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ABSTRACT 

The objective of this study was to determine the functional response of the predator Phytoseiu!us persimilis Athias-Henriot 
fed on Tetranychus urticae koch larvae, nymphs and adults at different densities. A logistic regression of the proportion of 
prey consumed as a function of initial prey density was conducted to identify functional response types, and used nonlin ear 
\east-squares regression and the random predator equation to estimate attack rates and handling times. Overall, adult females 
P. persimilis exhibited a type 2 functional response to T. urticae. Whereas, attack rate (a) and handling time (T11 ) of 
!'. persimilis recorded 0.1722, 0.5034 and 0.4776 and 1.4699, 2.1133 and 3.051 when offering larvae, nymphs and adults of 
T urticae respectively. 
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INTRODUCTION 

In Egypt, Rasmy and EI-Laithy (1988) introduced 
the exotic predatory mite Phytoseiulus persimilis 
Athias-Henriot for biological control of Tetranychus 
urticae koch in green houses. Later on, many 
researchers have studied the feasibility of using this 
predator in biological control of T urticae in 
greenhouse and open field s (El-Laithy, 1992; 
El-saiedy, 1999; EI-saiedy , 2003; Osman, 2005 and 
\1ahgoub, 2006) but the functional response of 
P persimilis to different immatures stages of 
T. urticae has not been studied yet. 

Functional response is defined as the relationship 
between the number of prey consumed per predator 
and prey density (Solomon, 1949 and Holling, 
l959a, b). It plays a pivotal role in the understanding 
of prey- predator interactions and their ecological 
and evolutionary consequences (Tully et al, 2005). 
Holling ( 1959a) identifi ed three basic types 
of functional responses in general. The Type I 
response is characterized by a linear rise with 
a constant attack rate over all prey densities 
until satiation is reached . In the Type II response 
the attack rate decreases as prey density increases. 
Ty pe 111 is represented by a s igmoid curve where 
the attack rate mcreascs with increasing 
prey density, then decreases towards satiation. 
Type II and II I responses have generated the 
most ecological interest and most studies are 
.:on fined to these two response types (Juliano, 2001 ). 
In terms of biolog ic al control. predators 
and parasitoids which exhibit th e type Ill functional 
r·esponse, by shmving positi\ e den:-;ity-dependent 
prey consumption. are uo.ualh regarded as 
dlic ient biological cont ro l a gL' Ilh (Pen ez and 

Omkar, 2005). Nevertheless, there are some 
examples of natural enemies with the type 11 
functional response model which have been 
successfully used as biological control agents (Luck, 
1984; Hughes et a!., 1992; Fcrnandez-Arhex and 
Corley, 2003 and Mandou r, el al., 2006 ). Most 
atihropod predators possess type Il response 
(Holling, 196 L Roy am a, 197 1; Oaten & Murdoch , 
1975 and HasselL 1978). Holling ( 1961) divided the 
functional response into several basic and subsidiary 
components. The attack rate (a) can be considered to 
be a function of: (I) the reaction distance of the 
predator, i.e., the maximum distance at which th e 
predator will react by attacking prey; (2) the speed 
movement of predator and prey; and (3) the 
proportion of attacks that are successful. The 
handling time (T11 ) can be considered to be a 
function of: (1) the time spent pursuing an indi vidual 
prey; (2) the time spent investigating and probing 
each prey ; and (3) the time spent drilling each 
prey. The time as prey and predator exposure (T) 
can be considered to be a function of: ( l) time 
in non-ovipositing activities; and (2) time in 
ovipositing-related actrvtttes (i.e., T~t). The 
functional response of phytoseiid mites to th e 
density oftetranychid mites has been investigated by 
many authors (Chant, 1961: I lolling, 1974: Laing 
and Osborn, 1974: Santos. 19 75: Everson, 1979: 
Sabel is, 1985: Badii ct al. 1999: Cuellar et ol .. 200 I 
and van Rijn ct ul., 2005). 

The objective of this study was to investigate 
the functional respon se of P. persimilis when 
preying on T. urticae to improve our understanding 
of prey-predator interaction and get a better strategy 
for the biological Control of J' uri/cue USing 
P persimilis. 
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MATERIALS AND METHODS 

I. Mite culture 
Culture of the predatory mite P. persimilis was 

obtained from National Research Center, Cairo, 
Egypt. 

Copulated adult females of P. persimilis were left 
to lay eggs on leaf discs of castor plants Ricinus 
communis placed on a moist cotton pad in 
Petri-disches, 15 em in diameter at 25 ± 1 °C and 
70±5% RH. and provided with the spider mites 
T. urticae as prey. 

II. Functional response 
Newly emerged adult females of P. persimilis 

were singly transferred to modified Huffaker cells 
and starved for 24hr (Sabel is, 1981 ; Overmeer, 
1985). These closed cells were prepared with a piece 
of Plexiglas (8 · 4 em and 5 mm of thickness) with a 
circular hole of diameter 1.5 em in the middle of the 
plate. A second Plexiglas plate of the same size 
forms the base of the cell. On this second plate, a 
moistened filter paper was laid on which a piece of 
leaf of castor plants was placed upside down. The 
piece of Plexiglas with the hole was then placed on 
the leaf. A transparent coverslip closed the cell and 
all the pieces were held together with rubber bands. 
Therefore, each stage ofT. urticae larva, nymph and 
adult was introduced as prey into modified Huffaker 
cells at densities of 4, 8, 12, J 6, 20, 24, 28, 32, 36 
and 40. Each density treatment was replicated ten 
times. After 24 hr, numbers of dead and living 
T. urticae were recorded. 

Data analysis 
The experimental data was analysed following 

Juliano (2001). The functional response type was 
determined by a logistic regression of the propm1ion 
of prey consumed as a function of initial prey 
number. Then, the data were fitted by an appropriate 
equation by the nonlinear least-squares regression. 
The polynomial equation was used to fit the data on 
the proportion of prey consumed: 

Where, Nn is the number of prey eaten , N 0 is the 
initial number of prey , and Po, P1, P2 and P3 are the 
intercept, linear, quadratic and cubic coefficients 
respectively. These parameters can be estimated 
using the CA TM.OD procedure in SAS (Juliano 
2001 ). The logistic regression was used to obtain the 
maximum likelihood estimates of parameters Po to 
P3 . The functional response type was determined by 

the sign of the linear coefficient from equ . (1) and 
the significance of the parameters from the logistic 
model was evaluated by log likelihood tests . lf 
P 1 < 0, it describes a type 2 functional response. If 
Pl > 0 and P2 < 0, it presents a type 3 functional 
response (Juliano 2001) Because logistic regression 
analysis indicated that the present data fit the type 
2 response, fut1her analysis was restricted to the type 
2 response. 

In a second step, a nonlinear least squares 
regression of number of prey eaten vs. number 
offered was used to estimate and compare 
parameters of functional responses following the 
NUN procedure in SAS. Functional response data 
were fitted to the random predawr equation equ. (2) 
Roy am a ( 1971) and Rogers (1972) to describe the 
type 2 functional response: 

Na = N { 1- exp [-aT I (1 + aT11 N)]} ---------(2) 

where Na number of prey attacked per predator 
during experimental period T (24 h) ; N the initial 
prey density; a is the attack rate, Th is the handling 
time of prey by the predator and T is the total time 
during which prey and predator are exposed to each 
other. The parameters a (the rate of successful 
attack) and Th (the time required to handle a prey 
item) were calculated using least-squares non-linear 
regression. Whereas, T11 values were used to 
calculate maximum attack rate as T /Th (Hassell, 
1978), this represent the maximal number of prey 
individuals that could be consumed by P. persimilis 
during 24 hr. 

RESULTS AND DISCUSSION 

The average number of T. urticae devoured by 
P. persimilis varied with prey stage, but increased 
with prey density during a 24 hr period . Prey 
consumption by P. persimilis increased from 4 to 20, 
4 to 28 and 4 to 28 individual with increase in 
density of larvae, nymphs and adults of T. urticae, 
respectively. On the other hand, the proportion of 
killed preys by P. persimilis decreased from 1 to 
0.03 , 1 to 0.13 and l to 0.21 with increase in density 
of adults, nymphs and larvae of T. urticae 
respectively . (Fig. I A&B). Decreasing in propot1ion 
of prey consume with increasing prey density 1s 
known for arthropod predator (Holling, 1961 ). 

Data presented in table (I) showed that the 
outcome of the logistic regression of adult female P 
persimilis to larvae, nymphs and adults ofT. urticae 
reflected a type II functional response, in all cases 
the sign of the linear term was negative (Table 1). 
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Fig. ( 1 A & B): Observed functional response of Phytoseiulus persimilis females to densities of larvae, 
nymphs and adults of Tetrunychus urticae. 

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 P.persimilis against initial preys 
number offered at 25 °C. 

Stage CoefTicicnt Estimate S.E x" p 

Intcrce12t Po 11.7790 1.4634 64.79 <0.000 I 
c<:: 

Linear P1 -1.3059 0.1793 53.03 <0.0001 :;-.... 
c<:: Quadratic P2 0.0479 0.00694 47.52 <0.0001 ......1 

Cubic P3 -0.00058 0.000085 45 .S 1 <0.0001 

"t 
Intercept Po 8.2089 1.0659 59.3 1 <0.()00 I 

E Linear P1 -0.9801 0.1402 48.89 <0.000 I 
Z Quadratic P2 (l.0397 0.00577 4 7.28 <0.000 I 

Cubic P3 -0.00054 0.000075 52 .05 <0.000 I 
lntcrce12t Pn 4.9002 0.8295 34.90 <0.000 I 
Linear P1 -0 .5534 0.1199 21.31 <0.0001 

-o 
Quadratic P2 0.0230 0.00538 18.35 <0.000 I < 
Cubic P3 -0.00036 0.000075 23 .16 <0.0001 

\ si gnif~cant negat ive estimate for the parameter P1 indicate 
that the slope of the functi onal response cu rve is declining, 
thus a type II timctional response 

Whereas, the type of functional response can be 
determined based on the s ign of the linear 
coefticient: negative for type 11 , positive for type JJI 
(Juliano, 1993). Type ll functional response is the 
most common functiona l response of the phytoseiid 
species to an increasing density of sp ider mites 
(Fern ando and Hassell, 1980; Sabel is, 1985 ; Shipp 
and Whitfield, 199! and Skirvin an d Fenlon, 2003). 
Chant ( 1961 ) reported a Type H c urve for 
P. persimi!is on T. urticoe. Laing and O sborn, 1974; 
Ryoo 1996 and Landeros er a/., 200 I also, reported a 
functional Type II resp0nsc curve for P. persimifis 
feeding on T urtime adults. 

The functional r'-"' l)l) IJSC d~lla or fJ. persimilis on 
larvae, nymph s and adul t km~1k ~ or T urticoe were 
successfully tittcd tu tll<.' R1>: d:': ,l 1 lll-1 1 <lnd Rogers 
t l 972) equation (F ig. :::. . l<1 hk.::: 1. T he ':tt:1ch: rate of 

P. persimilis increased from 0.17 on larvae to 
0.50 on nymphs but declines on adult fema le of 
T. urticae to 0.47. Whereas, handling time (T11) of 
P. persimi!is was 1.4699, 2.1133 and 3.05 1 when 
offering larvae, nymphs and adults of T. urticae, 
respectively. The expected maximum consumption 
(T/T 11) of P. persimilis was 16.32 larvae, 11. 36 
nymphs and 7.90 adults per day ofT. urticae. 

14 

~ 12 
• 
"' [ 10 

~ 
E 8 

~ 8 6 
0 
ci 4 
c 
c: :i 2 

• Larvae o Nymphs • Adults 

0~-----------------------------
0 4 8 12 16 20 24 28 32 36 40 44 

Prey density (NO) 

Fig . (2): Functional responses of Phytoseiu!us 
persimilis on adults, nymphs and larvae of 
Tetronychus urticae at 25± I °C, the fitted lines 
are predictions of the Rogers ( 1972) model. 

The leve l of functional responses is affected by 
the life stages of prey supplied. For example, 
Fernando and Hassell ( 1980) showed that the 
maximum number of T urticae consumed by P. 
persimilis decreased in the order: egg, larva, 
protonymph and deutonymph. Still further, 
phytoseii d mites very seldom prefer to feed on adult 
mites but most often they feed on immature stages 
(Sabe l is, 1985). Blackwood et a!. (200 I) reported 
that adult females of P persimilis preferred T 
urticae eggs over the larvae. In contrast, Popov and 
Kon dryakov (2008) reported that adult females of J> 
persimilis consumed more maks of Terranyclms 
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Table (2): Effect of Tetranychus urticae stage on the attack rate (a), handling time T11 and maximum number 
of consumption (T/ T11) on P. persimilis derived from random predator equation. 

Stages A 
Asl:metotic 95% Cl 

lower upeer 
Larva 0.17±0.04 0.07 0.26 
Nymph 0.50±0.48 0.25 1.46 
Adult 0.47±0.71 0.11 1.90 

spp. than the eggs or females. These contrasting 
results may be related to differences in experimental 
design and number of prey provided. Fernando and 
Hassell (1980) repor1ed that the search rate and the 
handling time of females of P. persimilis preying on 
eggs of T. urticae were 1.69 and 0.87 (h), 
respectively. It should be realized that predation by 
phytoseiid mites is generally not limited by handling 
time but by digestion rate (e.g. Sabelis, 1985). 

The results showed that P. p ersimilis females 
were more effective at low different prey stages 
densities. Also, increase predation rate and shoJi 
handling time of P. persimilis females as function of 
T. urticae larvae, guide us to release P. persimilis 
early on low prey densities and the best time when 
the prey is in larval stage. 
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