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(Coleoptera: Coccinelidae)

fﬁl)@)w
Ot 08 65538 s 5 el elidions Olajlo ¢ 3387 (S olE Sliiond s 3o

hrap1388@gmail.com :¢$s 5 xSl s ¢ P8l ey o WO J sna

WYY by b V(1) ar-y.4 AAVIVA LSSk s 7,6

o

CLacSins 65y dm ol Jole op 5 5e Ol siea Cryptolaemus montrouzieri Mulsant ¢ . sed szo S7 &S5 siiS”
083 J gk 8 8 )15y 5y e S5 5AidS saisikiy Liay S0y b S sl Jhagh 53 el ol aslis 3 T T
V01D gl aals 53 sy ST s ool oS5 pniS JUG 5553 JS S rid (59N ((39) g Jol e geisdiy
c’.b'u.,i‘i)ba\.l)‘ed.MQ.;&;;_JUQ&L,'AJ&LLZ)JC&L.:\96)}50)353-»\-&)3 O =8 o sy ¢y gambis a5
S a g 5 A e)s5 Isb 5S0be o 8 315 0L Calien (slales 53 &S5 58S paigelsy fol e saigikdy 3555 b
330153555 (513 sime Sslis A3 &S lai prla 55 (LT i 51 ) 2 3550 (lales )3 ST iy Jol
Loy Came s Sl oy ladds jlaslsl js us ¢S5 50iaS gadgddyoyes Jsb Hls gae 2alS 4 e Los 2l 58
A osliiwl ab g e oles Gla e li 5,57 5 5 Calies Glales )5 L sad g2 S 0SS5 9uidS (gd ) Calies Joml o ged sl
stJ&usm\:Jsdfjjwﬁj.u).Uj)gjlbﬁuiﬁ4{)35O::.f\(j\‘—}:}gk;hd.uw.u'l—@:@@kjwblﬁ
VeIEYIDF g S S5 tdS AL ol e gedsit) oles 4l ol 3b Sladie gt olol s ()
L;uaua,:}ﬁga_.qu\,m%ﬁ@ual.uwww@,>V~/~AQT,¢)¢;J%5L~>,JW@,J
g0 Al g oslizal B 5 ITs,T GlaeSans ¢ 55l s J 287 (laasl 5 5w ged 52 ST &S5 iS00l i y5
ol S S 55 (B e gai sy cos (S (S0 59

Bodenheimer, 1951; ) sl o bl ) anal 5 S
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Table 1. Comparison developmental time of Cryptolaemus montrouzieri immature stages in examined

temperatur%.
Developmsetna';aé Tempera(tgg No. individuals Developmental time (day)
Min. Max. Mean + SE
= 15 81 11 16 13.76+0.17 a
g 20 97 8 11 9.23+0.09b
2 25 70 5 6 5.41+0.05¢
> 27 102 4 5 415+ 0.07d
& 30 67 4 6 419+ 0.05d
8 3 16 4 5 437+012d
15 56 41 58 51.37+0.68a
& 20 78 23 33 26.76 % 0.25 b
S 25 62 14 18 1588+ 0.10 ¢
g 27 79 13 18 14.63+0.14d
) 30 57 11 17 14.05+0.18d
33 0 0 0 0
15 53 17 30 1452 +0.43a
pe 20 72 11 20 14.80+0.27b
8 25 61 7 11 9.65+0.10¢c
ot 27 78 6 10 7.49+0.09d
g 30 57 5 9 6.75+0.17e
33 0 0 0 0
. 15 53 76 97 87.07+0.76 a
9 20 72 46 55 50.48 + 0.33 b
0z 25 61 28 34 3113+ 0.15¢
‘% § 27 78 24 28 26.28 + 0.11d
= 30 57 22 30 24,96 + 0.21e
® 33 0 0 0 0

o,u:61)136JuTj_235|‘MQjmg}j}é\,\;66.\;)&\f)|¢§4_,ar334.;)éjpdjb Lgl.a&:i}l:.a»:k-

(P </00 (S5 0503T) Al so ls sma

* Developmental time means with different letters have statisticaly significant difference in each developmental

stage (Tukey, P < 0.05).
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Table 2. Values of the parameters for eval uated descriptive models of temperature-dependent development and

thermal indices of Cryptolaemus montrouzieri.

Developmenta stages

. Total

Model Parameters Incubat! on Larval period Pupal period immature
period

stages

a 18.98x10™° 5.29x10™° 8.16x10™ 2.81x10™

Briere_1 timin 11.34 10.12 9.02 10.03

topt 29.60 29.20 3111 29.54

trox 35.26 35.00 37.64 35.40

a 2.66x107" 1.10x10°* 1.25x107* 0.43x107°

timin 6.16 7.05 6.31 7.55

Briere-2 trox 33.84 30.87 37.08 33.56

topt 31.10 29.00 33.20 30.08

d 5.09 6.83 3.80 3.76

A 2.06 1.18 0.21 0.14

p 0.01 0.004 0.006 0.002

A 1.11- 1.04— 1.06— 1.02—

Lactin T, 38.98 35.39 3153 30.79

timin 9.93 10.57 9.34 10.40

topt 30.56 29.00 30.10 34.26

trox 35.99 32.43 31.09 30.33

1 0.032 0.031- 0.008 0.002

p 0.162 0.187 0.111 0.108

Logan-6 tirex 36.605 34.164 36.714 32.725

A 5.816 5.394 3.650 1.868

topt 30.57 28.80 31.14 29.00

a 1.249 0.243 0.717 0.475

p 0.147 0.168 0.135 0.111

T 40.016 37.722 39.604 35.806

Logan-10 A 6.740 6.977 4.200 1.695

k 109.895 93.622 128.887 213.867

topt 30.52 29.60 30.92 28.97

trex 3751 36.41 36.97 32.59

a 1.16x10™ 0.30x107— 0.39x107— 0.17x107-

Polynomial 3 p 0.008 0.002 0.003 0.001

order T 0.16—- 0.036— 0.059— 0.022—

(Harcourt) A 1.155 0.232 0.420 0.151

k 38.66 37.73 43.43 38.42

toot 30.26 28.99 33.00 29.76
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Table 3. Values of applied statistical criteria for evaluation of mathematical models to discibe temperature-
dependent devel opment of Cryptolaemus montrouzieri in examined temperatures.

No. of

Developmental stage Model R RSS (*107™) AIC
parameteres

Briere-1 3 0.9990 23.16 41.16—

_ Briere-2 4 0.9629 9.72 44.36—

7 g Lactin 4 0.9598 10.85 43.70—

3B Logan-6 4 0.9680 10.53 43.94-

> Logan-10 5 0.9698 8.83 49.94—

Polynomial 4 0.9978 0.014 67.55—

Briere-1 3 0.9995 0.15 57.49—

o Briere-2 4 0.9971 0.06 60.35—

S Lactin 4 0.9949 0.10 57.47—

® Logan-6 4 0.9978 0.11 57.02—

S Logan-10 5 0.9985 0.03 63.07—

Polynomial 4 0.9995 0.01 69.63—

Briere-1 3 0.9521 3.74 41.49—

. Briere-2 4 0.9747 2.05 42,50~

B Lactin 4 0.9724 2.15 42.27-

&g Logan-6 4 0.9865 1.04 45.89—

8 Logan-10 5 0.9852 1.32 4473~

Polynomia 4 0.9873 0.97 46.24—

Briere-1 3 0.979 0.13 58.37—

g Briere-2 4 0.9905 0.05 60.29—

0w 2 Lactin 4 0.9910 0.05 60.57—

‘E 3 Logan-6 4 0.9999 0.0002 89.19-

5 Logan-10 5 0.9934 0.06 59.90—

® Polynomial 4 0.9978 0.01 67.55—
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Figure 1. Fitting nonlinear models to observed values of developmental rates (1/d) of Cryptolaemus montrouzieri
overall immature stages at studied temperratures (°C). Black dots present observed data.
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Abstract

The mealybug destroyer, Cryptoleamus montrouzieri Mulsant is known as the most effective biological
control agent of the mealybugs. The effect of temperature on developmental rate of C. montrouzieri was studied.
Developmental times of incubation period, larval, pupal, and overall immature stages of the mealybug destroyer
were recoreded at temperatures ranging 15-35°C, 50-60% RH, and a photoperiod of (L:D) 16:8h. According to
the ANOVA, temperature affected significantly developmental time of the mealybug destroyer at 1% of
probability level and increasing temperature lead to decreasing developmental time. In order to describe
temperature-dependent development and to estmate related thermal indices, developmental rate of C.
montrouzeri modeled as a function of temperature using mathematical models. The results showed Briere-2 and
Lactin non-linear models had the best performance to predict developmental rate of C. montrouzeri in the
studied temperature range. According to the non-linear models, thermal tolerance for development of the overall
immature stages of the mealybug destroyer was 10.40-33.56°C and optimal temperature was 30.08°C. Obtained
results can be used for improving environmental conditions of the mealybug destroyer mass rearing
instectariums and biological control programs.
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