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Koichi Sons : Ecological Studies on the Pine Needle Gall Midge,
Thecodiplosis japonensis Ucuiba et Inouyve
(Diptera : Cecidomyiidae) (II)
Population changes and distribution patterns of the

populations at low denstity levels
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Relationship between the diameter at the crown
bottom (D. B.) and the number of shoots
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Significant at the 0,01 level
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Table 1. #FHHDHHL « BALDO HZ WERICK 4 2B RIC DO TDO B
Result of the analysis of variance for the effects of the
level and oriention of shoots on the formation of galls
of T. japonensis

2 7S RE¥EHT A H B SRR F-&
Source S. S, d. f. M. S. F-value
B fr (L)
Level 2017.9 2 1009.0 20, 20%*
qe))
Orientation 79.7 3 26.6 0.53
L X O 91.6 6 15,3 0.31
N Error 6607, 2 132 50.1

*k:99% VNV THEEEDD
Significant at the 0.01 level

Table 2. EIPIN/IPROIBROBEE » HAVER » B OASHREE
SHMEBOBRICK B Sv— T30
Classification of deposited egg clusters by the remains of egg
choria, gall formation, and numbers of hatched larvae and
larvae in a gall

o T BLOAGEE K » b M
TN—=T Bom o & ¥ BEVTERL No. of larvae vs No. of hatched
Group Remains of egg choria | Gall formation in a gall larvae

MA DAL R H b 3 R

Larvae in a gall > Hatched larvae
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Table 3. ESREEER .« i WEE - EEEREOEEL
Annual variations in the percentage of needles where eggs
were deposited, the gall density, and the ratio of needles
with two or more egg clusters to all needles with eggs.

s e EHERPR
iix AR EE B ST % EGa?l g;n&;itﬁ Ratio of needles with
Generation % of needles (/100 %ﬁ)y two or more egg
with eggs (/100 néedles) clusters to all needles
with eggs
1977 10.9 5.6 0.018
1978 13.4 6.4 0. 020
1979 13. 3 7.8 0.032
1980 13.9 6.5 0,022
1981 19.5 10.8 0. 109

EVEUEBEINS, AWK TIR, BeDdk
EVNEREZOEXEZHLLKTICERTSE
ot UL, DBETE, EN»LSHIL

3.0
£% +\ W E TOBEAMRRICET S &5, Wil
" g, b X BYROEHED S OE T HRENER TS 5
o2 ‘+\+—+——+ AT & EL 5N 5o
~ O
mzol[llllllllJ 3-2 MEAVADET
T2 3 4 5 6 7 8 9 10 12 ‘
HIVAEBHAB L CHEBO B AL R A
No: of larvae per gall
BACHEY OREH <, TOMMOFEERE 6 HAEELT 1~20%
Fig. 3. HRAVHOOHHEKEHED EBidp o tr, HAWVWNTOHHRETI, HAVE
kR L ORE REHSEOML <, BEL HOFELD 35~90%
Relationship between the number of R
larvae per gall and the mean body T, FEROBME, Ko (19691, &k .
length of larvae. S (1971), Parx and Hvow (1977)%0C X
95% {EFMRAE MM
Vertical lines show the 95% reliance limits. THREEIN TV S, HZWEREEREDOETE,

RBHRIC L 2 D E DRI GO, RLOER
e, MIEAWEVIHPORIEMRE D ENZ KD, $hHROEBERE, BE EHEAL) L#ExE
P ARTERT, REOENICK 2 MMEEDLSOFEP 3 ROERIC LSRR O T HICEESh
7o
REOATI, 1~27 BROEMER LT (B8, 18869), &Ko (1977 i3, HEE @
BAOAGEEOMICEOIERERSS OGN E CEEREL TV S, AMTRBNTS, BEHEREHZ
DN EMOMICERESAD S, Lk, EOEL2&EFLLS, #ERHM20mm »5 70 mm
ZTCENTIHOSMBHOENIZA505 6.0 &, HERK ENHRKO BT /hEhot, DT E
i, $IEDH A4 X, HAVHIDOYHRICELOEBLERIZINN T EERET S, £ LT, 2P
HAEDSZHZVATOHHOBEFOBRIRZ, SEDOHA ATREL, HAVILHOYREEIEHRLT
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Table 4. RAVALRMAGHHIETR

Mortality of larvae in galls with different larval populations.

1979 1980 1981
BB R . —— e
ool gan e | Mortaitry | maemekn | UEGE) | maonie | TEELD | mammi
(%) %) (%)

1 6.25 32 6. 45 31 6. 67 30

2 1.79 112 4,00 100 3.08 130

3 3.83 183 2,22 135 0.56 177

4 2.00 200 1,02 196 0.98 204

5 1. 40 215 1.20 250 0.45 220

6 0. 40 252 2.27 132 1.98 252

7 0.60 168 2,48 161 0.48 210

8 1.25 240 0,57 176 1.14 176

9 0.74 135 0.00 90 0,53 189

10 1.54 130 2,00 100 0,00 80

%iveraggq 1.56 1667 1.69 1371 1.05 1668

WEEVRED, LTABBIOHDHRIETRE, HH1 BESELT 2RIVTHROIRL, HEMD
Bink L dIERL, BV~ TER LK (Tabled),

IROPHERR, RAVD O ORI E & bR Lich, i 145 12 T THMT 50, &
B3 20% A Licic g Eiidp » 7 (Fig. 3)o HLOERP S, BAVATOLRMOBSZ, S
SROFE LT RIS T Ui wheat bulb fly, Delia coactata, (Kowarskr and Bewson,197818)),
knapweed gall fly, U. jaceana, (Variey, 194757), =4 % 2 =,Nx, Masakimyia pustulae Yukawa
et Suwosz, (Sunose, 1983%) 12 L DIFE L END, PROERBLLEVIHETEN, HREFECTSIEEE
EB i s lELLN S,

Sowe (1985)%13, LD ¥4 RO EDOEHRBERICKRZTEELHSLICT 570, 19814F 12 Hp
5 19824FE 2 A i T HBARZ FEKERIMND 7 o= vk, TAT UK, BEEMEIRDI vy
HTHRE L 3@hd%E, AEMC/v—7 L ((k&2.6~3.0mm), M (2.1~2.5mm), S (1.6~
2.0mm) L343 L, ENFEETOYROIERTOEER, RADV4 X, EHABPEE /- 7T
HE L7

Table 5 2N LDSEDAEFERERT, LERD 7 0w Y KRTHRE LickhihogsERIZ, Mk (R
#), Bk R L6770V —T7LTRLEL, STROE, 7. ZLT, £FEROISV—THO
=3, BEBAEOISVv—T7S, MHEEBRNTERTS - /c, LEET A YR TRE LY RDEFERLH
BRO@EINER LD, 77— 7EHOZRBEETRE LT, —H, BELDHRTRE, /v—TMOEE
ErRLEL, SOEFERSRELEDL -1 L L, Jv—THTEFRICERZRAD bhigh -7,
INOOFERPS, FVv—T7SOYROEERIMD /' Vv— TOERICEAENERRS -2 Edtbd
%o

Table 6, 7 it 7 —7BID 2 AFHRD Y4 XL BPROFHEERT, RED ¥4 XL, PRBOE
SLIEOBTRINI, LER/ o=V HhoBs, REOV 4 X LB HEaK - BakiTtaaz
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Table 5. KRR/ Nv—FOLhREFRE
Number of larvae transplanted, that of adults emerged, and
the survival rate of each group of larvae collected in three
pine stands.

B om | w op |DRVAREE )y owm owm | w o om | 2ERG)
Localit Stand Larval size No. of larvae | No. of adults | Survival rate
¥ and color* transplanted emerged (%)
F B X |P. thunbergii S+Y 86 13 15,12*
Kamigamo M+Y 462 103 22,29
LY 446 132 29, 60"
P. thunbergii SW 260 36 13,85
M-W 294 73 24,83
LW 15 7 46, 67°
P. densiflora S.Y 191 27 14, 142
M-Y 461 70 15,182
LY 227 37 16, 302
- | P. thunbergii S-Y 109 11 10,092
Tanakami M-Y 225 a7 16, 442
LY 120 16 13,33

* S /0Bl Small size. M : chE Middle size, L : K& Large size, Y : % Yellow body color, W : (32 White
body color.

@ LR OEERMICE 5% VNV THEERL

Suruival rate followed by the same letter are not significantly different at the 0.05 level.

Table 6. $hHDEES Vv—FRREDY A X

Mean body size index of females in relation to larvae size.

IsN—7 8 Fgn—7 M Jnv—7 L
Lj;% IE—T MS dﬁ} = igGroup S = jcqGroup M - quroup L
cality tan Ok o S35
Mean | S5-D- N | Mean | S-D- N | Mean | S-D. N

B | P. thunbergii | 54.54* | 6,43 | 6 | 72.92%| 11,03 | 57 | 85.66°| 10.95| 64
Kamigamo
P. densiflora| 61,.21% 10, 89 6 71,58 10,02 30 82,72¢ 7.70 29

Ea _l: ;. a — b
Tanakami P. thunbergii| 56.00 1 69. 56 12. 87 12 91, 82¢ 8.45| 15

A UREOFEEY 4 XRC 95% VS THEER Lo
Means followed by the same letter are not significantly different at the 0.05 level.

PEDONE DT, £ T, MEDEE T HIC LTRIFTET - 2o WFNOEED, REDY AL X« &K
BEEbIE, TVv—THTEEEBED NI, 0 tiE, ABOYhE, KETEPKOBOREIC
BT EERLTNES,

PIEORERN S, BHOMEBERT ZHIVATRD SNHBOY A4 XOFDIZ, BRI VBEH%BD
EUROEMPEINHOBLEEB LT, BABRPRBIEEELEZ TOITEENSZEEZI NS, L
L, RPIETIR, HAVS0 OFEGRMOFEEFIIIEF NS (3.5~6.08IK), o EBIETIE
hOFHRERIZEAEENRLY (Fig. 3), ¥ 72, YRfIOHFHSH L LEDLN S EROLhRHIE
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Table 7. HHDEKE 7 v— FHIEIFK

Mean fecundity per female in relation to larvae size

JI—7 8§ Th—7 M JN—7 L
B w® 5 Group S Group M Group L
Locality Stand A o3 E o
Mear, | S:D- | N | Yearr | $-D- | N | Yeam | S-D- | N
% & | P. thunbergii| 53.172 | 23.72{ 6 |[113.08°] 30,96 | 57 |133.71°| 34,74 | 62
Kamigamo
P. densiflora | 70.17* | 18,68 | 6 |107.62%| 22,66 | 26 |128,14°| 20.54 | 29
.. . b
Tanakami | P thunbergii | 72.00° 1 |111.54°| 24,00 | 13 |163.21°| 20.97 | 14

A ZRFORGHEIIMEIC 9% VAL THEEH D,
Means followed by difierent letters are significantly different at the 0.01 level.

B 2HAVOHAR, WIhoHARGELr-72 (Bl
i, 10 R EDGHRI LR T2 AZVDHEGIR 5%
Bitt), Licdi-T, $HHORZVATOFEFIE, XKE 4000

O EEBBSRBICEE BRI 23 LT 3B LIS +
220004 /4\+/\

D,
3EYRE, 11 ALSBES AICAYTRILHD
O 1 1 A 1 1 1
12A2481A2082R24493R208 4A24B55248:
Dec.14 Jan.20 Feb.24 Mar.20 Apr.24 May.24

BT B, 1976 EHRD 90% Dl DStz s
B L&k 572197742 A 24 Bic, HZVATHTLT
1976 1977 .
RRETYRE O) &

BB (/m°)
Larval density (/m?)

N3 IBMRPERATEREZRHE L LB, TTO

3EEHERD 3.3% MEREICEK L, KR - Big - miRic
Fig. 4.

EDFETLTHZONEEINT,
3-3 HRXVEHBROFET
REZVEELOPILETOLERD 3 R LIEDORE
TR, e icEETELD» -7, CORPORTER
84~86% LW FND TS F, WARMEDRIER
CN&D - T,

T (@) O
21
Changes in the cumulative number
of larvae dropped from galls (Q)
and the number of larvae (@) in
the soil.

Erem AN, Vertical lines show the
standard errors.

Fig. 4 1 1976 FER0 REE T & Lhh Mo ERT, Lhihhid, 12 APBRARET
g L hic¥inl, 2% TFTD9.7% BT L3 B 20 Bicr—2ic&EL, TORAMICED L,
DT &Y, BAVENEOETRR, 123553 ATAZICOMMIIT—ETH -8, TORERL
fcc kAT, LL, HHES (1973)% 13, 3 EYHE2HAOEASKTHE LBES, BEREIE
BMENCRA LI SR BE LT B,

ZOHHDECIE, ETFHHOBLBHR~OBEHOT, FEBICIIET, HAKIIRL, #L
BROBEE(LE ZNIBRLILES - BRECI TG 5N 5,

EETHRMEETETHRO LY RPO LD SHE L BHTOHHDIETHIL, 3~32% T, £
2 11% Th 1o CORTERICKH, ETHETOBLERTOHRIETHEINTH S, LrL, BT
BT O REE TRE L DYRESEULAEER U (Fig. 4) 2&bhd, ZOEMbOLYGHOEEL
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B~EEROFTRIFEEICEP -1 LRI S, AR TR, BHFOYHIIERT 2R CERE
HoiCT 5 ERTE Uo7,

ABOLIEHRO 3 BROBHBEEEL LT, Kin et al. (1968)1 © Kiv and Kin (1975)# i3 o
®Y 7ED17E Lycosa lugbris %, Parx and Hyon(1977)3 384 ST T 5%, F12, BLODRMT,
TERORF— JITHT A/NEHIEPHEHYICL 2 HAOEERMHE & h T 5 (Huenes and
MircueLL, 19602 ; Lone, 1960%7 ; Wricat et al. 19600 ; Coaxker, 1965% ; Raw, 19673% ; DEmMPSTER,
19719 ; Mownterrs, 197189 ; Muxery, 197139 ; Rvax, 197340), KWFETI3, FHEHKS P T /N
AHFOELRHERTE T, BICIEMHOPERT LIBEINID 5T, M EHFEED I £ T &Y
A AV EOHRAEHESYICE 2 LBHO 3 BHR LEOMAERET 270D, 1979F 2 BHEE
MOIPIC 1I0KSDOFET o PEBEL, 7oy PREEBED3 BHhHERE L, ZLTE&REO—F
OFay MIAEOHADEHRAICL, MFRBEEOVHNIREIC LT, HhOoEERELK L.
EERR, BAREOVRNT oy P T32.9+4.7(S.E.)%, HADZHBIK LT oy +T22.845.4
(S.EN%L, HEBEOWRWT 0y FOFBH 0% Fir -7z UL, MEDOEIFETREL(F=
1.41, >0.05), HiEEIC L 2B A0 C ORI HH « MO TICHD 2B AEL - L EZI 5N 5,

RT3, AEOZE®RE LT, Platygaster matsutama Yosuwoa, Inostemma seoulis Ko, I
matsutama Yosuwa O 3 BEIFERT %72, P. matsutama 1I90ic, Inostemma BOD 2 BT {LEFIO
WESMELBRICERL, WINOFEBROFEMNENLT 2EMCEEERET 5 (Ko, 19661 ; Yosamwa
and Hirasmima, 197952 ; Jeon et al., 19851,

Table 8 IZ 6 HHRDETEERD I seoulis & P. matsutama \& & BEERERT, SERF T2
TED Inostemma [&, I seoulis & I matsutama OHGRORXRBNIEECHETH -7/, REZEIZ, L
matsutama DIHS I seoulis \THREULED -1z, 2T, Inostemma BiCX 55413, T L
seoulis ILL2HDE Lice BTYROMBIC K 25483, 24~33% OB TEE Ui, P. matsutama
WX BHERIY, FELOTMLRFMEICH 5 BELK Shic (Sone, 19864), P. matsutama DI LiZ
HIRE 04 —vERLK (Fig. ), LdL, 6 AMHORELLERT < v,/ 2 ‘7};“103334[11)355
h, WEORLOREMES B -7 1978 4 (Fig. 5) OFAERIL, 6 HARTRED 8.7% 2R, &
ALY, MEDPNOEFEEDIR D - 72 1979 4£i% (Fig. 5), P.matsutama ORHEEIT 1978 4£D 1/2
PFTH -l bbby, FEREI12.9% KR L, TOX5E EF—FEBMORLO R
& FHROBARKIL, Sunose (1985)% di=3 F4 <Nz, M. pustulae, T, McCrure (1978)30 23k A #
FAYTHRELTNSE, UL, P matsutama L0 2 BEIEFEHLEDLOTUCT S L seoulis IT & BHLE
i, FELOPLERECEEINEZLEBEd -,

RFAC DB P matsutama & L seoulis DEGF, FERZ DERHBRENORL - KT,
KU ULEBER U, T0b5, 709U, 247 YTHwIH, ELTI/RRYXEATYTHT
v By R T, 1979 4Eic P. matsutama OEESOHEINBEA i (Table 9), Zhid, P. matsutama
DHERD LRMER LT, ZOXDIRRY 5 by THE Lo FEBRO HRNEEEEROER I,
HEROEGL, MBHATREZEOBEEROEHICLIVREINTNEILETRT LLEEILN
5,

ZDMOBABFROBEOE < BFR - BR LK KBTI, o RO FE1TD 30~57% % H i,
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Table 8. ¥TYHHROFEBIC K 2 FLEROFEEE)
Annual vaviations in the percent parasitization of dropped
larvae of T. japonensis
x5 & & (%
W Perceut parasitization by REER(D)
Generation Total perceut
P. matsutama EijH I seoulis Hijh parasitization
P. matsutama alone| I seoulis alone both species
1976 9.9 23.2 0.3 33. 4
1977 10,3 15,0 1.0 26,3
1978 8.1 15.5 0.6 24,2
1979 12. 3 12,7 0.6 25.6
1980 12,4 15.0 1.1 28.5
1981 12,1 12,8 2,4 25,3

100
50
0
S 10
;\38 1977 P
e J
o 50} /
o !
3
Bo 7
%E 0 _L‘M L g«® L 1
¥
3 1oor /rO—x—""
1978 A
X
5o} s
0 I ®:; 1 1 l 3
May June July
Fig. 5.

100

50

100

50

100

50

L seoulis (@) © # AFEDRET Lk
Cumulative emergence curves of abult females of T. japonensis (A),
P, matsutama (O), and L seoulis (@).

=Yy AT (A) EFEDOELEME P matsutama (O),
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Table 9. FEXD 4HRFICBT LB THROFLEEDEEE
Annual variations in the percent parasitization of dropped larvae
of T. japonensis in four stands at Kamigamo

B OR O (% ltem (%)
REER(D) parasitized by
® & # R Total
Stand Generation pargg{‘cciig’fi on| P~ matsutama Biflk | L seoulis Eljh ﬁb othE
P. matsutama alone| I seoulis alone f
species

P. thunbergii 1976 33.4 29.6 69.5 0.8
1977 26,3 39.1 57.0 3.9
1978 24,2 34,3 63. 3 2.4
1978 25.6 48,2 49.0 2.8
1980 28.5 43,7 52,6 3.7
1981 25,3 47,9 50, 5 1.6

P. densifiora 1979 36.7 69. 4 28,6 2.0
1980 38.0 80,0 16.7 .3
1981 27.0 59,3 39.5 1.2

P. massoniana 1978 13,7 32.2 64,4 3.4
1979 9.7 50,0 50.0 0.0
1980 27,1 12,5 87.5 0,0

P. thunbergii 1978 20,5 33.6 64,0 2.4

P. massoniana 1979 23.8 53.2 44,1 2.7

F ¥ 1980 33.6 38.5 56. 4 5.1

P. thunbergii

X
P. massoniana
F; hybrid

HEICET U 35 REKERICE LY 2 S LBTRBE LI E A, 9% DLEOBERSFET LT,
—7, Parx and Hvun (1977)% i%, 4, 5 HOEELRE LWRETE, RS HIOEBEOSHR - B
DEERFTCENTH S EHELTVS, Licht-T, BEOERLABEBREC IS ShES, $Ho
FURIIFLLBLEEIONS, UL, ZhoOERICLZB/ERSANTORCEEBERHEET S C
LR TERD 5T

Fic, 19814E 12 ADBIC L OV FERDRDTNTO 7 o=y BB L, KED 2/3 BsMiliciTLE
STt ZORER, 1981 FEHROHZNAD 3 #LhhD 62. 4% BSHA~KET L1z,

4. (AEREB L EGRER

41 EE BB

Fig. 6 i€ 6 MROEFHBERT . EFMBRE, TRTORRTEHLULI Y2 —VERLI, T4 D
b5, EERBERIVERIERIVEEPSIMETO2OBHICE LIRS L, RAVALEETR
FELTOI, £1LT, £ Deevey (1947)9 DIRBLAZ20D 44 700 Thicd H4Ed, B
BiRAE L7z, Chid, Sournwoon(1966)% MfEMHE Lc kDI, LD E— 7 BWRIICE L C Litk
HEHBZ NI,

BB LB LD E T T, TRNTOHESEINRICE - T (FiR, 19869 iItd bbb
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105 5B H o0
Total ovarian eggs
EZ 9
Realized fecundity

B¥tA 3
L Hatch k2 Ll
10¢ Y
- -
£
o~
£
bg 108
@ in galls’ J K &
"3 i Adults
5
= :.E X 2
5 Females
g 102
o

11|||:1|11I||||11||1111|1||:||||||I|1|||||1||'|I||1||||1||1[|1||1||||||I||t|:{'1|
1976 1977 1978 1979 1980 1981 1982

Fig. 6 =vs¢) g=nzoldmig (BED
Survivorship curves of 7. japonensis for six generations at Kamigamo.
9% DIEHERFEM N

Vertical lines show the 95% reliance limits.

T, REMSER LU/ $HED HE1E 10~20%, RIVBERINHERILED 6 ~10% T &3, B
BRASAOENTHESHED—FULAIALTH b sc bbb, £LT, REPLHIOALS
DEER, RKBERICHEEINTHAIE (Park and Hyux, 197739 ; Lee et al., 1985%) @ 1/5~1/20
Thotco TDXIBEHTTOEBEABDOERIR 1. 5~4.1{EL/NSL, TNTDORF—IT AKER
FE LT,
4-2 EGRBT
Table 10~15 iT 6 HROEHRETT
HGREFET OIS0, HABFELT (K=log (£EIE) —log (¥ 2AFRHH)]) EE>OD RKRIZE
TieaE L,
ky : AR OVERFIOFET
ky: HXVOADFEL
kst HAVRHBROFET
kgt IR BT (FR)
ZLT, ki ks, ks BRO XD ITHIS Uiz,
ki——ky : SFOEAZE LI L BT
—ku : JIIZET
—kis : S {LEROYUE P EBEHORET
—ki3 : HENNEAROEIECL 25T
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ke——ka 1 R (FEEST) KEBHT
—kas : BRIC K BFET
—kas 1 TOMOERIC X BT
—kgy : MAVEHORKK (3.83% T—ELIRE)
ks——ks1 : BT ROBEFDIET
—koa : FEBIK X BT
—kgs 1 ZOMOERIC X ZFT
2T, K=kit+kgtkst+ky
ki=kio+kn+kis+kis,

Table 10. FEBIcEY 2 1976-1977 FHROEME
Life table for 7. japonensis 1976-1977 at Kamigamo

A7 = v | EBF K X T E A ANl Ol Al
Stage survivors Mortality factor No. of death| Mortality
X va dxF dx 100 gx

gﬁ @F%W) 78917 ?ﬁﬁ . @tﬁ M E&Eb

Ovarian eggs Loss of femaées due to
predation and emigration, ” %
and failure to realize 49728 63.0
maximum reproductive
potential

E gﬁ 29189% #ﬁﬁ M *?&ﬁ . %ﬁfi P

Eggs Predation, infertility, 10537% 36, 1%
desiccation, etc

& At 18652 e W LYYRE

Hatch Predation, rain drops, 15066% 80, 8%
resinosis, etc

AP 1 HO&

1 st-stage 3586 Disease 224 6.2

larvae in galls

HEOP 3 EYR 0% VOB K 1 53

3rd-stage 3362 Failure to leave galls :

larvae in galls BB ~EBhO RPER
Unknown causes prior to 284 8. 4
settling in overwintering :
sites
lgarasitism 980 2.2
gtfeﬁ?s 1459 43,4
£ &
’ll:‘lot al 2834 84,3

BB A R

Adults 528 Male 310 58,2

# AR 218

Adult females

ZENERICIDHEE

# : Esimated from laboratory experiments.
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Table 11 _FEFEICEY & 1977-1978 RO L fk
Life table for 7. japonensis 1977-1978 at Kamigamo
2 7 - v | B FE v E R o M| R ToE
Stage surv.ivors Mortality factor No. of death | Mortality
X Ix dxF dx 100 gx
gﬁ (§B%W) 33092 ?ﬁﬁ * @l’:ﬂ . Eé‘}% L
Ovarian eggs Los(si of females due to
predation and emigration,
and failure to realize 25456 76.9
maximum reproductive
potenital
E 5 A« KB - BRI
Eggs 7636 Predation, infertility, 233 3.0
desiccation. etc
& ik e
Hatch 7403 Predation, rain drops, etc 4291 57.9
v
Resinosis 102 1.4
o &
’? otal 4393 59.3
B L iR B S
1 st-stage 3010 Disease 307 10.2
larvae in galls .
v
Resinosis 206 6.9
e
)
Competition 32 L1
A B
Unknown 7 0.2
& &t
%01‘.3‘1 552 18,4
HIOA 3R 2458 HEVERHER 81 3.3
3 rd-stage Failure to leave galls .
larvae in galls BB ~BE OJK.%§
Unknown causes prior to 93 as
settling in overwintering .
sites
&
Parasitism 587 23.9
Z DAt
Others 1308 53.2
& &t
’f.!otal 2069 84,2
BB 4+ =z
Adults 389 Male 196 50.9
* AR 193
Adult females
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Table 12. EFEEicEB 5 1978-1979 FHRDOEMGR
Life table for 7. japonensis 1978-1979 at Kamigamo
2 7 - v | BFHE v E O % | T K
Stage ViV Mortality factor No. of death | Mortality
X su ‘;x o8 dxF dx 100 gx
gﬁ (55%]’?) 30673 ﬁﬁ * ﬁtﬁ . E‘Z"ﬁ L
Ovarian eggs Losg of femaées due to
predation and emigration,
and failure to realize 20141 65.7
maximum reproductive
potenital
BE S
Eggs 10532 Infertility 266 2.6
Desiccation 21 0.2
VIR . 77 0.7
Physical destraction :
W A&
Predation 420 4.0
& 8
,? ot ;1 784 7.5
5 1k W& WER L
Hatch 9748 Predation, rain drops, etc 7142 73.3
4
Resinosis 249 2.5
& &
rf‘ otal 7391 75.8
HAVA 1B %" A 55 o5
1 st-stage 2357 Disease :
larvae in galls .
| "84
Resinosis 57 2.4
Desiccation 7 0.7
A B
Unknown 48 2.1
& 8
%otal 277 11,7
L 3 DR BB K 60 53
3 rd-stage 2080 Failure to leave galls .
larvae in galls ﬁ%%ﬁﬁf\%@jdﬂ?)%ﬁﬂ%
Unknown causes prior to 63 3.0
settling in overwintering :
sites
E A&
Parasitism 433 20.8
Z Db
Others 1277 59,1
& &
'?Ot al 1792 86.2
B H A =
Adults 288 Male 160 55,3
# ABLR 128

Adult females
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Table 13. LFEEICET 3 1979-1980 FF A D EHFE
Life table for 7. japonensis 1979-1980 at Kamigamo

A F = v
Stage
X

£ F %
No. of
survivors
Ix

T =
Mortality factor
dxF

A~
No. of death
dx

F T X
Mortality

100 gx

5 (PR

Ovarian eggs

20467

i B EARL

Loss of females due to
predation and emigration,
and failure to realize
maximum reproductive
potenital

8180

40,0

E W
Eggs

12287

WA BN AR
Predation, infertility,
desiccation, etc

155

5 b
Hatch

12132

e WHLE
Predation, rain drops, etc
Lo

Resinosis

8138

93

67,1

& &
Total

8231

67,9

RAVA LR

1 st-stage
larvae in galls

3901

!

Disease

vV
Resinosis

8,

Desiccation

B
Fungi

21

<1

<0, 1
<0.1

& &
Total

34

RBEVA 3mYH

3rd-stage
larvae in galls

3867

BEVERBAK

Failure to leave galls

BRBHR~BH hORHAER
Unknown causes prior to
settling in overwintering
sites

% 4

Parasitism

Z DAt
Others

128

1232

621

1371

31,9

16,1

35, 4

=t

a %
Total

3352

86.7

Bk &
Adults

515

4 R
Male

362

70,2

A Apkd
Adult females

153
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Table 14. EERICET 5 1980-1981 RO EME
Life table for 7. japonensis 1980-1981 at Kamigamo
. H
2oy - v | EF H v B R O M| E T ¥
Stage surv‘ivors Mortality factor No. of death | Mortality
X Ix dxF dx 100 gx
58 CIPRLA) ssaso | R B EAEL
Ovarian eggs Los(si of females due to
predation and emigration,
and failure to realize 14638 5.5
maximum reproductive
potenital
E B 11722 HE RN - RS
Eggs Predation, infertility, 201 1.7
desiccation, etc
5 b We - JitE
Hatch 11521 Predation, rain drops, etc 8096 70.3
|27
Resinosis 62 0.5
& &
% ot ;1 8158 70.8
HEOP 1R % A 104 .
1 st-stage 3363 Disease .
larvae in galls N
vV
Resinosis 80 2.4
~ H
Unknown 10 0.3
£ &
’?otal 194 5.8
B AN KL SoL % LB 2k 105 33
3 rd-stage 3169 Failure to leave galls .
larvae in galls BABHABE hO RN ER
Unknown causes prior to 300 9.5
settling in overwintering .
sites
&F &
Parasitism 762 24.0
Z Dt
Others 1549 48,9
&zt
% otal 2716 85.7
B &R + &
Adults 453 Male 263 58.1
7 AR 190
Adult females
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Table 156. FEKicBJ 5 1981-1982 RO EHFE
Life table for 7. japonensis 1981-1982 at Kamigamo
2 7 - v S B R ®oTOK | E R
Stage su rvivors Mortality factor No. of death | Mortality
b4 Ix dxF dx 100 gx
gﬁ (EB%W) 31931 ?ﬁﬁ . gl'ill * E&EL
Ovarian eggs Loss of females due to
predation and emigration,
and failure to realize 17855 55.9
maximum reproductive
potential
E 5 14076 Hf - REU - Bfhis &
Eggs Predation, infertility, 319 2.3
desiccation, etc
5 1k W& WL
Hatch 18757 Predation, raindrops, etc 8704 63.3
vV
Resinosis 329 2.4
AN
’?otﬂ 9033 65,7
RAVA 1 EgR B 236 5.0
11 st-stage 4724 Disease .
arvae in galls s o
vy
Resinosis 128 2.7
Fungi 8 0.1
Z Ot
Others 34 0.7
N
'IE"ota{Tlf 401 8.5
AP 3 fhghih BB KE 4 a3
3 rd-stage 4323 Failure to leave galls :
larvae in galls HA~DET
Dropping outside the stand 2695 62.4
# £
Parasitism 376 8.7
gt‘l’,ffri’*s 874 20.2
A 2
%otagli‘ 4088 94,6
BB xR
Adults 235 Male 144 61.3
A A% h 91
Adult females
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kg =Kay+ kaa+ kg + ltgs,
ks=ksi+ksatksy TH 3,

846, 1981 FEHARD 3 B ROMA~DE TICL BT, AaERITH L IIBRA LI,

RSO EREFHOFER (key factor) W ST B4 4y F R IT iT iE, Varey and GrapwEeLL
(1960) P DIRE LR ERL AN ONE, UL, BOOKRETH, W ODORTERMSEL Ui
BE 8 — Vv ERLIOEA, EHOXERDOMESEEICS 5, Pooorer and Rocers (1975)% %, FE
WA S bICT 2RO FEEIR Uz, BoICk B E, @TZE X8 AR TEYEICE D, FTATE
ZEWTR U0 v b LTE N~ REREROEE BRROBHETY, EHOFERLLB L
N

Fig. 7, 8 WRAIC & 2 FERETORBRERT, HAMECK EEUL BB ER LD, 1
R ki Th-tce L L, ki OEDDIBAETE, TNThk L ER 42— yZ2RL (Fig.
8), MRETR ki OEFHOFEREHS LI TEUh o1, UL, EABRLEEAR T Kk & O

30—
HEMFEEK
2.5 \ Total K
/
\. Lo

2.0
1.4 — °
| \,
1.0 L— /\‘/. ok

o 0.6 L

g
= > 0.2

= 0 l_ .——""".\.\. o @ k2

15—
k3
1.0+ )
® ® L. __. o)
0.5 |- /\./.kb
.\./
ol 1 1)
1976 1977 1978 1979 1980 1981
# K
Generation

Fig. 7. Z2H X E R &
Key factor analysis for six generations’ population data
O YPRORANDETEKRSL,

Empty circles do not include an unexpected mortality, dropping of larvae
on the ground outside the stand.
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1.4

NG
06 '\

B \ — k10
0.2 -
_‘J;‘g 0.05 : ./.\.
= 7
x 0 ————g ki
0.6 B
; /\./.\0 ki2
03 L
0.05

T\Y/T\'\./Q ki3

1976 1977 1978 1979 1980 ‘1981

# |
Generation

Fig. 8. £ 8  ZE R & #

Key factor analysis for six generations’ population data

ERETRADMREFEEER L (Table 16), ko 48 ki OEFOTERTH 72 EL 5N 5. kB K &
DEWRTSRADERFE 2R L (Table 17), KOEBICRGFE LT ctEL 5N 5, LI EOKER
&, EREHORE (RHERE) #, REOEAYBEDCAERECH > LERET 5,

EABICHIMBHEISER T ARERA T~ V%, SRERAT— VOMEKRYE N OXt 5 D 5 #, Var
(log Nx) @b B Lic, AEF (1968)% i, Hl#IZ Var (log Nx) OEHBELIBLTZ R
F— VIR B C L AEE LT3, Fig. 9, 1976 b 5 1982 it hbid TORRBRA T — Ptk
2 RS E ORI LY log Nx, &4, Var (log Nx) %5R7, Var (log Nx) @i, log N«
LEdic, BAVEREL, ScPbd SENE TOBMMICE L D L, log Nx @it Rilkd &
U4 L7, Var (log Nx) RIZEAERAD LI 72, CHODHPIR, AEOBEEBIIELLT
HEZWEEAOECIC I DHBIR TN T L ERET 5,

4-3 FHUERD ERRERE S OB

HHCERO BAERE E OBFRE, k-EEZNTWORTOERAT SHMOBEREEIC T2y b L
T (Variey and Grabwerr, 19630 #Et L7z, #&8% Fig. 10, 11 ke, ki SBE - OMICEHE
MEH LN, HREREBERICE IO REL ok, COC LR, k BEFKRENTH &% TRT
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Tab]e 16. klo—k]_s D k1 ﬂciﬁj‘% @ﬁ%ﬁ
Regression coefficients for various k-values on ki

K~ R K
k-value Regression coefficient
kio 0. 801
kn 0,059
ki 0.068
kia 0.062
Table 17. kiky OARREZET K 10389 2 R FE

Regression coefficients for various k-values on total K

k~-{& m B &
k-valus Regression coefficient
k1o 0, 864
knu 0. 109
kig 0.234
kis 0.088
kay 0.039
Kkas —0.022
kas 0.003
kg —0.180
kea 0.066
ks 0.019
ky —0, 157

—0.2
]
i
—o.1 o0
R
=
o L | | | | ? 1
F E H L Lo A AF

BREAT — JOEEMONBIEDEY (og Nx: @) L43# (Var (log Nx) : O)
Mean (@) and variance (Q) of logarithm of the number of
individuals in each developmental stage.

Eigi3 6 i, AR S HROF - 2 hoHEE LI EE
Solid lines are estimated from 6 generations’ data, and dotted
ones 5 generations’ data.
F: AN, E: BADF ohil, H: Mk, Lt AZ0A1EDH,
Lt RZ LA 3 EEE, A RHE, AF: ¥ ZRR

F : Fecundity (Total ovarian eggs), E : Deposited eggs, H : Hatch, L, : 1st-stage larvae

in galls, L, : 3rd-stage larvae in galls, A : Adults, AF : Adult females.
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Fig. 10. keki® % E B &
Density relationships of k;-k4
AREERES, HE (b) Ki3 5% OEEREEAMMN

Dotted lines are regression lines. Slopes (b) are added by the 95% reliance
intervals,

Hho&FSIHREE

Numbers in a figure are generation numbers.

* 05 VANV TEHE

Significant at the 0.05 level.
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Density relationships of kis-kgs

ABEERES HE (b) i3 95% EEREEA I
Dotted lines are regression lines. Slopes (b) are added by the

95% reliance intervals,

HhoESIIHAES

Numbers in a figure are generation numbers.
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Fig. 12. P. matsutama (QO) & I seoulis (@) T
& BHFEROHERG

Density relationships of percent parasitisms by
P. matsutama (O) and L seoulis (@).
HpoESRHRES

Numbers in a figure are generation numbers.

%o kiy BEOBEERBER LAY, OREROE 0 LOMOERIFETRIEL s FE (k) K<
DT, FRILEERFER ST -, FEARKIHED OFLERL, L L, Fig. 11 o
FEBERIZETOREEICSTSEDT, BLHSHICENT S L seoulis % P. matsutama T 5%
HEOEEREGZE UTRBEWNRLOTRISWL, Fig. 12 ¢ P. matsutama & I seoulis & & 5 HHER
DEEIPEEE « LY BEE EDBERERT, P. matsutama 12 L 5 HHERTREHE Y OELLER L 12
B, L seoulis 1T X 2 BERIVIFEREERRERIEL 1, TREDT EHN D, P. matsutama 33E
NOWEREWIT, L seoulis REEMICHIIC/EM LI LIEEIN D,

oI BELEESH

1. AEHOHE

HER, 197844 A5 19794 8 A€, WERTREEHOERICHNEST 28 LR (36°56'N,
135°9'E, & 380m) DRMMHICSH 27 0w v EBMKTIT ~fco COMSIRBEHKE LT 1972 Fick
BENHDT, 7 ey BERKRDY Y+ 7V & &S REMBTER SN, KORDOFEHELEESIT,
7.5X7.5mOPET oy P2 HEBE LI, FET oy PRIKIZ20AKRD 7 o=y fFih T, 1978
11 BIClE L7 080 7 o<y OFEIGHE S EHREERRE, Thehidlm L 6.3cm THoi,
ARG U7 1978 48 4 Aici, MERIBIZEAG LT, ’

BEMO LEREmEOBALET, NIVBRKES, SkicBh T3, LhL, #E 2y 1O
TERICHTAERDSS Y, BEBEHIESEECERTECERE, 1, THOREREL, FHY
B (A B HELBOBERIVRT S -, Ao BOEZXR0.1~2.0cm T, £QEEALEMBLES
50, FBYHBEORERIE, -/, ELEHOEBYEFRETCZ L -7,

REMICH T 2 1977 4005 1979 EFX TOEFETELFEFEBE XK E 3, 12.5°C £ 1670 mm TH -
76
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2 B E F &

R E XUSHERRIER, P, B, b, HIVER, HHROET, $hH - FotEhTcoRKic
DNTHE U, UTREHEFEDOHMER~S,

2-1 F fh ¥

Pk, PEEBEEORECHAOLOBUPLL 7 » 7 (EE10.5cm, HE 15cm) % BNTH
E L7, 19784E1, HEZ oy FAK TSecm BB THMED 5 v X2 —H it REL, 5415055 8
R12 8% C1HEEBT IHLEETE Lice 19794F1 M5 » 754 81 EicEL, 5H7B,58H15
BET1EEHRTAMEERE LD

2-2 BENPE - AHUEL - REZLAEREK

YEEANERFICES D oNIBE, 22 THILL, $HREZOEBCHIVERRT 5, €T,
CNEDRF — SOATRRL BRI, FHEY v A VENE UTHEE L, 3V 7Y VI3, 19784
618,511 A4 BETOHMAp, 7EIT -, WEPOBESHERAET 2DiL, HKEEZROX
S5 BITES LT, 1B:3.7TmpPlE, NME:2.8~3.7m, ME:1.9~2.8m, IVE:1.0~1.9m,
Vg :0~1.0m, £FEIX, ThZThEBOFRSEI—&K L, 22T, 1HDY¥7") ¥ T3, BE
oy PAD20EKDI awYIiCdNT, EEEH»S 7 VT2 1ARKTOHFRES I Lic, 1EKY
VTN LI FREGL, 80~91 RICE LT, AT EREL RRBCHLRYD, RAEBETT, R, ;N
BB ODI - BAW « BAWVWB D DERAERZ foo Fho, EHDHLREDESS50.5cm LLEMT
LOEENNRIEL L (SH, 1962%2), Fifbhich OLEITEN - BEIIRHEM L H DY THE L,

2-3 EFYHHH

YBHROE TR, BRI0L.5cm OV E—7 3 —AF 7 v TEBOTHEELL, oy FRICSIED 5
v 7275 cm R T—RHRICEEL, 19784F 11 A4 A5 197943 A 22 Achd T, £+ 5 v 7RO
TihhEE 1 EHERTHEE L

2-4 AthghaK

T TRATLOYRODNT - BMEAHET 2720, BEER10.5cm D) #—¢tES4cm OLEY VS
W, BAESey PATLSmMET 25 ERR Uiz, LEY VY VOFIUL, $HEOETHET L
19794E3 A 22 AiCiT o 72 BB LAY Y T ERBRBRFEBRD, V24— 20TRAY FY—F 4 v
7, BB OWTIDKREIC K DR ERM U, COFBEICKD, T NTOHROMBBTETS -
726

2-5 H O ¥

HES oy P NOEHRHHI, 1978454 Bic, 70y PAD20AD 7 ve it 20T ERLTRD
T2 TR, 1978FEED 0y PHNOFHHEEIZI9I2EKTH -7,

26 BEHH

EEIREL « S bihds - HAOALRBIEFEBEAT, —7F, FRi c BT YR - Loghhiids
RMKRERS ) THES N/, TCT, TRTORBERT — VOEAKIE, WK 1m? B OEEIC
HE Lo, BWEREE, FEEERETHROCHRIRE 57

3. BARKEDH
ABOLEERY, LAEROELL, P RIAVENRET, BAVERLORAVERTLIET, B
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ZOBED SR ETOEDICARI Lz, TR, ZhbDHEORTR DN THEMERRS,

3-1 BZ VRG]

LR BOREINEK & AR 1 BHMROED SH#EE LRI OERATOFETER, 91.6% L& -
720 COMMIOETIERMIETD 92.1% % 5%, ) EABRLICLBWORE, () B0 Shicdp
DOFT, (i) HEEEO BRI RO ETICARIT & 72,

1978 EDORPLIISE ARHS 7T AR E TH 5 h, PLRHREEIT476190(S. E.)/m3 2 RDEEE
44.8% TH -7co MATHE L7 4 AZBE LR, FERIMIE 1605(S.E.) (n=59) T, §
BERTREL T, THEDEN DS, PULRBROREIFIE 34108+639(S. E.) Ji/m? LiEFEIh
7o =, MR TEADD ONAIPOEEIL11,214+109(S. E.)I/m? C, EHEFERIINIIBZE TH -
oo TOZEDD, EABRLUIKXZIETEREIN6TZ LEEIN, HCERELT, REOXK &
B BHRENEZLONLY, HrOERICLIBCHEIFETEUD 7,

FRAD LR 10027 £104(S. E.)/m? T, TR 11% & EEahic, FUERIRELE -
RN - ENBET, ThENIETO 47%, 28%, 25% = Hblc. HRTRE, 7 o<y @tkd
toh OYREEE SIEAEBAETR Lichs (Fig. 13), HEBHTRERESERR S L ok (F=1.81, p>
0.05),

St U7 299 icdH 72 5 2,871£100(S. E.) iR /m2 3B A VERRK L, HML4HEOBL OER
HIOFCERID 71% EHEINC, HAVERE (GRRKICHET2RHIVEOBRE) 38 D it
EHOGF ohics ne i &EL (Fig. 13), HFlb O OMRBEENEL - HELETTRLOED
otz (IfE:85.6%, MJE:31.6%, VE:27.5%, VIE:22.3%), Cho0 #RIT, HEshmOET
7 ne v @EE, BENOVTNOBALEERENTH - LERET S, COMAOTEELRET

30
(A) —
& 100
~ . 2 (B)
S8 20of s
~ - ° ©
B . / g § e ¢
'{J g [ ?:?E ; 501 L4 —"
o £ 10 ® o s> ® L J
o 0 ° (=0.603% ™ ur . 2
= = s X r=0.491*
= L?JD 2 e ¢ H ] /g d
-5 ® 2 [®8
olbee o — — & ol-e Le 1 e
0. 20000 40000 60000 0 2500 5000 7500
K= H) DI K1) DI
No. of eggs per tree No. of egg clusters per tree

Fig. 13. BZHTE (A) LHIVERER GREicdd3hz
VWEOEE) (B) OEEEK

Density relationships of egg mortality (A) and the rate of gall
formation (B), which is expressed by the percentage of the
number of galls to that of egg clusters hatched.

++ FIEARALRIZ 00% LA THE

The correlation is significant at the p=0.99 level.
+ HHEIBALRIZ 05% VRV THE

The correlation is significant at the p=0.95 level.
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BRO—2E LT, WHICEZ5HOHE, COETEEZ SN 5,

3-2 HAVAELH

HEIVATE, 1~158E& CEE3.5EEK) OHHEMEL LTV, COFEOETRIIMN 10% &LIE
Dot ERACERBRIEMIET, YRHOEPERED ZEFIIZETRADSNE D 1,

3-3 BmAVEHE

HEZVHNTIMICELYPYROBEAETNTOMED, 11 AL S 3 AR THIVALHRHL,
HEITE T Uic, BEBERMICDI > TETZ2DT, HREBOFERERN A ICHEETER P oT, £
T, BTYHREEIURBEDO LB 5, MEOHTELA—FE UTHEE Lic, BURE 8% TH-7
RHRORBEOFETIREEMUMICIERA LT (Fig. 14), COBMOEERETERO —DIcFEE
MNBFonb, 4H, P. matsutama, I seoulis, I matsutama O 3 WEHBHRTE 7z, ETYPHhOZHh
SOBEBIC X BEARIT, 28.4% LEFEINS, THOOFEBD > B, L matsutama OEKRIZ
D 2B~ REEIc D78 L, I seoulis & P. matsulama TEZHED 63% & 37% 2 5D T,

3-4 EF MR

PED XSk, BEUEREOBERIIERLEZBELT, BAVERE & BIVEBBO DO
ZLAROL, RAVHICERT APPREE LTV, TORR, AEABOLEFEHKS, LEXA
KB E R, BBIREZE L (Fig. 15), 70k, MLIEKBOLMERE Appendix-Table TR Lz,

4. SHREXOEL

FEOSFRROBPICH 2D, EEEEEIS S EAVERCOIZHETERT 57—V (L
) EETHOIICO AL TERAT 2R T — Y (L) 021 i, B EHOAHERRR
HREREMNE LT, thHosHBRE 7 » TERRIEY VI (ChoRTRTEESSELY) %
BifT e LTHEE Ui,

5 3®

E

52

H 2%’

~ = ®

®S o

o5

%; 1 .. . r=-—0.193
# ° ° °

ﬁ ’. | [ J | °

!
8

50

THRYREE (/> TIVELM)
No. of larvae in soil per sample unit

Fig. 14. +hio4EROFEEBRG
Relationship between the survival rates in the
soil habitat stages and the number of larvae
in soil.

LrhfiodERE, Lrhghmicd 2 PBORTRT
The suruival rate is expressed by the ratio of the
number of adults emerged to that of larvae in soil.
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10 -
PEA IR
? Potential eggs
FEBR
4 Oviposition
10 | g ot

Hatch

B R

Larvae in soil

BAWRGR
Larvae in galls

w
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Population density (/m?2)
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Fig. 15, =v,/ 2=,z EREHE (HEL)
The survivorship curve of 7. japonensis on Mt. Tanakami.

R N

Vertical lines show the standard errors.

4-1 BLEHosHE#R

1) 7 a=vEENTDHE

BE - BER - REAWVASIHR « HI WD 2 o=V EERTOSH L, Ivao (1968)10DIEER L 12 H—-m [m4@
BERNVTIRIT U, 19 (m) LEHIBAVE (h) ORIC, —iic, RO XS It ERBEIESELE
T %,

1*;#=w+ﬁ m,

CDLE, Y e ROMOERBMMSEBELR TSI LERMBETH 25T, B2 BRIHHOEAR
AR ED LS IKHH LT 3 DERT, Ak, FREARTY ¥ 7 UFEERA L L EHE)
EFHCBHBAVE (F) EWEAC S Ioky, 2WEPHERLTEZ 2Ic LT a0 b Lk, BE%E
Fig. 16 iting, VWThOBEED, MEOMICREOHE S 28 - - EHGEZME N, DT &L, ¢
NODRF—ITOFMEZRN & Lz 7 o=V BENTOSHHERIL, BELL220EKD7 o=y TR
—H LTz EERT,

IE @ DIERIIIC DV TiE 2.37, BHCDWV T 23,23 C, SO S GO EABA ZIRETH -/ &
HEINL, 2hid, BRARRFH L2 smO RN oERHNELRET IENGHEERENEE 210
B, —h, HANIHIVAYHROES, eDEIZ0IGIL, YHPONHRMIE, H—0RINTH
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Fig. 16. 9% (A), 5 (B), RAL (C), BZWVASHE (D) @ I—2 B

The %-% relations for the distributions of egg clusters (A),
eggs (B), galls (C), and larvae in galls (D).
AT Vv ABHERT

Dotted lines indicate expectation from Poisson series.
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STt EZON B,

HE BDBRTNTOHBETILORE S, I, YHPEZBELT, 7 o<V HEEANOIHEELNT
Bl LHEIND, 7 oV EANTOROEDWLAGE, NOMETCOEAFHICLD H W T
%, Fig. 17 iCEIFNRTED LI T 2EE, * ROBEILE, 2 LTHFHb L OEPIGE
¥R BRIV OBESGOENEEERT, KO TMUBERFERIE, FiEd 20 O IR HEEHM
TELNEZREDONE ol UL, PlEBEDICONT, LEOHFHETELOMRAESNE LS
WIS > 1o B0 DHERRBFHOBESRICESR S, EOFHRES {O#ELZET TV,
Z2T, SV OIMEELREBMTIHEL £ & T A, AERZRADONRES -k (F=0.13,
p>0.05); THODHERDS, RBRZS o=V @ERTRE, ENOLDOFHORRUERF Eb L
HEREIND, Uhkdt-T, FilEEAE Lo EhINE s o=y @ERAOSHIIR, FHbhDER
R EHOBBEB/EOZE LV EE TS U ERERBRR LT ENI X I,

BOIEIR, $HIMICEBNTIHIVEL -, 2D &iT, ERNL LB OERE TOMICAHEDE
PR U EERET 5, COSHFEREOEKRIE, RAVEESHEBHNTEREERTEIKKD
(F=5.82, p<0.01), FHHch DRZ VKO BRI ZNIRE D FEFICL -7 (Fig. 17) ¢ & LHE
BHBHLEEZLOND,

2 7 o=y BEkEOsH

SRHR - ShER D 7 o = v MO 3R, FiHARMN S Uics o=V AERATON L 2&a7h (over-
all distribution : Kuno (1976)2®) DL DHEE Ui, 2EDHEMET 240, BESavy P A OD
0AKD7 BTy Pb—EICY YTV LT TOFNE A LTEY () B aa0E (5) 28
BL, 77 v/ CEBON EEFICH LTS By b Ulco BBIFET - T ~TOBAT, $—%
RS IC BB FOSED BTz, Kono (1976)10 1k B &, &k 7 u< Y BRADSTHICONTD ¥ —
FORERIEBOPWFT ¢« 2 /L, —RICEHE SOERLSRITADIBE. 40, 2EFHRI v~y
RPN DTG & RIZ > 7 2R Uico 20T, % — 2 ERROFECHAN T — 2 5% <, HEHRMK
DELDTEP -7 BV BEAD 3D e DEZLEIHOICEEPA, 2F0H0 EHE 82K
RERNTHELREB L,

p=2iE—a) /T
EESHOEREIL, FHI-0O0 7 vw Y BEASEE BERESEERRT S (Kuno, 19768), L
BT, RESHCLET B HE 1 &7 vV EEND IHICBT EHE DI (B1/82) W1 XD H A
dhid, 7o=vBAKHOSHRERENARS, 1X0&/N30hiE, —BESHENERT &0
BTE5,

Table 18 KB R T — VB3 81, 8s, BB DIEERT . DWIFNDEE LEE ZLEKIHOFTIHEN
BERL, S - GRAEBLT, 7 o=V EEAEOSHFRETNTH - L LMREIN S,

BOEhHEAHOREE LT, * 2DILDST, EINFHED S v< Y @EEOEE, su<wy
BEOTER (FHEPHE) BB Lo 5, ChoDERE =Y RSO O NRE O B F %,
Srearman DERTHHEEES (7:) (Simerr, 19564) £ RV THE Uiz, #5% Table 19 R4,

HE ey FPATE, 7 o= REREMNEICER SN, WERIEBLALHE LTV, ¥, HHH
Ty uey b 3 MEEERZ, $TO 4 ARMBEHOIE TR TES DT 3O RERLSME
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Fig. 17. BEIEHEITER, » 20 RENL, EITREIE, I,
JUHZ O ORERNDOBRESFHOFHEET
Seasonal changes in the availability of needles, cumulative
emergence of adult females, and vertical distributions of
available needles, egg clusters, and galls within trees.
RO IR RS
Dotted parts indicate needles not available for oviposition.

BESWICE T /K FORISEEREERT

Horizontal bars show standard errors.
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Table 18. Bff - S0 7 o=V BRNTONE L LENHIKET B
Fiktid 10 DI + BZVOFY (B) - FHrHavE &)
O [l 3
Values of the slope g in the %% relations for the overall and
within-tree distributions of egg clusters and galls.
su=yEERASMG | & K 2 @
= Within-tree Overall Rati
Factor distribution distribution ( a‘/“’)
(80 (8D Pul s
3P B
Egg clusters 1,23 1.99 1,62
Z W
Galls 1.96 5.71 2,92
Table 19, EIMRHUEE, A ARAPY, 7 v~V BESOOFNE -
B oy EEkd iz OB » IBRBEICDONOTD SeearMAN D
IEALARBEERE (rs)
The Seearman rank correlation coefficient (ry)
68 1R 6A7H 6 A14H 6 A3oH
June 1 June 7 June 14 June 30
PRI RIS o R —55 W B
Availabitily of needles No. of egg 0, 818%* 0, 576% — —_
for oviposition clusters
IR EIIER —IpSEE
Availability of needles Egg cluster 0, 773%% 0. 600% —_ —
for oviposition density
A AR HUR b —5p B K
No. of adult females No. of egg 0.118 0. 303 0,747% 0. 664%
emerged umder a tree  clusters
A 2R R TIL ¥ — IR
No. of adult females Egg cluster 0. 152 0. 146 0. 509 0. 476
emerged under a tree density
5E B8 B — PR
No. of egg clusters Egg cluster 0.976%* 0. 867** 0. 855%* 0, 806**
density
I —B8 B B '
No. of shoots No. of egg 0. 249 0, 576* 0.212 0. 358
clusters
o —INREE
No. of shoots Egg cluster 0.164 0, 309 0. 006 0. 006
density
) —55 %
Tree height No. of egg 0. 142 —0.033 0,046 0, 361
clusters
Mow — SR
Tree height Egg cluster —0.021 —0.,124 —0.209 0,058
density

* 95 VNV THE
* Significant at the 0.

ok 99F LRVTHE
05 level

** Significant at the 0.01 level.

LR BdicREL, 7 a2V EARHMOSES /NS 7 (Table 20), EHWA, TRTOEHIEHE

SHRICIT - 72354 (Table 20 tho 6 A 14 HE 30 H),

Toy PACRENRIRHEI LCTHEAN
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Table 20. ESIRZHHERD 7 v~V BEREOED & EFNRHUERDOFHEL
Between-tree variations in the number of available needles
for oviposition and seasonal changes in the availability of
needles for oviposition

7 v VRS o D OEITHREER
A g No. of available needles per tree BT SR $1EER (%)
Date Percentage of
N o) o %K available needles
Mean C. V. (%
61 H 12725.9 120.6 52.5
June 1
6 7R
June 7 23219.8 41,6 85.6
6 H14 B
June 14 27473.9 53,2 98,0
6 H30 g
June 30 27510.0 41,2 100, 0

ATEKBEEL T LR S hic, A, FMBBERD 6 A 1 BiKi, £83EIxdd 3 EIsst
EDOH| A2 50% T, EPRRHERD 7 o< BEHDOEE I LD -7 (Table 20), ZDX 50 EH
TTR, 7oy BRSO ONBEIIEPSRHER-FERHEBLE S, IRHO 7 o<y @R
SET, ENERMUEHD 7 ov Y BERMOSBRERB LT EEI 603, £LT, HEDRBEDN
BizTE Lo # 212, $EORMOHEAIZ ne Y ICEPMICESN LIz EEZI SN S,

L L, BEAETNTOHERERRRICILD, EFNSHERD 7 oy BERHOEB NS {3
-726 14 BEETE, 7o= v kb OINRNE, 207 n=y OTFTHho Pl ARdhlks
BELBEERR U, ZOCEPDE, KD 7 v <y BEBOSHIZ, BHKEIICIIRATO X ADEHh
PO HERBLIcbDEEZ N5,

7 o=y EROFRHEPHER, 6 A7 HO 1 FIEBRVTIRK S OHOEELSHEBEERS I 1,
LtchioT, Zhod vV BEDERE, REOEPSHOBIICKELEELR TV hote s
BEINS, (

LA E S o2 Y HERBOSHDOREREOL (81/8) 1, WAL SHHBICHT THALY, 20
CERS, EEMD 7 ey EERBOS IR COMMENL, HROSTHEIL, WOSHICH~, LDEh
MCis s e R EN B,

HEVEREZ, B2OORELEIVATOHHRORENEEAST D SN, SHOEREREL
LI » 7,

4-2 Lo SRR

YHOETHLPLE TOR 7 — PYOATRENI, Liovs (1967)% DIRE L= FHr &40 Egl G/
B) ZFVTHSE Lizo % F4E - g « B tuc 20T B S e /2 O, WFhd 1 XD
K&, BEAFRUMEARLE: (Fig. 18), 20t s, ABRE T OIE TOMED, —BL
THEPPUEHTERRERL, SHETEOF LVELRA SRS LR SN 5,

FhHOEFE LR T — VEITOE + 5 » TOMERO BRI 2TV, < OEHO BiEOEHEED



SRR EAR O EREED & AHRR (B — 89 —

HMEDOBRE 21T - 720 #H% Table 21 itRY, 7o~V @EEkHiD @Ez‘.b‘ﬁlc‘:%dejEﬁ@Fﬁiui
HERSERESS OGN, TNk, PHRRBEZVLSEEE, -9 CHRCETITLLHTHELED
N3, £LT, HAVK—ETYRYEOEMES S, ETHROEFHERARAR, HAVAYRD
sy EEEOERHEAGEERR LTV SR NS, + 7y 7OWBHOFRESEEER, T
Pih—t P Lh g — PR ERIC SR S, Lichi-T, $ROETH SFLE TORELEE
U RF— YT 5 v 7C L OMBRICADESA 50, Thil%E L TEEOEMEEREMLLTY

BhpofcdnZi LD,
51 (X A)
< (female) .
B ’ ———
*S x O] ./ 8
®wS
m= 3= @
"3 (FR+AR)
= | (male+female)
¢
-
1)
7 1 ;
’ 0 ] i | ,
1978 1979
FL ETHHR TR e
Emetged Larvae Larvae Emerged
adults dropped in soil adults
Fig. 18, Lthfion7##EhE CHEC A4V EERE) Ot
Changes in the degree of aggregation during the soil habitat
stages.
Table 21. LM LR TF— I TOH v FABR&HZDDME
KRB D MR BT DFER
Results of the regression analysis for the correlations
of individual trap catches between successive stages
in soil habitat
BEER () | EER
Regression coefficient N
Zaw @S ORIVE — FETHHRK 0. 778%* 18
No. of galls per tree No. of larvae dropped :
fe kst — b
No. of larvae dropped No. of larvae in soil 0. 866** 25
+hghEs — 1979 ETULH
No. of larvae in soil No. of adults emerged in 0, 818** 25
1979
1978 4EJJ (k51 . — 1979 £k
No. of adults emerged in No. of adults emerged in 0, 671%% 64
1978 1979

wx 00% L RNVTHE
Significant at the 0.0l level.



— 90 — HESRBVARE HMT

1978 1979

0|/ 707 XX IR -V - WiA-6BS T W:7ELE NSy
0 trap 1 — 3 females,/trap 4 — 6 females,/trap more than 7 females,/trap

Fig. 19. #5ANOD 4 RERRDOF{L
Local variations in the emergence of adult females in the
study plot.

1978 4£ & 1979 4£0 TULD I 12 & SICREET, M5/ 9% — VICIE MBS » -7 (Fig. 19,
Table 15), 2D &b, HAMROBHOFMLOKWICE T 2 2MNEBIES &, HARZBELTR
h, RiEREZELZ SN EBbh 5B,

m % ®

1. AHEEY

AFETE LN LEEERED 6 R DN COEEBE B LGEARO 1 #AOEEMBIZ, L
Thd, BIAVERIE ALVEHAZROBNIERTERL, RAVHERHO BRETESRERT, BBR%E
Bl 4EEShBEEROLT M, AEOEFHBRO—BHIFRLSII LT LD 5B 5, Sunose
(1983)% w42 <w,Nx, M. pustulae TRBOBEBIROEFEMBEZE TS, 112, M pustulae
OEFHRBIRFEE HABOROMNICLD, BHOPRRILEFELTN %, ZHOBA, thET
CHRESN TV EHERRZTRTCEFEBRELE G ONEHFAEE T, PHE SR BHINEERT 2 E
TOZ G LB LR LI (Sont, 198649), Fir, HAVAHRERET 2LAMDOFEED
BWAER, CHETRRINTOREVLL, 4BRERINZAHREREN, Lich-T, KEOLEF
0% 5P ZWERRERCENEEL bR,

FEBEMEKEO 6 b 2 ERMEBSORELE LT, BEABRHEBODLHETS 3 HEROE
BUr-ovQRERE, BB, ZEBBOREOLT, BRERS .

AEORRE, BLALTTOY BYFEHESEIRGRICTZ2ETRMALISEPLL, ENT
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%o MW THRE SN 3 UEEHIENT, FEFHWNEIV, chiD iR, KEOFABKRI, it
REFHTHR EIHRHLE) 2HERINTVECLEEKT 5. AMOENL LICRIOHRI, 4
EEHERRONS, £2LTC, 1WHOHE L, %, BAVR1EALIERINLD, LT,
AEOBEGHOBE Y ~1D LRI, EEREACEER, T0b bENERAERICIDBEEZRTH
BLnAXS, LA, SARELLEEX - HEHUOZOBERIE, BEBCXDREINITE
D ERE D I OED LR S, BRERBZEELTH, WIFROBRTSEERR, Bldd
ERET, HMHLLHZVWERET, ZUTHAVEAD ST ETOMEIKELLBD LI, Thio
FHOETCIH T A « F4 - BEREDEYNERDFZ I, 5tz Licht>T, REDMEEE
13, EEUT, EIHHE, HOROHE OB D, £ UL THE - BOLEF TORKTIIERT 2%
REROEH I EOIEHHERIC LD, BEr~vicfiZ shThictiEmahid, 2ok 5EEHY
BERIZXBHEE LD IEH 3, Barnes (1935)0 ORFEHOD 4 = /N T QBTN AREZENBEOL,
BZEHOEHICI ORI SNTNB VS 5L —HT 5, Lo L, U jaceana, M. pustulae, Dasy-
neura apopecuri (RevTer) LWV 5704 = NI THEIN TN EEERIC L B3 EE L ~OPE (Barnes,
19350 ; Vareey, 19475 ; Sunose, 1985%) 0% { DHETHON TV 22 AUREECLZHEE L~
OPERRE GBE, 1979%) LIZRIT 5T,

6 HRDEMEFTOKER, EARKEHOEERRESELETTH S EMUH LI, 2oz &R,
HEBOEZEH IR, BATORBOERENRCIORESN TN CLEEET 5, AROBER, 1
FADFEICHIWOAETEKT %42 <w/,xx, Taxomyia, taxi, (Reorery and CaMerox, 1978””) % D/NE
WEE EH (Benson, 1973 ; Soutawoop and Reaper, 1976%% ; Kowarski, and Bewnson, 197818) T&#
HEINTEY, ABOXH/NEIRWEARE TR, ENEHORESEGKERICE - TEETHI L%
VY (-

RIS Ttk 24 BRI R - BEIR L, FETC9 2 (EAR, 19804, 1986¢"), 2 L'C, fH4 DELHRD
EESRIEENIZ, —RRIS R REFOEBICH B I N S (Sove, 19849), Lichi- T, RADBHMH DK
FZEHO—RHILERY, AROEKKEHCEEIREEZR L LT EELOND, L5, Fb
BRI 2 b AIKET, 20MbOSELEOE LVEXEET, BEHERRD AL, -7, DT E
2, E4DRHREREMOERICXDRIL - - BBEZT 5, BRBRLEOERICKT 2 ZBIZHNR
MTEWNS P >0 CERRRT 50 LIchio T, PP TORREHSD NS NEEBD, BIEROSE
EHO/NESO—TEHP LT E 0 Lhgn,

AEOMEEER, L UTHAVERIOETKIDHBENTHIEEZ N, UL, HAVE
BRATDFECE R T 2 ki 0 5 kis DD DEWHAIETD 5 b, WHFELEHEREEZR LD P -,
U, YHOBEHHOFT kn ICE TN AEBOIMMEL DT Sl 3 ETORI OO LR
OFBRIEEMENT, BREEMCESE LT EEIoNE, L8, YENOTEHRETSER
DIRBEADT SNIHEOEALR, BHAREL -/ BRBOEELVALVEEFRBRICIDRESLS
IBEEC, R ENDERER LS S, EEENEZD HECRHALENL, $HMOTHERAEN
RSS2 C EMTEING D, 4B LD EBELVAVTERT 3 EEHOFIME, o
FHRETIE s EidEZICLN,

BIVAICEROHABERT 2R T, 1HIV 15RO M. pustulae (Suvose, 198369) £ 1§
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X 145350 wheat-bulb fly, Delia coactata. (Ryax, 19734 ; KowaLskr and Bensow, 197818) T#i4t X
NTVBHFENTOBFICIZHHOFE LVRERIED ONLEh T, hE, HAVERICLVEOE
WEH 55 (McNewL and Soutawoop, 1978%0) - & FEFEMH 2 EEZZ OB, T, RIWVHED
DRI E L BICYRDOY 4 P L, ZORE, HHOMEFTHEML, RED T4 LB
BT 5z EPRBRMCHED SN, L L, YhRBEOESE, Hhov( ZEBT 2RI 0HKD
DYRYMOEFH LTI SE UL o7, LedioT, BAVHOLRDEHS, BEOIETPH 4 DB
DX B HEEDET - Hiio®in GEHE, 19799) L@ LT, EEEEMICR bbb > TO 2 EgE
FEP -7 B2 B,

KL, U jaceana % M. pustulae 75 8 O 2= NIOFEREEKEEERTS 72 (VarLey,
194757 ; Sunose, 19835, 19859), AMOZLEMD 55, P. matsutama (LENOEEKENC, 1
seoulis IBEWICHER Lize LT, WTFNOfic Xk 2542 e, Suvose (1985)59 23 M. pustulae
THELTO A LI WH U ERMEEGERE B -, T, BRATARE ULABOMERETEZ,
MWREIC X A FERIT 32~33% HEL, AFETHSNIEEEDh - (Lee et al, 19852), Zhw
%, P. matsutama & I seoulis [TEHIT, BHIEEMERBD S0 L OO WHEHER - T3 (Song,
19868) IZ bbb 67, AHOMEEGIMIEESHRELZILLTOEL -t Z LD, 85K, &F
LEREOEPEOFLELAOERII X5 FED FLO T, FEOBAEKBHEBICREITHELHD -
(Hasser, 19697) O TR EZEZ N5, PO &h s, REMEEHE, B—0BERTEL, &
HOPMSOWEROBAATICEIDHEBHIN T LRSI S,

TD &SI, ABOEEER, & LTHAVWERIE BRAVRGRICIENT 2 EEYHNERICL D,
B TR EI X ZAERDPEIE N ORI EOBOKERERBH ETFEINI LV XD, i
DIELSMR STV, 2 LT, HEAEKIIEEL, EROEROEAZRICI O BEFREELER T
LEwRIhL D, Toig, RIE - EELEOHEYHERIL, Soromon (1949)4 235 Lic & 5 IKEED
AR E B UTHEHSICIERT 2D TRA L, EEEAOTHLRCIIMEMNT 3 it k&, =v
Ny R=NLEE, DBEOTATY « /ey RTRINAD ECATEHEENEIESIN, 2OHRFERAFE
LieMBEROT, SRIOEREERICEY, LA -T, 4RESNIEEBEEO/KRER, XBDo—
MR EDEVZ KRS AMETHSNBEXKEEEICST 2 AUNEROFS0ERR, O XE R
ATHBRREGOEEICEEI NPT, (1) RICX 5 3N 2 HEy, D) B2 0ATERDY
BARETED, LV EENEEERR LTV #2505, KA ICIIEHALEOER
SHES B I N, EOBENHEENZEY (5, 1986%), £hwWwA, AEOEER LV ~vid, 3
EHMBEROWH S S B INic L &, EFHRETEHICIORESNIFEL VO ERELET, &
Wi ERT o EBEIN S,

2. % # & R

ZHhETHTHLNT S EROBEROFAEAKEOHET, BROEFNRSHAIERESH, ThickL
SRERTHPBLGI ONTE 12, AK (1968)2, zhox, O)EEREOREE, (D) FX+Has
BRADE o o AR, (1D EARIOHED, DE 21K LT 2,

BB EEEHT, £EREBLTOSHEBRREREELCECA, TRTOREBTRT— VTEFNESH
BED STz, £ UTAMEE, EENEELTHE LSBT 528, KIRICER b, L
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R P RDETAMTE, FMTRD ONAERSEL, ERNEEHER U TH EHONO A EH
AFmCELRENT, TR, BREBREMAP SE LICRET 2EmERD (BB, 19864), B
RUESRDEICH ORI LTV 3EE, REEAP/IHADEL D7 oY iKER L EHBRERL
T3 EEL BN, 7oy BEHIMERK 7oV BEATLIOSTRETNTE - T3,
BR R SEE SRR I FR I LIBIREA RS S o e 2 &, KRTRIFWS 720 OEINNR I ENICHTERM
TELOEBED OGN EBFER LTI LR I N,

BMEBTE, 7oeyEEN - BEREOVWTIOSE S, WL ORI TEHRBESEN L,
ENpORANER E TOHM, HUihoBe - S48, ERsngFEicRons, LT,
CZOBBOSAEPEOEAR, BIRC, SHMhEETIKED, dhbINEELEN B, BT
B 11% LEL, EEAHTERZRE P o7, T, 7 0=V EFETHE, BEEEFEMTER Ui, —
77, SRR TS T, 7 o< /@R, BERE SICRESRIRENCEN Ui, DEDZ &p b,
D S BAVERETOSMEHED EHE, FCHPBH TR IZ EELTINE D, ik, /=
< VEEEOSETE, SHECOSHE LD LT 28R, SMPRECICLDELIITBHEIN
fEEZ NS,

SMESBFETTHE, W& - $hoT, #®iELoEPNERICK 2FETRIZEL, WHBEDOELEY
FIERDEEMSRE X417 (Song, 19875 5 1 8), ThwwZ, COHMOAHEEREDEMIZ, i
HUTHER L7 R ERIC L 2R TD 7 v = Y R « BENOEEZRB LD T H-7c LW A X
S0 ZUT, EEMWEROZE, 70 <V EEN GHEEMLHE), EERTO REOREHRCBAKRLT
WitEEZOND,

BAVAYPEEO 7 o v BEBOR D&, SROME~OETLEbicEhfioX7F—ViKiEL
S, PUEETHRE SN, iR, PRIBBAIVHOHETRETTL2E, SOV VI RIZBEH
BEBHTLTHB & (B, 19869), LT COBMEORT S BEMILTH 72D TH B LEL
SN b, DT T, FE - BRI LOAYNERICL 3 b00EAREEL, HEKGRED
BRELEOEHICRERNT 2 00T SER s, UEDMENS, —EdH L 25— I THEFWNES
SR SRS, ERNEAAEARIR, NIRPREOREMEE IR LT » ERicky, &
15 &S HMRITHFEEINE CENA/FIN S,

A L BRI, REEZHE L 1978 FOFLOMET, 7 TIEPNESRER LTV, LT,
CDEEBENERIHTZ L DI 1o BT DN TR, BETE L -1,

EABBEPAHERT LI - BEE LT, O REN~OBABETICEL, Z0TTFE
Utco (D) MATRASHOENTENEL), (i) HNTOBEE LV ~VvORE—ERITA L HOERE
THU, CEBELLNDS, ARMOKRIHOBEIIRBIICR SN 5, RO, MEPHHETs
W few Y BEROTAREBEMSIS - o (Table 19), AR, IMRTIHEES DTS C & L4 RDER
DA REATEHE L SV, ThYZ, BRSNS LB o0~ Y ERICETNICERT 215
KBALKYD, HEBIKELTDEIIEIIC{ 0, REOFNMEAKER, BEEVVviclZohTn
B8, BEMCEOCELENEE - LABROEEK LY~V 3, FEEYHERDER S - BRI
FAMERI I N & &, AR TAETHEINS, £LT, HONORBORENE R LIEE L~
OIS LA, ROROEE L~ vORE—Eil s FTtRENEEZ oN S, E,
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B oA ONYSEics SN amoERkid, FRIEEVNERICKL 2 SHSHETD 7 v~ Bk
A - BiAMEOERNC KD, blcodhicEEZL oM, THhWA, BLEILEGETED SN EBTWES
iR, GDOMATEELV~NVOFHFIRE—SIKLD S LkE EZ 200, BEEUTHSI, £L
T, COHE, HAOBBOREHORLTERHRIRENWEEL S5,

WL LT, AHOBATOEMSHIEEINT, th@BFEULLEMT L, KitRitRA b
BEVHBHMERD, CONMDEPRAICE, £ {OHRRERTHRESN T 24 BRI 0RE KR
S BB R4 L (Howse and Divomo, 19659 ; Kuimay, 196719 ; Luck and Danisten, 196728, 1980%9)
HTESEE U TONSHEAROENEG R, Lrhilis of HiH, Bt 0 4 hili~ 0 Ehyis ST
BOEEICEL phb TR EVZI XD,
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Ecological Studies on the Pine Needle Gall Midge, Thecodiplosis
Jjaponensis UCHIDA et INOUYE (Diptera : Cecidomyiidae) (II)
Population changes and distribution patterns of the

populations at low density levels

Koichi Song®

Summary

The population dynamics of the pine needle gall midge, Thecodiplosis japonensis Ucnipa
et Inouve, was studied during the period from 1975 to 1982 in a young stand of Pinus
thunbergii Pari. at Kamigamo Experimental Forest Station of Kyoto University, Kyoto.
Distribution patterns were studied during the period from 1978 to 1979 in a young plantation
of P. thunbergii on Mt, Tanakami in Shiga Prefecture. Population census was carried out
for seven stages, i. e, emerging adults, ovarian eggs, deposited eggs, hatched larvae, larvae

in galls, dropped larvae, and larvae in the soil.

Population changes

The life tables were obtained for a total of seven generations (six at Kamigamo and
one at Tanakami). Survivorship curves for the six generations at Kamigamo and the one
generation at Tanakami were characterized by a low mortality of larvae in galls and two
high mortalities before gall formation and during the overwintering period in the soil.

Mortality factors in each developmental stage were identified. Mortality before gall
formation was 80~95%, and was caused by three major factors; mortality due to the failure
of females to realize their maximum fecundity, egg mortality, and mortality of hatched
larvae.

Mortality due to the failure to achieve maximum fecundity was estimated to be 40~77
9%, and might be explained by ovarian egg mortality, which was the difference between the
maximum reproductive potential and the realized fecundity of each female and also by the
loss of females due to predation and emigration from the stand. Vigorous females could
deposit almost all ovarian eggs under laboratory conditions. Realized fecundity of individual
females was affected by temporal weather conditions. The loss of females due to predation
and emigration was probably uncommon in the study site.

Egg mortality was very low (1,0~7.5%) in each generation. In the 1978~1979 genera-
tion, when the mortality rate was highest among the six generations, predation accounted
for 53% of egg mortality, infertility 34%, desiccation 10%, and physical destruction 3%.

Mortality of hatched larvae was calculated to be 60~75% for the six generations. Predation,
resinosis, and interference among larvae during gall formation were considered to be the
main biotic causes. But predation had littie effect on the survival of hatched larvae.
Resinosis killed only 1~7% of hatched larvae. The interference among larvae was observed

on needles with two or more egg clusters where there were time lags between successive
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ovipositions. The mortality due to the interference among larvae was density~dependent,
but was considered to be low in every generation. Therefore, the mortality due to abiotic
factors, such as dislodgement of hatched larvae from needles by rain drops, should be more
important than that due to biotic ones.

Mortality of larvae in galls was 1~20% for the six generations. Thirty-five to 90% of the
larval mortality was recorded at the early larval stage just after gall formation. The most
important mortality factor during this stage was resinosis. Other factors were disease and
desiccation. Competition among larvae for food and space in a gall did not cause the death

of larvae in the gall. The reduced size of larvae led to increased mortality of overwintering

larvae and pupae in the soil and decreased fecundity of females, However, although the
larval density varied, neither the frequency distribution in larval number in a gall nor the
mean number of larvae per gall differed significantly from generation to generation. Thus,
the competition was unlikely to be important in regulating the population. In the 1976~1977
generation, 3.3% of the third-stage larvae failed to leave the galls due to resinosis, desiccation,
and disease.

Mortality of larvae and pupae in the soil could not be assessed separately. The overall
mortality in the soil stage ranges from 84~86%. Three to 32%, averaging 11%, of dropped
larvae died from unknown causes before they settled in their overwintering sites. The
major mortality factor accounting for 30~40% mortality in this stage was parasitism by
hymenopterous insects. Percent parasitization ranged from 24~33% for the six generations.
Platygaster matsutama Yosua and Inostemma seoulis Ko were important endoparasitoids. The
removal of predatory carabids and spiders increased by only 10% the survival rate in the
soil stage. Other factors, such as failure to emerge, disease, and unfavourable conditions in
their overwintering sites, accounted for 30~57% of the mortality in this stage.

In the 1981—1982 generation, 62.4% of the third-stage larvae in galls dropped outside
the stand because all trees in the stand were bent by a heavy snow and about 2/3 of the
canopy covered the ground outside the stand.

In summary, the population density decreased sharply in three periods, i. e.,, the period
from emergence of adults to oviposition, that from hatch to gall formation, and that from
dropping of larvae to adult emergence. The declines in the number of individuals in these
three periods were probably caused by abiotic factors rather than biotic ones, such as
predation and competition. Thus, abiotic factors operating in these three periods were more
responsible for a low level of the population density of this species.

Key factor analysis showed that the mortality factor which was most responsible for
the annual population fluctuations was the failure to achieve maximum fecundity. This
means that the population trend was determined by the percentage of ovarian eggs actually
deposited in the field; realized fecundity.

Density-dependence of the mortalities was examined by plotting the individual k-values
against the logarithm of the population densities on which they acted. The regression
coefficient of the mortality before gall formation, k;, was positive and significantly different
from zero; k; was considered to be density-dependent. The other mortalities, except for
parasitism by P. matsutama, did not show any significant density relationships. Percent
parasitization by P. matsutama showed anti-clock wise changes. Hence, parasitism by P,
matsutama was considered to be delayed density-dependent. These results suggested that
the natural population of T. japonensis was regulated mainly by the mortality before gall
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formation, and that the regulatory process of this species might consist of many small
factors but not of a single one.

In conclusion, the population of 7. japonensis was usually maintained at a low level
mainly by abiotic factors which operated directly on the midge but not through changes in
host plant quality, and was well regulated by the combination of small factors. The limited
contribution of biotic factors to the population dynamics of this species may be due to (1)
mating, flight, and oviposition activities are easily affected by temporal weather conditions,
(2) the period vulnerable to the attack of natural enemies is very short, and (3) larvae are
gregarious in galls. Since this species inherently has a high reproductive potential, a drastic

increase in population density will be expected when abiotic factors do not operate severely.

Distribution patterns

The within-tree distributions of eggs and larvae in galls per shoot were analyzed by
n-m regression method proposed by Iwao(1968). The value of the slope was higher than
unity, and the distribution pattern of eggs per shoot was aggregative within trees. The
within-tree variations in the number of eggs per shoot were well correlated with those in
the number of available needles per shoot. So, the variations in the number of eggs per
shoot simply reflected the availability of needles for oviposition per shoot in different canopy
layers.

The value of g was higher in the larval than in the egg stage. This result indicated
the increase in the degree of aggregation from the egg to larval stage. This increase in
the aggregation could be attributed to the different mortality of hatched larvae among the
canopy layers, i. e, the lower the crown layer was, the higher the mortality was. However,
egg mortality did not have any impacts on the changes in the aggregation properties.

The between-tree distribution of eggs and larvae in galls were examined by comparing
the within-tree distribution with the overall distribution in the study plot. In both cases,
the values of 8 were higher in the overall distribution (8;) than in the within-tree distri-
bution (B8z). These results suggested the aggregative distribution of eggs and larvae in
galls between trees.

In the early period of needle extention, the availability of needles was variable among
trees, and females concentrated their oviposition to trees on which needle extention was
more progressed. But at the peak of adult emergence when all needles were available for
oviposition, the number of egg clusters per tree was correlated with the number of adult
females which emerged just under the trees, and the between-tree variations reflected the
local emergence patterns of adult females in the study plot.

The degree of aggregation increased from egg to larval stage in galls between trees,
too. Egg mortality was density—depéndent among trees, while mortality of hatched larvae
was inversely density-dependent. Egg mortality was much lower than larval mortality.
Therefore. the effects of egg mortality on the changes in distribution pattern were over-
compensated by those of larval mortality. And the between-tree variations in the mortality
of hatched larvae accounted mainly for the increase in the degree of aggregation from egg
to larval stage.

The distribution patterns in the soil habitat stages were examined by the patchness
index (;‘:/:E). The values of the patchness index were higher than unity and not so different
between successive stages in the soil habitat. There were significant positive correlations
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of individual trap catches between successive stages. These restlts indicated that this
species showed an aggregative distribution in the soil and that the distribution pattern did
not change during this stage because of their low mobility and density-independent mortality.
Adult females showed a heterogeneous emergence in the study plot. There was a correlation
of the local variations in emergence of adult females between 1978 and 1979.

In conclusion, the aggregative distribution stemming from the local variations in adult
emergence was maintained throughout the life cycle because of low dispersal of adults and
larvae in the soil as well as the mortality patterns before gall formation. This resulted in

the consistency in spatial patterns of adult emergence between successive generations.
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Apendeix-Table H iz Ei} 5 1978-1979 F R D HEHE
Life table for 7. japonensis 1978-1979 on Mt. Tanakami
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