ThRd ks,
HHE L) 7 EI R BB s ki zoly, ) LikEH
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MDA EFETT 5

HERBREWERE B8 %

BEESBTH, #hTnod ESEick - T—8L
TOBEHERRLARCBBLTED, CoOMAmH
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ven during the prenatal period om

ngths g

=

sexual forms (at 15°C)
O fi @) & £ o i
MO B VOB R
oy o 7 Day-lengths { Day-lengths - X
Forms of TR 7 orms of
offspring HEEE offspring | G pq | UEL L offspring
Parents el Parents
péf{?{}i% pareints
| i . i
Py ‘ 3 ‘3?*1\'7"1(('0) Y] - w i
15h | 4k | ;{u(‘@) . 24h 24% Co+B
i5h 14 RV+3E 14h 4h DEV+ &5y 0 4h 08
VREVHLO+E
FV+E
DRVAHEO
15h 180 SV+R0+E 18k 18h | QV+R0+ :
15h | 18Ysh RVHR0+E 180 13 | $O+$;ﬂ%h31$hh RO+3
15h | 13%h SO+E : i L i8R 13Yh PO+AE

Table 37, RBEIBMHT Sl (15°C)
Effect of the number of generations reared under a long day (15h)
condition before the short day (13%; and 13%,h) treatments on the
percentage of sexuval forms produced (at 15°C)

B E

S )

ﬁi 1’!\4

% k T(nm of off ;:er_g ’ No of dave
Ihy«}englh No, of gemr& Treated No. of feqcuirgdﬁfo}
e r parents 5 v e i ) :
treated 1t1110m§ lgcgggci from parents [=RY 20 & appearance

R lays of oviparae
5 LD 6 16.8 747 8.5
1\3.{}/’211
9 i 4 J %6. Z 13.8
5 | 6 % 40,8 47.1
l'33/4 h
9 1.4 85,5 13,1 2180
¢ : t 85.5 > (2122}
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IMBIBRI, ST OMOBHAERE (R OoAKETERS

196630 1o g interval timer L3R U7z,
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AR T TSR LR S, LT, ©OF =155 40) LT, e sk Ui
USSR BHMNEE, HRBETCHREET
CHENTL M (frst born 3), #IMIZH T 5 Eik (ast born 3D

ECATEFeYAAT 73BT, 10 K BMMATS &,

=5

DRI LD, BLU

{

DEETFIEY2TED, 05 3 DOMEATFOEHEG, Ko

i, Fig. 54 (FOIED WREN TS, BRIIIP LA LLTREBIC BTN LTS,
ARG LS R T, Ok o B2 HRBRBNTS, ZOERCH
LT & 7o b DR A FEies, CORPOLEREHE
B, SIS S ENEIE T, BT70 BaER
LEbDTRLEHT, Z ORI INFEER: 2 T ORE &I
JEEAMRT, 15MFRF HHTOWThoBaE N TsEnoh, 7
BB B Tk, FQHTEITE N
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100
80
60r
40
h@mi%ﬁ&w@ nf“
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Bl c o ki v
Qa0
o 100+ F
= i
g 20 !
8 oo i
= 5 4o i
g ‘
Effect of 1)'.1!.@de.1 timcr on the pro- ¢ 20
duction of sexual forms—Relationship ©° il
. @ ~
between number of days from egg 5{’,00 .
hatch to short day (13Y,h) treatment & 2:;}““ :V";‘, days before
P g ¢
and the percentage of sexual forms & B0 ey e inoparas
coduced at 15°C - ol mI0E _
produced at 15°C, R
3% The 1st instar larvae of the 7th ¥ 4o~
generation obtained from a clone w O
which bhad continued {o propagate 0

parthenogenetically under short 13%, = yqql (s 089 RER)
h day condtions (see Fig. 55) were G EE
transfered to long 15h days, and
thereafter the succeeding generations

ton
Treatec

exposed again to 18Y,h days., An 40r

abscissa indicates number of days 20¢

£t aphi e 0 L 41 M— ;
after t:ne aﬂphuﬁs were transfered to L S N
iong 15k days. AT s SHE L TERE 3 CARRa R

No.of days after fundarices hatched Trom eggs
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Forms of offspring produced by each of
the six suce wations. when
exposed continuously to short 134k
days from the time of e hatch.—A
pathway observed in relation to ap-
pearance of the clons which continues
to propagate parthenogenstically under
short day conditions.

timer O

Fecundity of apterous virginoparae in the chmc which continued

parthenogenstic reproduction under

short day conditions at 15°C

R
No. of
parents

P :
No. of larvae
produced

Naty

hatural 91l g
ilumination

1114

1 BT EDIZY h—Bh,
Transfered te 9h days from 1’%/ h a,ay'
@2 FTERL b (10 6 ) 13X ]

!T

Transfered {o natural zi‘ummahon fmm 13 / b days on October 6,
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B, Fig. 55T ETHr, BZo 0B H 5 &L BONBY, CORKOEHIE, D HEHEIME
LIS, DETRMOBRIC CChT BRI ERE LS GBI, 2EIEL - THEH00E5),
HORBERARIC SR D E (Table 38), 4 FEBMEZEZAEHELTY, 05T
ETHEAS, CHOOIRAEMRE, LHEREOHEIBM T D UTHRE DL Ik iisg, L
TEAMMS, BE1LC, BA FEERT S L ENTE R,
34 HELEBEELOBRE
BEQOBEX LT, —BREBEEEROHIL MET 2 L0bi T3 (Lees, 1966%), KB
WTh, 5°CTREE (HEISVMEED SRSERIN, FlREERBLIEL /. L L 2T,
594 &, EINMERISAE UV, DL BRI NET ARINALN TN D,
20°C, 10°C TR, HEDEHIKI > THERMMET 2L 0IATIZIBC LHUTH B0, HEHH
B2 € O HEREDO0RL T 5 (Fig. 56), $7hH 5 20°C KBV THE, BERMICK$ 25
1 FENBEANA SN, HE 13%, Bl b I L AL Uy, 131
TREAZEDSOSHEURENL D, ZOBE, 18 THBEROAT (1~HEE fadkiid = Epigh
ORERE, IO BRI NET D),

Bl

T

MIBC W B

100 TR a—a , ;
5% oo RN TN om0 150, UBMAROMEA LTS B,
e AT 139/ g R K R A L T L
k] 40k 5 B o NN -
e AT THEL, 7 12BMA0EATTHCL
BE. 20 ul
Bz o T — b Bkt h g £ Bk 25 - T,
& 0 TR T T o o s
& AR A 100% R & 5 TS, CRIEH L

Day~length (h} eI BT, T 14%/ &i}fa}jtj—
CIeBTIE, K 14 BT~
I & AL GRSV, HEd) e B0 R
DINBIER LR L OB THEREZ 5. L L, Vi3 HER
Relationship between the percentage of ovip- o s A e ge
arae and males produced and day-length at BT - THH e CHEA LT,

10°C, 15°C and 20°C. CO& S AR MBI I - T

Table 39, BEMEEMIEG L Ch SREESIMA, Hik
PREE R &SR & DBR

Number of days required for the first appearance of oviparae

and males in the progeny sequence after short day treatments

started at 10°C, 15°C and 20°C

BB B i n s, 3y ‘
Day-length (h) 9 12 13 13Y/, 134/, 139/, 14
I

10°(C) — — — 17.3 | — 18.0 —
j=Xs 15° 17,0 14,0 16,0 16, 8 22,7 30,2 e

20° — 14,5 14,0 16,3 ? (37, H» —

15° I Not Not 35,0 33. 4 33, 3 34,8 44,0
& appeared appeared

20° — 25,5 25.0 24,8 25.5 34,5 —

1 M RO PRIEINELE TO HE
No. of davs required for appearance of intermediate form producing both larvae and eggs.
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(Table 39),

CHBFNDS BI,  20°C T 100%

W oMdlt, &
B8 BRTHRE O
Bo THbE, 2000
5% O H MG

Elleb o, ¥R

% 55070

,mr’r day
t*ed' ment

ELUTHHEL TS AHhLTHEAS, 250

Rchtmnﬁ;hlp bctwcen temperature and
the time of the switch to oviparae pro-
duction in the progeny sequence when
exposed to a short day-length(134/,h),

20 R A —52
Lo Lidnd 0B, 10°C~20°C ¥
BREASENTOENSTENTEA D,
TRk S, 18Y, B
WED, EIIERO LB Lo s
BISHP IR 20TEROMEEDN S,
5RO BEA L s SRR
Meidl, 20°C T IR #oEl &

W (Table 39), “#ud 20°C T

ZALE R

F7220°C TIRI5°C EDVFNS 810 HIEZ L

A HER

N D TE L, W1 C D12

! 4/)/\»( £ -!‘».

o8

Gehifn (/),X\\]djf‘/ b
T KR

Hol &,

Number of fosprmg produced at 10“lw 15°C and 20°C under
various day-length conditions

R

Day-length (h) w0re j e 20°0

12

1
L

+0, 8)/&)
(3,840, 438

4,20,

134,
13Y4 22,341, 38
14 28,641, 49
3, 09

A)b)

15 28,541,088 46.3:15, 6 49,543, 68

B, () R

{ ) indicates number of males produced and numerals with ) denotes number of parents tested.
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Do CUME~ RN L T~ 8RB ENE L, £OIBO 1~ 2 EICINENT A%
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TV T, FEEBHRATRNIC T — BT ARk &7 2, COMBICEL b O%, T o TRIEEIRES

>
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Fap s BHOLPR L DK, BEIEROMBL IZUY 3 9 H L0 % b At d
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SR AT
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Ko
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PSSO YO SO0 S SO SO S OO U0 50 TN O SO Y000 NURE SN Y000 WO SO0E 100 TR SO
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BNTCh, A9 Bandsy &% No. Df days after birth
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Fig. 58

Changes in the number of days taken from
birth to heginning of oviposition and in the
progress of egg formation vbserved among
ovipara with different birth date under nat-
ural conditions,

3% The formation of eggs in ovary was ex-
amined by dissection and divided into sev-
eral stages.

{ ) indicates that they reached maturity.
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Differences in the number of days taken

from birth to beginuing of ovipostion
and in the progress of egy formation
between the early-born and late-born
oviparae under natural lumination at
10°C, 15°C and 20°C.
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WA E &7 -0, SR D R SRETT CEEBHThILAC &I b,

CNEDEREBLTCELNS D 1 DOBMEED 2HER, AEOBBEOMETE %, Sikbshi
interval timer OFRICBNT, BH1BRPOEANEEHEL T 284, BOMLEE FAK
HTORFBYT 5 &, ZOFRBSTNTERINCRE S &N BRBA BN 5—T, W0 BN b i
FIAMEEEL, CNOOFRIMEE FTREMIC (BT THE BEERT LIS, 3772
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WERNE, T4 RE & RENENNCE O REOREMRE LT B, 20T &I LIS
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Bisclogical Studies on the Tode-fir Aphid,
Cinara todocola INOUYE, with Special Beference to

itz Population Dynamics and Morph Determination
Hiroaki Yamaguem®

Summary

The Todo-fir aphid, Cinara todocela Inouve, infests the branches and stems of young Todo-
fir, Abies sachalinensis Fr, Scamnr., Damage caused by this aphid was not considered particularly
serious until a large scale planting program started in 1958, Since then, the aphid population
has increased rapidly with increasing areas of plantations, and now this insect is one of the
most destructive pests in yvoung Todo-fir plantations in Hokkaido.

Studies described in the present paper were started in 1958; however, most of the work
was done from 1962 to 1973, Natural population changes were studied prior to 1972, Polymor-
phism and its role in the population changes were studied from 1967 to 1973, Through these
studies the writer has tried to clarify the population dynamics of the Todo-fir aphid., The
ultimate aim of this continuing project is to establish a silvicultural control or integrated con-

trol system for this aphid,

Biology of the aphid

Life history

The Todo-fir aphid iz holocyclic and a moncecious species, FEggs haich in late April or
early May to give apterous parthenogenetically reproducing fundatrices (Ist generation). Part
of the offspring produced develop into alate virginoparae which emerge and disperse from late
June to mid-July, Consequently, the number of trees attacked is increased remarkably during
this period. Winged females also appear in the 3 rd generation but the proportion is guite
small, In subsequent parthenogenetic generations almost no alatae emerge in the field. In
September apterous oviparae and alate males are produced, which mate and the oviparae lay
overwintering eggs on needles from mid-October to mid-November (Figs. 1 and 2, and Plates
1 and 2),

Development and reproduction

There are 3 larval instars in apterse, including fundatrices, and 4 in alatae, Larval devel-
opment of the alatae takes 1 instar, or about § days at 15°C longer than that of the apterae,
The fecundity of fundatrices is very large. The average number of offspring produced is
approximately 103 compared with 46 in the other apterae and 35 in alatae at 16°C {Table 1),
Although the number of larvae produced by apterae is reasonably constant over the successive
generations, it is recognized to be different according to clones or rearing conditioms, The
last-born individuals or those reared under high densities are less fecund (Table 2). Temper-
atures also influence fecundity as well as the rate of development (Table 3}, The number of
offspring produced is nearly egual at 15°C and 20°C, and much less at 10°C and 25°C. The
larval period is inversely related to temperature within the range 10°~-20°C, but at 25°C it

does not shorten further. Above 25°C the larvae would not settle on the host, thus rearing

{1} Hokkaide Branch Station
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through the Jarval stage was impossible. The threshold temperature below which no develop-
ment occurs is approximately 3°C,

Both apterous oviparae and alate males have a total of 4 larval instars but some of the
oviparae moult 5 times at a high temperature of 20°C. As in virginoparae, the rate of larval
development in oviparae is proportional to temperature (Table 4). The preovipesition period,
however, is somewhat complicated because it is greatly influenced by photoperiod (Table 5).
It becomes shorter with decreasing day-lengths at any given temperature, indicating the longest
duration in the earliest-born oviparae (born in early September) and the shortest in the latest-
born ones (born in early October)., The differences between them are larger at higher tem-
peratures (Detailed results will be shown later). Preoviposition lasts longer at 20°C than at
15°C, so that the number of days required from birth to beginning of oviposition is the same
at both temperatures.

Eggs are produced most abundantly by oviparae reared at 15°C and no eggs are deposited
below 5°C (Tables 5 and 6). The overwintering eggs require a period of chilling before the
rising temperature of spring causes resumption of their embryonic development (Tables 7 and
8). The threshold temperature of the development is about 3°C (Table 9 and Fig. 4).

Attack and dispersal

The Todo-fir aphid attacks only saplings below about 2 m in height, Infestations, therefore,
occur mainly on plantation trees less than 10 years old. For some 3 or 4 years after planting,
the aphids feed on almost all parts of stem and branches of a tree. Thereafter, their feeding
places are gradually restricted to the upper part of the stem or a part of the branches as a
tree grows. ‘Thus the restriction of the aphids’ food will be a fatal factor terminating their
attacks.

The fundairices are relatively sessile while the apterous virginoparae of the later genera-
tions are more agile. Although the larvae of immature stage usunally gather around their
mothers and do not move, the 3rd instar larvae and teneral adults often leave the aggregate
which they have formed., This movement of apterae seems to be based on an innate locemo-
tive behavior but appears accelerated by extrinsic factors such as deterioration of host trees
or high densities. When an infested tree is large, apterae remain within a tree. However,
when a iree is small, some of them walk away from the host where they developed. This
movement results in emigration to the surrounding trees probably with considerable losses in
the field.

Dispersal into uninfested trees takes place mostly by alatae, most of which emerge in the
2nd generation, The alatze in this generation are produced density-independently, whereas in
the subsequent generations crowding as well as nutrition has a significant effect on the devel-
opment of alatae,

The aptercus oviparae in the matured larval and adult stages tend to keep away from each
other and to disperse to terminal twigs of a tree where they deposit their eggs (Fig. 5).
This dispersion sometimes extends to the surrounding trees, especially under high population
densities,

Ants associated with the aphid

As in many aphid species, the Todo-fir aphid is attended by various species of ants (Table
11).  Lasius wmiger L., a dominant species throughout the aphid infested plantations, encloses
the colonies of aphids within shelters constructed of nest material, The shelters are built
from the base of stem upward and sometimes surround the entire stem when the infested
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trees are small. Camponotus obscuripes Mavz and Myrmica spp. are also common, the latter
being the most prevalent speciles in shaded stands. From their influence on the ant aphid
population, .huWever, they are not so Imporiant as L. wiger since the numbers of attendants
are relatively few and they build quite amall or no shelters (8ee Plate 2).

Natural enemies

Insect matural enemies, numbering 24 species of 8 families, have been recorded (Table 12),
Three of these are hymenopterous parasites, of which Pawesio momicola Waranane et Taxana is
considered to have been incidentally imported to Hokkaido from Honshu, the main island of
Japan., This species was first found in Hokkaido in 1861 and thereafter it has become the
most common parasite,

The other 21 species are predators. From the amount of aphids consumed in insectary
rveaving, they are divided into three groups. The important group of predators that show a
high food consumption are the first 2 species of coccinellids, the first 4 species of syrphids,

chrysopids and forficulids, (See Table 12).

Many predacious spiders were collected on the aphid infested trees. As thelr population
densities are generally kept at a high level through the seasons, predation by spiders sesms
to play an important role especially on checking establishment of the aphids emigrated on host
trees,

A fungus disease, Enfomophihora aphidis Hovrm. Is reported to affect the Todo-fir aphid,

but no diseased aphids were recorded in this study.

Matural population changes in the field

Population estimation

A double sampling method was adopted to estimate the aphid population in the field, The
aphid infestations on a tres wers clagssified into B classes (Table 13), Five sample trees of each
class were taken and the number of aphids were counted at about 20 days intervals from June
to October, The results indicated no significant differences among the dates sampled, so the
mean pumber of aphids per class of infested tree was obtained (Table 14). In each study plot
comprising from 100 to about 800 trees according to the conditions, only the infestation classes
were examined and population density was estimated by applying the relation mentioned above.

The population of natural enemies was measured by counting directly or by beating an
extra 10 to 25 trees,

Population changes in plantations

Seasonal population change of the Todo-fir aphid through a vear was characterized by a
mountain-shaped curve with two peaks (Fig. 1). The population density, which began to
increase in early June with initiating larviposition by the adult fundatrices, reached a peak in
August and then declined to low levels in Gctober when the adult sexuals appeared. Thereaf-
ter, a slight increase of the density was induced by oviposition but it decreased again as the
overwintering eggs developed into adults.

After invasion of the aphids into a newly established plantation, the annunal population
changes indicated a large mountain-~shaped curve and the aphids’ infestations almost subsided
arcund 10 years after planting (Figs. 6 and 7). The population, as mentioned above, fluctuated
within a year. The pattern of seasonal population changes from June to October, bowever,
was recognized to vary in a certain definite manner in successive years (Fig. 8). As the aphid
infestations progressed and the planted irees grew larger, the rate of population increase from
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June to August tended to become smaller and at the same time, the rate of population decrease
from August to October became larger. As 3 result, the population densities in autumn were
much larger than those in spring in the early years, slightly larger or nearly equal in the
middle years, and less in the later years. This seemed to be a main cause that the annual
population changes indicated a mountain type during about 10 vears of the aphid infestations,

The population increase from spring to swmmer is closely related to increasing the number
of trees attacked which mostly results from dispersal by alatae in the 2nd generation (Table
16 and see Fig. 45). As the number of trees attacked or the population density increases,
however, the incidence of aphid attacks is held down probably by decreasing the suitable host
trees, and consequently the rate of population increase declines density-dependently (Figs. 9
and 10). Unusually high temperatures during summer halted the population growth only when
the trees attacked grew large, When the trees were small, the aphids would be able to avoid
the temperature’s influence either by moving to the base of trees or by concealing themselves
inside the shelters constructed by attendant ants,

The rates of population decrease from summer to autumun have a3 tendency to become
larger year after year except for the first 2 or 3 years after the aphid invasion (Fig. 11).
These increasing mortalities during this period may be attributed to the effects of natural
enemies whose action was encouraged by the restriction of aphid feeding places and by the
subsequent reduction in the protective action of attendant L. niger constructing shelters
(Figs, 12 and 13).

The rates of population increase induced by oviposition decrease with increasing the pop-
wlation densities of adult sexuals, and this seems to be caused by an increase in dispersal loss
of oviparae searching for a suitable oviposition site (Fig. 25), From eggs deposited in autumn
to adult fundatrices in the following spring, the survival rates of aphids were remarkably
high so that the population declines during this period were not inordinately sharp (Tables 20
and 21), The total generation mortalities are closely correlated with the spring mortalities
including failure to hatch (Fig. 26). These spring mortalities are strongly influenced by death
of host trees attacked which mostly occurred in early spring (Tables 18 and 22), Mortality
rates of the infested trees were so high in early stages of forest development that the popula-
tion increase of aphids was slowed down for the first 2 or 3 vears after the aphid invasion
(Table 18 and see Fig. 7).

Similar results ag described here were also obtained in some other plantation in differnt
districts (Figs. 14~19, 22, 24, 33; See especially Figs. 41, 42, 44~46).

Population changes in natural regenerated stands

In natural forests the aphid population densities were kept at quite low levels (Figs, 29 and
30). Young naturally regenerated Todo-fir trees were usually scattered or distributed in patches
and intermixed with other tree species even in open stands which were established after clear
cutting or wind damage, Under these conditions, the rates of increase in the number of trees
attacked was kept low by the high dispersal loss of aphids (Fig. 31). This and the high rel-
ative densities of natural enemies to the hosts are considered to be the main causes of the
aphid populations remaining at low densities,

Changes in population densities among different districts

The apbid infestations or the population densities in plantations were related to number
of years after planting, so their changes in different districts should be compared in the same
aged plantations, Of three districts investigated, one district with a high elevation of about
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700 m showsd quite low population levels during 3 years when they were supposed to attain
the peak (Fig. 33). The reason for this are probably thai cool spring temperatures delayed
the population increase and also that extremely low temperatures in autumn affected the ovi-
position activities by oviparae and often made it impossible for them to deposit their eggs
{(Table 24).

From the results of general surveys throughout Hoklkaido, the heavily infested areas were
found to be associated with cummulative temperatures which were obtained by accumlating
the monthly mean temperature above 5°C from April to August (Fig. 38). Usually, aphids
threaten to cause heavy infestations in districts with the accumlated temperature above 45°C
and lght or no infestations cccurred in districts below 40°C.

Conclugion

In each season or each stage of forest development of the plantations, the main factors
responsible for the aphid population dynamics change as the plantations mature (Table 25).
However, the most important factor is concluded to be that of food condition, because the ef-
fects or actions of other factors are closely associated with the quality and quantity of the food
supply, For example, high temperature in summer causes 3 great reduction in the aphid
number only when the host trees grow large and the aphid feeding is limted to the upper part
of stem or branches. Alse natural enemies play an important role under the same situation.
Restriction of food supply becomes a fatal factor terminating the aphid infestation in a given
plantation.

The Todo-fr aphids can increase their populations and keep them to a high level until 6
or 7 years after the establishment of plantations. During these periods the aphids oot only
keep away from the direct effects of climatic factors and natural enemies by their behavioral
attributes and by the protective action of attendant ants, but also stabilize their population on
a tree through self-limiting or self-regulating mechanisms resulting from the dispersal of alatae
or oviparge, 1f, therefore, successive planting operations of Todo-fir were carried out exten-
sively in the same region, the aphids would be able to maintain the high population level
permanently, An increasing abundance of young Todo-fir in plantations is the reason why the

aphid infestations have developed inito one of Hokkado's most destructive pests,

Morph determination and ecological significance of polymorphism

The development of slate virginoparae

< Appearance of alatae under natural conditions)>

In the field the alate virginoparae appear most abundantly in the 2 nd generation and very
few in the 3rd generation. Almost no alatae emerge in the subsequent parthenogenetic gen-
erations (Table 26).

< Photoperiodic influence™>

When the aphids were reared continuously under long day -(15h and 18h) conditions at
15°C from egg hatch, a high percentage of alatae developed in the 3rd and even in the 4th
generation. In contrast, none or only a few alatae developed through the generations tested
when reared under short day (11 h and 13Y, 1) conditions (Table 27). Under natural illumina-
tion in a plant growth room, zlatae appeared in the 3 rd generation in a proportion similar to
that observed in the 2nd generation, but the percentages of alatae developed every ten days
showed a sharp decline as the day-length shortened below about 15h (Table 27 and Fig. 47).

Ancther interesting result indicating the effect of day-length on the appearance of alatae
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among the offspring produced decreased with short day (13Y/,h and 14 h) photoperiod treatment,
This occurred in the 2nd generation in June when the natural day-length was longer than
15h, The proportion increased under long day (16 h) treatment in the 4th generation from
Iate July to August when the natural day-length was around 14h (Fig. 48).

From these vesults, at least the induction of alatae is influenced by photoperiod, i e. sup-
pressed by short day-length, This inhibitory effect does not occur in a given single generation
but it does so through the exposure of both mothers and offspring to short day-lengths, In all
the experiments described here, the aphids were reared in groups of 3 to 5 on a I-year old
seedling.

< Crowding response >

When the aphids were reared in isolation from birth, none or few alatae developed, wheresas
when reared in crowds, high percentages of aphids became alatae even in an aphid density of
2 per l~year old seedling (Experiments No, I and I in Table 28).

On the other hand no differences were chserved in the proportion of alatae developing
among the offspring whose mother had been reared in crowds and singly (Experiment No. 1
in Table 28). Therefore, responsiveness to crowding was postnatal. The development of alatae
was determined by whether the 1 st instar larvae were crowded together in the time of 3 days
after birth at 15°C and the intensity of the response increased as the duration of crowding
was extended from 8 to 5 days, late in the 1st instar (Fig. 49).

As will be mentioned later, however, crowding seemed to be a secondary factor in inducing
the appearance of alatae, because a high percentage of alatae would develop in the 2nd gen-
eration or under the deteriorating nutritional conditions even though the aphids were reared
in isolation.

< Effect of nutrition>

The host plant effects on the production of alatae were tested by rearing aphids on fresh
seedlings, or on deteriorating ones which had been subjected to aphid infestations for about 1
month before the test started. Many more of the aphids feeding on deteriorating seedlings
become alatae than of those kept on fresh seedlings. A high percentage of isoclated aphids
reared on deteriorating seedlings also developed into alatae (Table 29). Thus nutritional qual-
ity of the aphids’ food supply has a marked and direct effect on the development of alatae.

<Intrinsic factors™>

The fundatrices would never become alatae even if they were reared in crowds on deteri-
orating seedlings. On the contrary, many alatae were produced in the 2nd generation even
when reared in isolation on fresh seedlings (Table 30). The aphids of this generation, there-
fore, were much less responsive to crowding and were physiologically quite different from
those of the subsequent generations.

Although alate aphids of other species produce fewer alate daughters than do parent
apterae, no differences were observed in the proportion of alatae developing among the offspring
produced by each parental form (Table 31).

< Conclusion >

The control of wing dimorphism in the Todo-fir aphid is clearly postnatal. The induction
of alatae, however, is influenced by day-length experienced in the mother generation. It is
apparently suppressed when both mothers and offspring are exposed to short day-lengths.
Tactile stimulation given through crowding in the lst instar larvae is neccessary for the
aphids to become alatae except for the 2 nd generations, in which the aphids develop into alatae
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in high proportions without the crowding response., Poor nutrition also effects the production
of alatae and can cause isolated aphids to become alatae,

In the field the adult alatae appear only from late June to early July; that is, mostly in
the 2nd and partially in the 3 rd generation, Thereafter almost no alatae emerge. This may
be attributed to the fact that the development of alatae is suppressed by decreasing day-length
in the subsequent generations, and also that the nutritional conditions of host trees arve pre-
vented from deteriorating by self-restriction of the aphid population on a tree from the pro-
duction and departure of alatae in the 2 nd generation.

The preduction of oviparae and males

< Appearance of oviparae and males under natural conditions or at constant temperatures >

Under field conditions the date of the first appearance of sexual forms was nearly constant
every year, around September 6 for oviparae and September 11 for males. By the time the
first oviparae appeared only virginoparae were produced in the progeny sequence, so the aphids
extending their parturition over this period gave birth to both parthenogenetic and gamic
offspring (Table 32), The proportion of males was less than about 10 per ceat of the offspring,
They were produced only during 2 or 3 days in the middle or latter part of the mothers’
reproductive life (See Fig. 51). The number of offspring (oviparae and males) produced de-
creased in the aphids which began to larviposit late in September.

The similar results were obtained under natural illumination at a constant temperature of
10°C, 15°C and 20°C, although the first appearance of ovipararae became early by about 5 days
for each 5°C decrease of temperature and no males were produced at 10°C (Table 33), From
these observations, day-length was considered to be a main factor in inducing the production
of sexual forms, the effect of which was somewhat modified by temperature, and photoperiod
influenced the number of oviparae and males produced by parents,

< Photoperiodic influence™

The aphids which were taken from cultures maintained in long 15h days were exposed
to different day-lengths from birth at 15°C. The results indicated that all the offspring produced
developed into sexual forms, oviparae or males in day-lengths shorter than 13Y4h, and only
virginoparae were produced in day-lengths longer than 1413 h excluding 24 h days. With day-
lengths ranging 13%qh to 14 h, mixed families were obtained, but at 14 h days no oviparae
appeared (Fig. 50). Another notable result recognized in this experiment was that the number
of offspring produced decreased as day-length shortened less than 13h., Under short 9h and
12h day conditions, offspring production reduced to one-half and no males were produced,

{n day-lengths shorter than 13, h at 15°C the switch from virginopara to ovipara produc-
tion occurred on some 16 days after short day treatments started. However, the number of
days required became longer by about 7 to 14 days in 134, h and 13%/, h days respectively, and
thig ssemed to be why virginoparae were produced first in the progeny sequence when the
parents were exposed to such critical day-lengths from birth (Table 34 and Fig. 53). The first
males were produced approximately 34 days after the treatment when exposed to short day-
lengths from birth and in fewer days when exposed from the 3rd instar. The difference was
because the onset of male production was related to the age of the mother, so the number of

(Table 35 and Fig. 53).
Photoperiodic response is recognized to be slightly different depending on day-lengths given
during the prenatal period (Table 36). For example, in 1343 h days parthenogenetic and gamic
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offspring were produced by the aphids whose mothers were kept in long 15h days but these
virginoparae, still under the same conditions, produced oviparae and males only,

<Interval timer and appearance of the clone which continues parthenogenetic reproduction
under short day conditions >

All fundatrices developed as virginopara-producer even if they were exposed to any short
day-lengths from birth, The first viviparous offspring, which were born about 20 days after the
fundatrices hatched, gave birth to some oviparae when exposed to a short day-length (134, h).
The percentage of sexual forms produced increased with the age of the lineage of aphids.
Thus, under short 131, h conditions at 15°C it took some 70 days, starting from the time of
egg hatch, before all the female offspring produced were oviparae (Fig. 54).

This timing mechanism (interval timer) which inhibits the production of sexual forms for
a certain period after egg hatch operated not only when the aphids were rearsd continuously
under short day conditions, but also when they were kept in long 15h days or under natural
Hlumination. In the former case, however, some individuals still produced many virginoparae
even in 3rd generation after about 60 days from egg hatch, Their descendants continued to
give birth to both virginoparae and oviparae, more than 95 per cent of which were virgin-
oparae (Fig. 65 and Table 38), The operation of the same interval timer was observed when
the virginoparae in this clone were transferred to long 15k days. All of the female offspring
prodused did not become oviparae by short day treatment until some 70 days elasped from
the transference (See uppermost figure in Fig. 54).

<Interaction of photoperiod with temperature>

A high temperature of 25°C canceled the effect of a short day-length so that neither ovi-
parae nor males were formed. In temperatures below 20°C the sexual forms were differentiated
and the effect of day-length was found to be modified by temperature (Fig. 56). At 20°C the
critical day-length for the appearance of sexual forms shortened by about 15 min compared
with that at 18°C. Males began to appear in 133/ h days and both oviparae and males in 131,k
days. Even in short 12h days, however, the aphids still produced some virginoparae, At 10°C
all the offspring produced became oviparae already in 141/, h days but no males were produced
in any cases.

Although the critical day-length was different among temperatures tested, the time of the
awitch from virginopars to ovipara production was nearly constant independently of tempera-
ture in day-length shorter than 1314 h (Table 39). However, as mentioned before, the rate of
aphid development is proportional to the temperature (See Table 3), At 20°C it takes only 14
days from birth to parturition, and this rapid development is considered to be an important
reason why all of the female offspring did not develop into oviparae even when their parents
were exposed to short 12h days from birth, and appearance of oviparae were preceded by a
very short sequence of virginopara production (Fig. 57). These results alsu suggest that the
embryos need a certain period of short day treatment to differentiate as oviparae, and the
photoperiodic response is not influenced by temperature within the range 10~20°C,

As in very short day-lengths {(9h and 12h) at 15°C, the production of males was entirely
inhibited at 10°C, This may be associated with the phenomena that the numbers of offspring
produced were reduced to one-half under these conditions and the males were produced only
in the latter half of the mothers’ reproductive life (Table 40).

< Effects of photoperiod and temperature on formation of eggs in oviparae >

~

In the field, oviparae began to appear around September 6 and started ovipositing on
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a certain period from egg hatch. At 15°C it takes some 70 days before
oviparae or males, This timing mechanism (interval timer) serves to prevent the appearance
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Explanation of plates
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Adult fundatrices of Cinarae todocole and their offspring on a young Todo-fir tree,

RGN R R D = v (O 2 D
Apterous and alate virginoparae (nymphs) in the 2nd generation.
HEMRERE d o (8 BB

Adult alate virginoparae,
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Adult ovipara,

Adult male,
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Eggs on needles.
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The aphids attended by Camponotus obscuripes which constructs no shelters,
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A shelter constructed by attendant Lasius niger, It surrounded the entire stem and

enclosed the colonies of aphids within it.
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A shelter of Lasius niger constructed partially on the aphids’ feeding places.
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