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The Temperature-Dependent Development Characteristic of
Predatory Natural Enemy, Propylea japonica Thunberg
(Coleoptera: Coccinellidae)

Lee, Sang-Ku - Park, Bueyong - Jeon, Sung-Wook - Jeong, In-Hong -
Park, Se-Keun - Kim, Jeong-Hwan - Ji, Chang-Woo - Lee, Sang-Bum

The present study was conducted to investigate the developmental characteristics of
Propylea japonica Thunberg (Coleoptera : Coccinellidae), a predator of aphids
under laboratory conditions. The development times of the egg and immature
stages of Propylea japonica were investigated at ten constant temperatures(15,
17.5, 20, 22.5, 25, 27.5, 30, 32.5, 35 and 38+1°C; 14L:10D; 60+5% RH).
Development time was longest at 17.5C. The developmental periods of P.
japonica from the time of egg oviposited to adult emergence was 36.9 days at
17.5C, and it decreased ash temperature increasing. Threshold temperature of
development and degree days of the P. japonica from egg to adult were 11.9C
and 196.0 respectively. The Briere 2 and Lactin 2 modes were best fitted for all
development stages. The distribution of completion of each development stage was
explain relatively well that 2-parameter, 3-parameter and Logistic model except egg
and pupal stage.

Key words : Natural enemy, Nonlinear development model, Propylea japonica
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SEuetol A Bt A= AAF 5 145 863 318F ) o] ETHLee, 1999). °]5
A xHo] A AR 7H5 AL e =X AL T vliste didos HE F
o] WAsEA|NE A W Szl Bete lFS MA 7 543 solvr] el
Z & FA "ok ARAAENA ZAEE T2 E T EF(aphids), &R
(mites), <= & F(thrips), =4 7}F°] F(whiteflies) & ©]THLee, 1999).

ol ANGES A MAALSE 9F 4,000 Fo| dHA It JARES 7S E57)30, 4
g A gl A B2 A E AX WAL o siFolth A7 2 m AEE Aom,
A& o] &3t A9 FAdE FFIA AHS JAsk= AFAR] H3E = B9 of
, AR AR IS5 T 9 oulold s w2 AL AEivt o &
Z°]™H(King and Phillips, 1989). F-2juzell A= oF 3700 F2o] Gz HIFHAIL o]
34F0] Z+F wlo]H2E ittty & A Ath(Lee and Kim, 1989).

ARAEFY 24 dH o=z wo] AFH F3H 3 I (Coccinellidae)= AAH 2 4904
4,0006] 20 o]21, Y| A= 494, 153 (Choi, 1983), FFol A= 6o}T} 374, §9E0]

71 &5 o] Jth(Park et al., 2000). THE] 79 mrpdAY o] F-FEH|(Propylea japonica Thun-
berg)®} T (Harmonia axyridis Pallas) 2%—01 HFoZ BRuE vl AtKPark et al.,
2000). FEd = F3E#E & olol(Epilachninae)oll 43+ o] A - vlo] F-i 38 &|(Henosepil-

achna vigintioctipunctat) ‘5 212143 F3HE 45L& A Qstie UlF-Eo] SAHo2ZH toF

o

o
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LT
O{Né’é_\:

$ ESL TAIT 53] hREe) FREdve) Sakt FEL 453 A0 BT %
Ao ATE, AA W % Soho] 4B PA b5l 2 RO Brhso] 9T
A AEE WA ZRNA 0|5 e, A T L hFAY R B AT A=

ksl A o] Fo]H S L(Atallah and Killebrew, 1967; Atallah and Newsom, 1966; Matsuka et
al., 1982; Okada, 1970; Singh, 1977; Smirnoff, 1958; Smith, 1965) &= A2 thFo A A
B

PRI BB AAOZN f-831 ol 8F 5 ULl E BT Tl
Ol*‘é-‘ll Zgoll B3 A= Bol ol FAAA &rh. T A= Auet 2459
2 A FARSo] ts] Azt AF7E Ho] S U (An and Im, 1979; Choi, 1983; Choi and
Kim, 1985; Lee and Kim, 1989; Seo and Youn; 2000), T2 3 F< mupdA o] FH g o
7349+ R (Kwon and An, 1985), §AKKim and Choi, 2000), 3-(Paik et al., 2007) L& 3.
7Zd¥=(Paik et al., 2009)°14 F8& HH o T RyE= FHof o Ay 54, 259, UF
AHE T 712ATTE Wol o] FojXA] gkttt 53] 2000t o] Fell= F3E#H S RNAI
s TAESHE Hoom Ao WEke] niHo] A ATe A o] FoixA & A
ot}
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=29 AHle 259k W AV Jor 250 wep WS nXE FFo] st
A YePIEZR ol& AFslslr] st theke s 2dEo] A= AThLogan et al,
1976; Lactin et al., 1995; Briere et al., 1999; Sharpe and DeMichele, 1977; Schoolfield et al.,
1981).

geb] B Qe AUlERe] a3 WA mubdyol REe e LEUREYS

B Ao AFE 232 20159 339 oREAKFE =4, AE g, A 2

T8 &l (propylea japonica Thunberg)e = HEH A ZAEHS I
A (24i1°c 60+5% RH, 14L : 10D)oI A o} AMS A} (40.0x45.0x40.0 cm)ol]
B 5ol S RAE(Myzus persicae Sulzer)S HolZ Fg3lAA FOARSSIA L, Hold

ARAE-L2 3" Capsicum annuum L. var. angulosum Mill)& 7|F2 F53ste A5

aHlet
2. ¢4 frE 25U

mupA ol B HE S 27 100 mm, ¥°] 40 mm, F7 = 27 40 mmo| WA Mesh)
Z17Hel e HAELTYA(SPL 310102)0] o< 284S Y1 Hgo}

o7 FFotH oF 6ARE B ARG A A b WSk A e e T
(Advantec filter paper)E& 21, {27} Tw38] AAAES FHRTE F
N LE27(15.0, 17.5, 20.0, 22.5, 25.0, 27.5, 30.0, 32.5, 35.0, 38.0C)<
27](16L:8D, 60+5% RH)°ll ¥o] 73} AF-E AH3 & 2= = 747 5070 A2 & WA A
=5t 2443t HA o' WRT|e ARSI

A7 AF5E AAR HEYUAE 7t £5EE YolFa B3 EE Fste] ek
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Logan 238 A¥<l Logan 6 (Logan et al., 1976)(52] (2)), Logan2]

E¥(Lactin et al., 1995)(5~2] (3)) & Briere 1, 2 (Briere et al., 1974)(5+2) (4, 5))3 A E2 3
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T @M (D)= 258 EHE, p, T, A AT A HHLE/A ] BES7HE,
e AEhe T MG HH e sol g e sl o] YR YHLEE 2T 5 QA &)
= gholt}

r(T,) = aT,(T,— T)(T,— T,)"* )
(1) = aT,(T,— Ty))(T,— T,)"'" (5)

52 (4, 5)A (T,

[H_A(L L)}
- Porp PRV, T ©
r =
1+ expl 22 (- Ly exp 2 (- L)

21 (6)1A r(7)E Ao 2Eo Ao WL x1/E57]7holH, RS 7] A44(1.987 cal
degree-1 mole-1)°1th. p; = A9 A7k glokaL 7HE 3 712 %21 25Col A9 EH&E,
HAE &0 foidts Srxdo] Sufsts vk &3 dgy], HL& £=249] &
/g o] ?ﬂi oA A= A ddE ded]o W3l 70S £x=xdo] 127kE &4
lEojdE Aedde AL, THE £5x4do] 12 A3 HAYE 1eF o dr)
%EO}UJL HHE 5270 &Ao] 123904 AslEe A das Agn]o] wslo|nh

A7 28& B4317] 93l TableCurve 2D v4 (Jandel Scientific, 1996) ¥4 && Al&3}

ATt

EX %2 Wagner 5(1984)°] A|ASH 2-parameter Weibull 3,

=
3-parameter Weibull 3+~ 2 Sigmoid X8 (Neter and Wasserman, 1974)& ©]-&3}¢] F3}HTh

&4 (7, 8, 9).
Flz)=1—exp[— ((z—n)"] @)
F(z)=1— expl- ((x— )/77)‘3] ®)

F(Q’,‘) _ 6(50‘,»‘&1:”)/(1 +e Byt 31.L)) (9)
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7H AL FA vl &ol1, zv EEsHE A MAES] EHASARL, 4, 0, B B By B
< 2yl HAstd Ay 372 ] wjzAgolth o] ¢ 42 Table Curve 2D v4 (Jandel
Scientific, 1996)% ©]-&3} 3} th

1. &5 & 9 45 4577+
mupdAyol Fdg o] & W82 38.0C & At BE 252700A FYH o2 Hly
Atk 2y 15.0C A= B3 3t & thsdA=E Fdoizt A7 §lol 100% AFdstA T
o] o= 175C 9 L=z WFE7|7lo] 8IYE 74 ZAom 350ColA 20¢ 2
71 ZQFth(Table 1). f%2 5L 15.0C ¢} 38.0CE AlY
Z 1

A Tl gRFHAT. 5 A 71730 28 ESTe

=<
@ mE eExdelN 437

7.5ColA 188¥Y = 713 24U

Table 1. Mean developmental period for stage-specific of P. javonica at various tempera-
tures in the laboratory

Developmental periods (days)*

Temp.
Larva
() Egg Pupa Total
Ist 2nd 3rd 4th

15.0 | 10.460.50a - - - - - -

17.5 8.11+0.32b | 5.58+0.77a | 3.63+0.83a | 3.58+0.84a | 6.05+0.62a | 9.95+0.78a | 36.89+1.20a

20.0 | 6.00£0.00c | 4.00+0.52b | 2.52+0.59b | 2.91+£0.29b | 4.09+0.90b | 7.22+0.60b | 26.74+0.54b

22.5 4.23+0.29d | 2.58+0.57c | 1.81+0.43c | 2.19+0.43c | 2.58+0.49c | 4.50+0.48c | 17.88+0.63¢c

25.0 3.32+0.48¢ | 2.32+0.54c | 1.3940.50d | 1.94+0.51c | 2.524+0.57c | 4.03+0.18d | 15.52+0.63d

27.5 | 3.114#031ef | 1.8440.37d | 0.91+0.35¢ | 1.42+0.42d | 1.95+0.40d | 3.05+0.23e | 12.27+0.69¢

30.0 3.00£0.00f | 1.07+0.25¢ | 1.04+0.28e | 1.20+0.47d | 1.80+0.63d | 2.82+0.39¢f | 10.93+0.25f

325 2.58+0.50g | 1.00+0.00e | 1.03+1.16e | 1.08+0.27de | 1.87+0.34d | 2.34+0.48f | 9.89+0.65g

35.0 | 2.00+0.00h | 0.93+0.18e | 0.83+0.24e | 0.81+0.25¢ | 1.66+0.32d | 2.17+0.38g | 8.40+0.50h

38.0 - - - - - - -

* Meantstandard deviation with 50 individuals.
: Tukey’s Studentized Range (HSD) Test. (P>0.05)
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o 35.0C oA 4292 7P stk AAA R 2xxo] HolA4E 7S Fof
F k. Choi (1983)2 25T ol A TR E(dphis glycines)S Ho|Z FF3ARS u) F3dd o
E713h2 14.6€0] AEle 2 o2 ZARE AL, Obrycki and Orr (1990) 23£2C ol 4] 7

FARA A E(Acyrthoshon pisum)= HolZ FF3AE w Py o] FH | (Propylea
quatuordecimpunctata)®] #5713+ 148¥olg}t SR, HAFIFE N (Coccinella septem-
punctata)~ 1949 0] Al A0 = ZAEJT. EZF Han 5(1996)9] AT+ F3 8
o] FF717k0) 13.5¢Y, WH7] 717 49U 2 F 1749, Park 5(2001) 19.5Y o]2} B 113}
%t} Chi and Yang (2003)2 25.0C oAl mupdAjo]l g el & /5 2 Hd7] 7]7to]
Zv7y 3,09, 699 L 429 olgta ET_%]-%U}. ol B A9 15597 & Aol7t gle
o Q35 mmpgAol R B TRl vt TSr|gte] ot e A
LUERATE

AEEL 17.5C 9 2EZNAE LollA BE57HAY S5 F 50%7F AFgsta
30.0C 9] 2ExAAAE 8%E 7HE B2 AARES, 350C 9 2E2AAAE 14%S] A
ES YEMI AT (Table 2). 52 5ol 2o 30.0Ce 2=x0] 7MF AlEo] & &
=

©

mlo

Table 2. Mortality of 2. japonica larvas at various temperatures in the laboratory (Photo-
period 14L:10D)

Mortality
Temp. *
No. Larva
(©) Total (%)
Ist 2nd 3rd 4th
15.0 50 50 - - - 100
17.5 50 17 3 2 3 50
20.0 50 14 6 2 0 44
22.5 50 11 4 2 1 36
25.0 50 10 2 1 0 26
27.5 50 6 2 0 0 16
30.0 50 3 0 1 0 8
325 50 3 1 0 1 10
35.0 50 6 0 0 1 14
38.0 50 - - - - -

*

No. : Number of individuals tested.
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A& o] gste] FA% HEFHEE & 7IZelA 13T, T8 A57HA 9] f
+ 502DDSATE 33 #u7] @AA Y] IS dHEE=E 27 11.5C, 12.7C
A4k ZF7) 98.5DD, 48.8DDTE S FHLEE 7+ HIEE Aol7t A

T 7]71 48 8DDE 7 A2 Wkl #F2 98.5DDE “dTh A

Table 3. Lower threshold temperature of development (LT) and Degree day (DD) of P,

Japonica
Stage Regression LT DD IS
Egg Y=0.02049X-0.23156 11.3 50.2 0.91
Larva Y=0.01012X-0.11585 11.5 98.5 0.95
Pupa Y=0.02070X-0.26175 12.7 48.8 0.90
Egg-Pupa
Y=0.00512X-0.06073 11.9 196.0 0.97
(Total)

15.0Coll A 380C7HA 107k4 L=z7e] mopdalol iy e Lx g Aag o
3ol o] 2 Logan 6 =¥ 5 @ 742 EAQ HAE myol| Hgake] ztzke] ujAHS
FAste] Lxo} W] A 2 HYTHTable 4). & 1
=7t 096 ooz By 2 BRYHYL 45 B9E 2yl bt AR} 0.82
oA 099747 Tha Wolzt Ygith MEH oz AWuE 18 §37 23 478 FEolA
= AR} 091914 097 Afo] = L]-E]-‘/LX]UP 293} 3 =
Bt 13 2 58§53 2ol E RAY 4% A J)Gor ne A 2]
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Table 4. Mean developmental period for stage-specific of P. javonica at various tempera-
tures in the laboratory

Developmental periods (days)*

Parameter

5 Larva
&r

Egg Pupa Total
Ist 2nd 3rd 4th

Model

y 0.0616996 | 0.0186348 | 0.1295360 | 0.0687984 | 0.0869493 [0.0907666 | 0.0545135

p 0.1063114 | 0.1290528 | 0.1423896 | 0.0935377 | 0.1337727 [0.1490703 | 0.1364517

Logan6 T 50.125272 | 37.837041 | 40.777795 | 66.243602 | 40.410743 | 41.79032 43.6974

AT 8.3291191 | 2.1226737 | 6.5304099 | 7.8179538 | 6.8777302 | 6.529593 | 7.2179065

r 0.96 0.97 0.88 0.99 0.94 0.99 0.98

p 0.1077835 | 0.1742767 | 0.0586527 | 0.1327270 | 0.0901227 {0.1297204 | 0.1324721

7, 49.108586 | 40.801936 | 48.754767 | 52.316814 | 44.039130 |43.216112 43.68511

Lactin2 AT 9.2065458 | 5.7235842 | 11.506301 | 7.4988129 | 10.568039 |7.6692339 | 7.5409963

A -0.033686 | -0.053776 | -1.372077 | 0.0685391 | -0.363498 |-0.057788 | -0.006098

r 0.96 0.97 091 0.99 0.96 0.99 0.99

a 6.232798 | 0.0002621 | 0.0005479 | 4.4596498 | 0.0002788 {0.0001507 | 3.085812

. 7, 1.207068 | 12.918644 | 11.650838 | 4.6644745 | 9.7025221 |10.599425 | 8.6432814
prierel T, 76.123355 | 65.364053 | 41.45113 | 635.1166 | 40.418924 |47.855481 | 51.81732
r 0.97 0.95 091 0.98 0.96 0.99 0.99

a 1.0343415 | 0.0015230 | 1.3683757 | 3.1002658 | 5.6327039 |3.3573330 | 3.2124724

T 3.1306979 | 12.255707 | 13.651467 | 4336412 | 12.692406 |11.238322 | 10.042858

Briere2 T, 123.86804 35.0 | 57.180793 | 2977.4509 | 55.650132 |58.920828 | 85.963997
b 0.7463722 | 119.07611 | 0.6578661 | 2.2478867 | 0.6209439 |1.1313715 | 0.6519415

v’ 0.97 0.96 0.92 0.99 0.97 0.9 0.9

p(25) 0.4762 0.6262 0.8653 0.7971 1.0055 | 05142 0.1499

HA 212386 | 270015 | 279700 23490 27153 | 196159 7874.17

SS HL 22275239 567387770 | 2323000 | 94070000 | -49139.7 | -441749 | -50591.7
(Sharp & | TL 389.47 | 10940.34 88480 |  -69840 295.10 | 289.90 292.82
DeMichele) gy 19469.9 | 28560.33 31840 13420 2929.7 | 18693.0 -412.91
TH 300.29 303.93 303.2 301.4 306.1 | 299.78 315.42

r 0.96 0.91 0.82 091 0.97 0.99 0.99

" Meantstandard deviation with 50 individuals.
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SEE AUASHA g AHUE BFS 4] HAdlAe A EsaAE E57I3te] FF
#eoz T571e ol FANEZESAS d& 5 ATK(Sharpe et al., 1977; Curry

and Feldman, 1978). o]l & ¥5-o| A= Curry and Feldman (1978)¢] A A 5L NATE

o] HE7|7HS Hit LS 7O 2 59 2-parameter®} 3-parameter Weibul 2 Logistic 3

o A&ttt 1 A% 39 28 25 43 g rle] A9 T&gsE AFEE)E 0.56

T2 WA elg oy §52 49 08022 T =4 e, A 7)3ke] 38 g4s

AAEE 37 B 2% 0972 =4 YEFSTTable 5). 22 A =S Yebd A 7|39

7d-%- 3-parameter Weibull g7} T2 F 3ol vl 1 Joo] =4 77 & 7=
N

A W AU UEUAT, 29 2 2 Folx glgith

Table 5. Estimated parameters of three stage emergence models for each stage of A

Japonica
Developmental periods (days)*
Model Parameter & 1°
Egg Larva Pupa Total
I3 1.6037 4.5471 1.4548 10.4843
2-parameter Weibull n 130.772 4.9543 214.131 1.9868
r 0.55 0.80 0.50 0.97
I3 6.8938 2.2974 7.3238 235.4048
ol -3.4943 0.5322 -4.5131 -20.8051
3-parameter Weibull
n 7.1479 1.4591 8.5317 22.0434
r 0.56 0.80 0.50 0.97
a -4.7126 -7.4164 -4.4991 -14.0513
Logistic b 1.5322 4.8042 1.3186 11.5336
r 0.56 0.79 0.50 0.97

" Meantstandard deviation with 50 individuals.
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