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Yaneg, Toshio : Studies on Pine Defoliation by Dendrolimus spectabilis (BUTLER)

and Estimation of the Larval Density in Tohoku District

E B HtMAIcBF sy L 0RER, 195 FHEARLEL, FOHBL L, 1975
1985 RIS I U ML 7o, S, 1985 L TFRTAROMEEN, Y BESRE L, 22T, £TOR
WNEHO,IIL, BETRLEHECT 2D DHEEET- 12, ZORR, BEOHEHMOERD —->
ELTHERORBEROETHERA SN, F1, BETHET LB EREELETET 2 HEEBY
R, vA143y/ OREHDETHE I ENNp -1, L L, Hithhicsd 2 BAHITEZOYHRD
REHEOE S E R, 2{MFOHNBOREREOMBENERIC >V T EAKBHOEINEL N
o CHOHBASAE, SSRFHORBEOEEREN LN Y, HERETAHORTICES &
Eiohz,

1 C & I

<Y # V> Dendrolimus spectabilis (BUTLER) = v #ic LIT LT AREL CHEEZEET 2
EEUHAMRERO—FT, B S5Z0RIEECEBNNE, 55 IIWERITCHRARL EHE<
DR EFERPHEEATOS (F+HHE, 1982, LrL, ABOAKBELTHT 220 0REHE K
T AU, HRONOEBEAMAEHRICIEET A EHRETHEI L0, CNBBEELN-TH
FOBATOVERICS 3,

HREREL SHRET 003, FTHEALRPWCRAL, HFECEIANCTHNEELTELT
BRSREV, ZOLDICIHRFRORET AL RAEBEZWHICTEL T T EBRUITH S,
$/, EHORERELRBICIBETLY ¥ 7Y v VB0 OHRELN S, £05 A THKEEHEY
KEFRIL, ThZhOMRERTEOREREERERT 5, Lrl, ThoodFRIREFRESH
Bl EMs, INETIVOFERIEODVTHALNTVART ET L,

BoERAtt i wy # LAORBENHAT S, AFETORKBOMEASRET 2 B EHIH
HIN TS (EHEED, 1987a, bl TOXIWRROUEAHT, 1975 FHILME TRYIH TEHRE
TTRESERS Wi vIHRRROBED, B - 5F - ILEZ L TREHBEANEEL TR L TR,
ZLT, FROFRRBEMAOEAREZBCEVT, 27 AV ACAESHhAREE BEASHRAFD
WAEY/2F5h 1 %) OFESEIRNRE L TEERREERALTOS I EMNELHIZN -2

1992 5£ 3 H 26 115288 H#)1—7 Forest Biology—7
(1) HIEZREr
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(EEEIE D, 1985), T D7edh, 2V I L OFEEFRRAFTCLIMEROBER L VI BERNREELTT
B, ey MBREOREEE LTLERT ALENE L TER,

EEER v AL DOREBRICMT AR L LT, <~ vHOELAET 3 ABOY MO BiEY
EHWET DI HEEINE TR L TE (I%, 1984+1987), =¥ h L id (Photo 1, 2) O4R
HEOHE R, BEORVHEMRCEL TR AENBTEEL, GMRITAI LN TESY, #E
DEVTERHRIZ S TR, EERRIC X 2BBIEIATETH 5, L, LA O &S SERGHEIcE
VTR, BBl RR o nhhhsg s TR 23 ERH Lok X - T, BEHoLRE
BAHET A E0AETH 5, ARTIR, ECBT 2RI D= Y A v ORAER, HERHT
REERA S E, BRHGGHOEEREDE, HEFAKECHELLIC2VWTHRET 2,

CORFEAEITO IzE Y, BEBOREIC SH I E VIR O SRR AT A R IR SRk B R
EaREHR, RAESEENEOEETRSESHRER ROt ESERmEZIEMEe R
FREBEK, Bl EERRERBRZRRR, R rimdEEREHmEER, SHRERERRE
PEREEFA/MAIREK, SulMEAREARERERENESE SR ERRRERERTEEM
B EEREERK, SILBREARSTARARBANELR, REBROSENRSBRBEERMESE
BE, BRSEMESRETANERSO HRCECHELET S, ik, HEHORETRLTER
MEABISHERRABTAR, STFEARRERSBRERE/ OCEER BTV VR, T
TS ERET 3, ABGoNKIH D, THTE L CRIEAER - L BRRATIR AR RET R
HIEEE L, Wi CHEE S CRMAS - EREFEAARNEEMRE WRICERB#T S, £,
ERERAEEREEHAEARICERIc TV Z B HEER LT 5,

2 Hit#AICEITBZTYALNORERE

2.1 TIHMAHICETEIRREDHTE

Hit A Ic BT B2y H LADRBEOTGEE, HF (1961) k& 1886 EERE T 59
HTHEINT VS, 2OHEFEICI9124, 1928 £, 19324, 1934~1935 4 & i\ THREM R
ENTVW5E, L L, MIEHNCHAEN TR I L -t E IR REH®RO 2 LT, 1950 4
M WS 2 O BHEER R T ICBEY 25/ MEITEhTH S TH S, T DiERIT 1952
W THWREREBRIE SWdoh, e v AL RE IERERDSTED ARHRERLLD, LY
BiEEERE L TABMRHRBERE SN KD I >, BE-T, 19508 LIBR= YA L DR
HEoERSEENIGGERENS LI -1,

Bt H o FeE iR %, 1950 46 TAMRE R ERERSE ), 1951~1960 % To [HRUNEES
WA, 1961 ~1979 £ TO [HHMREREHFTERE ] (OO LHETRIT), 1980~1990
WHEE TREIEREREDERICE >T (1L, WEBEEM) $LH5E Fig. LKRTEBNT
5, WEMMRIE 1954 EAH £ < 10000ha 1L, TORRBEMEBOELLELS 1965 Hicid
1600 ha % THD L 7o 1965 4ELIM 3 1000 ha Bigg THERS L, 1975 4£10ZEFEHIC 5 000 ha o3y
B, TOHETU1000ha BIFEB -4, L L, 1982 LI BEE 2R L, 1986 H 13
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5000 ha 12 L7243, BIEIRZ1000ha BIFE TRLL TV A,

REENED LS RRETTEZLLE OB SHRAIT A2 LAETH 505, #E (1953)
ATEES (1953, 1963) =v A L ORAERNIE, Do BiikT, AEOWR b < v OBRK
DILER E OBRZHOEAPE O &, BRI 20 HAELAMNE L, HEREBKEILRLLVLE
BNTO B, AF (1952) @HILH S ICBT BARED E— 2 FiD 1951 FIWEH « EFHBOAFE
ARELTVEY, TOREAEN 1~ EEDBITEMM TS -, TOT Lo HEMNFHEALE
KIHEWARKF SRS T A<, 1B HT AL 0 HERRORA LY, v vh L DR
ELPTOERELHED»fole®, ERBBILKLLEEL SN S,

— 4, BiMATHEORGBU» > 72 1955 & 5 1962 HE TORFEEMZ Fig. 2 iCm L, <
T & B &R O WERE OISR EER TR, SHMEIEE o sFEER O EFERO
ThHZUHK (A), ROTEREHFOTH=vkelEso=vk (B) Th 3, HABHTRIER
H, ILEgREO#HER 7 o<y (C, D, E) RUAEROKHE#EFEH (F) LPBEKREH (G)
ThHbB, THOOOHIRITIMA (1953) LHEMES (1953, 1963) DiEHEd 2 D 74 < v Biskvigs
7O VYRTHLIENBEL, ChOoBRIEERROS B TRASERTTICBNTRETH S,

2.2 BEDOTYHLNEEREDHH

BREOTY HLADOAREC I BHEORHRE LT, KEMichL AHEEENSTONE (EHE
M, 1987) (Photo 3, 4, 5o HEHXKEI Y BT 5 &I BEEME I ZLIEIC, =Y AL OREN
BBTEHNE, -1,

EoRMBAEE, RENK YA L ORRBESE VI, 1955 B0 > THREFFIE U I bR
HRIE (B HWRAPIER Beryr v 0REBERER2EY . (BEY, 1957, CoHA0HN
KRy L OREABROEHERLE L THBRE #EOBEORFLLTEAL T2 EH5 L
B, i CHmCEL THRINOB LD LD OBEBIFRLESENT WV, 23T, OFHELHEEp
EHEARRIEOA « FIBAIT - HBAYROEE &, EEPRESHECHROBARE LT - BH
KESWT, COHBROBRELRT L Tablel DEED TH 5,

CORRIC LB L 195~196T FETAETIR0% HIBEAEIEL, KEST.6% LhnHERNEL
HUEAIE -t ThicHL, BEOHEBEHRIC L2 L HEHELFINELBR LI LACRRILEET
b, COXHRLFTREREESTE 2 o0 T, HBEROBRFELSZ Y, EE AL 255
BHO—>0BEREL > TVROTEEVAEEL OGNS, BLIHEROBRROBTIc Ly, ®E
FIMER & L TOEHMEEE - ofc®d, RFEAEE5SEIL, IhBHBEEEORL I B ->TW S
DTV EHERIE R,

PEokdic, =vhar 0fRER, —REICE~ Y 0BRSS KTEICERI NS I &ic X -» TH
RENBT LB, ThEfE TREERO—ERNTS - A HBBFORBREOE F o, HEHHE

* HRFHE Rk, BB TIIFEZ % Isaria (Spicaria) farinosafa FR. L TWOA@HITH -1z, L L,
FHAS (1975) BHEBREREEL TV 3REOBAREDD & 38 L /. EZRIE U 7248 Beauveria bassiana
(BaLs.) VoL AEHMICE O E2WME L, #-T, w7 H L OHEHBE S C D Beauveria bassiana I
LBbDLHETEND,
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1975 1985

Annual changes of the area of pine forest defoliated by Dendrolimus spectabilis
(ButLer) in Tohoku District except for Fukushima Prefecture from 1950 to 1990.
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Fig. 2. HWitHAicB83 2= Y 7 L HHER
EHosA (EEEZER <. 1955-1962)
Distribution of pine forests defoliated by
Dendrolimus spectabilis (BUTLER) in
Tohoku District except for Fukushima
Prefecture from 1955 to 1962.
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Table 1. BRLHROFBHERE

Percentage of Dendrolimus spectabilis larvae infested by Beauveria bassiana after
overwintering.

No. o fAEEA GE=EEE HEED
PR R’ %
E %

Location Date No. of Percentage of

Larvae larvae infested

by B. bassiana

1 HEX Hill Tatsutayama 1952. Jun. 45 2.0
2 EH K # Ooura 1958. Mar~1964. May 52~481 0~28.9
3 #&& £l Kinpoosan 1958. Mar~1964. May  92~156 1.1~36.4
4 AF 1 %l Esashi 1959. May 156 2.0
5 ®mF L #H Esashi 1960. May 196 2.1
6 HEX 4£#1l| Kinpoosan 1960. Jun. 51 15.7
7 &H® N M Muramatsu 1960. Jun. 100 3.0
8 #H& = R Misawa 1961. May 283 2.1
9 H£F L # Esashi 1963. Mar. 106 11.3
10 5F L #| Esashi 1964. Mar. 152 11.8
11 AF /L #| Esashi 1967. Apr. 77 37.6
12 & = iR Misawa 1978. Apr. 120 0.0
13 &F & R Takizawa 1978. Apr. 120 0.0
14 Bk H£ £ Tsukidate 1978. Apr. 120 0.0
15 Hzg & # Oome 1978. Apr. 120 1.7
16 #HF ¥ B Kooma 1981, Apr. 120 0.0
17 M  # £ Noshiro 1983. Jun. 50 0.0
18 Bk ] F Rifu 1985. Apr. 120 5.0
19 #E HBH #® Shirakawa 1986. Apr. 120 0.0
20 dt#E ERF Furano 1986. Apr. 120 0.0

No. 1. 2. 3. 6 RBKEKH (1975)
1, 2, 3, and 6 are from Z. KURANAGA (1975)

oA, Ihrey OKBHEEBV6DEELOND, 0D, I F TOHREREMC~
v OBMKOESMRIcH > T}, vV ALV OREBEEAECTFAL TB CEBRYITH 5, B
Koy MERRORER S 2 ORI TR, v v AL OWENEROREEL A EHETFEATH
& s (EEEDPEIHD, Cofs»SOERSLETH S,

3 HWEOREMF

3.1 HROBREICLZ7HTYROBERK
X, WA CBV TR Y H LA YHOBFIC L >, #HERNREET BHRFHTH -/ L
L, 1985 FEFEIREEKN F O RINBITHEMKM (Ploto 3) KHBWT, FEOHRICLIHEDEE
BREEL - T, EHBENKERCDI > TRE L. 85 LABBIMoBRENRIBRDOA L5,
R L&k S i< v MRbBRoRE IR Ic BV TR, AFOBNETHIT Y/ w5 3H 1+ O
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b UMY, WERANBREIN, 22T, <V ALACEIHELEMREREOMGREES -
BT, CORFO—HICHEMELT T, HERELHARENEL L ZEROBBRIC>LTHEL L
(L3, 1986 b, 1987 b,

3.1.1 F&h

e A FEARBAIINE RO HEE (BEm 400~600 m) 1L 3 EfTHEMHIOK 30 FED 7
HTVHRTH B, WAEKIZT1985FE9 B 25 Biz, BEK (W50% W) SMEHR (B0 10% D) %
nENFZI 1o Wi Table 2 i27R L,

3.1.2 FAAEHk

1) BEROAA

19854 9 H 25 HHAXAROLTAKIZ20T, #EHE L, &, TiC, v v v oYhoREE
DEERY, HEOHETRL, 0% 130, 1% LUT%20.3, 1~10% % 1,10~30% % 3,30% LIE% 9
EWHSFHAEREA, BMAZEick, th, T2hENoFEEMA TR LIL, COLSLTEEELE
ERADIOKRM0, BOBVARM 2T 13, TOBIEEARDOHIE HETIT- 10

(2) #HFEROB®HMEROHE

FHAIL 1985 E 9 B, 19864E 10 H, 198747 HD 3H], WEREKIERI TIT -1, BELLH
BEXNORERZRE L, SRR, SRRl HBRETR #EPRERO 4 >V T 50~
100cm OESTHELT, METoOMEROBE L HERELIHL 2, HHEERREHO 10%
UToEH%1, 10~30% D56H% 3, 30% L EOLEEX9 L VWAHFHHEE5A, BRI L CHBAMNES
HlLABEESAEE Lk,

3.1.3 FABKRRUEER

(1) HER

FHEXRNOSNAREHNR Ty L PHOBBIC LL2BERBOT/LER L O Figs. 3, 4 TH
%,

Chick 3 LMERK TR, HEYFEORERENANSEER (~21 ETOMCHRL, ToEe
AEBTUTTE S, TD3B, MELILIAKOEERIZI0~6T, EER () TREHDOITARMBIIEL
fo Z DBROHEEARDRER DTN -1, UADOHIEIRIERE THVE, £/, BERKTREE
LERIPRIOVMERK EE L, AZEEHAMOEER (0~21 ZTOMICHY, TDELALRI0
LT Th -l #HEANIEEROE 1 OURD—IICREL 2, BEKORERZZORBEE2HEHTH
BEER(0~4 37T, EIFHTRE 1~5 2 TIRILAL, TOX I ICBERORTERDREEHME
ML OECHEVEOR, BERXORBEREI TBOREANE» -2 itk 3,

(2) AR SRMES

REROEBCHEALLERICOVWT, HBoFMIOHSEEOROREVELREREL L

WERX T 1985 FCBEEL LTRLEDL > HBRBESAK 6 E0S L, 54.3% TRETH
DtV I AYNEIA LY, ROT28.3% D2V FRYI96y, 109% DOV S5Hy V96V B
4.3% D= b NENF, 22% DFAVAFRIALYTH Ko TV LY NFI A LVBBEETH
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Table 2. H#HEX DK
Study plots in pine forests

AAE KX ROKES AL AR WMEEE ® &
Plots Area of quadrat No. of standing trees D. B. H. Tree height
(m) (#F) (cm) (m)

& " 3030 130 14.7 11.5
Heavily injured stand
(ca. 50% of pine trees died)
(i & # 20 X 70 219 13.1 10.5

Moderately injured stand
(ca. 10% of pine trees died)

40 rn
1985 « Sep
20 F
0 H P ;1 - E o=
2
g 20
& : 4 1986 Oct
=1 2
a ]
%5 |
S &
4 0 N El N E.

20 1

A8 H.n
10 15

20
E E B (1985 - Sep)

Index of the amount of needles in September 1985

25y NN REFEA © D
Living pine Dead pine

Fig. 3. #iduck 2 AFRERIAYK @EEHN
Histogram of defoliation level by Dendrolimus spectabilis (BUTLER)
in the heavily injured stand where ca. 50% of pine trees died.
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40

[ F 1985 - Sep
20
g r - q  1986-Oct
u 3 3
®y I
£
& 20
# 5 i
LA
0 P 1] . [0 EE m_Lﬂ 1
or 2 1987 + Jul
%
20 :
0+3H llmi E. Bl m o m .
0 5 10 15 20 25

H ¥ B (1985. Sep)
Index of the amount of needles in September 1985

ek B tEEA : []

Living pine  Dead pine

Fig. 4. ¥R X 2 AEREIAYE (HEWK
Histogram of defoliation level by Dendrolimus spectabilis (BUTLER)
in the moderately injured stand where ca. 10% of pine trees died.

SHBRTRRICBVERI=YF RS Y ILY, 5k YV LV, LXFFHEET LA IXY, 2
D3RS TAYTHoT, eV FE VI L BBELETH - HBEATRREEVERR=Y /74
Ly, VSRV ILVE, X FHEETIAIXRY, FM03F 24 4L TH -1 (Table 3),
BERK 1986 FETIIO T 5 RKOHIBRTH » 1o, BERBELTROEL > mEIFELAHOD
40.0% TEETH o= vdF R/ 940 L0203 BV YIAVT, BOWTe Y/ #2414 46003F
T& -7 (Table 9, #HFEIFHD 1987 FIE LN = b NFF D 100.0% & & 5 MEBRDE
{7 otz (Table5)o O LBHEOAFCLIATHARKELER T TRMBRIC & > THEL
TLEV, BYOUKRIBEKICHBITL LY LERIEN S, G, JTORAETE YMRBFEEN
TEHETY/ 2S5 H 1) RERShEh -1,

DX IHEAENE L L HOBE#ER, S, /NHS (1964) OREERIOSBICHE - TRHEMH
EREHLTAZE, BHEEBORY /Y NF 04 6vRyS5hy Yy A VvBIIEHOEEAICEEL
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HROBEFIC L BRI T 5 MER (1985)
Fauna of borers infesting pine trees which died after defoliation by Dendrolimus
spectabilis (BurLer) (1985).

B

j==4

=]

%

Heavily injured stand (ca. 50% of pine trees died)

Dominant species in a pine tree

& & H

REICEBVE

Subdominant species

TV LYK b zvdRy | vaky |exrrHEe|soFEy
Ips acuminatus Vst | VULV |TRAIFY | VoLY
(G YLLENHAL) Pissodes | Shiraho- | Acanthoci-| Pissodes
nilidus shizo nus griseus| obscurus
( ROELOFS) (Faericius); (ROELOFS)
A ¥  WMESERE | & B B 5 B B
No. of | D.B.H.|Index of [|Indexof ([Index of [Index of |{Index of [Index of
trees the amount| species species species species species
(k%) (cm) |of needles |dominancy|dominancy |dominancy|dominancy|dominancy
9 12.4 0.6 20.0(% 8.7010.6(*x 4.0
8 18.0 1.6 24.1(£ 6.5) 9.4(% 5.2
4 14.8 1.3 30.3(x 7.2 7.3(x 4.1
1 14.0 2.0 36.0C — ) 3.0 (—)
3 13.3 1.7 33.0(x 5.2
3t25(54.3)) FE414.5 1.4 28.7(% 6.5
=Y FEY T LY v/ % | vIhy | eryHEE|FM 03 F
Pissodes nilidus IALY | VOLVB| TrAIFY I LY
(RoELOFS) Tomicus | Shiraho- | Acantho- | Cryphalus
piniperda | shizo cinus Sfulvus
(LLINNE) griseus (N1151MA)
(FaBRICIUS)
5 14.4 0.8 28.8(+ 4.0) 7.8(x 2.7)
3 15.3 0 20.0(x 7.5) 5.0(% 3.5)
3 11.3 0.3 18.3(+ 8.5 7.0(x 3.5)
2 13.0 0.5 10.5(* 2.1 10.5(* 2.1
$113(28.3)| ¥1#513.5 0.4 19.4(x 7.5)
VIRV LVER ShRFNF | Ffoat
Shirahoshizo Sirex 74 Ly
nitobei Cryphalus
(MaTsuMURA) fulvus
(Niryima)
4 17.0 2.0 14.5(£10.6)| 5.8(+ 8.2)
1 15.0 4.0 9.0( — 3.0 (=)
it 5 (11.8) ¥416.0 3.0 11.8(% 9.5)
= pNFNF / S5k
Sirex nitobei yaESd
(MATSUMURA) Shiraho-
shizo
2 (e wae0] 10 [0 T.n 10 — )
*400%54 by v Ry
Cryphalus fulvus S by
(N11g1Ma) Pissodes
nilidus
(ROELOFS )
at1( 2.2) ¥516.0 0 27.0C — 3 9.0 — )
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Table 4. $hOAFIC LSRG SMER (1986)

Fauna of borers infesting pine trees which died after defoliation by Dendrolimus

spectabilis (BurLer) (1986)
WM =

B

Heavily injured stand (ca. 50% of pine trees died)

' 5 &

Dominant species in a pine tree

vV EF RS LY <

A ¥ MRER & E R 4L F E
D.B.H

v/ F HEHIF

Pissodes nilidus gA LY 1)
(ROELOFS) Tomicus |Arhopalus

piniperda |rusticus

(LiNNE) (LINNE)

REIEVE

Subdominant species

h B E L A EHE A E

No. of J4Index of (Index of Index of |Index of |[Index of |Index of
trees the amount|{ species species species species species
(#ktb %) (cm) |of needles |[dominancy |[dominancy/dominancy|dominancy|dominancy

1 19.0 2.0 27.0C — )] 9.0 — )
1 11.0 1.0 2.0 — ) 1.0C — )

it 2(40.0)| 515, 0 1.5 14.5(£17.7D] 9.0C — )| 1.0C — )

nilidus | piniperda | natus
(RoeLoFs) | (Linng) [(GyLLENHAL)|(MATSUMURA)

soFRISY LY YRR Ty R 7Y Ly = hRASF
Pissodes obscurus VAR % 746y | F74L2 |Sirex
(RokLoFs ) Pissodes | Tomicus |Ips acumi-| nitobei

1 20.0 2.0 19.0C — )] 9.0C — )] 9.0 — )
1 16.0 4.0 18.0C — | 1.6C — D] 9.0C — H[10.0C — I} 2.0 — )
it 2(40.0)|3E4918.0 3.0 18.5(x 0.7)| 5.0(%5.6) 9.0C — )H[10.0C — )| 2.0 — )
TV RIL LY =vEKRy | VI
Tomicus piniperda V7N PAE
(LINNE) Pissodes | Shiraho-
nilidus shizo
(RoErLors)
it1eo.0we] 40 |is0C — Ol — ) 1.0C — )

Table 5. HHOAEIC L ZHBERIC T AMER (1987)

Fauna of borers infesting pine trees which died after defoliation by Dendrolimus

spectabilis (ButLer) (1987).

B E K
Heavily injured stand (ca. 50% of pine trees died)
B 5@ REICEH
Dominant species in a pine tree Subdominant species
= hNENTF sadRys Y ny
Sirex nitobei ( MATSUMURA) Pissodes obscurus(ROELOFs)
x # EEE i K & i
No. of trees D.B.H. Index of the Index of Index of
amount of species species
(%) (cm) needles dominancy dominancy
it5 (100.0) g 11,2 4.0 21.8 (£11.6) L.0C — )
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bOTHY, =v XYY I LYRAEIEL) BFOBHOEBAICHELLBDOTH T, = FF N
FRINSLDESICROFHERKORINAKCHE L b LfiEaN G, LEDI Ehs, JOMEK
131984 R LFIA S~ v H L RO RES, BLE0, BI85 HiclA LYo ERS LI
RgAE BRI -2 bDEEL SN,

—k, WEHEAL L, BRELHO 1B HLBELELEL TREL - LBRFELAK 2 Ao
27.3% TBLUTH-re v d Ry VI LY, FEOTHI 03201604 EH 1% D18.2%, ©
SHEYVOAVBEIOATIALAYDI.6%, VS LYNFIALY, vV FIALVDEN
TN 4.5% TH S (Table 6)o O LD ICEHNEOREHNSEZ L I & ERHEADS RO TEATS -
I EhLRBARAICEARKORKHNZ AL b ELONE, HEIFEOLGHEAOK
BH5T 2 AT, BHEELTROEL-AFOLPED Y FRY Y I LV TI28% TH -1, IRL
THEHIF NV ETY /274 LV 14.3%, 70F KL /9Ly, $402%04L0089.5%, v
SHRYVOLYR, TV LAY NFIALUD54.8% TH -1 (Table e TD LD ICAMHEIZHENT
TYFRLSTLYDOHDBEEDORKEN S/ LR, HEEBODULOEFALLOMIcE 51ci-T
BHO<-YF X/ onyOFEEZITRHELLGOEELONS, £, WEIEHES B LK
KiZISATEEDPBOEL, BEER=FFFH80.0% &£, ¥+ HEET A IFY, ¥
ERIFY, YS5EVS O ALAVEBMHENENG 6% TH 7 (Table 8), CTHRBRELEDOREL =
b AESNFTHIIBVEVSAITBOT, MEROHERE L 7.

FE-T, MHXE SHBIREZ LD URHAORERIWE2HHITiBEE-Lb0EEILNS
%, BERISHBEORBRBVLSTH B,

3.2 WMELCLIHEABPOHE

2V A LAOHROAECERT AEHACHT 2MEFAROBERIC L - T, BBLZ, 20k
BEHOHERMETH 50, COoBKOAFREATHIVEFEIHEES SR Lcr2fEicL 3
EF VAR THEI DT,

3.2.1 HBEHE

KRB RSKBATERE Y roilicEBian RFET =y CEERSER Tem, 3
BE 7.5m) Tiio7eo COMIDREBASE 5 v ¥ 4I1EY, Fig. 5, 6 IR THPICHELT- 1o
4174 hb, Fig.51B, C 3F#HESL, Fig. 5-1C BBEHZICMA T, HMighdhic X 2kEEL2HEE
LU THEIERT- 1o Fig. 6-11 A, B 13K#E%®, 2L T Fig. 611 A’, B’ BEhFEOFHENM
bogE, £1:, Fig. 6-11C BREEDAX 2 hZ BT L THIEL 2. HEERICE T 21K
OFBARIEORHBOE(IC & -» THET 200, /NH (BHi3h, 1966) OEBEIHE - THEL K,

3.2.2 HBHERRUEER

REAREGIS Table 9, 10CRTEBYTH 5,

g9, [A IBRUIC OBKEOAZHE L THELABXE, HECEEI,hbbLEL, ¥
HE TRIBOFRHBICEMR LS o7, UL, BERFCMA THEFELRELL IC XTRE, BH6
B @SRRI IETIERIZ0 &80, LA L2HE L, —F, A, ITA,IIB IIB o



Table 6.

spectabilis (BuTLER)

S RENIE T e

55 365 55

YhoEEIC L ZRERICHT ZMER (1985)

Fauna of borers infesting pine trees which died after defoliation by Dendrolimus

(1985).

i

j==4

=

3

Moderately injured stand (ca. 10% of pine trees died)

' 5 ®

Dominant species in a pine tree

XL VE

Subdominant species

2V EKUSE LY FAOaFsL Ly | VIRV | LI TEET
Pissodes nilidus Cryphalus fulvus| 4 Vg . A IFY
(RoELOFS) (N11s1ma) Shirahoshizo| Aeanthocinus
griseus
- (FaBRrICIUS)
& ¥ |WeEE & & & A OE
No. of [D.B.H.|Index of |Index of Index of Index of Index of
trees the amount| species specles species species
(k%) (cm) |of needles |dominancy dominancy dominancy | dominancy
2 6.5 0.5 6.0(* 3.0) 6.0(= 3.0)
1 20.0 0 18.0¢ — ) 9.0 (—)
1 7.0 0 3.0 — ) 1.0 (—)
2 7.0 0 9.5( — )
i1 6(27.3)|E1310. 1 0.1 9.1(+ 7.0)
FAOaF74 06y 2VERSOLY | TRy
Cryphalus fulvus Pissodes nilidus| /v &8
(N11Jma) (RoELoFs) Shirahoshizo
3 6.0 0 4.7(+ 3.1) 1.o¢C — )
1 6.0 0 3.0 — ) 1.0 (—)
5t 4(18.2)%F#g 6.0 0 3.9(+ 2.8)
yEhIFY #4034 vV ERY vIhy
Arhopalus rusticus g4 by % LV
(LINNE) Cryphalus fulvus | Pissodes Shirahoshizo
(N11Jima) nilidus
(RoEeLoFs)
2 10.5 0 6.0(x 3.0) 4.0(x 2.0)
1 9.0 0 9.0( — ) 3.0 (—)
1 14.0 0 9.0 — ) 1.0 (=)
it 4(18.2)F911. 2 0 8.0(%= 2.8)
VIRV LVR IYFFL/GLY | = P RENT
Shirahoshizo Pissodes nilidus |Sirex nitobel
(ROELOFS) (MATSUMURA)
1 7.0 0 9.0( ) 3.0 — )
1 10.0 0 9.0C — ) 2.0 (—)
1 12.0 0.9 9.0 — )
it 3(13.6)| ' 9.7 0.3 9.0C — )
goagyg Ly FAOaFs 4Ly
Niphades variegatus Cryphalus fulvus
(ROELOFS) (NI11JIMA )
2 7.0 0 6.0(= 3.0 3.0(x 1.0)
1 7.0 0 9.0 — )
i1 3(13.6)|3 7.0 0 7.0(x 2.8)
RV LY RFTA by ?USFTA LY
Ips acuminatus Tomicus
(GYLLENHAL) piniperda
(LINNE)
gicasfEmio] o JeroC — O] 900 — )
TV FIA LY wyERYS LY
Tomicus piniperda Pissodes nilidus
(LINNE) ( ROELOFS)
sticasfEmne]l o [0 =) 1.0C — )




Table 7.
Fauna of borers infesting
spectabilis (BurLer) (1986

A B 5= v A L EEOYRBEREERICET 25K (LK)

YO EIC K DHRFERICHT 5 MEH (1986)

§>1ne trees which died after defoliation by Dendrolimus

® & K . .
Moderately injured stand (ca. 10% of pine trees died)
& B REICHEVE
Dommant ecies in a pme free Subdominant species
-\E‘i‘// 7axfy | ¥IRY HYEHBIFY| b FevdA
PLssoa’es mltdus VLY VYL VE |Arhopalus | F 74 LY
(ROELOFS) Pissodes | Shiraho- |rusticus |Xyleborus
obscurus | shizo (Linng) | validus
o (ROELOFS) (E1CHHOFF)
X ¥ MESEE S £ B =
No. of |D.B.H.|Index of the[lndex of Index of Index of |Index of |Index of
trees amount of | species species species species species
(Bt %) (cm) |needles dominancy |dominancyjdominancy [dominancy |dominancy
5 10.8 2.0 10.6(* 4.9)} 5,0(£2.8)
2 8.5 4.0 3.0(+ 1.0 1.0¢ — )
1 10.0 1.3 6.00 — ) 1.0C — )
1 9.0 0.6 6.0 — ) 4.0 — )
i1 9(42.8)|F5 9.6 2.0 6.9(* 4.8)
HEHIFY 2 FKRY
Arhopalus rusticus VI AY
(LINNE) Pissodes
nilidus
(ROELOFS)
it3aa.®fEm10.3] 06 [9.0C 0 )] 3.0(x0.8)
RV RIA LY saFky | 4o
Tomicus piniperda Ay 74 6y
(LinNE) Pjssodes | Cryphalus
obscurus | fulvus
(RoeLors) | (NirsiMa)
1 14.0 0 9.0( )| 6.0C —
1 9.0 0.6 3.0 — ) 2.0 — )
1 7.0 0.3 1.0( )
F3(14.3)¥1510.0 0.3 4.3(*= 3.4)
JoFRV G LY zvE Ry
Pissodes obscurus VA7 N4
(ROELOFS) Pissodes
nilidus
(RoELOFS)
2(9.5 ¥ 85 22 | 7.5(+ 1.5)| 4.5(£1.5)
FA0a%s4 6y JoFFEylgehisy
Cryphalus fulvus Vo hy | Arhopalus
(N11smma) Pissodes | rusticus
obscurus | (LINNE)
(ROELOFS)
1 9.0 2.3 7.0 — )] 3.0 —)
1 9.0 0.6 3.0 — ) ] 1.0C =)
20 9.5) ¥ 9.0 1.5 5.0(= 2.0)
YIRVIULVE = h & NF
Shirahoshizo Sirex
nitobei
(MATSUMURA)
d1C4.®[PH14.0] 1.6 [9.00 — D[ 8.0(—)
TV LY NEIA LY vy )&
Ips acuminatus 74 b
(GYLLENHAL) Tomicus
piniperda
{LINNE)
i1 4.8)¥14.0] 3.0 [18.0C — )] 9.0 —)




— 80 — B OAFRIERE #3655
Table 8. OB EIC L ARFEAICH 5 MmED (1987)

Fauna of borers infesting pine trees which died after defoliation by Dendrolimus

spectabilis (ButLer) (1987).

®moE MK
Moderately injured stand (ca. 10% of pine trees died)
_ SN A REICEVE
Dominant species in a pine tree Subdominant species
= b NFNF soxXy |[Hehik) | £40a% | v5hy
Sirex nitobei VA N Arhopalus| 74 & ¥ VAN
(MATSUMURA) Pissodes | rusticus Cryphalus | Shiraho -
obscurus (Linng) | fulvus shizo
(ROELOFS) (N11J1MA)
X ¥ WeEER & ¥ B B
No. of | D.B.H.|Index of |Index of Index of |[Index of |Index of (Index of
tress the amount| species species species species species
(B %)| (cm) |of needles [dominancy |[dominancy|dominancy|dominancy|dominancy
3 11.3 2.2 11.0(£11.3)| 2.0(%0.8)
2 10.5 3.2 15.0(%£12.0) 1.0C 0)
1 14.0 1.3 21.0C — ) 10.0¢ — )
1 11.0 1.3 27.0C — ) 1.0C — )
5 9.6 2.1 12.2(%+ 9.1)
3112(80.0) E1411.3 2.0 17.2(%10.3)
e FHEETIAIFY JaFxRy
Aeanthocinus griseus Vs
(FaBricius) Pissodes
obscurus
(ROELOFS)
31060 Fm1a0] 2.0 | 9.00 — D[ s.00—)
TEHIFY = b _goNF
Arhopalus rusticus Sirex
(LINNE) nitobei
(MATSUMURA
st 1Ce.e| 0.0 20 | 9.00 — )] 3.00—)
IR I LB
Shirahoshizo

iceee o 40 | Lo —




it hicsY b= v A LA WEOYREHHEELICBET 50K (LK) — 81 —

EE S FRELRE L 28 XE, BEEoMlERHEbdBh -7, Linl, KOBMBELEELT
PEARHEL 2 I1C X3REERL» SHIERMICRESEAT, BRI NToEARIHEHRNE
0 Lot emR L1,

PLED IC, IC XD &k H HicLESFESN S &, BHECIRIEOHH L L THES 5
LB ot REPHEINTL ICKRUIIA, B DLz, ZORHHBEFENTH LI
DREICRERECSY, Lid, HFSMRLBET I EHSREICRES UL s #>T, Bl
OB ERT AT - LEKRDOET, HEADFEA L, ELA LK 198 EEIF Tlc2ENEELN
fliick-TRELBEHREIELZ LN D,

LA fFEE I.B: HEAFEE (1986. Jun. 30)
Contrast Only old needles were removed
on Jun. 30, 1986.

I.C: 2§ (1986. Jun. 30) L C': 2% (1986. Jun. 30)

All needles were removed HamE (1986. Sep. 25)

on Jun. 30, 1986. All needles were removed twice
on Jun. 30, 1986 and on Sep. 25,
1986, respectively.

Fig. 5. MEEEOEAK (£0 1)

Scheme for arrangement of needle removal (No. 1)
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0.A:1/3 %3 (1986. Sep. 25) A" 5RYD %2 24E (1987. May. 27)
1/3 of new needles and all of the The rest of the needles were
old needles were removed on removed on May 27, 1987.
Sep. 25, 1986.

ILB:1/2 #&% (1986. Sep. 25) ILB": & £ (1987. May. 27)
1/2 of new needles and all of the The rest of the needles were
old needles were removed on removed on May 27, 1987,

Sep. 25, 1986.

IL.C: &5% (1986. Sep. 25)
All needles were removed on Sep.
25, 1986.

Fig. 6. WHEREOHAN (£02)

Scheme for arrangement of needle removal (No. 2)
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Table 9. 7 A=y OFEICLIRERHBOEL (£01)
Changes in resin flow of Pinus densiflora after removing needles (No.1)
RERE K No. BisREEIAEFAR %
Removal method Tree No. Date of investigation Notes
1986 1987
Jul, 4 Jul. 24 Oct. 15 Jun, 12
I. A 1 Ht H H Ht
2 Ht H H Ht
3 H H H H
4 H Ht H H
5 H H H Ht
1. B 1 Ht Ht H H
2 H Ht H H
3 H H H H#+
4 H H H Ht
5 H tH H+ H
1. C 1 Ht H Ht H
2 Ht H #H Ht
I. C’ 1987. Jun. 12, ¥%
! # it H 0O Died on Jun. 12, 1987.
2 H H + 0 ”
3 H H #H 0 ”

B BoHEIR/ B RORELH] - 10,
Judgement of resin flow followed Oda (1964).
Removal method was referred to in Fig. 5

Table 10. 7H=vOBE LB IERBRBOZELL (Z02)
Changes in resin flow of Pinus densiflora after removing needles (No.2)
2 A No. ﬁﬂ'&n’“ﬂjﬁéﬁﬁfﬁﬁ A
Removal method Tree No. Date of investigation Notes
1986 1987
Oct. 15 May. 27 Jun. 12
iI. A 1 H H H
2 H H H
3 H H H
1. A’ 1 H H H
2 H H H
3 H Ht H
4 Ht H H
II. B 1 H H H
2 + H H
3 H H H
II. B’ 1 #H H H
2 H Ht H
3 H H H
1987. Jun. 12, 3
. C 1 + 0 O Died on Jun. 12, 1987.
2 H 0 0 ”
3 + 0 0 ”
4 +H 0 0 ”
5 H 0 0 ”
6 + 0 0 ”
7 H 0 0 ”

MEoRHBOHER NAROEERE> 2,
Judgement of resin flow followed Oda (1964),
Removal method was referred to in Fig. 6.
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4 FETRECLIBIHANBBEOHE

T VHRACBE 22y A L YHOERBAERNS L, =YL BEOREETRIL, HE
BAENS DA THELI LAET TR, ZOHTE, MENSROHEE FHE ShoRERE
EHEEY, EREEORY, VRAEOHEL SOV THENS,

4.1 HKAHROHEROETEHE

GHROPEE» SEREEERHET s I, £F, < vHMATHEZEOE THREOFEHNEE %4
PLBENH D, I T, AFEATHERNETON0FEEDT A< Yy HNT 1978 Fic B LT 1
GHE, 1981),

4.1.1 RAESHH

FHEIMNC—L 10m OHEKERD, 5m BROKTFORRZEMC, — 37.8cm OIELETHE
E3em @by yEORIMAE LT, HIWALEL, 48 U~20BFTHEL, T0k, 5|&
FiE, BUEBHC Im® ofmsER Fig. D 26@BEL, 4HIOHLD TANHETHARET
B 9B ICHRANORIR, & FEY, YholE Lo BE TREBERRES L /2.

412 BEHRRUEZE

WAz B 0 2% TEEEBLTEROAEHYIEER Fig. 8 TRTLB0THD, HiEOETIZ4
H16BIhE D THI9HRKE LY, CoMICETEROE— s M 2a 060, B1EHEIZS A
4H®D 1m® %70 900ME, F2MBERSAITAD I4THETH-T, LbHMEAMORETEDES -
rREEEbn, 2hENE, TobEBEMicE L2 5H8~9H&5 A 23 HECKECHD
LTV, CREBAREIOHEE 2B ORENE—HT 2, LL, BIBHIREKENZSD
oo, ETEROBDIEASNT, 1m? Y- v 600 BERIRTHESL 72,

- RTIIEES
Notted by strings

-
SR

Cloth made

rectangle trap

Anchored

{ wins !

Fig. 7. BZT#r 35 7OEAK

Cloth made traps for collecting fallen frass



KHOETEE (i, m*)

No. of fallen frass(/m?)

i i 5wy & LA REOYREEREERIC BT 25K (L% — 85 —

1400 ¢ ~
E
1200 F >
<3
1000 | B ]
55
800 g3
5&%
600 4 }L =
358
400 23
e 5
200 2 Bl
1 &9
0 7 v 0o “
14 20 1 10 20 1 10 20 1 10 1978
Apr. May Jun. Jul.
A &K B M
Date
BAROBEER 1 B : | 2@ : | As3En : |
1st ecdysis after 2nd ecdysis 3rd ecdysis

overwintering

Fig. 8. TH=UHMNICE 5% TR E BB ORHBIZ(L

Daily changes of falling frass and head capsules in a red pine forest

COFERICK B L MR, FIEMIKO 5 ATAL S 6 B AL T LEKE T E#ROESH /DI
(1B, L l, COBPRIEOREFENLOBATED, EEBEHEORPEL T}, BiREH
& LABAREY TRV, PBREERE2ERT 5 LHEEREEITE 3 KT RVEIIITI LESS
Bo T, WAKRE | EBRKAOE FTEROE ~ 7 BARGEL TV S bDEEL ORI,

4.2 BEHRHBOREEESHRY

MAOE TERERET 2101, TTYROHEBULA - TB MBS, Lirl, =vH LA
YHORE I, MEMNEROL 3 I BMoNTHE (14, 1976), # THEILHS 2o Sl
OHAIEGIHOFRESD & FEROBFREREE L (UK, 1981, 1984, 1988, 1989, 1990 a, 1990 b,
1991, 1992 ; L% i34, 1985, 1986a, 1987c, 1988),

4.2.1 BEHL

PRI Fig. 9 iR LB A 12 B, Sk I » & 11 B 23 0 b DT> 1 T,
BE BRI T 21T - 1o R ROREHHE R UHEEHEIAIIR Table 11 1R L 1=, 5B, BEDL
S EREMEE TR 0~3C DIREFREL 12, HHERFEATEE% 15, 18, 21, 24C 0 4 BRFcTHAEL
7z 16 BB OIEEENT, 200ml AV FY & o 72 HO 1 0E 0 BES>BEEEFT LT 70, 82
L, BRI EENRIEFEES 16, 19, 22, 25°C & L1, R\, B NMIERUCIEA
EHBoMAKII 1 MES0HHT > & Lz, BHRFHL T v HEE I~ HIEILEL o, HEEHE
B@@ERICITY, SFEEREBROFERIC>WTIRL .

4.2.2 FERERUER
(1) RERE

REME GHRTOH EEET TET LAHEEKII >V T, BRRORFRBE/RT L Table 12 D&
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BOTHB, ORI, CREEEE S L, HHREICHT 2REEEORFR%E Table 13 i<,
ElRER T Fig. 10 Rk Lic, CO» S, F 1 LM TREAEH A REER, Bt A B 4l
&b, T8 SOIRCREHBENB LS L0 - fo, H2HEME (F& L THEELMD
REFEQRCESMS O—E5 L) TRELMARFEFEMNOE L FRCELEOPRIcES VT,
BEMEVILRFTREERRE -7,

44°

~F. EB¥% Furano

42°
M. ZiR Misawa
Oodate O.Kf& CT. Eili Tamayama
Noshiro N.fgf{ — - TK. i&{R Takizawa
40°

K. db E Kitakami
— E. {L#ll Esashi
— Tu. $8E Tsukidate
R. AT Rifu

— C. BBl Kooriyama

Sakata S.#H-___

——— Si. B Shirakawa
- gu. ;ﬁ‘f i Ryugasaki
~__—Ha 1% Hazaki

T Om. &% Oome

Oh./ME 347
Ochika \

2
Sm. &R~
Shimabara 32°

Ko. &% Koochi
— Ku. 864 Kumamoto

T~ AL AR Aira

Dd

0

Fig. 9. #XBoiE
Location map of collecting sites of Dendrolimus spectabilis (ButLEr) for
experiments
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Table 11. #FEAOEEMKROEE, HEFEAH

Dendrolimus spectabilis (BurLer) for laboratory experiment.

& %

Location

ZEEAH
Collecting date

HEMLER B
Starting date for
laboratory experiment

b E ER B HILEE] Furano
BHESRTEE Misawa

KRB XA Oodate
KEEFEATEER Noshiro
AFEAEFHEILFGFE Tamayama
EFEEFEHERNET Takizawa
HFFRILEHMEE Kitakami
HFRILETHESE Esashi

R EHTREF Sakata

FIRBE ERIEMEIEE Tsukidate
EREEHAFINE Rifu
EBERENLT#rEET Kooriyama
BERAMTR&E Shirakawa
BELBEELT=# Toyama
TR S BT Ryugasaki
KWRBEEKBE Hazaki
REHERTER Oome
HERFRBHARK Kyoto
SARSSMTEA Koochi
EREILAHENMEEET Ochika
mEAEEATREE Kumamoto
EBAESFETHAEM Shimabara
BEARBRIBBEWBREET Aira

1986.
1977.
1987.
1982,
1981.
1976.
1979.
1981.
1986.
1978.
1984,
1984,
1984.
1986.
1989.
1989.
1977.
1991.
1978,
1990.
(1989,
1977.
1989.

Apr. 11
Dec. 13
Dec. 10
Dec. 11
Dec. 1
Dec. 18
Nov. 20
Dec. 15
Dec. 15
Mar. 7
Dec. 10
Dec. 13
Dec. 15
Dec.” 8
Apr. 4
Apr. 5
Dec. 14
Feb. 26
Dec. 20
Feb. 15
Oct. D
Nov. 29
Dec. 15

1986.
1978.
1988.
1983.
1982.
1977.
1980.
1982.
1987.
1978.
1985.
1985,
1985.
1987.
1989,
1989,
1978.
1991.
1979.
1990.
1990.
1978.
1990.

Apr.

Apr.
Apr.
Apr.
Apr.
Apr.
Apr.
Apr.
Apr.
Apr.
Apr.
Apr.
Apr.
Apr.
Apr.
Apr.
Apr.
Apr.
May.

Feb.

May.

Feb.
Feb.

29
24

8
19
15
13
23
15

9

() REABRERE, SXHTHLHREEE

Larvae of Dedrolimus spectabilis (BUTLER) were collected in the field. Parenthesis indicates Dendrofimus
spectabilis (BUTLER) were collected in an egg stage, and overwintered in the laboratory.

2 REER

BARGHOREFEE L VRO REZSLE Table 13 15, $1-EFEHLEE L OMKE Fig. 11
R LT, COM%ES S LE BRI TRPR0ILEGESREFES 10.0C Thd &L, HAMEH 6.4
CTTERLEL, TLTE/YBPEBELR & SRELSEREICHW S ILECL MRS 5, -
220, BALHUBA TEFEEA9.1°C TES S ORFRIC b—EDBHRIIRA S E b - e Fh, F24LH
WTRREBED 2 HRE0HHRN 12.1C TRHSL, BRED6.9C TRLHEV, 556 bEREIR

FEC, BEERLSBEVWEVWD XS, £ 1{EHE LEROERIAA ST,

(3) REAVYRELEER

BHBFOHBRXBRYBOREFTALEABIBLAREH I TOYRPHORFAVEEEREE KD
(Table 13), Zh tEE * OolFE (Fig. 12) 241, RERH & REHEILIBRNTE, &b 5 0BIHE
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Table 12. FREHELLHOFRELR
Development after overwintering of Dedrolimus spectabilis (ButLer) larvae collected
from different locations.

W EEEE  EESK Y o= MM () S
(GR) Developmental period in (1/M)
larval stage (days) Developmental
: No. of rate
Location Temperature individuals #&/) BARK OFEH (M) Mz
Pupated

) MIN. MAX. MEAN  S.D.
ERH 15 3 75 85 80.0 4.08 0.0125
Furano 18 4 48 57 51.8 3.56 0.0193
21 2 39 40 39.5 0.50 0.0253
24 3 28 32 29.7 1.70 0.0337
=R 15 12 83 112 91.8  10.43 0.0109
Misawa 18 16 48 60 52.4 3.78 0.0191
21 10 36 48 41.9 4.23 0.0239
24 13 29 37 31.9 2.72 0.0313
KA 15 23 90 133 114.5  12.45 0.0084
Oodate 18 30 53 84 71.4 7.73 0.0140
21 26 50 77 64.7 7.52 0.0155
24 31 35 62 47.8 7.75 0.0209
LA 15 21 74 92 84.8 6.28 0.0118
Noshiro 18 20 46 60 52.6 4.22 0.0190
21 21 36 49 42.3 3.79 0.0236
24 20 27 39 34.8 2.99 0.0287
Eili 16 26 73 107 82.1 8.85 0.0122
Tamayama 19 25 45 65 49.8 4.06 0.0201
22 27 34 47 39.9 3.19 0.0251
25 28 30 37 33.4 1.91 0.0299
AR 15 13 75 92 84.9 5.61 0.0118
Takizawa 18 15 49 61 55.0 3.53 0.0182
21 1 35 50 44.2 4.67 0.0226
24 16 32 53 36.5 5.20 0.0274
e 16 15 65 85 77.0 5.20 0.0130
Kitakami 19 14 47 53 50.0 2.25 0.0200
22 13 33 42 38.3 2.69 0.0261
2 16 29 36 32.7 2.12 0.0306
TR 15 22 74 97 84.3 5.37 0.0119
Esashi 18 19 43 59 49.4 4.32 0.0203
21 25 37 49 41.6 2.84 0.0240

24 20 27 33 30.6 1.73 0.0327
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Table 12. (27%) (Continued)

R WEAE  EWRK Y @ M B (E) SR
(&) Developmental period in (1/M)
larval stage (days) Developmental

No. of rate

Location Temperature individuals &/ ®A EH M) Mz

Pupated

°C) MIN. MAX. MEAN  S.D.
T 15 15 108 154 134.3 11.13 0.0074
Sakata 18 2 62 99  78.2 7.81 0.0128
21 21 52 79 62.1 8.19 0.0161
24 21 37 55 47.1 4.73 0.0212
5 15 8 86 102 93.5 5.45 0.0107
Tsukidate 18 12 50 79 58.8 7.96 0.0170
21 9 37 53 42.6 5.00 0.0235
24 14 29 41 33.7 3.67 0.0297
F 15 6 76 93 85.5 6.30 0.0117
Rifu 18 9 51 64  56.2 4.24 0.0178
21 4 37 57 43.5 9.15 0.0229
24 14 32 42 35.6 2.65 0.0281
Bl 15 12 71 100 87.4 10.33 0.0114
Kooriyama 18 1 44 65  55.4 6.48 0.0181
21 15 36 56 44.1 5.52 0.0227
24 19 28 50 34.1 5.37 0.0290
=ha 15 2 87 98 92.5 5.50 0.0108
Shirakawa 18 7 57 8l 67.1 9.03 0.0149
21 13 38 64 46.0 5.96 0.0217
24 21 29 45 35.9 3.45 0.0279
=10 15 10 138 191 166.2 16.01 0. 0060
Toyama 18 22 93 121 103.4 7.25 0.0097
21 20 75 103 86.7 7.75 0.0115
24 11 61 83 72.2 7.05 0.0139
B 15 15 95 2238 143.8 30.41 0.0069
Ryugasaki 18 25 63 98 86.7 8.34 0.0115
21 31 46 81 65.0 7.67 0.0154
24 24 40 56 51.6 4.12 0.0194
LI 15 38 65 125 118.8 12.44 0.0084
Hazaki 18 40 52 81 7115 7.33 0.0129
21 42 29 61 59.6 6.60 0.0168
24 39 29 51 47.5 5.09 0.0211
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Table 12. (»>-9%) (Continued)
B HEEE ERRK ¥ ow M OREE) REERE
(§8) Developmental period in (1/M)
larval stage (days) Developmental
No. of rate
Location Temperature individuals &/ BRX EH (M) Mz
Pupated
*C) MIN. MAX. MEAN  S.D.
G 15 5 140 173 152.8 12.27 0.0066
Oome 18 3 101 110 104.7 4.73 0.0096
21 5 73 100 85.3 9.95 0.0117
24 7 58 79 70.2 9.20 0.0143
il 15
Kyoto 18 1 116.0 0.0086
21 5 72 91  82.0 7.18 0.0122
24 4 65 96  75.3 14.13 0.0133
(Fm# 15
(Kyoto) 18 1 42.0 0.0238
21 2 36 39 37.5 1.50 0.0267
24 2 20 24 22,0 2.00 0.0455
S 15 7 102 181 140.6 25.69 0.0071
Koochi 18 9 85 11 98.7 11.24 0.0101
91 8 65 81 7.6 5.56 0.0140
24 8 34 77 57.9 12.98 0.0173
MER 15 11 106 173 142.8 19.15 0.0071
Ochika 18 38 69 106 90.1 9.38 0.0111
21 33 50 85  68.3 7.98 0.0146
24 2 Al 65  55.8 5.54 0.0179
HEA 15 15 138 176  146.7 12.21 0.0068
Kumamoto 18 31 7 113 93.0 8.34 0.0108
21 27 65 92 6.5 7.46 0.0131
24 33 51 71 58.9 48 0.0169
ElF 15 12 86 158 127.8 21.06 0.0078
Shimabara 18 8 70 9%  78.5 44 0.0127
21 17 43 74 59.6 7.83 0.0168
24 11 37 58 48.8 6.60 0.0205
Y= 15 22 75 139 105.2 19.66 0.0095
Aira 18 22 46 105 67.7 14.52 0.0147
21 2% 36 70 55.6 10.26 0.0179
24 28 34 61 477 7.87 0.0209

C ) @2 &R 148

Parenthesis indicates the 1st voltinism of biroltine strain.
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Table 13. HHOEHFREICNTHAIREEFOLRN, REFARU RAEHERR
Developmental zero point, total effective temperature index, and regression line for
larval development of Dendrolimus spectabilis (BuTLER).

% £ it @ R R REES REEYR AR
Location Regression line Developmental zero  Total effective
point temperature index
0] (°C day)

ER®H Furano Y=0.0023X —0.0230 10.0 421.2
= iR Misawa Y =0.0022X —0.0217 9.8 457.4
X f# Oodate Y =0.00127X —0.0099 7.9 787.8
# L Noshiro Y =0.00180X —0.0143 7.9 556.1
* 1l TamayamaY =0.00195X —0.0183 9.3 511.0
# iR Takizawa Y =0.00170X-0.0132 7.8 588. 4
it t Kitakami Y =0.00200X—0,0185 9.3 500.0
L % Esashi Y =0.00221X—0.0209 9.5 452.3
# H Sakata Y =0.00146X—0.0142 9.7 684.0
#£  fg Tsukidate Y =0.00210X-0.0207 9.8 476.0
# K Rifu Y =0.00178X—0.0145 8.2 562.8
£ 1l KooriyvamaY =0.00191X —0.0170 8.9 522.5
B # Shirakawa Y =0.00194X —0.0189 9.8 514.0
E U Toyama  Y=0.00085X—0.0067 7.4 1184.2
1B Ryugasaki Y=0.00137X—-0.0134 9.8 730.6
# ¥ Hazaki Y =0.00139X—0.0124 8.9 718.6
# H Oome Y =0.00084X —0.0059 7.0 1190.9
5 # Kyoto Y =0.00078X—0.0049 6.4 1289.4

»  (Kyoto) (Y =0.00361X—0.0438 12.1 281. 1)
& 4 Koochi Y =0.00113X—0.0099 8.7 883.1
/MEE Ochika Y =0.00109X —0. 0093 9.1 822.2
B8 & Kumamoto Y =0.00121X —0.0109 8.5 926.6
& J& Shimabara Y =0.00140X —0.0128 9.1 714.5
B B Aira Y =0.00125X —0.0086 6.9 800.8

() R ko1 1L

Parenthesis indicates the 1st voltinism of bivoltine strain.

Kb - &0 LAV, EL0E 1L Ew T 2 L oA NE, £, &
2L THRPRD - 20 LBV, BREFBAOMBKRICA SN LS UHGELES 2,
MARGHORTE Y, RESHRUREFADREARIEILMBACE O TRIZS2EBRE L,
COBERIC VLT RAROBHEETH S, LoLl, FUEHHTH2 LT bRUR L OBREMNEA
Sh, BAUVLHIEOBARESRESBWVEEICH b, 2O b0, F1oboLt BREL
EZ o, HENERLEZ ZBICEXHT 20END 5,

(4) REAVEBRE SHEEY

B TR~ & D KRB, RESARCEREEYREER I, MENLERMS D, #1{Lth
HOREIMAEORICEVWT IR OS2 EMb -, £IT, SEMILCREEIRERR LB¥EHO
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Fig. 10, HEA%YHOREEE ORIFER

Regression line of developmental rate for Dendrolimus spectabilis (BUTLER) larva
after overwintering
() N 24td

Parenthesis indicates the 2nd generation of bivoltine strain

* Kooriyama
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(Ky)
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1r

H
<
o

%BFRA (O
Developmental zero point
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BE (N)
Latitude (°N)

Fig. 11. BARYHOREEMEHE L OBMRKR
Relationship between latitude and developmental zero point after overwintering of
Dendrolimus spectabilis (BUTLER) larvae
() WiF2ftd, L5 Fig. 9 6L

Parenthesis indicates the 2nd generation of bivoltine strain. Abbreviations are same as shown in
Fig. 9

BfRERT & Fig. 13, MWD& 5B 3, FlLMA o B 2REAVREEER I KIEES 800 HE L&
BV, BHr0OEHTIIH0~600 HETH S, COMICIRIBZIZIEOBEEMSES D, 1 HEXN:h 05
EHIZ 1I~5BOMTEEHL, KE{ MO0 -2 HTEL, T, EItHALUADERD O RHE
HOREERG, HILMHE LD REL 800~1300 HECRY, BEMRE20FHEKR T 1 HEY
tob 2 fERIRTEE L /2,

PEMD SR EHEAHET 2R LT, 8RS 1 FIREAIO L — 7 B EY TH 5 LATICHD~N
fohs, HALRMEO COMYPESL S LBBLE 50~80 HERIRICH 2, £ THRBI0HESET
OEEERDSE Fig. 15 DL S ici-te, CORES B LERE 60 AFOHERN Y —2 L1,
BEREL/NS(AEIELS, FIEMATRCRY COBEHE FEROHABRHNE L TR bEY L
EZH, COWHO 11 HEYS ) OHEERIZ 2. 480 TH %0

4.3 FETRBCLIZEBRBEOHT

HRTHROBEKEHAET Z0c@E L 2B, HEEE L, hENERRoRZDDITV,
EAYHERR60 DECHTH 2 L0007, COB0 HEDOHEZRET 5Icid, FHEMMOKE
CHABHSLE LR E, 2 THILMA R OBE 10 5 (1971~1980) OFEHTEL,S, ThE
hoMgoREFELE b LI, TORAERPEMET ZL Fig. 16 IKRTE8DTHE, Thickd
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1000

800

REEHREER (HE
Total effective temperature index (days °C)

600 F

400

Latitude("N)

Fig. 12. MAREME TORBHYREGER LEE L OMR
Relationship between latitude and total effective temperature index after
overwintering until pupation of Dendrolimus spectabilis (BUTLER)

C ) N 2fkly, %53 Fig. 9 iU
Parenthesis indicates the 2nd generation of bivoltine strain. Abbreviations are same as shown in
Fig. 9

CHALM A TIREOHEOMEHS 4 H 10 H, WiEs»4 818 H, HMiz4H 2808, H/RE5H58&1E
LHEL KON TEN, TEEBOAMTESIH I BEE 1z, CTHIEHEBETICARR RO O
HWa, UL, EEEMCBWTIOMRHZIELCHRET A1}, SREE T L ORROBUEE S
WEREETH D,

ZIT, XHHEMNE0 IEIGET ARETFAT 2 FEE LT, AMFHTRLBIOASNTLS
A 43y oERERINT 2 HiERFE L (IEK, 1987a). EIB D 16 pHOKREENEH
HIL 7 1984~1986 HEE TO IOV A1 3y OF{ER &=V 1 L BRYBLRREEORERR
T 60 ARICET 3 H EOBRIE Fig. 17 0k 5w s, BEE (x) L 60 HEETBH (y) &0
Rl y =1.0029 x — 2.269 ©ORFEM S H, BELSHBENRAY S, -7, MEAEGROETEK
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Fig. 13. BAZRYhoPESE GHith)

Seasonal change of frass production by Dendrolimus spectabilis (BUTLER) after
overwintering in Tohoku District

ik, v A4 3/ OBEHAREICTY, ZOBR NEML SEBRERAHEET 5, A TREEAR

TERD, WMELOSETLTL AEDOZME LT, Bl iBVAOSER (Ix1lm) (Fig. ) £HUL
5EERITHE, COHMEARY-0OETERS, 1] AKY o oEH 2 8 BMICHEADOER

BREEUZHETRTILICE->T, AEKPHEETE 2, $8b5, AEEE (D) & m’ Yih
OEFETEH (N) 2181 BIgYehofEH 2 BECHAHORNER (T) 2RULEMTRLL,
ROAMSRKRDSEN S,

D=N/2.48xT
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Fig. 14. BRRYHOHERE Gtk AL
Seasonal change of frass production by Dendrolimus spectabilis (BUTLER) after
overwintering in Japan except for Tohoku District
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Fig. 15, BbiiA 12 B M4 K 150 B & TOFEHEEK
Average frass production after overwintering until 150 day °C of cumulative
effective temperature index for Dendrolimus spectabilis (BurLEr) from 12 different
locations in Tohoku District
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0 45 Jigg

Apr. 25

Fig. 16. $HOBXRORFAYIEEEEN
60 BEIET 2 HHR

Contour for 60 days °C of cumulative

effective temperature index of Dendro-

limus spectabilis (BUTLER) larvae after

overwintering

LR 0K X 1971~ 1980 F£ & T D 10 »FEHYH

(RERAH - HARRER)

Temperature data are mean value for the ten years

Apr. 10 from 1971 to 1980.

Nk (Monthly report of meteorology published by

Japan Meteorological Association)
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Fig. 17. v+ 4 av/ oRfERL =Y L PdioBEEROREEHREERH 60 HEIC
ELHEOBFR CEIL6 RO A, 1984~1986 £ v)

Relationship between date for blooming cherry blossoms and date for 60 days °C

for cummulative effective temperature index of Dendrolimus spectabilis (BUTLER)

after overwintering. (Data from monthly reports of meteorology in 6 Prefectures

in Tohoku District : 1984-1986)

5 BAREEL L TOWHENAKE

TYA LRI L ZHEORE, MERKLHEEROERICL > THRE S, KRS (1970 @<
YHROEHERIT 6.8tT1.8t/ha LHMEL TV A, &£/, FHHS 1983 4 10 H LXRiD 9L 7
A=y SR CEEMEERE 4.0 cm, PERE 3.3 m, AR 8300 £/ha) THALERE, 14
W OBEB T 2EED 282 g, MFEEMN 613g THIT 8% g Thoto TOHMER ha HEFTLEH
KOoORFREFF—BT 2, ULOBERY & & ICEBARARIC 8§ £4 T 80004 /ha, 60FELET
1000 A/ha &EFVHICEMT 5 L, BRYAL OEEELER L Fig. 18 COHITRTERE 4 3,

HHS (197D itk e v L YHOBRBR T AT VHEZAMLE LA E, SR 1YL
AHABIMEYET 11.75g Th b, —H, EMHOBLEEET COPGHRERIT I HYAD
TIREA 6.54g, EREMNT.98g, HEHN 6.60g, SHE 9.10g, EWER 828g TEETH
7.72g 735, & (1963) GHECHERIIHERD 1.256~1. 38 FIbdLBTVE, TOH
EER 772 BHABROMETHI Lo, BERGEHTELZLHFS Q97D oL H54hd 1 5EY
HODORHERR 11.T5g wiBiE—K7T 3, CORBREZEMC L THIBICHE L BRI L DERE
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Fig. 18. 7h=v ORI L ORI AN EEETRRUAEIC L 5KERH 100%, 50% i<
B3I & OB%

Relationship between tree age and the number of trees in red pine stands, and

relationship between tree age and the number of Dendrolimus spectabilis

(BUTLER) larvae causing 100% and 50% defoliation, respectively

BHOEATRLTEKE, BEICKBKRERICL TI00% i E30KE 50% K E BRI TR
&, ThEh Fig. 18 0OBATHEAXRO LS B,

T, PUFH (1963) 374y OFERN 50~60% Tl 256% AR ORERENSE S EHELT
W3,

EE 121924 6 HETFRBRBERECBWT, 7oy VEEKR BE 1.0~2.0m) K 1AL
) 33ER, 128EH (B 2.0~3.0m) K 1R EH 2 HOYHENMBEL TV 20EHRMIL /2435, 24
ERVIFEL OB EACATSNTHRE LUK A SN, T, BTFRATEERNO T A=y
60 A (MEERE 26.0cm, BE 2lm) THEEBEIC L > THAYREHEL, 1 AYnFEY
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K308 A HE L 1o S OMSD THEERY SEBEBNE TOHEREAEL, 1.8t/ha OF FEN
Bl (LE, 1980, T OFE T RISBAROHEEL:EL 308 000 Hi/ha OHEER 2.37t (1 81
B 7.72g) BT HLEP0PDBOEIETH - 120, KEBEOWEL L TR 2HEENELALAESN
126

PEofinsbahsd i, BAOELERTI100% 5\ i3 50% i< £558& LTXL K Fig.
1BOHIRE, BAKSIC OGS TRELZLDEEATVS, —F, BAKOKEE Im? ¥hvOET
LEBESEDL5WES, AEHN50% 50k 100% icET 20% Fig. 18 KESOTRELLD
7 Table 14 TH b, THRBEBRBRI LI ICEGERY 6.8t/ha, SIHOEREY 11.75g/ s T
3&, 100% BFEICET 2 HEEHKIS 578 723 8i/ha 1273 5, 4O RBERAIEILH S OEH LS
1CTHEED5, FHXRIC DL ZOREEVHERR@0.9C, col XD 151 Ao
HIZ2BETHE, -7, 100% AESNAHLEQ Im® Y- OHEETRII 5787 BHic 5 T &
HOETERE129ME 5, T - UFH (1963) @74 < OHERD 50~60% Ti3 25% OBRE
BoBAEREITEL TV A, ThEHACBALENRKELT 2L, FIEKE 10°C Tk 65 #/m*/H
R (NF 47 DA R S T A

Table 14. HEAZER/H 0% KRV 100% L 72 580% FES (A/m?
No. of frass pellets causing 50% and 100% defoliation respectively.

HEROELSR HEAERDL HERERN
SO%lcé‘é{"@égTﬁﬁ IOO%ECE?{é:%Tﬁﬁ
Temperature No. of frass pellets No. of frass pellets
o causing 50% defoliation causing 100% defoliation
10 65 129
11 137 272
12 209 416
13 281 560
14 353 703
15 425 847
16 497 990
17 569 1134
18 641 1277
19 713 1421

20 785 1564
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6 5 H U |IC

Hltihicksid ey h L WEREOBIE, 20WEOKER, BARYBORERS S HEY,
HHRGHOE T ERIC X 2 EEHEEOHTE, RUBREES L CORFFAKEL LIz >0 TR,
Lo L, HitA B 2MABNBOREREOI 5o %20, 2 {LHIE Y kO FE i O HiFBrZE
RICOVWTRELAKBHOEIBES NI, THOMBRENS I LILL > TE SIEVIEE OB
ENTEBODEER B,

—H, YAV OEEIRFEAOREZEIBEHBLL TV S, v Y HRRRREE 20
TR, HEASARORERE LI TAENT H5LEND L, JH LI EMmS, Hwy
BN EREERL TOWE L5 HHIRTE, = v H v O BHOMBEZHEAL T, BEpRkEECE
LBt ke b BB A £ 2 2 &0, HiEADRE S v MHBRAURORA, HEABSIEOHMN &
bEE LV EEZ S,

T £ 3

ARXTR, BIMACBY BV A L HEOREE ZOAREEOREE I >V THERITL
REEERE LI,

(1) BIHKAICBIIE vy h L KRBREOHE EETOHEORY (Fig. 1, 2)

Hit BB 2wy h L oREEOLBIIEC, 186 EEBET T THESNTVWS, %
D% EFEI 19124, 19284, 19324, 1934~1935 & &SV TAREMIBI TV B, BRI
RARHROWEIL 1954 ENRLEC, ZOREMFEARORELENS 1966 FLBDL, BEETH
BL, 1970 ERMICHEMT 30, ZTORBECEREE LD -2, UL, 1982 HELREHIMEN %
AL, 1986 i 3AUEmML, HEREEETS 5,

IhETOHE, OHEREME, DRO7 <V HEKCHER 7 o YKTHBEIEMBEL, 0
O BHRTREBRTICERTNETH L, REOY Y H LAORBE L AHEORMIE, KT
Kbk 3HEEENRIEZILETHD, COFHNFO— L LTHEROEHRROB THEL SN,

(2) WEEREOHEIT (Fig. 3, 4; Table 3-8

1985 FEFEHREANFEHICBOTREL e Y I LN L B ELHERERCBT 2
AHEROABRIKICDOWTREEIT > 2o FARFEROTEEBR <Y / oy F 744y, 2V F K
YU LY, VIRV ULV, S FREANTF, A 0FT ALY THo . FAMEAOREEN
Mo, MEEEARFLTASE, MENKTR 184 ERKLEI» Oy AL OB ESHHLILD,
B 1985 HiC T HA L Y HOAEN S SRPALEOITRRICE LD EEL SN, WEKT
RIEEIEHSHAAOKRIBS T, HEIEHGZAMBOED -, ThEIHEERPLEH TEA
Th -7l EhOHBPIRAL ICEIFROMEINE AR s LW EBEL SN, Tk, BHRKE S
HRICER LONEFAORFIHBE2FEAEI T BIE-LdbDEELONT,
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(3) I & 2R OE (Fig. 5, 6; Table 9, 10)

YRO/ERE L AERMAGTEBPEL I L > HBT 212, HEoHEoEe 7 VRABTHD ., 20
R, B, HAEADORER, KT TRA2ENARFSNIECR>TEI S EMRENT,

4) MASBROHEE FEED oA EREEREORKY (Fig. 8)

GHOHERD SABEEAMET 2120, THTYRNTHEOE THE TR L1, H8%EH
EORE L TR, BREBRLE2EET 2L, BAREIORKIIOE - /BPBRLEYTHE L
B3y > oo

(5) BEAHNBOEEFEHEOKHPOUER (Fig. 15)

EEEEHEORDI L L TRELBbh 2 MARE LORKROE —7B0 151 HEX b of#E
¥i3 2 48MTH - 12

(6) BATEBICLZ2EREEOHE (Fig. 1D

HWAOYIHOHERAHEET BB, v A13Y ) OB EETSEE I EBah -7, -
T, COBEREERICBmMBEY /-0 FTERSE, 1H1AEY o ER 2 K EICHEROT
HEBARUAHBE TR I EICL-T, HEEMH#ETE 1,

(7} PiRREEE L L To#EHREAKE (Fig. 18; Table 14)

BEBHNS0% 2B EREMSBEBT LD TVLEIENS, CThABEBCHRAZEET INE
BEB, FIT, AEBNLHEON% KT EL54, = vH L YhomEE:, BUERE (md
By OF FEMS» OHET 5 HikER LI,

5 B X #&

BEHA - = v B v REHEMEE, HREE =2 -2, 6, 178~180 (1957

HAER ) HEFAERERLTHERHFFRARBEORICHT 2R L T0oMNE, HASERFE
Ltk 44, 365~370 (1975)

HEHEMN: v v A Lo GhoHARICo LT, B 45 368~374 (1963)

3 TH Yy OEFICBLETHECKE, 74 MEKR, 336~338 (1963)

——— i TVBOARENRD, Ll v AL OERREMERBOERKRICOVLT, FUNHEE,
42, 27~36 (1971)

TR = v h LA TEROMBAER, IEEE, 20, 55~60 (1976)

FHEE . v v h Lo, HELER, 82, 1~20 (1982)

HE—F . RIEWORE LREE OMR (FH) IEE), 7. 53~55 (1953)

AKIES - BER026, 27 EENICREL 2 GMESR O, RERBESHROSE LY, 24 1952

WEFRIZD = v L DOFEE SRS REERIREE, MBHE = 2 — %, 10, 123~126 (1953)

B3 v VAL OREBROEE ERERT, FMPIE= 2 — 2, 12, 263~257 (1963)

BAEKRE: UMb ek 3 5=y A Lo oIERIENEE, HkE, 57, 176~183 (1975)

HTHE . ERoXFEEH WYBGE 15 75~81 (1961)

HEEEEH : = vHOFARCET 2MA-FHLROERMFEROMEARKICODWTOEE-, T7H
H#kam, 376~379 (1966)
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INHAFRIED R LVHBEEHEFEBICO LT, SRS 2~ 2, 13, 293~305 (1964)
FBETHED : =y L ARERO < vIFERO Y vy HERIRE 0hhb Y, BREIKEE 37, 223
~224 (1985)

Eh BEFRICBF =0 L ORREE (D-HEEE LB, HWKEE, 36, 13~17
(1987 a)

Fie BFRICBT 32y AL OREE (), WEOTFELMERDORELE-, HKBHTE,
36, 44~49 (1987 b)

AR, HF-2DL A LIRS E-, p. 68, 260 pp., 7 HIMR, G (1974)

IR BUE : BERBIC L B v A LA PIHOEEREE (PR -EMMORL 3 <Y h v HiBolELko
RESB LRGN BT 2 EE T HR-AAFILOGRESTHE CUEEH
No. 22), 129~135 (1981)

T YA LAGHROEREEOHTE & T OWEFAKEDHE, HRAKILXHF Ly, 267,
1~4 (1984

CHI A B ATy H L OREBIH L FOEBEEOEAN, HARILIIEL LD,
306, 1~4 (1987

D ey A LA ORBEEHETICET AME (V- KERENRORTHE LA TEROEE-,
BHEIEEEE 40, 193~194 (1988)

RV AV HOBAROREEE L REBAB IUREEYHERBOHBNE R,
100 [|] A k5%, 593~594 (1989)

: RBBE< Y A L PROBARORERE, REFTLA, REAVEERRS X OLREE,
101 B EHRER, 517~518 (1990 a)
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Studies on Pine Defoliation by Dendrolimus spectabilis (BUTLER) and
Estimation of the Larval Density in Tohoku District

Y angE, Toshio®”

Summary

This paper first analyzed certain characteristics of Dendrolimus spectabilis out-
breaks, then investigated the dying process of pine trees after defoliation by the species,
and finally developed a method for estimating the larval density and determined a
tolerable injury level.

(1) Annual changes of defoliated areas and characteristics of recent outbreaks

The outbreak in Tohoku District was first recorded in Fukushima Prefecture in 1886.
Before World War II, outbreaks occurred in Iwate Prefecture in 1912, 1928, 1932, and
1934-1935. After 1945 the annual defoliated areas in Tohoku District have changed as
follows: the areas after 1960 were smaller than those recorded earlier and three
conspicuous peaks were observed in 1954, 1975 and 1986.

The outbreaks have a tendency to occur in pure stands of Japanese red pine, Pinus
densiflora (StEe. et Zucc.), on moderate slopes and those of Japanese black pine, P.
thunbergii (PARLATORE), along the coast.

Many defoliated pine trees died in recent outbreaks although it had been reported that
pine had seldom died from the defoliation. One possible reason is that the parasitic
fungus, Bauveria bassiana, is not so prevalent during outbreak periods as in the past.

(2) Defoliation and death

In 1985, I investigated defoliation by D. spectabilis and the community of insect
borers in dead pine trees at Koromogawa, Iwate Pref.. The defoliation continued for
two years ; young larvae defoliated trees in the autumn of 1984 and they further defoliated
them after overwintering in 1985. Predominant species of the community were Ips
acuminatus (GYLLENHAL), Pissodes nitidus (ROELOFs), Shirahoshizo spp., Sirex nitobei
(MaTtsumura), and Cryphalus fulvus (N1tsiMa). The community structure differed greatly
according to the defoliation level. Defoliated pine trees weakened very rapidly in heavily
infested stands, and hence almost all of the weakened pines died in 1985. Defoliated
pines however weakened slowly in the moderately infested stands. Almost the same
number of pines died in 1986 as in 1985, and some pine died even in 1987.

(3) Experiment of artificial defoliation

Experiments of removing pine needles proved that the complete defoliation in the
autumn of 1984 weakened the pine trees and caused their death.

(4) Method for estimating larval density from fallen frasses

Seasonal changes of the frass of D. spectabilis in the Japanese red pine stands were
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investigated. With regard to control, the optimum timing for density estimation should
be at the peak of frass production before the first ecdysis after overwintering. The peak

coincided with the blooming period of cherry blossoms, Prunu yedoensis. The number
of frass pellets produced at the peak was 2.48 per day degree per individual. The

following equation gives the larval density.

No. of fallen pellets per m?
2.48T

Density =

, where T is a cumulative effective temperature index.

(5) Tolerable injury level

Pine growth began to reduce when the defoliation exceeds 50% of all needles,
therefore 50% defoliation should be a tolerable injury level for control treatment.
Method for estimating larval density level which caused 50% defoliation was developed

based on number of fallen pellets.






St ic 6 5=y A L BEOHEEREERICBT 2K (LK) —107—

Photo 1. #&gio%h
A larva before overwintering

Photo 2. &%k
A last instar larva
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Photo 3. &KIIKORFEAM (KRENT#HEHD)
Outbreaks in Koromogawa

(Arrows indicate the heavily infested
stands)

Photo 4. $hBo&AE%E S F2BEK (D
Heavily infested stand (1)

Photo 5. $HDBE% S 1 BEK (2)
Moderately infested stand (2)



