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he functional response of the phytoseiid predator Amblyseius 
swirskii (Acarina:Phytoseiidae) on densities of its prey 
Tetranychus urticae  and Thrips tabaci and Bemisia tabaci, 

was evaluated under controlled temperature (25±2ºC), relative 
humidity (75±15%). Predator exhibited a decelerating curve Type II 
response determined by a logistic regression model.  The linear 
reciprocal transformation of Holling’s disc equation was used to 
further evaluate the parametric values. Differences in handling times 
were found to be significant within the prey indicating that predator 
respond differentially to prey species. Differences in coefficients of 
attack rates, however, did not vary significantly in most of the 
treatments.  The potential role of this predator in biocontrol of 
Tetranychus urticae  and Thrips tabaci that may be the better predator 
for the management of both prey species, particularly two-spotted 
spider mite. However, further field-based studies are needed to 
confirm this hypothesis. 
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 The functional response of a predator is a key factor regulating the 
population dynamics of predator-prey systems. It describes the rate at which 
a predator kills its prey at different prey densities and can thus determine the 
efficiency of a predator in regulating prey populations (Murdoch and Oaten, 
1975). Functional response is conveniently classified into three general types 
named I, II and III, which describe, respectively, linear, non-linear with 
saturation and sigmoid patterns (Holling, 1959 and Hassell, 1978). 

The Phytoseiidae are the most common plant inhabiting predatory 
mites. They have been considered to play an important role in the natural 
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control of some phytophagous mites and insects. Several phytoseiid species 
have been commercially produced for the control of pest mites, trips and 
whiteflies (Moraes and McMurtry, 1981). Many species of Phytoseiidae are 
predators of mite pests; they are thus of huge interest in biological control 
programs. This family is widespread all over the world and includes three sub-
families and more than 2,000 valid species (Kostiainen and Hoy, 1996 and 
McMurtry and Croft, 1997). Variation in prey selection behavior, resulting in 
quantitative and/or qualitative differences in food intake, may results in 
differences in reproductive success. If this variation is genetically determined, 
natural selection is expected to favor thus genotypes that maximize their 
contribution to future generations. It is therefore expected that Phytoseiidae 
mites do not feed indiscriminately but prefer certain food types over others, 
(Van Lenteren, 1986). 

Amblyseius swirskii Athias-Henriot is a predatory mite endemic to the 
Eastern Mediterranean region, which is considered as an efficient biological 
control agent against thrips, whiteflies and phytophagous mites (Swirski et al., 
1967; El-Laithy and Fouly, 1992; Gerling et al., 2001; Nomikou et al., 2001, 
2003). 

The two-spotted spider mite, Tetranychus urticae Koch, is one of the 
most economically-important greenhouse (Maleknia et al., 2016) and crop 
pests (Khanamani et al., 2013), with a broad host plant range and an extensive 
record of pesticide resistance (Leeuwen et al., 2010). An alternative 
management strategy of this pest is the use of predaceous mites as control 
agents (Fathipour and Maleknia, 2016). 

Biological control of thrips, Thrips tabaci Lindeman with predatory 
mite releasing began in Egypt on European sweet pepper crops infested with 
the onion thrips, T. tabaci. Following several years of research, commercial 
use of predatory mites like Amblyseius cucumeris, A. barkeri (mckenziei) and 
A. fallacies Garman was begun in 1985 in Holland with releases on about 25% 
of the Dutch pepper acreage under glass (De Klerk and Ramakers 1986). 
Natural enemies, A. fallacies caused reduction of more pests (especially 
piercing and sucking pests). Predaceous mites play an important role in the 
biological control of phytophagous mites and some insect pests (Sengonca and 
Drescher, 2001). A. fallacies feeds on mites on berry and fruit crops, as well 
as a supplement to Phytoseiulus persimilis in greenhouse situations. A. 
fallacies can also survive on lower pest densities and feed on a variety of food 
sources such as two-spotted mites, European red mite and pollen. Predator-
prey interactions between Phytoseiids and Tetranychids in Japan revealed that 
the native predators Amblyseius longispinosus and A. eharai and the 
introduced predator P. persimilis were potential biological control agents of 
tetranychid mites reported by Mori et al. (1990). Thrips palmi was an 
important pest of several crops, especially vegetables. The predatory mite A. 
cucumeris was successfully used in the control of various thrips species 
reported by Cuellar et al. (2002). The predatory mites P. persimilis and A. 
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cucumeris in commercial greenhouses for augmentative biological control of 
thrips used by Opit et al. (2005).   

Some predatory mites are effective predators of whitefly Bemisia 
tabaci MED, such as Amblyseius swirskii  (Acari: Phytoseiidae), which has 
been widely used in Europe and North America (Nomikou et al., 2003 and 
Calvo et al., 2011). Preliminary studies indicated that A. swirskii might have 
negative impacts on native phytoseiid mite populations if introduced (Yukie 
and Atsushi, 2011). In addition, biological control is sometimes considered as 
‘unreliable’ because many natural enemies are environmentally sensitive and 
their performances vary under different conditions (Bale et al.,  2008). 
Therefore, it is always valuable to develop new biological control agents to 
provide more choices. Currently, limited data about whitefly control 
capability of native predatory mite species are available in Egypt. The present 
work aims to study functional response of A. swirskii on different pests to 
clarify predator-prey interaction.  

MATERIALS AND METHODS 

1. Plants, Prey and Predatory Mite 
The bean plants (Phaseolus vulgaris L. var. alamoti) were grown in 

pots soil in greenhouse. Bemisia tabaci (Gennadius), thrips and T. urticae 
were originally collected from a greenhouse at Desert Research Center, Cairo, 
Egypt. 

A. swirskii was collected in Egypt on plant infested with B. tabaci and 
T. urticae. The adults of A. swirskii were later transferred onto the detached 
bean leaves containing ample number of all stages of T. urticae as prey in a 
growth bean at 25±1ºC.  The predator and prey individuals were reared for 
two generations before using in the experiments. 

Bean leaf discs (3 cm diameter) were placed upside down on a wet 
sponge inside a plastic Petri dish (6 cm diameter and 0.5 cm height). A strip 
of wet cotton around each leaf disc prevents the mites from scaping. Initial 
prey densities of 2, 4, 8, 10, and 12 of different immature pests were replicated 
10 times each. During each test, different densities of prey were transferred to 
the experimental unit by a fine camel's hair brush.  

2. Functional Response Experiment 
The functional response experiments were conducted with 24 h 

starved, 3-day old females. Each experiment was carried on with a single 
starved female per experimental unit without prey replenishment. After 24 h, 
the females were removed and the predation estimated in terms of number of 
immature attacked per female. 
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3. Statistical Analysis  
To determine the shape of functional response, a logistic regression 

of the proportion of prey killed as a function of initial density was used. 
 

 
 
-Ne is the number of prey consumed, 
- N0 is the initial prey density, 
- (Ne/N0) is the probability of prey consumption, 
- P0, P1, P2 and P3 are the maximum likelihood estimates of the intercept, 
linear, quadratic and cubic coefficients, respectively. 

These parameters can be estimated by using the CATMOD procedure 
using SAS program (Juliano, 2001). Negative or positive reactive linear 
coefficient in the expression fit to data on proportion killed Ne/N0 versus 
initial number of prey N0, indicate Type II or Type III functional response, 
respectively. A non-linear least squares regression of number of prey killed 
versus initial number of prey was used to estimate and compare parameters of 
functional responses using the NLIN procedure in SAS. Functional response 
data were fitted to the random predator equation (Juliano, 2001). This equation 
considers for prey depletion without replacement of prey during the 
experiment (Rogers, 1972).  

Once the functional response type was determined from logistic 
regression analyses and log likelihood-ratio tests, iterative non-linear least 
squares regression (NLIN procedure with Proc method of SAS) (SAS, 2003) 
was used to estimate the parameters of Holling’s disc equation (Eq. 2) 
(Holling, 1959).  

Na = a T N0 /1+ a Th N0 (2) 
Where T is the time of exposure (24 h) is the rate of successful attack, 

and Th, is the handling time. Values of Th, estimated by non-linear least 
squares regression, were used to calculate maximum attack rate as T/Th 
(Hassell, 2000), that represent the maximal number of preys that could be 
consumed by a predator of A. swirskii during 24 h. 

RESULTS AND DISCUSSION 

The logistic regression for predatory mite had a significant linear 
parameter P1 < 0 (Table 1) and the proportion of prey consumed by predator 
declined with increasing prey density (Fig. 1). This suggests the exhibited 
Type II response. 
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An increase in prey density eventually resulted in a higher predation 
rate. The functional response of A. swirskii with immature as prey showed a 
curvilinear rise to a plateau as seen in table (1) and fig. (1). 

The daily feeding of adult A. swirskii on immature T. urticae, B. 
tabaci and whitefly increased at an accelerated rate when prey density was 
between 2 and 14 preys.  

Predation rate started to level off at a prey density of 2-14. The plateau 
was reached at approximately 3.38 prey items per day. The average number 
of immature consumed by one predator per day was 3.38+1.04, ranging from 
0 to 6. Daily predation rate gradually increased when A. swirskii was provided 
at increasing prey densities (Fig. 1). A. swirskii consumed all pray of T. 
urticae, B. tabaci and whitefly in 24 h. 

Comparison of the preference indices for A. swirskii when offered 
equal numbers of T. urticae, B. tabaci and whitefly has been shown in Fig. 
(1). Although all larval instars of A. swirskii showed a good predation 
potential to T. urticae, B. tabaci and whitefly of the predator were more 
effective in preying on this prey. The higher predation of A. swirskii is a 
logical reflection of its larger size and thus an ensuing higher voracity. The 
outcome of the logistic regression, that is, the observed versus Þtted 
probabilities (Table 1 and Fig. 1), indicated that the proportion of prey eaten 
decreases with increasing prey density, in all bioassays. 

Table (1). Results of logistic regression analyses, indicating estimates and 
standard errors of linear, quadratic and cubic coefficient for the 
proportion of prey eaten by A. swirskii against the initial prey number 
offered at 25°C. 

Stage of 
A. swirskii Coefficient Estimate SE Chi-Square p 

T. tabaci 

Intercept P0 0.685300     0.143800        22.72         <0.0001 
Linear P1 -3.144800     0.749000 17.63         <0.0001 

Quadratic P2 0.038300 0.007680 1.50 <0.0001 
Cubic P3 -0.000883   0.000655         1.82         0.1776 

T. urticae 

Linear P1 1.807400    1.215500         2.21         0.0137 
Intercept P0   -6.170100      2.857400         4.66 0.0044 
Quadratic P2 0.199100     0.161900         1.52         0.0217 

Cubic P3 -0.007320    0.006740         1.18         0.0276 

B. tabaci 

Intercept P0 -7.168600 2.520200 8.09 0.044 
Linear P1 2.696600 1.089600 6.13 0.0133 

Quadratic P2 -0.326200 0.146300 4.97 0.0257 
Cubic P3 0.012500 0.006140 4.15 0.0416 
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Fig. (1). Functional response and percentage of prey consumed by A. 

swirskii on immature stages of different pests.  
 

The handling times and coefficient of attack rates are presented in 
table (2), which shows that A. swirskii had the handling time using trips, 
whitefly and T. urticae as preys. Both handling time and coefficient of attack 
rate depended on the prey species with optimal values (Table 2). 
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Table (2). Effect of different pests on the attack rate (a), handling time Th and the maximum 
                  number of consumption (T/Th) on A. swirskii derived from random predator equation. 

Stage of A Asymptotic 95% CI Th 
Asymptotic 95% CI T/Th Lower Upper Lower Upper 

T. tabaci 0.0181+0.00162      0.0149      0.02140 0.245+0.01330     -0.051     0.00229 97.00 
T. urticae 0.0109+0.0692 0.0330 0.00246 0.131+0.00336 -0.824 0.54600 183.00 
B. tabaci 0.0298+ 0.0116 0.0635 0.05320 0.492+0.00450 -0.014 0.04170 48.78 

 

DISCUSSION 

It was clearly demonstrated that the increase of prey number was 
related to the daily consumption number of A. swirskii. The predation rate 
tended to decrease with prey density, probably due to an increasing satiation 
by predators in patches of higher density. Thus, predation rates followed Type 
II functional response, which is shared by most phytoseiid predators (Sabelis, 
1986). 

Aside from the simplicity of the conditions under which these 
experiments were conducted, the functional response does not by itself show 
the true regulative power of a predator. Because in spite that the ability of a 
predator to control depends on the predator’s functional and numerical 
response, this response is influenced by different factors, including behavioral 
patterns in response to its own densities, developmental response, preference, 
utilization of alternative prey and intraguild interaction (Lester and Harmsen, 
2002).  

So, one should take great caution in extrapolating the results of 
oversimplified laboratory experiments to more complex and heterogeneous 
field conditions (O’Neil, 1997 and Lester and Harmsen, 2002). O’Neil (1997) 
considered that high prey density laboratory studies focuses attention on 
predator consumptive behavior, such as handling time, which are not 
important when prey attacks are low. Nevertheless, due to their relatively good 
predatory traits, A. swirskii is presumably able to be used in conservation 
biological control approach against T. urticae, B. tabaci and whitefly. 

CONCLUSIONS 

The present study has improved our understanding of the A. swirskii 
- T. urticae - B. tabaci and whitefly interactions, which can be useful for the 
evaluation to control this pest and thus for development of pest management 
strategies based on biological control. By including A. swirskii in control 
programs, the use of pesticides against two-spotted spider mites T. urticae, B. 
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tabaci and whitefly will likely be reduced. However, it is recommended that 
additional studies are undertaken under more natural conditions to provide 
further details of these predator-prey interactions.  

Although these results obtained in laboratory conditions, this work 
can help to conclude that predatory A. swirskii can be considered as a control 
agent of T. urticae, B. tabaci and whitefly in field and greenhouse conditions. 
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 Amblyseius  يسوراكلأا سرتفملا كولس ىلع ةفلتخملا سئارفلا ریثأت
swirskii  

٢ مامإ میھاربإ نامیإو  *١ راون   دمحم لداع
 رصم ،ةرھاقلا ،ةیرطملا ،ءارحصلا ثوحب زكرم ،تابنلا ةیاقو مسق ،ةیناویحلا تافلآا ةدحو١*
 رصم ،ةرھاقلا ،ةیرطملا ،ءارحصلا ثوحب زكرم ،تابنلا ةیاقو مسق ،ةیداصتقلاا تارشحلا ةدحو٢

 :Amblyseius swirskii  (Acarina   يسوراكلأا سرتفملل ةیفیظولا ةباجتسلإا مییقت مت
Phytoseiidae) سئارف ةفاثك ىلع Tetranychus urticae  وThrips tabaci وBemisia 

tabaci  ٢±٢٥( ةرارح ةجرد تحتºةباجتسا رھظأ سرتفملا   .)٪١٥±٧٥( ةیبسنلا ةبوطرلاو )م 
 يطخلا لدابتملا لوحتلا مادختسا مت   .يتسجوللا رادحنلإا جذومن اھددحی يناثلا عونلا نم ؤطابت ىنحنم
 نوكتل ةلوانملا تاقوأ يف تافلاتخلإا ىلع روثعلا مت   .ةیلمعملا میقلا مییقت ةدایزل جنیلوھ صرق ةلداعمل
 تافلاتخا دجوتو  .سئارفلا عاونلأ فلتخم لكشب بیجتسی سرتفملا نأ ىلإ ارًیشم ةسیرفلا لخاد ةریبك
 نوكی نأ نكمیف  .لاوحلأا مظعم يف ارًیبك افًلاتخإ فلتخت مل ،كلذ عمو ،موجھلا تلادعم تلاماعم يف
 نأ وھ B. tabaciو T tabaciو T. urticae ـل ةیویحلا ةحفاكملا يف سرتفملا اذھل لمتحملا رودلا
 ةینادیملا تاساردلا نم دیزم ىلإ ةجاح كانھ ،كلذ عمو  .سئارف ةثلاثلا ةرادلإ لضفلأا سرتفملا نوكی
 .ةیضرفلا هذھ دیكأتل


