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Table 1. Results of logistic regression analysis of the proportion of prey consumed by different
stages of N. arcuatus as a function of initial prey density

Stages of predator Coefficient Estimate SE 12 P value
1% instar Constant 5.7571 2.5566 5.07 0.0243
Linear -2.9881 1.5384 3.77 0.0521

Quadratic 0.4365 0.2843 2.37 0.1236

Cubic -0.0211 0.0162 1.70 0.1920

2" instar Constant 6.8870 2.0935 1.082 0.0010
Linear -1.5416 0.7053 478 0.0288

Quadratic 0.1122 0.0733 2.35 0.1257

Cubic -0.00288 0.00235 1.50 0.2208

3" instar Constant -0.0793 0.4278 0.03 0.8529
Linear 0.4558 0.1129 16.30 <.0001

Quadratic -0.0345 0.00756 20.79 <.0001

Cubic 0.000643 0.000144 20.05 <.0001

4" instar Constant 0.0937 0.2662 0.12 0.7248
Linear 0.2841 0.0399 50.70 <.0001

Quadratic -0.00908 0.00129 49.65 <.0001

Cubic 0.000075 0.000011 43.84 <.0001

Adult females Constant 4.4562 0.6523 46.66 <.0001
Linear -0.2248 0.0763 8.69 0.0032

Quadratic 0.00454 0.00271 2.81 0.0935

Cubic -0.00004 0.000029 1.85 0.1733

Adult males Constant 3.6639 0.9563 14.68 <.0001
Linear -0.2983 0.2194 1.85 0.1739

Quadratic 0.0138 0.0146 0.98 0.3216

Cubic -0.00029 0.000288 6.27 0.0123
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Table 2. Parameters estimated by Rogers' random predator equation as well as R*> and maximum
predation rate (T/Ty) for six life stages of N. arcuatus fed on 2" instar nymph of N. viridis

Approximate  Approximate 95%

Stages of predator Parameter Estimate SE Confidence TIT, R?
Lower Upper

1% instar a 0.1139 0.0554 0.00275 0.2251 2.12 0.898
Th 11.417 1.1185 9.0951 13.5883

2" instar a 0.3237 0.1544 0.0139 0.6336 5.10 0.958
Th 4.7013 0.2589 4.1818 5.2208

3" instar b 0.0195 0.000386 0.0118 0.0272 13.80 0.958
Th 1.7396 0.0590 1.6223 1.8568

4" instar b 0.00774 0.00150 0.00477 0.0107 48.56 0.959
Th 0.4912 0.0204 0.4508 0.5316

Adult females a 0.2836 0.1179 0.0497 0.5175 23.53 0.948
Th 1.0198 0.0679 0.8850 1.1546

Adult males a 0.2233 0.0765 0.0711 0.3755 16.32 0.954
Th 1.4711 0.1204 1.2315 1.7107
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Table 3. The Parameters D, , Dy, and D+, estimated by an equation with an indicator variable

for comparing type Il and type 11l functional response parameters different stages of N.
arcuatus fed on 2" instar nymph of N. viridis

Approximate 95%

Comparison stage Estimate Approximate SE Confidence
Lower Upper
1% instar-2" instar
D.* 0.2098 0.1491 -0.0860 0.5056
D1y, -0.6404 1.4978 -9.6112 -3.6696
1% instar- Male adult

D, 0.1094 0.1723 -0.2316 0.4503
Dy, -9.8702 3.2569 -16.3142 -3.4263

1% instar-Female adult
D, 0.1697 0.2901 -0.4036 0.7430
D1y, -10.3214 5.5303 -21.2501 0.6073

2" instar-Male adult

D, -0.1004 0.2998 -0.6936 0.4927
D -3.2302 0.5015 4.2222 -2.2381

2" instar-Female adult
D, -0.0402 0.4962 -1.0207 0.9403
D1y, -3.6815 0.8178 -5.2975 -2.0655

Male adult-Female adult
D, -0.0603 0.1465 -0.3495 0.2289
D1y, 0.4513 0.1786 0.0988 0.8037

3" instar-4" instar

Dy** -0.0118 0.00821 -0.0280 0.00442
Dy *** -1.2483 0.1252 -1.4953 -1.0014

*An indicator showing differences between treatments for a.
** An indicator showing differences between treatments for b.
*** An indicator showing differences between treatments for Ty,.
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Figure 1. Stage-specific functional responses of N. arcuatus to different densities of 2" instar nymph
of N. viridis. Symbols are observed data and lines were predicted by model
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Abstract
Background and objectives
Understanding the functional response of a predator to its prey and its parameters including
attack rate and handling time, are one of the basic methods in applied biological control for
evaluation of the efficiency of a predator. Nephus arcuatus is one of the most important
biological control agents of Nipaecoccus viridis.
Material and Methods
In this study, a laboratory study has been conducted to evaluate the stage-specific functional
response of larval stages and adult females and males of N. arcuatus to varying densities of N.
viridis 2" instar nymph. Experimental conditions were based on optimal temperature for N.
arcuatus activities, 30+£1°C, 65+5% RH, and 14L:10D photoperiod.
Results and Discussion
The shape of functional response curve and the functional response parameters were determined
respectively by logistic regression and nonlinear least square regression. The 1% instar, 2" instar
larvae, adult males as well as adult females exhibited a type 11 functional response. Attack rate (a)
and handling time (T},) were estimated to be 0.1139 h™* and 11.4117 h for the 1% instar, 0.3237 h™
and 4.7013 h for 2" instar larvae, 0.2233h™ and 1.4711 h for adult males, and 0.2836h™ and
1.0198 h for adult females, respectively. In contrast, the 3" instar and 4™ instar larvae of N.
arcuatus exhibited a type 11l functional response. Constant b and handling time were estimated
to be 0.0195 and 1.7396 h for the 3" instar, and 0.00774 and 0.4912 h for 4™ instar larvae,
respectively. Our results indicated that estimated attack rates did not change significantly
between different stages of N. arcuatus with similar functional response curve. In contrast, the
handling times of N. arcuatus to its prey increased as the larval age of this predator increased,
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also females had longer handling time than adult males. Based on the maximum predation rate
(T/Ty), the 4™ instar larva was the most voracious stage (48.56 prey/d) followed by the adult
female (23.53 pey/d) and male (16.32 egg/d) N. arcuatus. These findings suggest that the
voracity of all stages of N. arcuatus toward N. viridis hold good promises for a use of especially
simultaneously 4" instar larvae, and adult males and females of N. arcuatus in a biological
control program against N. viridis in orchards and on ornamental plants.
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