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SE±

Lasius turcicus

Figure1. Mean daily feeding of adult females and third instars (L3) of Rodalia cardinalis on third instars of
Icerya purchasi in the presence of different densities of Lasius turcicus (Hym.; Formicidae). Means with the

same letter were not significantly different (LSD; P=0.05)
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Lasius turcicus

Figure 2. Functional response of third instars (solid lines and markers) and females (dashed lines and no fill

markers) of Rodalia cardinalis to different densities of third instar of Icerya purchasi in the presence of different
densities of Lasius turcicus
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L. turcicus

Table1. Parameters estimate from fitting functional response of third instars and adult females of R. cardinalis to
Rogers’s randomsearching model in the presence of different densities of L. turcicus

Ant
Density

Functional
response type

Attack coefficient
(a) ± SE (1/h)

Handling time
(Th) ± SE (h)

Maximum
attack rate (T/Th)

r2

L3 Female L3 Female L3 Female L3 Female L3
Femal

e

0 II II 0.143±0.07 0.091±0.004 6.84±0.253 7.36±0.34 3.51 3.26
0.73

8
0.538

2 II II 0.116±0.05 0.053±0.002 7.18±0.285 7.28±0.39 3.34 3.3 0.61 0.606

4 II II 0.039±0.01 0.026±0.007 7.21±0.41 6.58±0.49 3.33 3.65 0.80 0.671

6 II II 0.013±0.004 0.013±0.005 8.41±1.03 9.36±1.08 2.85 2.56 0.63 0.514

8 II II 0.004±0.003 0.004±0.001 13.30±0.92 6.98±2.6 1.80 3.43 0.64 0.505

10 II II 0.009±0.005 0.0002±0.007 10.79±2.02 10.04±1.7 2.22 2.39 0.66 0.427

DaDTh±

Table 2. Estimation (mean±SE) of Da and DTh values by an equation with indicator variable (equation 2) for
pairwise comparing functional response parameters of third instars of vedalia beetle in presence of different ant

densities

DThDa

Asymptotic 95% CIAsymptotic 95% CI

UpperLowerEstimateUpperLowerEstimate
Ant
density

1.1135-0.41590.3488±0.3880.1132-0.1241-0.0054±0.06010 and 2
1.4005-0.52800.4362±0.4890.0195-0.1578-0.0691±0.04500 and 4
3.5992-0.37711.6110±1.008-0.0021-0.1850-0.0936±0.04640 and 6
8.16703.04755.6073±1.2980.0182-0.1811-0.0814±0.05050 and 8
7.87830.88884.3835±1.7720.0027-0.1947-0.0960±0.05000 and 10
1.0787-0.90390.0874±0.50260.0246-0.1519-0.0637±0.04482 and 4
3.2594-0.73491.2622±1.01270.0030-0.1792-0.0881±0.04622 and 6
7.98183.09375.5378±1.23930.0337-0.1721-0.0692±0.05222 and 8
7.52820.54134.0347±1.77140.0078-0.1889-0.0906±0.04992 and 10
3.3022-0.09531.1748±1.07870.0004-0.0493-0.0245±0.01264 and 6
8.02022.88055.4503±1.30310.0431-0.0542-0.0055±0.02474 and 8
7.56340.33123.9473±1.83360.00004-0.0538-0.0269±0.01374 and 10
7.56420.98654.2754±1.66760.0639-0.02600.0189±0.02286 and 8
7.0259-1.48102.7725±2.15670.0107-0.0156-0.00245±0.0076 and 10
3.1146-6.1206-1.5030±2.34140.0266-0.0693-0.0214±0.02438 and 10
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DaDTh±

Table 3. Estimation (mean±SE) of Da and DTh values by an equation with indicator variable (equation 2) for
pairwise comparing functional response parameters of female vedalia beetles in presence of different ant

densities
DThDa

Asymptotic 95% CIAsymptotic 95% CI

UpperLowerEstimateUpperLowerEstimate
Ant

density
0.9335-1.1029-0.0847±0.51630.05330-0.1274-0.0370±0.04580 and 2
0.3047-2.0160-0.8557±0.58840.02070-0.1515-0.0654±0.04360 and 4
4.2223-0.22082.0007±1.1265-0.0049-0.1591-0.0771±0.04160 and 6
4.5773-5.1500-0.2863±2.4661-0.00206-0.1709-0.0865±0.04280 and 8
3.1060-8.6734-2.7837±2.9864-0.00132-0.1739-0.0876±0.04380 and 10
0.4610-2.0057-0.7723±0.62540.01370-0.0705-0.0284±0.02132 and 4
4.3645-0.19372.0854±1.1556-0.00066-0.0795-0.0401±0.02002 and 6
4.7348-5.1380-0.2016±2.5030-0.00973-0.0891-0.0494±0.02012 and 8
3.2708-8.6688-2.6990±3.0270-0.01000-0.0911-0.0506±0.02052 and 10
5.26960.44552.8575±1.22300.00470-0.0281-0.0117±0.008314 and 6
5.7013-4.56000.5707±2.6015-0.00714-0.0350-0.0210±0.007054 and 8
4.2610-8.1143-1.9266±3.1375-0.00814-0.0362-0.0222±0.007124 and 10
3.0367-7.6108-2.2871±2.69940.000597-0.0193-0.00935±0.00516 and 8
1.5160-11.0847-4.7844±3.1947-0.00052-0.0205-0.0105±0.005066 and 10
5.4328-10.4274-2.4973±4.02100.00211-0.0044-0.00114±0.00178 and 10
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Abstract

Ants (Hymenoptera: Formicidae) can interfere with biological control of scale insects through
protecting them against natural enemies. This study was carried out to investigate the impact of Lasius
turcicus Santschi on feeding and functional response of vedalia beetle, Rodalia cardinalis on sour
orange saplings in a citrus orchard in Sari County, northern Iran, during 2010. A 2-3-day old third
instar (L3) or female beetle with a certain number of worker ants (including 0, 2, 4, 6, 8 or 10) were
confined on a leaf which infested with a certain density of third nymphal instars of Icerya purchasi
Maskell (including, 5, 10, 15, 20, 25, 30, 35, 40, 45 or 50). After 24 hours, the ant and ladybird were
removed and the number of consumed scale was counted. The functional responses parameters were
estimated using Rogers’ random predator equation. Results showed that the presence of ant on infested
saplings decreased feeding of ladybird on scale. Mean daily feeding of females and third larval instars
of ladybird decreased from 3.22 to 1.78 and 3.89 to 1.55 scales, respectively, while ant density
increased from zero to 10 individuals per leaf. The functional response type was not affected by ant
presence and a type II was observed in all treatments. In contrast, the values of functional response
parameters were adversely affected by the ant activity. So that, by increasing ant density from zero to
10 individuals per leaf, the attack coefficient (a) of third larval instars of ladybird decreased from
0.143 to 0.009 and of adult females decreased from 0.0905 to 0.0002. After such increasing in ant
density, handling times for third instars and adult females were increased from 6.84 to 10.79 and 7.36
to 10.04 hours, respectively. Because of adverse effects of this ant on feeding and functional response
of R. cardinalis, its presence on citrus trees should be considered in biological control and integrated
pest management program of cottony cushion scale in citrus orchards of northern Iran.
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