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Hiroaki Yaumacucur and Masatoshi Takar : An Integrated
Control System for the Todo-fir Aphid, Cirara todocola

Inouve in Young Todo-fir Plantations
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BIICHUTH - Th, CNEFRICHAE UTHREOMHBIZN S L5 Thhld, ToOEBIREED
(i, 197349,

PR AT TS OWERDOHICE LR, (A0 2 BRI E D, [ENHIIch i - TEIEST
fe 2 OAMOWI IS AR G INZ, B 43 OBRE & ICREET - /oo £ 10 RBANCHIE Lo é

OELEABOTEME (£) & LI5S OBGREH L&, TBRELIBHRE L OEIVNE I8 5D
Boohsd (Fig. 7). TNRBFERIWNSORICEEDIHEZ L, LrbEREREOD, FERIR
Q1B EBPENETL, OB T—ESHICESL CEERLTNS

COXHBBELEDERDICE SIS WEROAAH DA, MBBE (FEKX) OX&SIEEZEE
DL OENICE - TE LIPS HMELTA S E (Morisita, 19599), ZAERICKEUTHS2IC 420
BUCHERIT S 5o THDE, Fig. 8 KENLOREHAMBKRLTH S LS, FEFEN 10% KT TE/A
A S DHEBNET, EHNIEELNTE LT A (Fig. 8 @ No. 1), 10~30% TidE L/MERID
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Fig. 7 10ABUICHIM Licao F Fvy b ||
TXT T (D?’Ct/}\ﬁ D FEE L 185 200F . ®
& DB T e
Relationship between mean number of 1.00) ~~—te-———_°.: 29 moﬁ,_ﬁ,‘“_ﬁir
trees attacked per sampling-unit (10
trees) and [, value. 0
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DICE S8 S FEADAHOEA (FRK
‘&zﬂﬁﬁ)(mm1WWU

No. 1 CA¥E4HE P=3.3%)

INEFE OB, RIS

No. 2 (AEEFER P=12.8%)

MNERTE & O, BN

No. 3 CREEFEHR P=34.5%)

KRERVE bR, ERNE—REOT

I No. 4 (R¥EEHER P=55.3%)

J — BT

Changes in distribution patterns of trees

attacked with increasing percentages of

trees attacked.—Ils-quadrat (sampling-
unit) size relations for the different per-
centages of trees attacked.

No. 1 (% trees attacked : P=3.3%).
Contagious distribution with small clumps.
Intra-clump distribution is at random.

No. 2 (% trees attacked : P=12.8%).
Contagious distribution with small clumps.
Intra-clump distribution is uniform.

No. 3 (% trees attacked : P=34.5%).
Contagious distribution with large clumps.
Intra-clump distribution is uniform.

0 . | ) . . No. 4 (% trees attacked : P=55.3%).

0 5 10 20 40 80 Uniform distribution.

oM B0 (R
Sampling -~unit size (No. of trees)

No. 2

BT S BINE DAL R L (No, 2), ZEEN 0% & A5 E, InBRESOE LM
MINE—#3E, No. 3) Li8h, S51Cb0% MELETR—MAHEL - TS (No. 4)o LWINPAS
&, TT 7 LYOFERRZO L OPORET 5 EAMAE PINCHEBINCEDS > TV EWVA, DX H73
FLEOEBERIIET, FHEARD LREROET LB RIWNERR L LI KERIcE b btk L, 20
WTRD S  PREEOMBAENT, WSSOI, EEBRKKESHEELEI X515,

2. HEFAFRA

L, b F=YA47 77 OFHLEOHER EMSERRE BALES, MEE) BlOWEROSH LD
B, S, ARMOWERRBRAE LT, Fig. 9 0T EL 320 V"V ERETLCENTE % (l,
1973%), ZOHA, ABICBOTRADOKEZICK > TG 2BEBNRLL L, HEOBDLNEHEA
BEIOBUAFEEZI S TOIMADEG L FESEENSZ LR EDLDE, ROKREE, THbbH
HBROEBFELICIE U FERE VBT, WEHRBRANERLTH 5,
RIELIZ3D2DUANNDIBE LD VAL, ZALUTTHNEMAERICIZEEAEEERTHES
DNBHTH LD, Ulhi- THEICK BHEE 0ICHAL S EFNIE, 20 v THRAKEE 52
Jo

chicst LA 2 O v ~uuTiE, BHROFE, SRR EMRSERBEORDIIAET 2, L LE ok
BELHREBANS O, Lkbigsk, AEOHERI - TZORAEIPBOHEINL CELHIFTE 2,
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Tolerable injury level
OB FT A R A
3rd level 2nd level ist fevel
LN A2 LN FANL
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ACREAL" | —z
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(@)
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} (FREIR T —#Dm)
Contagious dist. with
large clumps (Intra —
clump; uniform)

L
o
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NRE & 0 BT
(CREMN 2 —FRITH)
Oon(ag]ous dist. with
small uump%(lhfraa

()
S

Percentage of trees attacked

(1] ‘ / clump:uniform)
| A >
; I KR FTA

5 (o ‘L (BT N R )
0 P ’ /o/ j{lmfra—ciump;af random)

a oy Il N J | a

0 1 2 3 4 5 6 7 8 9 10 Tk A P

H O LB A Distribution patterns

of trees aftacked
No. o{ years aﬁer planting

Fig. 9 bt F=vA 4777 OMEFERAD 3 2O v~v (i1, 1973W)
1), @), QoL HEROHERICH SN D 3 DD 4 4 TERIRT . Fig. 38,
Three tolerable injury level for the Todo-fir aphid.
The curves with (1), (2), (3) indicate three generalized types of
the aphid infestation (See Fig. 3).

W20 v_nEk g &, AN ERRICS FRBAEAOLEMBNH L L L, TOD
FED D A SBT3, L L 3oL ~nicidEd b

B ESHGOBNLE TS, BElEE S E
DLy, BBHFRTEXIMEKEEINZ I D,

TNEDIHLED L~ WAEE LI, TORKOME, BN, LERERE, ZNENOEMHFICR

bR K A B A& L,

sy A
clE, 3

b Zda Z-
LEBTNMBIEN, £0

CTHW SN A2_&TH B0, —HBINICOZIEAMEREL BN E Lol T, B2orvsuig
EHDOMRBFTHDL S I o TID, R 1~ 2 438 ER 10%, 3 ~5FETIE20%, 6~7
T 30% OFT, NECEHEEYRENAL L, FEQERD FIKAH LD 3 DO MEic E N,
Fig. 9 @ (1) TRIFEHICTTIRCOKELACZ, (2) TR2EOU3HEH, (3) TIREMTNLE4EH
L1,

Wk, AMTREEKS LB 2oFoREOHAI TOUWILHRAE S EICEICPETEREITD

CENTE B,
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I #HEL DA IBEREOMEK S

L. B#y & FE
ZAREOFELIEEDZBIZAEO b =Y dinEihiic A SN a0, WIRIck - TR, £0EEEL
TEBOCHWEFRRRICELILNE LADH 5, INLOHMIE, WHRT 77 LV OHELD HIcZE
HEE b A, EEEMOOFBRMELLEL LIV, Chicil, P Feyo@dkiaTidsden -
TEVEBEREBWELSTIHIRS A 5N 5, Lich->T, AMEOMEZOR, BELTHDHIC
i, TR IOEIBT 77 Ly OMBIFAEREN O nICL, VD EIEEL D Ao ERH
OHIRX Sy, EHRBEHOHEET - T, BEROPO LT ZEBE LTOLBESS S I,

TH URELED SN O AN, & UTEFREMFICS &3 HBXMIC Uicsst, ZHIRICET 5
T 75 n v OEERN, WEEHEEICDWT, RIS Y — A BEE SN, FEMIE, Eko LRy (%
e, /MG, TEE, B, WAEMMIEL 26 dt. DIFE L), BEHROWEMIT (928D, Ak—V 7
FEOHER, BURME (9 2P, HiLoMN, XKif, EGRHE (8200, HERELAZEOAE, A
E, Rl WEEHE 10 2D, BIUELTLEESOECEERIBX (BiE 7001, 200 m, 12 27
EEPONHX (B 600~800 m, 8 F) DFAHURIC DIz - THED, INLOMIZBNTTT7LYD
SEMERGIEND E A SN D kR S ~ 7 FOEMMANEIC LT, 1964 4 5 1968 -0 5 EMIT, JH
KREBT O CNOWMEHEOER I CICRELTHE 0T (U, 1976%),  TREHO
BB LU THRNTE L

Accumulated Hazard rating

temperature
ZZRBERR A4S~ (IR %) High
1 v 40~05 Moderate

s ~40 (B2 Low

Fig. 10 4~8 HD5CL LD A FHTEROBAEOSTHE P FwvA 4
T 7T DHEL O BRI O BX S (@FEM) (L, 19761%)
Distribution map of temperature zones obtained from accumulating the
monthly mean temperatures above 5°C from April to August and clas-
sification of the hazard districts being susceptible to the aphid infestation.
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2. TElgHhE OHIBX S

YA DFERI O, ARFEQHIRTATIE LT, J68, B, SERDBIFRMICiThN, KBS oEHk
SRR % 5 AEATRICIT R D 20% (B
TR L, EBRO7DED LEAOMEEEERO B U LM &I, H20RHMEROERMZEE ALY
FEEETH D15 E, b TEBEDINAE
DICRFTE D,

TNoid, 468 HETDSCLLE GRESAIKC) o TH%EE © FHE (—F o REls
B ICE-T, BBLEHMERAATICENTED, THDS, TR A3 45°C DR Hihsss 1
DO, 40°C LT 2 DM TH D, FTrmBER s 50T eI ARA (2 v~ £
BENDBO T Ep D, WEID S ey, CICH UiE i Ekiy & 705 (Fig. 10D,

BHERBTICET 2 BIC BN TS, HODROBHMIE ERDEEOVPAIRE T, 77T LY

DIRATERG SIEI, FENEB OBV E EEEEORIETER L TOAMEALNTINS, DT &,

BRAD 2 L) Bz, BENABILIME, <h

RICIRFR SN T 2 -, BLO20hEmn UBITHE, o3

FEBHIA T b T RO U K » THEEAFIMEL 5 5 C EARLTE D, KT S RN BRI
NOFHEFEBRPO LS8 510,

3. HaWHIibIT2FE0OHE, BEHERNEE

HAEWHITBOTE, AL oFHEROEET 29 AR LD L TOXKMSMECBEZET, 05k A DR
1L, ZoOHROMEMRO EESEEL, RBEARHMSGEHRIEICC S~ 2R LI 21l Ldn
LD RICER B BGRD & 25 2 I E OF MM R o LB 185, 7 Ah~Ta& 1 A8
{INTL %6 LA T, BERICEZHBEBNHELL LAIIFISh 220 T, BN Ts
BEVBEERKOBIESITN D BICEERICE 2IMICAY, ST LKA T LTI G, ZAM
WEBENEAE S, HESEMNLBODIR, cokdyBREAICLEEVEE S,

ORI LTI, gt GEERl, Bk 700 m) B 2MEERICL > TI TIPS hicEN
TWOAH (UL, 1976), X HiIc CnARRIENT 270, O RBEER 2 40°C LIF OBz (8
37°C) ITHBWT, 3 U, WA, BEOEIC OV TIHES O, #HEMIIE + F e YRk
BE~THEE, H200FEBELENBBIICHI0LMNG, <O 34ER, FhRIOFNS 10% Ll

HELE OO TEWRED E 88 L (Table 2), Ciuliphs

Do E

\S‘J

FRBAOE 1 Lot b LI

Table 2. BIKIKEBW 2 b Fey A7 77 OHER, BEOHE
Changes in aphid population and percentage of trees
attacked at Shibecha

1971 1972 1973

I ‘
Year and month VI ; X v | KX -
B B R B ; ] ,
No. of years after planting
G & K (%) | T
T | . i :
% trees attacked 3.0 7.0 | 6.0 6.0 7.5
1 .
& D
No. of aphids per 10 trees 9.3 9.6\ 186 186 3L1

D b F=y 10 &5 D AR,
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WIREETH Y, LEeB-TINHDOMRTRACKELLESZ TS, FENTHE

i glsan

i
R
Qv

Uity & &0

vV %8B K

1. BH# L FHE

T 75 AVOREESL D HIMBRSICE O THERME & X SN HRTRE, kA THEDRES
BB, BB D DML SRR OERIEOUERELH UEVRY, WEFERFzEEPICTTLD
HARSBWEELIFEBINGDH B, COXIUHRENRIEICE 2BRIEE LT, iloERITOT
bhic i NEOEERE (F1i8 Fig. 4 310 Fig. 11 3, $20EHEL D 2RKAICHELT
DB — 4 ORREL L SPOLE LI, AEICLEMORANEE TP, & LIRMEHED
WA DL BB ELT, TT7 7 LVORAREETELZROIHT 2HEL, 1 20FREFRENL
%o

UL LRSS, HHEOKER LS HFRMOSEMEDENER, WALESOE» S, COLITHEELEC
WTHBEA LT DT ICEBO R, LichioT, WAWARHEROROBPNFEEELT, 775 4
T OPEAIE L D AEROEREES S SITEHUTEBBERD S, 5 LcBA» L, ILiEEomE
IRBHRD 1DEVZ BT 7Y, b F7 Y REMENRIC, eRE - clEEDTHOLN T 5E RS
WE, EPEEERKICEVT S DIOMKR AR, 777 L YOHEOHE, BABOES, KD
HE, TOREFICOWTHEZFRE L.

BELUCHARBROEBDTH S,

D KRR M R B R RBRKREZOE$E
o

Tol erab e inj ur; level

8or 2) R AR @R K:HEHEZE32cm 2
o 551 N o - P
Bl zimme EOEROKART TR, MEAREE L
[ omakomai (b) /
E;AS RRERDHMEZ 0,
7 40F 2k — e N IOA L T 2 -
Fr o 3 BT O R K BERIUKTBEE L
g% 30 4 BT b K=y 2k (1970 FERKERD
T % 25k . .
g -l : 4 BFRER AT KK R oRBICEDL
15} Tl@ TEAMSIN § @ 50m, & 600m (EF3ba) iKbb Bk
v T maig9ia) g
T ‘\xA\G R, b R (1969 SEAHED
B R T 5) KEWHMATLMIK : EEMICBERY 2 4
Noof years afer panting KT, KB (28.67ha) %, b K=y 2
Fig. 11 {440 RIS 2 ERC & U F (1966 FEKHEH) o
BF RV A4 T T I OAMEEROHE I e
B EPeERFERA & o Bk (B 99 WEARR, R, 2) TRRRERE, o
(1), (5)), Fig. 4 ZR ITRERA, VIR 2004, 777 AVOM
Annual changes in percentages of ) ) )
trees attacked in two plantations T, 4BBIXG LicFEERRHW L 7

Wl‘fh different site condl.tlf)ns in re- YUY YLD (LD, 19768 B, *
lation to the tolerable injury level

(See Fig. 4). TREO AR EHEROEREGE L, Fd
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A 10~20 KD 727z 3 UEEA PR, 1971~1974 4ED 4 4, 6 A5 10 A TEATWE L1,

COEPRBOBEEAEL DI, AANICHER L-ERMEEAD, BSPor —V0FmRICE 258
CRRBOMEOHENTI G DHOETEBL TS,

2. BMOBHE L EEEOTE, #ELOME

FIERD AERICO BT 757 LV ORE, FHROWRERT &, Fig. 1273 501C Fig. 130 &
BOTHL, CNODHREPSIHONEE DI, KEEBERALKRAERS &, oWEXTREFERD
NEL, ELDTECEEOLIIRAL TS, O BRTFHERRKIINEE 4 FH, HIRERATHRR
BHERE, FEGEMYBESEELIMMCELTERNS, Bk A EP N T P
SUEFHELTEBD, 20 EDLAT, INLOMETIECL TS

FaTHAHH (Fig. 14),

TR REREEA TR TR, WS S FHICH D 1971, T TICHEFARAZAE AT
Te s (ZNPIFIOWMEIZ IR0, B2 5 HEEkE %

1978 4E & 2 MM 72

\)

%

5
HoRESHOZET, COREE, WEEMMLT IV, ChETHSN

Fo— R HIEA & DR B S BRENE LN TN Do ARIOHRYE, FMOBH L 200C kT, 25CA4 7
ERETEBOHLE LAHLT 5 L, THBEEELY, FE LAY 2D, FELSENTEE L

UE Do HERBOARDE CADNE O, HMERORITS, H50EIE LTS 7 ) OfE- 7t
KNICHEI L CEROEEZETNL 220 THLH, RBHERD I & K6, 7F70 - TRMIKEL
AL, EEHEMASETGO LORICIREIN T AHET, wEEEY A fTEIYY ST
QL1 197619), 1972, 19734R L HIC8 JICEES A& {E T Lok cokn s o (Fig 12 2
R, T chWTHEICE T 20K, BELAEZNHT2REICE b0 s lbits,

I, TN TRBERKEBRERALKER S MOFEX T, ZAE RSO TERNEECRFaRTY
BDTHADHe CTORICELTIE, REB Ok, BMELZHOHINAEE &b, EREARICE ZECE
ROfFTE Sic &k - T, T RKEZEOTREE U CTRBERF 3T i,

FIPRARMETEX, TREERATTHK, ANHREEATKRX O 3 HEXICDNT, 4§ hic 2K
HOEERMOEREAHCHLE,Fig. 150 EBYTHL (D 2 WEXZHLEBOLOTHE L dnT
WD), RED S bESMEBOZ N7 B, & TI6R42ER2ELEEOENELNTED,
SEEROFERTE, HBRICRERAONLISDD, TOKIIMBT 776V EHET 5, HRI10K
Mo ORI KEEBEEALRTRDZ VD, CRZADAEENBEHRL TN EZ00THD, HAL
EEZER, RO DREEOBMAEES D OBEE LS, BIEAMNMAD U TRAKRTRSE {, &
HEC KRR A THD 2 3%, BoLlikeEnblbens (Gkm, 19730),

e, ERICL 5D & EERE A MICNE S, =R E MR 10AKY 72D 10 BILIF,

TROLL IR TEO LN OLENSIIRETH 2, LipL, BICERLXIIC, ~Jvei4T77
(Didea alneti Tavin) 1287 77 L v DEHAEMHAL, MARLLZVEHEHERE, 7774y 0%k
BEIED ORI BRSO LT 2 B A B, Fic i/ oFEL (777 4 100 81
7O DREED 12, TT I AVOBEEMECIA SN TO S RBKRCERERATHRTIRERICO D s D
I (Fig. 16 Do filifei e LTk e 7R 20 A ihgk & (e, 1976'9), 2@ JfEN <L
SOTTMTE MEEN T W 5, FOWTHEL HONSFIE, + 357 v v (Harmonia axyridis




IR KRR
20

0m
2
E
91’1‘
RS
g

-
g.:
7
a
g

E
S =
g H1

obd s - . .f\.\l’ 9/\'\0

Month 6 78910 676910 678910 6788910

Year 1971 1972 1973 1974

500

1@ 100!

50

No.of aphids per 10 trees (log scale)

B —(UEHOICATT) B 3

\ 6
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Year

Fig. 13 b Fev 44777 O %Y
WEOFZET) GELE)

1 RAMKHK E KX

2 R AR M W &K

B & T & K

(4) H R B R AT

(5) RAFEFHRALKK
Annual changes of the seasonal
average of aphid population den-
sities in five different stands at
Jozankei.
(1)~(5) : See Fig. 12.

Percentage of trees attacked

()

PREFBUETT SRS

#2955

Fig. 12 JEEFHHEORE 5 ZHEXIC BT 5

b

Ky A4 7 75 OREEK, AEEERD

R GELE)

Changes in aphid populations and in per-
centages of trees attacked in five different
stands at Jozankei.

1.
2.

Percentage of trees attacked

Natural stand preserved without cutting.
Naturally regenerated stand after shelter-
wood cutting.

Artificially reforested stand wunder the
partial shelters of reserved trees.
Acrtificially reforested stand after clear
cutting in a narrow strip.

Artificially reforested stand after clear
cutting over large areas.

Tolerable i j‘ury level
WEHSRA
3L *2 k\“n, * 1LY
50k  eo—e AEFREX (5) i
-0 i K & X (4) | I
45 xox B F B (D) | i
A 40
# g5t |
5 |
5 %of e
%o25f
% 0b—
T A\
0 |
 —
0 x--'?‘—':ﬂ/---x L L | 1 L L
12 3 4 5 6 7 8 9 10
B K AT A TR
No.of years after planting
Fig. 14 S OfEFk%E O BBER LD

BHlc b B v a7 75 OFEEERD
B EWEFFTRALO0BR GELR)
Seasonal average of percentages of
trees attacked by the aphids plotted
against years after planting in rela-
tion to the tolerable injury level in
the three plantations at Jozankei.
(3), (4), (5) : See Fig. 12.
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% % t& Hymenopterous parasites X
10F (Mummies of Ruesia spp-) |
L oo AZMRRINEZ (1) £ n ox
o0 FHIK B (RALMEZ (4) X . 60, Parasitized mummies
5F  xx REHEXATHE (5) ! : .
X, 40
a5y 30
15f W &SR Insect predators X,"S}.O ’ 20 5
0 Fx 'x 1"2’ 10 N :“ X .,X
@ Y < P o
m 10 ' 57 o VAN
jo} &
:ﬁx = O R
& g - Insect predators
o 0o o R I ARIE R ()
ER gm0 oo WA EHALHE (4)
35 = 200 ok AEMEEAL G (5)
= g
g5 =13 180
£3 200 5w
g % g # 160¢
Z 1
150} N
120
100
100
80
60
50 sl /o
20t 4
M ThO 3 é 91 Lol e mdedee L 0 S
on 7 10 678910 678910
Year 1971 1972 1973 M\E):a:196717 8910
Fig. 15 ®ilED 3 AEKIC B 5 K Fig. 16 EEO 3WARIIC B 5 flid
“‘inJ u’iﬁi‘”’ D) m/EE, FLER/FIORERL
(BRI 150 (M F=Y 44T 75 100 B D offfeih
Lhanges in numbers of parasites and ¥, FEEO=I4HO
predators in the three stands at Relative abundance of parasites and
Jozankei. insect predators to the aphids in the
(1), (4), (5) : See Fig. 12. three stands at Jozankei.

(1), (4), (5) : See Fig. 12.

Pairas), +F+ w7 v b (Coccinella septempunctata bruckii Muisant), ~) 547 71 EL T 4
TR, 79 ATre v, NI LVEIETh 7. 15k, KEBEERALKRT 1974 4 7 JJIcHifaio
FEMBO L £ DICHEIE-TODEY, CHUEFIT Y P IOREBINCS LT3 bDTH %,

EILWEE, FNFA AT T Fo8F (Pauesia inouyei Watanase), €3 447 7 5/35F (P. momicola
Waranase et Taxava) O 2L TH LD, WHESICT 77 L VBLALTHL ORI DELD D,
HEOBENMNEZ L0 SMEESEN LIz WS HaLd 5 (L, 1976%), Lich-7T, 777
LY DEEREOKEARERATHKRIACHE, choFHEROFEREODTED, UL, 2hicdp
PO OTRARRTEEERICHT A2 HEE LN EL, T 77 & v OEERSEDT 2T, CDfE
MARESCHERLTO S EREINTH S (Fig. 16).

LB, RBMPDBREEATHRCREFLICTT 2 REGHO MR SO L, B R R EDOH
BEOBOHRAICEPINCHH LCO2EARE ONEIEE, 775 Lv0BELEIMZ S ET, K
B BERLEHARLTONEXIICEL S, Lbd N oOKMICBOTE, KRB &AL E 52
1Y, TS AYOFEONR LIS P Y BESRIOIRIR, 0 LIVNERICA T LTO 2 BB T, i



. Survival rate

HIRERXALMRE
Artificially reforested stand

RBMREE
Natural stand preserved
without cutting
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Fig. 17  F=v 47 7 7 bRk, 5 (&

f&iﬂnnu s TOFRTRE (i, 1976%

DI EET)

L B LoREERE LT~V TS

2. #HLEOX#H (FELTr7=8) 22z0Eik
LT~y Tl

3. F—visL

(BEBRX & FhE 1HT 220K, 7H
16 BT

Survivorship curves for the artificially

released aphids in the two stands at

Jozankei.

1. Natural enemies were excluded by beat-
ing trees before releasing and thereafter
by enclosing the trees in cages.

2. Natural enemies (mainly spiders) on trees
were included within cages.

3. Natural condition without cages.

(In each experiment 20 trees were used and

1 teneral apterous adult was released on a

tree respectively on July 16)

after clear cutting in a rarrow strip

WERBRIGHT S 58 2955
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EE Y SR
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CTREHLTRNTE L,

ZD 121, T7546v0%8, SEICELT
DOHTCBEREZV] ShICT 50w, FEIKCHH, %
B LT & e BRI & R I 20T
HEBRFTET - cERTH 5, Fig. 17 Kz DR
BT, ERMERMRINTO S, ZNH M5
DISE DI, ot & LIC K D Lo RS
BELTT 77 v 2EEEL, ChiERYDr
—VTH-T, ZORRKBODBALZFILL

& (B 1), REW, HREEALKRE DI
JEBRMA € T O EERBWEN 70% LE. Th
L, BEoXRE, FELTr/2HEZDTE
LUThr—YTHS (ER2), b50i4el %
DFEFEr—VRLT (EE3) BEE LGS, &
HRIOBLUL LET, BeRBReksnTz

OEAIIEHE LB > TS, COBAOERFRERDE, THOLATERD, T/ =HOMEILLEEL5

ncTwns
b5 1 o0FERIT

B oKOF:RORENE (BEINBIRILD

FTOFTRER &K & OBRZ R

M LicbDThsb. COBRIIL, BHLOEANEERLULT 77 & Y OEEENSIIUBLT2BHTS
D, ZORLOVDATERROBE, EIREBEELT, REEOEEICLRS (ERLT %,
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IHXoD E, F XTi, 4EKDS
BBAM, ~JLFET TR
BARCH -7z, Lrd Fig. 19 i h
o b LT, HAREOTMERT
NV T RT TOL LA,
ZOWOMERICERDT 77 v
OB LTWIATH 5 2 Eh%
Ve COTEDNE, NJEFETT
WHRiZT 77 A v OBEEHOEZN b
F=YyBEDT 77 6%, i1
EHiEL TR ENEL S,
HRoh o ofifmsisns 2
&, KRMPHRERA LK &T
3, mhSDREAZEDTT T I
Y OBE A GIHEE SN, FT
IHSRID LIREGE L S 28 AEO

BHNEN T &, RICETICESE
LATHHI LW D Bics =4
TEFrEaliaBicLDiias
W HETHEORENT L, &5
EEFRRICRII LT, HELE L
WAHEEETRT TR EOH IR
KB EPRAT O, BAEs
YWBHLULZ LA LT LES C &,
CH LB AEIZEDENE, T
7LVOBRENE AN TNE S
DEEbNE, 2LTZORINUR
BHEOEEEWE LT 5 1 2D%
HELT, ZnNOOHKTREY 75
Ly ESRELTON BT ) ORI,
EEAETNTHEIDHE L FEE1E
513 7 v 7 0 K(Myymica spp.)
ThrHrEedbFrTLNTE S
(Fig. 20),
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12, 775 LY OBESESHERIC
Thh, HEITEEL D HERERED
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Fig. 18 bt F=v 247 7 7 fHt: O HEOHER &
EHOED GHH, 1976 XLV E £EF)
A, D &JMKERE (F~YRX). iRk A (124),

D (104)
B, E :J&fABK 1AMy — 2k b KEkkF.
B, E (£104)

C, F:HRRE Er—YK)e C, F (%204
(BERES 142 0k 5 TKE)
Changes in artificially introduced aphid populations
in the two stands at Jozankei.
A, D :Exclusion of natural enemies by cages for
whole period. No. of trees used; A(12), D
(10).
B, E :Exclusion of natural enemies by cages for
about 1 month after releasing. No. of trees
used ; B(10), E (10).
C, F :Natural condition without cages. No. of trees
used ; C(20), F(20).
(Five apterous adults were released on each tree)
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No. of aphids on preceding sampling date

Fig. 19 K#WAEDICE 747 74HH O @ Shlehk
(B &, Wik (B 2k s Feyd
47 77 OEEKROHER (Wi OHE R & REOHRE
B & OMEEOBE GFH, 1976 D&k A S &ICH
<O
Changes of the number of aphids on a tree with
(@) or witout (O) syrphid larvae (Relationship
between the number of aphids on the preceding
sampling date and that on the following sampl-
ing date).
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Changes in proportions of at-
tendant ant species on trees
attacked by the aphids in the
three stands at Jozankei.

(1), (4), (5) : See Fig. 12.
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Month 6 78910 678910 678910 6 78910
Year 1971 1972 1973 1974

HAEBEL, Likh->TENLE IR T 2 EAERG S5, LindbIET Y OXEMNEREIES
befar7 Y Thy (Fig 20), 2ORELE ST TRBOEHGEIRENL 1, ZORIERKCEE
MNLH, COEIICUTFFeYlRE 3~ 4F s, WEHFEBRALCTIOIWCR L, 7282 Uik
T~8&le 5 TREAREL AL, FEMNSHO FIBPRICRESINTL 28K T, BHOERFER)
ERFEROEBIET T, KMOBES ST B0, HERRSICED, 10445kRiIc 77"
CEEEEICTE 5 L0 S FaRE 285 (L, 19769 B,

3. BEMEEIEIC & BEARRE

FROERP L LI EI DK, ERO UL EERNBIEICE - TT 77 2 v OBRELFIHL, ¥
EEABBEL TN eniCE, TTHLIRT 77 L YOBENRETEA2LZ0ME TS, 2 CKBOES
ZhE, GEXE2, CO2REREIODETEZOHELEEBELTOBERHH Do ZTDRDDEEN
whEER TN, ROEBDTH S,

(1) BESEMIBE LT Fe vkt o< 630, BEOMALES LT b Py iEikiih s
LT AEAE, T TIHL2EMMMDIELES 10FLLE, Tl 15 iR E > TR 5TD
(ZOEICIZZ DD + F=y A4 7 7 7 MERHIHNET ).

(2) P F=YzERT 250 RELICRAREZBRES S5, H50RMEEOEKIED S
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(3) LD FhoBsicBnTsd, 1BERRKOEFIITE 220/ S0, Ridio@Ekitiz>< 5
B, CNEBHERSKEVIEE, AUROBAES T AWMENEGLI20OTH L, 108, EOBREDK
EXFTUATH B, CNEMET2ERRELEONTORVY, VEOL T AHREERIC 3ha
BUTEEZ BN

(4) BITFHER, LR LAETES2RTHUTHKT 6. COC itk h HFMRD LA IE DS
DIMFIL D B3, ATV OBPBHEEIEED 7 v 7 VBOB T ABRICR D ENTE 5, 707
LZOBATS, BEEMCHEEL TR L SRASBWELIT L EHND D, TR0 LAS LK
B, FRE 2~ 34T, BORE - TRERLTH &L, ZoRRTRERINICEWREZT S0
W5 EATEMESHERBHELOAL D

(5) &XNVXDBAY XL, TRTEAEMANDIERI LT, LHRNOMEINDZLIT 5,
EDITHX D ORI, MARTESROEL, CNOBEREREEICLLEEE, 2~34F /> Th
SRR SERT 2

(6) < bUVHEKREIZE SN TOEOS, KEJHOTAEEND MPOHEAT, MIEHLLEY X
DEAREDOFMFE Lo Lichi- THREICED, Ok I RHREKELEDERAE» 2

EI BT, AROWERIAIWNEVEERESL, Ok P FeVHRET 77 L VORARER 24F
BES 05, BOLRCOME &L CERBEICIIATEL LY T, RBICHELREBLY 52, L
Tt THREBOWEICH 72 - TR, Hic ki (D~ ~ORESHELLbN S, TLEMHCE -TE
RENEW, & U CMREICE D BOERIEELE» S LR ED, WEORMICRILPSDLIER
biLb

V =98k

1. BB E FE

LRRONRENLRE, MERE LECIKTOHEALD 2LV bicidbpizo b, FRUHEESETH
SR - THABOBREITEBOEALZEZ ONL, COXS3UEA, TN TIEABNEKHOE
ABENCE > THEDOFREZNH LD 208D, 20O WhEME, &4, AR L TESLENH A
5o

ETAT, RO EL FF=YAZT 75 ICB0TIE, P FeVERBEDT 77 4 v OBAES, ¥
D LEE 2 FEREIR O 27213 T, BEEMRESLEL URVESICHERRMTE 2, Ly Ikt
NORAGINCIEFER/NESOEh A2 L GHEHERTOTHASRD, 2RINIC ANEHEERED
ﬁ,%%%m%ﬁ@%w%ﬁﬁ%éob@@%@&%m,1@ 2 EQFIM &V D X D BEERIC S X 3
RO BB RIS 5 L, WEFBMAD LA i &<, BEMESDED H 2 BEDORMEN
BIFBFLID LV IFHAND D, CNOD T EMKBOTMAEEN LI AKESHLIDETAILEE-TE
Y, $REBRICRMELEAT IS ->TE, 777 6YORBAVMOBRIC, FIBHICHEE O HS
THUNT SRR ENCET T 5 0D AR LB &0 5 TH D,

K OBARENCIZEHFEED 1TEIAAT T3 NF AN, COHERE, Ll T 1961 4EiC
BUDTHRINAHT, H50RBAMNPLEAL LSEBBASNIHEBE A ON, ZDBREHITE
BoTOBIEPBEIN TS, BETHS P FvYA47 75 ORISR L CERE D
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Table 3. &3I4 77 7/57 OREARBRMEEAER B, BER
Date and numbers of the hymenopterous parasites,
Pauesia momicola released in each experiment plot

| B
e AR ; 0. of parasites
Homo o o EREE iR ——eleased I %
No. of | I
Experiment plot Q{ :r?{es d trees |Date released| B %ﬁ%gég Remarks
jsampled J Adults (adult
w \ ! emergence)
Pam&mmgl igm o ‘ ‘Qggﬁ Xﬁ4%mmmﬁﬁ
araslite release @ 1970. ¥ -~ 2 519X mummlies disap-
plot No. 1 at Fall 523 | 1973, VI-11 ‘ pairs | 133 ¢ 0) peared before adult
Tomakomai | emergence
| = 3 4 PEENCIBRE U
" Ne | 197¥Fj§ 507 1974, VI-7~21| 29 | 540 (104) 3§§§B;e§?é3“§2§§ie
1 | | adult emergence
; AR — A BGER
"N s 19711’«‘3& 489 | 1975, VI-18 0 | 500 (207) f Sgy‘;fd e vas
- | releasing
/MR A R 5 S
Chemical control} 1970. %k | | g, . = = §97r?>a, ;/} gn%ﬁiﬁg@
plot at Fall ’ j 157357 !
Tomakomai |
/N f ;
Control 1971, %k 379 . . _
(Untreated) plot Fall |
at Tomakomai L |
T % G g
Para31te release 19373'- i ‘ 352 1 1974, IX-13 16 0
plot at Jozankei pring |
T 1% T | | |
Control 1973. & 493 | _ _ _
(Untreated) plot| Spring | 1
at Jozankei ‘ ‘

@) B, 777 AVEERE -V THARKEA T~ a VIR I~3 T O, w3/ RE=—n7—
TR YO THEAR, BEERCRT.

PALTED, ERELEL, $RHAPOEBELTOLRNIAFT T I NFIL ONE L 0IE0H)
bREVEADONBRE, HRBAND D, 2O ERBMUGERAT 2L, LOTHRIRE (BAR) <
IARAEETLCENTE (LD, 19739), KEMHOREOALTH S, oD TRBICHE
THEDT, TZTRENADKEEARBRICOVTOHIBRE T EiC Lz,

1973 457 5 1975 F F T H/ANET 3 2oF, BIIET 1 28, J 4 I OMIc B W CEA KRR LN
ANt KFRBWOKSEA R, KENLELREE, Table 3 DEBDTH D, WTNOHMS ha % h
3,000 AR DT, HERBHOK X 2131313 0.12~0. 17 ha ORIICDH 5

BN DB ER S DI BHIE, BICRAMENMEL TV 200 AWV EFELIMICHD, L
B, BEEMICIIEHBLI AL BERALNTOEL, LALIELTHET ) O, KMEK1T
BV T VE, AAxTAAAT Y (Camponotus obscuripes Mayr) S5-LFEESN T ) OHFAEH
B eDICF L, M3V TNSEHEEL A n s T Y BBHENTH -0 (%1B Fig. 24 2R). i1
BIREM S TR, oL bedary ) ofEREET 0w, HAEBOIERIC—BRHER (Fed
v 7 Y OHE U BERD 60% 285D 2R L, ZOBRILRENTHFERDEILAER AT
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FTYOMEES TR LSS 5T, HERZEEALZEST, THOBIIEEINTOIR N, B
FUBTMR M I 11T BT 2T, BOBIEE BB ORAE 1AM 2D K58 BT, @M L
T3,
SR TORMRRIT, 777 A VRABROCWIChH D, TREESS DO TEVERICET S
HERRIRAE BT 2 ediciT»> T 5,
B B 7 - T, R EEAE s — VTH - A T — ¥ a VRIC 1~ 3 DHE LT, #91
A — VR L, $lw 41, R (E/MOEEE 1) & 3Ric Ui B0 EEIC 20 ik
THEAARORIGICHE Lichs, SULATICIZE A EHET BB ERENL B 572D T, TOREFE=—
WF = FIE O DT, AR, FLIREARIC DB Ui,
2. HHEEOHEALEFEOLE, #ECOME
CNBEIZAT T I SFOEAMGIBORIR AL, HHULTHE L, KOTLITHD.
(1) HEABOHELEOEEROLE), EOHR
TP N O LRI BT BB A A B & (Fig. 21~23), JfH 1 PN i & bl U T
BB S 725 NG 5 51T, JOMENG SR TS, Shicsk U 1 <), Kidik
DEEEOS, BEDO LABSOELSE UL, CRIIELTT 77 4 Y OUHLEDIA, #HEOBAS M
TN END, FHELEDHFHREBESNTO S,

MBS M No. 3
600 Parasite re;E‘asg plot No.3 P
400 Serzey ,/4)/7/»,‘(15/ 204 U fE b No.3 o
-0 77 arasites "L Parasite release plot No.3
. 0
200 . N v /
| ¢ < 0
0 " s 0 ® MEII No. 2 2
7 B E5 H2 No.2 7~ 8 5 20fParasite release £l
9 :; 600} Parasite release plot No.2 0 7g =5 ! plot No. 2
L A [
£ £ o0} 2058 L7 0 7
o® = € w > B . No. |
5 200 107 E % S 100F Parasite release 43.7
3@1 0 o o0 JO iE €@ - plot No. 1
2 A 3 No. | mw 2 u 80
é_ ‘j 600 Parasite release plot No. 1 N 30 &N IS ;r;'
o Bow S w= 9D g0
S5 3 400} &8 P ek 57
£ * ?Lui"@ e g =5 40 f
A
N o5 X2
v 4 B it Control pot 0 i\ § f i 20
el 4 55
600 30 g ® 0 5
400F 20
20F rim o
200 \ 10 Control plot
o Loe0m 0 0 . VR S et
PRI « et Sl ¢ * ) i) .
Month 67 8101 €37 8310 678810 Month 678 910 678910 6783910
Year 1973 1974 1975 Yeay 1973 1974 1975
Fig. 21 =8 & Jiiics d Fig. 22 ikt & dickis 3
PRV AAT TS EEIAAT T T SR [ HEE O BEL (P FevAAT
FOEERBOED (G0 75 100N D DEIZAT T ITNFD
Changes in aphid and parasite (Pauesia < I A4 HD) GE/NKD
momicola) populations in the parasite Relative abundance of Pauesia momicola
release and control plots at Toma- to the aphids in the pasraite release and

komai. control plots at Tomakomai.
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MBI No. 3
Parasite release plot No. 3 %
60 LI 7794y Aphids i 60
!23\7'7‘7)\'7‘»2< H »
" 40 em| Ruasitized mummies | | ) 154
b * £
<
[ 20 g
7 w2 7 =
é 7 60F Parasite re\eoése 50 = %
= 7 plot No. 2 i P n I %
T L4540 i r’ 40 Jy &
B - : 7L
¢ 5 20 2025
= , 3 g
o4& 0 - 0 1¢
o 8 4 in n: No. 1 B ¥
a % 60 52 Parasite release plot No. ! 50 £ 5
c s
K o
§ 40 §§ 40 Eé’
& =g 7t
] AT
20b |& I 208
@
a
0 0
>t B8 3 Control plot
6 P 360
L0
20
40

(2) BEERRELELTHS
BRI b oRbhi ZNE UT, #ELTHS

T ) HEDRER

B, T77LVvOEERCT ) HBEAELTOEEAR
ZNETOM, L¥EELZ 4 arT
VIFTh sz,

AbLE, te4asr7T I OEELTHAEFERTHE I A
DHEEOBOEBICBNTINDEEETH S
Table 4. ZFHABBEME BRI %

bbv/ﬁj;770ﬁﬂgﬁ«
DR (FH/MO
Rate of the aphid population increase
from June to August in the parasite
release and control plots at Tomakomzu

T WM =%
EnY [5d Hi Rate of population
__increase -
Experiment plot | 1973 } 1974 \ 1975
5| _ I
Control (Untreatcd) 10.32 ] 11.34 2,13
_plot B I S W
K o5 o 1
Parasite release plot 8.82 | 5.55 1.75
~_No. 1 I
o & Hoo2 ‘ i
Parasite release plot | — 18.17 | 1.61
No.z \ |
I
Parasite release plot — — 2.88
No. 3

Fig. 23 #FHAEida & sidiic

JyodEL TS
iz z ik b 20% WA S (Fig. 24),

(Fig. 25)c C D&, &M 1 T4

[lj(d' %3 295 =2

BUB LN
IYAAT T IOFEREEIAAT TN
F D= 3 A FAROHE (50

x BHRIT 75 4 VBRSO A REROBE
Changes in percentages of trees attacked
by the aphids and in those of trees with
parasitized aphid mummies of Pauesia
momicola in the parasite release and con-
trol plots at Tomakomai.

Bar with oblique lines indicate the aphid in-
fested trees with parasitized mummies.

TVROBENEZLOND. TIED
—RICEK 10 BIci8 2 0B L5 LETT 528,

Blehs, M1 TR 40% pikiin Lidzh
LB BICT 75370 < 3 4 BARES

BEAROEEINE L, WITT 77 5 F IR
LHEEAELIRNT Y BD
HERNE, ZOHTD w34 OFANS
W, THROLET 7 INFOREELITHPTE
BONDLAT HAAT YOI ELUTHEHFE
ROEEDERP -1 L &, FEROBE LN
BADEREREEZ NS
(3) E/NBUBERM 1 i
% Bt shiR
MG L TR, BERRT 77 T
RICHHELY, EEEEBRKLTOSTED
BREOBFIC Hic b 1974 F-OFKIC
LVBERDRLICZ 1A DEENB LN, F
FICRT BHERLNHBE LA LLEL R -TY
% (Fig. 21~23), 7% Fig. 23 IKC/RI T
LT IENDAKRIC

B b HFEBEAK

7T

B&HiC, T75LvDEH
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A £9 H No, 3
80} Parasite release plot No. 3
A ) It No. 3
601 oo UM TVT 7 Lasius niger i
;’( N ;ij’é)é ) o miger 801 Parasite release plot No.3
X7 al N
40l o ants d#f’/;df?d 6ok o8 -C( 0T 7 Lasius niger
" o % N S0 TLTT) R Myrmica spp.
R 2086 X ©--0 LATNAATY Camponotus obscuripes
g ,:\b 40.—.
& o0 , M 20k
= AL E M No. 2 ?;zj;;ﬂ\i
% 80} Parasite release plot No.?2 0 4 A
= ’ © N
e o
- wn -
E»‘;aﬁ ¢ 80 22 88 % No. 2 o
gg j: ol EE: % 60} Parasite release plot No.2 s
£0 x I g S
5 g 5 20k ; @ 1 40
% = % X © ce e
85 o X o &L 20F
5D LRE 11 No, 1 X < R ;‘:3,@4,
Sg % 80} Parasite r?aiease plot No.l \‘@ B /;\ 0 V_M
ot - ! ' ==
K o y S8 gof mast Nt
c 604 0/070 ?" o“,/o’T ! 2w Parasjite release A-
< . i P £5 A 60 plot No. 1 !
o ; 5% & eop
C% 40 | ° N ? - ¥ 2 :
1 oy o T LOop ;
208 ,, ,X‘\ ’/\o ((g, @ @
o ] i ‘X/' X % 20 o
= (0 =
8ok F1 83 1 Control plot & J—. "
aof # 88 3t Control plot
60F
‘ 60} 2
5 -0 AL/ o
40 X sob ) Y
20t R : P
’ ’l ] 20% j/\o
o] MO | Xy X Xy x| ,Lf\ﬂ M
« [0] N Lo i L !
M?:atrh)§7378910 6 78910 678910 Month 678910 678910 678 910
197% 1975 Year 1973 197 1975
Fig. 24 HELTWE7T Y © BHEIICAH Fig. 25 JUELTV2T ) O ML =3

AAT T FNF = LA GGERE OBRR
FEAHRD = 4 HERDOEE) (E/A

ﬁbF?VﬁﬁT77MQT@AyWé
G 7/INED (FF

Changes in proportions of attendant
ant species on trees attacked by the
aphids in the parasite release and
control plots at Tomakomai.

0O

Changes in percentages of aphid in-
fested trees with parasitized aphid
mummies of Pauesia momicola by

) Zzotho7T ) EKELHB7 VT VE attendant ant species in the para-
LLATAFZTY site release and control plots at
Most of the other ant species were Tomakomai.
Myrmica spp. and Camponotus obscuripes.
C I DBLEDBPIEDBEND LTI STODIDR, TTIRNFOEEESTIT 75 6V IZREITE

5
LD LN THIEOREERKICE A DDV BIED, T T I32F OHET 775 &5

ZEicka

=0,
L, HENHEBE LIRS AONTNA
CDERDET 77 3FOHHOUR, BEOHKICELT
OEME CHIER) BUISPIET, MEO LHRRE s Ttsd,
Sk~ EiE T3 (Table 4, Fig. 26),
CNEPRBRENSBLED OWEFFRIBRALRBS UbbeTh b & (Fig. 27),
TORURICR EICIFERADE 2 LN E2 DR |k 505 2EHICEBERLUTOVANVICEDBTED,

UETHDT 77 by OFPOH~OFE
SEHEEOFET IV

7758 FEHAL
Al - T
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WE AR
Tolerable injury level
FIWNL F2LNL FINL

[ !
50F
500} - ‘ ! ,
» = T
7~ /o Al
- £ 40F fie — \\ \
é) @ 400f 3%— /‘;ﬁ [iz A |
= ~ N3t s s 3T /5 oo
(=] &S 3 // Control {Untreated)plot - /° % 0 7( J \
L o - 32 301 WE L —_— \ ‘
@ QY o] }ﬁ @ =4 / i A\
& . 300 o : )\5, ’ Vo
g ke B AR '
s & 20 o i -4 A J S
T 0 i ! 174 I
“ 200 ® o] / /)
It i & st w2 ‘
22 Para[site release / ggg —J
_— A\
100} : e NI el
/ \ .
< BRI o 55 —
+Chemical con‘krol plot o / ) . e ‘ ’ '
0 I Al ! L O v 2 3 4 5 6 7 8 9 10
1972 »71973 i h1974 1875 BEEERAIN
& EF R Year No. of years after planting
Fig. 26 FI"*?‘//I%T'/“? D SEHRE Fig. 27 b FevA4 775 O FHEL
DAEZEE) (BN FoHEH CGE/KD
€D %B‘{li% K=y BFEARI0AY b ok FAMREN T (), AP (AR,
BTRR XTWP& (B
Annual changes of the seasonal aver- ) QOERIIFEDESDHiIcH OB 3D
age of aphid population densities in @ﬁl@i%zémﬁﬂ%iﬂﬂ”
the three experiment plots at Toma- () HERIBERBICH S B FEARDE
komai. Seasonal average of percentages of trees
attacked by the aphids plotted against
years after planting in relation to the
tolerable injury levels in the three ex-
periment plots at Tomakomai.
Parasite release plot No. 1 (solid line), chemi-
cal control plot (dotted line) and control plot
(broken line). Curves with (1) and (2) indi-
cate two of the three generalized types of
aphid infestation (See Fig. 3).
Table 5. FHBEAOFERE ZDERIERE (B/MO
Tree mortalities caused by aphid attack in the three
experiment plots at Tomakomai
] \rﬁﬁﬂiﬁ\ s 3 T
om o  GITE \Year) 1972 1973 | 1974 1975 LA i %
Experiment plot 1 ante d trees ‘ | Total Remarks
| P lsampled \! | |
i Jize] bz i/ ji’g&No.[ — ‘ 37 | 38 ‘ 32 | 107 | 19734ED kR
Control 1971, & 379 B ‘ .,‘ ;tﬁurf«@ff*%%
(Untreated) plot % | — | 8] 10.0 84 2.2%
- - i S ‘!W —
o oW1 K%&No.’ 2 ‘ 4 i 18 } 8 | 32 | .
; 4 H 9734 6
Parasite release | 1970. Fk 523 - - %Zii Az
plot No. 1 % ‘ 0. 4[ 0.8 8. 4‘ 1, 3‘ 6.1
i !
S OH B % M A% No, 24 1 56 ! 3| 7| 90 gy Aaen
Chemical control | 1970, ¥k | 1,045 | : | | ) Jﬂ: AHH
plot % | 2 3| 5.3 0.9 o 71 8.6
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An Integrated Control System for the Todo-fir Aphid,

Cinara todocola INOUYE in Young Todo-fir Plantations

Hiroaki Yamacueni® and Masatoshi Taxar®

Summary

The Todo-fir aphid, Cinara todocola Ivouve, is one of the most destructive pests in young
plantations of Todo-fir, Abies sachalinensis Fr. Scamint, in Hokkaido, Its damage has increased
greatly following the extensive typhoon damage of 1954 and the subsequent increase in planta-
tions resulting from a large scale planting program started in 1958, Chemical control has
been applied on about 10,000 to 15,000 ha of heavily infested Todo-fir every year for more than
10 years. Damage did not decrease, however, because the areas reforested with Todo-fir have
extended to over 30,000 to 35,000 ha annually, most of which have been infested by the aphids
sooner or later (Fig. 1).

A long term project was started in 1958 to clarify the population dynamics of this insect
and to establish a silvicultural control or integrated control system for it. This paper deals
with the latter studies which have been conducted in connection with previous investigations
(See Yamacucur, 19762),

Damage and tolerable injury level

The aphids attack only young plantation trees less than about 10 years old. The impact
of their attacks on newly planted seedlings is large and becomes less as the trees grow larger.
Therefore, damage caused by this aphid in a given plantation is closely related to the develop-
mental stage of the plantation. The time of initial invasion and the duration of the infestation
is equally important. In a plantation which was surrounded by hardwood forests, the invasion
and establishment of aphids was observed 3 years after planting, and an increase in percentage
of trees attacked was slow, so that the total damage was rather small. On the other hand,
a plantation directly in contact with heavily infested areas was invaded by the aphids im-
mediately after plating and showed a high percentage of trees attacked in a few years. This
resulted in high tree mortality, 40 per cent during the 10 years (Table 1, Figs. 4 and 5).

For the first 2 or 3 years after planting, most of the trees attacked died the following
year, but thereafter tree mortality would necessitate the successive aphid attacks extending
2 to 4 years according to tree growth and attack densities. Consequently mortality rates of
the infested trees decreased with forest development (Table 1 and Fig. 5).

The infested trees which survived, however, showed great reductions in height growth
(Fig. 6). On heavily infested trees which had been attacked for more than 3 years from 5

years after planting, height growth reductions became larger, and an average tree height at

Received November 1, 1976

(1) {2) Hokkaido Branch Station

1) YawmacucHi, H. (1976). Biological studies on the Todo-fir aphid, Cinara todocola InouyE, with special
reference to its population dynamics and morph determination. Bull. Gov. For. Exp. Stat., No. 283,
1~102.
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10 years after planting was nearly equal to that on an undamaged tree of 7 years old.

One more important component for evaluating the damage caused by this insect is the
spatial distribution of trees attacked. Just after the first aphids’ invasion into the newly
established plantation, they attacked trees in some small groups, then their attacks spread to
the surrounding trees. The distribution pattern of trees attacked, therefore, changed with
increasing numbers of trees attacked; that is, a contagious distribution with small clumps at
first, then one with large clumps, and lastly a uniform distribution (Figs. 7 and 8). This sug-
gested that the forest growth would be further delayed because the damaged trees were in
scattered groups andc onsequently the forest crown closure was destroyed.

Three tolerable injury levels? for the Todo-fir aphid are decided, based on these effects of
its attack on tree mortality, growth loss and distribution of damaged trees (Fig. 9). The
levels are shown by the percentage of trees attacked in relation to the number of years after
planting.

The aphid infestation has almost no effect on forest growth below the 1st level. If the
percentage of infested trees had exceeded this level, forest growth would be reduced, but the
loss would be relatively small until they reached the 2 nd level. If above the 3 rd level, damage
would be so large that replanting was required. Which level should be accepted in a given
case depends on the objectives of silviculture, the economic value, and the growth condition.

In general, the 2nd level seems to be most reasonable for forests aiming at timber production.
Classification of hazard districts being susceptible to the aphid infestation

Studies on the aphid infestation and damage revealed that there were certain districts
where the percentage of trees attacked did not exceed the tolerable injury level (1st level)
without resorting to any control measures. From the results of general surveys throughout
Hokkaido, such districts all belonged to those where the cumulative temperatures (monthly
mean temperature above 5°C from April to August) were below 40°C. These districts, from
a viewpoint of aphid damage, may be classified as safety zones. On the other hand, the aphids
threaten to cause severe damage in districts where the accumulated temperature are above

45°C, so these may be classified as hazard zones (Fig. 10 and see Yawmacucui, 1976).
Control through silvicultural practices

In the districts classified as the hazard zones, plantations newly established will be subject
to serious damages far exceeding the tolerable injury level, unless an improvement in silvi-
cultural methods is made. As mentioned before, one of the effective control measures through
silvicultural practices is to leave natural hardwood forests, or to reforest with other tree
species in the surrounding areas in order to prevent or delay the invasion and establishment
of aphids (Figs. 4 and 11).

This was confirmed by research on the dynamics of aphid population in five stands, where
the different cutting-regenerating systems were practiced respectively. The results indicated

that in the artificially reforested stands after clear cutting in a narrow strip (50 m wide and

2) We used this term instead of the economic injury level after “Integrated control of insects” edited
by S. Fukava and K. Kirirant (1973). One of the reasons for this is that we have tried to clarify
biological or physical impact of insect attacks on trees rather than loss of economic value or bene-
fit/cost ratio.
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600m long) or under the partial shelter of reserved trees, the aphid population densities were
kept at quite low levels, and the percentage of trees attacked did not exceed the 1st tolerable
injury level. On the contrary, the plantation established after clear cutting over large areas
(about 30 ha) suffered from severe damage exceeding the 3 rd tolerable injury level (Figs. 12
~14).

In the small reforested stands as well as in the naturally regenerated stands, not only the
rates of increase in the number of trees attacked were kept low by the high dispersal loss
of aphids, but also the population increases were held down probably by the activities of
natural enemies, especially by the predation of spiders and insect predators (Figs. 16~19). In
results analyzing the change in artificially introduced aphid populations, the mortality rates
of aphids which were released on host trees and protected from predation by using cages
were much smaller than those which were exposed to predators. Most of the released aphids
on exposed trees seemed to be killed by spiders before they began to reproduce (Fig. 17).
Some of the aphids escaped predation and succeeded in colonization on host trees. However,
other experimental populations revealed that their descendants would be almost completely
destroyed by predators (mainly syrphids) in the fall, even if their population increased in
summer (Figs. 18 and 19). One of the important causes for high predation may be attributed
to the composition of ant species associated with the aphids in these stands where the propor-
tion of Lasius niger L., which constructed shelters on the aphid infested trees, was very small

throughout the seasons (Uppermost and middle figures in Fig. 20).
Biological control using the hymenopterous parasite

Against the rapid increase in the population of aphids, the effect of their natural enemies
is apt to lag behind, and this seems to constitute a major cause for allowing serious damage
exceeding the tolerable injury level. Therefore, the tests were conducted to artificially intro-
duce and release the natural enemies at the early stage of aphid infestations.

For 2 or 3 years after the aphids’ invasion, there were some local areas where the popula-
tion density was high, while the overall density was still low. Releases of the hymenopterous
parasite, Pauesia momicola Waranase et Taxapa, onto these local areas were made in four ex-
periment plots (Table 3), and an encouraging result was obtained in one of them (Figs. 21~
23, Tables 4 and 5). The released parasites increased their population and spread to almost
all the aphid infested trees by the following fall. This brought about a great reduction in
the aphid population growth and consequently the percentage of infested trees was held down
below the 2nd tolerable injury level (Parasite release plot No. 1 at Tomakomai in Table 4,
Figs. 21~23, 26 and 27).

The effect of released parasites was greatly restricted in the plots where the dominant
ant species was L. niger (Figs. 24 and 25). This ant species enclosed the colonies of aphids
within shelters constructed of nest materials and protected them from the parasite attacks.
In such cases joint use of chemical control measures seemed to be necessary to lower the
proportion of L. niger.

When the parasites were released in the field, both parasitized aphid mummies and adults
were used. In adult releases, 1 to 3 pairs of males and females were put in a net-covered
cage enclosing an aphid infested tree and the cage was removed about 1 month after releasing

(Table 7). This field multiplication method is very efficient because the parasites are establi-
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shed easily and releases in small numbers are able to cover large areas.

Integrated control system

In summary, the control measures to be used in different situations can be systematized
as shown in Fig. 29. Areas classified as safety districts, where the cumulative temperatures -
(monthly mean temperature above 5°C from April to August) remain below 40°C, are safe
from the aphid damage even if successive planting operations of Todo-fir continue. But in
areas classified as hazard districts, where the accumulated temperatures are above 45°C, the
aphids threaten to cause severe damage far exceeding the tolerable injury level. In such
cases, silvicultural control measures such as planting in a narrow strip, or in small areas, or
under the partial shelter of reserved trees should be practiced. Damage may be eliminated
by artificially introducing Pawuesia momicola at an early stage of aphid infestation. Chemical
control should be applied only when the effects of these control measures are restricted or end
in failure. The expected trend in aphid attacks using various control methods are shown in
Fig. 30.



