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ABSTRACT

This study was conducted to evaluate a Geometridae (Lepidoptera) species,
Ascotis selenaria, as a pest in citrus orchards and to establish a monitoring
and prediction method with their sex pheromone and population model in Jeju,
Korea.

Seven Geometridae species were occurred in citrus orchards: Ascotis
selenaria, FEctropis excellens, Menophra senilis, Biston panterinaria,
OQurapteryx nivea, Odontopera arida and Hypomecis punctinalis. Among them,
A. selenaria was most abundant and caused citrus fruit damage. Fruit
damage of Citrus unshiu appeared as gnawed scars caused by young larvae
feeding on fruit surface. Fruit damage on Shiranuhi appeared as a wide hole
or deep scars caused by mature larvae (6th instar). Citrus leaf damage due to
Geometridae larvae was high during May to June. Fruit damage started in
late June as the spring-shoots of citrus hardened and increased sharply in
late July. In the field experiments, mean of fruit damage reached 4.5% in the
late season from 2008 to 2010. A. selenaria larvae were distributed randomly
in citrus orchards because clump index was almost 0 from 2008 to 2010. In
citrus orchards, A. selenaria larvae started to appear in mid-May and their
populations peaked in mid-June, late July, and early to mid-September. Adult
males of A. selenaria had a maximum peak in mid-May, and two other
peaks in early to late July and late August to early September. A. selenaria
male adults were collected in a pheromone traps constantly throughout Jeju
Island.

In the sex pheromone glands of A. selenaria females, two components,
(Z,7)-6,9-cis—3,4-epoxynonadecadiene (62,97-cis—3,4-epoxy-19:H) and
(Z,Z,7)-3,6,9-nonadecatriene (32,62797-19'H), were identified by GC-MS
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analysis. However, 37,67,97-19:H neither elicited an EAG-response on the
male antenna in GC-EAD nor increased the attractiveness of the first
component for A.  selenaria males in the field Two isomers
67,97 —-cis—3R,4S—-epoxy-19:H and 67,97 —-cis—3S,4R-epoxy—-19:H, of
67,97 -cis—3,4-epoxy—-19'H, showed same retention time in GC-MS analysis
and were critical for attracting of A. selenaria males. The optimum blend
ratio of tow isomers showing peak catches of A. selenaria males had large
variations among locations investigated. A. selenaria populations in Gunwi
showed a peak activity at 0.9 : 0.1 ratio, while the populations of Goheung,
Yeongam, and Jeju (Aewol & Harye) showed peak activity around 0.5 : 05
ratio. These variation in an optimum blend of A. selenaria would be caused
by geographical isolation.

Egg, larva, and pupa developmental rate (1/median day) were incorporated
into temperature—dependant developmental rate models, respectively, using
Hilbert & Logan model. Weibull function was applied to describe their
developmental distribution based on the summation of their daily
developmental rate. An oviposition model consists of a total fecundity model,
an age-specific cumulative oviposition model, and an age-specific survival
model, in which physiological age was calculated from adult developmental
rate model. A Gaussian model was applied to the total fecundity model and a
sigmoid function was to an adult developmental rate model. A normalized
cumulative oviposition rate and a survival rate with physiological age were
incorporated into those age—specific models. A population model for A.
selenaria was established by linking egg, larval, pupal, and oviposition
models. Model outputs were compared with the actual 1st larva and adult
occurrence surveyed in a citrus orchard in Seogwipo, Jeju from 2008 to 2010.
A simulated output driven in the case that overwintered pupae were grouped
with different developmental rates was successfully fit to actual 1st larva and

adult occurrence and the peak time.
—_ X| —_
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AFE AFo A = (Citrus spp.)< T 8% A5 2E 5 U2 20099 A

WA e 20808 ha o9liL A7F 2FPL 601199 AA}L JTGHAFES

[

HAA =, 2010). o] T =4 FEAE 2FEA(Citrus unshiu)©]l -2 A

A 3H(Shiranuhi: [C. unshiu

69 1 9 SolE 5 dMse® 5F°] 7IFHo] At (Anonymous. 2002b). L
T B3N Panonychus citri), 2= (Phyllocnistis citrella), ZHYFH =
(Aphis citricola), 2 >%% ¥ dl(Frankliniella occidentalis) 5°] & &= F
= T FToE 4¥A dnh FEdd HAete sss M REE et
o, 7HA, B, EE vk sl ol A7t 36F, 16%, 41F, 2%l SledH, 1
< HES THellete dlser AF daleS of 20%A L dEAel = A
&2 9 65%°] A HKim & Choi, 2000). A=7FA] & 7] 2AhE UiF
o &2 oF 21%= HiEo A (Kim et al, 2000), FA% FHAAN F
a3k A &S & 5 Uk

Yi=2: 7 A Ui (Denis et Schiffermiiller, 1775)2  UH|&E  zuypabat
(Geometridae)ell <3}a, 99L& cotton geometrid, mugwort, looper, giant
looper 5o F2 =i Ak Tl UEH A olxgtde] A§
olHW 7} = (Persea americana), AYke] 3 (Coffea spp.), ©lIAlote]l ZHThea
sinensis)o| A Q3 s|Folx, 1 9 L#:MXA|(Citrus sinensis), @+ (Citrus
limon), At (Malus spp.), 3 (Arachis hypogaea), &3 Medicago sativa) 5
Zgel A daEs Fe= Aoz dHA AH(Wysoki, 1982). ol A= Ajuj =}
5 o #gES wEste Ay, F(Glycine max), B (Daucus carota), 7
(Diospyros kaki) & #r&° @Ast= o=z Bias o] JrHKim & Beljaev,
2001).
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Tl 685 wAste] 9€7bx] i A}AS FE Ttedva g e
(Anonymous, 2002b), 71} AFAISH Aej= <47 wf §lo).

A= A A AAL} BEste] =l s F7IJA sFLEIE Ues
ARG BAS 2Ase Ao R Hastal Utk dE W dolz gt st
oA ZAA Y et SolF WAE f&l AA2 FFS AEA HHEA
e /A ue] 1wyt S7etd s, eabyole] Av e ®E FAFE Aldzt B
AFATHWysoki et al, 1975). w2kA Erichsen & Schoeman(1994)2 U=2:7}

Ahgel sl AAH WA Fr APA Ae] AFF Fope Fiw

ol

o 2@ Aol AdElE ol nelrk

A BEAANA Agat A T4 e RAH HFoR AT
govl, AAH AN AForAe] FHst gtz PR Rk o <
stol ArhuRel oI #E A7k oW TR s WAHEA, A Fo ]
2 AEst AH PA AZE FEEe A ok gebd B dTE 940
2 4# BEg sbsE BRe ARFPL TISHE N2ATE Y5, o
4 AFe BHHOR 6w WAE 7] Gete] Yunee 242 T
fa, Ao AW EE A9H BAWS mE U AF) WHAE

dFsAY F7E F AxF AT RFE e
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0. 5 A

1. WESTERILRgS] MAl At

= (Citrus  spp)ol HEAsE 5 F 183Fo=, o F AYWHF

-
o%

(Geometridae) T2 U&7 U (Ascotis  selenaria), >=7FA
(Chariaspilates formosaria), ‘271& 27X U"(Ectropis bistortata), & 33714
U (Ectropis excellens), #2252 F 2 AU (Hemithea aestivaria), YT F2
7AW (Opthalmitis irrorataria), 253 o 7] AF W (Pylargosceles steganiodes)
o] 7]Z2% o] 9)th(Anonymous, 1986). 121} 199613 F-E] 1998\ 7+A] 347+ ZA}
H gEAE 14T SolA AR e UeSrhAvE Baso] JvH(Kim
et al., 2000).

arol A Ulie &7 U2 ol ~gtd o] ol B Il (Persea americana), #vkel
7139] (Coffea spp.), B1AloFe] XH(Thea sinensis)olA S L3 af|ZFola, =1 2 <
A (Citrus sinensis), d=(Citrus Ilimon), A}&(Malus spp.), 3 (Arachis
hypogaea), &2 3H(Medicago sativa) & “=° A IA3& T+ Ao=Z 4
A AT (Wysoki, 1982). = Ulell A= 7, A3, & (Glycine max), 3 < (Daucus
carota), #(Diospyros kaki) & 2F&Eo] Ule&7FX|vpato] @St = Aow HI
o] ATHKim & Beljaev, 2001). Z&olA ule=&7IAvywte 52D (Citrus
unshiv)®] 43 FAS EF 7tsis=d(Anonymous,  2002b), #=uh
(Phyllocnistis citrella) T2 &2 7V o] WAdt:= dlFo =z, 37 25Uzt
of Wi slFor g A A& oF 21%= Hase] JrHKim et al,
2000). ©] ol Ale} F-ZH(Citron junos)dAE AL 7HelisteE Ao 2 HaEo
ATHAnN et al, 1989; Anonymous, 2002a).

S 7RA e ool A A% 3~53] WA sta, &3t wEol A o] Fofxl
tH(Wysoki et al, 1975). o] Z~etdol A Auj= = ofB 7= HA Faf= 7

of GERbEE, B0 fEo] 7ol AL BAHAW, 99 o] Fri wAHA
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A tHWysoki et al, 1975). FolZ g7l &aatol| A UE&rtA v FZo 9
gt olHItE #A IElE T2 1~38 FFol FHE relete] B g F
o] ug|Ataro]l AAINE 4~58 fFFo] F HAE JhalstA Ao F Fol

UAY FEH oz 550 tHErichsen & Schoeman, 1994). Wl AlF% 7
ol = A 3~43 TS =, 2 o] 43 He FHA 6€5EH A
sto] 9¥ 7t A A3 HAS F2 Jbefstta 2# A 2l tH(Anonymous, 2002b). &
AEE 339 BAFVE Hol=d, JHEEER 64, 7

9, 8~9¢¥ o F&2 X3 AH(Witajaksono et al, 1999). 7= d&=&7IA v
ol whAy Ao ek A7 9l o (Begemann & Schoeman, 1998), ZAMA S
of HolzZg7tgst=E AFmet 7Tt gA ok

oelo A Y& kA o] Abdke] #HEE Asy Hils wg =ErTh
Abasa(1972)= Uls=& 7 ehAlo] A el A oF 60cm EolollA AUy =
71o] 2ol Qi aEAE A 122em o3& HolrhA vty B
th o]zagtdo A= olRILES] E7|u 7hA o] FHE i Abedtial By
o] S tH(Erichsen & Schoeman, 1994). =] FraEdolA AtehA = dHA UAA
gk oRt 42 & vherh "Bt L&BTNE AbEdva dE A ek Choi et al,
2011). &=aroll = olXM Tt A& 302~44570(Wysoki et al, 1975)¢F 69071 (Abasa,
1972)% 4l Aot

Wysoki et al(1975)& F71QA s A2 deS7hA e 9ert 5
Zhetvkal Wastl=d, I d R dolZegtestmol e AR ek o &
= WA 9E el ek A 2 woks Axstel wet vleSiA e |
7N A o SUbe AL, @AYot A= A AEelA desErhA e
AR w7 a7 F71ekdthar gt} Erichsen & Schoeman(1994)& o] & 7o)
s 7bAuge] J5ete] ZA4 a7t stdh= wofe] F2Ee Abgel e

_1

ol

>
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2. HES7HK LY dH22 =4

Butenandt et al.(1959)¢] ol U (Bombyx mori)ol 4 A ¥ 2 (pheromone)
AES AL THEE olg, AF7FA 15000 F2] ZFolA H=ZEo] Folx
(Tillman et al, 1999). HZ2 &L 252 o&#H] B4 FFHZ 259 ALE W3

StAY 54 s FEste 98-S o, d¥ = E(sex pheromone) 5%

s fusts 3557 H ¥ (releaser pheromone) 2. &, F7d EE @7

A

=
e
£
N
Y
g
o
o
ox
)
fr
(o
ox
M
rlo
uu)
[
)
o
o,
of\
i)
e
_\7:1
o
I
>
I
2l
o,
X0,
rr

gl Es FRAR A 28 A28 a5 £3ch(Byer, 2006; Millar, 2000). Al 2
3] RS ApgEh= WA &2 th& ¥ 3} ek 8h = 4 (polyunsaturated
hydrocarbons) 7} T34 2 A8 ¥ tH(Roelofs & Bjostad, 1984). o] &2 -2 Xk

Al (fat body)tt EHo FI M Ee}l AAE HEA E(oenocyte)ol A A F
>

(Diehl, 1975), ¥ =Z=& Fa W&o AHEZE Ao FAHAH =
(Schal et al, 1998). Y= & 7 A Uk Ao 29 A
(Z,7,7)-3,69-nonadecatriene(37,6797-19H)<S AFg&st=d, oA =l

(linolenic acid)©.Z4-E] C; elongation®l] 9]&] &z EA =7} 20701 A4+
ko] wHEoIA| a1, o] Eyl2EAS HAS AAX FAd P (Miyamoto et al,
1999). 18la Eo]atA A7 ezt Aol (Wei
et al, 2003). & 5olAQl o FA2FS 2+ HES AES g FHE 2o
U el At A A EE Y AL o ZAs B S B o] Fol A =H (Wel et
al., 2004), A 2 Rl (Z,2)-6,9-cis-3,4-epoxynonadecadiene
(62,97-cis-3,4-epoxy-19H)> AFAQ 376297-19HZFEH R A a1, of =&
Alst g2 Ao 2 Aol A RE o] Fol I th(Miyamoto et al, 1999).
s 7 Ay A 2E AR AE(Ando et al, 1997)3F o] ~ 2t (Becker
et al, 1990 Cossé et al, 1992)°A4  6297-cis-3,4-epoxy-19:-H<}
3267297-19H= AN (Fig. 1). 28 Y 3Z76297-19He T&52AgAA
ZolA o| W% Ao 7% HE3(Cossé et al, 1992), okl < Ty=

Holx  ¢dtHAndo et al, 1997; Becker et al, 1990). w®HH

ki
s
o2,
o
2
k)
2,
rlo
(e}
0,
N
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6797-cis-3,4-epoxy-19HE Ul&=&7FA U F3d digh =2 flaass 1A
o o] AES T A oA AAN 6297-cis-3RAS-epoxy-19:-H(RS)<}
62,9Z-cis-3S,AR-epoxy-19H(SR)E &A1ttt o5 o|ddAA e EAd& A
et 2ol 7b ATk o HwESsH AU AT RSO jHo] B
o F2 FdHAL, o]zt d A2 vE ol EAQ SRl #<QlEH A
Tel] Exets U s Tl Il e FHa AuEd AEY
Holo] #ek Bart vk 53] ghwel EAletes 2R 54 dFEC] olxd d
Holuy T3 g AHEe A A7t Atk Aol FF K iEATHBoo,
1998; Boo & Park, 2005). iz o=z o] LASh= o mFH o To| )
(Adoxyphyes orana)< T2 A28 2A4S 2t 5 /le HAdol EA35+=4,

F Aue s, Bpo), v dssn ve e A uE dses 4L

o

Al

X 3 tH(Han & Boo, 2002).

Aol MA TS o Zet= wfg- mdF o, tfFEAo|t 1L
dowk ALGHT FmoA e Abapel wi Ajujede] A2
= F9AeRE A&t 2 des AFAH BFotswh(Grapholita molesta)
= o5 AHEE AES o8&t o5 MATY TS o #&ste] WA A7)
E A9 # A, v FhelA wrugs AEg o]F wid 10% o] e T
da E9E BHAtHBoo & Park, 2005). LML AHZEE o] &3le] A
of WAstE vlESTPAUES HAtE At AJTh vle&Erk A AR
wo] AFAR] 32,6297-19He o|F A7 Ao A= dFAs HA4S T3

sHAl vlse& 7k vhde] wnlE o A8k tH(Ohtani et al, 2001).

of¢} Fo] AHlmE2 Y dlse oAF Qo WAFHow F&I EA0]
U EE o=l vlmE A el tiEk uv o] gt ol & Wol =
#Hol= S8 482 5 Advta AAIY. Yy AH RS At Wol
7F EA87] didel 71Ee] fmelA gulEE Aol BRauEdusitets S
oA FHHoZ o] Fsy] A = IUlolA o5l HALR FllHe HA=

B 249 F9eA 2ow oh = Aot
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3. UE52HALtd

I
Y

el
700

‘._mo

o)

ﬁo
B

M

el
;OO

‘._mo

(poikilotherm)o] B2 %7} 74 &

=7 Fastte AS &A HWAA(Uvarov et al, 1931), =%l

=

I

S0

o} 1800 o <
Ll

]
)

o s

s

=
K3

M
)

B

™

w5 A 2% (developmental zero)z}

=
=

o]} o]
(degree-day) %99

3|
pud

b,

(thermal constant)@}

e

neo

=

=

o @ Az

=

=

o -7}

%)

2 o
43 o] go] o] de] AFEHIL dtH(Wagner et al, 1984a).

ol

(Taylor, 1981), Hilberte}

"4 A (Stinner et

¢}

(¢}

(Davidson, 1942), A]Z1X.o]=

=

l:lo]— Xg Al

(¢}

2 A 2~H3

-

1974), Eyring %3 (Eyring, 1935), 7}-%2&~ &

2l tH(Howe, 1967). ©]
Logan %3 (Hilbert & Logan, 1983) 59|

2gow
al.,

(Sharpe & DeMichele, 1977)

\A
B

)

%3 (biophysic

=4

W= A tH(Wagner et al, 1984a). ©]
v 7H

|
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model) . 2 ¥ &3} T}

Wagner et al(1984b)2 91¢F 22 7|9 B 5o BF 2L7t 59 ¢
o MAE TS & e = QAIRE AAES] YKol dnEHE Fxo o
A= A g Eo] A Fvbar XAl Curry et al(1978)8 thoksdl &1
AN AAEE FAGE HAEY EHe] 5= AlVIE d5e7] feiA

¥7F dasitia gtk 2k ngEHos qshy
FARELE Weibull 3& A&3st9S W, e 22004 dd(cohort)
el /MAEe] w5 FE7F AlZte] mel & HARE ItH(Wagner et al., 1984b)

S0 A 2o oEAQ Al A 84 5 FAFESF(total fecundity),
Al Ao wE Abeg(age-specific oviposition rate), @] Ao wE
Ay & & (age-specific survivaD= AT 5 At Curry & Feldman, 1987). Kim
& Lee(2003)= HIAE B o]&dte] fok &2 FHoRE HsopdAv
(Carposina sasakii)®] AR S THEQLL, o] P ofeoA] WAstE & &
A& BARsk=H Ageaith

dEs/Auge gae stess b

i
(Anonymous, 2002b). o]&2 BW&HdA &3tE SHARHWysoki et al, 1975), 7+
2ol A AEA= dEA A Foh Tl UeErAUEe & §F5, &,

dFol Ee9dHEE 838 11.34, 281, 14.77Ceolia, fFEAA=EE 86.05

i

i
riet
o
BN
Ay
lo,
&
oty
il
rE
o
_0|L
~
2
o
vl

g ANTIE St ol HaL
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m A5 % ¥4
1. HiESA7bR Lol A oy
1-1. 290l TAse g

AT AAXEA stedlgel A FEAFGAAE 243 AFA 255

of AT 2EStESELATAE Y e THAFA] )M 2AE T 6t
E EF2 1200m MAHoR oF 20 A 2Fgo]l AME w=A 27

I} 165m° WA o] X 3H(Shiranuhi : [C unshiu x C. sinensis] x C. reticulata)
7h 95 AAE AR g AN, AFA 232 300m WA o w 5

A =dge] AAE ARG AR B ASAe dd AR AT

T T NEu AFALE(Choi et al, 2011)E Al FEke] Aol A}
Fatth ke 4SS BEoE A F AAVE HEFete] sAAT
(Kim et al, 2001). AztE 722 F&2X5H S 5278t 23 &
AATAE o ZFEFE A BAs AT

1-2. d=S7tAug e Jejs 4d 54

g7k v o #%, W7, 459 2715 A3 2=Mitutoyo Co.,
Japan)2t &w A Al ~El(Leica MZI6A, Leica Microsystems ltd., Hongkong,
China) .2 Z43Att &2 FEHy @3 §32 2y3A 149 MA 9 F9
£33 5 HAA Aolg, HHvlE &3t3A 2~39% JiAe] FHole H& AF

e 93 19 F AAe Bolsh @il W Qolg ZAsA olglel A} ¥
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Abamid R = A=A

°

ol F et

=

=

bl ot
AR AR25 x 25 x 25em, SPL Co.)oll alw]

aLAF ol =™
3ntelel 4% Svhel

HHAe 2

—
fite)

g
g
u
‘(H
7]

B of ~ w2
i AU T % oMo oW M g S A
AR B oF W o g %

L) 7 2 S e

- T )l
i =R oo T * = )
=S SO~ do n +~ 3 Mﬂ 3 O M.W B
A ° X A XM "oy e

el N B 2 .
e R ETE 5, :
o) —_ 0 2 o) -
=M h wom Bog Moy £ o =
O X o iy (@) HT_

I o 2w o |
—_— oR — v ) mX = —~
0 0 <A X oF HA_I MMM L W_M m,” % m.ﬂ <) N

-~ T Er - - R, N &)

x & T T S < = S

g = F T 2 T T O - I
E N T N /v X . 4
< w ~ '~ = o e . .. _VA
— x X <0 ™ < e

< 50 4 D o oy ) < ~ e ~
E.:; nnM ~ o E.._ 1:1,._ HT ,DrL 5 = = 0 HT_ . 2
= o at < H_ﬂ_ — T —~ = ﬂ — ﬂr zﬂ —
b X £ T 5 W 5 oy = B - _
Mo o WP oy » S MY B oo T R o 5 -
[ S T S . ™ B o 3 5 T
L =N IF ﬂo ~H B o, "os m X Pt n*
N o Mo W o = B w2 ® & B wm . |
R w ¥ CE = N
oo N 1Y T = X B 5 2 o = <
~E ~) — T e = O 5 o =

™ < o W Y ® 5 x X ~ |

o L N g 5 O w W g >
v - NogE Mo g g S

™o T R @ = or & nH s X 87
N AR s .5 B % |
o Jﬂw = ® < = Nz R E B g g | »<

™ ) —_—
of — ° L o g ﬂ om o= &5 N _vnm
0 M i o+ 4 oE < i g 5 o5 g on M- A(#M b
e R B Ay oo o W @ o ~ |
o EOY T h o owPEFTEFST SR owoQ |
o BN o - MR =T = 0= o~
o X B e SR T T o 5 |
E N — < I S CRCC I o
~ B v ok o wWOoNE M B N AR REomp
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CGI=(ID—1)/(n—1) (n: 2445
1-3-2. Ve &7bAg 459 w4 33
MES7 AL AFe A7E ANEE AWMEE B4 ol g xAs

Atk A= Ando et al.(1997)9] A= Ao el Chemtech B. V.(42=
HE2%,  Yaaz)ofA 743 (Z,2)-6,9-cis-3R,AS-epoxynonadecadiene

s
O_u
i)

(62,97-cis-3R,4S—-epoxy—-19:H), (Z,7)-6,9-cis—3R,4S—epoxynonadecadiene
(62,97-cis-3S,4AR-epoxy-19:H), (Z,Z,7)-3,6,9-nonadecatriene (37,67,97-19:H)
= 331382 °HEER 2T U FTEF ImeS LFATAID. 8mn; Wheaton
Industries Inc., T4 A, v]=r)o SFA1A AZ3}AT FAdA= YEH(2H=
24 Co.,, AAMA], digwl=n)e] st Foll AXetdon, std A0 =2 {FA
E WAl Y. EPS AAdA 1~15m =2 AEuyF o] x5 71|
ol AFESIATE AAX =X XA 50m (HAoE AWz EY 3NE A
Aske] 20075 201069744 79 HA SR XIS FAFSI AL, HER AF
T 5 A - el SRS F 167 wUF AE e AUERZERS A A

Z8ke] 2007 F-E 2008 7bA] 109 Ao X355 AT

1-3-3. Ul &7Fx Ut A4 A

ARIAAA Ay AAFFE 9 AL wA(2FUHS, AL 23
($ASNA 20074 3HE AE7IZE Bk BAT] A Gl Ao A%

sttt AEatdo] EAsts A TRk 9718 BE=E MAE =AEY A

APaarh. FAAA AYE NESAABE 459 G 59 5 5
Aol wel TR EE 20089 79 229, 20099 89 259, 20108 99 8
o 38]0] AA AAL A FELRO A foro
A%sh Ay e HAFE A5 2Ae] @ daHee Tehgh

HU
of

O
Hel
o)
1o
B
K
ro
kg
(I

=
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MAE A A AR deidlx R vl 2o AzhdAads 2009
dab 20106 79 zbAS R FASEI. FAF Al7IvbYE RE ZREURo] Al xs)
oA A v o F-E SAow

2. Uss72IXude] dH =22 =4
2-1. 459 Ang+E
2-1-1. 43 239 A5T HH2EY 74

Ao AMgE 252 2007d gEAAAA AT dlEEsHA A
selenaria) 5 E5< ¢ FALE(Choi et al, 2011)E o] &3to] Aol 25+1TC =
E=xA 16L8D F =AM o AR fAlEe Abgsksith o RS &

SANA FaEAR L, 33 S 10% HA"ES Hol2 AlFsgrh gl

2 Chemtech B. V. (¢=H =24, Udad=)ox ¢

>
o
)
1
fl
o,
5
f
%ﬂ
O_u
M

2-1-2. 459 uvd=

SeA e dies Ay A 86rtel ok A 116nte S 44 EE Y AR
240 x 30 x 40cm, SPL Co.)oll ¥ il 1A1ZF (FA 02 §-3FAIZHE ZAFSERA T
HA] FAYEES A7) flske] EkaY ARFEAE5 x 25 x 25em, SPL
Cooell kel yol (-3t % 0, 1, 2, 3)=E 107y Edoh. A= & 7%
T IARE Ao w sy Wy E2 Sy AR5 x 15 x15em, SPL

Cooell &7l 1vtelel 7 2nke]($-3F & 1~-39)E Yol & 7AW & 302 14
o2 wuRsE ARSI Gl Yol (-3 ¥ 0, 1, 2, 3d)2 9NHE(AHE

Ao 2L,

_12_
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2-2. 4 2E HE EA
2-2-1. AW ZEY £27 42 B4

A4 ZE@B0m x 0.32mm LD, 0.25um thick; RtxbMS)e] H&H  GC-MS
QP-2010(Shimadzu, Japan)2.2 ZA3tAth FY G (nlet) X5 250C= A H

Shela, QEEEE TEAA 1 2, ofF #9 1004 544 AFH0=

’

200CAA 13% 2+ FAHNES HAAAY. FE2E 1ws v S0 2 (splitless

o,
X,
ol
2
1%
N
9
>,
[4_1

1%
i,
32
=
M
1%
rlo
o
rf
i
o,
)
4
il
>,
=

ZHretention time, tz)

7 AgF~FEG (mass spectrum) o2 AHUEAE ] EH ST B3 o)
2-2-2. A¥=2E FEE ¥ GC-EAD &4

AAzEA FEEAA Az AES #<ldr] 9stel GC-EAD(gas
chromatograph coupled with electroantennographic detector)A] &g <=3 3} 33t}
HP7890(Agilent, USA)oll Wdd =AMl Z=(30m x 0.32mm LD., 0.25um thick;
HP-5¢ € %¥&& Y& ###s ol&se EA4E&4do 1 @ 1 #E&=

EAD(electroantennographic detector)¢} FID(flame ionization detector)el] ¢

Al T8 ATHFig. 2). GCY F47¢ H=7](detector)®] =%+ 250C=E A4
shelar, davbart b o R AREHAT. HE 1uE HEHEER FHYS
i, 88 255 AL 80TAA 1+ 1+ A% & &9 15TH 170TC7HA &7}
AR, ol 2% 10TH 200C7h4 S7kek 168 b fAAE
EAG(electroantennogram) WEH&-2 $-3}st 2| 1~4¥4¥d 7 gQHYY & &5
Aehilo] BAG SR PRG-2e /12dF3 dxd

laboratories Inc., USA)& ©]&3to] &t &HlE <t
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o= FHd 2A#RY 449 Fed 7hke]l HEA AL, FE e 9 600
w2 FE7F = F717F 224 stk EAG W& Syntech EAG 2000 X2
13 Al ~®l(Hilversum, Netherlands) . & 7] 23} t}.

2-2-3. HAHAZE A& BAF A

w
N
(@)
N
©
N
—
(0]
>
e
X
i)
e
—
=
~
of iy
a1
o
3
0Q
1o
off
o
fru
ke
i
i)
o
Jhu
low
1z
ol
32
£
1o
A
T

QP-20100] F3te] RSk BAWHE ARE BHB SAF 2704

a5l o,
2-2-4. 4 ZE HE FGEH FABAC] U BEAG B3

3¥ 7 5vlele] hHUE ARgste] BAG ¥8-& ZALetithFig.
3). StElvt= GC-EAD A3 343 w43 HHo= Frjsiant A=z 43
7y 7}

%ol 222 x 80mm)¢] EFEol FF 100ngs AUt F AA=ZE A
o] 1ngollA 10,000ng7t# &= ¥E AFFol 274 At EAG ¥ A

dol gapis Fr)s date] AR AFFel 242 ASSn, BE At

QeI @ Faaar,

_14_
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2-3. ok £ A Y

A3 AFA o sheeh ofdo A A
st It A g 22X AR 6797-cis-34-epoxy-19:He] ©]
dd A RSeF SR H&5 1.0 : 0 oA 0: 1.0 744 Bl&= FTF lmgel HA
AFATY(11mm O.D., Wheaton)ol] =93ttt EfL Y E WM (Green Agro Tech
Co.,, Ltd)< AR&8to]l Fol 1.2~15m¥ A vl

2009 l= 7

A 4
&t

B

2
b
2

e

>

—\Tll

i)

i
32
v
|m
i)
N
=
i
rlo

RS

w
N
@)}
N
©
N
©
T
Lo,
o
of
£
ofo
02‘{ —&
4
i
BN
>
_0|L
N
do
_0|L
2
f
2,
)
fu
fa
oL
M

—
—

9} SRS 05 : 05 HE&EE F
0.01, 0.05, 0.1, 0.2mgs F7FatAch oFe] {lE AFL 2009 ofLe] Ax
Edol A AAE A, oFe AE W oA AFHE B Fdst
Skt

Imgs ¥ Al 376297-19HE 7+

ro

=
o2

o~
‘l‘

ol

2-4. A5 4

APl RE ARe HEATLAER FAGIAL

(SAS Institute Inc., 1996)& o] 43ttt 2+ A Ao HHFSL WrtEA
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Aol AbsdE AAAES 2007d #AEelA AP dleSTHA A
= 5 A= (Chai et al, 2011)E ©]&ato] AulolA 25£1TC =
E=xA3 16L8D 3 xACAM o A HAlEe AbEsklth & Al o

4 PRSI, AFS 10% 2RES Holw ATaa.

O{N'
mlo
o

selenaria)

N

whgale e ©xsl 12 ES 13C), 16, 20, 24, 28, 30, 32, 35C = AAE 4
& A& (growth chamber)ol A FaatAth AW A 225 55 =4
42 (HOBO, ONSET computer Co., USA)E =A3& 1, A& 7)7tse =44

P2 E 4l ol &3ttt

o] W5 AR At A 2443 ol o] HHE A dd &71(FAE 90
mn, ¥°] 40mm, SPL Co.oll ¥ ta 7ZF 2= AAE A Aot
o] % oA e wjrtA] AAE LET|HE 2SS TH

Hr 18 f5< 30~507Hg
ZF AP L7)ol HFee] 7z Ag LxEE F 200ve7F HEE Ags ik

ol 13 #39 wol Fwt 4ol oldEs AFARE  5m A/R

gk~ K15 x 15 x15em, SPL Co)ell ¥, 4Fe] ¥ Addss A
ok 7t exEEe Fedad AR 00 ow A

= C
HHE16TCE 21ME o2 Agenh ke Axte] i 3W(YgTrIFoR FH=
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=12 x 12 x12em)E €9 AdES FHsilvh A AdmEde A A
aroh Al Ao m wAstd on, Atekvi ] AbgkE F <k 5 AT
&, 5, 8 BHRAReE AF] AbvkEAbE Wl 24 10:00~12:00 Abelel

e,
3-2. AYE TAF 574

U7 e] AW SA%e FA87] flste] 24C2 27 44+
BN A Gl R AS7HA 9] EEd A A AsE ol &kt

oF

1:1 <
A 713t day) @ dFel AR (x)e Hatol Ao T4 A (pivotal age, X)=

, A IR AEEY AT dFE AEES v geriYH dd

Ar)= 10 12 7FEskAanh &, 75, 29 @H57]7H(median)S 3 A

S

pe)
=

k=)
(i

A& (age-specific survival, [,)& T m,= 4HA A5 dHo &

At &= (age-sepcific number of female oviposition, m’,)¢} b= A B9 055 #

0

bol Fahginh olsh gol WliEsbALbge] AWE EAF FAdC], FFAE

(gross reproductive rate, GRR), =% 2] & (net reproductive rate, R,), Alth7]zt

O

(generation time, 7), W% %415 7}&-(intrinsic rate of increase, r_ ), 717FA+<

m

7}& (finite rate of increase, A), 8 7}7]7F(doubling time, DT)< A4Fs} ST,

O A7 1)

_17_
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M ilm,x

T= i3

O WHAAZFE(r,)

O Hj7}7]1ZHDT)

log 2
Tm

DT=

3-3. 2% IS AAE Y
3-3-1. %, &9 25 23
1) S IH2=9 2FNSF

717 (day) 223 F9F(median) S 73 TS, o]AS IFE Ffo] 2H&
(developmental rate, 1/median)E& 3}t &% S7kd WE SH5E£E7F A3
PAE Hol: Wee w&EHn FEo distd AFRI(f(T)=a- T+
Agate], MAME a9} b9l e FAFAC F(T) =00 2 We] Tg, 5 2
59 H 2% (developmental zero)E T3tAT. &, %, €Y 5o o 2%

‘&<+(thermal constant)@> F8¥ "/iWT o #s AFE FHsto] At

nt
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o)
_]E‘
]

7

o]

o)
1

H
A

t}

}

0]
pul

A

s T

=

3] Hilbert®} Logan X

)

o

o

=

%}]\,C

o]
FA Tt

57| 7Hday) 2.2 FH 599 (median)
[e)

(T'=T,-T,, D: ®i/N¥F)

1

=]
=

(Hilbert & Logan, 1983; 2] 1)< % &

B

—
fite)

il

57§el iR gk

sk,

Xg o)

=
=

=
T

erdt of

219 (Jandel Scientific, 1996) . &

o

[e)

=

v

ste 7] 7kA del= 713k (day)

TableCurve 2D

o
e

[e)

=
SES U, AT+ 12999 Ho

T,
[e]

L

o

ol

)

—
fite)

3|
A

A

=

—

ate] o]

S
A2

29 3)= A&

Al
2

1 — o= @/8)
— 19 —

sto]l A2 <3 (physiological age)ol] u}

o

=3}
At Weibull $<=(Wagner et al, 1984;
f(x)

-
it

o=

=

=

T

R4
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flz)=1- e~ (@=1/Br .,

flz)e Add 98 zold F85S 453 AAES ou|ata, mj/pES<l 4,
B3, 6= TableCurve 2D = 213 (Jandel Scientific, 1996)S ©]-&3&}o] F4 3}t

3-3-2. 49 @Y
1) F3d45 23

2 28 (total fecundity model)2 UE=Z7FA v ohle] 2w ot

o] AFHES 12 2 (Taylor, 198D M F F54(2 9 443

HFel Aeld AY G5B AN Askel WA exw Y3 FF £
@el A58 FAste] AFel WEEE1/mean) 2 AFeAAT. o @l A5

(2] 5)E AHLsto, wWJIHESF g, 4, 09 TableCurve 2D Z =13 (Jandel
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st ek,

I} o] Arts

[e)

- 45
=

o}

[e)

=

0+ o= (T+7)/6)

ted el Aeld AR (P, 4 6)

°

r(T)

OIS I Sy o2 2
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= JE = wr B ﬂ & 180 _E el
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model: s(Px ))& 438t

z ®
< 5 g
_r S § & I W _
o M T B o Nm M ﬁ o Wy L
=0 @ 8 ~ X qr o o o¥m
= T o.mﬂarﬁ%o@o%mm o ol
T o g R R RN 2T
m 4ok g B B R T o
o mm m E OC ,X|_| E m_.ru ,mﬂ ﬂ‘.m ~o 6 ,UF o
T = EEERERR T .
t T 7 5 o 5 W w,_m ooy v M = R
= = N s T 1o fany o )
& R oW 5 B oo % oo & bR @ o
N B — el Gl o No — xX
- G o = oo o B Lo M Co R
~ < wowe 0 W B el o=
+ o W o Ho_oF oy E o 1 o
- AT LT ﬂ‘.m OT o—u Oru wo o~ HT iy oW ,UF B ,DJ
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(Z.2)-6,9-crs-3,4-epoxynonadecadiene
(6Z,9Z-cis-3,4-epoxy-19:H)

(Z.Z.2)-3,6,9-nonadecatriene
(3Z,62,9Z-19:H)

Fig. 1. Sex pheromone components of Ascotis selenaria.

(Pictures from www.pherobase.com)
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Fig. 2. A simple view of a GC-EAD system.
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Fig. 3. A simple view of EAG recording system.
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Winter

Oviposition model

cocoon
Age-specific Age-specific :
survival Cumulative Oviposition Yol s ity
c &
g 2 )
T = o
o] (2] Ll
3 %‘ / : ‘ /\
—  Adult & | & | =
PA PA T
S
Model components
Developmental Distribution
Egg e g rate c .
: PA=31(7)
© 3 )
) - -
Larva Transition process
Previous Model process Final
Model output iis model output
S S :
CP s
—{ Pupa /ﬁ{\\
i

Fig. 4. Structure of a population model for Ascotis selenaria.

(S: survival rate for previous stage, PA: physiological age)
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Table 1. Species proportion (%) of Geometridae larvae collected in two citrus

orchards in Jeju-do.

CRC' ARCCC?

i 2007 2008 2009 2010 Mean 2010
Ascotis selenaria ol.2 63.4 66.9 8.8 65.1 5.7
Ectropis excellens 16.5 277 24.2 158 28.5 13.6
Menophra senilis 0.8 45 3.2 3.2 2.9 3.6
Biston panterinaria 0.0 18 1.6 0.0 0.8 50
Ourapteryx nivea 0.0 0.0 0.8 14 05 14
Odontopera arida 0.0 0.0 0.8 0.0 0.2 0.0
Hypomecis punctinalis 0.0 0.0 0.0 05 0.1 0.0
Uunidentified 16 2.7 2.4 0.5 1.8 0.7
Total (n) 129 112 124 222 140

Citrus  Research  Center (CRC), 1318, Harye-ri, Seogwipo, Jeju-do.
Geometridae larvae surveys were conducted from May 5 to Aug. 6 in 2007,

May 7 to Sep. 4 in 2008, May 12 to Nov. 3 in 2009, and May 18 to Sep. 8
in 2010.

“Agricultural Research Center for Climate Change (ARCCC), 1696,

Odeung-dong, Jeju—do. Geometridae larvae surveys were conducted from

May 18 to Aug. 31 in 2010.
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Table 2. Mean size of egg, larva, pupa and adult of Ascotis selenaria.

No. of

. 1 2
Developmental stage Individuals Width Length
. (mm) (mm)
examined
Eggs 20 0.46 = 0.004 0.73 = 0.007
Larva Ist 20 0.31 + 0.004 2.03 = 0.06
2nd 20 0.51 £ 0.007 549 + 0.259
3rd 17 0.85 £ 0.019 897 = 0.421
4th 20 1.37 = 0.019 16.06 = 0.786
5th 20 2.14 £ 0.032 25.68 £ 0.929
6th 17 3.19 £ 0.052 40.57 £ 1.870
Pupae 20 6.57 £ 0.093 21.36 £ 0.217
Adult Female 34 53.2 £ 3.46 215 £ 0.30
Male 34 49.1 £ 3.37 21.9 £ 0.35

Values are meantSE.

"The width of head capsule in larvae and the length of wing span

“The body length from head to the end of abdomen in larvae,

adults.
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Table 3. Proportion (26) of Ascotis selenaria larvae found on citrus fruits in a

citrus orchard in Jeju-do.

Larval stage

1 Total
Year ()
Ist ond 3rd Ath 5th 6th n
2009 76.5 5.9 5.9 5.9 5.9 0.0 17
2010 33.3 13.3 33.3% 20.0 0.0 0.0 15
Mean 54.9 9.6 19.6 13.0 3.0 0.0

'Citrus Research Center, 1318, Harye-ri, Seogwipo, Jeju—do. Larval surveys
were conducted from Jul. 6 to 21 in 2009 and July 13 to 20 in 2010.

2Only one Ectropis excellens larva was found but excluded.
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Table 4. Number of citrus fruits damaged by Geometridae larvae in a citrus

orchard in Jeju—do.

Fruits per tree base

7 No. of trees 9% tree

Year

examined infested Mean no. Mean no. %

examined damaged damaged
2008 32 67.1 163.8 3.9 4.2
2009 85 94.1 321.6 9.6 4.2
2010 108 73.2 111.0 5.3 5.2
Mean 78.1 45

'Citrus Research Center, 1318, Harye-ri, Seogwipo, Jeju—do. The survey was

conducted on Jul. 22 in 2008, Aug. 25 in 2009, and Sep. 8 in 2010.
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Table 5. Spatial distribution pattern of Ascotis selenaria larvae in a citrus orchard in Jeju—do.

No. of Index Goodness—of-fit test for distribution
. No. of sample Means Var. _ . . .
Year it (N) mdl\(fl(f;uals %) (s2) Dispersion  Clumping Poisson Negative binomial
n
(d) (GD X2 df X2 df
2008 91 68 0.75 1.64 6.52 0.0179 797" 2 3.1° 1
2009 91 33 0.91 2.47 8.68 0.0208 21.64™ 4 1.86" 3
2010 110 175 1.59 3.39 6.82 0.0064 23.17" 4 13.64™ 3

'Citrus Research Center, 1318, Harye-ri, Seogwipo, Jeju—do. larval surveys were conducted from May 5 to Aug. 6 in 2007,
May 7 to Sep. 4 in 2008, May 12 to Nov. 3 in 2009, and May 18 to Sep. 8 in 2010.
0 P > 0.05, *x: P > 0.01, ns: not significant.
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Fig. 5. Geometridae adults (capital) and larvae (small letter) collected on
citrus trees in citrus orchards, Jeju-do. A: Ascotis selenaria, B: FEctropis
excellens, C. Menophra senilis, D: Biston panterinaria, E: Ourapteryx nivea,

F: Hypomecis puntinalis, and G: Odontopera arida.
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Fig. 6. Developmental stages of Ascotis selenaria. El. eggs, E2: eggs just
before hatching, L1: 1st instar larvae, L3: 3rd instar larva, L6: 6th instar

larva, P: pupae, and Al & A2: adult males with different body colors.

_42_

Collection @ jeju



Fig. 7. Oviposition substrates tested in this study (A) and Ascotis selenaria

female laying eggs (B).
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Fig. 8. Typical damage patterns of citrus leaves and fruits caused by Ascotis
selenaria. L1: citrus leaves fed by 1st and 2nd instar larvae which usually
feed on leaves to result in small holes on the leaves, L2: 5th and 6th instar
larvae eat whole leaves to leave the main vein only, F1: fruit scars caused

by larval biting, and F2: a larva feeding on a fruit.
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Fig. 9. Seasonal changes in citrus shoot and fruit damaged by Geometridae

larvae in a citrus orchard at the Citrus Research Center, Seogwipo.
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Fig. 10. Seasonal fluctuation pattern of Ascotis selenaria larvae in a citrus

orchard at the Citrus Research Center, Seogwipo.
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No. males caught per trap
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Fig. 11. Seasonal changes of Ascotis selenaria adult males caught in sex
pheromone traps. (A) in a citrus orchard at the Citrus Research Center,

Seogwipo, and (B) pooled averages in 15 commercial citrus orchards

throughout Jeju—do.
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of\
)
rlo
—
O
=
1
I+
—
N\
=~
—
M

2-2. M 2E HE BA
2-2-1. A28 JE

oF

=4

S 13l EZ(Comp. B)o] 2 wFEAZHtp)S 154654 0] A th(Fig. 13A). L]
U A28 FEES GC-MSE 43 23, T AuzE $rEHde] 747
13.87+%(Comp. A)¥} 16.75%(Comp. B)el WEFSTHFig. 13B). Comp. A =& (M
= 262)9] A#FxdE"ld S M-183([-CH:CH=CHCH;CH=CH-1)< m/e 79 A,
M-154([-CH.CH=CHCH:CH=CH-1)Z m/e 1084, M-56([CH;CH,CH=CH]")<&
m/e 20694 Ho]FQa o] RS 376797-19HZ A% Act. Comp. BIM
= 278)9] A#gx~dE"ld L M-198([-CH:CH=CHCH;CH=CH-1)< m/e 80l A,

ot
o,
A5

|2 FF=o] g GC-EAD A1g A3, 7 e EAG W

—

M-71([CH;CH:CH-O-CHI)S m/e 206914 HoFa, o3 54L& Aga
NA FARE 6797-cis-3,4-epoxy-19:He] o] A A2 RS SR 3}3&9o ==
2= E Q3 T v(Fig. 130).

A E(Ando et al, 1997)3} o] (Becker et al, 1990; Cossé et al, 1992)
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NAE HE&rtAuy AdA=EE A FEE004 62,97-cis-34-epoxy-19:He}
376297-19H7F AU, 6797-cis-34-epoxy-19H= 7+ x4 RS9
SR el o]AAAZ ztar Ath(Fig. 1). Ando et al(1997)2 U&= 74 yito
AHZE Ao A o] F 71x] o] AAE 47 : 53 H &2 AAEAT L HaEe
o 2y 2 Aol A RS9 SR Bt vA= GC-MSE4 Al 87 A
|28 FE52 Comp. Bt Y34t

O

[e]
WG, MEEALE A

i)

2-2-2. A¥=EE H4E€F A= Ed dd EAG #HE

GC-EADo A wF&S Hol: 6797-cis-3,4-epoxy-19HE 2 o] F 7}A] o|A
AAR] RS9 SR #etE, AHlEE FEECAAM THE 376297-19H, 181
A 3gk=Eel dlste] EAG ¥H8& XA Y. 62,97-cis-3,4-epoxy-19-He]
7HA old d A9l RS€ SR BT FHRbH UM vE st Hlste] wig

743 EAG w2 LERUTHE = 2152 df = 7, 32, P < 0.0001) (Fig. 14).
% ogEe) FE7t $713 uheh 30 dEe] EAG WS /SN -

29.0; df = 11, 48, P < 0.0001), =% <telvpe] wkg2 F =49 s%7} 100ng
o] H-E EFTH(Fig.15).

GC-EADA @A 376297-19H: 78 7 Stelve] &S f331% &
°kil, EAG WHg Aol froleh whgo] YepA ekgkt) thpe] AFAES
ol 4ol F7 gl AFALsAY ofd] FAEHIF vk B 3T

AN A 67,97-cis-3,4-epoxy-19HE E33 {FAA 376797-19HE F7F

—~
©)
=
t+
Q
=
N
~

29 & (orientation) 2} FA L] wHE Tha A A 77 = 5

al., 2001).
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2-2-3. 428 AP 2A

23} 19 ® I AA=E MM 6797-cis-34-epoxy-19HA 2 & 7
T AAE 7] AFfete] A EHH o2 FIFStATHE = 595 df = 6, 49 P <
0.0001) (Fig. 16A). 18} 376797-19H= & A & 0AlZF A AH =& A
olM 13.2 + 0.58ng AAE AL, o] F 1 Foll Z 7F QAATHEF = 213; df =
6, 49; P < 0.066) (Fig. 16A).
otZlol yol7l A 2 A nx= 3¢S Fig. 16BF £t -3 ¥ 9
obA AHARE MoA 67,97-cis-3,4-epoxy-19:HS 113.0 + 14.99ng AAtE o
L, gHHlo] yolE HEFF F438 gadte] 3t 49 € o] 4§ 168 =
2 AASIITHE = 539 df = 4, 45, P = 0.0012). ¥kA] 37,67972-19:-H
= 3 9 AdFHe A4F 90 + 1.10nge]l ArE Ao -3 39 A 252 +
813ngo 2 F7FSIATHE = 2.62; df = 4, 45; P = 0.0471). HEH o= $3} 34
T okzle] AHEE MM 6797-cis-3,4-epoxy-19:He} 37,6297-19He] A
ol vgo] oF 1 1o HATH
326797-19°H% # % d4k(linolenic acid) & 258 vFEo]x & Al o] 2 ¥ o] A
o Z A3t HAS T3 6797-cis-3,4-epoxy-19HE AAst= ATFA2A IS
3 tH(Miyamoto et al, 1999). ¥ Aol A ] tpolo wE Ay & Ak
Fol Wsks hzlo]l volE Hojzto] whe} o FA] A #d
oA HA 6797-cis-34-epoxy-19:He] AAteFo] 7HAsHA i o]& 25to]
AFAR] 326297-19H7F o2& Aol ]Sl wet eids ddoz S
¥,
U&7k v bzl o] vrolo] mE AH 2 Ak ¥Wstes #79 {4
Hol| 93-S v A= Aow AdEtt Hardar & Wysoki(1989)& $-3 29 A
Tk ol A Fspgo] wig wgkal 3Y o)A
WHE A AATIH LA F37t o] F o
zlol 3} 39 ol HW FFe g FAdHel A9 gl
Witjaksono et al.(1999)& 3267297-19H= T 1mg2]

62,97-cis-3,4-epoxy-19:Holl 0.01mg -8 1mg7tA =5 ZS7IAA A3 A}
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EAG AgoA 73 <teltte]l wkgS B F ojgd&dA & RS SRel
ek ofe] AlY A9 Fig. 179 ok F A< H&S 1.0 : 094 0 : 1.07+
A 2E FAASl g oke] #F9E AF Ay, A GIke] HA v o
gk zkol7b A AT (Table 6, Fig 17). w94 FHA Aiv]= 20099l 09 @ 0.1
ollar, 2010+ 0.8 : 0.20]ATH2009 : F = 345, df = 11, 24; P = 0.0054,
2010 : F = 3.04; df = 11, 24, P = 0.0011). FdalA= 09 : 0.1o14 0.2 : 0.87}
Ao HE WA A AFel THAH, F AEH 0.7 10337 04 : 06
Hl&olA E3x oz fue= 2708 JaE A= 4% BAHEF = 350
df = 11, 24; P = 0.0049). AFA(da 15)3 AFA < (fd 2 )l A=
ok £&o] thrl 0.5 : 05 Hl& LA ANA o] Fojxar 06 : 04 Bl&3 04 : 06
Hl & Alolo A diF-& 23 HJHaLS: F = 685 df = 11, 24, P < 0.0001, <
b F= 527, df = 11, 24, P = 0.0003, *N¥: F = 839; df = 11, 24, P < 0.0001,
stdl: F = 376, df = 11, 24, P = 0.0032).

U vl=S 7AW 9ol Al RS9 SRe] Hl&©] 09 1 0.1 ~ 08 : 0.2¢
W HA 2 FAdEda, ddA(Fe &) AF(hL 3 st = 05 ¢
05 Hl& TAHAA HAZ FAEATH wepa] sl TS A2 o 24|
dEth ol g ve&THA
A A Aol whet A
P Ao FAET. L9 Aol ARFIE FE OAuEE v o E A ol A
= 4, A o]l A SlTh ol R FH A E eyt (Adoxyphyes orana) =

Oe AdeE 24e 2E T ol gl EAsE, @ A Abd, Bl

jus

i
ok
lo,
oX,
H,
fr
i
N
2
BN
oX,
=
lo,
g
o,
rlr
~
N
1>
o
o,
LA

HE MEsta o2 Jde 2 #jE dEste 4SS Rt (Han & Boo,

2002). 28y Y7 uyEre gkt ZE FsiE F7] wlE o (Wysoki,
— 51 —
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AR 2AS 2 7 AY S5 78 Aol EAeks AL A A
Aol EAst= MATe] TEske] YEbd g o2 o AT

ool EAets 2 wY dFEel oA Ty 2y HARE =
Aol 2ol 7F doh= Aol FF RaEH A tHBoo, 1998, Boo & Park, 2005). ¢
AN =S A Al =2 Al A o] F 74A] o] dAA M= 47 1 53%
2 Haso] lo] AA, AHl2E Al Bl&de= 9hA FAl okl dlw
ZAAUE FAe 938 RS7F Bol H7bd 10: 0 ~ 9 : 1 (RS vs SR
HAndo et al, 1997), o]=gtdo] = SRol v 25 At (Becker et al, 1990;
Cossé et al, 1992). w9 A9 UE=H7HAUR Y] HA =40 9 HA
Zgn ok FrAbsk AR, At AF HAZRAH = AR, o]xehd, a9 A
MAe] HA =dv ek gds =k

RS®} SR7F 05 : 05 H&=2 FF 1mg 239 FelAel 326292-19H= &

HE Frleto] ofe] {1¥E& XAMS A, 3Z6Z9Z-19°He F7F w&e wE
T2 Fidges FAALE FoetA] FUTHE = 094 df = 4, 10; P = 0.4798)
(Fig. 18).

Cossé et al(1992) 3Z,6797-19H7F A o] A Z= Ao At &7
Tor WEYy] wie AHEE AT ASAEAMY Ay FEIA
Aol g F HAE BESF & Aolgta ASteslth ey 2 ATtolA
326297-19Hv FA 9] StHUS] whg& oA Xala, oA 7 <
He FA7A &Eskth dEANME 67,97-cis-3,4-epoxy-19HE E38H3k £-91
Aol 37,629Z2-19HE F7Fatle W 2 #Fddel <28 (synergism)& B

o] F# Ut Ando et al, 1997). T2 AFAEL o] EHo] &

al, 1992). =3 79 IH o 2o WakA (orientation)? A 2] ww|E thi
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AAA 7)1 71 = 3+ 2 (Ohtani et al., 2001), 67,97-cis-3,4-epoxy-19HE 3 3}3t

TAA e 326297-19HE X5 1 : 1 H[E7HA =old 238 7 Flgo]

Ad A F o 5 tH(Witjaksono et al., 1999).
AeAder 376297-19Hx vlw=&7bAYE F2s #lst

rlr
o
&
fru
rfa
o
M

S 2A A4S A Fe AR ATdETh Watanabe et al(2007) U= 7HA]
v =7 otE|vol A A" A #2242 (pheromone binding  protein,
PBP)o] Al =2 dEolu FAb=do] gk o] & AolE Fskvkal W
sttt B dAFelA kFle]l Yozt Es AEERE AldA
67,97-cis-3,4-epoxy-19:He| AArt=ake 7HAheta 376797-19He Arr=Ee A
A o2 F7ketth wekA ol2ldk AE o] AdHlmZo] A QtElvel =dEtdd
S u), 326297-19H%= 62,97-cis-34-epoxy-19:He} 7Agtale] 71¢] WSAS

Wolmet: Aatu A dge & Aow FHHY
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Table. 6. Mean numbers of Ascotis selenaria males caught in sex pheromone traps baited with various ratios of

6797-cis-3R 4S-epoxy-19:H (RS) and 67,97-cis-3S,4R-epoxy-19:H (SR).

comijéﬁtion Gunwi Chanynyeong Goheung Yeongam Aewol Harye
PS Sp Aug. 8-Sep. 7, Jun. 10-Jul. Jun. 10-Jul.  Jun. 9-Jul. 21, Jun. 9-Jul. 21, Jul. 21-Aug. Jul. 21-Sep. 8§,
2009 22, 2010 22, 2010 2010 2010 19, 2009 2009
1.0 0 1.3 abc' 2.7 ab 3.0 bede 0.0 b 0.3 ef 0.0 d 0.0 c
0.9 0.1 2.7 a 2.3 abc 5.0 abcd 1.7 b 0.7 def 0.3 d 03 ¢
0.8 0.2 1.7 ab 3.7 a 6.0 abc 3.0 Db 2.7 bedef 0.3 d 03 ¢
0.7 0.3 0.0 c 2.0 abcd 83 a 33D 3.7 bed 3.3 abc 1.7 ¢
0.6 0.4 0.0 c 2.3 abc 6.0 abc 77 a 4.7 abc 3.0 be 53 a
0.5 0.5 0.0 ¢ 2.0 abcd 6.7 abc 8.0 a 5.7 ab 53 a 4.7 ab
0.4 0.6 03 ¢ 0.7 bc 8.0 ab 8.7 a 3.3 bede 4.0 abc 2.0 bc
0.3 0.7 0.0 c 0.7 bed 6.7 abc 23 Db 6.7 a 4.3 ab 2.3 bc
0.2 0.8 0.0 c 1.0 bed 4.7 abcde 1.0 b 1.7 cdef 2.0 cd 10 ¢
0.1 0.9 0.0 c 0.3 cd 2.0 cde 03 b 3.0 bedef 0.3 d 10 ¢
0 1.0 0.0 c 0.3 cd 0.3 de 0.0 b 0.7 def 0.0 d 0.0 c
0 0 0.0 c 0.0 d 0.0 e 0.0 b 0.0 f 0.0 d 0.0 c

"Within a column, means followed by the same letter are not significantly different (P > 0.05, DMRT).
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—e—male
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K
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00 +8 & |
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.E & y LN
s --&- 1 day old R
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E
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0 O v"" .|
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E |

Hours after lights-off

Fig. 12. Emergence, calling, and mating rhythms of Ascotis selenaria. (R

Scotophase, [] photophase) (A) Emergence rhythms ($: 86, &: 114). (B)

Calling frequency of 10 virgin females in different age groups. (C) Mating

rhythms of 9 females in different age groups when two males per female

were placed in a plastic cage.
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Comp. A
(1z=12.415)

V

WWWWW" Y “.J"UVW‘ "V{—"" ""'“"“-.-'E' U‘A' G‘-W iy

. Comp.B
(1z=15.465)

2000 s
response
B 1. (10, 000, 000}
1.00
] Comp. A Comp. B
0.50— = =
; (1z=13.87) (1z=16.75)
.25 \L
10.0 1.0 12.0 13.0 4.0 15.0 16.0 7.0 18.0
C 1000
: g
i = Comp. A
04 55 108
‘ 93
262
121 6
o 4l H'-" .|IL|. I h|.| |.M|I.. O P AL B gy 233 243
50.0 75.0 1000 1250 1500 1750 2000 2250 2500
10.000)
1. 0
Comp. B
04 93
1‘1 h
107 494 ~ 278
. ‘ n!.“ .||l|||| ‘" ‘|||||. Qi e 135 1m2161 477 1e0 208 220 031 o9 26

500 750 1000 1250 1500 1750 2000 2250 2500 2750
Fig. 13. GC-MS and GC-EAD traces of the gland extracts of Ascotis
selenaria female. (A) GC-EAD trace of male antenna to the extract. (B)
GC-MS total ion chromatogram of the gland extracts (n = 73). (C) Mass
spectra of the sex pheromone components: Comp. A was 37,6797-19'H and
Comp. B was 67,97-cis-3,4-epoxy-19:H.
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672,97 cis-354R-epoxy-19:H
62,97 cis-3R4S5-epoxy-19-H

3Z,6Z,9Z-18:Ac

17,6Z,9Z-19:H -
b
I
0

Hexane b
Air b
1 2 3 4

EAG response (mV)

Fig. 14. EAG responses of male Ascotis selenaria to the synthetic pheromone
components and related compounds (100 ng) (N = 5 R = 5). Different letters
beside standard error bars indicate significant difference among the means at

P < 0.05 (DMRT).

_57_

@ jeju



[¥5]
=

[ [
= Lh
T

._.
==

cd
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8

1000

10000

6Z£,9Z-cis-3R4S-epoxy-19:H (ng) ' 6Z,9Z-cis-3.54R-epoxy-19:H (ng)

Fig 15. EAG dose-responses of male Ascotis selenaria to different amounts
(ng) of the two sex pheromone components (N = 5 R = 5). Different letters

above standard error bars indicate significant difference among the means at

P < 0.05 (DMRT).
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A 150
B 6Z,9Z-cis-3S4R-epoxy-19:H i
S 120 | O 3Z,6Z9Z-19:H ab
g Ly ab ab
E 3 90
L &
S be
= W 60
s <
; b a b
i " a
f 30 be” . abc abc -
C
o < | ]
0 2 4 5 6 7 8
Hours after lights-off
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a
oh
2 1T i
=]
S ~
5 E 90
v 8
= T
S % 60 - L be
= - .
g = a
= 30 - . C ap’
f b’ ab b
0 1 2 3 4
Days after emergence
Fig. 16. Changes in the amounts, 67,97-cis-3,4-epoxy-19°H and

326297-19:H, produced in the sex pheromone gland of Ascotis selenaria.
(A) Temporal profile of the pheromone quantity in 1 day-old females during
scotophase (n= 8). (B) Pheromone amount rapidly decreased with female age
10).

when measured at 5 h after lights-off (n = Different letters above

standard error bars indicate significant difference among the means at P <

0.05 (DMRT).
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3
(=]
.

o— GUNWI

== Changnyeong

= Goheung
Yeongam

— leju (Aewol, Harye)

Ll
(-]
N

Relative proportion in attractiveness

0.0 4 T T T T T T T T T
Jeju island ngﬂr haaRtEs 0.0 041 02 03 04 05 06 07 08 09 10
e ra. g . Relative ratio of 6Z297-cis-354R-epoxy-19:H compared to
fiarve| === mg‘é—"é mountain 62,92-cis-3R45-epoxy-19:H

Fig. 17. Geographical variation n optimum  blend  ratios of
6797 -cis-3R,A4S-epoxy—-19°H and 6797-cis-3S,4R-epoxy-19:‘H for Ascotis
selenaria in Korea. The original trap catch data (see Table 6)were smoothed
using FFT (fast Fourier transform) filtering between 5 and 12% to make the
location of peaks in the actual data more distinct (Jandel Scientific, 1996).
The smoothed data were scaled as ratios against the peak catches to compare
among localities. The surveyed locations were noted in relation to the major

and minor mountain ranges.
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Males capture per trap

a
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a
6 - a
a
_,_1__
| a i
. N
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0.01 0.05 . 2
Amount (mg) of 32,6Z2,9Z2-19:H

Fig. 18. Mean numbers of A. selenaria males captured in the traps baited
with 326297-19:H added onto the lure containing 0.5 : 0.5 ratio between
6797 -cis-3RA4S-epoxy—-19°H and 67,97-cis-3S,4R-epoxy-19:‘H at a citrus
orchard in Aewol, Jeju—do during Sep. 9 ~ 29, 2009. Different letters above
standard error bars indicate significant difference among the means at P <

0.05 (DMRT).
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ol
K
of
)
o
o
o
i)
®
s@
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@)
S
£
Ar
& o

(T)& 522549010tk WAAAT7HE(r,, ) 01130031, 7175 7HE (M= 112
ot} WA A7|7}F 287 H = wiZRAIZHDT)E 6.159 o] A th.

Ui 7R ko] Abekgrt A Akebet Zpol 7k ASdth Wysoki et al (1975)-2
U&7 ko] b7t 302~44571 2 Ha18k9 3, Abasa(1972)= A3 U
oA oF 69071& At&sttia &tk Choi et al(2011)& #d Aoz A3 &
Zlo] Fat oF 1800719 &S Addvtar &lal, vlwEshA el Thefsts F
(soy bean)g 7]¥to 2 3 E3HALE (meridic diet)S Hol&2 A3 WA ST 7+
2 s HolE A& JHAIES s B gk zbolr) gllTh o] g Aol
AEvt GYA A 27 dEel yeid 232 s d i (Awmack &
Leather, 2002).

Wysoki et al.(1975)%= Ulie&7bAudo] Ak 3~53] gtk s A vk,
U gEdeldes A 3~43 HASE AoeZ B uEH AT (Anonymous,
2002b). 232TCelA AZFA 713+ 46840l ar, MAt7IZHT)L 52.25% ] At
wep A, sulell Al dle& A v A7E oF 3~43] 7hEF BAE o oty
N, AT RPgor Ko A8 A Az 33 dAe= Aom yEu
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243 A3} Hilbert®} Logan ¥ o= & A= ch(Fig. 19).
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FA 359 tH(Table 10). Weibull

A o]

W+ &

o) ARAFR)7L &

ISy

A tH(Fig. 20). #4849 =

= O 3 =] =]
=& 2 Hes

o ABey

=

3-253 3

A

F A tH(Table

)

)
=

(age—specific cumulative rate model)

¢}

fecundity model),

.
g 4

] 7] ¥ 4=

=0

(age-specific survival rate model)

(¢}

[e)
&R

FAtHFig. 21). 24 A5 (R?)3k

s

=

st

B

1
T

, A A dEe] w2

¢}

A W

_io
™

s
R

A

vAO

F

o] 0.98= 7}

m
off

Ao

2]

ol

BolFAth Al 7}

=
=

A

o
=2

oA 0.90~0.93& =

¢}

5

ofq AART of

o dlie A v obzle] oF 19.8T el A 2,490 71 2]

bl ot

)

A= 545 & HA

0

3~35TCelA F=2 Akgho]

3-2-4. MATL 289 & HF

u}

I

el

3k AlZH(day)el 7

<)

A
}1 oH(Curry & Feldman, 1987). A&

)

RIS

A Aol vl ST W

2 o g3tol
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of MAS RO Al 4o HEES 2%E A AT E AFoNA =A]
AEAoAA dm&7iAue] Abbas A2 ool EAeta, 33
2k

_1

bt
ot
do
ofj

Ak Aol FEF9 BEES 592%AA T ofelold HAH T AEH Qi)
o& Al FAE PFAEY 10%=2 GHA AASATE £ Gk =}
(soil capsule)E @/dst7] wEo] APAANA Aozl AALFER 80%E A&l
e 7o) Al S ofeloll A ¢-8kgk A 2d7bA] FZel Wi Fds B
¢l AL 7HetslH (Hardar & Wysoki, 1989), oFelol A 9313 AL mE A7k

oto] ww|slar AE3HA HEZ HEES 0% 2 =4 AAs).

S sk Th 2008 K€ 20100744 EAel Al 2ARE A E T GG Al
Y (Estimated 2 in Fig. 23)7} A% WAYTH 25 FYsiA =2 FddAE
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Arpel Alg7Izte] 52259 31 fola(Table 7), AF°] 49 T&FH 109
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Table 7. Life table of Ascotis selenaria at 23.2C.

Adult age Pivotal age I ,

(days, x) (X) ‘ M e L, Xt,m,
s 478 0.40 0.00 0.00 0.00 0.00
2 48.8 0.40 217.28 108.64 43.46 2120.63
3 49.8 0.40 450.72 225.36 90.14 4489.19
4 50.8 0.40 268.61 134.31 53.72 2729.09
5 51.8 0.40 174.22 87.11 34.84 1804.94
6 52.8 0.40 176.06 83.03 35.21 1859.15
7 53.8 0.40 101.00 50.50 20.20 1086.76
8 54.8 0.40 84.61 42.31 16.92 927.34
9 55.8 0.40 100.33 50.17 20.07 1119.72
10 56.8 0.38 57.47 28.74 10.86 616.60
11 57.8 0.33 72.40 36.20 12.07 697.45
12 58.8 0.33 78.27 39.13 13.04 767.01
13 59.8 0.22 22.00 11.00 2.44 146.18
14 60.8 0.20 31.56 15.78 3.16 191.86
15 61.8 0.20 5.44 2.72 0.54 33.65
16 62.8 0.18 0.00 0.00 0.00 0.00
17 63.8 0.18 8.63 4.31 0.77 48.91
18 64.8 0.11 13.20 6.60 0.73 4752
19 65.8 0.07 19.00 9.50 0.63 41.67
20 66.8 0.07 13.00 6.50 0.43 28.95
21 67.8 0.07 1.00 0.50 0.03 2.26
22 68.8 0.02 67.00 33.50 0.74 51.22
23 69.8 0.00 0.00 0.00 0.00 0.00
Sum 980.90 360.02 18810.10

x: age of adult female in days, X: a pivotal age (female age at age x) +
(sum of developmental period (median) of egg, larva, and pupa, respectively),

l,: the age-specific survival rate (proportion of female alive at age x) X

(survival rate from egg to emergence), m’,: the total number of eggs laid per

female at age x, m,. P-m’, where P represents the proportion of

females(0.5).
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Table 8. The developmental zero temperatures and thermal constant of egg,

larval, and pupal stage of Ascotis selenaria.

Parameters of linear model'  Developmental

Developmental Thermal
tage zero constant
° a b r? (C)
Egg 0.0120°"* -0.1311* 0.99 10.98 83.7
Larva 0.0030™"  -0.0284"" 0.99 9.68 340.7
Pupa 0.0050""  -0.0452™" 0.99 9.07 200.7

"inear model function: f(7T)=a + T+b, where f(T) is the developmental

rate at a temperature(7'), a and b are parameters.

Zexkl P < 0.001, #%: P < 0.01.
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Table 9. Estimated value of the parameters of developmental models for egg,

larval, and pupal stage of Ascotis selenaria.

Developmental Estimated

o Parameters value SEM R?
Egg (0 0.3695 0.08232 0.99
b 9.2604 1.51680
D -16.8412 5.12291
Tm 26.0988 1.70822
AT 1.0083 0.35174
Larva (0 0.1165 0.04736 0.99
b 6.3298 2.02936
D -23.3213 10.11832
Tm 29.2071 2.41728
AT 1.0575 0.37799
Pupa (0 0.1427 0.01776 0.99
b 9.6201 1.27155
D -12.9130 3.04644
Tm 28.6765 1.39444
AT 1.5784 0.33725

Hilbert and Logan model (Hilbert & Logan, 1983) was applied.
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Table 10. Estimated value of the parameters of distribution models

development time for egg, larval, and pupal stage of Ascotis selenaria.

of

Deveéi);agn;ental Parameters Es\tfi;feted SEM R?
Egg 6] 1.0179 0.00301 0.99
p 28.2351 2.73029
Larva ¥ 0.7471 0.05124 0.96
B 0.2931 0.05327
2.5278 0.54936
Pupa v 0.6904 0.10471 0.99
B 0.3342 0.10564
5.1170 1.79920

Weibull function (Wagner et al, 1984) was applied.
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Table 11. Estimated value of the parameters for an oviposition model of

Ascotis selenaria.

Oviposition model Estimated

Parameters SEM R?
Components value
Adult developmental a 0.0361 0.00850 0.98
model 5 -43.8521 1.28071
) -5.9775 0.82153
Total fecundity model a 2490.491 253.2921 0.90
b 19.7540 0.514
c 4.8753 0.5269653
Age-—specific cumulative 1] 0.3851 0.00933 0.93
oviposition rate model
p 1.4616 0.07661
Age-specific survival ¥ 1.0412 0.01147 0.92
rate model
) -0.1836 0.01163
—_ 71 —_
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Table 12. Correlation coefficient between model outputs and actual data of

Ascotis selenaria adult and 1st instar larva in different scenarios.

Correlation Coefﬁcientl, r (probability)

Stage Year
Scenario 17 Scenario 2°
Adult 2008 0.46 (0.0151) 0.55 (0.0030)
2009 0.65 (0.0004) 0.70 (0.0001)
2010 0.31 (0.1095) 0.41 (0.0327)
Larva 2009 -0.24 (0.2913) -0.22 (0.3341)
2010 0.30 (0.2534) 0.56 (0.0228)

"Pearson correlation coefficient between model outputs and observed data.
’One hundred overwintered pupae with same physiological age were used as
influx population in model simulation.

*One hundred overwintered pupae divided into 4 groups in a ratio of 2 : 3 : 3

. 2, where -0.3, 0, 0.3, 0.6 of physiological age were allocated, respectively.
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Table 13. Comparison of peak dates in Julian between model outputs and actual data of Ascotis selenaria adult and 1st

instar larva in a citrus orchard in Seogwipo, Jeju—do.

Ist peak 2nd peak 3rd peak Correlation coefficient!

Stage Year e ’
Actual  Estimated Actual Estimated Actual Estimated 7 (probability)
Adult 2008 134 148 184 203 239 244 0.99 (0.0710)
2009 139 137 195 195 237 237 0.99 (0.0065)
2010 145 149 194 202 243 240 0.99 (0.0604)
Larva 2009 153 148 187 197 223 240 0.99 (0.0345)
2010 159 157 201 202 235 244 0.99 (0.0260)

"Pearson correlation coefficient between model outputs and observed data.
*One hundred overwintered pupae consisted of 4 groups in a ratio of 2 : 3 : 3 : 2, where -0.3, 0, 0.3, 0.6 of physiological

age were allocated, respectively.
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Fig. 19. Developmental rate curve (1/median day) of the egg, larval, and
pupal stage of Ascotis selenaria. Hilbert and Logan model (Hilbert & Logan,

1983) was applied on each developmental stage.
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Fig. 20. Relative frequency of cumulative developmental complete distribution
of the egg, larval, and pupal stage of Ascotis selenaria. Weibull function

(Wagner et al, 1984) was applied on each developmental stage.
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Fig. 21. Major component of the oviposition model of Ascotis selenaria. A:
Developmental rate curve (1/mean longevity) of adult female. B:
Temperature-dependent total fecundity curve. C: Age-specific cumulative

oviposition rate curve. D: Age-specific survival rate curve.
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Fig. 22. Predicted oviposition density curve of Ascotis selenaria.
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Fig. 23. Comparison of model outputs with actual data of Ascotis selenaria
adults in a citrus orchard in Seogwipo, Jeju-do in 2008, 2009, and 2010.
Model was simulated with two scenarios in the step of overwintered
pupae(see Fig. 4). scenario 1 that one hundred pupae with zero value of
physiological age used as influx population and scenario 2 that one hundred
pupae consisted of 4 groups in a ratio of 2 : 3 : 3 : 2, where 0.6, 0.3, 0, -0.3

of physiological age were allocated, respectively.
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Fig. 24. Comparison of model outputs with actual data of 1st instar larvae of
Ascotis selenaria in a citrus orchard in Seogwipo, Jeju—do in 2009 and 2010.
Model was simulated with two scenarios in the step of overwintered
pupae(see Fig. 4). scenario 1 that one hundred pupae with zero value of
physiological age used as influx population and scenario 2 that one hundred
pupae consisted of 4 groups in a ratio of 2 : 3 : 3 : 2, where 0.6, 0.3, 0, -0.3

of physiological age were allocated, respectively.
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