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T VN & v N DEREERITIE 83 H
INERE L BEO VBOAERIRKIITHE

O

Koichi SonE : Ecological Studies on the Pine Needle Gall Midge,
Thecodiplosis japonensis Ucnipa et Inouve (Diptera : Cecidomyiidae) III
Characteristic features of the infestation

and its impacts on the growth of pine trees

BE 1975 05 1983 I TRFEAF O RSB, MUAB, wERB LR
T, =Y3 B DERELIMEL 7, KEOdiz L, Sylvestres #ififi¥ 7213 Lariciones
BEICIET S 21 B0~ Y CHESh s, WEHERTARCTHRERZELL, HERIEHEED
#9172 LonTens -7, #HEET 11 AE»OHIE LD, BEO 4, 5 AIT—HCE T L. #HF
i, BIRATIL ] R TRLE L, BRATHLII O THERIINT L, LBOBKET
VIEE OB E RSP L 0 S 27205, TOX S REME TBOBE T A Sbhich -7,
E7z, F—BFENTOFHEOME EFREBREO ST £ 72 ENGE V) 1, HERICE
HhExEd -7, MpNTOWRBEOREIIBRENT, FENMIEL, RCKE L, HEOR
AMIRAE LT, BERIRRMCRE U, BERE O 1 AEHERE L bl 288, KN
TORIE, BERKISEL -, =Y BoOERHT anEoMFiha <, B, EE,
HEEEOWTFhOBEE D, BELFFOBLWHE CRIES A RRBRES | SR Sh ok, +
LT, YEESHED 50% LLED 2~3 FEEHICIESNT, 0T 10~20% LA EOAERE DR
PHRD LN, i, 1B~ oBEESE, IEBIMEROEROREREHmDI,
PA oo ettt & (B BB E O BREIT v CiRiak L 7.

# -]

REHOOE, 1975 Gh b 1983 Finid T, FKEXFRERMNSEHEER LERRARS, RELRBRMY,
WEERELD 7e<y, 7reY X247 T A=y F HEKTITol~ Y37 2 <= DR
WRo—HCT, mEEle OV THhRS, FEC L 5HEEL, DREIBEOS L OB TREL, Vv
> (BHC) O#HABILXIT0BiL, £ 70/ vRe7 2=t eFdvigloRFimrEEs L
BREME TSR TER (Fk, 19691 ; thil, 196919 ; FHIE, 19709 ; (LE, 197020 ; B, 19719 ; 7
BEG, 19712 ; Cror, 1985Y), LaL., EEO BEGREHD & THAEMBE~OBELOEE Hik, ¥
FlgcoR L OB BRED HARER A & © BT HEBHE & BN R - LRAR~OBEROLER YA @
T b, BEROBEHREOMILO LDOEELERNO—DK, HEDREBENIAKERETORS, &
DEFPZAKECY, S 0BERNPEThEH, HRICL, BEOHKLEOER~OEBET X HR
EINB, ZLT, BROWAREEDERE~OHEYHL,ACT I DL, INEHER, HEOHMH, #
EOREWE L L ORBERMETH S,

HEHVL, 1975 b 1977 £ ¥ THEAYE LERAB TEAEONE TS ~ v BoGEY, 1978 £
REERBE LD 7 v~ Y FRKCTHEHZEOARYRA L, i, REAEMLURRM T, #HED

1986 £ 9 H 8 K% {£5%—49 Forest Protection—49
(1) PREERR
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BHERST, RSP TOHEENE, HEO-YBOARKE JETHECOWTEEL, FAEONERNE
OWTEE LI,

¥, KB o—iz, T T HE - ¥ (1978)7, SonE and Furuno (1982)3%, 2443 (1985)28), SonE

(1986) 1w X hHEIh TV 5,

I m & & ™

1. M & 5 &

= YA 2w A=OMERER, FEAEEERRRM (RETHLR) WO~ > BRAH & Bl
TRhTW5 65 F (FH, #ELSL) O=YBILonTiTbhi, HlCEEIh T3 <Y BolE
FEIL, 1976 SE L 1977 FfThbh, BOBOOEOEENOFHEINWE IhL, T, REKAD~<
VB OWTIE, 1977 ErfERAPE L, 5K, 1975 £9 A5 1977 £8 H ¥ To 2EMch
b, BEOFHEHREOLDOLF 7 (50x50em) KHT LAEKEC L5 HEHEOFH O
THHFE LI,

¥, REASEARARM FRUREEE) ORI TUAAEE~ YBIcoWTh, B W
BRI Rt e ER YR L,

2. BRLEER

40, WEOHFEL, BWOLARBLVIBEIhTOEAENC X » TRE L,

Table 1 R WEHEARD b BE B WEEHEOE &R T, AR L 66 FEHD 5 LA,
EELE 21 o~y BiC A WERSES Ohi, BlE BEKRTIE, #HoFN HEI B L1 -
foo AEOINERE 21 @05, BHOKA v v T h=Y (P. massoniana) L7 w=IXAALTV7
A=y F HFEEETCHBLVCEENEDLhL, FE, 7o X 2L 7V T7Hh~y F¥ffc~y /&
1 evF . veT 5B RDOh, BENLHEP #EDHRIS L LTS, LhL, 0 F #
BO~ YAy 5= AR g STV IER, SEOMEKEHEC B THorRER I hRERD
s EBbhs, chhofEscit, 7A=Y, 7w<>, P tabulaeformis, P. nigra DZEER TR
RO T HENBD HLRICENT, FLAEHEEITED A, -1, Bll, HE (1987)9 (%, Table
1 CEBI NGO T P. pinaster, P. hwangshanensis, P. yunnanensis, P. merkusii © 4 &5
D=L, rr~<y (B%) & P. tabulaeformis, P. luchuensis, P. taiwanensis, P. khasya (i
EhR%) 0% Fi I RBORIVWEEHEL, “hboh Tk, P. hwengshanensis 1ZH\TH
ZVCHERRbR» - EEBREL TS, E, ER (1964)% 12, SEELVWHEREDLRIC P
luchuensis, P. resinosa TH L \WEFHEIA LT\ 5,

SEOEECHENHRAINE: 21 EO 5 Y P. radiata #Er< 20 #i3, Crrreurelp and LiTTLE
(1966)» i~ @% 15 OEEICIFTT 5 O Sylvestres Tffiic, Suaw (1914)22 25F (1954)9 o
S8 X %5 Lariciones it & C\% (Table 2), *7, “hb 21 firh P. khasye © 3 $13E,
P. radiata © 2~3 §HERHRL 19 MR 2$ETH D, LI HD, P. radiata TE, Bi 2 2$ED
L OB S, P. khasya T 3HED 5 bo 2 $HEMC R VABR IR,

—7, M4 EO=YBIEoVUL B WL B bhichof (Table 3), ZoW, 2 #tFEo P
laricio v. taurica TRHRZVWHED BRI o7, UL, P laricio D03+ NTOBETHEHEINE
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Table 1. v YBRNTHIN 2Rz OHER

Percent infestation by T. japonensis on various pine species.

(=24 =
Perﬁnt infgstation (%) Gal%é_;;ﬂzg%e%?nﬁfaps
#t & -
Pine species ﬁurse}}g E‘Fi*e;ldﬁ(
’75.9~76.8 | '76.9~'77.8
1976 1977 1977

P. densiflora © 130 1—30 t— 5 0 o)
P. khasya — — 0— 5 — —
P. laricio \ 1— 5 0— 1 — — —

v. calabrica 1— 5 o— 1 0 O @)

v. corsicana 0— 1 0— 1 0— 1 X X

v. pallasiana - — 0— 1 O X
P. luchuensis — — 1—20 — —
P. massoniana 30—85 30—70 1— 5 e} : e
P. mugo 0— 3 0 0 X ? X
P. nigra 1—20 0— 1 0— 5 O O

v. austriaca 5—10 1—25 0— 5 X X

v. banatica 10—40 1— 5 0— 1 — —

v. caramarica 10—50 1—20 — — —
P. radiata 5—15 i—s5 | 0 X X
P. resinosa 1— 5 1— 5 — — —
P. sylvestris 3— 5 0— 5 o— 1 O ®)

V. rigensis — — 0— 1 X X
P. tabulaeformis 15—20 1— 5 0— 1 X (@)
P. taiwanensis 5—15 1— 5 1— 5 — —
P. thunbergii 5—40 5—50 1— 5 O O
P. thunbergii MeRE 10—90 10—85 10—40 '®) 'e)
P. masﬁoniana F, hybrid. ‘

GHEF - B, 1978 X b)

BEETNBE e, Pl v taurica HINEIRATEERE WL EL RS, EHEETH-7- 25
#1280 5%, P. pinaster, P. halepensis, P. 1. v. taurica %#B< 9 #&l, Sylvestres Fffi & iz RO
e EERT W5, BT, P. pinaster & P. halepensis 3. Lariciones BEWCII S TR TU oLy,
XK, EBRETH-3ME 2 BLABTEETNCHERETH 15413 20 £, Sylvestres
FEEi ¥ 7=12 Lariciones Wil & hTW7xLy,

PlEDz Ent, REOMEIL Sylvestres TEI ¥ 7otk Lariciones WHio@BBohb L2 X5,
FLT, SEBESHE I NI ol Pl v. taurica 2B 43 R OWTE, IS 3 TAEME
WiELZLRD,

I #WEHEOER/<KZ—

1. A | K &
BHER, RERELUORHRRCHEBIhi 8F4L 7 v~y RTiibhic, HIOFME, Sont and
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Table 2. = v & o 4 ¥

Classification of genus pinus.

#E i ]‘ﬁ i &

Subgenus, Section, Subsection, Species
Ducampopinus
——Ducampopinus — Krempfiani ——P. krempfii
—P. koraiensis* P. pumila P. sibivica
—Cembrae ——] —P. cembra P. albicaulis
—Strobus — \—P. strobus*  P. monticola* P. lambertiana
‘ P. flexilis*  P. strobiformis* P. ayacahuite*
—-Strobi ——  P. peuce* P. armandii* P. griffithii*
Strobus —— i P. dalatensis P. parviflora* P.morrisonicola*
—P. fenzeliana P. wangii
—P. cembroides P. edulis P. quadrifolia
i -—Cembroidesv P. monophylla P. culminicola P. maximartinezii
‘—Parrya — —P. piceana P. nelsonii
i Gerardianae— --P. gerardiana P. bungeana*
-- Balfourianae —P. balfouriana P. aristata
—Leiophyllae ——P. leiophylla* P. lumholizii
--Ternatae —; Canarienses— --P. canariensis P. roxburghii
i—Pineae ——P. pinea*
—P. resinosa P. tropicalis P. nigra (P. laricio)
P. heldreichii P. mugo P. pinaster*
P. halepensis* P. brutia P. sylvestris
‘[WSylvestres —i P. densiflora P. thunbergiana (P. thunbergii)
Pinus i . P. massoniana P. taiwanensis P. luchuensis
i i P. hwangshanensis P.tabulaeformis P. yunnanensis
—P. insularis (P. khasya) P. merkusii
—P. palustris* P. taeda* P. echinata*
i P. glabra P. rigida* P. serotina
| Australes —— pungens* P. elliottii* P, caribaea
—P. occidentalis P. cubensis
\_Pinus —— —P. ponderosa* P. washoensis  P. jeffreyi*
P. engelmannit* P. durangensis* P. cooperi
Ponderosae —| P. montezumae* P. hartwegit*  P.michoacana*
P. pseudostrobus* P. douglasiana P. teocote
—P. lawsonii
| Sabinianae -—-—P. sabiniana P. coulterr* P. torreyana
I . ; * * iy oini *
| Contortae - ‘7113. l;;z:zfss;zna P. contorta P. virginiana
—P. radiata P. attenuata P. muricata*
--Qocarpae - -—- P. patula* P. greggii* P. oocarpa*
—P. pringlei
(Critcurierp & LiTTLE)
P. resinosa P. tropicalis
P. massoniana P. densifiora
P. sylvestris P. montana (P. mugo)
Lariciones— —| P. luchuensis P. thunbergii
P. nigra (P. laricio) P. merkusii
| P. sinensis (P. tabulaeformis)
‘- P. insularis (P. khasya)
(G. R. Suaw)
—P. thunbergii P. resinosa P. tropicalis
P. luchuensis P. laricio (P.nigra) P. leucodermis
Lariciones— P. taiwanensis P. tabulaeformis P. massoniana
P. densiflora P. montana (P. mugo)
P. sylvestris P. yunnanensis P. merkusii
—--P. insularis (P. khasya)
(F 3
Note) K : BRI WHEREEIL SIVCE (B - EHE, 1978 £ v)

Gothic : Pine species on which galled needled were observed.
*: X WIERSHERRT &b o 78R

* : Pine species on which galled needles were not observed.
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Table 3. mXWBEEOBHRESNE» o727 VE
Pine species on which galled needles were not observed.

2 B K

Needles in fasicles of 2:
. banksiana, P. clausa, P. contorta, P. contorta v. latifolia,
. echinata, P. halepensis, P. laricio v. taurica, P. muricata,
. pinaster, P. pinea, P. pungens, P. virginiana.

- Ta I~

3 R
Needles in fasicles of 3:

P. bungeana, P. elliottii, P. engelmannii, P. greggii, P. jeffreyi,
P. palustris, P. patula, P. ponderosa, P. ponderosa v. scopulorum,
P. rigida, P. taeda, P. coulteri.

5 ¥ A

Needles in fasicles of 5:
P. armandi, P. ayacahuite, P. ayacahuite v. brachyntera,
P. duragensis, P. excelsa, P. flexilis, P. hartiwegii, P. koraiensis,
P. leiophylla, P. michoacara, P. montezumae, P. monticola,
P. morrisonicola, P. oocarpa, P. pentaphylla, P. peuce,
P. pseudostrobus, P. radis, P. strobiformis, P. strobus

G - @R, 1978 X D)

Takepa (1983)%) il (1986)*2 12k b, TTRELHRTV5, KFDPRL KD /v~ YH S
VEACEOHL, EREROERMENE T v F AR IRSOFMHRME L, R VCABRIWHEEE
LEHFEEOHERYME L, #HEEON®E, 19784671, 7H, 14 H, 30, 848H,
98 14 H, 11 B4 BT -7%

2. BREER

Fig. 1 K &AKHIC B 5 HEE, BEEEOVHIEROB L RT, 671 FoBHEEERL, o
Thollcd 1.0~1.5cm T, REOTI/MNERL v LH T, EFHERL, ToH%ERNC
ERExHT, 9APEHCREBEFERETET LTI,

M, 687 BRI LSt ETHID TRES hic, F0 L 2O THEEHERT 2.5cm T, &
BEE 2.0cm) LR okt LOERBFERCIrh ot BHEEOHVEHEEREL YV EI-LFH
ELT, (2) TR, 20% ¥ OHEMNEINNRTLD T THEL TV e T, (b) EIMZSHED
BEOMEA ST E T B LT /- (Sont and Taxepa, 19833 ; EiR, 1986%)) = L23hFbh X 5,
WESERIL6A 30 FECRHEFEEELALCI ML, MEOMIIEM 2 - v OEIEDD
Rithotz, L, 7 BLBMEREIELL, 8 MR MESEL L, LT, £EELHOF
BEERD, EREEEON 50% Thot, =W (1971 &, AHEOHREHREL TV-5,

HHEEOHENHAL LD 6 AKAD T AR E T, B2VEBRARIERT T80T, HxvwsikE
RENIEE T, HEOARIFER LT o, SR SEDAEERCHE > T ABCRALTVS
2, HBOWEI T HE ST b, FOLD, ZORHoRL WEERICE L) HEHEDEL
Vi, STHROEBREE L G HEOREO 2, EERPHC L VREAPERATIZ LI v ETS
TREENREZ RS,

B2 WATOHRI X 2B/, SEP 2% I AbA»LABICHER, $HRA3@MTs 10 4
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Fig. 1. &%, MEFEOME &~

Elongation of galled and uninfested

needles.
Note) O :#EH Galled needles

®:
A

2EERE All uninfested needles
BB GE CHEL L BEE
Uninfested needles which are avail-
able for oviposition

PR CADRBRO KTV EE IR T
(B8, 19862), = LT, WEEI, HAVEBR
ShicHan bEMC AL - T, BECELLED
2o

Fig. 2 i, F#HA¥ EEEABRM s e~y
i s 2 BEEOE TOEHEH=RT, + 5
y TRET L BEREC, TRz uaBRS
REE LG BEEL, Thllgie B v B E
h, FFEECHFBIOHRE L0, FHiILF]»
ot b LU ERET Uik o i O EEEL
BEhb, Thb 2BHOBEFEORE TR
MR R - % — v GEfith) nRDbhish o1,
Lal, HFLOHEEEOE T, 4, 5 AEPL
Tt SO &b, BEHEILHMLZBL K
BICHETEL, B 4, 5 AEPNCHETTH L
BEXh5,

I #HEORGERAR

1. XML RMERZE

BEOBMANS L, <Y EHELEBLTHEL
7o, REIFREAR, 1979 4 10 A n B L
i3 5 AMALEURBMAD, < v 5~
TR X BFEOREL TR 10 FED 7Y b
12EADIRTYXZA VYT A=Y F #EOR
BHRTEEShi, hb 2SO,
Sont and Furuno (1982)%% L 2iH (1985)29 &
IO TTREZBRTVS, TR, Thbd 2y
O IBNB,

7 v < Y WGBS A O FHE O RIS 20 m,
FIERE 40m whicoT 5B T w5, O HT
3, 1972 £ 344 7 v < YHEEDY, B 2m [
THER I, 1979 Fi, 7=~ Y EFORSE
i1 3.5~4.0m &L, HELEERHL T,
RO HBEIHEET, RAttcgEL, A BO#
Bixdicd, BEAERLBTH >, HIKKILA
A%, ErY FAFIRBEhot, TORDTIL,
1978 SENB =Y 2= AT X5 MENEDHS
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350

300 !

F
200

100

ETHEER (K/m/R)

No. of infested needles per m? per month

MJJASONDJFMAMJ JASONDUJFMA
1979 1980 1981

Fig. 2. #ESEORNETE (LB
Monthly fluctuations in the number of galled needles
dropped at Kamigamo.

Note) [1: #HLVv#EH New galled needles
B 5 BESE Old galled needles
B L WEEE s o rEE R

New galled needles are not separated from old ones

iz

srwYXEA T YT h=y Fy BEKRNL, RAZXOREHD TH» LHFTHITT, 6 16m, RIFE
B S0m OEELYHEDTD, COMS T, 1970F K 3F40 F, #BEEENH 1.5m METIRIE
B MRS hic, 1975 SF0 Fi #EEKOFHEEIL 2.2m €, WEXHAE LT Ieh o, Thil
#F MERAIIERETS S SR L, 1979 Fia PR 5.5 m L, MBS LA, &
oA LEBAAT, 7re<Yike EODTHEUL TV,

Tk, LRSI HET S 1970 Fai 1979 3 Co 10 E£HOEFERR L ETERARL, Th
Zh, 15.4°C & 2099.9 mm TH -7z,

LD 2 M, 1979 4 10 AEEShcBEofn s, Rt BEOHEYH - B 373 cm
b 557em Oy e=y 3EEL =Y XL Ty T hey F, #E6 @k 9 HE%E, 1980 F1
A 28, 29 BERBILic, REILIFRFROBEIC ST T NTOFBEEER - HHECL Y 70 —7F
S L (Fig. 3), BOBOOFHOLHER L HEHERYHAE L,

2. R ELEE

(1) HEOKBELED

Fig. 4 ¥, £#HFEC OV TOPHFER (KEBoBEFR) L EHEOHERD BfLRt,. Tt
DEMETH, WHEIL, EOHEREOFEAY LXPEBC I I TR E o1, FEHCOVWTHEShL
tHE, TEET 1.37 2BELEL, TR 1.12, MR 0.90, V&R 0.83 &, BEATALIOHh
TR Lo ThenZ Ehb, BEBER» b, Ko £BEO HEDHEGH
HHRE, FRREEORBHMEEDO & —vik, se=viovcYyXE4 7 v T h<y F, #ERCHE
BLTWicELHERERS, £LT, I, IHEECRASME I vEENHMLL, I, VEETRERELLS
& E 5 hadtbh B,
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A) il

Branch order
(B ]’
@) %K/g

)ﬁ] --------------- n
W @) (a)
\“ﬁ(\’% """"""
\a

mvw)W);(M
) dygg (&)
\\’

MRE

Year of secondary branching

Fig. 3. WO L Dt FEIC X 570 - 7o
Division of shoots into groups by branch order and year of
secondary branching.
Note) A, A’ : #FikiEdh Leading shoots
B, B’: ¥tHifil#d Lateral shoots

Table 4 &, #AEBEOBREHNOBEERL Z0ERBTLHUINOHERLTT, AELLIEE
D 5% 8 EiET, HERCHBHMTERE RDLII, HEEOEDLR 8HED 5 6 HIFE T,
IO MEEI R LE L, TROSME SHEERME,» o, i, HRERTHERCHETENRDL
hicino itk (F—6) Th, IREOEERNRELE,» o,

LLEDEEREN S, <30 2= =0FER, HEO LBOFRCKEWTELL, TROFHAC KT
BHTHHEAY HoTWBI ENTRENS, ZhbDZ D —#ik, = (197D)W, Ak - HH
(1973)13), #iR (1980)2 1z X - T LHME X Tk b, FEC I 2 PEOBEALFOBHMO—2LE 2
o,

(2) HEOHBHNTOED

BEOKENTOLEENL, FOKOOFBERT BT 5T (Fig. 3 o A, A) L (Fig. 3 o
B, B)) o@EREOBKE, HERIFHOERATOME BIF0MIHHEBiV-Afl2) &0
FEbEEINT,

Fig- 5 ic, L OBFEC L b PEIEhAHHE 74— Aokt 5@ e o gEROBGRYRT,
I BT, 9tk 7HETHIERIEHOIVRE o1, AEROERY, HF - 88 (1978)7 13K
HAELERRBIAD 7 e vy x 247 v 7 H=y F; #@EKC>HTHELTWSE, ThXL, T
BT, EWMOBERL 50% U EOBRE, o HERIMEX HFOEHANEDLhH, FER
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I (B3 (B

1 95% L~V TCHEZ Significant at the 0.01 level
: ¥ wr=<Y Pinus thunbergii
(VR IREATVT A=Y Fi }E P. thunbergii X P. massoniana F1 hybrid

TN BTN DEREE — 79 —
T K55
g1
100 — I st branch order 100 1Ind branch order
(]
°
°
3 /
E 5ol 50| g
5] *
I . b=1.368 _
o0 66 b=1.118
E . =5 d r=0.973
© / b d
5 o | | ol | |
N =
~ 0 0 50 100 0 50 100
g
%& 100 — TALRE 100 — R
1 E ird branch order Wth branch order
ﬁ 2
] / /
c PY °
[=]
= — ° -
E 50 / 50 /
3 * o
£ b=0.899 b=0.833
r=0.792 r=0.993
o ®
oL & | | ol 1 |
0 50 100 0 50 100
RehnmEEx(%)
Infestation of needles on an entire tree (%)
Fig. 4. #EMZ BT WER L AekoBERORRK
Relationships between the infestation percentage on each
branch order and that on an entire tree.
Table 4. {ERERIOBER L T OEET 555G
Infestation on each branch order and the results of an analysis
of variance for differences among branch orders.
BB oo W oE R
) Infestation of needles on each REEKDOHER (%) F -
Tree N(J) branch order (%) Infestation of needles F-value
. on an entire tree (%)
1 I 1T I\% 2
T-1 82.55 ‘ 73.82 56.18 54.07 — 61.48 16.092%*
T-2 75.60 54.28 37.66 38.72 57.51 47.64 11.544%%
T-3 68.22 40.28 50.98 37.73 32.38 43.17 Q. 532%*
F-1 19.96 12.91 9.34 8.31 — 10.41 4.734%%
F-2 9.15 5.56 | 14.00 | 13.85 — 9.43 5. 120%%
F-3 34.33 21.72 9.81 6.28 ! 4.75 8.46 21.309%*
F-4 9.75 6.40 10.69 8.94 — 7.27 12.929%%
F-5 10.89 6.19 5.52 5.53 4.86 6.22 2.928%
F-6 8.72 4,39 4.30 4,97 5.19 4.89 1.148
Note) **: 99% U~ THEZ Significant at the 0.01 level
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FHITHTOWREE (%)

Infestation of needies on leading shoots (%)

Fig. 5. &¥Mgr v —7 (Fig. 3 £) 1230 % 8-l C O TEOH R
Relationships between the infestation percentage of leading shoots and
that of lateral shoots for each group of shoots (Fig. 3).

Note) R -ARBSITZRL -»7-FEAZTT Different symbols indicate different pine trees.

EEIHHEOREENE L\ Z & &#RT Dotted line indicate that the infestation
percentage of lateral shoots is equal to that of a leading shoot.

2 50% LITFToOBRE, Fok5REMIEDLREI T, T, I, VEETR, T\ToFmsr—
7C, TWMoBERCHIb LT, WERATMHC SV TEL » BUWEFEED bhieh o, HLED
EBHE, VA7 2 A AEERL BEEBTRESMTHNEI DBLLA, 2o X5 hEEOE
A~ EP, BENTORM (B 2Tz ohT, FEHCRSEV2 X5,
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MALFE & b TORRETIL, BEANTOFRBEOMEL, FHFECX VEXETS (Fig- 3), £2C, R
—EREC BT A FMOME & WEROBGREY, FHBIC OV TT - GEFT X 5 HEROSBITT X
DEE L, O, E@-MEET, Wlo X EERCENBD LoD T (Fig. 5), i
EOEZ A LTI T LT - %

Table 5 12, I, NV, VEEC BT 25BFENOREEERL Z02CETHFHOFTOBREYRT,
MERE Tz, 9fEMETS 4 BHETEEAAOFH CHEEFRIEL, L0 5 b0 3HEETIE, HERDEILE
HEThoto, —H, BESMIOFIE CHERNMES - 72 5l TIE, 1HEELST CRERCEREZNTD
bihtz, VEMETR, THFCIBEROENFELBEXI b7, ¥, VEETEX, 4@EEH2
BHRCOWTHEEROBERENBD SR, HEREORELFBOME (FEE) orc—E0HER
Bt ote, UEOREND, HRELEEROMI, ~EOMEAAD LI T, FROKEAOMKE

Table 5. &AEREIC 1T B SNENOWER L L OE T 5 FHHT
Infestation of each group of shoots of each branch order and the
results of an analysis of variance for differences among the groups.

%nf?;taﬁmﬁgf rf%ed%s (_)?; ezEZﬁ)
Brﬁch (Er%der ’1‘%@2&1&3 group of shoots (%) F—P:J;{lue
I 2 3 4

m ¥ & T-1 62.67 52.49 6.352%
glrg(ierbranch T-2 36.12 38.77 1.150
T-3 45.43 53.57 4.644%
F-1 11.50 7.72 7.893%*

F-2 13.59 14.65 0.022

F-3 10.95 8.78 3.654

F-4 10.14 10.86 0.037

F-5 6.31 4.51 5.291%

F-6 3.61 4.91 0.496

NV OB T-1 55.60 53.86 52.87 0.262
gﬁg:rbraHCh T-2 37.22 | 31.54 | 45.06 2.456
T-3 41.36 36.54 36.52 1.363

F-1 8.16 8.06 8.70 0.134

F-2 12.57 17.64 3.45 0.662

F-3 7.32 6.54 5.44 2.857

F-4 9.18 8.52 — 0.026

F-5 5.26 5.57 7.80 1.228

F-6 5.53 5.46 4.13 0.772
V o OB f T-2 37.91 55.61 86.39 — 11.942%*
gigzrbraHCh T-3 17.82 38.89 34.52 — 9.206%
F-5 4.00 5.58 3.19 7.36 0.586

| F-6 3.11 4.63 8.20 5.82 2.966%

Note) **: 99% L~ THEZ Significant at the 0.01 level
*:95% L~ LTHEZE Significant at the 0.05 level
T : Z7wv< Pinus thunbergii
F:/mv=vy X249y T h<y Fi1 @ P. thunbergiiXx P. massoniana F1 hybrid
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BAtRIX, =V 2= A=DMECHBERS IFI ot ELLNRS,

BRELT, v 2~"A=k X b HEOBGRNML, (2) BT TEETOBRERNELE
<, TROKMESHEERIETTS, (b) HEATE EEOEECHEES~OHERRNRDLR
575, FROBETIIED L5 ERNRRbhicl, © F—EERC T s E5BoMER, BERCE
BEBIEIRY, LV FBEEH->TVHEELDRS, ChOOHENY, KT X5, BE
IERFRIHMTRIMLVC v, P LTz til, £L0B4, HEOH 22T [
FHEEO L 5 EER EBOFH THR LW HEESRD LR T, AeFefERIThiz @iy
ExRRT, Thdz, HELRBOFHEL L ORERHETER, REFOHERSLHEDO <Y BOEREE X
ETHECOCTURALEEBRY S 2 5LELbRD,

IV MACEITREORENE

1. 8 ¥ A &

BEFAIL, 1975 D 1979 £ CTORIM, RAHAEELURBHARDO 7 e <Y XEL 9 YT A=Y
F, #EHCRE LA 16x16m OFE Y= » b T, SE1ES>Thbht, SEHOAETE, AES =
y PAD 85 ROTANTOMEILOWT, HEBEOHELTT -7, FEGORERER, TEMEFHE
BIC BT AL WEBRESCE S LEEI N, COHEEOE ML BIT 570, 1980 4£1 Aicd
TR AD 9 EELEEL, TNTOFMTOWT, EFEEN I HEELLHAEL, [HREFHEREC
B 5 HEREREBOBRFEROMBRLEE LI,

BEBECHEAORNTONMOEED LN T 5120, THEFHHIMCIST sHERLL L,
HAGOBEEREYROL 5T 37 L, vz L (3 « THBFBESORERY 33% UTOb
D, TV M (E)  FERN 34~66% Db, FvrH RE - HEEN 67% DEodo,

2. BREEZERE

(1) THpEFEER s RaefkogiEsR

Fig. 6 w [ KEHHER L A2EOBBEROBARYRT, WEL, ERMZBGER L, Liohs
T, IEFEFSEESOoRERS, EF2A0HERY BT 2EHARH54, FEEOHEEEELH
THANREE LTHCDZ LRFEETHD LEL S,

(2) HEBEOFLH

Fig. 7 iz, 1975 55 1979 £ TOERES v 7 ORESHOEETERT, Sv 7 LeET5H
RO IRAENEEY X H LT 50% LLET, 19790l 5 v 7 SOBREAROMEE., 1977
FExe—2 35— LMOE{ER LI, Fig. 8 i, &7 » y r AOTTCOMEGD 1 BFEHHEEE
BT 5 PEHEROEEHE TS, PHEERE, 1977 £ -7 5 —|IROFEEBER LI,
FUT 1977 b 1978 48, 1978 E D 1979 FEhF COBEROFEAIL, HFADCEETH-1
(ehZh, F=6.99, 37.38, X% p<0.01), Jibcit, 5v7 M, 3v7 HEBTHHERNL, #
HHEN 10 BRELREE LIBD 0T, RBPCERERBIVCF VL #|ER) 0L LRFTE
5, 1975 SELFNCIE, FWENS TREBEIHEEIR TV, Lehi-T, AEMS ToOgEL 1975
FRBRB LD, 1977 ERPIVWE~27RRL, BHERENSSFEHO 1979 FrRIBERE LR
VRN =3 (W
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0~
Z7H
— Rank H
100 . 20
: g i 1 M
—_ 7
S8 L 0
g
= 7 _ S 7 M
fé . g 50 ’ (Y I
2 g o K ° 20l o Rank M
% 5% . r=0.97 T
K 8 4 ) 3 0 ™
£ by S
= A ST 0o
ol | ] ~ [ —
i 50 100 L 5L
1 SRR EHOBEE (%) 3 = Rank L
Infestation percentage of ) &’
a leading shoot on the
first branch order (%)
: A L de Al 0}
Fig. 6. [ EREFHE 1O HER L A RKOR °
ERORIH
Relationship between the infesta-
tion percentage of a leading shoot
of the first branch order and that 0
of an entire tree. 1975 1976 1977 1978 (979
Note) HMEIEEOWERSFLNILETT Fi = - R
I ig. 7. E5 L DS DR
Dotted line shows that the infestation & EHE . ’%‘Erﬁ _ﬂl%i’j
percentage of a leading shoots is equal Annual variations in the frequency
to that of an entire tree. of infestation ranks.

wERL, EhHofEEHLIFEEPRCI v RrEIh S, —BIT, = VETE, il ) BuiimEN
720 OHERNIZE-EBTH D, LiodioT, FEEHET /v [ EREIEEM LostiEfus, TR
FMTHOMBEREC I YIREIh B EELTL, Fig. 91, I EEHEREMOVHMEROELY
T, I EBSBH e MBEIL, 1975 25 1978 FC T CILERCEML, FoBRRE—F
DAExR R L, 22T, |HEEFHIo MERY PHHEERCHT BT, FHREROBEELXT-
oo O MBEIRLEER] OFEHR, HEHEOEMBOEBHHRIELTWEEELLRD, £ L
Tohit, FEBRERLERC L ULER < x —vaRLE (Fig. 8), Hi %47 bho Egh R
BEE 3~5 T, HRESLHOBETELC2R@ED LR (B, 1986*), L7cp-T, [MBEIhL
BE] OFAHY, YRPOFEFBHERETHLEELLND, EDZ b0, HEROEFENL, —i
KHBRE~Y A ) 2~A=DEFREBC I IREIh TS LWL L5,
FEERSAOBEEREOFLET, RBRUEREN AT, BESNLOh MR E-C & T
HESH bhtc, ChicEULCEEoRERRIT, RFE (BR, 1970%) @EEAM Bl (5#, £R
£) CREWTHE DL, AR THRIRHEEREAHRLY, FAEO—BRITHERENEOHHEERL
Tl EZ LR, ¥, 2—w o, SEONKME T. brachyntera oTh, FABEOFEEREHENRE
XhTwb (SkunravyY, 197229)

(3) BEROHHA

Fig. 10 ic, 1975 425 1979 Rt T, #|ET = 5 P HOBOBOOBEEDOHE T v 7 DL
Brat, WER (v 7H) &, RRTHRBERCAHL, BERE (O, B a1 A%
U, FERgERD AL, WBREETOERRCRE LB X 5 8E (K, 1969®) =,
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1
1975 1976 1977

Fig. 8. TitRE¥ELiho FigmEE (@) &
EEShHERER (O) OFELH

Annual variations in the mean

|
1978 1979

| I | 1 il

percentage of galled needles (@)

and the corrected infestation (Q)
on a leading shoot of the first

branch order.

1975
Fig. 9. T#REEEEO FiERBOFEL

Annual changes in the mean elon-

1976 1977 1978 1979 1980

gation of leading shoots of the
first branch order.

95% OFEFERFT N

Vertical lines show the 95% reliance
limits.

Note) 95% OfSEERRFfI
Vertical lines show the 95% reliance Note)
limits.
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Annual changes in the location of infested pine trees on the study plot
during the period from 1975 to 1979.
Note) HRFEAROMNEEZTT

Circles show positions of trees on the study plot.
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g2 —u ., kit T. brachyntera D#E (Skunravy, 1972%) THLMEIR T3, HEROLHA

ferhEh Liovn (19671 0RE LT ASEHE n/m) ZFGTRE L, Xi % i BHO = —
Koo b AOEEEL R — F5— ML Lk X, o AL,

m=3Xi/q, m=3X:(Xi—1)/SX;

THRBBR, m/m OER1OBEIMERLS v FACHHL, 1 L 0/IASCBARIE—H, 1 XD
KECBEIERLATH LRI R S, SEIL, BEKR (T 7H), BER+HER) 7v7H+
v IsM), BICTNTOEGML TP ZAAEREE 8202 — FF =+ 4 ADWTEHEL,
FhEa2—FS5— b4 ARMLTF Ry b Lic (Fig. 1), FH o R8VGERL, BERROWTE
HEh7obORRbE o7, SO T, MERTPERCHEBRCE_REFHCAHL TN &%
~L, Fig. 10 RER T BBEROBREE L THET 5,

HoAkXE (1H0OHO LD LHEE) %, Morsita (1959 OBE LI L;(5)/[;(25)—= — FF —
b KRR RGCTHEE L, [ HEITEH I AAERERLEELL, BB —- &R L2~
F3— A X5, BOBOOHOKE I L—FT5, 1975 FiT, L 64m? 0L ZATHLA LY
— 7 RFLED, 1977 FX € — 73ABHTH -, i, 1976 4£4 1978 Ficit, ¥ 27ik&bhic
pote (Fig. 12), ThbOZ Exb, BOXE XL 1975 it 32~64m? Th -7ohd, 1976 FEiid
RO & b7y (Fig. 8) 128 m? DL R Lic, BEO - 20 1977 ficik, HFroKEZ
OB E LT\ fe, 1978 i, BHEOWA L bigyy, 1977 £Z A bR/ EWEHIEEL, K&V
BOLH Ko7l EAVRBEN S, £ LT, ORI b, BOyA AREHEEOHETL &b BT s
ZEMREIRT,

LT AA, Fig. 10 OISR ET 2 HEROG A2, BHEAOEHEERRD, HEREMELEL
ThHEVEL Lol EARFRBIIE, 22T, Fi RS LOoBEOHES v 7 OBFK%Y, KenpaLL
@ concordance coefficient (W) (SieceL, 195629) * T L, B W koxTcRE 2,

N

1
—k(N3—-N
lZK( )

DLE, siig Fy lEOT v Rj ORFOVHLLOREFHMT, s=2(R;—IR;/N) T
B, k127 v rS30E, b0, FLTNR, Svrsd3hi-ftol (S4B 85) Tho, Ik
EFREIMTORBECES T, Vo NOEBEEOREC 1~85 ¥ TOIRMLE 21, ZOIRARE
TERHB LT, 2ORE, BEOHERECHEVY, BEREPHABLT, SFI TV &M
REhi W=0.663, p<0.01), ZOZ EMLHEEREHMMEBLT, BLV-BEEY 2T ks
€5 TRWEEIFEL, BEROBRELR, #FRERUEHTAbREVL X5,
PEORERMS, HONOEHRENRE, BBVCIISEDIN 4~5 £2E<, BERERPHTS
b, TLT, R, HEREPNT, BERIBRCRET S, Bov 1 X2, EORECEL
TELT 20, BHFOREMMEEY & LT, BERIEBERUBTICALRD &V BERYREOLERS
ha,
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Fig. 11. #&EAR (72 H) (@), BEXR+PELR (SLrHFF02 M) (A), FXT
2 FE (O) T2V TOVFHZLGWE-0—F I — 44 ks
Patchness index-quardrat size curves for all trees on the study plot (O),
for Rank H+Rank M trees (A), and for Rank H trees (@)

1975
| - o« *~
A4 - N
«
D__‘ 1 1 L L 1 1
1976
P
| - —@ —®
\N.”: 0_._____.__./| ] 1 1
=
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- e e——®—g—
2 . °
= o
ol-e I 1 1 1 1 1
| 1978 .
* .
0—0—0—0/' L L L
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Fig. 12. EA (37 H) wonwTd 15(s)/
I3 (2s)-a— K 5 — b4 4 Xfig
13 (s) /I3 (2s) -quardrat size curves
for severely infested (Rank H)
trees.

V. TYRDERICESEITMECER

1. ¥ & HE

~VBOERCRBIIET Y 2= A0S
1, FEAEHEILRBREPIOLEE 7 » < Y HCHE
Shic, ZoL, EEEO FEOTHREY, 18
20m, FHEHE 40m RbloT HHTVv5, D
WorTi, 1976 4E 4 F4E 2w = Y HERDS,
MR CHR S h i, 1982 0 7w~ v O FIHEHE
% 4.8m, FHREEEL 6.0cm THoT, HH
OTFIHEET, RAECEL, A BOHERL
P, FOKREMLLBTHot, WKL,
AARF - ERY P4 F IR LT, R,
1980 i i3iFAS Lice T oM T, 1979 4Eic
WD THLCEENHER T, 0% 1982 FET
WELHE T,

= vy 2w A= DEEd 1 BRREEH TR
Bl 22T, IEEHBEBmTORLV-HEED
<V BOEECHTAHEL ALY CHET LD

2m
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Z, Mo 2re< %,

PITR GE3#) (B
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I BB Lt RO fERCESNC, H, M, L ©3 71— 7Fsdl

Lic (Table 6), BRI BFEEHOB LY > L HKFORTFHT, s/ —7H, ME@E+527r<> 15 ftkS
2, YA—7 LicBT5i0 14 HE0s; 4 @E4ECH L, 1978 £ 1982 FE ¥ COEED
I EEFREETORER, MEARBYHIEL, AefoWERLHEE LI,

REEDOFERY FHTTRCOFHC O OWT HEECEHBE S vV + 25 RDBZ LIX FHETH-
oo BT, ABRKRMETIEHID, HAHD @D 7 e =Y R EEL, TXTOFMCOWTHEE
RhRD, EHETORER RGO UFROMBYRE LI,

4 XOREKRD > b, BENHPHEE 2+~ T2BE L 0XAbRhIshols, 2T, 1982 FE
D=y DEERTH (1983 £3 A 20), AEROHLL /A —7HRETS L0 6k, 71—~
MicET5 40 1k, 72— LIcET5 b0 4 @E0G 11 EELEEL, BEeRELT- T, BEE

ERBOBEERBEYHE LT
2. BREER

(1) BEMOBERLARSEOPEHER L OB

AEBEL B LT, HoRoTXTOEET
BEMES BRI, SEFALELL 9 T
&, WFhoRBOEERLARSHEOFEER LD
MR A% @5 BREGRY RTC & Bdbh
7o Table 7 K HEROEE ERT, I B,
DEETHLhCEROEEE, 1 20FRII
hTELT, ThboRBoRERIRSHKOHK
HRE L —H LIz 000D, TEROHH
B IHEEOBS R L8, Thez, HEOH
HTIL, 4 fHE0 7 ey I EEOTNTO
FRE W THEEL BEEEL L, BEEY
Fwte, £ LCUBBOHERT, KRekoskE
RefRE L,

(2) #estk

wWE (196449) X, 7= #EEo HERR
T, B0 30% DITFoRiEr, #EoLR
CIREAFEEB LAV ERELA L, 20
30% LAFOEMO fEr, SEOFED 7L —
LB AHERECHY TS, LiodaT,
F—7LoEREL v —7H, MOEREEY
et ao bicky, Kty ITRREHEME
OB LW EEOME, HE HBEoAERCK
THHEYHOIC TR ENTES,

Fig. 3 gsa—7 H, M, L, o 1978 £

Table 6. #HERD I — T 40T
Three caterogies of the infestation by
T. japonensis.

HE (%) ek (%)
51— | Infestation on | L2festation on the
Group an entire leading shoot of
tree (% galls thc(a1 ﬁr?t/braﬁch
order (% galls
formed) formed
H >50 >67
M <35 >67
L <35 <35

Note) H : ## Heavy
M : FFE Medium
L : 58 Light

Table 7. #iFEOHER L RLEOHEFM
DERFRE T D 95% L XVDIE
X

Regression coefficients and their 952 re-

liance limits between the percent infesta-

tion of each branch order and that of an

entire tree.

OB | EURRE | 95% LUV OfSHEK
Branch | Regression| 95% reliance limits
order coefficient of coefficients
1 1.3675 1.7416~0.9934
i 1.1175 1.3540~0.8810
I 0.8994 1.1066~0.6922
v 0.8330 0.83%94~0.7266
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1980 1981 1982

in the mean height in-

Vertical lines show the 95% reliance limits.

b 1982 F T TOBREEROFEBH Y R T,
FA—7 L o4 RET, 1980 #%KREHE HEL
Lich ot Thiestl, 7a—-7H, Mo&EER
i, FhFER 1979 £ 1980 Fr v — 7 O —
WE OB S R Lic, £LT, 1981 0 S —7
Hi LoWEREDOZL, FEEYHGTHRERIN
CEETH-72 (F=220.20, p<0.01),

Fig. 4 &, /A —7LoERECHT2 71—
7 H, M OhEROROEEEY TT, Wi T8

TR LD bt 1979 4Eix, 74— 7 H,

— 88 — HERBRBHAEHRE
100 —
~ 80/ +
2t
T
< sof-
40
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Fig. 13. (EARBOELH)
Annual variations
crements.
Note) H: 724 —7L L group
®: /1—7M M group
O: #1—7H H group
95 % OFFEIRA %0
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Fig. 14. v —FLoVEMELERB N5

Fu—7H (O), M (@) OFHEHE
EREROLOELE)
Annual variations in the ratios of
the mean height increments of
the H (O) and M (@) groups to
that of the L group.

Chboo &nh, BEERCHTLIHEOHE
FEPLHENTL B EHEIRD, ThiL, [EESR
FODHL, RV X BmEL 6, 7 AL
WA ORERIAO 1EO T, HEF (196442) &,
T EREFH T OB L ind, BiadBici s
FTRCOBELGED 50% L EomFELRDRL &

(3) WE&RAEE

M o&REIIZ/ V-7 L1tk 10% 2 5Eh -
fzo LT, FA—7 H & M Ok, 1978 i
b 1979 E T, EFhEh 0.94 75 1.12,
1.00 225 1.10 w kB LI, £, 710 —-7 H
Trk, Mk 1981 fEo 0.75 ¥ CRA LTk,
1982 iy 0.80 K ER LI, Fh, 7 A—F M
Tix, 1982 F£o0 0.87 ¥ THERD LT,

, BENEL LLTEECLREAERBRT, 2
WEBMOMELEEIZ6 ALV TRIFETLTL
BEBLDTHL I EELONhD, MEMEEER
TH Y HBOBRERBRTHEL TS, i,
AY BT, 11o% 0 LEEBCESERBR,
2~3 EfEIRIEE Ut v K 5,
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Fig. 15 &, 7a—7 H, M DOHEEE (R) 12
DEEAEBOEFERT, V- THOLRE
X, 1979 -7 & Lic— LB kE R L,
Z1LC, 1980, 1981, 1982 Fo4ARED WAZ,
HEMCERETH ok (EhTh, F=17.63, p<
0.01; F=5.71, $p<0.05; F=8.61, p<0.05), &
RAERBOWD 5 — ik, s —FHOBEERT
Bic o, T, No. 14 & 25 i3, 8L
MEIREDTH2EACE LVARKEN AL R
F2o %7z, No. 4 TR 34H, No.7 & 22 Ti3 4
FHR, EEEIBEW Lz, —F, No. 1 Tik4E
SITERER L 72, 0 | ] ] | |

ARo (mm)

1978 1979 1980 1981 1982
LA, F—FLoxREEL /A —-THEH
_ Fig.15. #v—7H (O) £vwv—7 L (W)
CZBx —vERL, 1980 E0EEEOWIIL, OHPE DR (Ry) D4 B oL
W HE TH -7z (F=35.16, p<<0.01), F#E Annual variations in the incre-
ment of the radii at root collars
WO oML, HEREOTED 1980 FASL (Ry) of the H (O) and L (M)
foo L72#5oC, 1980 4ELIGD 74— 7 L O hE groups
" . X _ Note) 95% o [EFHRA%MTm
BoR L 7 v — THOARMEBO—EE, OKERE Vertical lines show the 95% reliance
DI X DS NB LEX bR b, limits.

1978 4D 1981 HETil, BB /A —THE Fa— FLOBCERR LRI o1 & & BB,
1982 %Y, /A —7HOAEERII /70—~ 7L D 60% w3¥¥, tERBDEIEETH -7 (F=11.13,
p<0.05), DL EDOKERNDS, FEKIZBLVEECEREECHTOEEL, 7w~ v EARTRY
D, AFEMOBLVHETH 40% DAREENETEEE2 X5,

(4) HEER

Fig. 16 1z, 11 XD 7 e =Yy OREERERD EXEBY T, LEBOEH & — vk 7 v < v {@ERH
TESBORIS, S —THE S A~ S LOER 5~ vic, ThEh—BEAR DS -1, Tieh
b, FA—7HTE, £REE, 1979 £ TIHM LTI, 1980 ELERLIZIE—EDMEE R L,
FThicd L, A -7 LosRE, 1979 g £ Tk wETh, 1980 GELIEE S i L 7o,

BLVHEBONRER~OHBELHRE T 50D, HBEREY /v — FTHCHE LA, Fig. 17 k&, 7
v — 7 LOFEMBEERRBCNT S /74— 7H, MOEBEOHEERBOLOFEEE LR T, HEIR
£FLEFE (1978 ) OMBEEROHIL, 74—~ FHOTXTOMET] X hEd -7 (1.03~1.25),
oz bk, Sr—7HOMBEERIL, Ko TEENBETBINL, Zr—-FLI DRIl ERRR
T3, 1979 543, No. 1 HEERELTNTOEETHRE - EERBEAE Ukdofc, &AM, 1980
Eir, 1979 & 1980 P MEASED 67% L ErinEShi No. 1, 4, 25 o 3EET, {HL
0.75 WA Li, Xbic, 1981 481 1982 4£Ti, R /4 — 7HOTNCoOfEET, Th¥h, I~
50%, 20~65% 7N —7 LY D{Erotc, S A —7MOEE No.6) OfIXBLLIEHL, —EOHMA
FED BRI 5T,
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Annual changes in the volmetric in- Annual variations in the ratios
crements of the 11 pine trees. of the growth rates of stem vol-
Note) K7 A—7 H GEoERY, — L5 ume of pine trees of the H and
Fh—7M, BEisA—-7 L (X 4ichHflo M groups to mean rate of the L
H&D) group.
Solid lines are pine trees of the H group, Note) HhoOFS AT
Nos. 1, 4, 7, 14, 22, and 25 (left scale). The numbers on the right side of the
Dash-dot lines are the M group, No. 6, and figure are tree numbers.
dashed lines are the L group, Nos. 33, 41, + ORER 67% U bostEsmE SN
43, and (right scale). &R
K OB ZILERES Pine trees with+on their right are in-
The numbers in the figure are tree num- fested very severely (more than 67%
bers. of all needles were galled).

P Eo#ERr 5, IHELT OB LVHEER, MEERPEHRBERDBE LA, HELRORI LG
EAYBIERI Xk, LT, BRI 67% LLEDYEAGENDEL L 2~3ENEIRTYDT,
10~20% LA EDERBRY 4TS, ¥k, [EREFHISMATORLVE#EFI HRERCEELSIE
TG ERERERE D,

(5) I BRIl Hi5E

HAMNREHZ X ABENEHO B HBMCEPTE L, TORBHORICHTHENELIRS Lz,
BRI AEFET S (CrurcniLL et al., 19642), &[E, W TE, [ HEFHEBMOFILL L 00O
t#htHbhte (Photo 1), THMEHMIMOMEORERE, s/A—F7HEBIOMIEWCL kb
L ®h ok (Table 8), oDz bk [EREFHIMA~OHEEO &L, [HEFBIEHO BAERLE
Bl EERTET S,
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DEDERMS, fhRER, BRER, ML Table 8. THPFEFMILE#OMHEOTA S
EDWThoBa1, BEORSEOR LV #E Terminal mortality in three groups
of pine trees.
TIHAERBRIZZEA L B 5, 2~3 FHlEk o SR — S,
% L - N T—=F D AR (%
LT 50% LA Lo S LSRN S HTHID T, Groups i Terminal mortalixty( (‘,’;o)
10~20% L EoEREANE LS EFRSND, q ‘ wo
LT, IEEFEFHoB - EERE, Tho M 35.7
ATIREE, HEEROE LVBARI XS X L ; 13.3

)

s, [ EEFRESORTECEEORAESEY  Noto I M. L: % 6 %5 See Table 6.
BdbH, LicloT, KL IBMEO <Y EBD

ERIZHTHEEICh T CELRTWL 238K E Rl ABOEEL, BRoLRREI v LAK
BAD BB AEE T\t kB R D,

VI. # &5

wYR gy, EIMEAHECETTIC R VEMRT A LT Y BRInET S, SERE
LK, #EXEL 65 fid 21 @O~V E Tx v/ 2 A=t X5 MES R Ihe, oo
21 D 5% 20 fEiX, Sylvestres @ifffi (CrircurieLp and LitTie, 1966%), #7-(} Lariciones Hiffj
Suaw, 191420 ; 7, 10548) KB LT\ %, =D L Sic, AEOIMENESALSERO <Y BIES
AT Z ik, FEELAR IR TCRVCEKEOHRDO R WHROBHEDRH D 1D — DD Fhih
Vs EE2LLRD,

HAWABR ST, 7TARNOHEIMELL, SERIEMNEEON 121 Lviebicly, 7
A=Y, 7u=YOEGEEEORMIL 2~3 FTHHH, HEEIRMLAFO 11 AELI BHZE LikD
BED 4, 5 FRBFFLTLES, zoZ bk, H2WEReX v RIEBREoRIBI T 00, 1
FHOERNMIPEEEL LERET > TSRS R, BAK R X ZHEFARELTS O ik
IERITOEEKRCICER->TWBHZ L &HHRT S,

FEOBEOBARIMOEHE LT, () IHEFEIMOBEIRIBLL, TROERE EHFE
FIMETT5, (b) FEEHM~OHEEEPL EBOBMKOATALR, (¢) A—HEOFKHOAED,
WERCHEL BIFERY, EWi 2T bhi,

Sont and Takepa (1983)% X, HE# 7 v YHERNC BT B~V "/ 2= A=D4HEERZ LB LT
DODTHEROTETE L, FRILXDE, =V A7 2~ =Rk, ERRCHBCHT 5B RS
RElehote, FOid, $ERN D OIRBECEEE TERERIALDLRE Tz, L5, 4
RO B2 WERAIOTELTRIZ, SELBOFHBTTBOFME bEL, LOKR, sESLLIDOEL
CEEEEEBOFHTCTEOFRL VAL, HEHOBRIER L T, HESLHORIVEET
BERCE LV, Thdz, RRETRDDbRARC L 5 HEEOKEHESL, Sont and Taxkepa
(1983)%0 2R E LA BEASHOFHBBC L WHBETRETHH S LEALRD, £ LT, SLHHE
CoFERFERTHLHFMY & » 2 HENEREROBMRO XM, WEROBREH O 2 RE R %E
I LTLAEDTRRWI EEL DR S,

HE, FIEELI TR 2hTiE{ s, ZLT, Thicd& bl T+ 2HFES &
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b, WEDHNPEBRBRIELN LT %, 0, Fhhe it s v HBENL, HEOTER S
FHEL{ BT ENTFREIRD, £ LT, CoXlE oI oREMOZES, HEOTE~OE
FREOHEEOED—FEHRILTDEELbhD, T LT, H—BENTOFHOMELHERC
WY BIIEINC Enb, FilfT L b OHREO SMESRKT 5 B, BN T B
—THolctELLRS,

—%, FEC X HBLIMEIhCEEL, RATIHRCEEL, BEAHOY 1 ARHEOBEC
EUTEE L, BERORAETEER USSR bz, Sont and Takepa (1983) it L5 &, =
.17 B2 Az DORKNTO EBESHHER XTRTOAT — 2T EREARNLTL, T OENNLATER
E, BLIBET A E Rl kiIzEL b, £ LT, ERWSmEIE, & UTHRAORED
REMC I -Thichbdh, AFEE LB LTOARO/NE SN, @R ERI OB B
BER I LT, SR BMCTE > o P TORERD /> M HiZ, SonE and Takepa (1983)30
XS ShABEEREHOSHEEE X{—KL Tk, ZogEROSHOEL, FAREESHD
AT I VBRETETHD EELLND,

KATO®ERER, BROT, BPMTHEE L. 2LT, BEBECFEHI, »HrBEBGKEE
(LR IE LT3 EE 2 bhi, Sont (1987)% 42, 6 Hfichic 2 EEREBOREL T, <~
s xS BEER, BE SHRLENCERNSHELIN IR ()R, 1986"), BEHCEV-H
EERENTH > T 5 (Sonk, 19847) b b3, AL BRIWERETE 3RO Bz W
s b BHEE CoOMBICERT A KREERO LRt LOJEMNERO B2 <, BEECHZ I, RE
LTWaIZ &ML L, £ UTHIL, BEFEATIFEDNEROEXNEMEhi-L &, &
HEEGE, EINEHERC L ) REZIMIEE V<L 0 BT ¥ T afictinds & FHLTW
b ThWY i, ABORREMILHEREIL, Sonk (1987)%W rEZ i HEBOEE VL0 2B LR
OB LY, HELNTETHA 5, LaL, RATOFEORENEHE LT, Lavd ek
ETA2FROMAL, HEHF B 5 BEFOBROMR L HFidulibitv, toX>rk, #E
OEHENCHANTORT, REHRIL, BBREAROSHIRASLHBERE Prbo T3 EEL L),

FEOBEL L5~y BOEREERIL, BMRER, BERER, MEEROWThOBEL, #EOWE
BT Uk otz T, TEEFBEESHIZTOBRLVWEETCIERLMEROAREBRELT, ke
R 50% Pl EOMEAFENRMEIRD X 5 B LV EENR 2~3 FH5-C, DT 10~20% Ll ko
BARFEDLRT, LT, ABERIDZHEO =Y BOERITHT 2 HEL, HER 20~40% UTOH
EORECLNCEH Lz (H%, 19649 ; Kurmany, 19710), 2o X5 BFEOBEEOHAOERE
T HEEONI X, FEOMENYTEASECRON DD, 1EFACHIVHABRE I ok
gt#Ex, 24R, SEHLAZTHRERETVEEHEOHASXRHE TS, ILCHEHERL LEH
RBEERET>TOBZ ENERL VA EELDRS,

AEC L DMERRELTGABRSTO 7 m =Y HiT0T, =i (1962)® XX hHEXh T3,
EE3, WWEERTOERRCEBEEBNT CRBOMETHIELLT»~Y, 7 e 2HELLE,
ARG =Y F Ry VT avRv iy VOBORMIL RS SR (Photo 2), AEOHEEFIL LB
OFHEFLT-B0T, —RELIMESh @ T, EEOHERIE RV 28350, ¥
7o, MR A EERAL, B L e, Leais T, HEODE SRS T, FEOHE
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KTV BIAMAETLZ LR ELDTHTHESL S, LT, FECIZMELEILRL EOKRER,
BE, REXREOOWLE, ~ VBRI TSLELLRS,

Lz onH, [REFHEM~OHESSRI, [SEHREMONTE, EROBRERYEDL, Lins
T, FEO=YBOERE LTOHEERR, #R1OFbh TV 5BARDERMEDOLLL T, BFOE
L& CZRBTERDBT OIS, ZLT, BROEERERZ, ThABEEHROKESY L6300 T
<, ZHRERPRER, IOE, Rl 0oEXZRe I T35 TEER BV EEL B,

Bk (19741 13, HEF (196)4° SOMERBROBEEL L L, HEERCEEY L ZHERD
HERRE 50% L LTw5, Lovl, AMETIE, EEOHER 50% OFERL, ~VEOEEDEL
CEBARE LI R o, LEdoT, HEER~NOBELETEERLLBE, HEOHEKELL -
EBVCUSAEEL TP ELEVTHS S, Larl, [HEFHTMEFHOREOHIL, BKO
Bz AE TR T50TC, BHEOHAKBEORER b > UL, KEBoOWERD LI THEDOBMGE
AT ERTHLENDSH D,
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Ecological Studies on the Pine Needle Gall Midge, Thecodiplosis japonensis
UcHIpA et INOUYE (Diptera: Cecidomyiidae) III

Characteristic features of the infestation and its impacts on the growih of pine trees
Koichi Song®

Summary

The characteristics of infestation by the pine needle gall midge, Thecodiplosis japonensis
Ucnina et Inouve were studied at three Experimental Stations of Kyoto University Forest
(Kamigamo in Kyoto, Shirahama in Wakayama Prefecture, and Tokuyama in Yamaguchi
Prefecture) and on Mt. Tanakami in Shiga Prefecture during the period from 1975 to 1983
and discussed with the distribution patterns and population dynamics of this species.

Attacks of T. japonensis on pine species were studied at the Kamigamo Experimental
Forest Station and the Shirahama Experimental Forest Station of Kyoto University during
the period from 1975 to 1977. Gall formation was examined for a total of 65 species of
pine trees, including varieties and F; hybrids. Galls were formed on 21‘ species of pine
trees, of which 20 species belong to subsection Sylvestres (CritcurieLp and LitTie, 1966)
or Lariciones (Swaw, 1914 ; Isuiz, 1954).

The development of galled needles was studied in a young stand of Pinus thunbergii ParL.
on Mt. Tanakami in 1978. A total of 20 pine trees was selected randomly in the stand,
and one shoot was sampled randomly from each branch order of each pine tree. The
length of galled and uninfested needles were measured on June 1, 7, 14, 30, August 8,
September 14, and November 4. Galled needles stopped elongation at the beginning of
August, while uninfested ones stopped in mid-September. The mean length of galled
needles was only about 502 of that of uninfested ones. Galled needles began to wither
from November in their first year and dislodged from shoots in the following spring.

Within-tree distribution of the infestation of needles by T. japonensis was studied on three
P. thunbergii and six P. thunbergii X P. massoniana Lams. F, hybrid. These pine trees were
ten years old and felled in January 1980 at the Tokuyama Experimental Forest Station of
Kyoto University. The galled needles and uninfested needles were counted on all current
shoots of each tree. The percentages of galled needles (infestation percentage) were higher
on the upper crowns than they were lower down. On the upper crowns, galls were con-
centrated more on leading shoots than on lateral shoots. At the same time the concen-
tration of galls on leading shoots was not apparent on the lower crowns. Definite trends
of variations in the infestation percentage of the trees were not observed on the third,
fourth, and fifth branch orders. These characteristics of the within-tree distribution of
the infestation by 7. japonensis were to some extent explained by the aggregative distribu-
tion of larvae of T. japonensis within tree and by the within-tree variations in the mortality
of eggs and hatched larvae reported by Sont and Takepa (1983).

Annual changes in the incidence and the spatial pattern of pine trees infested by 7.

Received September 8, 1986
{1) Forest Protection Division
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japonensis were studied in a P. thunbergii X P. massoniana F; hybrid plantation at the Toku-
yama Experimental Forest Station of Kyoto University from 1975 to 1979. A census of
infested pine trees was conducted at yearly intervals on the study plot. During each
census, the degree of infestation of each pine tree was estimated by the percentage of
galled needles on a leading shoot of the first branch order. The annual variation in the
incidence of the infestation by 7. japonensis was similar to that of the allied European
species, T. brachyntera ScuwAcr., and was characterized by a sudden occurrence and a
short duration of infestation. The annual changes in the incidence of infestation were
correlated to a degree with those of the population. Son£ (1986) thought that the popula-
tion density of T'. japonensis could drastically increase to epidemic level when abiotic mor-
tality factors did not operate severely during the period from hatching to gall formation
and that from dropping of larvae to the ground to hatching. The severely infested pine
trees were distributed in clumps on the study plot, and the degree of clumping of the
severely infested pine trees was examined by the :n/m method. The values of Jl/m calcu-
lated for the severely infested pine trees were higher than those for severely infested and
moderately infested trees and the total trees. Centers of infestation were restricted to
some pine trees throughout the study period with the increase or decrease in the clump
area of infested pine trees. The local variations in population abundance and their con-
sistency between successive years due to the local heterogeneity of environments and
small dispersal of T. japonensis throughout the life history (Sont and Takepa, 1983) may
explain the aggregative distribution of severely infested pine trees and lock of movement
of the center of infestation.

The impacts of the infestation by 7. japonensis on the height, radial, and volmetric in-
crements were studied for young pine trees, P. thunbergii, which had been infested for four
years at the Tokuyama Experimental Forest Station of Kyoto University. No significant
reduction in the height, radial, and volmetric increments due to the severe infestation (the
percentage of galled needles was over 50%) was detected in the first year of the infestation.
At least two to three years of the severe infestation was necessary to cause appreciable
losses in the growth of pine trees. The extremly high percentage of galled needles on the
leading shoot of the first branch order greatly increased the mortality rate, but it did not
have any impact on the growth of radius and stem volume. So, it was concluded that the
infestation by 7. japonensis had only a small impacts on the tree growth because needles
of one or two years old might compensate for the loss of growth caused by one year of
severe infestation over an entire tree and galled needles continued to assimilate during the
summer and fall of their first year. The results of this study suggested that although
Kuranaca (1974) proposed 50% galled needles as the economic injury level of infestation
by T. japonensis, the economic injury level could be set higher than 509 if it is determined
only by the impact on volmetric growth, and that the economic injury level of infestation
by this species should be determined not only by the degree of infestation but also by its

distribution over an entire tree.
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Photo 1. #EARD [HHIEEMOEE (L)
Top-killing of severely infested P. thunbergii by T. japonensis at Toku-

yama.

Photo 2. = vy g~z h@LimEIN 0w Y EOwY 2R S0 ay
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Emergence holes of Pissodes nitidus RoeLors on the shoot of P. thunbergii

severely infested by 7. japonensis at Sakata.



