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Table 1- Logistic regression of the proportion of Planococcus citri eaten by fourth instar larvae of Cryptolaemus montrouzieri
as a function of initial prey density at different temperatures

(°C) L» s,k paud 3ygly ylalle  jlane gllas 2 P-value
Temperature Coefficient Estimate SE
18 boe Sl 0t -0.0644 0.3673 0.03  0.8608
Constant
ks o -0.0971 0.0526  0.0526 0.0648
Linear
Y 0.00158 00014  0.0014 0.2630
Quadratic
23 boe Sl ot 1.8063 0.8140 492 0.0265
Constant
b Cand -0.5686 0.2258 6.34  0.0118
Linear
Y 0.0390 00171 521  0.0225
Quadratic
Ve -0.00076 000035 476  0.0291
Cubic
27 boe Sl 02 1.8063 0.8140 492  0.0265
Constant
b Cand -0.5686 0.2258 6.34  0.0118
Linear
Y 0.0390 00171 521  0.0225
Quadratic
Ve -0.00076 0.0003 476  0.0201
Cubic
32 Moo 5l 455e 0.7446 0.3521 447  0.0345
Constant
ko -0.1073 0.0488 4.83  0.0279
Linear
Y 0.0020 0.0012 241  0.1204
Quadratic
37 bee sl o2 35335 10281  11.81  0.0006
Constant
s o -0.6457 0.2672 5.84  0.0157
Linear
Y 0.0409 00195 439  0.0362
Quadratic
¥ e 0.0426 0.0003 411 0.0426

Cubic
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Table 2- Functional response parameters of fourth instar larvae of Cryptolaemus montrouzieri to Planococcus citri at different
temperatures
(°C)led (h) dles g5 OUebl (60395 (1Y) laws plo;  Olwebl godgaome (5 )0 &5 oyl s o
Temperature (a£SE) (CI) 740 (TnzSE) (CI) %40 (T/Th) s,k (8]
18 0.0229+0.0027 0.0175-0.0283 2.9273+0.3290 2.2686-3.5959 8.20 0.80
23 0.0228+0.0024 0.0179-0.0276 0.8331+0.2430 0.3520-1.3141 28.81 0.86
27 0.0206+0.0022 0.0161-0.0251 0.5480+0.2616 0.0244-1.0716 43.80 0.86
32 0.0343+0.0037 0.0268-0.0418 1.2106+0.1843 0.8417-1.5794 19.82 0.85
37 0.0779+0.0108 0.0563-0.0996 1.6625+0.1351 1.3921-1.9330 14.44 0.82

S j90uidS Jol5 g03lo Ol puis Jrwg 245 23 )98 P1ANOCOCCUS Citri «colS o 3915 ,T Siiuondd Cauand S
Glisee slod 1> dorb Wigliie s ST,5 43 Cryptolaemus montrouzieri

Table 3- Logistic regression of the proportion of Planococcus citri eaten by adult female of Cryptolaemus montrouzieri as a
function of initial prey density at different temperatures

2 GgaryS 5 =V Jgua

°C)l> ,.24? ,u o > ,_,i b olbe e sld £ Pvalue
Temperature Coefficient Estimate SE
18 bee sl o20e 0.1163 03526 011 07416
Constant
e -0.0642 00459 168 0.1953
Linear
sy 0.00060 00013 021  0.6467
Quadratic
23 bee sl o2 3.3083 09731  11.56  0.0007
Constant
b Cand -0.6210 02553 591  0.0150
Linear
s 0.0340 00188  3.28  0.0700
Quadratic
Vs -0.00061 00003 254  0.1109
Cubic
27 boe Sl 02 3.1018 09292  11.14 0.0008
Constant
b Cand -0.2633 02475 655  0.0105
Linear
sy 0.0346 00184 355  0.05%
Quadratic
Vs -0.00061 0.0003 263  0.1050
Cubic
32 boe Sl 02 0.2078 04204 2758  0.0001
Constant
b Cand -0.1833 00551  11.06 0.0009
Linear
sy 0.0034 0.0014 585 0.0156
Quadratic
37 boe Sl 02 3.3737 0518 4223 0.0001
Constant
Gk e -0.2778 00646 1848 0.0001
Linear
Vs 0.00529 0.0016 1056 0.0012

Quadratic
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Table 4- Functional response parameters of adult female of Cryptolaemus montrouzieri to Planococcus citri at different

temperatures

YR . EF ooty g i
°C)les (h) abos £ 5 i (1Y) biows gloj  OUseb! (G039 G s st
720 olsebo! . S S5 e

Temperature (axSE) (ThxSE) (Cl) 780
(CI) (T/Tn) rd)
18 0.0332+£0.0050  0.0232-0.0433 2.4747+0.3100 1.8542-3.0952 9.70 0.80
23 0.0701+0.0114 0.0473-0.0929 2.6196+0.2048 2.2096-3.0296 9.17 0.78
27 0.0518+0.0099 0.0319-0.0717 2.6371+0.2974 2.0419-3.2324 9.10 0.76
32 0.0716+0.0102 0.0511-0.0921 1.2996+0.1380 1.0233-1.5758 18.47 0.92
37 0.0948+0.0082 0.0782-0.1114 1.3394+0.0677 1.2040-1.4749 17.92 0.94
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Table 5- The estimated parameters using combined equation for comparison of attack rate and handling time of fourth instar
larvae of Cryptolaemus montrouzieri to Planococcus citri at different temperatures

2oy 40 laobl g83900%

(°C)k> ol 59 ybre slad  Approximate 95% CI*
Temperature Parameter Estimate (SE) ol s PYPIRES
Lower Upper

18-23 Da -0.00183  0.00439 -0.0105 0.00687
Drh -2.4719 0.4962 -3.4547 -1.4892

18-27 Da -0.00225  0.00469 -0.0115 0.00705
Drn -2.3331 0.5347 -3.3920 -1.2741

18-32 Da 0.0104 0.00497 0.000534 0.0202
Drn -1.9544 0.4684 -2.8823 -1.0266

18-37 Da 0.0540 0.00976 0.0346 0.0733
Drh -1.5025 0.5044 -2.5016 -0.5034

9397 Da -0.00042  0.00376 -0.00786 0.00702
Drh 0.1389 0.3974 -0.6483 0.9261

93-32 Da 0.0122 0.00452 0.00324 0.0212
Drh 0.5175 0.3181 -0.1127 1.1476

93-37 Da 0.0558 0.0105 0.0350 0.0766
Drh 0.9694 0.3073 0.3607 1.5781

97.32 Da 0.0126 0.00476 0.00319 0.0220
Drn 0.3786 0.3476 -0.3098 1.0670

97.37 Da 0.0562 0.0109 0.0346 0.0778
Drn 0.8306 0.3372 0.1627 1.4984

39.37 Da 0.0436 0.0109 0.0221 0.0651
Dth 0.4520 0.2362 -0.0158 0.9197

*Confidence Interval
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Table 6- The estimated parameters using combined equation for comparison of attack rate and handling time of adult female
of Cryptolaemus montrouzieri to Planococcus citri at different temperatures

2oy 40 laobl g83900%

(°C) > ol 59l yre sad  Approximate 95% CI*
Temperature (°C) Parameter Estimate (SE) ol s YU s
Lower Upper

18-23 Da 0.0233 0.0144 -0.00532 0.0518
Drh 0.0399 0.1480 -0.2531 0.3330

18-27 Da 0.0186 0.0107 -0.00251 0.0397
Drn 0.1624 0.4417 -0.7124 1.0372

18-32 Da 0.0383 0.0108 0.0169 0.0597
Drh -1.1752 0.3912 -1.9500 -0.4004

18-37 Da 0.0616 0.0105 0.0408 0.0824
Drh -1.1352 0.2896 -1.7088 -0.5617

93.97 Da -0.0183 0.0156 -0.0491 0.0126
Drh 0.0175 0.3551 -0.6858 0.7209

93-32 Da 0.00146 0.0162 -0.0306 0.0335
Drn -1.3201 0.2705 -1.8558 -0.7843

93.37 Da 0.0247 0.0140 -0.00299 0.0524
Drh -1.2802 0.1987 -1.6737 -0.8866

97.32 Da 0.0197 0.0143 -0.00865 0.0481
Drn -1.3376 0.3398 -2.0105 -0.6646

97.37 Da 0.0430 0.0137 0.0158 0.0702
Drn -1.2977 0.2645 -1.8216 -0.7737

39.37 Da 0.0233 0.0144 -0.00532 0.0518
Drn 0.0399 0.1480 -0.2531 0.3330

*Confidence Interval
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Table 7- The estimated parameters using combined equation for comparison of attack rate and handling time between fourth
instar larvae and adult females of Cryptolaemus montrouzieri to Planococcus citri at different temperatures

oy 40 laobl (503900

(°C L) jlowi ol 5919 e skd  Approximate 95% CI”
Treatment (°C) Parameter Estimate (SE) ol s PUTIKES

Lower Upper

(VA) JolS cgonlo (g0t —p o oy 5Y Da 0.00927  0.00571  -0.00205 0.0206
Fourth instar larvae-adult female (18) Drn -0.6903 0.5118 -1.7040 0.3233
(V) JolS soole cgopion —p sl com 5 Da 0.0480  0.0116 0.0249 0.0710
Fourth instar larvae-adult female (23) Drn 1.9265 0.3313 1.2702 2.5827
(YY) JolS” cgoole gy —pla o g0 Da 00301  0.00989 0.0105 0.0497
Fourth instar larvae-adult female (27) D 1.8051 0.4269 0.9597 2.6506
(V) JolS” ool g0y —pla o 90 Da 00372 0.0100 0.0173 0.0571
Fourth instar larvae-adult female (32) Drn 0.0890 0.2510 -0.4082 0.5861
(1Y) JolS (gonlo (g0t —p o oy 5Y Da 00169  0.0140 -0.0108 0.0445
Fourth instar larvae-adult female (37) Drh -0.3231 0.1436 -0.6074 -0.0387

*Confidence Interval
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Figure 1. Functional response curves of fourth instar larvae (right) and adult females (left) of Cryptolaemus montrouzieri to

the citrus mealybug, Planococcus citri at different temperatures
The points and solid lines represent the observed response and the model prediction, respectively.
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Introduction: The citrus mealy bug, Planococcus citri (Risso) is one of the major pests of citrus and many
other orchards crops, as well as ornamental plants in subtropical and tropical regions of the world, including
Iran. Due to the harmful effects of chemical pesticides on biological control agents and non-target organisms,
along with developing resistance to various pesticides by the pests, there has been an increasing interest in
integrating biological control methods in the pest management programs. The predatory ladybird, Cryptolaemus
montrouzieri Mulsant is one of the most widely used biological control agents. It is an important natural enemy
of many species of mealybugs such as P. citri. Functional response of a predator that refers to the number of
prey consumed per predator as a function of a prey density is the important characteristic of predator—prey
interactions. Temperature can affects the consumption behaviour of the predators. The aim of the present study is
to evaluate the effects of temperature on the functional response of C. montrouzieri to different densities of P.
citri. Improving our understanding about predator-prey interactions between C. montrouzieri and P. citri may be
helpful to optimize biological control of the mealy bug.

Materials and Methods: The colony of P. citri was collected from bitter orange in Mehmansara region,
Ghaemshahr, Mazandaran province, and was reared on pumpkin, Cucurbita maxima. The laboratory colony of
C. montrouzieri was obtained from Baharan Dasht Sahel insectarium in Sari, Mazandaran province, and was
reared on P. citri. The functional response experiments were performed with fourth instar larvae and adult
females of C. montrouzieri to the adult female of P. citri. The experiments were conducted at the temperatures of
18, 23, 27, 32 and 37+1 °C, 60£10% RH and L16:D8 h. Prey in densities of 3, 5, 7, 10, 15 and 30 was offered to
the predators. The predators used for the experiments were < 48 h old and were starved for 24 h before starting
the tests. A single bitter orange leaf disc (3 cm?) was centred upside down in each ventilated Petri dish (10 cm
diameter). Ten replicates were conducted for each prey density. After 24 h, the predators were removed from the
experimental arena and the number of consumed prey was recorded and they were not replaced during the
functional response tests. The type of the functional response was determined by logistic regression analysis
(SAS/STAT, CATMOD-procedure) of the proportion of prey killed in relation to prey offered. To determine the
type of functional response, the sign of the linear coefficient was estimated by the logistic regression. The
negative sign is evident to a functional response type Il, whereas a positive sign reveals a type Il functional
response. Parameters of attack rate and handling time were estimated using the PROC NLIN procedure of SAS
and compared through the indicator variable method.

Results and Discussion: The logistic regression for fourth instar larvae and adult females of C. montrouzieri
to P. citri at all temperatures showed a negative linear parameter and the proportion of prey eaten by the
predators declined with increasing prey density. This suggested that fourth instar larvae and females of C.
montrouzieri exhibited a type 1l functional response to change in P. citri density at all tested temperatures. The
highest attack rate and lowest handling time of fourth instar larvae were estimated at 37 and 27 °C, respectively.
Whereas the highest attack rate and lowest handling time of adult females were estimated at 37 and 32 °C,
respectively. At the same temperature, the attack rate estimated for the adult female was higher than that of the
larval instar of the predator, showing higher predation potential of adult female in compared to the fourth larval
instar of the predator. Theoretical maximum attack rates (T/Tn) for fourth larval instar of the predator at above-
mentioned temperatures were respectively estimated 8.20, 28.81, 43.80, 19.82 and 14.44 and for adult female
predator were 9.70, 9.17, 9.10, 18.47 and 17.92, respectively.

Conclusion: Temperature affected significantly functional response parameters of fourth instar larvae and
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adult females of C. montrouzieri to P. citri densities. Although the last instar larvae and adult females of C.
montrouzieri showed high predation potential at all temperatures, adult females of the predator was more
voracious compared to the last instar larvae of the predator especially at higher temperatures.
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