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Kazumasa Karaciri: Epizootiological Studies on the Nuclear
and Cytoplasmic Polyhedroses of the Red Belly Tussock Moth,

Lymantria fumida Burier (Lepidoptera : Lymantriidae)
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FAEED, B BRIICH UTIEFICEEZETH - Th, AL b ORKOEA K RIEREZ RS C &
R, COBERTHEAFREFEORIICH LT " 2 - TN2X30bDTHEELTNE, &
LT, WATRAEMRT 500, WEMAEYORET RGN, BFREGEVERER T 2 B0 BZES
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HIZDNT Y A W RIEHE HAL S5 K DICHE - 7o 38840, iy RITIC BT 5 9 A )V ZFIRITIC O T O
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RIS E P L, GBS, R NOARET, B ZSEERE LBEERIEOH
K, COEORITETER S LY /cDAR LT, WICHE LT, FaARMRIE, MuBZ
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RRICERL B ORI OO0 @R Y RERICBILH L Y 5,
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B & Uice MBRISHITIZ 1940 I BNR B ], 1947 FFICEBBASEBNILEERTLID ST
Whs
1. 2 AER Nuclear polyhedrosis)

(1) W #®

NTTA=RAZAGRI, BEAKRICEEND L, REEFHEYOLKICETYD, ZCTRE L
T, VHWAHTIROBEEET S, Ld T, EIRICKRELTOEATTH A =4 ICARKRIE
TLRBAE, & IR SICHATROBIEDORAERD 2 &b 5 (Plate 1A),

FRDHEL & IR IR RIS - T LB EU TR T 5. BERBENDT B, BEndsA
B L jc AN o PRl BEOERA IR A & Hot LTI D0 B0 5 Tl BIRIET & B 1,
T 1 A LIPRICSEAICBRIGT o ShRDERT 5 LA E AR LRI OHINIET 7 BEID S,
TR BOBANBC - T, TORBAORNT, FHEUARSHELEE 5, chics
Ui d 2 A, WL 3 BRlE E CRUEBM—EDOHEL T 50 WHLEILT LBERTE, Lo
PRoEeR T, BARDEZNEEDIT, NPV BNFETHEM LT, CNEBRESE 3T EERLT
W5 SHIORBICHRITMEC » IGATIIEROR BRI TE IR E L 2,

(2) B/EBITYA L ZAQTLER S VI

BAEB O MIZICER SN2 Z AR S, TIUCHAIN TS U4 v 2DFRES XUREICONT,
KBRS KO BETHEMREL B O THAIERBZROBY TH 5.

(1) ZAEOEE: PROFBAEEE LT B, 5HFICAZ 3 bOMNLEIEZ L (Plate 1B),
KESEL5~3.1p CEH2.4p) TH5D

(i) ZAKROERBRE  £AWE 0.1% NayCOs T T 2 LIEMT 50 ZHERIBEMRT 2ERES
%1mmem1@zﬁ@mmm&ebnao5@$wméémm%bfsw5@@$%m&ma(mae
1D), Fic & 3B MG Tshell] 450 % (Plate 1C), chiREMEN IEOAREELL - T
2L ERRLY, ZORLRBHENFBICE > Thigash 3 (Plate 2),

(i) ZARORE  BEURTA2E, ZAKRNBIZEROKESBETIEEEZ LTV 3, BTFOES
HREEAERLEKIZE—HRTH 500 KIS, BHICBROBIT, HRAIORE ZEFHBH LN 5. DR
FRHAOLAHEKRTHRE.0nm THD, VA VAT OELIC K - THRTEFIVEEN S T &80, R
BB AKTIE, ABES ERENLD) KA VAKTFEZEER0N, BRERTOEMEKTIRY A VA
KT Er R LIc L 5B TH LN S (Plate 2, 3),

(v) A VAT OFEE : ZAKREERLTE SN YA v 2R TR T 2335 300~410 nm,
SEH 30X 370nm OKE X THZ (Plate 4A), YIS TH B & W4 VK FOEZE 30~36nm, B3
#300nm TH B,

(v) TAVZKRTFORHE  BIROKEHEETEENSG L, BIETH 2 & B IcE T HEDE
WiBS A B (Plate 3), T O#AO—IRT, FERIRTHRME V. L ULIIHIZHIR & LB a iR
TP, WLANEES > T 3B, COMRIKIE 3~5nm OBETH TN, A S W AT RN A
BRDFH ZHIRTH 50 BIREDOESN B, BFEEOED TENESTEING. COBRKE T 2720
L7 3 2RICE - T, CORBFIAWEICEINTO S, SWIEICEE NI € ORDEZ MIRFICE
AEEINTN G, ZABRPTRERPMNED LI BLEFBTOEITH 2,
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D XS, Ky vz TN A

(K79 4 Borrelinavirus (B4 208, <
NEBED VA WVASHLRERADIR £ i X 1L 1
¥, Baculovirus ED 1FETH 579, %W

(3) waki: %0

(1) 1ERZ G RE & B E & 4 i 50
BAE O THM S SRR & AR & ol >
FEWfE Fig 1 iCRs, chicks 8 10
& LS50 (£ phal/ml) = 1089404/ m] (959%(5 s
BFIRR Th Do w 50T

(i) #HABIMUCHCT 2 ETOMY

NPV Oiltd e RE KA RELTH S Y 30T
HAELT B & TOMIIC DUV THER L kbR 201
% Table 1-a, bC/Rd . $hdiid NPV %4
EHEsNL L, BEZ8~9 ATHTT %o 10°  10% 10°  10°
VA NZEESH LTS, BOMCHEELTD, céifffﬂéiﬁéfmﬂlm

(number of nuclear polyhedra /m!)

TS T B , o
Fig. 1 & k% ki & TR

COFEBOE LD XD,

T g A HU 25 1) ) 1 i
AT ETOMNICE D T, 8ESMk Relationships between concentration of
WTHBE, WEICK2WEADOETIEL T inoculum (number of nuclear polyhedra

per m/ of inoculum) and mortality.
Z L OWEDH D, TUROEORRAETHIN &

LTWAMY, ANSTH=4 A DHhBETEhb Y4 v REEELBTHh 2 W0 KES © | B &%

CPETH2°C) T, UETOHBICEE A EBERA LN, Janscr E, / V4374 <A4T,

Table I-a. N3 T H <4 <4 BKEHAROER»SHEEECOMRE (1)
Incubation period of a nuclear polyhedrosis in Lymantria fumida (1)

W | B OH k| B | EEECORE | FHzR |8 B

tar | o e o0t P | Thyer | empentire|
I m‘D (REDY 5 810 8.3 18.1 100
1 6% A (¢/S9ky 25 810 8.6 18. 1 70~80
I\ g;gl GRED® | w0 | 7~10 8.5 20.3 70~-80

1) 2.7x107/mi g 3 SHHEIC B, % 24 WA
Dxpped the foliage into a polyhedral suspension of 2.7x107/m/, air dried, and fed for 24 hrs.
2)  [ALRHEICS) RTRA R
Dipped the larval head into the polyhedral suspension.

3) 2.7X107 HDEHEE 0.19% NagCos THML, KTHER LT Iml K UIoiE 14 0 2ud FE5
Injected water suspension of virus obtained after treatment of polyhedra with 0.1% sodium carbonate.
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Table 1-b. N7 Th <A <A KEZHEKOER» ST ETOHM (2
Incubation period of a nuclear polyhedrosis in Lymantria fumida (2).

BB E (A SO T % T o R ¥
(Z AL /ml) Xk b Days to mortalities indicated
Concentration Number of
of inoculum larvae/pot* -
(Polyhedra/mi) X Number of pots 50% 80% 100%
104 5 X 8 16 ‘( 22 25
108 5% 3 17 , 21 26
108 5 X 3 14 ‘ 19 28
107 5 X 8 15 17 19
108 5% 3 8 | 9 ‘ 10
* SR L7
5th instar larvae were used.
NPV OHEICE - TEEIHERL, YROBEFRERELFR ULPPEETH 2 EME L THE080,
ThwA AT, %0)@5{);‘&@47&1%6(:3{5(? HIEEDOFBRDRED, T4 VAROETICE s ThE
BELIZEETH S Bo FIERREICOWTALE, MOBEPTEALNTVLS XD ICRED

BOBAMAELZ TS

(i) U4 VvREEORHEEE NPV O R RO BIRICOWTHAE Uiz, SR L2 Mk
KD 3O DFETHREINTHISDTH S

(A) 1937EEENNFLRNE IHT U A W AIRRITRHICERIE S NN T T h =4 = A SERBAD» S IEE L
fe Ak () 30 FERIEARRE THRE SN TO IR REDL SHE L2 5 M5,

(B) 195747 4 W AFRITEICIRE S NI T Th =4 = 4 sz, @EmicREICED,
Wl UCORR A i & 8, R I A AT S S CAIERE Le g ik QOEMEERIE T HIIRE
L7 RREHLE IR o

(C) 1958 EICHAE-MD SWME LI T TH <A <A PROBEHAOGIRBA»I LB L £ M K
(9 FMZE TR U IORR P ICRE I N TO R Z A1),

BHEEROFERIT Table 2 0@BHTH 3

AU TEBOERAR, 10FMBRTHREASEREZR > TOEN, LERREBTENICKEL 28 &

S

Table 2.  # % A & o HW K M
Infectivity of polyhedra stored (A) for about 30 years in dried state
at room temperature, (B) for 10 years in dried state at about 4°C,
and (C) for 9 years in dried state at room temperature.

o - o r§4 (;‘h Z%;’
Z: T 7 R Co()fn;centrat:ﬁion A Rate of infection
. f inoculum Number of . o l
Materials o lvhe BEfatkng | MIRED kR
(polyhedra/mi) larvae used Nuclear polyh. ‘Cytop]asrmc polyh
A 1.1 X 108 29 11.1% 10. 3%
B 1.0 X 108 27 68. 2 44, 4
C 1.3 X 108 29 22.2 6,9
Cont. 0 29 0 0

T AR ABETE LT 0 BB A R ICINA TR Lic,
HEAPDEL A 19374, IR, BRET. B 195TAERE, Wik, AEMAE. C  1958EEE, wIR, RERE.
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Table 3. fth & B d ~ © # & ¥k
Cross-inoculation tests of NPV

T T SR -t £ 5 kR M
& # & T Number of Number of larvae
e : . larvae exposed |died of or suffered
Species of insect to mfectlon from polyhedrosis
v A = /r ja
Lymantria dispar 30 (30)* 0 (0)*
7 2 H v . .
Dictyoploca japonica 20 (20) o (®
TAYVAYOE Y 60 (30) 0 ©

Hyphantria cunea

b =S v R PAPAN . ;
Mualacosoma neustrvia testacea 80 (30) 14 (0

Vil A =] o R
Bombyx mori 30 (30) 0 (0

* 4EHEEE Control

Table 4. A4 v H UABELICE T % occult virus (45 DH MK

Examination on the existence of occult virus in
Malacosoma neustria testacea

B B & & Rearmg conditions
,\ﬁ ; 71 z f/f 7( It i
B B o % W 2 fRHERE | occult virus
Temperature 22°C Room temp. e o K
e i3 | . 5 T Resplt of
Humidity 100% Room humid. feeding of Existence of
- | L. fumida occult virus
£ & B T B ! i polyhedra
Food quality Good Bad Good Bad
- i
BB E® 1 X X X X X | No.
No. egg mass 2 O « Ves
3 X X O Yes
4 X X X X VAN Partly yes.
5 X O X X O Yes.
6 X X X X X No.
7 X A Partly ves.
X T ANV ATEFAE LIS 5 1K No viral infection occurred.
O wAnRphFE LK Viral infection occurred.
N U A ZIE B E U [X Viral infection occurred partly.
13, 9HMIRET 2 SIEMEAMEL 78 - T BA%,  ET 30 FRIR bR Dz AT S, 2icaE En

TN L MEIE Y A v 2 DIEEE, BAICEEDI TN,

IEBAKBROH S, 1937 HEOWAT, 1957 HOWIT & WO D BLOME AIkIE GHER) OWiTOR
h, HIEEARESEA LT 42 5N 5, 1957 ORI I AMERERIC, W2 s
VIS D 5 A v 2955 DAL DS BT S vtz

Gv) NFTHwATALANORBEADBFEE: : ~TTH =4 w4 NPV bl B icss Uz
L OMPEPIC DN TH kA Table 3 1KiRd,

AER VABRNT, DWINBMEARBORFIIED ST, T ThwA w4 NPV QRS
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BB EZZ ON . A LA UNTREMEDED, NTTHITATADEREL ~12bDBAH LN
oo TNODEHERDAH NI GRIE, T NTHEOIRICHKRST 20D TH -7z (Tabled), CiidA
B VD occult virus 28, BEV A VR ELREEHMBEEAL > TR LD EEZ LT
&5,

NPV 3— I R HI R R R A S RI T H 2%, o BIICEE LInb T TR,
L LA el L odgnhs Table 4 [CRENI &5 HEERRL OO HICRONE &0 5, ~T
Th<A <A NPV ORBRGTIZRN B Uik,

2. ifEZ /&R (Cytoplasmic polyhedrosis)

(1) NFTh<A<AFMEKRBICB Y 2 MIRES MK O R

HIf 1 O v 4 v 2k ORHEE () (i) Kb 2 EBERICA LN LD, BERICEY 2L
AR OWTE (1937 84 XU 1957 48) 1T, MBS MERBELREL Tl 19574, NI TH7A =
A DRFEEITHE » THBROHAT U7 BRIC, S AERE OB RS, SR mOREERAER AR T LT
T 5D LT, WSt UAHE 5 & ) IR TRETIIZ O SO THRTT 5 b I i,
ZOHEZ, BEARREREET 2MKICHNT, B20CEET, LhrbEE L THITOUBHIBICR
B oitze L L C OIRITIORITREZ BRI E 3 2 BIEREZ LR (Table 2) 9 44% OMRES
AEIROREE ST, CDHIH, 30% BESAKRBENRELTED, MIES MERKEIET OFINRITH
4% THotco 72 1963 FEERBILE IMICKRFE Ulc 7 T H < A4 = A BERBIC D 4 v RT0BHIT LTz
BRICIEE UFoREIR R BRI & LT, 1966 4EIC U 4 v Z DK BIEATT - 7278, OB B R Z¥HK
DYhRIT, ¥E AR SHIRES AREE R LIze Lichi-T, COROEAMAEICS HIIES fH
KIRDSFE LT T ED5hh 3

BE AR S MIREL AARROMER, ENEEORSE, HICh A o THHEICRE SNTW 5558050,
NTTHheA 74T, BAOHREERFICOHEES AREONRIRC 22 LML -,

(2) | #®
BRBRIRBICEREREBLRD, EIMBRERCRED XI5, RARREZOREI P E 21

ficdh 208, BEARREOHROBAERLTUSHE LRV HERABMERICEDL S C &R, &
Tt E BRROBAD XS IKHNPT N2 C &0 Liehi- CHEFREE S ICHET 2 2137
BT & B O PR D B £ AA ST TRIBOFE ML, Chick > THEBERICHE
LTWaMEsH NS
Sty o g ¢m%mé%itifﬁﬁé@ﬁcmﬂfﬁb(ﬂﬂeﬂﬂ,%%@%f@@%
BAEPPEINTN D, ZARPERINTHENAET 201, hIGERBIEYIT, RO THETTH
P2 %o PHIZE - THET 2, HBESENTO RIS b o TBERICIE &AL NEY IR
DONBNREOSDEE A LNDL, FRREVHFHELTH LA LELESONDH, T4 WAL
CCTERHLTOAPE I DRETH 50
(3) ZHEBITY A L RDIEEER S PICkE
(i) ZAK: ZAHEKDIEE Plate 4C ORT &
£, FRMNFEREELEZbORALNDLCELD
KbETHHDH D

51z, NPV 0D L0 bR 6 Afta Licb o
Bo RESF2.0£0.5p THHD, LT3 Tp
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MR ICE 2 EEARNTREARKRERTMHEEZ LTED, BTDOIERMN 4. 7om Th 5 (Plate 5),
A NWAKRTNL T VA M E RTINS (Plate 6 A),

Z MR DR EE T OB E R ik s % (Plate 5),

(i) v vz lEUAT, B mERETovh ) IERL R

L U ot R T o4 v R %

BE LUz, BIZ6MEELLTED, #4a CPV LEREHEEDTHEEEL N5, LMK SRS
- A4z PTA Buts Uz B M EEcpliEd s L 48.34£0.3nm ORKXXTH -7 (Plate
6B),

(4) s
(1) MR & RGeS XU E T O - Shhsiic 2 ML IR R AT U, RE &Rl
f?ﬁ{_ qu‘lel\fx_/(xu Lf Table 5 ‘C/j:\@ho

B ORBENE L A1CONT, BRRLE T 50, CORERD LA ORE,
WEVNE 85, FR3BUADDTNOBICEN TS, 109ml & 105/mi OE O
Uit & DN 50% IEAHREED S 5 & E0sdoip b COMREAE P aey MO L T —EBITiRE S
e Z0Z &, —Diid, REEICK - TR, B30 HMREREICIK Uiy 4 v A s 4 A i
BRRICEDANTNENC KRB EEZ OGNS TRBICE D LSBT D 1

WIT, Lk 105, 105, 107/ml ZH:FE L7 5, 6 Mdiic o0 TA L &, LT H T3

e 0D IR BE A 1

Table 5. H: R % B 5% Y R
Relationship between polyhedral concentration of
inoculum and rate of infection
[EO (38 ]I e
Rate of infection by larval instars,

o W Bl B . Bowm oz oMok om B E
i ; |  Number of |Concentration of inoculum (Number of cytoplasmic polyhedra/ml)
larvae
Instar inoculated 104 108 108 107
| 163‘714 27.3% 69.2% 82.5% 86.3%
2 78 40,0 47,4 73.7 70,0
3 42 54,5 36. 4 80.0 70.0
5 79 41,2 86.0 5 88, 2 94,1
6 80 27.4 83.2 88.8 88,8

(2)  PYLIR & Bl ke
Rate of infection of adults which were inoculated with CPV at their larval stage
and survived to.

L7 | ®OM £ M koW BB

i i Concentration of inoculum (No. cytoplasmic polyhedra/ml)

_ Instar 10 10 ) o 710 ) ] 10

inoculated | 5 gn ‘ cPo Ad cP : Ad I CcP Ad ' cp
5 55% | 18% 15% 0% 707 % 0% | 0%
6 60 | 17 85 88 Y 80 i 100

1D P {b #H Rate of adults emerged.
2) BkHio CPV j#¥e# Rate of infected adults.
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LT 2HDOBEL B N5, KEBRTOPLEE, Table 5(2) ICRLIEBHTH b, T oRBIHEKRD
ZLObORKELTENTECEETEL, BRELTHELAZSDICDINT, ERENRTCT2ETOH
MxEd 5 &, 108ml AR LUK T, 15 BRICEL TR 60% M5, ORI 16 B
B 520 ABEFITOMICHC 5o 105/ml TIX 13 HAD» S 20 H X TOMICHT Lrchs, HicHERER 15
BEICK, &R0 40% BT Lz, 107/ ml #E T, 108/ml OBA &L 2~V ThHh-7o T
NOSRVWITNERRTITONALEEEROMRTH 5, Lo shs,
% 10/ml Dl koL mRBET, BROMNCEET 2 &,
LTHETEENZ B,

(i) ~7T7h<A4 <4 LSO RRICHT 2 RE R |

(8) =A=AHICHTBHEHENE: 4 A KT 2T T7h~4 <4 CPV oBEREBR O # 1 12
Table 6 DEDTH 5,

NTTHwA =44 CPV

FRT, 2:8itk 5 3BMEBETORIC, FH

NFThwA4<%4 CPV L, =A 4 HICH LT, AROBRICHT 2 ERERLVHEREEELL > T D
CEbrot, i, <4 <4 HAED CPV OFEMEIZIZELTH %,

(b) =uhv  icHd 2R =Y h b8l GRED Shhic, 17 £ 12 0 104 105,

Table 6. =A <4 HiCddT 57 T7Hh<4 <4 CPV OFFEME
Infectivity of L. fumida CPV to Lymantria dispar

A D EER S R
Number of polyhedra
inoculated per larva

Ht B B BB X KEO
Number of larvae used
(No. larvae X repetition)

FIE QUBE & f AR
Rate of the infected with
cytoplasmic polyhedrosis

108 15 (5 X 3) 35.7%
108 15 (5 X 3) 57.1
107 18 (1 X 18) 72.2
(1st instar) (2nd instar) (3rd instar)
7F L
&
— b L3
= ¢
~ 8 " n L
ugs
<
N dT
- 2
=3k
%3
L
2
10% 10° 10° 107 10% 10% 10° 107 10*10%10% 107
BEREE (ZABE/ ML)
Concentration of inoculum
(number of polyhedra/ml)
Fig. 2 N7 h=A=4icid 5=y h v, CPV ORI

Infectivities of Dendrolimus spectabilis CPV to L. fumida.

FRIEOZ MIKIRERICE I $1IEET

B L, 12 BRICHRE U TEREOB LI~
Needles of fir were dipped into the polyhedral suspension, dried in shade, and fed

for 24 hrs.
microscope.

REL, B Uitk 24 Hililia S L7z,

ZOHRFMET

After 12 days, all larvae were dissected and examined the mid-gut with
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105, 10" DL AEBA TSNS LD ICHE LT, 2 8MRICHEH L, B2 L CABMRIZNT
NOBEDOEAD 100% B LT abs, KT 10 3k 2 SUCiF QT K 2 R[S STz,
CDTEDL, NFTHwATA CPV iZ, =V h LA U TEWEEERS 2 C &hibh o,
(c) nNosTh=A=A4 T B2 vH LN CPV ORKENE: N5 Th <4 <4 Bbdhd, 2@
FU I RERNT, =V H U RIEL SIRE R Uckior Fig. 2 10RT, chicksd, =
VN CPV L, NI ThwA=4IdUcARkD CPV LR UBREORELNS S LD TH 5,

CPV REARMENICHEBREL S 2B4088 000, consThwA4~4 D CPV bRMEIE 13D
72, JRWEHORRICHFELG 20D EHSTH b,

I YAMILARERRITOERREBEEAGHOZIT 22E

1. BRSMEERC BT 2 BT

(1) MISMEIKE & ATk

FEUHD 1 o Rl B bR B % BN R B B R B D & L DAESL LTV B4
¥ 25ha WHE Lie I TH <A <A MIEBEREDRRE Lo
COEINTETENTTHATADREE, ZNICHS HEW WEAKRKE) OWiTiEe, 14T
IR DB INTE 129,

AFHEIZ 1957 HA ©— 7 &3 5 RIS O IR REIC SR IC AT L7z MESUREEIR A0k S B S i ios 4

i

HREEEKER 15
FENEBR A

e

Fig. 3 J&EHE X OFA A EEK
Map of study area and sites of study plots.
® BHEEKX WEEF O ®EE/N

Black circle shows heavily defoliated area, dotted circle lightly defoliated area,
and white circle little defoliated area.
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FUNCIT 72 b DTH 5o

WERGHIINIC, Fig. 3 ICRLAXDIC, I 56X ETORERERY, FHAKK, ZhEh3
AP OWEARZERICEE LI,

FREACEY 2R ERER, 6 AhAaodhmlE, BXU7H LAOEINAERNRICT - 72o FR
TEOEE, BWEAROMIN 1 mOPHICEBT 29 N TORERERE LT - o BIREIL, FEKR
DVOANAILERI > DEIH, WERELUTHE U, EEERATE, HEROLMEIERBRERRED
R & Uico

J A B D MR BT A B fe i, ® RO ICH BT A RE L, mARRSIRIE HE L
foo & DIAEIZ1956~568 D 3 AR, KD BAKRIICTT - 72,0

RSN OIS S HFEFERBKO LD TH 7o THOH 195746 7 (Yo BEaFED
KB 2 5REMAEORERSEOWERE, TRLbEEROBIBRELIMENNIC, K, i, /o 3B
TEE Lizo BIEBIRZRE L AESN, BERBOBLHE L0EAZWHER, BIEOHENED L
NARELAD, FEEORDBIABINCEIRED SNIMOREEL/NE Ui,

CDOWEEIC L > THAEMAAE 3 DI/ v—T 450 Lico

WIC, MIFRICHED D 5N 5B £ D ICH - B SOREHREA S &, 1) FIE (1956 4£) 103 Tleig
WEEORDRY SN (WHAFA ), i) 1957 IS » T THEEBOFADNEY S/
W GRS A IR, i) 1957 FoRERENI%R TS, SMALBEROBMD NS SNILH - IR (&

FEME) Zicadonb

TN K-> TERENSD IS V=T 5 AT L E, CNREEEDZN LT L (Table 7), /L
OWEDEP LXAIN LN LOREEME S Vv—TOhhs, ZhEN 110D 2HAERDY, £
B HZEEROHML S 1m LINOWEICO fo A s 7558, Table 8 @D TH 70 T2

Table 7. BIEHFE, WERENCK 2\EMED 7 v-—T R
Grouping of study plots by degree of damage in the crown

, B g i3 . e
o o gﬁ = S S (R
. P 7 egree of damage
Time of damage appearance S the crown ; Study plots
% v Early K Great v, VI
th HA Middle th Moderate m, VI
#% it Late /N Little I, I, v, Vi, X, X

Table 8. FHEAMNG 1 m PN OB (1957 4)
Number of larvae found at the tops of fir trees sampled
at each study plot (1957)

"%tﬁ A @Z P i OE N B ’I%tayiﬂm%négr Nun]ﬂi:;/ oof%]arvae
udy plot Degree of damage |No. trees sampled of larvae found | per sample tree
v K Great 2 1,257 628.5
VI =l Moderate 3 353 118,0
it 7N Little 3 8 2.7

X N Little 3

| 1 0.3
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bbb, € IHEOWEMNEL <, UL b G ml]) B EZ s ild 5N T L HIMHAT
I, YHOBELED -, CHICET A0V, VIOMEAEMMLT, € I ETHBOPLBIETS -
Tro HEEEHSHT, hSAENRE, RO AMIORS TR L OVIO A SAN T CIKhH D, I
HUEE S TH oo ZDEPOHEIL, T JENHEBOIRBIICH O, ZOWHEWERENOKIIF
HHIR T & - 720

(2) EMREEE

(i) w4 vAREHRITOIE

(a) LhrRMlickr 2 M EFETHR b iic e 2 6 7 17 Hp 5 19 HIZh T, SHAD R
KpOHEREL, HHICHEE LT, BIRELHE L, ZofiME Table 9 [CRT,

4 VAP, 31X 100% TH D, BEREH SR Uit O N

FEDEE O SN RDEE MR » TR 5 &, RHCE 0 B2 B BN S fod,
FER RS RSIC T 2 2 LKL DD TH b

WREEOEO IV, VIS, TRECEED M, I AT, WFRbyhdsfiicgEs > TaT
BO, LrbcoMERICEY 2 8MmiE, ARe ML TS ARNICER LT, ThICKL, EHEE
DO VI, KHAETE, BMICHE LGmiRbR, BEMERERMIERRDIENC EEZRLTOS,

—J7, BEIOGYRICDONTAH S L, EEERRO VAT, KESORBER LTI
L, WEEHIRO VI HATE, BRRE0% UFTHs. SHEBEHROZMATIE, BEAERR
LTWIED» -7,

B PicBT 5 8o

INOHOL &5, MEEMETE, WEUARANED U4 v AR, 370D BEE IO RITHN
DHEATE D, REEHRTRE, IEEZHEARORITREC s TWEh- WAL b, 2D &, 4
R SN OFEATRIT & BB R EERTHDOT, BEFRENEVIZE, @SRk

Table 9. FPEMSICE T 24 BRBPFFRE LN 2 HELZT R
(1957.6.17~19 &

Rates of infected and parasitized larvae in the collections
at each study plot (collected on June 17~19, 1957)

ok BOE O Y o& Zi S O 1/ £
g ‘7& & Larvae on the top Larvae on the trunk
wEs FYIW , o h
Degree No. [HifrY4bo ! i’j‘jjjg(k
Study ¢ b} {};ﬁ( | N
o trees \*q0 HY | N P | 0. H* N* . P*
plot damage |sampledlarvae/ ‘ c al.fvae
sample 01 d
| unit ecte
- % % % % % %
v Great 2 628, 5 0.5 99. 4 0.1 124, 5 0.8 98. 4 0.8
Vil Moégratc 3 18,0 100. 0 50,0 | 58.0| 42,0
VI Li/‘ggle 3 2.7 100. 0 50.0| 86.0| 13.4 0.6
X L{g;le 3 0.3 100,0 | 50.0| 99.4 0.6 0.6

« H:if 4 i Healthy larvae.
N : £ MAA5E SR Larvae suffering from or died of nuclear polyhedrosis.
P NTZDFEFZT o 4hd Parasitized larvae by dipterous insects.
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Table 10. ¥ 4 v ZIFFATHIRD & I AP IC BT 2 BIFE XU h ok
Instar composition of the dead and diseased larvae collected from the
top of the host trees sampled at each study plot. A nuclear polyhedrosis
was prevailing epizootically in the population of L. fumida in the forest.

e ( | g | TR M D i 14
WA | WoE B | EEAKHE | sk U nstar
Average no. |_
Study Degree of No. trees | larvae on the
plot damage sampled top of the 3rd 4th 5th 6th
tree sampled
x % % % %
v Grgat 2 628.5 10.3 26.2 1.1 52.4
I Mod‘gjrate 3 118.0 2.5 9.6 87.9
VI L{ﬂhe 3 2.7 100.0
X Lféhe 8 0.3 100, 0
Table 11. 7 T H <A <4 GROEIPRIFEE (mm)
Width of head capsule of L. fumida larvae (mm)
i) #  Instar 1 I I v v Vi
%%ang[eﬁq 0.53~0.55/0.84~0,92|1,39~1.,562,04~2,17|2.80~3,001!3, 70~4, 00
Sle
e Average 0. 54 0. 89 1,43 2.09 2.90 3. 83
Larvae %lﬂzan Eﬂ 0.53~0. 550, 84~0, 92| 1.39~1,56 2. 17~2, 29| 3. 10~3, 40 | 4. 30~4. 50
survived | % gﬁ
to adults Averaée 0. 54 0. 89 1,48 2,24 3.283 4,44
S =)
Average 0. 54 0. 89 1.45 2.19 3.16 4,20
BE ARk
Larvae died of nuclear 0.54 | 0.88 1.54 2.16 3.28 4,26
polyhedrosis |
Z D DL |
Larvae died of other 0. 54 0.87 1,44 2,17 2.90 ?
causes
5 g 0 L E K
Larvae pupated at the 0. 54 0.91 1.49 | 2,34 3.70
fifth instar |

RE, BEARRORMERIDPTNCEERLTO S,

(b)) BEAERFSRE LRITT 29 HOBE  BEARBRORTICE - T, = IR T TH=
A4 = A GBROFLEELS MBS 508K 7V — 7T OhOFEROWIERICE T 3 2EEELRELT, T HD
WML =D MBEELA S L Table 10 DBOTH - o

ekt s, AERESTEFELTORGREBTRTEHTH -0, HT L TO R @E 4k
i, AEMG TR, FITO#EATONS VAT, 3E15 6 BETORTHNA SN, HITHTH
FOPPENTOS M HATI, 4B256BDOLDNS LNk, FITOLGHIBICH 2 VI, X ST
i, DIRIFECHBE LN, VIR 6HBOEDT, HELLEPDDBEBTEH -7,

BERERICE T ROBORARE, PROBOEBICRITIAEE 72 E0E 50 HdROEED
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FATHILAR IV ICB O ThD, 1, 20RO EBE SNIL L -1z COMARD ShA D S EIKEE Uik
£ 1~3EROFHREALAONT, 4MURICKE AR IFEL TN S (Table 15) 2 &mb, &
OHEICBOTHPT ORI A LIS > TRF LI EEZL DN S, 3RpsstEiohics o
NIOBEEEHRTH D, O XD THILTIE, PROFEFICHEANIMEL TN, M T - 72ific
SEIANBAE L T2 ThHH Do
NFThHZATAYRUT, AEICIEE L, ENETEIOHE LA LT D > L ODIRELEST S
EHIIL B, FAMTEBT B A W REFINOKIEDS, COREOENOBIIC—HT 22 ERFERT
Thbo

CNGDIRICY 12 - T, RO B o¥ElL, Table 11 12X » 72, UL, KTHEFEERE SR
Lt b0z, WEIDEARBL, WAELAERTHL, TNTRINTWVS LT, ZOREHT
Z, YhoBEREAmNE b, Bed s RN DONCEIIET .

(¢) o THEPE MHOWAE, 7 AVAKC, FHATEABRICET 2 2MEEREL
THT = foo REFHCE X TORBEENTRLIE, PULLE D - i, BRERICHATOEIL, #
MUTOA4 VAREROFEA RS Lic, ZORRE%AE Table 12 1C/RT,

WATOHATOIRFERIRO IV, VIHETEEICE - 250348713, UL 2ok EEEA

IR T BFENRTILETHE Lo Thid, TOMBRICET 25 ThH <4 <4 BEEED, U4 VR
DFATICE > THRAHEINT LE - T EEZRLTNS

VAV ZIRDOWRITHR RN fe EEE IR O T, VI HiA, BIOYHRLO T A v 2K X B THRDN
K- fe VI, KIEE ETHE, WIS AREICHT 2 BN, 36~42% TH - 7205, BEMBIRIC
L DOFCRT W MA T 53.1+212.4%, VEHAT33.6£3.3% ThH O, (KEEHILO VI HS (28.6
+6.1%) BIU X HE (28.914.2%) XD WL HEM o7, SIMBO T A v 2IFIT X BILTRIE
Pote VI, WHET, ORI IHYNCET 2 94 v ARIC KBRS, H30% biohi & h
D, TOHBTHE, w4 VAEBYHRBICREL, TORDRICIE - Th LR[S 5 LONED 172
LEZON D T EL AR, BEMERIRTOIRMIBICE (A b,

(1) o4 v AROFRTHE RGO RERICE X2 98%

(a) flLihicB XIZTEY YA VRO L STEHEOTERD S, TN TORmEREL, &
AT S EFIRBICDNT A S & (Table 12 &HMD, A VAHEBITOBR L H - 7L HERT/NE W, —

FE CIEATHCE T 2 S OZ BN THEAREE LicBaid, PHLa 4 20 8 12 ST H - 72 (Table
15) CHIZMHEZBREMTH L EAOND, COTEDD, FAERIICET 2 MK O EA& DK T IiZ
VA NVAIHIATORBTH L N x , HOWTEBIED T NI O FE P e EBEZLND M

OEHPHDPHEL O S 2, 3AEL, MOEEMELD b 2N E T TR EITNIE, 74 v RRHY:
HURDMEDRARIIE LD, DT ED, VA NVRFDOWEIT U BEREICBY 2 KT ORKO 12
WWERBINDINETHEH D,

(b)) FEEGCE JIZ 98 © U A v R IRITHUIR T2 2 7 - o DD TIOR3 &, Table
13 DWBOTH »7co VA NVAFFTATOB LOHIRIZE, BIPHBPER LR -T0E. o L3k
INEWRBERIEPDEL IR TS EB VA D0 TNE, TANVAFENFITTZEICE-T, ~TT
H A T AEEBEPEBICTERL T CEAR LTS, U UEGRBEEOEOHISRIZ E v 4 v 25H
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Table 12. PEMAEN AT TH <A <A FHO 7 4 v ZFEIHI,
Number of pupae infected by diseases, and parasitized.
Polyhedrosis
Study Degree of No. trees No. pupae
plot damage sampled examined* Nucl. Cytopl.
v ' e Great 3 2
VI K Great 3 55 17 4
m jaa] Moderate 3 282 126 14
il i Moderate 3 399 109 27
Vi /N Little 3 239 63 9
X N Little 3 179 26 24
* o HEEUREII A TR AR I B T B A
All pupae found on the tree were examined.
Table 13. o 4 v ZFFIRITHIR TH: 278 72 Mk oD B
Number of eggs per female moth sampled at study
plots after the virus diseases prevailed epizootically
o e ) wEFE AR R B | B D T EpRL
[JESJU% Hﬂloltﬁ Degree of Number of Number ofuegés
y P damage moths observed | per female moth
VI K Great 11 63.0
m i Moderate 11 85.5
Vi th Moderate 15 103. 6
VI Jv Little 68 134, 1
X /N Little 17 155, 1
Table 14. ¥4 V2RI L z0BHRICBY 2
NG T A=A <A RBOML &I
Sex ratios and fecundities at the generation of epizootic
and the next generation?®
1
. 5 % b e S ti IRk F dity?
LA i Dzﬁgfejeo?)fﬁ%a?n?ge K ox e i .e S
Study plot | (in 1957) 1957 1958 1957 | 1958
VI VAN Little 0.13 0. 66 134.1 ' 164, 22
X 7N Little 0, 27 0. 56 155, 1 132, 6%
1) Number of eggs per female moth.
2) AEMEEE 6 H 6 moths were observed,
3)  FHEEMAE 96 i, 96 moths were observed,
4) 1958 fEiC I3BAEKRICE T B 2HERE L.

All individuals found on the tree sampled were observed in 1958.

DTAITHBM L P 272D T,

ORIV OB, BELOBEK

=
Tufﬂi

LonaTAREEdEIN TN S,

(¢) ERBEEOHE @ U4 VARBIRIT L7z 5 U BEO A0 ) A RIE M 5 723
12, 1958 4F 6 A DA HIIC, SHEAOTHERKCONTEMAELT -0 ZORKE, XSO HE
A IADEF 418, VI MARAER S ADAF 24 BT, U4 VZIFHATHIRG W, IV, VI, VI O&HA
OWERTHRERNE S ot Tb B 1957 FOMMICHRBETENE <, VA4 VRBEHNR
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R B R DB &2 1 o R s L OV ME U s
The last column shows the number of the emerged to adult.

WAL T« ~F 0Bk ezy | SR T H oM L ok K
Parasitized by &%t (bi 7 E*‘K Emerged to adult
Fungus . un?:;mngn | -
diseases I,* ly Waspe causes N | ? Total
} 5 1 1 2
1 21| 11 1 12
2 24 2 95 19 114
15 102 | 6 2 124 15 139
3 60 | 2 87 13 100
11 45 9 3 2 51 17 68

500

FX B % ¥ Number of adults caught

Fig. 4 N5 7h <A <4 BRAROFEET
Yearly change in number of adults
caught by the light trap.

3 15 29

(1956-7) (1957:7)

TUcHiRIciE, BUFEANT Th <4 <A OFRENST EAEH SNIT I -T2,

NG TH=ATA DIEFENIIRE S 74 W RBFOWHITHIEE A ERD LN O, Ydsklicg
STHTPITED GO VI, XSk 2k Eiaip s %2, miakitezoBEolfe i
DNTHLE, Tableld OO TH L. 11 5DHIRD 1958 4EITE1T 5 G BREBEIIHE L D IED) -
fobs, EIEIEE <, BRBFHERIORELSLY, YA VRFEOHRTICE » TS N MERSTT
CEE OIS S T EER LTS, '

(d) BEFFHOMBE : Fig. 4 OBDTH >7co 94 v AFEHITOBUE 1958 421 LR O TR I3 73
Mofze CNREERBEFRENBEICES I >t EERLTINS,

2. BRAERIC & 2ITOEN

B OMERITIC B 5 9 4 v ZJE DIWRATRERE T 2 7o, METHCBY 5 04 v RO T, U4
WV AIRRATDRERE, S SICIEE R MET O HEIC & 735 7 4 v RO A O KB ICBE T 5 BN KR
21T =10




Table 15.

NG T HTA A KBEEREED SRE L7I» 5D ROBERINEANAETRER (4 5 15 BRL)

Records of individual rearing of L. fumide which were collected at the egg
stage of the third generation in outbreak phase and reared carefully not

to be infected with any diseases (Hatched at April 15)

G R S 2 iﬁﬁ%ﬁi&i}f Length (days) of each sgé‘lgé; Average + S.E.

50 gg h In 50 individuals
1 2 3 4 5 6 prepupa pupa
PFLid D . _
Those survived to adult = 11 9.94+0.2 8.740.3 9.440. 9.240,5 11,440.5 14,740.3 2,5+£0,2 14,540,8
N 7 9.940.1 8,1+0.1 9,440, 9.041.0 11.641.0 13.9+0. 4 2.340.2 16, 140.5
S* 2 10.0 8.0 11,0 15.0 20.0 2.0 16. 5
YA WAIKCFRALE LD, ;
Those died of virus disease |
4 ok
at 4th instar 1 11,0 14.0 17,0 7,0
5 i}t}% 7jE 7 | 1 1) 2)
at 5th instar 4 10,0 10,041, 7 11,041 12,042, 5 15,342, 8
6 W ® 5 0|
at 6th instar 7 10,140.3 9.040,3 10,440 10,641, 2 13.14+1.5 18.940.9
BOWR R .
at prepupal stage 10,0 8,0 10,0 7.0 10,0 15.0 3.0
AL CSEARAHRTHAIL S D )
Those died of unknown causes (flaccid)
I
at lst instar 2 18.0
3 ‘:u 7 1
at 3rd instar ! 10.0 9.0 7.0
4 Ak
at 4th instar 9 10,140, 2 9.240.5 10,9+1 9.84£0,8
5 A
at sth instar 4 9.8+0.3 9.040 9.8+0. 8.3+0,3 8.3x1.2
7o~ R ]
Those escaped

* 5 TR L7k Those which have 5 larval instars.

BEB¥ 1): Max. 19 days,

2) : Max. 19 days,

3) : Max. 21 days, 4) : Max. 23 days.
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(1) oA ZBEHERIIT T 2 RO IR DIHME U7 A 88 Lo B A O 5%

1966 AR ERME S B LD AT TH~A w4 ORRAREL, chiEznliiicRedB h v
ANWAFER Tl &b, NTThHYA A DOEEE U CE IO GURBE R B s
RED T, UA N ADTEGA TR LD b IR ETE Urco 19564813 i )1 Bk T S bR~ 5 T H =
A= ARRFAE U 24 (2R HTH D, B 1957 IR B Te4E Ui,

B OSSR A Table 15 [ L wbizo

«<.Ti

INICE D&, BB DA V2B EZ ONITVICS b oS, 50 88 13 BEAE &N T T
Lize TOWTE, WIFNd AILIBICE > TR > T b, Libd, HEHOMBE 23T M0
FATORIHAS, PUE U BRSO GBI oBic b ThIn s EL, L2505 2.0 10 - T,

COFREDFERD, B R OERICEIALENHCEIZEZIICC D, A EH VD 1T Malacosoma
Sragilis T, EYEZTDL UERT 28605 EBHOENTNBMNE, ZDONTTh=A <4084
i, ZOHEELTETE 5. BEFEYREL AT THA A 13TV ZFOFEDINE T A )
SIE LTV D FERHT Dl i3 2 OHIOMO MR EICU D 5 X 5 5RE, NPV oS

T SIVTOIE O, Ghdds, Wb, N2 AV 2 KIS, I ERTICANE LTz NPV 2L DA
AT EBEZ LN LD, IVRGRITEIROTRBIHE L 2 20T, ChRBIBICX-TEESNS,
WAL S THDP SOBRETH A1 0E, TOBICE-TR 1, 2MBICRBT 2000880 THESS L,
HBHRBELTOBELLETIBLIENTHEA S,

B0 R < 72 B DI, SR OEBINIE R OBINTH 245, COAMMNEE L, MEMRFEOTEL
TS S 2 o NEBRTRINFIERIL, L -TERAEEZL L X0 SIBIEYA Vv 2FEARET 2 H»
W ENDT 0, TEDLENT Th<A =41, BENIKYAvZ (oceult virus) 2% -TEbY, i
B SPORNTEEATs2b0EHEZ 5N 5,

(2) #Eicksd s 940 2 OB ERIAL o g

AN ATEOWITICE - T LTS NI o A4 v ADTRE L, WA CBAR) oL, w4
ZIRELTE SR DMEE L TODDEDES DI, 74 0 ZIRETT RO MR AA SN 7 < 1Y

AR L (BB EIRENT Y 7 = K, 197448 9 JIHRE), ZO—E T TH A =4 DR LT

Table 16. # Ficdk1) 22 AU Y 4 v 2 DIEH &4k
Results of assay on the contamination of various parts of
the tree (larch) by dispersion of NPV (polyhedra) from
the cadaver ]ump attached to the top of the tree

o /Ff' Zfﬂﬁiiw éftL - ’%{t‘%ffb‘} | T?/J?)AJJJJ
R X 45 Bl Mortaéléfgl}fggll}iosiuclear Sei(hratiotof 3&&35& of
Part of crown E;;En g;l;,;ef g i = \inge.;; fgggstggtr
Larva Pupa Total igr; cﬁleti insect
I Upper 29 63.3% 9.5% i 72.8% 0. 50 | 0.748
i Middle 29 36.4 0 36. 4 0. 14 1,03
T Lower | 27 68, 8 6,9 75,7 0. 20 0,98
Stid Cont. 25 0 0 | 0 0.53 .46
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WWEFON 7=y (RINEBRMEBAS 7<) OERCGETRY SUBEZTHE Ucth, OO
1R DE T DRBEMOREIC AT TH <A <4 SHBREREAL, 74 v 2REGEREFE T,
Table 16 ICZDHEREZIRT o H 7=V M ORIERBENIL, RWNICL > THHOBEBPR IC 5 &
L, AN THDE L & T EMEBRERE L - T 5, BB T HOKEROFFRSQIE LD A
SO, WTEAKRNTRIGEIN TV S C EARKRT 5 AR, REBROTRSMEEICELTS
b, Vot AMBRICHEL UL AR, BORRAIADOLE ESIBREOBEEHR T EEE
Ao B,

BETOANVZOBKRBRETER TR, FY<oravp 1, A"FEORETHEI LT

Table 17. ¥ 4 )V RTFIWATHIR D & BREE U e FisLIR M B D
¥ 1 EROURE IR ORI

Infectivity of polyhedra washed off from the branches which were
collected in September at the forest where the nuclear polyhedrosis
prevailed epizootically, and which had been stored with the cadavers
containing a large quantity of polyhedra for about 9 months at room
temperature or at 4°C freezer, or had been kept in the field under
natural conditions

. Numb 10 %ﬁi@@%t}?ﬁ (&ﬂ*{‘y F4Y 15 FIE:Gk=)) .
. Vet AR umber of larvae killed in 10 (5 larvae in a po
Rigapegs | WIERRE © farv Pt
‘s Concentration B I10H % 15 H 7% 21 H #
Storgge C%ndltlfs of polyhedra 10 days after 15 days after (21 days after inoc.
and no. branc washed off.* } [ - e
Pot 1| Pot 2 Total | Pot 1 |Pot 2 tTotal Pot 1| Pot 2|Total
% 4 W E T
Natural condition ‘
in field
&S no. 1 (top) X 1 2| 2 4 5 3 8 5 3 8
Branch , X 10 2. 3, 5 3 5 8 4 5 9
X 1 0 ’ 2 2 2 4 6 5 5 10
no, 3 X 1 1 1 2 5 5 10 5 5 10
no, 4 X 10 0 0 0 1 1 2 4 4 8
X 1 0 2 2 3 2 5 4 4 8
Room temperature
Branch mno. 1 X 1 1 0 1 2 3 5 5 5 10
no. 2 (top) X 1 2 1 3 5 4 9 5 5 10
no. 3 X 1 3 2 5 5 5 10 5 5 10
no. 4 (top) X 1 3 2 5 5 5 10 5, 5 10
no. 5 x 1 | 3 2 5 5 50 10 50 5, 10
Needle X 1 J 1 3 4 5 50 10 5| 5| 10
B L f
4°C freezer i
Branch mno. 1 X 1 J 2 3 5 5 5 10 5 5 10
no. 2 X 1 4 4 5 9 5 51 10 5 5[ 10
|
no. 3 (top) X 1 | 1 3 4 5 5 10 5 5 10
1no, 4 X 1 i 3 2 5 5 5 10 5 5 10
|
p I |
Cont. 0 0 0 1 0 1 1 | 2 3

*: X 1=# 107/ml ¥, x10=10%/ml jig
X1 denotes 107 polyhedra/ml/, and x10 denotes 108polyhedra/ml.
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Bt LTRR A v AT L A IRIERAD I A v AR EEORAE R LTV B D TELNEW D B
LILENTNBRWOW®, 5 Th <A 24 TE, WTRER~O YA v AFIEE, WEERE VA
ORI LT B EEIARENEEZL oM B,

(3) U4 WABHRITHSICE T 2HETO Y A v 2ADEH

FiEEUMRO—RES b2 L, ERERRKE, 0~5C BEAE, BIUHNED 3ED
DORIERIT > 1o i &, BEZHERERVELT, TN OBRICHE Uk S URTER Y O 2 M ik
DOIEMED LR SN 5 DB DD THERERE T - foo FEHRERA Table 17 ITRT

WAKEO L DT, HCRGMOREFEOSEDLDPPEL, HETTORMBELL TS
Ut LI E 1o Z A BIE ORIE TR, ARG Uk bbik i th 0 £ RO ELEIZZE 5810,

INSDT LI, FHATELMEOIELDBIED, FARPRZ LI > TR > TAH T EERLTY
bo R ETHEESNICY A 0213, RHIKXLHCOEMC, KEERIC X2 KES b » TREERE U
TONEWPT2EDEEZEN L,

(4) FEFEEELINE LCHRTO®ES

AERAD T A W ZIBOILESIIIC L > THITONE C EAHRL, TRBIFBEOLN L IC Lo
T, FRROTEIGMEE BB AT BB PIC 20T, (2) ER UM TIRE Ui IO I,  #ER
FEFBRATT, FHREO RSN £ 200,
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Fig. 5 o4 v ZRRT KD SPRE Lo 3o SLAIAR S 1< & 2 JETT SR SRkl it
Cumulative mortality curves of L. fumida reared in high and low density.
BIRITEEER () BIUEEBEER R K25 3hFE—-ARORETHE SN HPolEiE
EHER (F) LEEER (OF) oSFBEEROMEEREERT Lh > ToT EaoRide dini

DREXTH b,

Each egg mass which was collected in the population where virus diseases prevailed epizootically
was divided into two groups, namely high and low density groups (number of individuals per
pot was shown as denominater and numerater in the figure). Each couple of curves shows the
mortality in high (solid line) and low (broken line) density rearing pots from the same egg mass.



— 106 — HERBIBUIEME #2945

A v ZFRATHIE D S AR L7 SO R
BEDX (H) TRAETED EABHNIL < HN,
BB LTI,
LT,

B, SNURBIERERBR ORI Fig. 5 WO TH S, f
FAEREEORX (L) T, 9Ip8id 6 JHicim b mik
HETRS 5NIE 570 Wi & PE Uik ROR s CPV ICRRE LT, k&
AEERBEECSZEICRT 5T, WITPAKTHLCLERT, 90 D> 5795
3, L, HTERHOTIIEA LN 2P ERMHROIEIUT Oz, Mo 2 BRI TN s LK THRICHE
TAMEC » 78, M ORBICONTHROIBRO FHAPEHMIZED, LKOMGERE LT IR

EWVOHFELTED, 2IRESIBERUETS -720 205 2 IO HX ORI, oo
ENERETH 50 TRMUMRELORLKID SHROFHROEMNICS D, HXTIZ, BLi 20 H

PINIZIERFED G E > TO B ISR Lz 9 SIS N TTH A0 L, LIXTIE, 9 Iyl 3 psic
T EI, Sremnaus 13, BEOENCEEZ 1D PLRELUTHDA, ChBT4VABRE, KT
DORETBERTHBELTNED,

AERTELHRTHBORRIZ Y A v 2ICHERENTED, RIBRTRKT Z bbb otco —FE

Table 18. NPV & CPV 0RAEREIC X 55KRE
Rate of infection by simultaneous inoculation of CPV and NPV

T Concentratlon 0 108 106 106 o7
—— of
C"“%‘}“ﬁgi};’? \CEV\” Ne| co| N | c | N|c|N|cCc|N]|C ‘
4th instar® % % % % % % % | % % %
0 0 10 0 0 10 40 20 30 10 70
104 10 0 10 10 0 10 0 30 0 50
105 10 10 0 0 0 10 0 20 10 60
106 0 0 0 20 0 0 10 50 10 50
107 0 10 0 40 10 50 0 40 0 70
5th instar®
0 0 15 0 50 0 80 5 20 20 95
104 5 10 10 55 5 60 0 95 10 85
108 0 5 0 45 0 75 5 90 25 80
108 0 15 0 45 10 65 10 90 5 90
107 15 35 5 55 5 80 0 95 0 90
6th instar®
0 0 10 0 ’ 35 0 85 0 90 10 90
104 0 10 5 | 35 0 75 10 85 5 100
105 5 5 0 . 50 0 90 20 | 90 5 90
106 5 § 20 0 45 5 80 20 90 15 100
107 10 w 30 10 ‘ 15 0 80 5 90 10 95

1) AHRES AAR R dr 1Hri>>buJu§b7LyT%{7M{§z@ﬁF (flﬁ/ml)
Number of polyhedra per m/ collected and purified from the midgut of CP-larvae.
2) BEMRRRERNBREREOEED SHE L S AKEORBE (E3/mD)
Number of polyhedra per m/ collected and purified from the larvae died of NP, after cutting off
the midguts.
3) N :ZMEFKE Rate of nuclear polyhedrosis,
4) C:#pEL MARZE Rate of cytoplasmic polyhedrosis.
5 1K 10 B, MASTE, 1EHMD 100 pf HE
10 larvae, each reared individually and fed with 100 z/ of inoculum, were used per plot.
6) 1X¥D 20 HEK, HKREE, Ra

20 larvae, each reared individually, were -used per plot.
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72 E DX DIETERIND S DEHETH - T b EHEHEEN S ICIHEGE R THRATTR R & 785 & DA
HHTE (ERFEERXTHIS) ITEE LTI,

BEEERBEE Y A v 2 & QAR HEBEREEEICRFENTS 5. = bATRHREL B
REEICK > To 1 v a (CPV) #AFicxld 2 AR O KGN RL 5399, CPV HAiicadd 5 5[Isn
AR LAMICH AR &1d, CPV AJIHEOMAR LA S ERD 1 DA
BLENUETH Do CDTER, NTTHTATAMUERICE T 5 94 v 25505, TEEEE LARICT
HL, E—-sMRABRE 2 EAHIELTO SR ERANICBE DR TH S LEZ 5N L,

(5) BEBMRIE Y A v 2 EIBE L FRIE Y A v 2 DFLEAEH]

W2 MRS IR T B I IR E 2 R DR AEN A SN DD, 2O EEHIEDHDWRITE H# - 8
EEEMEERICTLTEIEL T A 6D LRI N L, 2072, BRHERATOI YA v 2 OELLE
JC 2T~

(1) A v 2 DEAERDEPARICE JI3THE L 1 0~5°C IRl ORETRELT B
WIS SR T ORIE S kA, NS Th=A<A 4, 5EhE L0 6 W HuciEiE L, Yt
NTHIo kiR, Table 18 ITRTHOTH b0 NPV OBEENEEINCEDS - 723, CVP DGR
1, HHBEOROVRERSD -, KARIHOWKBEORED NPV & CPV ORAGHEREXI, HU
BEo CPV BMERKE D H CPV R, MIKQERE bR EF VAT,

AGRBR DMK IR E & CPV &Y 10~16% OIERAR D Tl bDEHL SN, ZOXH15
dilr NPV 28 LT, 20EGuRIIL AEEE 107m! 0TS 16% 2823, 3L A8 10% Ll
FTHDHo

(i) Wi A4 v 2 OEAREMDLS, i CRICB XIT T 5 1 EM 0~5C ItRE L Th 0 72

o

(%) (5th instar larvae from stock originating from eggs collected at Morioka larch forest )

1001 °® ° e e o o °
4 |
B
Tor 1 ! +
5 {

i ;
Y
8 — - . .
N:0 104 10° 10° 107100 0 10f 10° 10° 107 10° 0 10° 10° 10° 107 1P o 10° 10° 10° 107 10°
C 0 103 10* 10°
(%) (6th instar larvae from stock originating from eggs collected at Tatsuno larch forest )

100 1 @ e T ® * 3 o
e

L - - =

N:0 10% 10° 10° 107 10° 0 10% 10° 108 10710 0 10* 10° 10° 107 1P o 10* 10° 30° 107 1P

o 0 10° 10 10°

Fig. 6 NPV & CPV ZR4&HM (RE) Licghoc® A5HH)
Mortalities of L. fumida at 15 days after simultaneous inoculation
of NPV and CPV.

HEPR I 95% FHURA . N L AKEE, C :MIEL [kRE
Range shows 95% confidence limits. N and C denote concentrations of nuclear
and cytoplasmic polyhedra, respectively.

SET R Mortality

(@]
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NPV, CPV ZRWTHREERE UciiR%E Fig. 6 1T587,

BEmk 10t 2R LBAR, CPVORRBIARTOBEREEINTIIC, 100% HT4EbbT,
UL U MR 107, MBS AE 100 LT TR, TOMAATICE - TR CESREEROZEEZ
%, ZOEBTE—EOBEMITRENTO, MRELAK 100 LT, LMK UTOSEEEE
T, HUROETMAELKY, EHETERIT CPV HMEER OB A LD /NS I3 EABE 0,

Gil) T4V ZOBABRES, ST coMMICE X9 EE  HiR (1) ORBRERD) S 50%
HrEToOEK (LT50) % Fig. 7 K57

K& ik 107 IT T, CPV ORESELEZICONT LTH0 /&5, TBMETREE A
K107 PIF <, A—EED CPV O0FETT, LT50 3 NPV OEFICEEINKTOR, BREECEA
T3 NPV OBEIC L - TEBNL LN, BEME 108 KTIMHINENEE, BEAK IO XTERE
AR Ulco BT, ZBE CPV BRI D REWVEEZRLI,

DIED#ERM S, NPV & CPV 2 HEWICMo B b4 2 /EH 8% %0 $ic CPV ofFE F T NPV
DRPESIH SN ABEABE S LEZOND. COCERBRERILDTEL, HURKCODVTH DA
%, CPV OFHETT, H50W3 CPV ORAERET, VERTUHERMECIRY, TREHHAEESC
ElE, VA NVARRITHICEEREREET S0 L EHBELTEELBRTH 2, 51T, MUy V2OD
MEER OFR LT 50 B4 2, WROBTHMH SN BADSONL, COXHEERIE NPV,
CPV Wl v 4 v ZOMEMBEHORMRTH 2 B oM 5B, Fic CPV BEEICES: LT 545 NPV

AEFEST 5 &, NPV OMEI S5 ES

_5th instar from Morioka stock 61h instar from Tatsuno sfock . .
40 WREVELSITH b,
1% 4 Tanapa and Cuane {3, 2O YA v
ZOWELERDS, BRERIER, X I
0 B, BEOBHRETRL L LEAWE
10t LT3, Biro & F 7z, CPV & NPV
o0
OMELERICHNT, CPV 3R & 4
— Uz&icid NPV o Behsiiilsn s
40 o -
CEZFEBRIMTEWH LW, ~NTTH=
10°
WL e o A=LA4D2ODTANWAICDONTE, T
- NoOEMEE—HLTHY, % CPV
40 BIRGeicBs 0T NPV il 2 08t
T u
0 IBWNTEH S &0 LI, Biro OB
20 .
L E —3d B,
%5,7%5 % E—#T 5
T — N —— NG T H %A < A S B ic NPV
®ag f0 10010 10° 10 0 0 10" 10° 10° 107 10° )
B 7% memmme MSAEBE BERWITT 28, £ LTEZOLRHM
RE T R R R
£ g poyheerE i Hic CPV OFJRAL < BB, flivA

Fig. 7 CPV & NPV AZE4ERE (e LiEs WAD R U L SIS HEEEREE, w4
D 50% FELETOHH (LT 50 i) - 7
Y2 s 4 0)—"<7Cf4 ;,gﬁﬂ*{ .
LT 50 (days) in L. fumida inoculated simulta- VAR ORI EEL SRS o b
neously with NPV and CPV. DEEZLND. TIRDOLRTOAMED
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R, BICEESREORAMIBEAICEZELD T, SOy « v 2O X BHTHR O
L, FLREEONGICL XL EEZ OND

I DANAEHRL-TE RS SNl 1IILABORTE
ZTOBEEERBHEHCL JIFTHE
L BRI RIEER L 5 1L R B 0 E
(1) sgfEpkee
T AN A DWAAAT - fo BRI, NET I ESRILIOE S i 6iha Thobo €I AMKEL TEM

CREAY DI 70~120 4F) T, Jiicid LB R g 4 5l LT b,
COEINRICBE BT Th <A =4 DFAE, THRORRICEEBMKNE I HRICsD 2 LN &
A PE—IC LT 5, 19571958 4ED Y 4 v RFFHAITICK T, NTF TH~A w4 DLFLEBBEE -
fedp &, 1962 4 DD EHDA S, 1963 AR ICTE » 1o B3, Shlic R 2 3 O&EER

B, dhddskaiiic BHC psfch S uic /o, ShilUBEIMIL, 1964 FiCid, ~5TH <4 ~4A D
FLERA SN Ip oo L UE OFEICE, HUORICEDMINSS A1 L, 1966 4O FAEFEIL &
KETE »fze PLLEO & A0S, WRMEWICEBT 23 TH <4 =4 ORFEEE, FRICED MEE O%
ZMAIE) OFATIZ, 1930 421k 6, 7 D HIE"
BRI, 2 BICKIEEAIESE 5 Tce T OO AFEBATES JZ T 7 A v 2O WA AIT - 720

(2) #tRv A4 vzLzoKEREE
BATICH O e A v 203, ERIE SHRIC 1963 4RI T T =4 =4 DBSRIGE LR, i

DR SN T & e, BHC S &k - TRIg 2L

\g/
e

FoSh B TRRE L, BENEEE UcBicsdl U R p S BE L b0 TH L. C OB, S
IS IR AR ST -E R o 4 v x (NPV) &, BRI R ST 0aE 2 ik o 4 v 2 (C
PV) @ 2 FEEIDSE U Tz,

CNoDYA VAL, 1963 EDNT Th v 4 =4 RFELOK, BHC SEduThnisd i, BHMH

5

WEHCHARRT T 2 CEPHRSNTORBDOTH b0 Lich-»THREINIEINREET 27 T ~A =

DRLEBRICH T, WITARDE LT eHIRRHORKO VA NATHLEEZ G D,

NS AR, BB L TH S RERINICHT 2 o, ko EE, 0~5C OB ICEE
LTH0e REMMICEYMERBMEL, Chic hBo2MEEREeHEM Lz, NPV i CPV=5:5

~6 14 DRAWTH %o

(3) Hfits, Hikdk ORI

HITEDFIETHR 22 RO RIICOREINZ T, 258 Lol 270D 6.0X 108 fa Ei s & 5182 ik
PHERE2 <D, Crh bR FIZ 2,000 (SRR 2 BIA TN Lice C 0% ha 720 607 o
HET, ~)aF s~ (KHAED KXY, RMPLBICKA Lice BAEHMOKIBIH 2 #TH 2
5 HOWHICTT - 70

2. GAILATRDEE LT

AR BB I T T v b 6 iR (Fig. 8), #h2Nho7 o v i AARe, 1B

1B, PHAAMTELHL0HREREL, BENEE LT, TOIHRID O SRER SO

Wtz FheA T 0y MC LR EFIOWMAEAEZEEL, TOMETICL X IMOKRE SOHEE- I3
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ez, Bi#A2pOicEA 4 FINC 1 D3 O%E Lico COZUPHCE T Uicghmstik, i l4 1
1EREL, HRBHEET -7

FWREZ T MTBY B4R GRERBILEE) o4 his i3 Table 19 CRIEHTH %,
W2Fay b, EB5 70y MICHEBFREERB TS, BICH 3 7 oy METEOhBRRBERDILP -

INSOEERES 0 v AL S S, Sicbr - THMFERERE L, BRE, JLCREEERE
Uize

OB LSRRI, #HES o PBXUT 9y Mk SEERRELTTD, IWEEATILSE, RKH
(LI OV TIE, ZORTREAEE L,

P U e B2 T, MERERNC T N TREE L, ThENE JOCIIRES MAEOREREEH~ T,
(1) $mMicEd 5 w4 v 2EOHRE & RIT

(i) BHE LOWhROLFEROET & FASEET 2 S BEADIEL : oAV 2EBBLTH oK 2 H

Fig. 8 JHENRHIKEFTE Y 2 » MM
Map of study area and sites of study plots (P).
yo: ) 7 b rhRA
@ FUBAT B AL B VB AL
S8

WES Ty FRE KT PR

T : Sites of light traps.

Table 19. EWET 0 v MTBY 24 HAERE
Larval density at each study plot

o BimEYD  BET I mERcE T L DEHORRE (2
_]‘c"’m o} 5 S Sh R Amount of feces dropped in 1 m? tray
Stué Number of young ,
loty larvae per branch g o1 B M O O 2 B OB
p of 1 m long for 1st 1 week for 2nd 1 week
1 12,5 3.05 & 0,72 2,33 £ 0.14
2 21.5 6.58 + 0.283 11,60 £ 0,37
3 1.5 i 1.03 £ 0.09 0.98 £ 0.06
4 30.5 | 7.28 + 0.89 5.45 & 0.68
5 26,5 I 16.93 + 1.69 12,58 £ 0,64
6 25.5 | 7.08 & 0.09 8.18 & 0.36
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T Bk, £ MOBELT, HEOE 60
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MHY, TOXHIBYFTRIHEL TS 5D ;
b, BOBICE BEENE £S5 I - fou g
T IR T
MR, Fig. 9 GRS N AWM TH S, 3:20
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b LI N EROMR LR LT b,
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Fig. 9 ZMEKRGHRONT T H <4 <4 ULfE

W EEAOKEIZ IO BTIEE LS L Fth

TEHEINIbDTH bo T H B3 Fay b Surv1,x70r5h1p in larvae of L. fumida t}{at
remained on the tree crowns after aerial

13, BREEME L, BAEATS & AR spray of viruses.

FREERIC BT B v SRS DG s, 1~ B AR oD T, S LOBESKENEEZ, i
A Utz SHHROETRIZ AT 0 v POV T 99.98% TH o7, 278y bTI Fig. 9 A 51
BEIC, UA VAR LTH O 3R, MUHD 100% 1ICELice TRRRHTHRA T 5 51
B2 HEINOAMIREICIAbDTH b, ZOHIBICE Y 2HIIBEZHERIFORERERTH 7o, &
D7 ey bT, WECELEGROMEHERERELE , MBAITO R T S ive iRk
LTRET 2L, 2~3 HTI100% =4 %,

2 ey FHIBICIE, BN ST ER LS B U 7o BRI BB SR L e S & i

b

— )i, EAEROED 5 4 7y P, ME RSO RFTESEL, S0%IC b LIS 5Tz, &
72, TA W ZIKIT K DU ROTETH, AN U RS 18 - oo

(i) B 2 Y PEOBERNBISETEER  £WA T 2 v MBI 2o TR REMRE, TOEN
AOWNRIMERAE RS &, Fig. 10 0k 51ci 5, Kipotlsc, NPV @k 2TUHRITSGL<, 98.7%
27ay ) ~35.1% GE57 a8 v b)) ORHOETH - oo AT TILG9.4% #% NPV THL
Lo

Bi& A EREOMITIkIE, Fig 11, Fig. 15 12X 5 TREN DL, WERDE— 7 B2 Dl 5, §
1DE—213, UAVAEAR 2, 3B LARIKHEONL DT, B Ly A v 2IC L5 EBOTN
WTHbEEZOND, B20E—71F, s, 6Kk, THHLBUMOERIBICE - TEEINS
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Fig. 11 #ERICB 2MEARRRBFEOHER

Weekly change in morbidity of nuclear
polyhedrosis after aerial spray of viruses.

Fig. 10 ZMAMAEHROIET SRR
Cumulative mortality curves in each study
plot (figure in circle).

N, C, P, and U denote the mortalities by nuclear
polyhedrosis, cytoplasmic polyhedrosis, insect par-
asites, and unknown causes, respectively.
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Change in number of larvae per unit on
the top of the host tree.

b4 oh (Fig. 14), = OHIRTIZ,
RELTIE, #ifn 4~ 5:8%ic, fnES mER
B2 MRRICE AT HBET LT 0w,

MfaE

WA CPV itk T
AR
i CPV Ic X - TH

CTHERE 1O — 7 2R T BRI
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CERRTEDTH S

MBS HERICO0TH S &, BEL L0
AT, B 2 %
D OBEEDIEE - T B Hs (Fig. 13), 85,
670y FTIE, 1TBARICHECETLIZSD
A R EERYE L b DEEL OGNS, &
WEETBEL HONDE XD L, ThiE
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Fig. 13 SARICHY 2 MIRESAERREREROHRY
Weekly change in morbidity of cytoplasmic polyhedrosis after aerial
spray of viruses.
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Fig. 14 A FIE T OB NBIFETHR
Frequency distribution of death calculated on the basis of the number of
larvae collected in the frass trays at weekly intervals.

N, C, and P denote the mortalities by nuclear polyhedrosis, cytoplasmic polyhedrosis
and insect parasites, respectively. The Y-axes show the percent frequencies.

KIEL I 72D TH A Do DK, NERED

3, EETFBE LD, Lo THD QLR OFER:
FEBHLNED, N, BEAEKIEETEETRE G, BIMEEIC L 23ISR E P, ZIRINIS G
ZHEBEEINZTHDTHA .
BB 2 M ARIC X B AR, HUIC X B BN E b o T
AWES oy MCBT AERERAT D &, BEMAKKI XZHCRV 0%, MIELAERICED b
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Fig. 15 0BT H
Mortalities at pupal stage.

N:#Z Mk, C: fREEMEm, Ph~F 94,
Pd: ~x#HY, O zOMoERICK 250, A:H
L3, Le: SRS SEIE Lo, Lg: Hikfhinon
AAKR I SEREE LIl

N, C, Pd, Ph, and O denote the mortalities by nu-
clear polyhedrosis, cytoplasmic polyhedrosis, dip-
terous parasites, hymenopterous parasites, and
other causes, respectively. A donotes the emerged
adults in percentage. Lc¢ and Lg show the data
of the larvae collected on the host tree crown
and collected on the lower bushes and near the
ground, respectively.
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THIT X B L, IHEEZ 1000 1LIFICE LTINS 72 D O IR 469 1Cifd Lo Lichi-T
RO E UTREBUTICHD LI &I b, TRBEERE, BHHIN3 BMTH - cbDLs,
BAROIHD O TREKINICIE 16% M EELE - TnTe, CORER, LT X 2 OBE R
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(i) A W2EEM LR OEAZIO LR © 94 Vv 2B X - T YA v ZIFHHT U7
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Table 20. 74»X%fHN$iU&MWK%H5%%%§&
IR D EE AL Fo R

Reduction in collechon of L. fumida eggs and increase

in percent parasitism by egg parasites

BO% M gL 72 D %k xR
59 OBR OB O£ H No. colleaed 59 kL ¥ Parasitism percent
Date collected 4 Bl 1AM No. egg BB & o R R
Total Per man day| per mass |  Masses ‘ Eggs
1966 masses masses| |
Feb. ~ March® 1,210 40.5 | 1574 | 60. 0% 3.05%
Nov.~December?’ 75 4.0 72.1 ’ 94,7 ‘ 15,08

D YA R mﬁﬁ@ﬁ]”@% (’%k?’ﬂﬁfﬁwﬂ EJ%)
Egg stage of the generation whose larval stage was treated with viruses.
2) U ANREEE SIS A2 Gritt o suE)

Egg stage from the generation treated with viruses.
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PEAZEREE, 30h BECEIHMRIN O Jpsag L 100%
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Fig. 16 (a) X DZERAAS <, BEHTH - 7o ’ s
L b AL 0 o0/NIIBR A3 30% Vb - Fco T ’
200
DX SR O OIHEN G -FDid, v a
IS
A NWVAIHFTORRTHLEFLON S, g
CORHEREZI IR LTH S &, WEKD Eﬁ °§I ;;
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AT IR ERDEN S O 0 O b O OEGHIK 5 s
2 ARG DS et R
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\l\,)
HAHEAR A D IR IE D ZE (LI OV T, IR =
EEMEELT, BT 408, OB E 200
e T2 BHMERIT DT, 74 v RHRTIR
55 REE LT 6 RHDEDIC DN Tk
Wz, Fig. 16 () WRT . RTINS
DI DTHIE T EIS0H, 94 v ZFITIA ' 260 200
R oo K s (§PHER)
OFETF L2 0ic s LT, Bk & XIig A Size of egg mass (number of eqgs)
(IEoTW0 5o Lin UIHEHRDZE A Fig. 16 S O Sl & #efbs
) ) ) Relationships between number of eggs per
HIO W R A A R R ST <, mass and number of eggs hatched per mass.

(a) Eggs of the high density population on

ki & 7St 2D IuBRIE, W bER
7 18 RLE 21 KA 7 2 DO/NIBILE, (B which viruses were sprayed. (b) Eggs of the

0TH - Tro JFURENR FH LTI EDlE next to the sprayed generation. (c¢) Eggs of the
fifth and sixth generations after spraying of
I, TDEHIETEIRDY, AR viruses.
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55, 6 NRICEBLTY, BRI
3 HRIITORR, 5 6 MREICKIMERN D OLREABRED1DTH b,

FIRENE, o4 W REARHRE 3D & DH 166238, 4 4 1L 176258, 6 {14711 TH D,
FEINEE EETIE R E {730,

(2) 94 V2FHRLBOMICET 5 94 v 2O FA R

(1) MU BT 5 oA v ZERINE © o A v 23 S e IR, o A v DRI L s RO R
R (BE) 1220, 94 W ATKOFAIRWATITE Uiz PREEORKD cvIc, &Ky T
BEER UHETYRES Y7 ) Y7 Utce 3R 7 v PR O b, JIEHSARICHI D K51
FHATYHREBEL, LHEROMNAERA T,

Sk E UCTEENED - lofodlc, coyy 7Y v 7k R ESOBOER» S 1mORESIS, 7
VA Yy EEDPGTE, WDIRE) TR, RESHAMEENDE L, FEMNPBEERHEL T ERNG
WOT, EETIRT &, {ET oo MCBT AIEMICONTIE, Table 21 08 2 HROMICRTMO T
Hbo WESoy PSP LOMARIEAES S S, F2 7 0w MARITE RERER 30 3D 5 HIE MR
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Table 21. FEARY v FB7c D ¥, WK, KEEROFA%S
T L & DR
Change in number of total, diseased, and parasitized
larvae per sample unit branch

WA o é%gﬁ R E RERE SNt R & HEn R
HEAR AR ﬁbﬁ@iﬁ No. larvae collected
Genera- 4 Study o h
aftor | Year e Inﬁar B 4| & zm ‘%}%ﬁ WHE | Dont of T
spray larvae larvae Nucl Cyto- Para- unde-_
ing®* were | collected | Healthy | plasmic s termined| Total
collected , [ polyh. polyh. sitized | uses
2 | 197 1 485 L 1
; 2 4&5 12 v 1 14
4 4&5 3 3
6 4&5 1 1
3 1968 3 6 3 3
4 6 2 1 3
6 4&5 3 3 6
6 3 3
4 1969 4 3 2 2
6 10 1 4 15
5 3 2 2
6 1 1
6 3 16 3 3 22
6 4 1 5
5 1970 2 4 1 1
4 4&5 2 2 1 5
5 4&5 5 5
6 4&5 18 10 9 3 9 49
[ 1971 6 4&5 26 26
6 1 1
7 1972 6 4 3
6 1 1

* AR 1R E Lo

The 1st is the generation treated with viruses.

(NP) Ryihs, fERREZ Mk (CP) BRER 1, RHERoBA%RZI b0 (P)2, fdeh (H)22,
B3y MEEM ERER M EED S B NP3, CP0, P5, H23, #4700y MM EB LU 8
MR ARE L 80FED S B, NP32, CP5, P2, H10, = L CliEM-ER FRESR 2705 5 NP5,
CP1, PO, H2l TH-7e TDEHICT A NRRIEEFT, ABWICY AV AFROHRTAHHRE LD
FROTRMRICB TS, ZOhHEIPIT YA VAFBEORTRINEN S BEIME 5 - 722 DK
BTOh, U4 VARBEITLILE NI L ETES

(i) WHEHALDBROMRICEY 2 VA4 v 2AFOMH « KR X Do DT b RERICED 2
RELRCHETYA VRAEORERNATRE Uiz, BES 0 o MeB T 2 WERKER, Table 21 F
SHROBMUTITRUIBD TH D ThICE D E, HEHE 3 HHL, HAMRE S T4 v KRS
NILIp - e DI B RICTIZ 5T, Z DRI L D RBNBEE S L > T4, 6 7 uy MTH,
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20 0

Masuike

plus one in log scale.

)]

<1} Number of adult moths caught

Log (A & &
[N
je)
T
IS
//
o
i
i
/ //
e
N o
i (==

N+ e S R (1)

Number of adults in n+1 generation in log scale.

S . 0 9.0
R U <, P 7 2
N s o WK RE (7
NG e Number of adults in n generation in log scale.
~ P — s PR
U7 bR JILEND YAt
Year1967 68 69 70 7 72 73 74 755 Rifuto Saruen Masuike

Gener- -
ation 2nd 3nd 4th 5th 6th 7th 8th 9th  10th

Fig. 17 94 v ABTTROAURICH T 5 5k ve 18 R ED IO

DT~ DA DI Relationships between number of adults
Yearly change in number of adult moths in a generation and that in the next ge-
neration.

caught by light traps.

T o BEE MR HOMIBE 2 MIA R G (%) 2RT,
Figures on the broken line show rates of infected
female moth from cytoplasmic polyhedrosis.
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A schema on cyclic change of apparent and inapparent stage of virus mfection
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Epizootiological Studies on the Nuclear and Cytoplasmic
Polyhedroses of the Red Belly Tussock Moth, Lymantria fumida

BUTLER (Lepidoptera : Lymantriidae)

Kazumasa Karaciri¥

Summary

Epizootiological studies on the nuclear and cytoplasmic polyhedroses were carried out in
the field populations of the red belly tussock moth, Lymantria fumida: The status of prevalence
in the field populations, the role of epizootic diseases in the host population dynamics, and the
nature of the virus diseases and the viruses were studied. On the basis of these investiga-
tions, the mechanism of prevalence of the virus diesases and the propriety of the viruses for
the control of forest pest insects were discussed.

(1) L. fumida is one of the major defoliators of the Japanese fir, Abies flrma and the
Japanese larch, Larix leptolepis, and distributes from Kyushu to the northern part of Honshu.
It completes one generation in a year. The adult appears in the field in late June to early
July and lays eggs on the trunk of a host tree in a lump. The egg overwinters and the new
larva hatches in the next spring. The larva feeds on leaves up to early summer.

In some fir forests at Hachioji, Tokyo, L. fumida occurred repeatedly at regular intervals
of 6 or 7 years, and a nuclear polyhedrosis became epizootic in 2 to 3 years after the popula-
tion had reached a certain level of abundance in every outbreak. When the nuclear polyhed-
rosis showing a symptom of Wipfelkrankheit was prevalent in L. fumida population, a cyto-
plasmic polyhedrosis was also found to be prevalent at a very low rate.

(2) The nuclear polyhedrosis virus (NPV) is rod-shaped, about 30nm in diameter and
370nm long, and has membranes surrounding the rod. These virus particles which occur
singly or in bundles are embedded randomly within the very homogenous polyhedron-protein
lattice of about 6.0nm in width. The bundle has a developmental membrane in which up to
seven particles are enclosed. Polyhedral bodies are various in shape, mostly hexagonal of
obtuse angles.

Most larvae die 8 to 9 days after being inoculated with a heavy dossage of NPV.

In the field populations, the diseased larvae migrated to the top of the host tree, where
they died, forming large cadaver-lumps.

It was found that the NPV was highly specific to L. fumida by cross inoculation tests.

(3) The cytoplasmic polyhedrosis virus (CPV) of L. fumida produces the polyhedral in-
clusion bodies in the cytoplasm of the mid-gut cells of host insect. The infected mid-gut is
whitsh to yellowish and somewhat swollen. The polyhedral bodies are hexagonal or tetragonal
in shape, and mostly 2 to 3p in diameter. Electron microscopic investigations of thin-sectioned
polyhedra revealed the presence of virus particles randomly embedded within the polyhedron-
protein lattice of about 4.7nm in width. The virus particle is spherical (icosahedron) and

about 48nm in diameter.

Received October 21, 1976
(1) Asakawa Experimental Forest
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The CPV of L. fumida can be transmitted to the gypsy moth, Lymaniria dispar, the pine
caterpillar, Dendrolimus spectabilis, and the silkworm, Bombyx mori. Its pathogenicity to L.
dispar is in the same degree as to its own host.

(4) Investigations of the naturally occurred prevalence of the virus diseases in the field
population revealed the following: The higher the density of larvae, the greater was the
mortality by NPV. The younger larvae were found dead in the cadaver-lumps collected from
the more densely populated areas. The disease appeared at first in the centre of the outbreak
when the larvae were mostly at their 4th and partly 3rd-instar, and then spread out into
surrounding areas. At the marginal, less densely populated area, death occurred at their 6th
instar, the last larval stage, or at the popal stage. No pupa could be found in the centre of
the epizootic.

The higher the density, that is, the greater the mortality, the smaller the sex-ratio and
the number of eggs laid by an individual female. Thus the high population was reduced to
an extremely low ratio not only directly through increasing mortality but indirectly through
reducing natality rate.

The destruction of the population was also shown clearly in the numbers of the adult
attracted to the traps.

(5) When the larvae which were collected at their egg stage of the peak phase of the
population and had been reared individually and carefully not to be infected in the laboratory
reached the 4th instar, however, the virus diseases began to appear. Such infections were
considered to be caused by induction of virus diseases. This phenomenon was analogous to
that in the field population. The virus epizootic in the field population seemed to be initiated
by the induction of the virus diseases owing to occult virus.

In the next generation, the virus diseases prevailed also epizootically. Transmission of
the infections took place through eggs contaminated with the viruses. The polyhedra in the
remains of dead larvae on the trees were dispersed mainly by rains and had kept their activ-
ity to the next generation. They were considered to be the causative source of epizootic in
the next generation.

The larvae of the population in which the virus epizootic appeared were more susceptible
to the virus than those of population without incidence of virus diseases.

Results of the simultaneous inoculation tests of CPV and NPV were not constant in infec-
tion rate, suggesting some intereferential actions between both viruses. When NPV was
inoculated with a light dose the infection seemed to be suppressed by CPV inoculated simulta-
neously. When NPV was inoculated with a heavy dose, or prior to CPV, it was not suppressed
and the double infections occurred.

When the larvae were inoculated with various doses of CPV and light dose of NPV si-
multaneously, the incubation period was dependent on the dose of CPV, the heavier the dose the
shorter was the period. However in the case of a heavy dose of NPV, it was almost constant
regardless of CPV-dose.

These interactions among two viruses seem to play an important role in terminating the
epizootic in the field population.

(6) A1l:1mixed suspension of NPV and CPV was sprayed on the young larvae, mostly
2nd instar, of L. fumida in the second year of its outbreak. Two epizootical patterns of
nuclear polyhedrosis infection appeared at the larval stage. The initial infection with applied
viruses and the secondary infection followed by the initial one: The initial incidence of virus
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diseases reached its peak in 2 to 3 weeks after spraying. The secondary one appeared as a
result of the initial incidence.

Mortality by CPV began to appear in about 2 weeks after spraying. The rate of mortality
did not change widely with time. The incidence of the cytoplasmic polyhedrosis was not so
rapid as in the case of the nuclear one, but rather chronic. Cytoplasmic polyhedrosis prevailed
well in the area where incidence of the nuclear polyhedrosis was low. Double infection of
nuclear and cytoplasmic polyhedrosis was observed in certain rates in all areas. As the nat-
ural epizootics of CPV had not been observed, it was seen to be caused by CPV-spraying.

Mortality by the nuclear polyhedrosis and by the cytoplasmic polyhedrosis were 599 and
249, respectively; parasitization by dipterous insects, 3% and mortality by other causes, 13%
and about 0.02% of the initial population pupated. No pupae were found in the areas where
the incidence of the virus diseases, especially the nuclear polyhedrosis, was drastic and severe.
In pupal mortality throughout the area, 18% died of the nuclear polyhedrosis, 18% by hyme-
nopterous parasites, 2% by dipterous parasites, and less than 1% by double infection of NPV
and CPV. No mortality by CPV was observed.

About 57% of the pupae collected in the field developed to adults and this corresponded
to 0.01% of the initial population. Sex ratio was not uniform throughont the sprayed area.
As a whole no obvious reduction in sex ratio was observed in this virus disseminated popula-
tion. Thirty-one % of the female moths and 14% of the males were found to be infected by
the cytoplasmic polyhedrosis. About 709 of the pupae collected in the area where the inci-
dence of the virus diseases was low developed to adults and 37% of them were infected by
the cytoplasmic polyhedrosis.

The eggs and egg masses decreased greatly in their number compared with the previous
generation: The number of egg masses and the number of eggs per mass reduced to one-
tenth, and to one-half, respectively. The rate of parasitism increased greatly; 3% of parasit-
ism in eggs in the previous generation rose to 15% in the next generation. Consequently the
number of viable eggs reduced to less than 49 of the previous generation., The densities of
eggs and adults continued to decrease thereafter, and thus have been kept at a low and tol-
erable level for at least 8 years.

The virus epizootic occurred in the next generation to the sprayed one, although the lar-
val population was low in density. This phenomenon was analogous to that in the naturally
occurred epizootics. However, at the third generation and therafter, virus diseases did not
prevail epizootically, although it was found infected in a low rate at the densely populated
parts. No infections by CPV or NPV have been detected after the 6th or 7th generation,
respectively.

(7) On the basis of the facts mentioned above, the process of the epizootic was divided
into three steps: Occurrence of epizootic, expansion and maintenance of epizootic, and termi-
nation of epizootic.

A schema on cyclic change of apparent and inapparent stage of virus infection in the
field population of L. fumida was proposed. An apparent stage at which the virus diseases
prevailed epizootically was coincident to the most densely populated generation of L. fumida
population.

The epizootic was initiated from the infections induced by the stressors related to the
overcrowding phenomena of the host larvae and the infections expanded and prevailed epizo-
otically. The more densely populated, the more rapidly prevailed the infections. Thus high
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density of the population reduced rapidly to extremely low through increasing mortality and
decreasing natality by the virus infections. Then the epizootic was terminated and became
inapparent by extreme reduction of susceptible hosts, and/or by an intereferential interaction
of CPV and NPV in the areas populated scarcely.

In this inapparent stage of virus infection, the host population recovered its density gra-
dually, and thus the oscillation in density of L. fumida population have been repeated.

(8) The virus diseases, which are always apparent and play a certain important role as
a mortality factor in its host population, are distinguished from those which are inapparent
unless the host density becomes extremely high and play an important role as a limiting factor
of the uppermost density of the population, have been induced at the overcrowding generations.

The latter type of virus diseases is not important as the ordinary mortality factors in the
population dynamics, but no more than the limiting factors of the uppermost density. The
virus diseases of L. fumida belong to the latter type. Through the epizootic of this virus,
the host density was reduced rapidly to an extremely low level which would be the minimum
for surviving of the host population, and then recovered to a low, stable density level. In
this stable population, the virus infection is not apparent and does not act as any density con-
trol factor. The factors which control the density in this stable population are not concerned
with virus diseases but other biotic agents.

(9) There are many aspects to use viruses for the control of pest insects. In forests, the
object of the utilization of viruses is not only to reduce the density of the pest pooulation,
but also to regulate the pest density continuously. Density levels are decided in nature as a
result of the activities of various factors among a great number of components in an ecosys-
tem. Based on this standpoint, the viruses should ke used in the forests to bring about a
regulation of pest density by manipulation of the components in the ecosystem.

Dissemination of a mixed suspension of CPV and NPV induced an epizootic in the field
population and brought about a fairly good control of the L. fumida for the long term without
any evil effect on the beneficial biological agents. Such characteristics evidence the effective-

ness of the application of viruses for the control of the forest pest insects.
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Plate 1

A.

Plate 2

A.

Plate 3

Plate 4
A.
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Nuclear polyhedrosis of Lymantria fumida.

E I REIC B U o o RFEREE (1957 £ )1 525k ME 1)

A cadaver lump of larvae formed at the top of the host tree (Photo, at Asakawa
Forest, in 1957).

N I IS

Light microscopic photo of polyhedral bodies characteristic of the nuclear

polyhedrosis in L. fumida.

. ZAKE NagCOs1 %T 7 4MME U /2 & iKbb shell

Electron micrographs of envelope of polyhedron after treatment with 1% sodium

carbonate for 7min (Palladium shadowed).

. BURETEREAERICALNE T4 VADIE

Electron micrographs of virus bundles in the shell (Palladium shadowed).
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Ultrathin sections of nuclear polyhedra.

R e 2 Ak

A matured polyhedron. No virus particles are seen at the marginal zone of the

section.

. REBEZ A

Immature polyhedron. Some virus particles protrude from the polyhedron,

BEMBREZAEROUN, ZAKEETFRBEEZ LTS T4 VAT ORRIPICIIETH
EoB0hnEssons (KD,

Ultrathin section of nuclear polyhedron showing a structure of crystalline lattice of
polyhedron. Structures of virus bundles and of virus particles are shown. Central

part of a virus particle is electron lucent (arrow).

BEARBRZAREZRBLTE SN Y4 VAR T-OJERE, PTA §uf,
Various shapes of virus particles obtained after treatment of nuclear polyhedra with

weak alkali solution, PTA staining.
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Appearance of mid-gut of L. fumida larvae suffering from cytoplasmic polyhedrosis.

. MREZARES AR

Light microscopic photo of polyhedral bodies characteristic of the cytoplasmic

polyhedrosis in L. fumida.
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Plate 6
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Vil: 8, N: B, P: 24k

Cytoplasmic polyhedra formed in the epithelial cells of the mid-gut of larva.
Vil: Villi, N: Nuclear, P: Polyhedra

HIEZ ABINZ RO ZAKRBHBETIRBLEEZLTED, 94 vakTFRECIET ¥ &
LICEBENTN S,

Ultrathin section of cytoplasmic polyhedra, showing virus particles embedded in the
crystriline lattice structure.

MR % FARI 2 f k% NagCOg 0.05 M+NaCl 0. 05 M i TRLIT LT & 1 7o NS £ 4 ik
W4 v, PTA e

Virus particles extracted from polyhedra by treating with a weak alkali (Na,COs
0.05M+NaCl 0.05M). PTA staining.
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