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ABSTRACT

1. Natural ©parasitism of Phyllocnistis citrella (Lepidoptera:
Gracillaridae) in Jeju citrus orchards in Korea
This study was conducted to investigate the species of native parasitoids
attacking Phyllocnistis citrella and their parasitism in citrus orchards in Jeju.
During the survey period from 2013 to 2014, seven parasitoids belongs to
Chalcidoidea were found: majority parasitoids were Sympiesis striatipes with
73% and Quadrastichus sp. with 22% in Eulophidae. The remaining species
were Neochrysocharis sp., Pnigalio sp., Holcopelte sp., Ageniaspis sp. (Encryrtidae)
and Trichomalopsis sp. (Pteromalidae). Average parasitism rate reached 10.796 in
orchards with spraying insecticide, and 3229 in environmental-friendly managed

orchards.

2. The distribution pattern of eggs on the leaves of shoots and the
survival rate of larvae of Phyllocnistis citrella (Lepidoptera:
Gracillaridae) in a citrus orchard of Jeju
The citrus leafminer, Phyllocnistis citrella (Lepidoptera: Gracillaridae), is

an important pest that decreases the productivity of citrus trees by attacking
citrus leaves, and especially it causes a severe damage during the young
growth stage. In this study, we investigated the distribution of eggs on the
leaves of shoots according to the leaf position, and the survival rate of this
pest in the field conditions. The occurrence patterns of P. citrella eggs in
citrus orchards were largely affected by the occurrence of shoots. Even if the
adults were still being attracted in the pheromone traps, the eggs were not
observed on leaves when the growth of shoots was stopped. The density of

P. citrella eggs in the citrus shoots peaked at the fifth or sixth leaf from the

- viii =



terminal leaf, and over 90% of the eggs were found in the first to eighth
leaves as a whole. In 2015 and 2016, the average survival rate of larvae was
1.4%, and the rate of survival to adults was 0.296, indicating that most of
larvae were died. Furthermore, we discussed the management strategy of P.
citrella considering the distribution of eggs and the larval survival rate in the

citrus shoots.

3. The Effect of Phyto-chemicals Based on Azadirachta indica and
Sophora angustifolia on the Citrus Leaf Miner and Its Parasitic
Wasps
Phyllocnistis citrella Stainton (Lepidoptera: Phyllocnisitidae) damages on

citrus leaves by making tunnels in the tissue, occurs in summer and autumn
flushes of citrus trees mainly after late July. The damaged scars provide a
route for the infestation of citrus canker that results in large occurrence of
this disease and economic losses. This study was carried out to develop a
control method for P. citrella that can be appled in environment-friendly
citrus orchards. We tested formulated phyto-chemicals of Gosam (Sophora
angustitolia) and neem trees (Azadirachta indica) and petroleum oil (150x);
two phyto—chemicals were mixed with petroleum oil of 1,000x for field
application. All treatments were sprayed three times at 7 d interval, and the
damage of P. citrella and parasitism were evaluated in randomly selected 5
flushes per citrus tree. There was no control effect when petroleum oil was
sprayed alone. The control effects were high in plots of Gosam or
neem-based phyto—chemicals mixed with petroleum oil. In addition, it was
found that the parasitic wasps of P. citrella were frequently occurred in plots
of the untreated control and petroleum oil, and they suppressed the population

of P. citrella over the time.

4, A population model for the citrus leafminer, Phyllocnistis citrella

_ix_



Stainton (Lepidoptera: Phyllocnistidae) and its field wvalidation in

Jeju citrus orchards, Korea

This study was carried out to develop temperature-driven immature
development and oviposition models of citrus leafminer, Phyllocnistis citrella.
Previously published data sets were used to estimate each model. The lower
developmental threshold temperatures for eggs, larvae, and pupae Wwere
calculated using linear model to be 8.8, 7.1, and 12.4C, respectively. Thermal
constants for eggs, larvae, and pupae were 52.2, 108.2, and 88.9 degree-days,
respectively. Non-linear model (Logan model modified with three parameters)
fitted well for the relationship between development rate and temperature for
eggs, larvae and pupae. Aging rate (1/female adult longevity) model was
estimated and used to calculate the physiological age of female P. citrella
adults. Temperature-dependent components (total fecundity, age-specific
cumulative oviposition rate, and age-specific survival rate) were then
developed for the oviposition models of P. citrella. Based on the estimated
total fecundity model, the highest total number of eggs laid by a female was
approximately 59.5 at temperature of approximately 28.6C. Sixty percent of
total eggs were laid at approximately physiological age of 0.82 in the
oviposition rate model. Fifty percent mortality occurred at =091
physiological age in the survival rate model. Finally, we provided oviposition
density curves by incorporating all oviposition component models. Also,
thermal fitness curve expressed by the intrinsic rate of increase (r,) versus
temperature predicted a maximum r, of 0.2792 at 31.7C. Consequently, these
temperature—-driven models estimated in this study can be used to predict
phenological events and/or to construct population model for P. citrella in the

future.

5. A population model for the citrus leafminer, Phyllocnistis citrella

Stainton (Lepidoptera: Phyllocnistidae) and its field validation in



Jeju citrus orchards, Korea

A population model for the citrus leafminor, Phyllocnistis citrella, was
developed to understand the population dynamics of this moth pest and to
find an effective management strategy in citrus orchards.
Temperature-dependent biological parameters for basic process models were
obtained from previous reports. The model was structured by the five
developmental stages of P. citrella: egg, small-larva, large—larva, pupa, and
adult. The model started from overwintered adults or pupae population, and
consisted of a series of component models: (1) stage emergence models of
eggs, larvae, and pupae, (2) adult oviposition model, (3) the shoot growth
model of host plant, and (4) adult activity models in relation to temperature
and wind speed. Simulations results of the model described well the typical
patterns of P. citrella adult abundance in citrus orchards, showing no
different adult flight peak within O d in 36 of 45 cases between model and
actual peaks. The availability of citrus shoots (flushes) was acted as a major
limitation factor of population abundance. Also, wind speeds affected highly
the adult activity of P. citrella population. Overwintering pupal populations
importantly contributed to the abundance of P. citrella in the seasons, while
overwintering adults did not contribute population build up in Jeju areas.
Based on the population model developed in the present study, we projected
population phenology of P. citrella at elevated air temperatures, and discussed

the management strategy in the future.
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2ol AHs B2 d7AEd 98 A7HAY (Badaway, 1967
Beattie, 1995; Clausen,1931; Fletcher, 1914; Kalshoven, 1981; Rehman and
Yunus, 1945, Latif and Yunus, 1951; Pandey and Pandey, 1964).

g A2 A dots o oglen Y= Yol A9 gla il
g5 3t} (Badaway, 1967; Beattie et al, 1995). =S 93 & 14~24 A7+
gtell am|shi=g] Wyl F ofzrolu}l o2 obel Yoyt wmli ofFAL

slujgh Blof A Al zhektt wvl= fble] A T 3w dojdnh mw A& A

Lo

7He 15~30% A XZo|th(Pandey and Pandey, 1964). 73 <7 o] Auj= 1
1.20]tH(Patel et al, 2012). &4#HS v & 5-8Y <to] ¢S Y=t} (Badaway,
1967). &2 ti7f =g 4alx o 2 shed e Eof glown 7} Qo=
2~3 Mo o] EoJtH(Hutson and Pinto, 1934; Shiraki, 1934; Pruthi and
Mani, 1945). Zo]7} 10~25mm¢l <o thiiEo <24& Fi=th(Vercher et al,
2008 ). oA Ab&t 717+e 2~6%YU Z(Chopra, 1928; Sandhu, 1964; Pandey and
Pandey, 1964) 7RAlo] whg} Ab&k7|to] 2o, & F2 o UH(71.9%) A
WAL tgom g S (227%) 3% FEHIA Fo] B2 7HA(G4A%)AA E
al

kv

T Aot 8€-10¥el &9 7k o Beol HHaE AeH (129 ~19, ofddf A
Aol = & 7 v A 4] H-sl(eclosion)= 2~109 ojujeol Lojrf,
b A g FEMor Wity o] FHEdA vYe=H 3~4 Fo] AdTh
F3h82 514~832 %% Aoz d#A th(Pandey and Pandey, 1964).

FEupgel dpEus 1~48e AKUAS AL gk 1~38 Bl g

sl 48 Y% P oz Wath(Needham et al, 1928). 37} dojd uf &3]A|
e 5~6 A ojEyrt wes FEFES 22 2 BRSSPI e
] Zoli 15~25cmoll ©] EthH(Pandey and Pandey, 1964). ol el AS 78]
i 2g&star =g Al ol HdE A4 E wEE e doR kil Fo
T3 o]

rr
&
|



w43 §

o

Holxl MEANA vt a fEH s FAS Herh 7oA
(Pandey and Pandey, 1964).

<
< "7l BE TEr] Sl ek Ade Este] ®dHr] H(aA)e ded

ol
rlo
L
rlo
A2
ich
=2,
(o,
of
ofl
lo
it
2
—r
Mo
oot
=
o,
Au)

(Clausen, 1931). ®Wul7]e] M7z &M o] 1 (Rutherford, 1914; Hutson and
Pinto, 1934) =& o] Wi F=el o 7Pl & 2a WA 1 ¥
7] W& wE3m 1 ¢kl wEUH(Pandey and Pandey, 1964; Siddigi and
Mahur, 1981).

Clausen(1931)2 #=ywWo] Ao FHs= A= Qs 4+ gluxr R sy

RGN FEul FUskA] SR AT A dFoew dEssta 2

E 9 o] e Eyo]l AWM FHol 5@ fAH 2AL A fdm

o 717k 2~10 ¥, 5 717 8~10¥ 5~10 dojar, 11~1 ¢ 13~20¢
22 do|t}(Pandey and Pandey, 1964). A%
o e AL Hu oF Y #HUH(Chopra, 1928; Pruthi and Mani, 1945;

>~
>
s
fr
i)
oS
_O|L
M
3
=
N
~N
=)
rlo
(@))

{

Rehman and Yunus, 1945).

THF = 220 wel g2 25°ColA Hyt oF 179 o] az(Marjorie and
Nguyen, 1997). Boughdad®l| mWZ2W, FHF7]= %o wpal 13U A 45U 714
2] 4 5 9 tH(Boughdad, 1999). &l AFo =z §-381717149] E=vne] A
F71= 2877C9] XolA 16634 o] ATHAbo Kaf et al. 2006). o wlol A ==
vk ol AES7EA 9] S 73RS 20, 25, 30 2 35°Col A Z+Zy 475, 39.7, 28.0
2 231 €2 HuEIdH(Ba-Angood, 1997). Elekcioglu and Uygun(2004)e] u}
2 gFaul deA AskA] ds 7hE 227F SUbskel whel FAsked
=, 15T A 5174 35TCoA 10.1L7+A] #HASAT. F AFEES 15°Cel
A 225%= 7HE =9kal 30°Ceoll A 6.67% = 7HY Stk 15°CoAllM = &4 4

SAUTH BE 2EAA Al FAEY FAMCR ¥ e dskt. AdsThE



& 30.1TClA 50.19(female/female) 2 7Fd =Stk 7M=& WARAS7HS
(w2 Y3 A4 Fdd&s 2= 30C %2 35CoA 0258 2
0.260(females/female/day) 2 #=Uw /Malat Aol HA 2%+ 30T 9 Aoz
1 113} tH(Elekcioglu and Uygun, 2004).

7. AALE R EFLAY EA

FZUe 1% §FA(Citron junos)ol A 4~5At(Lee et al., 1990), Al
5~7TAH(Kim et al, 2002) ZAstE Aoz defx ot dEAA= A
6~10A t7F EAYskaz(Clausen, 1931), 1% FH-ol A= 9-13A 7} WA 3
2 B %%t (Pandey and Pandey, 1964). w= Ag]Eyolo| = 7-8 A7}
DAY SR I(CISR, 2017), == FAAANAE= 124101 7F HA A S (Huang et al

ol &

_Lz_l_z

JP? N

A aFol A FEu 352 19900l 79 Zwol HAstga 99 Z<=d
A HA71E YR e 19910 = 69 Shodl @AE A 99 Sl @
RAHAA7IE Bdom LHE A5t dolA $si7bA H 7|3k 7, 8€ 9
T 151~193% 6, 9¥oll+= 220~246Y°]a Hy FHL o5 58~132%4 7}
Sol= 116~168Yclglom, At g Ao 51.37] 7FEoll= 55.6~75.3
N cHLee et al., 1991).

AFolA = W)k ASH=
Balste] AFEo] H7|7bA ¢k 253 AR AQHUT 44 ARE B A Fo EES
AlZFet7] = shARE Jmelle WUt A FonR
sk o] %] o F 3 JHE ol ol RAEY FEE FE R IHA gl
tH(Kim et al., 2002).

Huang et al.(1989b) F= FA|A9 dEzurl ASAbed #&] Bistd =,
EAAeL 7G-S =g JHEd Fad vl 24 xR EFdria

X 11389 tH(Huang et al.,, 1989a).

N

ARAAE EF AAY F Fael 2ol O WG FolA AE FA 9
Rol 39 Faol Adar] AReAT, A8 7Feo] fE2] 80% oA W]

717F #7271 Aol 7188 A A &2 QdAtel ola] AbgE Aow delAd 3l



th.(Ujiye, 2000).
= FRE oA 1994~199%5d 69 ~74 3 99 ~10€ ] =2 MAT B=E

= Aoz dejA 9tH(Pena et al, 1996, Knapp et al., 1995).
WAl Coquimatlano A= dyd Wl =y F35o o3k Jair7t #d2E3
A RE 109 ol A 129714 J3] AerF 7Hd Alstda, F WA a3 vas 59

o)A 7TAMA R ehel 2 90% ol el I fEol ola WelE walth Ae

(15 °CHY v& 25)2 199, 2¢ 3 34 (A3 A9 8 a9k Bedol
AL, 88 ~9€ol M= F=h J&7 woll YA #HAse As AEE 5 AN

T}HLegaspi et al., 2001; Robles et al., 2005).
TFolA HFEuhe AT TSR, RS Ao Ay o4l FEEiphe]
eiE Ak 2gar FE S ol 9 A 59 &S v, 15 9 Sl
Holl 327%E AT fre 52% ol WH7I7F HE oz d4#HA 3l
(Wilson, 1991).
Fo] &2 F(Khartoum) FollAl= #avd A o] 39 Edste] A

oEHGEI 6¢)d T HAVo o2, 4% D= HA

o

3 AL Fo frFol wES dast=d A-Fstd o (Badway, 1967).

g dd i e o AARE TE A H

r
[l
g
1z
c
=
QO
=
.
=
Q
(ol
)
wn
=
2
Pl iV}

EH 39, 7€45H 10€71A9 =y &
= Aoz HuHAY(Pandey and Pandey, 1964; Siddigi and
Mahur, 1981; Chhetry et al., 2012).
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Fauie F2 233 (Rutaceae family)2 &0l & F=d =771 2
© A AA dEEY AFelA AAHew Fagk dMeor IdEA v
(Clausen, 1931; Pandey and Pandey, 1964; Ba-Angood, 1977). 7= Y52 A
gk 8 Y ofyel FEFES =5 WNEY IS FAEYA AU FAFoEN
a2 F= Aoz delx] Jri(Pandey and Pandey, 1964). #=Z i 30
o3t Ia= = A HAA g 2-85% (Beattie et al., 1995; Zeb et al.,
2001), HAEZAIT 2l 22 A= 2009101H F 90%e] WAl IAE AT
(Heppner, 1993).

& e F9 AETE HAHASH Holde o A4S FFS BIste
ol Ay FEFH A 22 $=tH(Sohi and Verma, 1965). 3] &) 7}
08 AsfAH S843% A A2 e 43S =311 AAES A7

= Aog dHA JdrHKnapp et al, 1993; Garrido, 1994).

U TE2 Y A E4E Fol 7T AEY ¢ FEAAES A=
A s F= Aoz delA] 9l (Welter, 1989), #= o] 93k olo] &£k
T AFAAY TAE FF o Fol wEAA = VI #ATE dE A= &

# 2 9l th(Schaffer et al., 1997).
g ok AAA 4L A durt @ElA] g2 oY 5iEy &

i+
Arbel == vES7E B BE dv) A, AR PR dSA AHES T

)

3t 5 AAF v Lo ZUtel 7H Ao v AEITA wA U EEIoe T

o BT A v g 224
How d#A drh(Pruvost et al, 1997). #=iphdo] o3k gy Feo] &AL
Z 2y b A A %Y (Xanthomonas citri subsp. citrd) 7399 HEe #AxE =
I e g 75 F AH(Stelinski, 2011). AZolA = Fapo] o]
o] Ao v AGHol 50% ol F7F Aoe=m HWaHITHSohi and
Sandhu, 1968).

bl
=
x
E1
&5
o
E
1=
oX
ol
O
i
E
N
oy
1Y
=
Ho
et
r U
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2w o &4

>

ail

HS

HA H &S FUoRE FristoEA AAsHaL
A THKnapp et al., 1995; Pena, 1994; Mingdu and Shuxin, 1989). == v}who] oj
g AAA YA TS obd FHEY AA g2 AdHlola oy o] I &)
7b A7) wiel] AE Bt FE oJAUFAIT BAE il e Aot
gy AlgEol vkgh Sl o7 FAEu FEupte el FelE o A
dul= Aoz dHA I Gottwald et al., 2002).

_1‘]_



L. d7+W-&

L AF ZAELAM 22U A3 7138 JHe 27 A4 78 &

1-1. A&

HFZ e Zytolalol YAH(Stainton, 1856)¢ 7= F(Citrus spp.)
delA don, o g FHRoMAOHE S, dE, )W ofye} &
olgt, oy} ARy WHEZAA] EEsta = o= & A UtH(Heppner,
1993). 1900t ol 7le} T FX] o (

I 1998 Atolol ml=, A g A el HYste] Aol B dE FA
Holl e (Garcia-Mari et al, 2004) =4 WAl i3k #ilo] O HF st
H At

wauke]l HAA ¥ #Ase Hepper(1993)& & FolA 714 A4 3065 =2

3931, Schauff et al.(1998)2 =& uol 7| Aste= FHF & (Genus)S 1%
st A AAACR 80Fe A4S Ayttt d3(dF divt £3hHolAM =
FHdg &3 24F 9] 3yt o] B uE At (Ujiye and Adachi, 1995).

AT e FREoE AuEa i 27U 1960~70d ) dE A o
P o] GAl FEhldt 718 Aol o] fFAHAE

HsAol Erh ST AuAAE BEubgel ERude ui wavt g1l

o
Jl‘ﬁ O{N

o=
o=

= A3

i:l

|

18
it}
poy
o
N
N
o
ol
1 o

=

1, Lee et al.(2015)¢] Sympiesis sp., Quadrastichus sp., Pnigalio sp. 2
Aphelinus sp. TS HAsga, I F Lee et al.(2017) Ageniaspis sp.,
Cynipoidea sp., Elasmus sp., Pteromalus sp. 5 4%& F7I2 ®H 133t} ol
o] A& FEUgelA HFow vl VY HAS Baustdvs 59
A9k vta daE Y, 201439 = 4295 H 8Y(Lee et al, 2015), 20151 9]l
10¥ skeol A 11€ e 13 AF S AAE g sta vk # d4+=
ol ATEY 1d b 2013~2014¢ Rk FRILF FEE o]Folom, A
A48 F7e TAVIBES THY FHo® FIsAY. tEo] 7S Bl A

AA A G2 F(speces) = FH(genus) g0l i def2 2A7E AA8H

fr

_12_



1-2. Ag ¢ 99

0
v
=
el

=4 =4

747y a8l 10090 (5-105)5 A st A8k A o
< A EA A H W, 20 X 30cm)el ol "WEstal, WARASAA ST
(SMZ645, Nikon, Japan)2-Z 20~608] 3tollA ZAFSIATHAFTY oW ZAb. Zt

AAQ @ FEPY §F5, IS FEF, FIPE WA FER 29,

_\3
(o,
ot

e

1-2-2. 71 A AFF ZA}
7+ g ooz FZubd maiel 1009S AMASATHOE 10 F). APLS 5
Ast7] flstel AT S HEEA O "Esto] F2o w=FEste] VA E S0
A -3} l=E f a5t tH(Legaspi et al., 2001). oF 79% 9313k 7|AHE HF

gol ZAAFE 5ml. Plain Tube. Al Wy zh)o] &=
70% 5mlE Y1 HAFFHA EFEAEAC

1-2-3. 2013 =A}
2013del EZbel U@ /RN NYED} 1YY HAH ) FRE 24
slth. Aol ABS BAPFA ALW ABA(FEoh FFL ALNA 24

i, =AY A FdEdat 2ARL 2 FEE (A, 8¢ 24 F4B,

109 28%), ¢+ E](#9D, 8¢9 2), Alste](#AL, 108 5d)o At AU
T8 FEE T AT olon, APHor AFE A 7-103] xS
(FHEY &2FF TA5 Fasds). FeorAn #AEde EE(FE; 7€ 30
d, 10€ 2¢), Avlg] 2940-1(FHG, 99 30, #AH, 7€ 314), 92 (YA,
Y 2o AA HPor FEFL APHAY FUAT(see Appx. 1. Fig.
1, Table 1).

71484 AAY T/ A #AEgEAAAE 63, FEef EddAE 93

_18_



zAbeEI e 2AMRY BEPRE 9 2AYS HABERYE 29), LRSI
1254; 8¢ 15%, 89 229¢), #AGRE 11), IYIQRYE 2¥, 10¥€ 5%) TolArh
F5of AEdd ALY S FAC(ETY 94 8¢ 24, 1149 54), HHE[TE 30
A, 10¥€ 119), FUGUI0E 1¥Y, 10€ 129), F9H(TE 30¢, 8¥ 29, 99 30
o) Ath(see Appx. 1. Fig. 1, Table 1).

%

1-2-4. 2014 ZA}
A WA FRE 2] istel B A 3RF R gEA AR
N 7zt 43 EREAE AASG B FEAR 2AALS FABOY 149,
109 102), #9DO 92), FLIO 102) 5 ol ¥t FEAL 7}
COY 29), FAEOL 1), HAGEY 262), FAH0L 82) 5 ©lATH(see
Appx. L Fig. 1, Table 1). 71A8%&2] A} 78 P2 201393 sLst

ERET

71889 EFEAHL Waterston(1915), Gibson et al.(1997), Schauff et al.(1998)
ol AAIG FejH EA wref AAeATh 83 S AACE obF H

ol 9A g7] WE WEE YRS & FARA Y

)
o2
2
Tg
oH‘

bW 7 A& FEE AELY Aot AL AE

stol B st o) W 7 AL WO ATk

AF FEQAA 2AE FFhol F 1% WAl YES Table 13}
askek bl oA WA /| 4Ee BN 29wk 9wtk
=371, df =7, P = 0.0076). ¥+ Z=1ge] 31 JeES 7 Al AA3 T

(e}
OH



Aoz o]zt GUATHt= -053 df = 7, P = 0.6129). F-sFAnl oA Ao}
AE FFU F59 Lt =IdAR FAl Ao VA" v&E =g A
Ao Hyt 7NAYES AP A AA 107%, F-5F oAM= 322%E HERE
2013-2014 Al #=EdolA HdE =y 7| A% 49 FF+ Table 2%
Zaokoh, ST &3 F 7Fo] wHEAow, FWHI &3t Sympiesis

striatipes?}  73%, Quadrastichus sp.7} 22% % HHEES AHsAuch 71E

o

Aphelinus sp. & 3&°] A=Y olE2 ol ¥ 7HA] dzyrltolA Hid 7|
Zo] glom FAYE = Fo A% 9wy om APE HoF Hr)

1-4. 2 &
ZAMRAANA A Fo] T4 Fed JHHY EAHS FE=(Appendix D)ol

AA AT FHAE 5o TV H I Frket 54 v 2

Sympiesis striatipes (Ashmead)

< ¥ 3} (Eulophidae) @] SympiesisZol| %3l o] £& A AAX R By
T o2 Ujye and Adachi(1995)¢} Schauff et al.(1998)2] =#zZUW 4 E =0
FE39tE o] vk Schauff et al.(1998)°] Aelgk Zlo] waw RS H| Xt F
=, tiE, g7 ARl Haslan, e Al A em entst
H nv} Yt S purpurea Waterston 191502 4 A £33} 78 Fo|t}, AR
ANe BEE UAFgA TAHE 3T o2 ded AH(Ujiye and Adachi,
1995).
2o E(Genus)e F=uyd AAH o R S bukobensis, S. gordius, Sgregori 5 3
=] oW (Schauff et al, 1993), =3t o] &2 Fwo] wgel ¥ 7|
£ Sympiesis sp.2 A# eI AF TE #F=u dH ZAVel A Lee et
al.(2015)9} Lee et al.(2017)> Sympiesis sp.2 7]1&39+=d Je1d 549 7]

Gol REG7] WEe] o 2o &3 A A g,

<
>,
o
o
fr
k
ins

—

ofN

o]

kT

Jm

Quadrastichus sp.

A E¢l o] F& Ujiye and Adachi(1995), Schauff et al.(1998), Lee et
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al.(2015; 2017)¢] H.arell yEpd HAHolth. e ofdel &3 Tetrastichus™t
Citrostichus®t Aol & &0 dojyrixe o T, A& oiw ==
SollA TIFEJAeH, |z Fstw, ofxgtd Al FoR =YHAT
(Schauff et al., 1998).

Ageniaspis sp. [citricolal

Besdae] o] £ WHE fFFo thdAdete sAFoR FEubte A
Ao 2= Ageniaspis citricola?t 284 A tH(Ujiye and Adachi, 1995; Schauff
et al., 1998). Schauff et al.(1998)= ©] T f&o] FHo] &R & &
=S Ageniaspis sp.&2 715383, Al FEANME Ageniaspis sp.E 71 E %A
HLee et al., 2017). Ageniaspis citricola®l 7}7+8 Ao 2 k¥ th(see Appx.
II. Fig. 3).

Neochrysocharis sp. [formosal

A AAReE REFE S0z FUHERY HTA

FH

ol R Ask= 55
olt}y. 71¥ Neochrysocharis sp.% HuH AW 154 /NAE<°] Neochrysocharis
Hrmosaz 22 F QA tH(Schauff et al, 1998). U o] A= Ujiye et al.(1996)°] =

Asto] BustAur. B Ao A WHAE T Neochrysocharis formosa2t 7}

FAHe FEE R tH(see Appx. II. Fig. 4).

o

Pnigalio sp.

HauUr JHow J|EH o &9 FL Pnigalio agraules, P. minio, P.
pectinicornis, P.soemius QU P. soemiuss JtiA oz daydl HAHow
] g2 Folth(Schauff et al., 1998). A &M= Pnigalio 52 v&Ad 3FT5
K 73 tHUjiye and Adachi, 1995). Lee et al.(2015)% Pnigalio & "4 1%

= Hagk v gl

(o

i

o

rO"

Trichomalopsis sp.

TEEAA o] FHol THHEH d=upd VA4 dAHS diedM wad

_16_



Trichomalopsis oryzae Kamijo & Grissell7} 9 tH(Ujive et al, 1996). o] &2
A AAHew Bxay] Yu| B3t ge =] s %ol FF A dFriyd
7137 = Sl o]t (Schauff et al., 1998).

Holcopelte sp.
Holcopelte sp.= dEoA #a=Uxwt HAHo=z2 HIE v A (Ujiye, 1988;
Heppner, 1993).

Ooctonus sp. lcapensil

FAWIA o £& JFE AFAES 5ol R /44 AHoE B

o710l gleh, AFAAAAM SJHAS TheAe] demm FoE adH

QOoctonus capensi= 73 At}

HEEFHAQ o] &2 o=9 7|E& AFAEdd oot #F=vh 784 A
o2 HuE 7|50 glen Lee et al.(2015)0] A5 AEYAA Ragk v 9l

Ales AAJd AN EdHAE 7sdol derne Fos5 87

o

Trichogramma sp.
ARl o] £ 7E AFAE o5t maEuhl VA dAHeE Had
7150l gtk A HJAANA STHHAS 7FeAdol Jdoernz Fo&5 aghr,

_17_



Table 1. Mean number of Phyllocnistis citrella per leaf and the parasitism by native parasitoids in Jeju, Korea, 2013

P. citrella per leaf Parasitoids in total
No. of .
Management Rep- Date loaves No. mines No.
type licate”  examined : per leaf No. larvae  No. pupae % No. parasitoids %
examined alive emerged survival parasitized parasitism
emerged
Conventional 1 Aug. 2 100 2.0 0.03 0.02 1.00 0.10 0.00 5.0
spray 2 Aug. 2 100 1.1 0.01 0.16 14.3 0.05 0.00 45
3 Oct. 5 100 1.5 0.01 0.18 12.4 0.31 0.00 21.4
4 Oct. 28 100 14 0.00 0.21 15.6 0.01 0.15 11.9
Mean *= SE 15+ 0.19 0.01 + 0.006 0.14 + 0.042 108 £+ 334 012 £ 0067 004 £ 0038 107 £ 3.HA4
1 Jul. 30 100 1.8 0.21 0.18 99 0.11 0.22 18.2
Non-synthetic
) 2 Jul. 31 100 1.6 0.09 0.10 6.1 0.51 0.20 43.3
chemical spray
3 Aug. 2 100 1.2 0.12 0.15 12.3 0.35 0.05 33.5
4 Sep. 30 100 1.1 0.18 0.28 25.2 0.38 0.01 35.1
5 Oct. 2 100 15 0.05 0.20 13.0 0.46 0.01 30.5
Mean * SE 14 £ 013 013 +0029 018 £ 0030 133 +32™ 036 0069 010 = 0046 322 + 407

Y Citrus orchards surveyed were regarded as replicates for the purpose of statistical test.
" *Two sample t-test (Parasitism, t=-3.71, df = 7, P = 0.0076; Survival, t= -053 df = 7, P = 0.6129): ns, not significant; *
significantly different at 5%.
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Table 2. Native parasitoids of the citrus leaf miner, Phyllocnistis citrella, preliminarily identified in

Jeju citrus orchards, Korea and their relative abundance

Family Species Female Male Total % abundance

Eulophidae Sympiesis striatipes«xx" 109 304 413 73.1
Quadrastichus sp.*+** 37 7 124 219
Neochrysocharis sp.** 6 3 9 1.6
Ageniaspis sp.#* 5 3 8 14
Pnigalio sp.#* 0 1 1 0.2
Holcopelte sp.* 0 1 1 0.2

Pteromalidae Trichomalopsis sp.* 1 0 1 0.2

The others?

Aphelinidae Aphelinus sp.*#** 4 0 4 0.7

Mymaridae Ooctonus sp.x* 2 0 2 04

Trichogrammatidae Trichogramma sp.* 1 1 2 04
Total 165 400 565

Y% Found in 2013, #** Found in 2014, #*** Found in 2013 and 2014.

Y These species were survived just in the samples of citrus leaves, and may not be a parasitoid on/in P. citrella.
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2. AF ZAELoA 23U €9 Ax Jd AAE E39 F59 4

rh
i

2-1. A&

a3 U (Phyllocnistis citrella Stainton)2 &3 oFAl o} 4H(Stainton, 1856)<]
W EF(Citrus spp)oll ek Fa3 slFo= 19937 1998 Abole W=, A%
a Aol st FHEAYA & HilE Fi JdvHGarcia-Mari et al,

|=]
2004). 53] fr57]

el dsiE W= A5 719 BEE Asfstol nEe] F4
S "oy AAIA< Hs)7F Ath(Knapp et al, 1995). &A= A4 3
= A7 A ZFEhde & FATE A ZdERTE H7) wiel WA

il

FAIRE & gloh(Hill, 1918).

53] AFdEAuiel A (3, Q=g )& TAe® & vk A
(AlEsk-¢2= A AQu)7E ool wet =l BAs oS e =,
R A AR S fste]l Alxe] ¢lo] Fashy] wiel A
Agh 48 Fws dHRI= slo] T8 AmirlE T sttt & = k. oY
gk ol wisoll F71H QL kAl Aol oEtal = AHolth el A= obA
2o SfAAE ido] & delA YA Fou, flTolAMe FAATA
Abel7F ®arE) 3 9l al(Gyoutoku et al, 1996), AA| FWol %= 1 F<oF AL-&3)
e HeyaE o= kAl WAl Gt AA Hade ddo] #EE 9

S

t}H(Personal observation).

mo = ZIAE HAS ol&d Evie] A= WAV F WA A8
1L l+=dl(Foelkel et al., 2009; Xiao and Fadamiro, 2010), o] 7 & A= %<3+
Ao A AEAgAe] AoV = Ak efAgAle] A WEOoRE H
At FEulS EdAow #AEdty] fside AR g A EH Y olafrt
53] WAAYY APAoR AdE AdFee Fxet Ad AEE
T2 WAAES vidstEd T8 ARV 2 5 vk o FdAe FEyie
AAEEAY ¥ AHZE HaEo] 9l oy(Badaway, 1967; Knapp et al., 1995;
Vercher et al, 2003), =] AujA o) = o}z AFH 257t gle AAolt)
upeha 2o AE g Ax Ao X wE FEute o) %, MuYl T

o) R} WEES 2ASC] WAL NEARE BEFHuA AN H

g
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celDe AAstHA FE S g AxHow JAdE S/ &
=d, x4 (parenchyma tissue)7FA+= 337 ZE %A Z=tHSohi and
Verma, 1965; Achor et al, 1996). o] wfj #a=FUW {352 ofAdq Al 1k FEo]
7hsakal, Slol ZojAW AbgEe] FUtete Aom dHA glow, wekd A

2 Foda A o akdeleE A4S Kot (Badaway, 1967, Knapp et al.,

EE w=

rlo
il

1995). Faeth(1985)= =W/ A5 754 =9 A3, e s A7+
R A o] EA Foll webA AtdoRE AAdn e EEu 45 A4

mm # °] 9]
dolo] T2 Akt st Aoz dE A Adth(Vercher et al, 2008). 2 Aol A
= AEUS Ax 2 JorRE 3~7THA oy o] FF e & WA 5

of E%lom 5 & 6% ATV =UtH(Fig. 4). T3 &2 8HA A7HA]

[e)

o
of 7 ol WF M@ AAAL BHEE Aoz wolm, 10~25
01 A

oyl ALS o] g3tt= A AXF 3} T3 Vercher et al.(2008)S F=ivpd <&
Ux= FAS 98] 10~25 mm Zol¢f ¢ 35 AFsk= Aol aHole} 3
A, Az FollA 1o A mE FE AHE &8 TVl dAFoR Hel
o},

Table 33} 49} 20| §% ol ulste] ZAbg o] F7b M o A F
7

o wg7Izke] Aolo] /AT Aow wETh = AEH 7~8Y AHLE

;

>

HE 25C oA Fa3uvby o $5717HE 309013, 59 TS7IHS di=
59 o]AH(Elekcioglu and Uygun, 2004; Hyun et al., 2017 in review)°o] 7] of
ol dd oz fFF7Iite] AojA JfAIFT7E A Ao R HAT A
o] A7 Ao RS oHHA AR A R A9 A

o v 2 (Legaspi et al, 1999; Vercher et al, 2008) ZAI#Ael 771 A2

+
s

e, Wzl 2 A4S feeddr] gyh)E VleeR HSdAd AEES
FAst= Aol A d 4 vk 201593 2016 Ht frFol WuEv| kA AE
[e3]

T oHES 14% olflal, AT %I AET vES 02%% 998%= AMER
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Ao = YR

e ddgdAdE #aEupge] 3 AYES 52 Zom BuHdu
Wilson(1991)2 E2ejoll A ©x] 52%9 FFvte] Hua72 ¥ w
etk B3, Mari et al.(1996)2 %2 60~80%7F Abg&tia kit 71 &
dauit do] AELLS 19% o]l 2™ (Radke and Kandalkar, 1987), A= i1
2710 AlHEo] =dtta B adtHBa-Angood, 1977). T3 WHH 7o AEE
S weEtE AFEWA THEEdA e dFeldded, ol dAHe &Fo
Hops o Foluh 7hsel F7ketr] wlEdl A= Bl

ojf T Z AFELS vFT 2ol 9t YEld 4 v

_

o

A e UE ARe fJFee 4 AAS
A THSiu-King and Ren-Guang, 1980; Heppner, 1993; Stansly and Rouse,
1993). whebA g ol d o] fEo] Ao r HUIIZAA AEET] ofH &
T AUTH

be edow /44 AL NEY G

)

e ned 5 Ak (Schauff
et al, 1998). & A7olA 71 HAe BAAEE 75 5 e 1.02%(2015~
2016 Hi)= VAol Asom $3hete] Yk TAsA X

st et - we sk vk VIS AEe] #Eu f59 AdEs
E 535t ¥248lE F(Foelkel et al, 2009)°] 7] wjio] 7] 5o o3 AlWE
o] H ES FE Utk & AL o] Fozl FEAdel= FUIFHAE AE AE

kAl ek, FEuhy FEAAY] Eetd Heddt VAFRA Sol JTHoR

ra

il

A4 el
e ZHAQ "R A TheAel e AoE FAEY = A=A 4
Z1=dA] 5 ok tFst dA o] =T 4 o™ (Lioni and Cividanes, 2004;
Sahayaraj and Balasubramanian, 2016), &% o]o] tjdt zpAjst A7} H Q3
aL, ol e gk o EA HAo] FEue] WA FaF A4S il US

A& BEaT)

H
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Table 3. Total number of eggs, larvae, pupae and pupae of Phyllocnistis
citrella including dead individuals in citrus shoots in a citrus orchard, Jeju;
the data sets are based on the total populations found in 100 shoots from 10
trees sampled 26 times weekly from late April to mid October in 2015

Type of shoot

Division of variables Total
Spring Summer  Autumn

Eggs 390 3,902 4,902 9,194

Larvae 154 6,531 5,689 12,374

Pupae 25 150 1 176

Pupae emerged to adults” 3 10 0 13

Parasitoids 0 41 0 41

D This variable is based on the exuviae of pupae found in a pupal cell at the

leaf margin.
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Table 4. Total number of eggs, larvae, pupae and pupae of Phyllocnistis

citrella including dead individuals in citrus shoots in a citrus orchard, Jeju;

the data sets are based on the total populations found in 10 shoots from 5

trees sampled 29 times weekly from late April to late October in 2016

Type of shoot

Division of variables - Total
Spring  Summer Autumn

Eggs 2 413 65 480
Larvae 23 1,250 116 1,389
Pupae 0 2 18 20
Pupae emerged to adults” 0 3 1 4
Mortality: Dead larvae

During larvae by unknown factors 17 367 51 435
During pupae by unknown factors 0 0 1 1
Parasitoids 0 16 7 23

U This variable is based on the exuviae

leaf margin.

- 29

of pupae found in a pupal cell at the
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Fig. 1. Seasonal abundance of egg and adult populations of
Phyllocnistis citrella in a citrus orchard, Jeju. A: The growth
of citrus shoots was promoted by a strong pruning, 2015. B:
The growth of citrus shoots was allowed in free without an
artificial disruption, 2016.
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Fig. 2. Abundances of each stage of Phyllocnistis citrella
and parasitoids by the leaf’s order from shoot terminal,
which are based on total populations found in 100 shoots
from 10 trees sampled 26 times weekly between late April
and mid October in 2015, A: Eggs, B: Larvae, C: Pupae, D:
Pupae emerged to adults and E: Parasitoids.
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Fig. 3. Abundances of each stage of Phyllocnistis citrella
and parasitoids by the leaf’s order from shoot terminal,
which are based on total populations found in 10 shoots
from 5 trees sampled 29 times weekly between late April
and late October in 2016; A: Eggs, B: Larvae, C: Pupae, D:
Pupae emerged to adults and E: Parasitoids.
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Fig. 4. Ranking profiles of leaves in the ranked abundance of
Phyllocnistis citrella eggs in 2015. A = Changes in ranking of each leaf
by seasons (investigated date 1 = 5/21,2 = 6/6, 3 = 6/13, 4 = 6/19, 5 =
6/27, 6 = 7/4, 7 = 7/11, 8 = 7/18, 9 = 7/25, 10 = &1, 11 = 88, 12 =
8/15, 13 = 8/24, 14 = 8/31, 15 = 9/7, 16 = 9/14, 17 = 9/21, 18 = 9/28, 19
= 10/5, 20 = 10/12, 21 = 10/19). B = Average ranking during whole
seasons. Bars with same letters are not significantly different by Tukey
test at P = 0.05 (df =19, 340; F = 91.02; P = 0.0001). The box plots
indicate the median, 10th, 25th, 75th and 90th percentiles.
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3. Y(Neem)#} 12} 7]ute] AEBHAZA7 F2Yd 2D 7P R AF e ut
Aol mAE FF

3-1. A8

F2 Yo =& w5 yE F= FFU Phvllocnistis citrella Stainton

.

(Lepidoptera: Phyllocnisitidae) =% 7+&<l A5 79 st olF o5 7}
S<o YalE F311(Song and Kang., 2006), Y& H-9& 7+= A W ditol
Addete] ol ASFE] LS ZHMHI, 1918)3t 22 F7ke] WAH] &9
@S F3 vk 53] gaEuhe R (S E) vZFE Al A Alxe] AAgS

B stel Ao FAS ASANER AAG PARG AFol/% sk

X

T3 Fwek 5 @G A= obA ZAA] WAl AAE UA
Aot 2 A2 ZAFAek i 5od Inke] Al skE ofAl o] Eamuhde]
%

= AE 283 F= Y

2
£ M
off
N
—_
=2
X
&

2 A2 AFSEAARE AAEA G5 S 1254 2FREA A4

FAY(E)E st 44 outRom AAsglon EuUT 155 1vHES
= Fgstdth A2 (A) 7IAF A 1508, B) 71 Al +A4 1508 + 1
2HEA 10008), (C) 71AIF A 1508 + & (&% 1,0009), (D) A2 (5

=

g9k 2y 2y 9 d Al Te 2T AQE 5 AFS AT o
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)

A AS wjRa] EEV(FARFV], Bd HS-310 S/TB, &% 174, 44

T EAN 172)F ol &l whE T oF 108 H ] o R ¥
Aol st fAlA = TAAFY) HAoR ALste] 33 AESATIA
2013. 8.1, 22+ 2013. 8. 8, 32 2013. 8. 15).

<

-

¢

3-2-3. P xA}

ofAlA Y § FIvpe] A AN ZF vHEE 5 Al x5 AFHE AASHA
o33 =AF ¢ 12k 2013, 8. 8, 22k 2013. 8. 15, 32k 2013. 8. 22). AFAT A5+
A 3 9 (25cm=30cm) el B &5t 4~5C Wi RaAstHA fFARE S o] &
sko] (Nikon SMZ645, 8~50x) ZASHATH A2 & & JE5 7ISsta & <

W B AEFE 2ASRAY B9 AR deld AFEE f3F, 1T

FE5, WA ATH K35, V6 AYE §35F S ABE 55
e w2 | Exo] glowA f3el EAA ew AR Resk AA WA

718 71 E. ZARAZIE A1 AFEE)O tiate] EAREA(ANOVA)S A A3
ow Pk vluE Tukey-AAS ol&stdth FAARE FTolA s 3 AL
fFrETe x+059 Aw W ¥ FAEH L, 7S 2 AMEE ARE 24 A
7} =¥ B (arsine) A A th

BN
>
)
e
¢]
o,
BN
>
et
Ll
it
°

)
o

°

v
oz
e

ke
=
FES, AA N1AE, 20 FFALEAELRL 14)E Table 53 23tk 9
w5 2 28 Jol7k ARNOM(F = 17.35, df = 3, 15, p
= 0.000D), 71AFFA S5t FAegelM gk B " Aol vstke
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o

wokth(a 4t | AT 7IAFRA 15087 &3 A= EHAe, o8 a4k =
=l AYTR 289, AE /55 MARRA d5Ae e FAR A =
okom it e W AYFE ofF WUTHE = 26.07, df = 3, 15, P = 0.0001).
NNAYES FAZFAA 7B ERon vE AT ug wkthHF =
4868, df = 3, 15, P = 0.0001). FFAEES 9 AgFolA 7 =% 717
Al dEAE 9 gk AT E SHRATHE = 396, df = 3, 15, P =
0.0289). FAHETFAAME FrEAgEC] kot | Aok SAA Ael7t §ld
=3

o F AEF H K55, AA 7AE, 18 FEAMEEARIEL] v
Table 69} 24t =1l o G A 9 AE
3 AT RAYES F = 5436, df = 3, 15, P = 0.0001; & 55 1 F
= 665, df = 3, 15, P = 0.0040). 71 E2 7IAFA d5Ag 2 FHE oA
o] 43| =QUTHF = 46.15, df = 3, 15, P = 0.0001). frE3AEES o 28 F-o) A
90% oo 7hd Eokom, FAE et V| AfFRA dEA TN L kgl
2 =kar, vk aAbA ol A= Shkth(F = 33.85, df = 3, 15, P = 0.0001).
37 Al M e (12 8€ 1Y, 22 8€ 8%, 3xF 8¥ 15) F ZAHRY 229 ZAh)

S

)
do
o
i
k)
~
o
i
N
_VH
:10
of
>
%
it
2
oL
ko

2
1w Table 73 2tk #=ude] o T A 2 AE 5T BT
ZIAFFA dEAET 2 BTN v A¥e BAHCET F o=
103.22, df = 3, 15, P = 0.0001; 8= #5 + F =589, df= 3, 15, P = 0.0066).
71E&S d AR Alelstais ZFolrh glfle™ 6~13% Wl UAATHE =
404, df = 3, 15, P = 0.0258). F+5AtES A gl o A4 Afol=
SAATHEF = 1.08, df = 3, 15, P = 0.3857).

rlo

RS, AT fEF, AE NAE L 2N v ATEARE 24}
A7 =2 el 77} Fig. 5, Fig. 6, Fig. 7, ¥ Fig. 8% 24t
9 ¥ s g 4# ool W@ dA4EE Ve Axd @
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T At (Fig. 5). @ F= It 7 AFFAA508) A (7E 4 33))= 2
2l FJe(Bes)E BAS=H B3 oldrh. v, VAR A (1500)) T
Aes FAYEYs AAEsrE dgkoy ol aart gllti(Table 5~7).
H A e s 13 2AIA S YER e (- s ), 33
Abell A ALl FAE = Sl eI ol o”dle] x7] dei= A T
b g Ews FEEE dA w2 ®Both(Albrigo, 1986). ©11 3 B AFAA
% &

A F88 + Ak F, e sl P

rlo
ﬁt‘

4 A

A dolfls EEw foas A Ee " AT ASHer U
A FAHRA G ANAFFA e FAFAME 271084 24P = =%ey

AlZko] Ad = ol th(Fig. 6). oI’ @2 o] F Al golA 7|8 Ee] =8k

=, ol A AFgE AJMAT, Mol FEhl §F59 WxTF Bl
wj ol Ao 7] wHS(functional response) 0. ¢13F &S wro How MW
=

(Tomlin, 2013)= @78 szl date] 71AFFA HAEd7t S5
Aoz HI7IEAHDeOng et al, 1927). AT #=ui §5S o F3F o}
WA BHeE wa, w1 wdris o /A g™ R L}
(Raga et al., 2001) 7IAfFHA=Z FA7F €A &S 5 Advf 2 A
AfAe AR wAEdE FAEY Aoz glddth @,
Amiri-Besheli(2011)= HE] 1,0008] 2¥A] S 24252 oF 38% o],
ZI1 A A 1,00081 5 3lA S wf AFEo] bd%E SUbsithal Hasksth
NAGFHFAE AVSAZ Zgste] FAFH S Fol7] uito] A= Ew9l

= HEBY7F AFES 7

rlr
=5
)
ofp
e
o
ol
o
ol
ol
2
il
i
ot
|

oo
o,
ol
X
et

F A= AR B 9o (Shapiro et. al, 1998), dutx oz 2
Al Al (mineral oil)& E3sh= 49 AExWH 783 AR

Ao g 4z It (Bogran et al., 2006).
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kA 2 AT T ASRA EFAYE bt de] AeanE FVHES
Aoz Aztet, Fabdel] digh a4t dFave AAF R Hrke vk ¢l
=, B dA7dsz 2 v g3 b
o] digte] ASHre ntsFEE 250~5008) WelE 39% 7+ 66%
o 43%9 HdFES HEWL, 11F FEELE 4SS WX
2 ¥ 15t Amiri-Besheli, 2011).

WHH ) JA (b H SR 60ppm) = #EEwE Al Al Aow deA 9l
tH(Howard, 1993). Mckenna et al.(2013)& He U(ai 30%) 341 <H(0.1 ul/100
mD2 #F=2Ud F50 st 88%< ¥ WAVtE RAva s 2 A
NME 9 FAREE T AV 53 AEHRE BATh

olatt] &Hel (azadirachtin)S FAEC R = dAlE gy oA, H29A, Atz

9 5 vad Agv1gew dFe WAL oAat nadEge] A2y 2

P
rlr
ol
B=)
N
)
X0,
rlr
poy
[o

o

Z Aol tH(Krauss et al., 1987; Mordue et al., 1993; Mordue and Nisbet, 2000).
Villanueva-Jimenez and Hoy(1998)&= E=uwW ¥ 7|AA Ageniaspis

citricola® W3t A5 HSAHGTHS HrlstAA dA(eRY EHE), 2 U F(oil)

i gAede ASgdon RRIARC WAL ATH YA saHow
AEE ol B ATl #Eug 144 dHe A48 A 7T

2 FAEE AMEEC] UBuedH, J4de wTATIA e A8 wA A A

[T¥h
2 75 F AMRAY T ostue 7T VIFAA R YUY 5 3
(Foelkel et al., 2009). FA2l<F 71 A+ A S5 g Fol A 23 ZARA] 7] 5
< TeAbe] A=, 78T AT A o7k A3 Qo= vUE 8
o

Ae 7] odoh. i Aol 33 2AIME =2 #F5 AARES B3
=

=z

rl

o a4b w3 AExA JAFedgo] ngdk AR 24 & dE s AF
ATA AT B 7 7] " 715 e 7]FA A o] EEstA dojwd Ao
2 BAd Jdo A= FJAFAHol 438 kA (Schmutterer, 1990)= 12 2 23F



#ul deE g o ¥Ad g Aol v, VIARRA dEAe s
el tig HHAJA AT v Fekdr] WEel Eewd vHE g st

71 ole ek o, AARRAT 1R % FEb ARA P AAS
At mANTA @7) Mol FAR WeE dad £ 9e Ao wa

=
ZA & o]&o] 7hed Aoty e 7 Al
Al 71™ (Dias et al., 2005), ©] §3= 24X F
et al 1997), 71} Ao A (2571)] u}
FrAE BREAZ AMEStE A 2 A7 Zo] 1
7] Aol A el 2ol 1,0000) wieold Al HES & Aow WAtk
EATE E Az S AgHoz ddsA A F 2]
7] Wl A gl Wolzk & AAl AmidEiets Aol s & vk @
S, FEwhde VIAE AA, A2 T3 dEste] A AAAE oA H
A opst=A] AEA7Ie Sl Fol SHAA g TFHETL dojor & A
o7 AZEY. I WrbA] & AFEHE NS HEA
|3 FEuh B AAA S 7
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“
=)
o
[o
2
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)
o
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Table 5. Citrus leaf damage caused by Phyllocnistis citrella and the activity
of natural enemies in plots with different spray chemicals after the 1st

spray; investigated on August 8, 2013

No. mines No. alive Mortality (%) by causing factor
Treatment”
per leaf  larvae per leaf Parasites Unknown”
A 1.6 +0.28a” 1.3 £ 0.22a 06 = 0.27b 12.5 + 5.56b
B 0.2 + 0.06b 0.1 + 0.06b 0.0 = 0.00b 22.2 +11.52b
C 0.1 + 0.06b 0.0 £ 0.01b 0.0 + 0.00b 76.2 + 19.18a
D 1.3 £ 0.25a 0.8 £+ 0.12a 85 + 1.55a 27.1 £ 7.13ab

U A: Machine oil 150x, B: Machine oil 150x + Gosam (Sophora angustifolia),
C: Machine oil 150x + Neem (Azadirachta indica), D: Water.

Y Means with same letters in a column are not significantly different by
Tukey test at p = 0.05 (No. mines per leaf, /* = 1735, df = 3, 15, P =
0.0001; No. alive larvae per leaf, F' = 26.07, df = 3, 15, P = 0.0001; Parasites,
F = 4868, df = 3, 15, P = 0.0001; Unknown, F = 396, df = 3, 15, P =
0.0289).

¥ No available data for the mortality.
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Table 6. Citrus leaf damage caused by Phyllocnistis citrella and the activity
of natural enemies in plots with different spray chemicals after the 2nd

spray; investigated on August 15, 2013

No. mines No. alive Mortality (%) by causing factor
Treatment"
per leaf larvae per leaf Parasites Unknown
A 1.3 + 0242 03 + 0.11la 173 + 3.16a 62.1 + 4.63b
B 0.0 £ 0.03b 0.0 £ 0.02b 0.0 £ 0.00b 6.7 £ 6.67c
C 0.1 £ 0.02b 0.0 £ 0.00b 0.0 £ 0.00b 93.3 £ 6.67a
D 1.9 + 0.14a 0.3 = 0.05a 19.7 + 391a 66.6 £ 3.19b

U A: Machine oil 150x, B: Machine oil 150x + Gosam (Sophora angustifolia),
C: Machine oil 150x + Neem (Azadirachta indica), D: Water.

Y Means with same letters in a column are not significantly different by
Tukey test at p = 0.05 (No. mines per leaf, /' = 5436, df = 3, 15, P =
0.0001; No. alive larvae per leaf, /' = 6.65, df= 3, 15, P = 0.0040; Parasites,
F = 4615, df = 3, 15, P = 0.0001; Unknown, F = 3385, df = 3, 15, P =
0.0001).
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Table 7. Citrus leaf damage caused by Phyllocnistis citrella and the activity
of natural enemies in plots with different spray chemicals after the 3rd

spray; investigated on August 22, 2013

No. mines No. alive Mortality (%) by causing factor
Treatment"
per leaf larvae per leaf Parasites Unknown
A 1.2 + 0.12b” 02 + 0.08a 95 £ 391ab 63.8 + 6.42a
B 0.1 £ 0.04c 0.0 £ 0.01b 6.7 £ 6.67ab 80.0 £ 20.00a
C 0.0 = 0.00c 0.0 £ 0.00b 0.0 £ 0.00b 40.0 + 24.49a
D 1.9 + 0.18a 0.2 £ 0.07ab 128 £ 2.73a 74.2 £ 3.98a

U A: Machine oil 150x, B: Machine oil 150x + Gosam (Sophora angustifolia),
C: Machine oil 150x + Neem (Azadirachta indica), D: Water.

Y Means with same letters in a column are not significantly different by
Tukey test at p = 0.05 (No. mines per leaf, /' = 103.22, df = 3, 15, P =
0.0001; No. alive larvae per leaf, /' = 5.89, df = 3, 15, P = 0.0066; Parasites,
F =404, df= 3, 15, P = 0.0258; Unknown, F = 1.08, df= 3, 15, P = 0.3857)
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Fig. 5. The changes in the number of mines caused by
Phyllocnistis citrella per citrus leaf. The wvertical bars on the
figure indicate standard error. Means with same letters on the
same plot are not significantly different by Tukey test at p = 0.05
(Non-treated, F = 290, P = 0.0937; Machine oil, 7 = 054, P =
0.5941; Machine oil + gosam, £ = 253, P = 0.1209; Machine oil +
neem, F' = 366, P = 00575 ; df= 2, 12 in all cases). For the
statistical significance among treatment, please see Table 5, 6 and
7.
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—e— Machine ol
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2.0 1 —»— Machine oil + neem
—>— Non-treated

1.0 1

0.5 4

No. of larvae per leaf

8 Aug. 15 Aug. 22 Aug.

Investigated date

Fig. 6. The changes in the number of Phyllocnistis citrella larvae
per citrus leaf. The vertical bars on the figure indicate standard
error. Means with same letters on the same plot are not
significantly different by Tukey test at p = 0.05 (Non-treated, F
= 17.85, P = 0.0003; Machine oil, /' = 14.42, P = 0.0004; Machine
oll + gosam, F = 4.26, P = 0.0401; Machine oil + neem, F = 1.50,
P = 02615 ; df = 2, 12 in all cases). For the statistical

significance among treatment, please see Table 5, 6 and 7.
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Fig. 7. The changes in the percentage of parasitism (unknown
parasitic wasps) for Phyllocnistis citrella in citrus leaves. The vertical
bars on the figure indicate standard error. Means with same letters
on the same plot are not significantly different by Tukey test at p
0.05 (Non-treated, F = 3.17, P = 0.0783; Machine oil, ¥ = 10.14, P
0.0026; Machine oil + gosam, F = 1.00, P = 0.3966; Machine oil
neem, I/ = 150, P = 02625 ; df = 2, 12 in all cases). For the

statistical significance among treatment, please see Table 5, 6 and 7.
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Fig. 8 The changes in dead larvae (%) of Phyllocnistis citrella
caused by unknown factors in citrus leaves. The vertical bars on
the figure indicate standard error. Means with same letters on the
same plot are not significantly different by Tukey test at p = 0.05
(Non-treated, F = 21.53, P = 0.0001; Machine oil, F = 2022, P =
0.0001; Machine oil + gosam, /' = 7.36, P = 0.0082; Machine oil +
neem, F = 208, P = 01683 ; df = 2, 12 in all cases). For the
statistical significance among treatment, please see Table 5, 6 and
7.
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4-1. A&

== U (Phyllocnistis citrella Stainton)< A Al of gyt A F a3 5o
2 oz} Ty ofrjolo A fF ] Y tH(Stainton, 1856). ©] WwWel f5 o X%
5 E1 vy AX Fas Hu o ¥ FEAES =& G o]F o]

A= o]HYS FA48L(10~20mm Zo] : Vercher et al, 2008), oJ# w=}z] ¢

J

|

3ol shfel o] e T o ey 1Rl FAAES 4ol &4 de AT
H A A =T Heppner, 1993). 19908t # = vt v @Az 7] 2 A
o ZrEUFo AMEE sfFo] HAY AFEoA= FF o]l 16009 H-H

715 5 QA th(Paik, 1958). H.& 437 9slEs
Ha duje] Ko Eed oFoo] A #ofetA 7] wiwel] st A
ANA HFaEue] AAAH E4o] Avar AAR . webA 58E WA
Sl Ao AR Sl A
I 24 Al oY B detod AAlska Ith(Hill, 1918; Ando et al., 1985;
Knapp et al.,, 1995). Z1&iy &HZoll=  Shebs-(Citrus nobilis < C. sinensis x C.
reticulata )3 22 WHHE Ml FF9 sk AEelA FEule JEA<

WAZE a5 I vk ol¥d An) FFL tiaE Aakstr] A FEd o

rlo
>,
@f
@
rlo
9
o
2
rlr o
v =
i N
kY ~

H

HAE B AP AYL W= 2As

Q% PaE A oleF WA BRAE HTw FEbgel AT vl A
g obd FFaA AN e Fee] Ak A HE AP F2 By

Aol oA st=d e =l AEAEA Wstet & dA A G

Fao] AT ke Az o8& =t A VF 2o o A FH§
Hoh 717 80 A ol& The e A waEuwl AR A7)l A #Ed
Holo] oF 64%¢t 53%E AW T F dv A= 4#A UvHGreve and
Redaelli, 2006). A9 <] 7|4 Z27d] w& A7k Aldl & 6914 13 Ao Alo]=
o] 7} At} (Sarada et al., 2014).

2T T MAE BES gdd 7Y dAdA ARTAY FU1E FAe=T
=
=

by

+ A H(Shaffer and Gold, 1985; Kim and Lee, 2010). &= vyo] o3k
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AT EFol vk WAl dEf

=
YA E &5 7N g 9 oAkg pFAd QAo Rdlo] FQEtHKim and Lee,

s
ol #FZuwe MAE Z¥8S FAEY] 93 2% 76k 288 olz Hu ¥
v} glth(Elekcioglu and Uygun, 2004).
kA EoAge] 5242 Elekgioglu and Uygun(2004)el 2l&f 7]&ol o
ARE AREste FEple] A BE gl dast is Bl A 2k
A g 71EAQ] g RdS AFeed T =g, Fayhe]

2]
AL oF 2 A, Al 2ok i A S7FE Abolo] #Alel o8 &

4-2. A5 2 W

4-2-1. =8 F 2759 A

FEue 2= 9
Uygun 7} B17] Adana (N36°59" E35°17', see Appx. L. Table 2.) A& 2o|A] 3Y
3 AF2HE 35359 Y (Elekcioglu and Uygun, 2004). ©] 232 15 20, 25,
30 % 35+ 1°Ce] 23 FdlFE (RH) 80 + 5% % #57] 16L:8DI A #+
Y5 (Citrus aurantium 1..)°] oJ¥l 4S8 ol 7|2 <& oy 2 Hd7]o] W&
Wk ofyet hZel i B At i3 AuES AFstAh EI FHE =
30°C(H Y], 25~35 °C)oll e ZEAFES A A tH(Elekcioglu and Uygun,
2004).

riN

A g = 9@ ko] #3 x5+ Elekcioglu and

i

(g
>
Ll
o
o,
_<>|L
A
v
=2
=
g
>
il
o
ol
_0|L
rr
Sl
rlr
—{o

o TableCurve 2D~ = 13
(Jandel Scientific, 2002)& AF&3tgth o] T2 a#We |37 2A AL A

& AZEJ R &85

ft
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AbESE A 15, 20, 25, 30 ¥ 35°ColA e W& 7|toe 2 & 7.3 54, 3.0, 2.8,
199, % 210, 7.2, 53, 48, 414, #Ad”7] 239, 14.0, 7.7, 46, 404 o]At}
(Elek¢ioglu and Uygun, 2004). of7]d Hat &% 30°C (91, 25~35°C)ollA] <]
A5E F7F st 4o Aee 269, frE 469, ¥MdY] 63Y oty EI
o 5 Abo Kaf et al.(2006)7} H.i13gt H 2% 2877CA & 6.3Y, 7%

6.3, M7 775d e 5717 Amel F7F 5k

X
¢ >
o>
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HAE 2552y, AS7A 25 S5E% 2% Atolo] #AE 7l=str] 9
3 oheFet WA o] AAFHATHKIm et al, 2017). A5} 7 A5 2 (2
)& Z; i) gk -3 SAREP <0.05), AA AFRY, FHARAT
(adj. R?), #xA%538H(Residual Sum of Square), Akaike AR 7|5 A (AIC;
Akaike Information Criterion : Akaike, 1974), Bayesian A X @&7]5 X 4=(BIC;
Bayesian Information Criterion : Schwartz, 1978), SABIC(Sample-size
Adjusted BIC: Sclove, 1987) &9 7|22 ZAA3tH(the data were not
provided). &, 5 2 HH7]o] AF2E7 T & ooz wj/HSG 67
2] o2 H 718 t(see Appendix IID).

T2 Aol ol WA wishEFe] -3 Al TAXSE Fo]5tA

o £4(E TEA AAR)S ARSI} 1R A e JUE vheh)
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7] W&o AYJAHT 1 & R? (EE FAH R o] =& #2l3 RSS ¥
AR=F 7]F (AIC, BIC % SABIC) #teol ¥ F4& o= AAsAn
(Appendix III).

Ao R dayil(d, §5, Hd7)9 Hd 55 &% 7F HjAXE 3

= HidlE 2402 Logan(Logan et al, 1976)9] ®A 218 w3k 37) wj7/iA
5 Zr& Lactin et al.(1995) 58-S A Elst 3 th(see Appendix IID).

:Z-’;/L - T
p]—;ﬂ,_ AT T (2)

r(7) = exp(pT) —exp
AN (T W7l &% T (C)elM el Fxt B5& olaL, 7,2 TH3T
= A gholH, ATE AR 2k FolA HfAdHem REeael ¥
WAL ew WelolW, pt A7 Fulett o AsHY wgel dE T4

Zrolth(Logan et.al., 1976; Damos and Savopoulou-Soultani, 2008).

& 5 A 7HA o9 @R dEd=®E A et (Curry and Feldman, 1987). =
232 Kim and Lee (2003)¢] WS AF83to] 5313
ZF g o] w4 TableCurve 2D (Jandel Scientific, 2002)E A}-83}o

2004). RER o]l BAS 9 Pt AdAFH d5F(d)E FHAEER 5
THKim and Lee, 2015; Choi and Kim, 2016 =34 T+ AZUSERE T35
71% 7). o] RS 4o AYA A"ES Axtete=d etk dubdo=w &
Z= AF9 FHe vl Z718t wel A dcHKang et al, 2015; Choi and
Kim, 2016). +%< EA dAI2ZolA Atait), webd -8l Curry and
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Feldman(1987)¢] 44 3+ Eyring %42 (Eyring, 1935)S AF-&3}31t}.

r(T)=¢ « T+ exp(=6/T) ——(3)

A7)H r(1)E 5 TCEIA) FHER &I, g9 o w7 WMfolth +4

A FPgns 23S FIUY 4% 9AY AGAAES A= AEa

Hzel Aed A% oS T 4% A

i
e
el
o
&
e
-
An)
=

e
X,
ﬁ
>
1o

2E7|HF F AR By g3l &Fle dHd F AbEs e 15, 20, 25, 28,
30 % 35CelA Z+2+ 0, 296, 51.8, 57.1 , 48.6, 54.87l ©]th(Elekcioglu and
Uygun, 2004). Kim and Lee (2003)2] #|¢tel] o& & Atghgo} 2% Aloleo]

AE =3 3 d4=(Jandel Scientific, 2002)E % &3}

fF(D=w exp|1+- kT—eXp(EETﬂ -—(5)

oA7A f(D)E L% TCANAMY $H717F Bk ¢hzlo] AAF 3k o] & o]l
we HY 2t T8 e H Atgte o] dojt 2% k= Aol tHKim and

Lee, 2003).

AR FANBE B, AFY rH HAae gz 4GHAGo] B
BES A AR 4B ES e okde] 23S FYsHs] 9



S F A MANSE 2 Webull 358 A §3Hack

plpz)=1—exp|—(pz/a)’] ———(6)

A7 plpz) e dA BF AE A p7tA B & FA HEoliL ast g
v Aol F2dA FEihie] dd At WiEe] dig ¥xE+ Elekgioglu
and Uygun(2004)7} A& 3+ 22f Z(Fig. 2 in Elekcioglu and Uygun, 2004)el A]
t] x| &3} 7]<4(Rohatgi, 2015; http://arohatgi.info/WebPlotDigitizero| A AF-& 7}

$)e Agetel A9tk ASUMe el 2o WA agme] sa3w e
WebPlotDigitizer %ol Q@ath. 79 the Fol 4718 Seld g Bushel
%2 AU At on ad A FEow FEstel Holy HAEE A4

5t WebPlotDigitizer= 2} EQES Hgst »(xE =" 7 2L 949
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s(px) = —(7)

1+exp[(y—pz/n)]

A7 s(pr)= B A A" proll A ol e SA O nl&olal, 4= 50% A=

o 4 el Adoly pi= H3 Aol tH(Kim and Lee, 2003).

4-2-4. AF FA

A5 HH(cohort)e] AW %o mE dd AekbE FHo e AgEE
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AL 2 FASAFLD], AR FHAAEE [plpx)], dFHAYEE[s(px)]
o] G E S A3 Kim and Lee (2003)2] Wi oz A4ksEdth.

= pxot pxa Abolel B A AR 717 F o] Add & £ uE

4g Agate] Aste

()« [plpz;, ) —plpz;)] * S(pxi)+2'8(PfEi+1) @

4-2-5. 2= AP E WHEF WHADS7HE rmTH o] #A

AW iAol A WARASTIHE () F833 AdS 7H8e AEjelA
MA F FAH AALE =3 BEES dEbdH, 259 AvE Q] A3 g
a3k Hxgt & 4 ri(Charlesworth, 1994). WA AA S 72 22949 #A

A

il
v
o
=
rlr

H

A 2T MALLY 7IFAFAES Hrtsted e
At (Frazier et al., 2006; Deutsch et al, 2008). wekA, Elekcioglu and
Uygun(2004)7} AA & HAAAS7HE A5 15, 20, 25, 30 2 35TCelA 22
0.0, 0.091, 0.204, 0.258 % 02065 AF&ste] #Zvpdol] digh 2=A3A s
A &3t Th Deutsch et al.(2008)0] #|<Qtgt Gaussian %
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AN r(D) e 87 L2 TONA 1y rpp s A4 2% 7,04 A 1 w
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AYRY. 34 9 IARYLE BE ISAA(EAAGAS R°Y ¢ F = 57.9236, P

0 = 30.0251, P = 0.0093, Pupae : F = 106.4370, P = 0.0019,
A 0 F = 100686, P = 00001, 2& A% df= 1, 3)° tste] A4 F9J4
ol At 2= WKE Apold] MPFIAM ALEe] WHIHLEE U

88°C(R* = 095), =2 7.1C (R? = 092), HAH7|&= 124TC (R? = 097 = *3

o
(@)
5
Ho
O{N
’11

HAHTable 8). &, % % w®WH7|9 HAAi2% Aee 742 526, 1082,
88.9DD (degree-days, DD) ©] 31t}
T3 F AT GAE, §F 2 Hd7] FHY TsIEeEE 2 Akes

HAY By F2ude] 7 g7]e dig 2583 2% Ako]e] #Al= Lactin
et al.(1999)E el wl$- AF= AT, ZAASF (R)= EF 0855t ZtH(Table
9. 37 EdL 7 Frivid AR FolAH L  F = 487961, P =

—

0.0016, R? = 0.96, f+% : F = 11.0831, P = 0.0234, R?> = 0.85, D F = 279418,
P = 00045, R? = 093, =& AL df=24). 34 9 348 H4 &u71x &%
Z7bel| wel ZUtelea 1 & o en Ao A YthFig. 9). 4 @

W h g k> Table 9o ok vk &, 5 5 W7o o3 a2 dA2E
il

(7] W7 Thad™ Z42F 535, 446 R 44.7°CE FA = o}

4-3-2. AFEY ZAFo] Had dHEF

AE FHg4EE 23

A% FEARE1/FH5HE)S Curry and Feldman(1987)e] & 4%
Eyring %42 (Eyring, 1935)° & A&l th(Fig. 10A). 3+ Ed FAHL
2 9 ATHF = 111.8060, df = 1, 3, P = 0.0018, R* = 0.97). Wj7/AHS gt
Table 100 AAEAT o] P Favy A5 479 A4 A="S Aitst

= A 4ol AREE AT

<=2EFAET
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2 Z 3}
= -1

3k gk ¥<=(Jandel Scientific, 2002)9l

L
=

FACHF = 63.9099; df = 2, 2, P = 0.0154, R* = 0.98)(Fig.

ol
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Lo wE WHAAE7ISES Gaussian WAA ] & 2 A ¥ oHFig.
12). HlAE 39 B BAHeR fFoido] AJHEF = 457610, df = 2, 2, P
= 0.0214, R? = 098). "7/ <Fe RE t-3hS P <0.0591 9A8S 1wl Foi(d

O ATHA &%) FAH wWiMNTE STAHZ vl FoA ALt F
A @ uj 7| 4(Table 1D)ol] w2, 31.7°C (7S 0004 Hoje] a4
2718 02792(W) AW = 1,07  LFERSETE

==

4-4. 11 F

4-4-1. 2o 229 & 483 AF
kel gy Ao mxE 220 o] B IS wx ok
Elekcioglu and Uygun(2004)2] =2 Alslais 43 Atgks= dolHE o] &

& AT dulol A EEuhd el AEF7EA EH7IHE 20, 25 30 3
35°Coll Al Z+7Zy 475, 39.7, 28.0 ¥ 23192 R FS=d(Ba-Angood, 2009), ©]
AL B Ao A3 25 HYh oF 2 v ¥ ZAvH(Elekcioglu and Uygun,
2004). Alglotol Al =83t Abo Kaf et al.(2006)¢] A=m& #F=uyW oA A

7FA 9] @S- 7] 7ko] 28.77°Col A 166 42 Elekcioglu and Uygun (2004)7} H. it
g 30°Cel Al 12.2 ¢ H]=3kith. olwl Aden®] Bk 282°Coli 7|
Adana®] Hi% 19.2°CelH(data obtained from WorldClim 1.4 database,
http://worldclim.org/, Hijmans et al., 2005) (Appx. I Table 2.) =% ™3t
Ao el JRAITE e S EkES BY] AT e Zlew melt. Hxte
NATE 2 A9 B dujr|$ 2o ALPS F Avh weka B A
ol Zlxe RS AT Faibde] AT AE AoZ dadn. A5 V)
T A otddiA ZIFUIE FAE B B AFEY 24 xS
oA Hk EauHE ol A oA -] &S A7) wEe] Fkol & A

N,
12

Ao SN a2 AEse @A BAR WA gk, 3
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AFFRSS), 244 AFR 2 F4 R) 2 FRAF(AIC, BIC % SABIC)9}+
< 0 2
Anderson, 2002; Roy et al, 2002; Kontodimas et al, 2004; Damos and
Savopoulou-Soultani, 2008; Shi and Ge, 2010).

o|AE FellA R*$F RSSE wi/fig=e] ol o Eshal, a2ER o W o

MARSEE 7H A g d Fe APAS ZE wkdel 3 R’ AL,

rot

7] 0] el oA durzl oz wWo] A% tH(Burnham and

BIC 3 SABIC= wi7f®soll 532l o Aotk 22 o252 7|24

© & RSS(SSE) T RIA =% 3lo)7] wite] w4 Augds A4

B7FE = glek izl aee] SE(EF 2xb7F Avkes A2 A T3] Yol
= AS guigem mizidart g A fes vERdT 29 Ax v

M grel Wstel] s wA F7] wdel A4 FeAel fle AR

S W= B glo] FHekst 4 gtk B AFolA FBAH fodel odliA Al

= 717 Lactin =2 (Lactin et al., 1995)¢] #=1o] BE A
of & weky] Wil HFH oz HNeddt thsee Appendix IIL).

oA FeEwhd ViR B 2ol EaA obe] delde] fi i E

B2 o] Aol o3 A E AL, Kim and

Lee (2003)2] ®t o] AWtz dmatx) 2t s o317 fa £33

A LEER TH LRGBS,

=
1o
=
=
rE
n

3
HAdE W AFHAAEE)S AFESHCurry and Feldman, 1987). Kim

and Lee (2003)+= &% ol AU (Carposina sasakii Matsumura)®] AH&2d

o o] FxE A&t Fdst=d AFSiAnh T3 HEFobA A vhC
sasakii Matsumura)®] A Eo %= AyAoz AL ATHKim and Lee,
2010). & AFollA ol AFAE Yl ol FTHE AteEPe] =84 Sz

E AFE7] uwiEo] (Kang et al, 2015; Choi and Kim, 2016), 7% ® kg -
84 B2EL A Fauwe] MAT B2 fastA 28T F s A
ot MAlx RdgolA £ g dF RES U5UA e HAojrgolr} o &
FS HSE ¥ LS| EY By B T R VB myom pAHT)
(Wagner et al., 1985; Curry and Feldman, 1987). Z1&jt} 2 A For= w39

2 oEe e g Ak gly] W 24 vAl 8 wIHRE Ry

_57_



B

ol

23!

—_
fite)

]
-

tol Z=vhdol o

oH) A o2 Weibull (2] 6)ql

°©

1

0.

W, sl fGA 29

ot

ol
Hr
o

</

X

3|

&
S

=]
=

A

1o
T

=

7

b o 9 tH(Smith, 2005 :

3

T
o

ol-& 7}

Ry

[e)

1(35) ]

Qe HAY 10 (= wlAMS o)l A s,

10~15 Afel 9] wj7i¥ 4 B2 YEFAHTHKIm et al., 2001).
Feo e Wolx

°©

A /Ké

a#z] vt (Wagner et al, 1984; Curry and Feldman, 1987). wWatA F2 &%

o]tHGreve and Redaelli, 2006). webr 757

o))

| Al

A

il

.

o LhER
19

7F 10~25 mm<l o Aqk dojdth(Vercher et al., 2008). Faeth(1985)+= 7|54

i3
=

=
=

o]

e

3 Al
= ™

8

o %

1)
=

E

= Al

2 A5 9

&

R4

3o} (Jeffers, 1982).

glofoF

PN
T

)
B
Hr

o
Wi

—_

=

B

2=

A Aol A

d

Ry

A A

[<]

)
IT 7O

b Aol

243
F AegelAe] Fahy
— 58 —

2y

| <

A

1

4

e

fu

-

5

wA g o).

NA T B

9



Table 8. Lower developmental thresholds (C) and thermal requirements in

degree-days (DD) for P. citrella eggs, larvae, pupae and total immature

Regression Lower Thermal
Stage threshold constant
Equation” df R?

temp. (C) (DD)
Eggs y = 0.01901x - 0.16752 4 0.95 8.8 52.6
Larvae y = 0.00924x - 0.06552 4 0.92 7.1 108.2
Pupae y = 0.01125x - 0.13903 4 0.97 12.4 83.9
Total” y = 0.00412x - 0.04279 4 0.99 10.4 242.6

V' y = ax + b, where y is the rate of development (1/day), b is the intercept,

a is the slope, and x is the temperature (C), Eggs: F = 57.9236; P = 0.0047,
Larvae: F = 30.0251; P = 0.0093, Pupae: F = 106.4370; P = 0.0019, Total: F
= 1006.86; P = 0.0001, df= 1, 3 in all cases.

? Total immature period combined of eggs, larvae and pupae.
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Table 9. Parameter values of the non-linear developmental rate model for

each stage of P. citrella at constant temperature”

Parameters Eggs Larvae Pupae
p 0.1012 + 0.03263 0.1118 + 0.03901 0.1450 + 0.04385
7, 53.4548 + 19.09853 44.5743 + 8.60766  44.7052 + 851794
AT 9.8023 + 3.12232 890142 + 3.06814 6.8888 + 2.07547
R? 0.96 0.85 0.93

U Lactin model (Lactin et al., 1995) modified from Logan model (Logan et al.,
1976) was applied with statistical significance (Eggs: F = 487961, P =
0.0016, Larvae: F = 11.0831; P = 0.0234, Pupae: F = 27.9418; P = 0.0045, df

= 2, 4 in all cases).
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Table 10. Estimated parameter values for adult female aging rate
(1/longevity), temperature-dependent total fecundity, age-specific cumulative
oviposition rate, and age—specific survival rate of P. citrella

Models Parameters Estimated SEM R?
Female aging rate

0] 0.0057 0.00062 0.97
(1/longevity)"

) 3.1271 2.88042
Temperature-dependent w 59.4870 3.09372 0.98
total fecundity” € 28.6272 0.75630

K 8.2911 0.88108
Age—specific cumulative o 0.8214 0.01487 0.96

3.3085 0.26707

0.9138 0.01872 091
-0.14473  0.01689

oviposition rate®

Age-specific survival rate”

I 2 X®

Y Eyring equation (Eyring, 1935) modified by Curry and Feldman (1987) was
applied with statistical significance (F =111.8060; df = 1, 3; P = 0.0018).

? Extreme value function (Jandel Scientic, 2002) was applied with statistical
significance (/" = 63.9099; df = 2, 2; P = 0.0154).

¥ The Weibull function (suggested by Kim and Lee, 2003) was applied with
statistical significance (F = 1,359.0; df = 1, 50; P < 0.001).

Y A sigmoid function (suggested by Kim and Lee, 2003) was applied with
statistical significance (F = 460.5940; df = 1, 43; P < 0.001).
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Table 11. Parameter values of a Gaussian model describing the relationship

between intrinsic rate of increase and temperature in P. citrella”

Parameter Estimated value SEM R?
Tmax 0.2792 0.01840 0.98
Topt 31.6837 1.07989
w 7.6218 1.08980

U The observed data points of ry, obtained from Elekcioglu and Uygun (2004)

were well fitted to the Gaussian model (Taylor,, 1981) with statistical

significance (/" = 45.7610; df = 2, 2; P = 0.0214).
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Fig. 10. Major components of oviposition model of P. citrella female
adults. (A) Female aging rate curve, (B) Temperature-dependent total
fecundity curve, (C) Age-specific cumulative oviposition rate curve, and

(D) Age-specific survival rate curve.
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No. eggs per female

Fig. 11. Predicted oviposition density curves of P. citrella related

to cohort age and temperature.
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observed data points of r, were obtained from
Elekcioglu and Uygun (2004).
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5. W /AT 29 A4 R AF FEdoM 2347

5-1. A&
g AAAHeR FEFe 7o dsoer AT len, 1990d
T

 Adste]l Ag EAE V= FH T AGelde AR dsiz FAA &4
S fasta dth(Garcia-Mari et al., 2004). ©]¢} ®]&te] 1E¢ =AES T
= st

]

AFoAMe A FHEE dfFS oYUt o, 57 F3&
WA A A AV ASEH CHIl, 1918)S flgte] F=

shAIRE, A Wb (ghebs, dEE, =3 ) H7kE EA . dukst
AoEEuhge] WAl deddel AxHa v S ke e Y A71E 7197
et B o] dasty] witel AxE FHstE Aol dATE T sl
tH(Hyun and Choi, 2017).

23 e olduly dEolw wedA Hgeo Zrlehe How Wt

i e Z(Kim et al, 2009) ==& =4 FAA7IE v7H A(S &9~
g A A B FA d ez o dEnt. AT ofF] ke Y
A sHE FAE F e 7lsol MEEHo AA & otk F A
T B2YPE ANEZE WAVIEY 29E vg AlEdeld kA YW(Shaffer and Gold,

1985, Kim and Lee, 2010, 7| ¥¥slo] w2 93 5& @rlehs /Mo AL§
@ 4 UvhKim et al, 2017). B B AFE GFE BFRANN FEhy
o AAT FHE FAT 5 A AHA 2

Hetad FAFA SRR B /RES HIT £ A ZPRW ope
NFEABIH FEAES BAT S AEF VRBARIS NGl AYES

Folaz s
5-2. Al 2 "y
5-2-1. 2389 A8

2o VAT ¥ S Fig. 133 o] A
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I AE5AE & AUFE, S aE, "], AE 5 THAR PRSI e, 7+
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Al A%l ARE

=
=

p = 01333 £ 0.03734, 1, = 41.4294 + 445418, AT = 74547 +

0.1117 +

p:

7)ok

ko3
T

2.04200 (df= 2, 4, F = 9.82; P = 0.0286; R* = 0.83),

445742 + 860736, AT = 8.8867 + 3.04888 (df = 2, 4; F = 11.08;

0.03912, T,

0.0234; R* = 0.85) °] At}
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Zoll Fd EFEAAE o] &ate] thA FAsAT L5V BRERYP Y FA o
= 20 v E Ze Weibull §45 ol &3kl ofdl A3 o] W9

TAS UEe wiEs ot FOl7DE 24dske w7l g A Y

o]
gtk = RS g wfvIzke WMol deh: EEAAsH By B

rlo

FH (X)) F=AA()E ol g mWANFEE A7 gste] FEbl 2873k
AFEXE wEra 7FA3 Kim and Kim(2017 in submitted manuscript) 2]
H MHTes FAAY 5 FARTEEAA EFdA Gel(Ead
9?1 2,) —-2.576, -1.960, -1.0, -0.675, 0.0, 0.675, 1.0, 1,960, 2.576-> Z}7} 0.5, 2.5,
16.87, 250, 50.0, 75.0, 83.13, 975, 995%¢° && WHE YERATH(Sokal and
Rohlf, 1981). whebA 7} FH9] (=1 to 90l == AA d=e o3

ol AL 4 A

X-&—zis
px; = ¥
A7|M z, = -2576, z, = -1.960, ... 2z, = 25760 HFHTt. 7k 2ol THo
3 FEEESE)d dgE e AeH AR (EHEs)S Adtste] HF wiAEs
g F3ss.
AR FAEAY E4& o = 1.0088 + 0.00072, B = 52.0739 + 2.39639 (df =
1, 44; = 2539.44; P < 0.0001; R* = 0.99), %% o = 1.0848 + 0.00467, 8 =

48675 + 013519 (df= 1, 44; F = 7481.4; P < 0.0001; R? = 099) WHul7]= o
= 1.0064 = 0.00058, § = 71.7327 = 365635 (df = 1, 44; F = 2089.58; P <
0.0001; R* = 0.99) °ldth o714, FF2 A% A7l FrFFoz UFrids
w o] wg717ke] BEVF AA FF71e] EExef 2uia shAse] A f57

Fe ol g3te] T WAMFEE 24 wACl BASA A G

M

gy ofd doAul AEo] 7hsetr] vl (Vercher et al., 2008) o]
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g9 47 AEMY ZAARE o] §3te] 0% ol de] HULEE olgatel 7
# Az THARES THL Weibul 2Fol Aiatel viAwsE 2
o (Fig. 14; & A% o = 14383686 + 29.31842, (3 = 5.0281 + 0.64642 (df = 1,
28, F = 469.799; P < 0.0001; R? = 0.94); o] &A% o = 3359.8908 + 33.3847,
B = 177033 + 3.7292 (df = 1, 18; F = 268435, P < 0.0001; R* = 0.94); 7}&4
Z a = 48637835 + 20.63186, [ = 349297 + 633474 (df = 1, 10; F =
186.569; P < 0.0001; R* = 0.95). o] FHAGEL dahide] 7]Fe dig 4t

2 Fahe dol olgHUth Axe FAYFES Ao Lol PP LS
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AEe 8525 @ wavye A4 YA me st dsaAz 9Fol
7hsdt Aow 4y JdoH(AE = Ayoub, 1960; A% 2 AE=HATEA = Lim
Hoy, 2006; Wdl7] 2 A% = CABIL 2017), $-&veto A= v FHe] AE
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I 9JtH(Song and Kang, 2006). &=¥EAHets 28 (Fig. 10B)olA %=
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- Degree-days T
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Fig. 13. Schematic diagram of the population simulation model for P. citrella.
DEL: development model, DIS: distribution model of development time, T:
temperature, S: survival rate, O: oviposition model, and PA: physiological age.
Also, E, L and P indicate eggs, larvae and pupae, respectively.
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Fig. 15. Effects of several sub-stages applied in the
population model for P. citrella: (A) basic model without
shoot growth, wind and temperature for adult activity,
(B) shoot effect-included model, (C) wind speed-included
model, (D) temperature effect-included model, and (E)
model including the effect of threshold temperature for

overwintering adults (see Table 12 for details).
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Fig. 16. The changes in the first emergence date (Julian) of P. citrella adults

according to threshold temperature for the activation of overwintered adults.
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Table 12. Comparison of sensitivities obtained by the model simulation with
different threshold temperatures for the activation of P. citrella adults in
overwintering; data pairs for comparison were obtained from the data of

trap captured and model outputs between 1 and 120 Julian date

Location thresholods No. of ) True peak True off-peak
Tem., C compared pairs
Seogwipo 9 8 0.5375 + 0.06661 0.5892 + 0.03558
9.5 8 0.5851 + 0.07234 0.5763 + 0.03457
10 8 0.6787 + 0.07717 0.5201 £ 0.03761
105 8 0.7523 + 0.07165 0.4692 + 0.03922
11 8 0.7465 + 0.07171 0.4715 + 0.04286
12 8 0.6458 + 0.07500 0.5129 + 0.04264
13 8 0.5136 + 0.08043 0.5260 + 0.04088
Jeju 9 4 05414 + 0.09710 05910 + 0.05247
9.5 4 0.5414 + 0.09710 0.5910 + 0.05247
10 4 0.5336 + 0.09789 0.5874 + 0.05167
10.5 4 0.6054 £ 0.09908 0.5731 = 0.05050
11 4 0.6367 + 0.10993 0.5651 + 0.04916
12 4 0.7148 + 0.11603 0.4921 + 0.06606
13 4 0.7208 + 0.11371 0.4750 + 0.05537
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Fig. 17. Comparison of the result of simulation and the trap catches
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of P. citrella in Seogwipo city: (A) 2002, (B) 2012 and (C) 2015.
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Fig. 18. Comparison of the result of simulation and the trap catches
of P. citrella in Jeju city: (A) 2002, (B) 2012 and (C) 2015.

_87_



Table 13. Field validation of model outputs: comparison of adult peak dates

between pheromone trap records and simulation results

One-tailed t-test?

Discrepancy

Yea . No. of  (Predicted
. City Trap ID total - Opserved) 7d 0d
peak”

Mean SE t-value t-value
2002 Jeju awl -6.1 2.46 0.3557 NS 2.4899 ok
2002 Jeju aw?2 -4.3 2.83 0.9605 NS 1.5165 NS
2002 Jeju aw3 14 1.66 5.0524 * 0.8295 NS
2002 Jeju aw4 19 1.83 4.8365 & 1.0141 NS
2002 Jeju awb 1.0 2.27 3.5277 & 0.4410 NS
2002 Jeju Sanggwi 1.3 1.62 5.0834 * 0.7702 NS
2003 Jeju awl -4.1 2.91 0.9829 NS 1.4253 NS
2003 Jeju aw?2 2.2 1.70 5.3880 * 1.2735 NS
2003 Jeju aw3 14 2.37 3.5375 * 0.5808 NS
2003 Jeju aw4 0.3 3.07 2.3744 s 0.0931 NS
2003 Jeju awb 1.7 1.89 4.6200 & 0.9088 NS
2003 Jeju Sanggwi -29 231 1.7905 NS 1.2348 NS
2015 Jeju Dream farm 0.3 2.11 3.4785 * 0.1581 NS

2015 Jeju Songjeong farm 2.3 2.38 3.9055 * 0.9613 NS

© =1 ~3 =1 00 00 00 00 ~1 ~3 00 ~1 3 O =~ ~J =4 00 O =3 00 =~ =3 00 =3 o™

2002  Seogwi nwl -3.0 1.62 2.4717 ok 1.8537 NS
2002 Seogwi nw2 1.0 1.95 4.0924 * 0.5115 NS
2002  Seogwi nw3 -4.1 1.40 2.0342 s 2.9496 sk
2002 Seogwi nw4 2.7 2.20 1.9473 ok 1.2333 NS
2002 Seogwi nwb -3.8 2.60 12485 NS 1.4405 NS
2002 Seogwi skl -3.6 1.55 2.1828 ok 2.3445 ok
2002  Seogwi sk2 -5.8 1.83 0.6831 NS 3.1424 i

2002 Seogwi sk3 -5.3 1.64 1.0640 NS 3.1919 &

2002  Seogwi sk4 -5.6 1.86 0.7670 NS 2.9912 sk
2002 Seogwi sk5 -6.6 1.51 0.2839 NS 4.3531 *

2002 Seogwi skb 0.7 2.74 2.8149 ok 0.2606 NS
2003  Seogwi nwl -4.2 097 2.8677 sk 4.3589 ®

2003  Seogwi nw2 10 -0.1 1.93 3.5769 * 0.0518 NS
2003 Seogwi nw3 10 -1.8 1.55 3.3442 * 1.1576 NS
2003 Seogwi nw4 8 -2.9 1.62 2.5471 sk 1.7752 NS
2003 Seogwi nwb 9 -2.1 1.49 3.2910 * 1.4211 NS
2003 Seogwi skl 10 -2.8 1.21 3.4733 * 2.3155 oK
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2003
2003
2003
2003
2003
2011
2011
2011
2012
2012
2012
2014
2015
2015

Seogwi
Seogwi
Seogwi
Seogwi
Seogwi
Seogwi
Seogwi
Seogwi
Seogwi
Seogwi
Seogwi
Seogwi
Seogwi

Seogwi

sk2
sk3
sk4
skb
sk6
Bomok
Dosun
Sinhyo
Bomok
Bomok coast
Dosun
wml
wml

wm?2

—
o

N 00 U1 0 =N N O bk O O 00 © O

-14
-1.8
0.9
-1.9
-39
-4.3
-0.8
5.0
0.1
0.0
2.8
-2.8
-4.3
-4.9

1.23
1.14
2.05
1.25
254
3.63
1.44
2.86
2.62
2.65
2.44
3.02
3.05
2.98

4.5489
45412
3.8463
4.1147
1.2244
0.7346
4.3519
4.1906
2.71237
2.6368
3.9953
1.3892
0.9029
0.7192

NS
NS
*%
*
o
*x
*
NS
NS
NS

1.1372
1.6114
0.4334
1.5054
1.5304
1.1937
0.5222
1.7461
0.0545
0.0000
1.1269
0.9262
1.3954
1.6302

NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS

U The total number of peaks during full seasons which were identified at

mid-point between valleys in seasonal abundance curves of P. citrella. In

some cases, peaks were not visible and thus excluded in analysis.

Y One-sample t-test was applied to test a null hypothesis that the mean

discrepancy in days between observed and predicted dates at each peak is

less than O or 7 days (one-tailed test). NS not significant, * p < 0.05, **

<0.01.
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Fig. 19. The population abundance of P. citrella in growing seasons according
to different overwintering stages.
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Fig. 20. Predicted seasonal phenology pattern of P. citrella with the number

of generations per year in Jeju area, Korea. The peak sizes were rearranged

for visualization after simulation with initial 100 adults. Weather data were
based on (A) past (30 yr average of 1961 to 1990), (B) present (30 yr
average of 1987 to 1916) and (C) future (average of 2050s in RCP85 weather

scenario).
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Fig. 21. Predicted population abundance of P. citrella adults in different
regions, Korea. These simulations were conducted with initial 100 adults in all
cases. Weather data were based on past (30 yr average of 1961 to 1990),
present (30 yr average of 1987 to 1916) and future (average of 2050s in RCP

8.5 weather scenario).
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Table 14. Comparison of major phenological parameters of P. citrella among
different regions in Korea according weather data: phenology was expressed

in Julian date

Peak Peak in

) Weather  No. 1st last Flight Max.
Region D 2 . in 1st max.
data Gen.” adult adult period adults
gen. gen.
Suwon Past 8 146 265 120 175 260 169.7
Present 9 141 274 134 168 250 638.9
Future 12 110 296 187 151 242 11008
Cheongju Past 8 144 269 126 168 250 399
Present 9 135 274 140 162 262 1539
Future 12 124 317 194 151 295 16933
Jinju Past 9 146 275 130 165 247 624.2
Present 9 140 275 136 164 268 863.7
Future 12 129 299 171 149 283 13618
Seogwipo Past 10 124 302 179 161 240 444.6
Present 11 111 313 203 155 234 489.8
Future 14 102 323 222 137 273 9634

These simulations were conducted with initial 1000 adults in all cases.
U'Weather data were based on past (30 yr average of 1961 to 1990), present
(30 yr average of 1987 to 2016) and future (average of 2050s in RCP8.5
weather scenario).

2)The number of generations per year includes overwintered generation and

partial generations.
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Appendix I. Geographical coordinate and meteorological information
for the regions where experimental data were collected
in the present study.(#= I ¥ A3 A¥x87F ¢34
AGY AHFES} 71 EHR)

Appx. I. Fig. 1. Location of orchards where field surveys

were conducted.

Appx. I. Table 1. Table 1. Geographical coordinate for orchards where field

surveys were conducted

Ochard Site Latitude Longitude Altitude
(m)
A 188, Hamdoek-1i, Jocheon-eup N 33°32°37.09“ E 126°40'36.33“ 47
B 641, Hamdoek-ri, Jocheon—eup N 33°31°17.14" E 126°40°04.21 44
C 1413-1, Josu-ri, Hankyeong-myeon N 33°1958.66“ E 126°1329.45“ 65
D 92-1, Anseong-ri, Daejeong—eup N 33°1553.50¢ E 126°17°36.81¢ 85
E 1693-3, Topyeong-dong N 33°1651.03¢ E 126°3517.28% 163
F 1254, Wimi-ri, Namwon-eup N 33°18°07.82¢ E 126°40°05.86% 158
G 4032, Wimi-ri, Namwon-eup N 33°16%5.75¢ E 126°38%57.33% 60
H 2940-1, Wimi-ri, Namwon-eup N 33°16°13.41° E 126°3929.31¢ 2
I 1053, Sehwa-1i, Pyoseon-myeon N 33°19'51.51¢ E 126°4803.86“ 71
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Appx. I. Table 2. Meteorological information in Turkey and Jeju, which was

obtained from Worldclim 1.4 database

Referenced sites Investigated sites
Locality Adana Aden Jeju Seogwi
(Turkey) (Yemen) (South Korea)  (South Korea)
Latitude N36°59'50.69" N13°19'57.79" N33°3013.84” N33°15'00.72"
Longitude E35°17'17.04” E45°32'35.95” E126°29'41.62" E126°33'31.41"
Bioclimatic Description for .
. ) Meteorological data
variables variables
Al 1 M
BIO1 e en 192" 282 153 157
Temperature
Mean Diurnal Range
BIO2 (Mean of monthly (max 115 85 63 69
temp - min temp))
Isoths lit
BIO3 SoTnermaTy 38 52 23 25
(BIO2/BIO7) (+ 100)
Temperature Seasonality
BI04 2 2 4
0 (standard deviation *100) 6678 760 7258 698
Max T at f
BI05 e Semperature o 342 367 294 294
Warmest Month
BIOG Min Temperature of 46 206 % 2
Coldest Month
Temperature Annual
BI 2 161 268 2
07 Range (BIO5-BIO6) % 6 6 70
M T t; f
BIOS can S CIpEratre o 104 313 249 242
Wettest Quarter
M T t; f
BI09 can 2 emperatire 274 299 63 91
Driest Quarter
M T t f
BII0 can 2 CpErate o 274 316 249 249
Warmest Quarter
M T t f
BI11 can Temperatie o 104 248 63 69
Coldest Quarter
BI12 Annual Precipitation 677 48 1424 1678
Precipitati f Wettest
BII3 recibitation of Tetes 137 8 234 260
Month
BI14 Precipitation of Driest 6 1 m 46
Month
BIl5 Pr‘ecip'ita'ltion Seaso‘nal‘ity 71 Al 56 54
(Coefficient of Variation)
Precipitati f Wettest
BII6 recipiiation of HTetes 343 17 643 739
Quarter
Precipitati f Dri
BI7 recipitation of Driest 28 7 170 182
Quarter
BIIS Precipitation of Warmest 08 10 643 662
Quarter
Precipitati f Coldest
BI19 recipriation of Toides 343 14 170 184

Quarter

1

All variables represented as Celsius degree * 10 (temperature) or mm

(precipitation) unless other description.

- 118 -



Appendix II. Morphological characters of parasitoids found in the
present study (3= II : 27A4F9 gy 5A)

AR HA T2 AAEN A (SMZ645, Nikon, Japan) o2 #F S5A4& #23)

e

r

of FASAT. Sympiesis 53 Quadrastichus 9 4% AFHA=I=3 AE

T4 FAPA A B 4 (MiniSEM SNE-3000M, ()%=, Korea)Z
ARESRAAL, 1 9o T PSS HEATAY "AEAA
(VHX-900F with VH-Z100R, KEYENCE, Japan)< ©¢|&3te] &/ S54S #29
st e HESHAT

]

2. TAFY FHH 54

Sympiesis striatipes (Ashmead)

Sympiesis 59 57 (Appx. IL. Fig. 1)
vkt (Tarsi)7F 4 vljelx b RFo 725wkt (funicle) 47FH7F 9l

t}. o} W (submarginal vein) &%l 37| & 1ol wdst "Hol
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Kl
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A (stigmal vein) XU 71 AW (postmarginal vein)o] Attt T3
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A= gon d=o] gith(Appx. II. Fig. 1). 7F&uivkt] (propodeum)dl &= 7} d)

A

olg=7](median carina)’} A+ A% Ja 7% AT FE(plica)elvt &3

A (costula) ItH(Schauff et al., 1998).

Sympiesis purpureus, sp. (Sympiesis striatipes (Ashmead))

HE = Fo] Bl Fo] ¢ Wl (3: 4), woll= ofFd 3ol gli, ol HA
HE g8 F42l(vertex), ©lvk(frons) 2 o3l (clypeus)= &717F Y
I, FyE glon (Eir(ocellar) 4H2E otoll= A 9)), ;
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#Fe g3 2557 du AFd(vertex) o] 2 Woll T RS FEIE ok H
% ZirE(posterior ocell) T4 7FdA}8] (occipital edge) A olAl wA @
oAl 1 Aol 4 e FrIt e 7] % Lol sy Atk Al
AZE weh oF 10709 22 ZEEC] At} o]uH(Frons)v= H o 9l

W (genae)dl Al A w(face) S w8 F2 old ol 22 AR 207F A3, 1
g PR T4 S Tl 07 o Aok A= ®ZRo] ddeiA miity
Al RE 2HE gtFo] BHW QQuje] R aEFYHIE dwsioh doiw o)
(malar keel) ¥loll F3leta FHejdomn A& a&Ex4o] g, #H

g2 ¥ Fo] At (Waterston, 1915).

Quadrastichus sp. (Appx. II. Fig. 2)

Wbt (Tarsi) = 4 vho o]tk k2l e] 243 nk (funicle) = 3rkH o]al =3
ol ZZAF v (funicle)  4wnptleolw, R E EZxFwit] 24 (funicular
segments)®] FE&HA ZF HTl ZAr ofdw T AR 177F Atk oA
(submarginal vein)> &EAY $ledl AT (stigmal vein)RE Tt} 1/30]3} 9]
. S d =" (notauli) S g AHE EAsta,  Jheurbsdea
(mesoscutum)oll &= F%o] ZFr7F 3 ) = (notaulus)E°] S Th(fig.

C Zeuty F(scutellum)ol = 2719 #AR7F Qlom Az = 2%0] Ut 7]

b
rlr
off
rﬁ:_{

v} t] (propodeum) ol & YR Q7] Eo|#(paraspiracular carina)o]  $lth

(Schauff et al., 1998).

Ageniaspis sp. (Appx. II. Fig. 3)
WEukt (Tarsi) = 5 vhH o] il F2kakFvhH (funicle)= 6 whHolth. & ¢ A%
Fol =(axillae) = A2 E 9| =F;

1 =0
(mesopleuron)< =LA &7 % o]

Tdolvt 1 A A wdn. ZhEdHst
WPy 25 gy Ao b
H 7} = HHmesoscutum)2 & 538kl T3 =" (notauld)> $HHskA] ek, ¢ty
o} 7hxdl oy Ertt(coxa)T Eviy AEFET 2tk kdrle] A9 (marginal
vein)< ZolE9] gled AEM(stigma) Bl A% AA LvH(Schauff et al.,

1998).

o
o

W ARETY

facs
=l

Olr
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Neochrysocharis sp. (Appx. II. Fig. 4)

W= vlc](Tarsi)+= 5 vhujolth. o} @ (submarginal vein)oll= 2709 R
(setae)7} At} FA M (postmarginal vein)2 Holx AFM(stigmal vein) WHF
2tk o ilol = A (stigmal vein)oll A WALSHE R AH(line)o] flaL o] F
& A g(band)= A3 RolA vl F2wu H(scutellum) ol & 242 AR

allf

7} Qdar 7hEwivid (propodeum)oll = 7F-dl o] ®E 7] (median carina) 95
(plicae)e] $lom F=33oh5-3H XA (transepimeral suture)< <+ UtHSchauff et al.,

1998).

Pnigalio sp. (Appx. II. Fig. 5)

HEutt](Tarsi)= 5 #trola ¢ & & o FZAF v (funicle)v= 47kt o]
t}. o}d 9 (submarginal vein) S°l 37 &2 1 o]l ARV 3 FA
(postmarginal vein)°] S=Ast=d AL (stigmal vein) Rut At A=
(notauli) A 3HA] eFa1 23 F(scutellum)oll = 22 SEo] A WA
A A gom dZ(lateral lines)e]l §lth. 7FEwuimte] (propodeum) w117 M
o] ym 7hEdol&gE7](median carina)®t 95 (plicae) ¥ &/ (costula)©]

ZF ek E o] Q) ti(Schauff et al., 1998).

Trichomalopsis sp. (Appx. II. Fig. 6)

Eutt](Tarsi) = 5 mtH ol F22-F vt (funicle)= 6 whtjojth. #gd =
Avg e 8§71 (postgenal carinae)©] §13 9 Ao <l o] gtk FF
(occiput)oll &= Ei=(ocell) I} A F(foramen) &%+ %o 3 o]z=7](transverse
carina)7} §1A18 vt AE=®ol(axillae)= WSS = WA Zepzic, 22wofg
(scutellum)el = 4 #AsHA 27 FE0] AL o 5 F&% dAA =
A &gt 7hEEivkY (propodeum)oll = 91 5F (plicae) o] AW stal 7k dlo] &E7]
(median carina)= dWtH oz AYsit) oAEL FRY IEFH Hdn
(nucha) A o2 FHAC wAFri (petiole)= Au7|Ht HHx EEYS

3 A& (stigmal vein)< ¥ (marginal vein) Z o]t Al ZtH(Schauff et al.,
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1998).

Holcopelte sp. (Appx. II. Fig. 7)

WhEult] (Tarsi)= 4 vid o] il o} @ (submarginal vein)ol 2719 X7} glo
w o olmbgaf(clypeus) = A= FW G FEEHA =2y Aok FF
(occiput) Eo] AlatA zZ+A At 712d 7t 9] I (mesoscutum) F1& Adk A
Lo e STHREFH(notauli)o] Ui FHHFe] L JtLH E¥o] Aed
(scutellum) ¢F Zol A wWo] e} Ut} AEd(scutellum)ol= 3 4] ZFR7}
Atk ZhEulukY (propodeum)dll == 7hEdl o] & 7] (median  carina)$t  9F&

(plicae)S glaz  vix}FFubt] (petiole)s= L tH(Schauff et al., 1998).

Ooctonus sp. (Appx. II. Fig. 8)

GRSt Ew(ocelldo] Ao E7i7E o drdEol Qv A A A uiy
(flagellum)= A3 2% (clavate)o]™ FZL%-H-(clava)s 1-3vfH 2 H o
At TEwY(Tarsi)= 5 vhHeolal £2kaF vt (funicle)=  8vitlolty. A=
(face)ol &= o}Z 7} g (subantennal grooves)©] $1th. 7} wkt] (propodeum) el &=
tolopZ =t e FH7F = o]FE7](carinae) 7t Atk HH-(metasoma )oll =
Woelrt FHA 2v] ol X1 wiAbFwit (petiole)7h har, WA HH-AZE
(metasomal tergum3)< &-F-A4]2% FH(metasomal tergum3)X.tF A tHGibson et

al., 1997).

Aphelinus sp. (Appx. II. Fig. 9)

WEukt (Tarsi) = 57 1 H] 7h vk e 25 vkt (mesotarsus) &= 47FH o]t
G #S g w2 Mol 9] e A F(parastigma)e]l U7 (Forewing)
of 9la F A (postmarginal vein)< ¥ (marginal vein) 2ol HA 1/44 %=
ALY ol FAY glon dE(stigmal vein)& W (marginal vein)] 1/44
o Ax gt AAvuid(flagellum)= 3709 FZAFwbo] &4 (funicular
segments) 2 o] Fo A Q3 FHZtFF(clava)T 1y =2 Hof o difol =

WA M (linea calva)e]l J&dl 7HEF AW3sHA E3A Y gtk (Centrodora spp.).
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F7tE5 W (Pronotum)& WrolA i @lle frEldolth vl e Aurt gl
ow Fo] M dAgsti JhES Wil of T FEATo] k. ARAvtEST
(acropleuron)< 7h5 Wl 7FH 75 9 (mesepimeron) 4 | 38l o] H A =
gt FAY  oF A4 7| (hypopygium)=  wgetth w& 2A ¥ R
(metasoma)®= ™| 9} 7FF(mesosoma)S ¢33k AR Zoh e ofdwa)

o @ (submarginal and marginal veins)= &3t dol7} &7 Axlk o] o]t}

J

7} ul et e] (Propodeum) = 5l 75 %5 FH(metanotum) B.t} 28] o] 2] gk B2

= Hojy2 Z(crenulae)o] glth. A A HFA2 7] (hypopygium) 7} =
Ho] # AHE Fshe] wWo] gla skt (ovipositor)e] £ 23 9 tHGibson et
al., 1997).

Trichogramma sp. (Appx. II. Fig. 10)

Hlgst=t Ags ddl= ol 43S Wl 57 E(apex of metasoma)s A
YA AU Aol ZFHste] Advtk. Ak (flagellum) ol &= 221k (funicle )7}
Sl F42E(clava)$t F4AF et 7] 23 anellus) 2 o] FolA low 7}
B (clava)w 4utd Rt Ao 4uid ]l A= A9 flvh skEvidde Hikd

A= (stigmal vein)o] Atk FHAQA A FZ g F(clava)odl EEo] FE5HA]

-

r

ol ko= SAFE A3 (venation)©] Uil AFE M (stigmal vein)S AW
A st @ X(setal lines)E°] At AH vl (flagellum)oll = = 2H-%84-(clava) <}t
72 Fuke] 7] 58 (anellus)  Akeloll  1-2mtH ] FZpAHFukr] 4 (funicular
segments) . 7h2 Bl -3l IH(mesoscutum) 2+ 221l F(scutellum) @] 7h-Hl &

Z % (midlobe)oll &= Z+7F 2 o] 7 R7F A tHGibson et al., 1997).
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Forewing Antenna Gena

Appx. II. Fig. 1. Morphological characters of Sympiesis striatipes.

Forewing

Appx. II. Fig. 2. Morphological characters of Quadrastichus spp.
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Dorsal thorax Ventral Thorax

T
&
§

R

Antennae Forewing

Appx. II. Fig. 3. Morphological characters of Ageniaspis citricola.

Whole body -
(dorsal) Hind-leg tarsus

Dorsal thorax

Appx. II. Fig. 4. Morphological characters of Neochrysocharis spp.
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Head

Appx. II. Fig. 5. Morphological characters of Pnigalio spp.

Whole body (dorsal) .' S

Appx. II. Fig. 6. Morphological characters of 7Trichomalopsis spp.
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Head

Whole body (dorsal) Hind-leg tarsus

Appx. II. Fig. 7. Morphological characters of Holcopelte spp.

Whole body

Appx. II. Fig. 8. Morphological characters of Qoctonus spp.
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Whole body Whole body
(dorsal) (ventral)

Appx. II. Fig. 10. Morphological characters of Aphelinus spp.

Whole body Forewing

Appx. II. Fig. 11. Morphological characters of 7Trichogramma spp.

- 128 -



Appendix III. Selection criterion for the development model of P. citrella (2 I : 23Uy 2523 M7 F)

Appx. III. Table 1. Equation list for the development model of P. citrelia

T

Type Model Reference of eugtion Formula(see Kim et al.,2017).
Biophysic SS-Model Schoolfield et al. (1981) 7 Y, 1
(i P2C ) 90815 E”’[ R ‘w815 T‘
i [AB, 1 1 [Ad, 1 1
1+exp 7 ( T - ?} +exp 7 ( T].{_w— ?,)
SSI-Model Ikemoto (2003)
T | HA L1
P R R ¥ ‘
N P N e 22— L]
SR g IR R YEE T
Empirical Logan Model Logan Logan et al. (1976) / T i)
I(T)=wlexp(pT) —exp|pT, 7‘
AT explpT) —exp| pT,, AT
Hilbert & Logan Hilbert & Logan (1983) 2 7 )
J ( ) TJP D2 1). ( m A T))
Lactin 1 Lactin et al. (1995) T /i
r(7T)= |exp(pT)—exp|pT ”'7)
) I (J( J I IIU m J T :
Lactin 2 Lactin et al., 1995 / T 7
r(T)= |exp(pT) cxp[;_a ; 2 7 )‘ + A
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Type Model Reference of eugtion Formula(see Kim et al.,2017).
Ryoo and Cho Ryoo and Cho, 1983 (T) = 1
08 M T exp plTy= T}))
1 el {]—‘m (I]l EJ]U
L +rexpl—pT,) =B AT
1 " ‘—FEI J‘rh
.[ +r P 2

Drost—-model Drost et al., 1998 T 7T

d(T)=aexp(—pT)|exp(p?) —explp T, - J‘

AT
Stinner Stinner Stinner et al., 1974 C
Rr=
1+exp(k; +ky7)
Performance  Shi Shi et al.,, 2011

r(T)=c[1—exp(— K (T— T}))] [1—exp(h,y(T— T)) ]
Wang 1 Wang et al, 1982 . 1= exp [~ B (T 1)) (1 —exp[£5(T— 73)))

nI)= 1+exp[—&(T— Tp)]
Wang 2 Wang et al., 1982

T—1T%:0 Tp—T
ﬂ{l exp 5 LU 1—exp Hf‘)
V1)= ‘ ‘

1-Fiestp| —9( '="T}) |
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Type Model Reference of eugtion Formula(see Kim et al.,2017).
Beta Beta distribution Yin et al., 1995 o
TV= R r Tmin Tmax 4 Tone— Tmin
: ( J s 27)311 1 min Tmax Tu,u!.
Beta reduced Yan and Hunt, 1999 .
(T =R :Fma?c 4 ( T T"f"’”T“"”" Tone)
= jrma}: z::p!'. z:;pi
Beta simple Damos and Savopoulou T T a
-Soultani, 2008 ol ) = p((} . ( . )
‘ 10 /\ 10
others Gaussian Taylor, 1981 : 9
. 1 ' 1Fmax
wk L= Rmat eXp 9l 7
; 2 7 e
Ly _g
Briere Briere et al., 1999 1
pl T)= g\ T— T I\ T~ )™

For details, see reference Kim et al. (2017)
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Appx. III. Table 2. Formula to calculate each criterion

Criterion Formula Meaning of Criterion
. 9 .. =1 5 , .
rladj r=ad = 1.— (]_ —ip ) Higher value better fit
— B
RSS RES= AT seorsai™ L ) Lower value better fit
SSF
AIC AIC=n ln( ) + 2p Lower value better fit
7
SSE
BIC BIC= 2111( ’ )+ plln(n)] Lower value better fit
SSE .
SABIC SABIC=— 21'{7]+P[111((”+2)/ 24)] Lower value better fit

n = no. of data points, P = no. of parameters.
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Appx. III. Table 3. Estimated parameters and their statistical significant by t-test.

Model Stage Parameter P>F Comment
p(25C) Ha Hy, Tyl Hy Tion
SS- Model eggs 0.4571 25570 -673500 275.9 28570 301.4 0.1978  All parameters are not valid by t-test
larvae 0.53039 26768.41 266636 349.6048 26945.58 293.3577 0.2846  All parameters are not valid by t-test
pupae 0.380038 26933.06 17671.3 295.8135 17611.3 298.5814 0.2214  All parameters are not valid by t-test
p® HA HL TL HH TH Ty
eggs - - - - - - - Excluded because of >6 parameters
SSI-Model larvae - - - - - - - Excluded because of >6 parameters
pupae - - - - - - - Excluded because of >6 parameters
p Ty rho Tm deltaT
Logan eggs -0.00598 -17.5579 -0.80561 -1.42185 16.1678 0.093  Invalid pi, T_b, rho and dela T by t-test
larvae -0.0136 -6.46415 0.118871 50.98698 9.412152 0.2825  All parameters are not valid by t-test
pupae -0.00701 7.751981 0.152262 40.38686 8.458407 0.182  All parameters are not valid by t-test
' T D Tm deltaT
Hilbert & eggs 0.7127 6 20 40 1 0.186  All parameters are not valid by t-test
Logan larvae 0.2184 6.045 13.14 69.88 4.622 0.6645  All parameters are not valid by t-test
pupae 0.2385 5.084 24.72 50.02 1.09 0.9312 All parameters are not valid by t-test
D T AT
Lactin 1 eggs 0.101198 53.45497 9.802322 0.0018  All parameters are valid by t-test
larvae 0.11184 4457429 8.901396 0.0234  All parameters are valid by t-test
pupae  0.145001 4470522 6..888835 0.0045  All parameters are valid by t-test
P Th AT A
Lactin 2 eggs 0.155023 43.70021 6.44152 0.08405 0.0198  All parameters are not valid by t-test
larvae  0.154159 40.77605 6.48018 0.038206 0.1191  All parameters are not valid by t-test
pupae  0.160464 43.11495 6.227756 0.010276 0.0288  All parameters are not valid by t-test
a K p T Ty Ty €
Ryoo and Cho eggs - - - - - - - Excluded because of >6 parameters
larvae - - - - - - - Excluded because of >6 parameters
pupae - - - - - - - Excluded because of >6 parameters
a Tb p Tm AT T1
Drost eggs -0.00561 9.273848 0.141108 43.0939 12.43946 -1.91448 0.1047  All parameters are not valid by t-test
larvae  —0.00982 -2.09855 0.118673 46.62129 9.396798 -7.44538 0.3396  All parameters are not valid by t-test
pupae -0.00484 6.235862 0.163071 38.58239 7.763956 -1.06215 0.1587  All parameters are not valid by t-test
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Model Stage Parameter P>F Comment

Rmax kl kZ TO]JL

Stinner eggs 0.312689 3.269731 -0.09125 22.3304 0.0144 Invalid Rmax, k2, and Topt T by t-test
larvae  0.364961 4.1804977 -0.21299 21.73972 0.0702  All parameters are not valid by t-test
pupae  0.170415 4.145097 -0.12784 25.14931 0.0289 Invalid Rmax, k2 and Topt by t-test

C T1 K1 KQ T2

Shi eggs 0.7012 11.21 0.04083 1.58E+07 1.36E+08 0.2256 Invalid ¢, k1, k2, and T2 by t-test
larvae 0.27706 12.28108 0.078667 0.151825 2584.818 0.1796  Invalid ¢, k1 and k2 by t-test
pupae 0.539 12.39 0.02242 11.14 39.74 0.2299 Invalid ¢, k1, k2 and T2 by t-test

K K] Tl Kz Tz K T()

Wang 1 eggs - - - - - - - Excluded because of >6 parameters
larvae - - - - - - - Excluded because of >6 parameters
pupae - - - - - - - Excluded because of >6 parameters

H Ty 5 Ty ¥ Ty

Wang 2 eggs 0.5549 2.868 11.19 6.99E+14 0.08142 21.06 0.5226  All parameters are not valid by t-test
larvae 0.4216 14.77 0.4483 5.65E+10 0.05791 31.48 0.1808 Invalid H, s_delta, TH, gama nd TO by t-test
pupae  3.181557 14.09459 0.388558 35.79069 0.095268 59.23584 0.1551  All parameters are not valid by t-test

Rinax Topt Tinax Tnin [¢

Beta eggs 0.162726 17.20824 6.78E+09 -1.99263 1.747875 0.079  All parameters are not valid by t-test

distribution larvae  0.182857 26.07128 1.31E+23 1452714 0.414882 0.1563  All parameters are not valid by t-test
pupae  0.169918 29.05076 157.8335 -49.5971 15.29415 0.1297  All parameters are not valid by t-test

Rmax T()pt Tmax

Beta reduced eggs 32.70544 780.7035 1255.657 0.0017  All parameters are not valid by t-test
larvae  0.246066 38.97714 56.72083 0.0158 Invalid Tmax by t-test
pupae  2.161782 135.919 194.4243 0.0046  All parameters are not valid by t-test

p a B

Beta simple eggs 0.001793 37.3988 1.69751 0.0017  All parameters are not valid by t-test
larvae  0.006985 5.672095 2.196673 0.0158  All parameters are not valid by t-test
pupae 0.001153 14.3344 2.396776 0.0046  All parameters are not valid by t-test

Rimax Tmax Tig

Gaussian eggs 1.017275 62.96776 24.00895 0.0017  All parameters are not valid by t-test
larvae  0.239435 37.52444 14.54435 0.0183  Invalid Tsig by t-test
pupae 0.38747 50.66555 16.83799 0.0045  All parameters are not valid by t-test
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Model Stage Parameter P>F Comment
a TO TL m
Briere eggs 0.00023 -23.2984 35 -481.392 0.0248 Invalid a, TO, and m by t-test
larvae  9.78E-05 -51.4341 126838.5 =72.5045 0.0959  All parameters are not valid by t-test
pupae  0.000119 3.516873 2083.067 11.70971 0.0292  All parameters are not valid by t-test
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Appx. III. Table 5. Comparison of fitting performance for nonlinear development models based on adjusted coefficient of
determination (r’adj), RSS (residual sum of square = SSE, sum of squared error), Akaike information criterion (AIC),

Bayesian information criterion (BIC), and sample-size adjusted BIC (SABIC)

Models stage n P r2 r~2adj RSS=SSE AIC BIC SABIC
SS-Model Eggs 7 6 0.9156 0.4938 0.008758 -34.7858 25.0428 1.6289
Larvae 7 6 0.8746 0.2476 0.003205 -41.8229 27.0534 3.6395
Pupae 7 6 0.9047 0.4285 0.0031 -41.9684 27.0950 3.6811
SSI-Model Eggs 7 7 - - - - - -
Larvae 7 7 - - - - - -
Pupae 7 7 - - - - - -
Logan Eggs 7 5 0.9524 0.7142 0.004945 -40.7863 24.2399 3.7528
Larvae 7 5 0.8471 0.0823 0.003909 -42.4325 247103 42231
Pupae 7 5 0.9045 0.4268 0.0031 -43.9476 25.1432 4.6560
Hilbert & Logan Eggs 7 5 0.9022 0.4134 0.01015 -35.7536 22.802 2.3148
Larvae 7 5 0.5792 0 0.0107%4 -35.3485 22.6863 2.1991
Pupae 7 5 0.2623 0.0000 0.0243 -29.6394 21.0551 0.5679
Lactin 1 Eggs 7 3 0.9571 0.9142 0.004455 -455172 20.5569 5.9232
Larvae 7 3 0.8471 0.6943 0.003907 -46.4361 20.8195 6.1858
Pupae 7 3 0.9332 0.8664 0.0022 -50.4040 21.9531 7.3195
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Models stage n P r2 r"2adj RSS=SSE AIC BIC SABIC
Lactin 2 Eggs 7 4 0.9481 0.8442 0.005392 -42.1814 221212 4.5608
Larvae 7 4 0.8234 0.4701 0.004515 -43.424 22.4762 49158
Pupae 7 4 0.9330 0.7990 0.0022 -48.3836 23.8932 6.3328
Ryoo and cho Eggs 7 7 - - - - - -
Larvae 7 7 - - - - - -
Pupae 7 7 - - - - - -
Drost Eggs 7 6 0.9567 0.7403 0.004493 -39.4573 26.3776 2.9636
Larvae 7 6 0.8471 0.0823 0.003909 -40.4327 26.6562 3.2423
Pupae 7 6 0.9332 0.5994 0.0022 -44.4069 27.7917 4.3778
Stiner Eggs 7 4 0.958 0.8741 0.004358 -43.6715 22.5469 4.9865
Larvae 7 4 0.8773 0.632 0.003135 -45.9769 23.2056 5.6452
Pupae 7 4 0.9329 0.7988 0.0022 -48.3773 23.8915 6.3310
Shi Eggs 7 5 0.88 0.2799 0.012459 -34.3183 22.3919 1.9047
Larvae 7 5 0.9058 0.4347 0.002408 -45.8241 25.6793 5.1921
Pupae 7 5 0.8776 0.2653 0.0041 -42.1619 24.6330 4.1458
Wang 1 Eggs 7 7 - - - - - -
Larvae 7 7 - - - - - -
Pupae 7 7 - - - - - -
Wang 2 Eggs 7 6 0.744 0 0.026578 -27.015 22.8226 -0.5913
Larvae 7 6 0.9233 0.5399 0.00196 -45.266 28.0372 4.6233
Pupae 7 6 0.9348 0.6088 0.0022 -44.5730 27.8392 4.4253
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Models stage n P r2 r"2adj RSS=SSE AIC BIC SABIC

Beta distribution Eggs 7 5 0.9597 0.7582 0.004184 -41.9561 24.5741 4.087
Larvae 7 5 0.9185 0.5113 0.002082 -46.843 25.9704 5.4832

Pupae 7 5 0.9329 0.5973 0.0022 -46.3703 25.8353 5.3482

Beta reduced Eggs 7 3 0.9593 0.9187 0.004222 -45.8927 20.6642 6.0305
Larvae 7 3 0.8742 0.7484 0.003216 477993 21.2089 6.5753

Pupae 7 3 0.9325 0.8651 0.0022 -50.3332 21.9329 7.2992

Beta simple Eggs 7 3 0.9591 0.9182 0.004247 -45.8514 20.6524 6.0187
Larvae 7 3 0.8742 0.7484 0.003216 477993 21.2089 6.5753

Pupae 7 3 0.9325 0.8650 0.0022 -50.3313 21.9324 7.2987

Gaussian Eggs 7 3 0.9587 0.9175 0.004283 -45.7926 20.6356 6.0019
Larvae 7 3 0.8649 0.7298 0.003453 -47.3003 21.0664 6.4327

Pupae 7 3 0.9329 0.8659 0.0022 -50.3757 21.9451 7.3114

Briere Eggs 7 4 0.9396 0.8187 0.006272 -41.1228 21.8187 4.2583
Larvae 7 4 0.8479 0.5438 0.003887 -44.473 22.7759 5.2155

Pupae 7 4 0.9324 0.7973 0.0022 -48.3248 23.8764 6.3160
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