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I F

KR TH - FVEVEY 7T Phyllonorycter
ringontella MATSUMURA & F VE VNET Y J
Lyonetia prunifolialla malinalla MATSUMURA
rhFhi v HE(Gracillariidae) & v+ 4
J#t (Lyonetiidae) BT 2Y) vIDERTH O,
MBI EERRO — 2 EOBILN TES A T8
LT3,

FVE VARV NI I90FC R R TERNIT A
FEE LM & 78 572 (16), 1I94SEICITFEREOE
BHHEO— TS AREL, FHBELR. L
(93)o FIDDRIEDFRD L DHD R FDHE
BIZENTRDORD D IR L - TR B 5,
RETRE/TY vAOEELERL L5 TED,
BIBRARAE Lo T3, 2oL 5 mEFEmns,
ARED FIF B R A MW I 5 5% < AR
b (15, 16, 69, 72, 73, 74, 75, 19, 80, 93),
Flo, ABOFEMKBCELTL %L DmAM
BoHRTWA (45,68, 71, 76, B) .

DI, F v E VR Y I OFA T e BRE
CRTAERMMRIIAES I HER, V7Y
v TR BAE B BgE (53, 92, M) R4 @R AT
(54, 89,90 ) iXfrbhtch’, B O @2
ZEAETORID 5 1, EVERI R Hels L
CERM ISR o & AR Ao Spst -~
ETYVATORABETH 12 &b, FbRlio
T, WA W B E N 0 B R R OV
KELFZET L I DDRABEBOMMT 72 & A BIE
ELT, 19755 1980 F- ¢ T 6 FRICH 1z
ST [RBIANE 7 ) RO R FEEORE T
THRRE ) A5 EBHOKPEAK 2D Rk Pk
ERHREO—RL LTERShL, ¥ VvEVE
VA DOWTRREFRESARS S EFROAD
ARG PEY L, RaRIEBIC L 5T BB
(22, 8, %) RINRME LS & T 5 Rl P
 HH & LIc RREBBORNT B Hifrb i,

C ORI DBAA S /o 195 T Tk, #

#

VEYNET Y T OREIBDTHIL, ERL
LTEBER I &R ote, OO0, K
BOMFRBEDBEEZ I LD, AT mE
RO THRHTH - 1o,
FUYEVRIHEFVEYANET)HTY v
EVHR—FELFIAL, FERO—BEBILN
THET 5 A THEUS AR LD S, BIHEIE
HEEAERF - TR L, BENMERET
HERL TN DTHDE, 2T, FHEROATR
B (LT, ERVATAELME ) TE, Fve
ViR HOEERBEREC T AR S BT LT,
WD B A FEEIRED £ Ry LI BRI % R
DL LREEA BRI A 1976 EITBIA L 12,
EZAY, FIEELLFEFYEVANES Y HOBE
bEAKECEL, L& 5> HEBECIRES
EWIE o, KRBT 198ECIIR TLM TR
BL, CREZBICREE HBBRE,NE LS
NALDC nt, ZOLHKFEED B, 45
BELC—HISTWELHEFL, wHIEEESY
MR LT b &0 D REETHBEDFERE L BT
BLEFTER ST, L L, Higo Hkst b
HIERE ST, B—TEEGEFELXIRE L Hge
123 TR Lic s < b D BERBEES M 4B
T 5 EMTES,
ARITIIBELRERD A ZRACBWTHbA
TERINLDONES Y HEICETIHED S b,
FEEOHRGTHONEREYE DD T
HbH, MREBOE, BB ETLEYE Y T
7V ADEFOMRIC KT A BERFEETIL, B
BEO N =, S@EE B, HSHMERS
ABRYS ) KD TN B, £ B
REEOBERBIUM D ¥ LD L, BERplRil
MR (8, HHROA TREKE) BN
TEIE R fofiunie, THHENMSEII 2 2o
GHZ SHNEREF PRI N, =0 LBk
HBEITIE LTI E ok, BHKEABHRR
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BATRED R AMBEE LI AR L TR
TBIE & THE AR LT KR 5T, Dr, D, STEVEN

(Entomology Division, DSIR, New Zealand)

FRE L HEORLRY TR LTS 51, &
B, AR ERFMAT R ARO Tt
HEMET ERTE, RLTRHOBEELIL,

I. £FREEmMENH

COFETIE, WEOEERERESY i - BET
5 L CEEAE R LA RO OV TR
L, ARESIE, FVYEVRYHRDWTIEEEL
TIHHA SO LY, FVEVYANET VHLCDN
TiEE & LT SErITA & YaMADA(BH) I K »
1o

. &EFLOME

(1 FvEV/RIA

*VEVERYHIIKRERIFHS L THEENTRET
%, BHRETIZ 1 Abar 5 TaRKRREE S
T LTwWA, LhL, KRIREBEOREE R, ERIC
F-oT4 A ERZAETHHIN TS, FHO
FatRET 4EmTH D, FHEROBLLOHR
PR, MR (FEAHER) NAATE, B
11 6 A T A, #2iRA7H T, 3t
A8 ATHTHD, HBUIZREHS 7 < FEDD
5, EEIVBIIBAHAD 001, COBROM
R TIXS0IFRIETH D, % 1 ET OEDORMEIC
FELDIFD, SALLRIIIN & EOEMED HED
BRI BA TS, GRDFIE LR TIIHE
FHEAERRCKELEVWRADRS, Tibb,
ORI ELENRTET, fiREo n&ELFF
b, HARFELHH L, FEOBRKAKRD OB
LIt BB AR T 5, BEOGHRITHER
23, woRT, K, BEHEA R, ShRBIORET
BoR LI H O£ A PR DI L, HbRAE
BABAT D (33, HENIGEVH LRFDOLR
RIS, BYONBRYEHSHREFALY,
BEABROEVU I LENRTRAREAGH, £l
BRGR LA TS, KEEDEEBHEAE KLU
WFRIEBIC B 5 R FBERBEIIBALORAR
ThbbEAEAOEN L - THRI LI, £O
fosd, BBEDOEHZERA LTI,

2 FvevnesUH
FVEVNES ) HIEELANCRZRT 5, BT
M <L, HERLTHBET S, BEEE
Y v TRBUOER, BYORKELETHL, &
KBOMER RO IPHEITRFEET, HPIIIENIAT
LT 5, 3AREG T TRENARELRELS
o TWBh, KB Vv IRICRET 50T 4
ATanb5 A EHTHL, FMR LKA
T REE L VB S ENT 5, IR 1ET
EWEOHAN LERNCELAEN D, SMEE
HO 1 IEHC L ABIITRIR T, 20 HREIR
DAL T D, ShRIT 3ETHRAL, B
LI T 5, B RIIHR L - TFEL, 4
DELE - TEOCERIC/ NV E v 7IROBEE T
L, W3 %,
HFEHERTCHFERL S~ 6@EET S, EEARLR
RWROPRIB DR TR DL, bbb, B
HRORRIGEEPARYEL, HHEL L&A
IR £ A s, ThiTst L, st
RO PR ITHERE & DRFEALL, HERUROEMITIT
FERAA D TR LTV %, A E O AT
~DORKITIOAM BIAE S, KR LD E&T
edml, UHARCIIZ &AL DHEEIZRE
744, SEKITA & YAMADA (55) X EHAX
OB A ER (summer form), #MAMLORK
HA %8 (winter form)&®W#HRL7, LaL,
HARUKAWA & YAGI(IDZREDEENES
U # Lyonetia clerkella L, T #H & KM
(autumn form) &FEFRL, HUE(42)h T hic
HoTWBh, £TITC, REAAYBTLDCEREY
FRA & 0fR L7,

DB R THA LN A FHA & RERC (70), Ff&
DEREHAMORERL S BRABEG LTS L%
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Fig, 1. Seasonal moth occurrence in L. p, malinella with regard to the accumulated

temperatures above 10°C and to natural photoperiod,
on the curve represent calendar months,

Solid cirlces with number
Vertical lines with A stand for the

approximate time when moth emergence peaked in each generation, A circle
with A in it indicates that the moths were of the autumn form,

Z2bhb, Fig.1 &, SEKITA & YAMADA(55)
WLBI9T6F L 19TTF BT HRAERBRT ©
DRIMFCHONEREZLC LT, R
BOFFE & PCRBE R 2 HRBE L 72 o b
Lle 22T, ABORE X a g AWHDTI0
CERE L, HRFEBER B WATANABE (85)DF
RIC & » TR, BERBUIERIC L - T—E
P, 19764 s ERAE L, 19774RI I35 5 1
RERO—HHFEI LI 6 R AR T TET,
19784F I 6 AR A R L7,

FEEDFEBBICBRL, B bIMLE TR
HRFRILL B A R4 TTRB LS AT B
L7180, 12050 D URFEO M T TRA LIS
DITKB & Te -1, BRI T 2 RERBIR
MTHoh, 2REZRETLHERB RIT 1282
LURRIORIC #5 LHEES LA, KB LS
M E O, ERETIIBRENA BT S

9 HRALIRE T, BR B EMIZET 45,
DL D IRTREMHOHNED D, HHRECE TS
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DU T > TOREOBETHEL o
WU B13 5 R E MK A i T 5 ol R
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BEHER DA CHBIERE

Yy Uvbh—, VY, wf23ThY v, T

Ao, AVYARBFLRTWAS(32),
HROACRBUTIRETRERSI ALY V

TIBLUADF LMY % Table 1 iR L1z, ThE

TREHINTWIWE (genus) M BFF A< K
EU AT REE IR,

215 (1991)

SHLFEEIETICONT, HEOFEEDD
DA MIgEMT A ETHEINS, Ll I
TREHINIBO®EEANL AT, FVEVFY
HEOSFVEVYANET ) HOFTHEIE &
Ez2bh5,

Table 1. Host plants of L, p. malinella, excluding Malus trees, Specimens were

reared from mined

leaves collected from the field,

Plant species Years

No, of specimens Time of moth

Female Male emergence

Sorbus commixta(FF H=< ) 1978 0 1 Early June
1984 6 9 Mid June

Chaenomeles japonica(Z ¥ H7) 1978 2 2 Early June
1979 1 1 Mid June
1984 8 4 Mid June
Prunus yedoensis (Y A1 2> /) 1984 7 2 Mid June
Prunus domestica (77 &) 1984 3 2 Mid June
Prunus mume microcarpa(2 7 #) 1984 2 5 Mid June

i)y FHADEINEAL & L TFE

F v E VA Y A ERURRCRE A TRETH
DEELEBARE, Tho0BELEERTS
(22,88, 95), L L, AMEDREINRKITIERHY
BADTHH, HOECHEIRETHA (Fig,
2A), EOI®, E—0OECHEBOMANEDD
T5ZEBF TR,

CHIZHL, ¥VEVATT U HOEINEIRT
P S D THD, BMAHARHEIERTLE
FILFENLESTROLLVDT, £ TOELED
MHEET B, UL, B 1IHERUEORDIIEE
ROFNELLITCEINT 5108, TOEIPEAIT
Feumn b 5, 6 MRE OB £ LT 5 (Fig,
2B,C), Fig. 2B&ClIENThHEEHHEE
PR REXELE L ICHHRCE ¥ v v
EJ ) HOH 4R () &£ R LIFTO A (R
) R LTwb, REHM (B) O &R
DBALRIEWDIE, ZOMROEIETRICH L

WERE LD THD, 3, ZhHDXKTIE,

84 RS T R B O RO BEINEN 1 —H TE
HWLTWA, Lirl, ZThIEFHOFEEKLS
R o DTH Y, B4 DFHETIEERIC
THELTE D, HEOMALE—DOELFINTS
Z Eikisvs, Fig, 2 BbEEHETEAIOR, R
BEMTHE, RS RO EINEMD BTN
REFTTVCBRESENFETHDT, MENEPRL
TWHHMEFHOERL LR AL ERE 5T
ThHOMREHETHZ LLARETH A,

FVEVRY A TIEEORE S T REBREDE
WX BAEFROE ATV (B), ¥V
EVANET YA TELOLWELFECECL 58
WHABETHSH, Thebb, EIRHCIIENED
DI EIRRRERSBET b, TOHRICHE{LH,
ELu&, IBIU 1BYROEFRIMET TS
(Fig. 3).
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LEAF POSITION

Fig, 2. Number of mines in relation to leaf position within shoot, showing that P

ringonitella is able to lay eggs of various ages while L, p, malinella oviposites
only on succulent young leaves, Thirty shoots were examined and the leaf position
is numbered from the shoot tip towards the base, The histogram shows the
number of mines(=larvae) per leaf, and the line the number of leaves vs, leaf
A is P, ringoniela; B and C are L. p, malinella on shoots with vegetative

Open histogram in B and C are for

position,
growth either continuing (B) or stopped (C),
the current generation and solid ones for the previous generations, Since the
number of mines were averaged with regard to their leaf positions, open and
closed histograms in B and C overlapped, On a single shoot, however, only a

single generation attacked any one leaf,

D) 40 ERB D5
BCHMTE IO, FVvEVAETYAOM
FREBREORATIE, ERNShI 2 TOELYHR
CENBALHZLTRE, HADHRIENLLHB
®ic, ThoDERRAL > THEAEL, 4&
BIERD DD F— 2 5B, ZOF—2h LG
fo 3N O EINROE S M 2WT 0RO YR
7V VA HRO 0 EDO G AO TIES AT
TOHLBEHETR Lo, Rk Table 2iTigid 7,

BIE LI- RO 5 b, HENCEEREND
BD DR, 0HEOTRLET Y VAT
2ERTH-TORKL, 0HOYRI AN IH
SITIE WA TH -1, ZhH8HRD5H 3
RO #UE 0 HO YR e D IAS ML L - T
Pt otindbkEn i,

Table 2 BT - AD "IHB MDA T A — & k
DHP(COFHED M2 REST H Z &7 LIT
SAETEDOEES YD, Ca= 0 CTHMD A, —1
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Fig, 3. Comparison of survivorship curves
of L, p, malinella between the cohorts
in soft leaves and in leaves which hardened
after female moths had oviposited.

Eiegg, L ,~L,;1st to 3rd inster larvae,
Esmature larvae which left the mine to
pupate, P;pupa, and A ;adult,

{CAL O THE5 M, CAD>OTHEDZ AT D (2D,
FVEVAETVHTIEBEARD 5 B 19487 Ca
0.5 (k<2)THh-Toe —F, WABLGD LS
FYEVRY AOERCE DT, HBO KDE
RDIEZH, HRC LS TRE -, E
AL EVHETH Ca=0.22(k=4.5) Th-
foo WA SHNG & LAEEEEA (2 (10) Tk
RHABEGR LIS HEPEITIZEALR L E
Ris® 554, Lich-T, Y oMOEFED
FYEVRYHIDEFVEVY TS Y HOEN
BWERRYL, ¥FvEvaTs ) HEEHME

TSmO F IS EEIN T S D L,

FYEVRYHIREA LR TOELERDO SR
ET B, Table2 iZF v E v E7 Y HHEIE
REDLEVECRELTF - 2B Lo &iIT
BN, LLLETOELRRETE XD s
BThbh T uE, ¥VvEVYANTT YN EFVE
VIRV HEDETOSMOEPREDH &I I LI
WL Ttsd,

FVEVNET YADIL, FEFOZIRICEH -
THEAE D HRFICIT 0L E A3 i3 EmfRc —FIic
WA TEADTLNRDZ LD, CTERE

¥,

o



Bl FvEvhRyHEFVyE vy nes ) HOEETEERE

FEOEIC L - TEREMCE BRI ELT
<< H—EERLBb0EBbh b, #R ARG
BEORC B L i Bt L, e BEOR T A 8
HhHERKLINS,

ftk, Fig. 2k, ¥V EVANESUHREDNT
FEIIDRRD DN, F Y EVRYARDL
TIHEBECREL LFRRIESVTWE, ZOF
— Z X DFMEML DT & A b\ & SE R

D (/7= 1+CA) i, FVE V4V AT 11
(=87/7.9:Ca=0.DDICHL, £VEVNESY
HCEREBRHHD1.5(=12.378.29 ; Ca= 0.5),
RBEEFIEFHNL1L2(=95/7.9; Ca=0.2) Th
=T, Fio, EEMBEH YNSRI Ve Y
T VHOMEIL6.6 (=6.6-1.0: CA=5.6) Th-
1o TOOXICIMBERIC L AEREETYE, v
EVNETYUADRF VEVEAY HLOLED - T

Table 2. Fitting the frequency distributions of eggs per leaf of L, p., malinella

to the zero - truncated

Poisson and negative binomial distributions,

0-truncated Poisson

v Gl) Observed
ear

0-truncated nagative binomial

- 2 mZ) 12 3) D, F,4) Pr 5) kﬁ) D L D, F. Pr
19717 1 1.31 0.40 0.36 6.69 1 .38 0.26 0.70 1 0.25¢(Pr<0.50
2 1.7 0.8 1.20 0.87 2 0.50¢Pr{0.75 68.30 0.02 0.53 1 0.25¢Pr<0.50
3 4.05 9.22 3.31 30.87 4 1.64 2.02 58 4 0.10¢{Pr<0.25
4 3.9 11.82 3.11 248.17 6 1.10 2.83 11.59 12 0.50¢Pr<0.75
5 6.64 31.97 6.08 - 1 .39 4.37 18.82 21 0.50<{Pr<0.75
6 3.06 5.87 2.24 13.55 3 1.28 1.74 .04 3 0.75¢(Pr<0.90
1978 1 1.39 0.59 0.29 — 1 0.56 0.52 504 3 0.10{Pr<0.25
2 1.93 1.18 1.48 21.46 4 22.97 0.06 15.78 3
3 4.66 15.13 4.01 — 8 .38 2.90 2.09 16 0.05¢Pr<0.10
4 11.95 258.75 9.32 - 16 0.40 23.28 87.73 4
5 827 91.02 6.42 - 20 0.54 11.86 23.07 19 0.10<{Pr<0.25
6 8.77 114.88 7.5 — 14 0.56 13.37 155.45 39
1979 1 1.68 1.67 0.01 — 0 0.01 1.66 1.69 2 0.25¢(Pr<0.50
2 1.99 1.53 1.48 29.54 3 5.43 0.27 21.87 2
3 2.93 7.25 1.92 39.62 3 0.78 2.48 11.02 6 0.05¢Pr<0.10
4 3.56 11.62 2.52 45.77 4 0.76 3.30 9.09 6 0.10{Pr<0.25
5 3.32 9.52 2.15 18.49 5 0.71 3.03 12.07 9 0.10{Pr<0.%
1980 1 1.39 0.47 0.61  0.47 1 0.%<{Pr<0.50 5.18 0.12 0.28 1 0.50¢{Pr<0.75
2 1.93 2.11 1.04 1574 2 1.07 0.98 28.79 3
3 2.7 2.75 2.43  7.74 4 0.06<{Pr<0.10 804 0.30 7.7 4 0.05¢Pr<0.10
4 3.33 12.04 1.76 30.09 2 0.42 4.18 9.59 5 0.05(Pr<0.10
5 3.58 9.59 2.73 — 7 1.08 2.52 36.79 12
1981 1 1.37 0.30 0.91 9.59 2 0 (log series)
2 1.7 1.19 1.01 36.07 3 2.38 0.43 87 4 0.05¢Pr0.10
3 6.62 39.17 5.84 — 12 1.03 5.69 58.07 25

1) Generation,

2) Estimated mean for the 0-truncated Poisson distribution.

3) Values greater than 1,000 were shown by *“ —

4) Degrees of freedom.

”»

5) Probability less than 0.05 was omitted.
6) and 7) Estimated parameters for the negative binomial distribution in

(p—q)*, where p=1+ q.
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V) ERNTOMEGERERS

R LR A ELEEROF A LD C NS
% NICHOLSON (44) {2 2 DOMANT sy iF e, — f7
13 n &M (contest competition) T, 5
B - Tob DR HAEBCLERLRRRZ 7
B ENTE D, fFHGIAENE (scramble
competition) T, FFEMGKHTHRICER
SEINDHDT, BFEHEEZ LG S AEEE D
% 1ed LHEINNVE LD, DTTR, WECk
1 5RO E AR % NicHoLSoN (44) @ S
R L, MR ALE D 2R A D,

*FVEVRY AHOHRIIFIOE~DBEIZ LD
Hh, ERLH5MDOZ EMNTEN, TDD,
Y O EFRENEINT 5 L BHOBKIITH LR
WA R B O BILD AT A a0 N L,
AV LDECEIHEMT S (54), Fig, 4 T
RIZ BT B0 5 L B0 aa ORI % Bl
Lice UV ITOREIS LTHD, MOEMITE
BWC L > T LB S, BRI AHAR
R dE CARF LIcldk%dm L, HEailflBEN
SO H B AhR oS BRI B HIC L L
LT, BAEMSORy AERBRG BT S HEAL

Fig. 4. Typical examples of mines of P. ringoniella. Unshaded
plus dotted areas show initial mines created by sap-
feeding larvae and dotted areas indicate mines deeply

fed on by tissue - feeding
indicates undamaged leaf,

larvae, while solid areas
Open circles indicate larvae

which died during the sap-feeding stage, and solid
circles larvae which survived the sap-feeding stage
to reach the tissue-feeding stage,

BRLT5b, COLDBSBAREICE ST,
0 BB AR ALY D AR (ER
I 1L L EEOSRI L > TELRSDT,
COKAEL 1 HORAA B OMTHEARD B BT D
I EREWT ) RURESEILY D EFEERDR
R% 3 KL TFig, Bt Lic, ERMEGFENE <
155 EaRAEFLE O OEEECT b HEEFLO HAR

R T oTee L L, BABILAD A AL
B AO BRI hrb D i < L RIBTH D,
P EVBOBF L BT C LHTE B,
24 0 RIS T 5 A TBILIOBIR & Fig,
6 1R L, T ZEES (L)ICHIET B
B ERM ) HROBRO T~ £ DU Thb
LEEL, BREOBEM =K (1—e¢2h) 1)
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Fig, 5. Three -dimensional graph showing larval interaction within

a leaf for P, ringoniella,

The number of larvae per mine tended

to increase with the number of larvae per leaf, but the number

of survivors per mine was almost unity, i,

number of larvae per mine,

e., independent of the
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Fig, 6. The number of mines in relation to the number of

larvae in a leaf for P, ringoneiella,

The regression line

was obtained for the solid circles assuming that these

represent the maximum number of mines

that can be

achieved by the respective number of larvae,
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Fig, 7. Mortalities of L, p. malinelle in relation
the densities per unit area of mine(erd),

Mortality is expressed as k (VARLEY & GRrADW

to

ELL

1963), ke_2 is the total mortality during the

egg and first instar stage, k2_3, k3_p and k

the mortalities at the second instar, third ins

p-a
tar

and pupal stages. respectively. A point indicated

by an arrow was excluded from the regression k
since its value of k was infinite,

2-3,
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Fig. 8a. The relationship between the length of the forewing and head width
in the female of L, p, malinella for each generation, Number indicate the
particular generation, All moths arising from the first to fourth generation,
1to 4, had the summer forms. 5S, 5A and 5A’ were moths of the summer,
autumn and intermediate forms, respectively, arising from the fifth.
generation, while5P were those moths that survived hibernation,
Nine-tenths of the populations of the first and fourth generations should
lie within the ellipses drawn around the points 1 and 4, respectively,
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Fig, 8b, The relationship between the length of the forewing and head width in

the male of L, p, malinella for each generation,

For explanation, see Fig, 8a,
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Table 3. Development time of L. p.
malinella teared at constant
temperatures,

Temperature Developmental period (days)

C)H Egg to pupa pupa
17 10—14 10—13
20 9— 14 8—13
23 8—10 5—11
26 7— 9 5— 8
30 7 7— 8
room 7 7— 8
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Fig. 9. The relationship between the length
of the forewing and head width in moths

of L. p. malinella laboratory reared at
various temperatures, Open circles are

for females and solid ones for males,

Numbers. give the rearing temperatures

in °C, while R indicates room temperature,
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Table 4 .12 19514F 1 5 1980 F-D [ REFHT &
T, FVEVYANET Y HAOEMRIAIEST S &
AR XN DEHOEERR YR L, 81 1HHh

Table 4. Daily mean temperatues during
the development of each generation
of L. p. malinella, calculated from
temperatures observed from 1951 to
1980 at Aomori Apple Exp, S tn.

Genera- Period assumed for Daily
) . mean
tron each generation c)
1 Late Apr, to early Jun, 11
2 Early Jun, to early Jul, 19
3 Jul, 22
4 Late Jul to mid Aug. L
Ty Late Aug. to mid Sep, 21

Late Sep, to early Oct, 15
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BUE T 5,
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@ U EARD LS LTV 200k
BHTH D,

Table 3 i B\ T, Iih Mk & TR
T 5H0h H UL OB OEIE 500 H 0% R
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WIS ELFIE L, EAELT D LETX
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DB A FE— e 2 & (B IO T 5 &
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FOREWING L.

Fig. 10. The number of eggs laid in relation to forewing length in L, p. malinella
collected after hibernation, Solid and open circles refer to different dates

when females were collected from the field,

Numbers attached to the circles

denote longevity of the moth in days after collection_ Since no difference

were found statistically between the dates of moth collections,

regression

equation was obtained from pooled data; y=—166.72 + 2.550 x,
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Fig, 11. The number of eggs laid in relation to forewing length for the
first (open circle) and second (solid circle) generation of L. P.
malinella. No difference were found statistically hetween the two

generations
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Fig. 12, A map showing the study site and surounding environment,
Tree size at the site is shown on a relative scale by a circle and

a shaded sector in it as explained in the upper right corner of
the figure, The numbered trees were surveyed to estimate
population abundance,
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Table 5. For later generations of L. p. malinella during 1981 - 82, egg densities were
estimated from samples of the shoots on the survey trees; for other generations
all the shoots were examined, This shows the sample sizes used.

Number of shoots
Year Generation - -
Oviposited E xamined
1981 4th 346 308
5th 366 55
1982 5th 603 499
6th 330 59
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Fig, 13. A comparison of two methods to express the population size of P, ringoniella in

B RERROAEET IR T A EBT

each of the first to fourth generation(1 to 4), In order to compare the abundance
of P, ringoniella with L, p. malinella, the population size of the former was expressed
for 3,800 shoots, which approximated the mean size of the study trees throughout the
current study, Solid circles give the population size calculated using overall average
values for the relative proportions of the shoots in each of the three categories of
long, medium and short shoots, i, e,,

N =1, 100(n /1)+300(n /m)+2 400(n /s),

Open cicles relate to results calculated using the actual numbers of shoots in each
category in each year, i.e.,

Nc= {3,800 (L+M+S)} (nlL/l+r1mM/m+ nSS/S),

In these equations, L, Mand S are the total numbers of long, medium and short
shoots on the study trees; |, m and s are the number of shoots in each category
sampled ; and n;, n_ and n_ are the relevant numbers of tissue - feeding larvae.
No difference Were found between the two expression, Consequently, the second
method of expression was employed in this study.
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L FAEEEII Table 6 R L1z, REHEAE
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Table 6 Variation among sample trees with respect to seasomal growth patterns .

Years
Growth pattern
1976 1977 1978 - 1982
Trees without summer growth 1 16 3
Trees with summer growth 2 3 6

EFhEho/ 2 — vic]g Lo R Bid % 19784
LARE D S B B R4 5 1976 4E & 1977 AFE D Bi b

T AR EML e CROEERAY FhFh

n & n,, RO Y T h P, &pz &L,

BOHX Table TORO)TH T £2C, £H N=n p +n/p, )
Table 7 Ratios comparing the total shoot numbers on sample trees during 1976 and 1977 to
the mean shoot number from 1978 to 182, for trees either with or without summer
growthl)
Year
1976 1977 1978—1982
Summer growth—absent 0.333 7.962 1.0
—present 0.444 0. 552 1.0

1) Since the number of trees sampled in 1976 and 1977 were different from those in the

other years, the numbers of L, p. meltnella for these two years were converted to

the basis of 1978 — 1982 by:

N:q/pl+n/p2

Where n and n are the numbers of L, p, malinella on sample trees with

summer

growth absent and present respecitvely, and p and p are ratios shown in the table,
1 2
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Table 8a. Principal component analysis based on the correlation coefficients of log lx

between 27 generations of P, ringonztella, where lx is the number of survivors

at stage x,

Generation Year Component
Ist 2nd 3rd 4th
Ist 1976 199 —. 053 —. 118 —. 136
1977 . 195 —. 163 —. 052 —. 147
1978 199 —. 059 —. 127 — 132
1979 .197 —. 052 . 287 ~. 050
1980 .196 —. 141 .175 —. 089
1981 .183 —. 34 .012 —. 076
1982 .181 —. 339 . 056 —. 074
2nd 1976 .191 .222 —. 071 —. 056
1977 .181 .31 —.291 — 173
1978 .200 . 002 —. 022 —. 006
1979 197 .113 —. 110 —. 031
1980 .18 —. 105 —. 110 —. 105
1981 .19 —. 142 —. 071 —. 082
1982 .194 . 166 —. 205 —. 045
3rd 1976 173 .37 . 160 —. 295
1978 190 . 082 . 569 —. 028
1979 .195 . 155 . 151 .47
1980 .189 .24 . 392 . 146
1981 .19 —. 153 .03 .019
1982 .186 .278 . 116 . 380
4th 1976 .198 . 100 —. 119 . 180
1977 .199 —. 062 —. 052 — 119
1978 197 —. 130 —.093 —. 063
1979 . 186 . 257 —. 317 . 208
1980 .195 —. 071 —. 125 . 616
1981 .189 —. 254 . 038 092
1982 1A —. 162 —. 080 . 362
Eigen values 25.05 1.55 .21 .09
Efficiency (%)) 92.62 5.72 .99 .33

1) The efficiency shows the proportion of the total variation accounted for by

individual components,
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Table 8b, Principal component analysis based

between 35 generations of L. p. malinella,

215 (1991)

on the correlation coefficients of loglX

Component

Generation Year
lst 2nd 3rd 4th
Ist 1976 . 169 —. 183 —. 048 . 239
1977 . 170 —. 163 . 108 . 222
1978 . 166 . 046 —, 493 , 145
1979 . 161 . 164 — . 560 . 072
1980 . 169 —.124 —. 165 . 293
1981 .1n —. 063 —.216 . 087
1982 . 170 —. 012 — . 2718 . 019
2nd 1976 . 169 —.192 —. 068 . 533
1977 . 170 —. 096 —. 059 . 419
1978 . 170 —. 156 . 030 . 142
1979 L 170 —. 168 . 066 . 099
1980 172 — . 057 . 045 . 104
1981 . 170 — . 145 . 108 . 211
1982 172 -, 042 . 001 . 057
3rd 1976 . 168 . 222 . 066 . 001
1977 . 170 . 164 —. 110 . 131
1978 171 —. 112 . 067 . 102
1979 . 172 . 054 . 098 . 017
1980 . 166 . 267 . 107 . 090
1981 .16 . 301 . 090 . 067
1982 . 171 . 139 . 095 . 027
4th 1976 . 170 . 139 —. 110 L 132
1977 172 —.018 . 043 . 027
1978 . 170 — . 136 . 139 . 138
1979 .1n ~110 . 108 . 030
1980 . 168 . 202 . 145 . 107
1981 . 163 . 473 . 119 . 059
1982 . 165 . 280 . 147 . 022
5th 1976 .17 —. 091 —. 111 . 291
1977 171 —. 109 . 097 112
1978 . 170 —. 170 . 132 . 006
1979 . 172 —. 093 — . 003 . 096
1980 LTl -, 103 . 133 . 136
1981 .17 — . 083 . 152 . 077
1982 . 170 —. 160 . 101 . 030
Eigen values 33.62 Y .30 . 09
Efficiency (%) 95.95 2.68 . 8 .24
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Fig. 16 Survivorship curves classified into four groups éccording
to the signs (+ or —) of the second and third components in a
principal component analysis (cf., Tables 9a and b). The number
of eggs and adults were set at 100 and 10, respectively.
Numbers on the graph stand for the quadrants formed by the
second and third component axes, i.e., the signs of the second
and third components are++in 1, -+in 2, - - in 3 and + - in
4. PR, P. ringoniella;and LP, L.p. malinella. Developmental
stages: upper, P. ringoniella - and lower, L. p.malinella.
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Table 9.The distribution of the surviorship curves for each generation among the four
quadrants, 1 to4 (see Fig 15), formed by the 2nd and 3rd component axes. This shows

that the curves of each generation rarely share the two quadrants with opposite
signs of the two axes (i.e., Ist and 3rd, and 2nd and 4 th quadrants), indicating
that the curves follow a basic pattern according to the generations.

. . Quadrant
Species Generation Total
1st 2nd 3rd 4th

1 0 4 3 0 7

2 0 0 2 5 7

P. ringoneella 3 5 1 0 0 6

4 0 1 4 2 7

Total 5 6 9 7 27

1 0 1 4 2 7

2 0 5 2 0 7

L. p. malinella 3 5 l 0 1 7

4 4 2 0 1 7

5 0 5 2 0 7

Total 9 14 8 4 35
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Table 10a, Mean life tables from 1976-1982 (inclusive) for each generation of P. ringonielle,

Generation

Stage Mortality Factor Ist 2nb 3rd 4th
1y ax ly 4x Iy Ox 1y dx
Egg 100.00 100. 00 100. 00 100. 00
Leaf fall .00 .00 4.78 10.51
H testaceipes 77.37 51. 00 32.92 65.77
Total 71.31 51. 00 36. 137 69. 36
Sap Feeder 22.63 49.00 63.87 30.64
Cannibalism .38 1.79 3.30 14. 43
Eulophidae .06 .67 .63 .13
Internal parasitism .00 .00 .00 .06
Delayed development .00 .66 .00 .66
Unknown .02 3.51 6. 52 9. 44
Total .46 6.63 10. 45 21.77
Tissue (1) 22.53 45.91 57.20 22.85
Cannibalism .26 .00 .00 .36
Eulophidae 24.90 36. 30 15.72 14.63
Apanteles. sp. .13 24 28 .06
Ichneumonidae .00 A1 .00 1.60
Internal parasitism .1 .00 .31 .34
Disease .51 .00 .00 .00
Deformation 21 10 .00 .00
Delayed development 1.41 1 .18 .26
Reduviidae .00 .00 .00 .00
Unidentified predation 14 .b3 12 .01
Leaf roller .00 .50 .00 .03
Mine broken .00 .00 .00 .00
Unknown 2.97 10.09 9.83 34.53
Total 31.38 47.98 2. 44 51.82
Tissue (2) 15.46 23.88 42.07 11.01
Hunting wasp 13.76 4.50 26. 58 .80
Failure to pupate .00 .19 .00 1.00
Total 13.76 4.69 26. 58 1.80
Pupa 13.33 22.76 30.89 10.81
Eulophidae Y .00 .00 .54
Ichneumodidae .00 .00 .00 2.66
Eclosion failure .00 .00 .00 .00
Unknown .43 4.76 7.33 4.40
Total 1.00 4.76 7.33 7.60
Adult in mine 13.20 21. 68 .63 9.99
Failure to emerge .44 .59 .10 .00
Unknown .00 .00 .00 .00
Total .44 .59 .10 002
Adult 13. 14 21.55 28. 60 9.99
Sex ratio® 1:1 1:1 1:1 1:1
Female 6.57 10.78 14.30 5.00
Egg/females) 50 50 50 30
Expected no, eggs 328.47 538.81 715.03 149. 86

1) As the egg stage was divided into two phases (pre-and post-leaf-drop) for
convenience’ s sake, the total at this stage is not additive, but is the product
of survival ratios for two phases (e.g., 36.13= (100 —4.78) (100 —32.92) / 100) .

2) Not observed value. To maintain population balance from year, mortality during

hibernation was estimated as 99.89%.

3) Assumed values.
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Table 10b. Mean life tables from 1976 to 1982 (inclusive) for each generation of L. p. malinella.

Generation

Stage Mortality Factor Ist 2nd 3rd 4th 5th 6th
1x ax lx ax 1 x ax Ix ax 1 x gx 1x g x
Egg 100.00 100.00 100. 00 100. 00 100.0 100.00
Delayed hatch .19 .06 .00 .00 1.31 .00
Unknown 2.74 514 8. 47 11.49 6. 33 4.90
Total 2.93 5.20 8. 47 11.49 7.64 4.9
1st instar 97. 07 94.80 91.53 88.51 92.36 95.10
Pholetesor sp. 1.91 7.79 39.81 46.14 7.03 3.30
Delayed development .01 71 .00 .01 .01 .00
Unknown 1.07 .81 4.56 2.49 3.14 7.73
Total 2.99 9.31 44.37 48.64 10.18 11.03
2nd instar 94.17 85.97 50.92 45. 46 82.96 84.61
Eulophidae 11.90 1.86 .63 .53 .70 3.60
Premature exit 1.43 09 3l A0 .46 .00
Unknown 6.34 1.76 2.04 3.00 4.47 8.43
Total 19.67 3.71 2.98 3.93 5.63 12.03
3rd instar 75. 64 82.78 49.40 43. 67 78.29 74.43
Eulophidae 19.91 6.37 5.53 5.09 3.91 11.57
Syrphidae 33 .09 .06 .01 217 .03
Unknown 9.74 6. 66 5.27 5.26 5.23 4.93
Total 29.98 13.12 10.86 10. 36 9.41 16.53
Exit 52.97 71.92 44.04 39.15 70.92 62.13
Failure to establish 58. 36 66. 06 55.24 71.33 70. 47 70.60
Failure to cocoon 3.67 1.37 1.81 .90 .21 1.59
Ant predation b3 .00 .00 .00 .00 .00
Total 62.56 67.43 57.05 72.23 70.68 72.55
Pupa 19.83 23.43 18.91 10.87 20.79 17.05
Predation 5.99 3.21 1.33 .08 1.79 11.05
Failure to emerge .73 .43 .36 .21 .89 .15
Unknown 8. 66 20.96 12.69 14.33 17.89 19.65
Total 15.38 24.60 14.38 14.62 20.57 30.85
Adult 16.78 17.66 16.19 9.28 16.52 11.79
Sex ratioV 1:1 101 1:1 1:1 1:1 1:1
Female 8.39 8.83 8.10 4.64 8.26 5.90
Eggs~ female? 50 50 50 50 205002 20
Expected no. eggs 419.52 441.57 404. 84 232.05 165.20 117.93
(413.00)

Assumed values.

Results in parentheses for the year in which six generations occurred.
Mortality rate during hibernation by which the population balances from year
to year was estimated as 99.67 or 99.84 % of five— or six-generations per year,

respectively.

TS KT
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Fig. 17. Examples of relative frequency distribution both of the
mines per leaf (A), and of the proportion of total area that was
mined (B), for P. ringoniella. Data for A were obtained from a
commercial orchard near the Aomori Apple Experiment Station
in 1976. Curves in B were obtained by incorporating the equation
(13) into A. Curves a and b are for the third and fourth generation,
respectively. The solid lines are observd distributions, and the
dotted ones theoretical distributions calculated from the negative
binomial. The numerals indicate the means for the relevant

generations,
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Fig.18 The number of eggs per leaf in relation to the number of growing shoots

on which a single female was possible to oviposit (= no. growing shoots / no.
females which emerged) for each generation of L. p. malinella. Both axes

use log scale. Numbers on the lines indicate the different generations. The
number of adults after hibernation was estimated from the number of eggs
laid by assuming that each female produced 20 eggs. A to E indicates the

years from 1977 to 1981.
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Fig.20a. A comparison of the relative importance of the survival rates at
different stages (S . upon the overall survival rate (SJ) and relative
importance of the overall survival (SJ) and reproductive (R,) rates upon
the population trend index(I.)) for each generation (j) of P. ringoniella.
In G4, however, I, R and S were calculated as the relation between egg
and pupae. F is the proportion of eggs which were shed with falling
leaves; k=1(=E), 2(=S51), 3(=Tl). 4(=T2). 5(=P) and 6 (= A-M) stand
for the eggs, sap-feeding, tissue (1), tissue (2) + prepupal, pupal and
adult -in-mine stages, respectively. The ordinate uses a log scale. The
values of T and R in the fourth generation have been increased by 2
log units for the sake of drawing the figure. Figures 6, 9 and 2 in each
generaton mean 1976, 1979 and 1982, respectively.
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Fig.20b. A comparison of the relative importance of the survival rates at different stages
) upon the overall survival rate (S.); and relative importance of the overall

(S

%urvwal (SJ) and reproductive (RJ) rates upon the population trend index (IJ) for
each generation (j) of L.p.malinella. k=1(+=E), 2(*L ) 3(= L N 4(= L ), 5 (= E )

and 6 (=P) stand for the egg, first to third instar, ex1t for cocoon format1on, and

pupal stages,

respectively. For other explanations,

see Fig. 20a.



FHE O A CRBRSERE #2215 (191D

Table 12a. Eigen values and eigen vectors of the variance-covariance matrix for elements
which comprise the overall survival rate fromthe egg to adult stages in P. rengoniella.

Eigen vectors

Eigen values % of E. V. Fgg Sap T-1D T2 Pupa Adult
Ist generation
.03 64.2 1. 000 .000 . 000 . 000 . 000 . 000
. 016 30.2 . 000 . 000 1. 000 . 000 . 000 . 000
. 001 1.9 . 000 . 000 . 000 . 000 1. 000 . 000
. 001 1.9 . 000 .000 . 000 1.000 .000 . 000
. 001 1.9 . 000 1. 000 . 000 . 000 . 000 . 000
2nd generation
141 86.7 . 990 .014 — .03 132 — . 007 - .07
. 013 7.8 — .09 —.015 .49 . 861 . 008 . 008
. 009 5.4 . 097 . 022 . 866 - .490 —.011 — .01
3rd generation
. 038 69.2 . 909 —.013 —.198 . 364 — . 050 . 000
.01 19.4 —.37 . 126 —.082 911 .072 . 000
. 004 6.7 137 . 085 . 951 . 148 —.216 .000
. 003 4.6 . 061 —.539 .215 . 056 .810 . 000
4th generation
. 241 75.2 —.174 .13 . 957 —.017 . 035
. 073 22.8 .873 — . 400 .204 .006 .18
. 005 1.7 . 448 .872 —.033 — . 055 — . 186

1) T-1 and T-2 represent tissue (1) and tissue (2).

Table 12b. Eigen values and eigen vectors of the variance-covariance matrix for elements
which comprise the overall survival rate from egg to adult stages in L. p.malinella.

Eigen values % of E. V. Eigen vectors
Egg Ist 2nd 3rd Ex Pupa
Ist generation
. 027 62.8 .000 . 000 . 000 .000 1. 000 000
. 010 23.3 . 000 . 000 . 000 . 000 . 000 1.000
. 003 7.0 . 000 . 000 1. 000 .000 . 000 . 000
. 002 4.7 1. 000 . 000 . 000 . 000 . 000 . 000
2nd generation
. 189 83.6 . 000 . 000 . 000 .000 1. 000 . 000
.021 9.3 . 000 1.000 . 000 . 000 . 000 . 000
. 008 3.5 . 000 . 000 . 000 1. 000 . 000 . 000
. 006 2.7 . 000 . 000 . 000 . 000 . 000 1. 000
3rd generation
. 038 66.8 —.062 .528 —.037 —.021 —.84 —. 066
. 015 26.9 .015 .84 —.020 037 —.532 —.139
. 003 4.6 .832 .019 —.019 —. 550 . 030 —.055
4th generation
. 048 68.6 . 000 . 000 . 000 . 000 1. 000 . 000
. 016 22.9 . 000 . 000 . 000 . 000 .000 1. 000
. 004 5.7 . 000 1. 000 . 000 000 000 000
5th generation
. 046 63.9 .000 . 000 . 000 . 000 1.000 . 000
. 013 18.1 . 000 . 000 1.000 . 000 . 000 . 000
. 010 13.9 . 000 . 000 . 000 1.000 . 000 000




B : # v EVRYHEFVEVYANES ) ADOEEKENRE

Table 13a. Eigen values and eigen vectors of the variance-covariance matrix for elements

which comprise the population trend index in P. ringoniella.

Eigen vectors

Eigen values % of E. V. Fag Sap T-1 T-2 Pupa  Adult RD

1st generation

. 241 84.8 .134 012 —.0%4 .061 —.006 —.003 —.674

. 029 10.4 .529  —.005 . 202 . 523 . 002 ~. 018 . 600

. 009 3.1 . 145 . 023 . 768 .62  —.012 —.016 .41

. 005 1.6 —. 397 .012 . b67 577 — . 006 083 —.426
2nd generation

. 073 57.9 . 000 . 000 . 000 . 000 . 000 . 000 1. 000

. 034 27.0 1.000 . 000 . 000 . 000 .000 . 000 . 000

. 016 12.7 . 000 . 000 1. 000 . 000 . 000 . 000
3rd generation

. 128 82.4 —.430 . 036 . 076 . 212 . 000 . 000 .874

. 013 8.4 . 830 . 058 -. 195 .346 — .186 . 000 . 339

. 009 5.9 .120 . 276 —.316 847 — 112 . 000 . 280

. 004 2.3 . 164 . 216 .873 171 — 366 . 000 . 037
4th generation

. 253 53.1 .009 . 032 .909 . 014 .056 - —. 412

197 41.3 —.509 .283 . 333 .01l — .03 - .739

. 021 4.5 .760 —.143 .207 . 003 .319 - . 507

1) Reproductive rate,

for the definition see Table 26.

Table 13b. Eigen values and eigen vectors of the variance-covariance matrix for elements
which comprise the population trend index of L. p. malinella .

Eigen values

% of E.V.

Eigen vectors

Egg ist 2nd 3rd Ex Pupa RV
Ist generation
. 392 90.1 . 000 . 000 . 000 .000 . 000 . 000 1. 000
. 027 6.2 . 000 . 000 . 000 . 000 1.000 . 000 . 000
. 010 2.3 .000 . 000 . 000 . 000 . 000 1. 000 . 000
. 003 7 . 000 . 000 1.000 . 000 . 000 . 000 000
2nd generation
. 284 55.7 . 000 000 . 000 . 000 . 000 . 000 1. 000
. 189 37.1 . 000 . 000 .000 .000 1.000 . 000 . 000
. 021 4.1 . 000 1. 000 . 000 . 000 . 000 . 000 . 000
. 008 1.6 .00 000 . 000 1. 000 .000 . 000 . 000
. 006 1.2 . 000 000 . 000 .000 . 000 1.000 .000
3rd generation
. 059 59.5 —.038 L300 —.028 . 062 .80 —.065 . 751
022 22.4 —.053 611 — .02 . 096 A8 — 022 —.616
. 015 14.7 .032 716 — .018 .014 —.649 — 155 . 201
4th generation
. 060 41.7 . 000 .000 .000 . 000 . 000 . 000 1. 000
. 048 40.0 . 000 .000 .000 . 000 1.000 . 000 . 000
. 016 13.3 . 000 . 000 . 000 . 000 . 000 1. 000 . 000
.04 3.3 .000 1.000 . 000 . 000 . 000 . 000 . 000
5th generation
. 099 57.9 . 000 000 . 000 . 000 . 000 . 000 1. 000
. 046 26.9 . 000 . 000 . 000 . 000 1,000 . 000 . 000
. 013 7.6 . 000 . 000 1.000 . 000 . 000 .000 . 000
. 010 5.8 . 000 000 . 000 1.000 . 000 . 000 . 000

1) Reproductive rate, for the definition see Table 26.
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Table 14. Regression of the population trend 1nd1ces(I =

survial rates (SJ =N, — NA

)and the reproductlon rates (R =N. —N. )

PUEITENC A L L, SR OBEHC B % A&
BEETH -1,

BROF @i rmTIBEERCH LT, F ey
YA TIEAEER RS EETH), L
b, FEFIAAMOCELT A ERIEG, Zh
XL, FYEVANTTYHTEE 2 HRRERS
LWHEENEETH ), AFREEEROMTIE
A cBRIED b, 82RO
RERDREADIE, BIRLILL I, IROEE
Mo o T e I I N B,

i #ROEELED

HWRDOIPEEN,  REFEEN, (FvEv
$Vﬁ%4ﬁﬁf@%%§&m)&O%E$Rj
DEALE Fig. 21 kL, wk, T IZTiL,
HROBBCHE I FBEELLOEMALHALICT S
fesd, 1 HROMEEN S VIR E LB L1

j1 e—N ) against both the
; and
it,e i,a

the correlation coefflcxent (r) between the two components S and R where Nis
log density, j stands for generations, and e and a for the egg and adult stages

respectively.t)

Independent Regression on Sj Regression on Rj Correlation of
variable Constant (a) Slope (4) r? a Ve r? S;and R;
P. ringoniella
I, 1.125 0.374 0. 359 0.699 0.024 0. 001 —0.782%*
I, 0. 653 —0.014 0. 001 0. 327 0.243 0. 255 — 0.876**
I, 0.408 —0.208 0.056 0.0 0.437 0.561"" —0.84*
I, —0.957 0.698 0.514P2 —1.666 0.452 0.118 0. 407
L.p. malinella
I, 1.874 1.648 0. 292 — 1.105 1. 176 0.880 * * —0.276
I, 0. 795 0. 647 0. 566 * 0. 058 0.209 0. 026 0.529
I 1. 402 1.284 0711« —1.390 1.379  0.615+* —{0.328
I, 0. 846 0. 422 0. 161 — 0. 500 0.542 0.335 0.514
Isore - 1. 200 0.076 0.003 — 1.037 0.679  0.653* 0.544

1) No. of years;n=6 for I%
others n=17.

and I
4

2) * and *+ indicate significance at 5 and 1% levels, respectively. p1=

of P.ringoniella and I

of L.p. malinella.

5 0r 6

9%, p2=11%.
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Fig. 21. Showing the annual fluctuations of population size from the egg (E)
to adult (A) stages (or to the pupal (P) stage in the fourth generation of
P. ringoniella), and also the reproduction rate (circles with lines) from
one generation to the next for both P. ringontella (PR), and L. p. malinella

(LP). Dotted areas of G3 and G4 for PR stand for reduction due to falling
leaves during the egg to larval stages. The data for 1976 to 1982 were

transposed to give a decreasing order of egg density in the first generation.
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indicate the annual variation (2 X standard deviation).
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Table 15. Eigen values and eigen vectors of the variance-covariance matrices for the
components of the peak generation for P. ringoniella and L. p. malinella.

Eigen Values % of E.V. N S R S R S R S R

1 1 1 2 2 3 3 4 4
P. ringoniella
.338 56. 57 —.210 .652 — .564  .161 —.316 —.064 .23l
154 25.77 — 267 —.302 .248  .156 —.136 — .45%6  .725
.054 9.07 —.809 .137 .3719 .05%4 .166  .373 —.l16
.031 5.17 .327  .589  .652  .275 — .083 — .189 — .051
.020 3.28 JA71 —.238 —.066 .787 —.144 .508  .109
L. p.malinella
.587 51.33 .423 — .1563 —.170 — .292  .072 — .162 — .226 — .586  .507
.378 33.08 — .616 — .067 275 — 297 .028 — .268 .009 .215 BT
.086 7.50 .240 057 741 .38 —.222  .206 —.310 —.018 .28
.069 6.04 226 .049 .286 —.3%5 .70 074 —.215  .257 — .168
.020 1.77 —.105 —.327 .166 — .526 — .251 .675 148 — .154 —.119

1) The generation at which population was the highest on average, in the present
study both species peaked at the final generation.

2) N is egg population, S and R are suvival and reproductive rates. Subscripts

stand for the generations. See also Eqs. 20 in the text.

Table 16. Correlation coefficients (r) between survival rate (Sk:Nk+1_Nk) and
density at stage k (=N, ).

Generation

Stage

1st 2nd 3rd 4th 5th
P.ringontella
Egg — .603 — .85 .216(—.197))  .321(~.525)
Sap-feeder — .632 .050 — .553 -~ 928 *
Tissue (1) .362 — .355 — .809* - .503
Tissue (2) —.125 — .410 — .648 — .433
Pupa .188 1192 .360 L7658 *
Adult in mine 049 —.148 —.248 —
Overall? —.011 ~.315 O5T(—007)  .456(—.344)
L. p.malinella
Egg —.2% — .457 — .600 .156 .335
Ist .595 .385 .574 .138 — .036
2nd — .448 — .482 — 542 .361 .389
3rd — .684 .247 .625 .468 715
Emerge to pupate .186 .373 .393 .017 .654
Pupa — .33 .384 .166 .551 .455
Overall - .29 .31 .616 .299 .135
1> Values in parentheses are obtained by excluding mortality caused by leaf
drop.

2) Calculated from the overall survival from egg to adult (or to pupa in the
4th generation of P. ringoniella) versus the egg density of that generation.

3) * indicates significance at 5% level.
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Tablel7. Regression of reproduction rate (Rj —N

densities (N R

Table 16 7r L K84 O M B (R BUIHEEHY
CIXFERE TR, UL, FvEVFRY ATE
DI RATH eI L, FVEVNE
TV HATREIOBNBIETH -1l ENEHZh 5,
AR AEERE RO DRIV E LT, FV
TYNTETYHID L F T VR Y HOFHEE
REFR TS S LIS 5,

Fig.- 19 kBT, ¥VvEVYNET ) HE 2K
RYGROBBA DREBREET 5 £ TORICAD
h 5 EEEE O 28D b, C ORI
IR OB RELM OB W T AFAET
LEFHENA, LirL, Table 16 12 HH5H H
e o, HBEAGREILDNZVWDT(r =0.373), &
KEHREOBRETHBL L D> BAWERD
B EHM S h D, ot ATh, Z DM EEE
REOEMA AL TALR, BEHEELEHY
KELTLERE T E, o, FVEVERY
HOHE 3 A &8 4 AT~ B A ) i
AN HBEBRAOMINCIZIFENEELTED

j+1,e—Nj,a) against the adult

Indepenent variable Regression equation S. D. of £ Coefficient of
2) . -
(RJ.) a A (Sﬂ) determination
P. ringoniella
R, 2.826 — 0.603 0.374 0.375
R, 1.53 —0.028 0.370 0.003
R, 2.874 —0.485 0.14 0. 5641 1
R, 1.303 —0.557 0.295 0. 444
Pooled R, ;, 5 2.403 —0.350 0.018 0.676**
L. p. malinella
R, 1.750 —0.231 0.198 0.162
R2 1.233 —0.072 0.099 0.042
R, 1.204 - 0.033 0.059 0.016
R4 2.511 —0.436 0.047 0.726%
Rs 1o 6 1.807 —0.726 0.187 0. 594r2
Pooled R1 to last 2. 006 —0.353 0.018 0.391 =

1) No. of years: 6 for R,

Ry and R, of P. ringoniella and Ry of L.p.malinella:

n=7forR of P. Ting.onieﬂa and R, R,, R and R, of L. p. malinella.

2) a, constant;and 4, slope.

3) Probability:; * and #+* significant at 5 and 1% levels, respectively. pl=0.07,

and p2 = 0.08.
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Fig.24a. The rate of reproduction in relation to adult population for P. ringoniella,
The rate of reproduction is defined as the ratio of eggs to the number of adults
(or pupae in the fourth generation) in the previous generation. Open circles,
triangles, crosses and solid circles stand for the first to fourth generations,

respectively. The regression line was obtained from the pooled data for

the first to third generations (cf.,

Table 17).
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Fig. 24b. The rate of reproduction in relation to adult population for
L.p.maltnella. Open circles = lst: triangles = 2nd; crosses =
3rd; solid circles = 4th; solid squares = 5th in the case where

there were six generations; and open squares = the final generation
(5th or 6th according to the number of generations a year).
Regression lines '@ G 4=the 4th generation; Gp= all generation
excluding the final; and GL=the final generation (cf.,Tablel?).
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E#FEEZOPHMEIL, ThEth 0.326 & 0.469

Table 18. The variance of egg density(sez) and that of trend index (sI"’ ), the slope
(8 of the regression of trend index against egg density together with its
standard deviation (S.D.), the coefficient of determination (r?), and the

variance of the residual from the regression (s, Nz),

Generation s .2 s, Slope@ﬁf) S.D.of £ r? SIJf

P. ringontella

1 . 110 .21 —. 400 . 395 . 238 . 242

2 . 095 . 130 127 . 238 . 091 057

3 . 161 177 —. 197 . 215 . 175 .17

4 . 114 . 518 —1.011 . 600 . 513 . 303
L.p. malinella

1 . 258 . 414 —.321 . 269 . 155 . 410

2 .23 . 287 .34 . 245 . %5 . 247

3 . 392 . 362 . 140 . 163 . 059 . 362

4 . 634 .49 —.363 177 . 335 . 38

5o0r 6 . 315 . 526 —. 448 . 328 . 228 . 507

1) If the product (B) of (1+4)'s from the first to last gemeration is larger

than —1 but less than +1, the population secures stability in the long term.
The values of B were - 0.006 and 0.366 for P, ringontella and L, p,malinella.

respectively,
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Fig. 26 Correlation analyses of various aspects of parasitism for each species of

leaf miner. Graphs of the number of hosts parasitized (Hpj) in relation to the
number of parsitoids (P,_ ), to the number of host (H.), to the interaction between
the host and parasitoid (Hj+Pj_l), and to the ratio of the host to the parasitoid
(Hf—Pj_l): together with the relationship between VARLEY & GRADWELL sk and H;.
and that between k and Pj—l where subscript j stands for generations. The correlation
coefficient (r) between each pair of factors is shown on the appropriate curve,
For k and H;. and k and P;_|., the values of r are shown on the k curve at left
and right respectively, Hp, P, H and k are all logarithmic values.

b, P, ringoniella and chalcids,;

and d, L p, malinella and chalcids,

a, P. ringontella and H, testacerpes,;
c. L. p. malinella and Pholetesor sp.;
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Fig. 26a P, ringoniella and H, testacetpes. For explation, see p, 64
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Fig. 26d L. p. malinella and chalcids. For explanation, see p. 64
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Table 20. Comparison of population trend

HARDHMENZ EDRBHDZ E2BRT L, 2O
Loz FvEVRYAD MY AT TEE2
A, A 2 AAFRTITE 2R EE IMTR
DhNi, FVYEVYANET Y AT Pholetesor
Sp. B RETHE IEHHE L b A 2T
T 58 3RO W ThOBEI S, B2,
EIRUVEAMROTVHPEERELIO L/ DE S
stce SHUCHE L, Pholetesor Sp. Tl ¥
WUEHEMRZE L 0 & /N & o DR 3 ARG T

indices between the hosts and their

parasitoids, The trend indices used for the hosts were based on the densities

of the stages which the particular parasitoid attacks for oviposition,

Trend indices of hosts

Trend indices of parasitoids

Generation

Mean S. D, Mean S. D.

a) P.ringontella vs, H. tastaceipes
Ist to 2nd 742 2T bll 21T
2nd to 3rd 671 .141 346 348
3rd to 4th b3 .185 926 286
4th to 1st —1.912 518 —1.812 500
"""""""""" B P ringonieila vs, chalcids T
1st to 2nd 1.157 333 .83 628
2nd to 3rd 830 262 193 .461
3rd to 4th .083 .412 .41 .397
4th to 1st —2.068 735 —1.3%4 797
c) L. p. malinella vs., Pholetesor sp.

1st to 2nd ,506 ,353 - -
2nd to 3rd %64 271 1.375 613
3rd to 4th .151 .381 .208 .373
4th to 1st .355 4% — .515 .379
5-or 6th to 2nd”  — 749 456 — 628 760
"""""""""""" A L malinella vs. chaleids T
Ist to 2nd 476 .369 120 .786
2nd to 3rd .033 . 356 040 L3317
3rd to 4th .092 424 .150 .821
4th to 1st .626 636 .52 .993
5 —or 6th to Ist - 1.197 .b45 — 224 1.212

1) Since Pholetesor sp. rarely occured in the first generation of the host, the trend.
index for the host was based on the last to second generations for this parasitoid.
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Fig. 27a. Population trend indices of parasitoids of P, r¢ngoniella in relation to
their host, Left, H. testaceipes Vs. P, ringoniella; right, chalcids vs,

P, ringoniella, indices for the host were calculated based
on the stages upon which the respecitve parasitoids operate,, i,e,, the tissue
(1) stage for chalcids and egg for H, testaceipes. Different symbols are used
for each generations: Solid circle =1st to 2nd; open circle = 2nd to 3rd;
cross = 3rd to 4th; and triangle= 4th to lst generations, A solid line indicates
that the indices are equivalent between parasitoid and host, Dotted lines show
the regression for particular generations,

Population trend
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Fig, 27b. Population trend indices of the parasitoids of L, p, maltnella in relation

to their host. Left, Pholetesor sp. vs. L.p. malinella; right, chalcids vs, L.p.
malinella. The symbols represent different generations; solid circle=1st to
ond; open circle = 2nd to 3rd; cross = 3rd to 4th; open triangle= 4th to 5th;
open square = 5th to 6th; solid square = final (5th or 6th) to Ist: and solid
triangle = final (5th or 6th) to 2nd generations, (Since Pholetesor sp, rarely
occurred in the first generation, trend indices from the final to second
generations were analysed.)
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traits

Traits

P.ringontella

L. p.malinella

Host range
Leaves for oviposition

Egg distribution on leaves & shoots

Intraspecific competion of larvae in mine
Variation of body size in adult
Seasonal polymorphism

Fecundity (eggs female)

No. generations / year

Hibernating stage

Migration for hibernation

Seasonal population growth pattern
Rate of population growth real ized ~potential
Stability of population size

Main factor of survival rate

Processes responsible to population
trend index

Relationship between S and R

Natural regulation processes

Parasitoid complex

narrow
not limited

random-weakly
clumped

contest type
slight
obscure

20 — 50

fixed (4)
diapausing pupa
no

stable

high

high

biotic
survival (S) &

reproductive (R)
processes

mutually
compensatory

S and R

rich

wide
limited
highly clumped

scramble type
great

clear

30 — 50
variable (5—6)
diapausing female
yes

variable

low

low

abiotic

reproductive (R)
processes

independent

R

poor
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DERHROKEZDERNKED -0, FVE VN
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DRRARLK L, REERTCEFcE UsEWER
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PE LT EmD, WEORABBICH L TERERN
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b A aNFHIE L LEE L ERAHOEE, RO
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THD, REIN T (exposed) Eif~<Tus
%o i POTTINGER & RELOUX(48) i L5 P.
blancardella % 7 n—7 AR EHTHBH, Th
LRBOFVEVYRYNIIN-TBIRET S,
FvEVHYIBEBAKETSH DI LPRICED T
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Bo £ET, Zhb3IODREEBDIEE AR,
BIEEE L TER LI, BEXBEMALAVET
(358 1 EAH HEE 3R A THIA L1 (0. 69
D, EEKAETIE 1ROBEIRLE L,
H2RORGIED - fo, FEPERTILE | R
ML 3 R T L ( 2.6 £5), — 77,
BEEEIERDECEb D, 82 R
Bb@Ed, HIMRBBELEL 10, F1HERS
LE 2N ETOPEEMRII2THETHD, #
R EE IR BT IEELRLAVELE
LEVWEORIEIAFN 1.2 £2.0TH -1,

EHRAFEG TRy ey hy HiZERST
FEE L, BEIHROBEC S b7 - THEMS %
(22), Table 22 > fEiT ik « dbf(22) BHEE D i
REBEGREBITTALDRERLLETFT 200k
iz, 815 R T ToOFBmMRIT
BHREROCBBICL - TR, EHRETIE
3.5~4.7, BHERETIZ1.3~2.3 THh -7 %
fo, 1R EE 5 A BT 2 REATE LK
EEOIZ, EHRETIITATNE0~140K
U 11.0~12.2T» Y, BIERETEI LT £h20.0~
53.0 B U 12.7 ~87.1 Th-1o, BEDEREEM
BB L 0 LEFREDF NI & Bicdh b,
ILE S (88, %) OFERTL, ABMcEEID I
B ERMROFREEN/DE CbEADEE DR
bo

+ 5 v XTI Stigmella malella STT, HYEIC
2[ER4ET 5, GRUYS (10) 53 1969 5 5 1978 4F
¥ R R AR & SRR R A TR A
LIcEEL 0B AL, FRELVITEROELKT
Bl o, 1AL L2 IShE, 85
BRI L, SHEROBELY KD 6340 -
TRSIE 1D HE 2 U F TOFEMmEK
TEBCRE T 476, BRIRERBRFHARET
6.0BThHolro BN LE 2HNICKTS

RIEFECRT 5 RaEEO T, JEMAETIE
FRTERINGL2METH 0, IR HAE AR
TRIEE 1515 TH 7o, T T, EEMEL
0 LBIRERBARMEOBTEIN K E DL, &£
PRI R A~ 1973581 A Chrysichares
prodice X BA LIcio®, TOBRDEENMETL
fobs, BAREBABRAY G LW TarE L
BHTH D, EHAETIZRE M FRFRZFAK
LT TR LT oot L, IR M R A
ME TR EEE 2 EAT 5 LA R FRTFAK
10 & EVKETE L, BABI IR KEE
TEAL LTz, GrUys (10) (3 ARED HEERED T4
MeFFT 5 o D ARFE R Ml L TE 1 R
FECRIESTE, F2HATEETE L0,
FBENFEHRRCELT S EEB LT 5, HITE
CHERNE LTEERFEBRTHS Crrrospilus
vittatus (BRM) & C. prodice ERM) OF
ERLERL T D, ZOBICEES TR RS
BIDChG 2EFBEET AR SELDEETI—S
CHPEERR) Wl-TERIhBb0L BT,
FRFENOFE OB T & 5, ERIES DN
RICBH e <, SOTHEED SREDTHMAK
Eol, SEFELOMMMITIRDLRL, -
foo I —SEHEOHBIE 1 HATIIEVHD
D, B2 MARTREENS, BEAETH T =
— 0.88 (P<0.001), BARETiZr=—0.46 (0.10
(p0.20) TH-to, 2 20HROEFHDKAE X
o RT, # 2 OB HBERDEINHD
M BERSHEBOFEIREI NS,

3 —1 v /3D Lyonetia clerkella L. X%,
Hu5, Yvd, $VFY, FFATE, vIh
NI ECHEL, L E2EFEET 54, A
YAV e EBEL, N VEHLAT A
sl 5 1M ) 5 1967 FORI A bh iz 4 2D
=2 & bra—7d M3 100.000 A 5 1,000,000 {5 T
B 1281, FHDEEEFE (local observers)
DEHRFR I L 5 WiLbwoLz 8 EIi L5 &,
AFEIL 3 ~ 6 i » THIERTIEMT 5, &
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L, ZoX s almicll, REERLLEE
LR F CoLc s T EEED B D
BOLRLWATHER S5, EEFOIBIM
PIBORFEBEBRICILEEZL LTS (87),
JFEEOHIR T—F BT A EMDRTH¥
WM RMEBbN D, MMOBERIDWTIEEE
TRTWIWG, #ElcEL BT 284
MED LN EM D, ThIHL THLREN
MBG L TWAEERD D, T, AEILD
LETHEBOERNMEL L CHEHY BENT B &,
O FEHB~BEHTHZ L5 (WiLbwoLz f
B ChBREILLOTAY—TOBEx%2L T
WAEEN b B A, ok, SHRIKT 5 HRE
DENT 10~ L0050 —F —Th -1,

IR TR/ 87 Y HDOGEF 6 BIFET 5,
EFR s HR G XLE, ©— 7 HRUTHE 3 A
DFEME LD, FRCEI - T—ELLLV D
OREZE T, ThENDERT LK I b
— THARL S ¥ — 7 A F TOHRAY O HinEKD
FHBIL6~THTHH, FREGHOKRE S b
— 7HAA13fE, - R4 ETH- T

TFEETIF v FeHBRE ARFBET 5, &
K (8, 9) KLAHBFERMBEEIE 1A
BE 3R T THEMM L foe ORI X 5 &
Y HEMRI 255 THN, RSBE LRIEE
B s 1R, F3tRe b 3IBRETH
-1,

AR BTEF VEVRYITEFV/EVNE
T U TRERBREBOFIEBHIE LN TV A,
LaL, FvEva®s ) H0E 2SR
HARADOE TOREREITIZER UKESL R
nzoT, Table 2z ETHRELT, V
— 7 E ToEHEMEICOWTAR B L, T2
THREL-* VEVRYHE, BREROENRE
KEFLFVEVRYHEESRITIFPALIALE
L, ¥vevneJ )HiE, HFFeBT5P
blancardella BHEARDERB L & & @A L 16l
<L, L THRMEL I, ba—T7#HAR
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SHRAZLE S LTnh - 70 (65),
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T, HOOREDFKI L > BER AR L& T
%, 19644 L 196540 8 Hic xh £ h 3fEE 4,

1966 9 ~10H [ 2EE MRS S TW LT T,

DFERTIIREN o oo TOREED A
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Do FVEVRY HDEEEICE LB, Kl
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BRAROM A0 % C 1 #EH 100 D% FELH
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BT S DI % FEA DU 5 A O R E B %
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BEUTFERER20, 8 RU4 LTe 0, FERITE0
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BB T, HAMED B LM D RN THER S 5
L, RIERIC BT 5 ERDO JZHEF BREOBEEIS
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BOBRREITIFOMRD 2 LD, ZDBET
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MO AR F N FR 20, SRV LD, T
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Comparative Population Dynamics of Two

Species of Leaf Miner

Phyllonorycter ringoniella MATSUMURA and
Lyonetia prunifoliella

malinella MaTtsumura in Apple Orchards

Summary

Two species of leaf miner are commonly found in apple orchards in the Aomori
Prefecture, the northern tip of the main island of Japan; they are Phyllonorycter
rigoniella Martsumura and Lyonetia prunifoliella malinells MATSUMURA . The
former (PR) suddenly multiplied to pest proportions in the Nagano Prefecture, the
middle part of the main island, in the 1950's (Hirose 1961), and about ten years later
in the Aomori Prefecture, where it caused defoliation in the area of the first outbreak
(Yamapa et al. 1970). Although there were differences between districts in the time
of the first outbreak and subsequent population changes, this species now occurs at
high population levels throughout the apple growing areas of Japan. On the other
hand, the latter species (LP) was insignificant until the middle of the 1970’ s. Since
then it has multiplied and has reached pest proportions in the Aomori Prefecture.

PR has four generations a year and passes the winter as pupae inside mines in
fallen leaves (Yamapa et al.1970). Younger larvae which feed on the spongy mesophyll
cell are called sap-feeding larvae, and older ones which feed on the palisade cells
tissue-feeding larvae.

LP has five to six generations depending upon the cumulative temperatures in a
vear. It mates before hibernation and passes the winter as females in suitable shelter
(SekiTa and Yamapa 1979 b).

In order to understand the population dynamics of these two species, their populatons
were measured at a study site for seven years from 1979 to 1982 and life tables were
constructed. As well, supplementary data were obtained from both additional field
work and laboratory experiments. Since more information was available for PR,

supplementary studies concentrated on LP. The results obtained were compared with

published findings for PR.



BEHRE VA ZRBEHE #2185 (1991)

A. General Ecology
Apple, cherry and Chaenomeles japonica have been reported as host plants of
PR(Unve 1979, Kuroko 1982). Although other trees such as pear and damson plum
have also been reported as host plants by Marsumura(1931), other workers have not
included these. Kuroko(1964) listed Malus pumila and M. sieboldie as hosts for LP.
During the present study, five species besides Malus trees were recorded for this leaf
miner ; they were Sorbus commixta, Chaenomeles japonica, Prunus yedoensis,
P. domestica and P. mume micrvocarpa. Thus LP appears to have a wider host range
than PR.
PR was able to lay eggs on leaves of various ages, while LP oviposited only on
succulent young leaves. As a result, one leaf was often mined by PR larvae of
different generations in succession, while only a single generation of LP larvae
attacked any one leaf.
The LP cohort which mined succulent leaves survived better than the one which
mined those leaves hardened after being oviposited.
. The egg distribution on leaves as well as on shoots was random or weakly clumped in
PR, while it was extremely clumped in LP.
PR larvae actively contested for food so that only one individual survived in each
mine and other larvae encountered were killed. In contrast, LP larvae tolerated the
presence of others, which can result in the exit of premature larvae with increasing
numbers of indiviuals in a mine. These larvae which exit attempt to reestablish new
mines.
The variation in adult size was less for PR than for LP. In LP adult size gradually
decreased as the generations progressed each summer. In the last generation,
however, size recovered to that of the first generation. A labortory experiment
showed that size was inversely related to temperature conditions during rearing. This
results confirmed the observed relationship between the temperature during the
juvenile period for each generation and the consequent adult size. Although it was
not statistically significant, the size of females after hibernation tended to be larger
than that measured before hibernation while the variability decreased significantly.
This was possibly due to that mortality during hibernation was higher in smaller
indivdauls than larger ones. No difference was noticed in the size of adults derived
from different host plants, except from P. mume microcarpa, which were smaller.
Female PR lay about 30 and 50 eggs in the hibernating and summer generations
respectvely (Yamapa et al.1970,1986) . After hibernation, female LP deposited about 20
eggs on average, while females of the summer generations laid about 50 eggs. In the

hibernating generation, the numder of eggs laid was proportional to female size as
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well as to female longevity. In the summer generations, however, such relationships
could not be detected.

B. Population Dynamics
. The encyrtid, Holcothorax testaceipes, and various chalcids were important parasitoids
of PR. The former, which is polyembryonic lays its eggs into the host egg
(Tacukawa 1966). The parasitized host develops as normal, but suddenly mummified
at the end of its feeding period. The latter group includes both external and internal
parasitoids. They parasitize mainly the tissue-feeding larval stage.The important
parasitoids of LP were Pholetesor sp. and various chalcids. The former laid its eggs
into first instar larvae of the host. The parasitized host developed as normal until just
before pupation. Then as soon as a hammock-shaped web had been formed by the
host the parasitoid larva emerged and formed its own cocoon to pupate. The chalcids
mainly parasitized the third instar larva of the host in the mine.
. When the number of survivors at the beginning of each stage from egg to adult were
plotted on a log scale, a concave curve was obtained for PR due to the heavy
mortality during the egg stage, while for LP the curve was convex as a result of the
heavy mortality during the mature larval stage. Egg parasitism by H. festaceipes was
responsible for the high mortality in PR. In LP a random mortality was important as
those mature larvae which did not settle at a suitable site to pupate died.
Within each species the surviorship curves followed a basic pattern according to the
generations caused by variation of mortality factors throughout the season: In PR
mortality due to H. testaceipes decreased from the first to third generation and
recovered to the second highest in the last generation; mortality due to chalcids was
highest in the second generation; mortalities due to the laval interaction and unknown
causes increased as the generation progressed; and the hunting wasp, Stenodynerus
franenfeldi, caused high mortality at the third generation. While in LP Pholetesor
sp. caused high mortality at the third and fourth generations but rarely attacked the
first generation of the host; and chalcids caused high mortality at the first generation.
The extremely low temperatures which prevailled during the 1976 season did not affect
the number of generations of PR but a high proportion of the tissue feeding larvae in
the final generation failed to reach the pupal stage. The mortality of PR during
hibernation was proportional to the accumulated snow fall during winter, which
agreed well with experimental studies by Unve (1973) and Yamapa et al. (1986).
PR population increased steadily from the first to fourth generation each year. In
contrast, although the mean population of LP did increase during a season, there was
a much greater variation of overall population curves from year to year for this

species. Hence the number of LP in any particular generation was more variable than
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the number of PR.

In PR the rate at which the population multiplied between two successive generations
within a year averaged 4. 5 times. This was 66 % of the potenial increase estimated
from the overall mean survival and the fecundity of each generation. In LP the rate
were 2. 2 or 2. 1 times, depending on whether there were five or six generations in
a year. These correspond to 11 and 6% of the potential increase in these two cases
respecitvely. The difference between the increases achieved by two species can be
explained by the difference in the spatio-temporal stability of the food resources each
uses. Since PR can use all leaves on a shoot for oviposition, its food is relatively
abundant and stable. However, LP needs newly-developed soft leaves for oviposition,

and the abundance of this resource fluctuates in both space and time.

. The prime factor responsible for the variation in overall survival from egg to adult in

PR was egg parasitism by H. testaceipes. In LP it was death due to failure to locate a
suitable site for pupation. For year-to-vear fluctuations in the population trend
indices, both overall survival and reproductive rates were important in PR, while in

LP overall reproductive rate was more important.

. The size of a population of a certain generation of PR was most influenced by both

the size of the previous generation and the trend index, whereas in LP the dominant
effect was the size of the previous generation.

Overall survival rate in the first generation and reproductive rates in the first and
third generations were important for the population fluctuation of the peak gene-
ration in PR, while in LP the population in the first generation and overall survival
and reproductive rates in the fourth generation were important. Considering these
factors which affect the population of the peak generation, it was found that rates of

survival and reprodution tended to compensatory in each generation in PR. In LP,

there was no such tendency.

. In PR, density dependent mortality was detected for the tissue-feeding larval to pupal

stages in the third generation, and at the sap-feeding stage in the fourth generation.
Although death due to larval interaction in the leaf mine was particularly important
in the latter case, several mortality factors operated simultaneously in both cases. In
LP no density related mortality was detected.

In both species reproductive rates were negatively related to adult densities in summer
and hibernating generations. In LP the density dependence of the reproduction would
appear to be mediated through adult size; size would be determined by the degree of
crowding during the larval stage, and this in turn would influence fecundity as well
as mobility of the adult. In PR the mechanism of depensity dendence could not be

ascertained, even though a decrease of fecundity and/or an increase of migration
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might occur, especially in later generations, caused by reduced nutritious value of

leaves through larval overcrowding coupled with advanced age of leaves.

Population trend index (I) was related to the population size (N) by a regression:
(I5—Ti)=8; (Nis—N;) +eij

where subscripts i and j stand for the years and generations respecitively, and 1 and

ﬁare the mean of I and N and ¢ is a random variable which is normally distributed

with a mean of 0 and variance s°

This model showed that if the product (B) of all (1+ 85)'s from the first to last
generation was larger than —1 but less than +1, the population secured stability in
the long term. The value of B was —0.006 for PR. For LP it was 0.366, assuming
that LP completes five generations every year.

The random effect from ¢ was cumulative through successive generations if the
population was not stable, i. e., for population with | B| >1. In populatins with
[ B| <1, however, the effect from each random variable did not persist. The smaller
the absolute of B, the faster that the effect of ¢ faded. The normal random number
(&) with a mean of 0 and a standard deviation s was generated by

e=R(*1) sy 2In (1/U1) sin (z/2)U2

where R(+1) is either + 1 or —1 determined at random, Ui and Uz are real
random numbers between 0 and 1, and = is the circular constant. By incorporating
observed values of B’s and generated values of ¢’s into the model, deviations from
the mean were obtained for both species. The variances thus obtained were larger
than observed values for both species. This indicated that the real populations were
more stable than the simulated ones. Although the rates of survival and reproduction
approximate to the log normal distribution, they are kept within certain limits in the
real situation. Furthermore, mortality due to parasitoids in one generation is possibly
associated with mortality by the same parasitoids in the subsequent generation.
Because the present model does not take into account such features, it seems to
produce larger variations.

The parasitoids of both leaf miners did not always synchronize with their host with
regard to seasonal occurrence or abundance. Their populations tended to change
independently of the host populations.

Compared to publihed results for other species of leaf miners on deciduous fruit
trees, PR had moderate population fluctuations, whereas LP ranked among the
highest. Their relative positions were reversed, however, with regard to the rate at
which population increased per successive generations.

It has been considered that the first outbreak of PR was triggered by an annihilation

of natural enemies brought about by continuous use of broad spectrum pesticides
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(Hrose 1961, Yamapa et al. 1970). A simple numerical model showed that excluding
the parasitoids did result in an increase in the pest poputlation, and that mere
returning to the original rate of parasitism did not necessarily reverse the situation.
The outbreak of LP would appear to be due to an abundant supply of food.
Triggered by a big slump in the apple industry in the late 1960’ s, the staple cultivars
of those days were replaced by new ones. Such replacement has become even more
frequent at present. Young trees and top-worked trees grow vigorously sprouting
succulent shoots which grow throughout the season, and this has resulted in an

abundant and continuous supply of resource for LP oviposition.



