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Abstract: This study was conducted to evaluate the age-specific functional
response of Psyllaephagus zdeneki Noyes & Fallahzadeh (Hymenoptera:
Encyrtidae) at different nymph densities of olive psyllid, Euphyllura
pakistanica Loginova (Hemiptera: Psyllidae). Due to parasitoid behaviour of
feeding and parasitizing the host, both traits were separately explored on a
daily functional response. Results of logistic regression revealed a type II
functional response of the wasp independent of their ages. The handling time
(Th) and searching efficiency (a) were estimated using the Rogers equation.
The highest searching efficiency for both parasitism and feeding was
observed in the first five days of the adult age. The handling time for
parasitism and host feeding increased with the age of female wasp. The
highest searching efficiency and shortest handling time for host attacked
(Parasitism and feeding) were gained in day 5 and day 2 and maximum
parasitism and host feeding in days 2 and 3 of adult female age, respectively.
We conclude that P. zdeneki demonstrated a reasonable performance as a
potential biocontrol agent by feeding and parasitism of E. pakistanica which
gained its maximum efficiency within 2 to 5 days of its life.
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Introduction

Olive psyllid, Euphyllura pakistanica Loginova
(Hemiptera: Psyllidae) is one of the most
important pests of olive orchards in the Fars
province of Iran (Asadi et al., 2009a). This pest
also has been reported to be present in Pakistan,
India and Syria (Loginova, 1972; Thakur et al.,
1989; Thakur et al., 1997) and causes economic
damage in olive orchards in India (Virender et
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al. 2007). Psyllaephagus zdeneki Noyes &
Fallahzadeh (Hymenoptera: Encyrtidae) has
been described and reported as a new
endoparasitoid of E. pakistanica for the first time
by Noyes and Fallahzadeh (2005) from Fars
province of Iran. This parasitoid is active in
spring, late summer and autumn and is
distributed throughout the entire olive orchards
in Fars province (Asadi et al., 2009b).

Study of parasitoid foraging behavior is
needed in order to understand how parasitoid
affects host population and parasitoid its
fitness (reproductive success) in a given
environment (van Alphen and Jervis, 1996;
Wajnberg et al., 2008). Some theoretical
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studies have tried to explain complexities of
host-parasitoid relationships including host
searching efficiency, patch time allocation and
egg maturation strategy ,which are affected by
host population or parasitoid size (Ellers and
Jervis, 2003; Tenhumberg et al., 2006;
Bernstein and Jervis, 2008; van Alphen and
Bernstein, 2008). Many scientists who have
worked in the field of applied ecology and
biological control of agricultural pests have
sought to understand different aspects of host-
parasitoid relationships such as functional
response of parasitoid to host population,
variation in parasitoid searching efficiency
with female age and the effect of host feeding
behavior on the population dynamics of hosts
and parasitoids (Hassell et al., 1977; Bellows
and Hassell, 1988; Kidd and Jervis, 1989). A
substantial number of adult parasitoids feed on
their hosts, a behavior known as host feeding
strategy and plays an important role in the
fitness of a given parasitoid (Jervis and Kidd,
1986; Kidd and Jervis, 1989; Bernstein and
Jervis, 2008). The host feeding trait is a
strategy which is confined to syn-ovigenic
parasitoids and is a very common behaviour
among this group of parasitoids. Kidd and
Jervis (1989) estimated that about one-third of
the world’s parasitoid fauna is comprised of
host-feeding species. Study of host feeding
behaviour in an endoparasitoid wasp,
Psyllaephagus pistaciae Ferriére revealed a
substantial mortality of the pistachio psylla,
Agonoscena pistaciae Burckhardt and Lauterer
(Hemiptera: Psylloidea) by this behaviour
(Mehrnejad and Copland, 2006). Most studies
of host-parasitoid interactions assume that the
number of hosts parasitized per unit of time
depends on host density and searching
efficiency of parasitoid (Hassell and May,
1973). When a female parasitoid encounters a
host, she may lay an egg, and thus invest in her
current reproduction, or feed on the host to
invest in her future reproduction. Costs and
benefits of host feeding will affect the optimal
female decision (Bernstein and Jervis, 2008).
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In-spite of the evidence on benefits and
implications of host feeding on host parasitoid
populations, there is a lack of data on the host
feeding associated costs (Rivero and West,
2005).

Another important aspect for evaluating
the efficiency of a natural enemy is the attack
rate and foraging behaviour across a range of
host densities, i.e., its functional response
(Berryman, 1999). In other words, functional
response is a way to assess the impact of
natural enemy on a host population (Lester
and Harmsen, 2002). A fundamental approach
in the way to translate the effect of foraging
behaviour on population dynamics by
functional response models (Solomon, 1949;
Holling, 1959b). Functional response may be
used to determine if a natural enemy is able to
regulate the density of its host when the
response depends on density (Murdoch and
Oaten, 1975). Functional response describes
the way in which a natural enemy responds to
a changing density of its prey and it is a
commonly measured attribute of natural
enemies (Holling, 1959b; Juliano, 2001). The
term functional response was originally
coined by Solomon (1949) to describe basic
components of the relationship between a
natural enemy and its host. In quantifying
host-parasitoid interactions functional
response is an essential starting point. Holling
(1959a) developed a simple model called
“disc equation” in which he derived the
expected number of prey eaten as a non-linear
function of initial constant prey number and
the available time. This model assumes
sampling with replacement, however Rogers
(1972) and Rogers and Hassell (1974)
developed another model in which they
derived a corresponding equation for
sampling without replacement. With the type
IT response, the numbers of host attacked per
parasitoid increases with an initial increase in
prey density, but at a decelerating rate toward
a plateau. With the type Il response, the rate
of attack increases at first increases with
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increasing prey density, but then decreases,
so that the functional response curve is
sigmoid (Oaten and Murdoch, 1975; Luck,
1985). The type II and III functional
responses are common among arthropod
predators (Hassell et al., 1977) and
parasitoids (Hassell et al.,, 1977, Van
Lenteren and Bakker, 1978; Chong and
Oetting, 2006). The analyses of functional
response of the parasitoids is often used to
determine the potential effects of parasitoids
on host population dynamics (Oaten and
Murdoch, 1975).

To our knowledge, no data have been
published in the literature concerning the
functional response of P. zdeneki, a potential
biological control agent of olive psyllid. This
study was therefore aimed to determine the
effect of female age on functional response of
P. zdeneki at varying densities of E.
pakistanica to provide basic information for
using this potential biological control agent
for control of this pest in olive orchards. This
information  will contribute to better
understanding of the role of P. zdeneki in
suppression of olive psyllid populations and
may open a window in developing a
biological control program for this pest.

Materials and Methods

Rearing methods and experimental
conditions

The populations of olive psyllid, E.
pakistanica and its parasitoid, P. zdeneki
were collected from the olive orchards in
Shiraz, Fars province of Iran, in autumn
2008. The olive psyllid was reared at 20 +
1°C and 60 £ 5% relative humidity climate
room with a photoperiod of 16:8 (L : D) h.
The parasitoid wasps were cultured on olive
seedlings infested with E. pakistanica in
transparent cylindrical cages (25 x 60 cm).
Colonies of olive psyllid and its parasitoid
were restocked with field collected
individuals in late summer and fall in order to

prevent any inbreeding effects. The olive
psyllid and its parasitoid used in this study
were maintained in the laboratory and reared
for two generations before using in the
experiments.

Functional response study

The effect of host density on parasitism and
host feeding was determined during adult
life. A pair (male and female) of newly
emerged adult of P. zdeneki was transferred
into rearing containers at seven host density
levels (2, 4, 8, 16, 32, 64, 120) of the fourth
instar nymphs of E. pakistamica. Each
treatment (host density) was repeated eight
times. The rearing containers in each
treatment consisted of a fresh olive offshoot
(twig) (7 cm in length) placed on some
moistened cotton in a plastic Petri dish (12
x 4 cm). The third and fourth instar nymphs
of E. pakistanica are suitable for both
feeding and parasitism, with no significant
differences between them as shown in our
previous study (Asadi et al., 2009b).
Therefore, the experiments were conducted
with fourth instar nymphs. For each density,
a pair (male-female) of newly emerged P.
zdeneki was transferred into each rearing
container for 24 h. The parasitoids were
then removed from the Petri dishes, and the
psyllids were kept in climate room (20 =+
1°C, 60 + 57 RH and 16:8 (L : D) h). The
number of dead hosts resulting from
feeding was counted every day for three
days and mummies for 15 days by stereo-
microscope.

Statistical analysis

To determine the type of functional response,
the data from each host density in female
wasp lifetime for hosts parasitized and hosts
attacked (parasitized + eaten) were fitted to a
logistic regression analysis for maximum
likelihood (SAS Institute, 1999) as suggested
by Juliano (2001):
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N__ exp(Po + PlNo + P2N02 + P3N03)

a

N, 1+exp(P,+PN,+PN_>+PN,")

where N, is the number of psyllid nymphs
which is parasitized or eaten, N, is the
number of hosts available and Po P;, P,, and
P; are the intercept, linear, quadratic, and
cubic coefficients, respectively. Significant
negative or positive linear coefficients (i.e.,
P1) indicate functional response type II or III,
respectively. The slope of the type II response
is declining (i.e., Py is negative), whereas that
of the type III response is accelerating (i.e.,
P, is positive).

Then the handling time (T,) and
searching efficiency (a') were estimated using
a type Il equation for parasitoids (Rogers
1972):

N =N |1+exp| -2
I1+a'T, N,

where N, 1is the number of hosts
parasitized and number of hosts attacked
(parasitized + eaten), N, is the number of
hosts available, @' is the searching efficiency,
T is the whole time of the experiment (24 h.),
T is the period of time which elapsed from
the encountering the host to the end of
parasitism or feeding per host (i.e., handling
time) and Py is the number of parasitoids. The
maximum number of hosts parasitized and
hosts attacked were calculated by dividing
total time (24 h) by T,. The functional
response parameters were estimated using
nonlinear least squares regression. Statistical
analysis of functional response was
performed using SAS statistical software
(SAS Institute 2003).

Mean number of hosts attacked
(parasitism and host feeding) at different host
densities were analyzed using one-way
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ANOVA. If significant differences were
detected, multiple comparisons were made
using the Student-Newman-Keuls (SNK) at P
<0.05.

Results

The relationship between mean number of
hosts parasitized and hosts attacked with the
age of parasitoid and host density are
illustrated in Fig. 1. Mean number of host
parasitized and attacked at each density
decreased with increasing parasitoid life
time. For example, the mean number of host
parasitized at the density of 120 nymphs,
was estimated at 13.50, 9.25 and 0.66 in the
first, eight and 16™ day of adult female age,
respectively. Mean numbers of host attacked
at the density of 120 nymphs also showed a
decline rate with parasitoid age, which were
estimated to be 15.00, 11.87 and 1.33 in the
first, 8" and 16" day of adult female age,
respectively. Also the mean number of
parasitism and host attacked increased with
host density in the whole parasitoid lifetime.
For example, the mean numbers of host
parasitized on the first day of adult female
age at the density of 2, 4, 8, 16, 32, 64 and
120 were estimated to be 1.12, 2.62, 5.62,
10.50, 12.87, 13.25 and 13.50, respectively.
The regression analyses between mean
number of hosts parasitized with host
density at each parasitoid age were related
positively in the first (R = 0.97), 8" (R* =
0.99) and 16™ day (R*> = 0.96) of adult
female age. In contrast regression analyses
between total number of hosts attacked with
the host density the estimated equations are:
(y = 3.62In(x)-0.33, R* = 0.96) in the first,
(Y = 2.61In(x)-0.93, R* = 0.93) in the eight
and (y = 0.23In(x)-0.36, R* = 0.94) in the
16™ day of adult female age.
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Figure 1 Three-dimensional contour plot showing the effect of the age of Psyllaephagus zdeneki and E.
pakistanica density on mean number of hosts parasitized (a) and total number of hosts attacked (b).

Data fitted to a logistic regression showed
significant negative linear coefficient (i.e. P;)
for hosts parasitized and hosts attacked which
indicated a type II functional response (Table
1). Type of functional response was not
affected by parasitoid female age. Mean

numbers of parasitized and attacked nymphs,
as predicted by Rogers model at various
parasitoid female ages are plotted and
illustrated in Fig. 2. Both attack rate and
parasitization rate decreased with the host
density and the age of parasitoid.
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Figure 2 Age specific functional response (attacking: a, parasitism: b) of P. zdeneki at different densities of E.
pakistanica using Rogers type II model.

Table 1 Results of the analysis of the maximum Mean numbers of nymphs parasitized at

likelihood estimates for linear coefficient (P;) of the
logistic model to fit the data of Psyllaephagus
zdeneki to the selected functional response type on

adult female life time.

Female linear coefficient (P;) (mean + SEM)
parasitoid age

(days) Hosts parasitized Hosts attacked
1 -0.0448 +0.0218 -0.1338 +0.0265
2 -0.0205 +£0.0116 -0.1166 + 0.0261
3 -0.0108 £ 0.0114 -0.1040 + 0.0266
4 -0.0365+0.0118 -0.1005 + 0.0254
5 -0.0128 £0.0115 -0.1667 + 0.0307
6 -0.0114 + 0.0021 -0.1220 + 0.0242
7 -0.0077 + 0.0032 -0.1056 +0.0237
8 -0.0053 + 0.0029 -0.1546 + 0.0262
9 -0.0613 +0.0234 -0.1296 + 0.0245
10 -0.1004 + 0.0247 -0.1210 + 0.0244
11 -0.0742 + 0.0258 -0.1123 £ 0.0240
12 -0.0982 +0.0302 -0.1211 +£0.0277
13 -0.0987 + 0.0293 -0.1242 +0.0258
14 -0.1195 £ 0.0342 -0.1337 £ 0.0312
15 -0.0856 + 0.0455 -0.1222 +£0.0317
16 -0.0434 + 0.0254 -0.0939 +0.0476

different ages of parasitoid showed significant
differences (F = 5.25, df = 15, 120, P < 0.001).
Mean numbers of host attacked also differed
significantly at different ages of parasitoid (F =
4.51, df = 15, 120, p < 0.001). The highest
proportion of host attacked was observed
during the first five days of the parasitoid
female age and a substantial percentage of the
hosts were attacked by parasitoid in the first
week of female age (Fig. 3). The very important
effect of host feeding on the percentage of hosts
attacked is considerable especially in the first
week of adult female age (Fig. 3).

Rogers’ type Il equation was fitted for two
conditions in parasitoid female lifetime in order
to determine and compare the searching
efficiency and handling time at different female
ages. The estimated values of searching
efficiency and handling time of these two traits
in P. zdeneki lifetime are shown in Table 2.
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Figure 3 Percentage of the age specific functional response (attacking: a, parasitism: b) of P. zdeneki on
different densities of E. pakistanica.
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Table 2 Estimated values for searching efficiency (') and handling time (Ty,) from Rogers’ type II equation for
Psyllaephagus zdeneki females of different ages search rate, handling time and maximum value of coefficient of
determination (R?) in adult female life time.

Femal No. of Hosts parasitized Maximum No. of Hosts attacked Maximum
paf:;f;o‘aid Sea.lrf:hing Handling 2 nu:OZiSr o Sea.lrf:hing Handling 2 nurr?obsisr o
age (days) eﬁl((;:_?;‘ Y time (h™) R parasitized eﬁl((;:_?;‘ Y time (h™) attacked

1 0.12+0.03 1.64£0.08 0.90 13.63 0.15+0.03 1.50£0.05 0.92 16

2 0.11+0.03 1.59+0.08 0.87 15.1 0.16 £0.04 1.48 +£0.06 0.86 16.22
3 0.09 +0.02 1.70 £ 0.09 0.83 14.12 0.21 +£0.06 1.36 £ 0.05 0.88 17.65
4 0.11+0.03 1.73+0.10 0.93 13.87 0.21 £ 0.06 1.51+0.07 0.95 15.89
5 0.08 = 0.02 1.87+0.09 0.82 12.83 0.28 =0.02 1.53+0.06 0.85 15.69
6 0.04 £0.02 1.97+0.14 0.78 12.18 0.11+£0.02 1.82+0.08 0.81 13.17
7 0.03+£0.006 2.10+£0.16 0.79 11.43 0.11+0.01 1.73+0.05 0091 13.12
8 0.03 £ 0.008 2.17+0.18 0.75 11.06 0.18+0.06 1.95+0.09 0.78 12.31
9 0.04 £0.007 2.59+0.19 0.77 9.27 0.15+0.03 2.34+£0.08 0.84 10.26
10 0.06 = 0.020 39+£032 0.73 6.05 0.09 +0.01 3.15+0.19 0.79 7.62
11 0.03 £ 0.009 399+039 0.70 6.02 0.06 = 0.02 297+0.26 0.66 8.08
12 0.02 + 0.005 5.89+0.56 0.69 4.01 0.03 +£0.01 3.57+039 0.62 6.72
13 0.02 + 0.009 6.35+0.83 0.67 3.78 0.05+0.01 421+0.31 0.64 5.70
14 0.05 +0.029 8.11+042 0.64 2.96 0.08 = 0.03 5.78+0.42 0.60 4.15
15 0.02+0.009 1640£295 0.60 1.46 0.07 £ 0.002 6.05+0.81 0.61 3.97

Regression analysis showed significant efficiency (") was gained in the first day of

relationship between searching efficiency (")
and handling time (T,) with the age of female
parasitoid (Fig. 4). The highest searching

parasitoid life for host parasitism (0.12+0.03 h°
") and the fourth day for hosts attacked.
Nevertheless, the highest value for a” was
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estimated to be in the first five days of adult
female life. The a” value for hosts parasitized
declined with the age of parasitoid but when we
assumed searching for host attacked to include

0.3 1 y =-0.0005x2 - 0.0056x + 0.2125
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both parasitism and host feeding in Rogers
model, this value showed slight fluctuations in
adult female lifetime: ascending in first few
days and then gradually declining (Fig. 4a, b).
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Figure 4 Age-specific searching efficiency (attacking and parasitism) and handling time of P. zdeneki on fourth

instar nymphs of E. pakistanica.

Handling time, the time which was spent for
parasitism or host feeding by P. zdeneki showed
an increasing trend by adult female age in both
traits (Table 3). The lowest value of handling
time in parasitism was gained for one and two

days old females (Fig. 4d). In combined
handling time for traits: parasitism and host
feeding, a slight decreasing trend was observed
from the day one (1.4985 + 0.0492) to the day
three (1.3695 £ 0.0559) of the parasitoid age
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then gradually increased with the age of
parasitoid. The trends of handling time in
different ages of parasitoid in combined (host
feeding and parasitism) (Fig. 4c) with the data
on parasitism (Fig. 4d), it is clear that host
feeding behaviour reduced the overall handling
time which is seen in figures by comparing the
slope of two curves. Decreasing parasitism by
the age of parasitoid also resulted in steep slope
of the curve and lengthening of handling time
from the second week of the parasitoid age.

Discussion

Our results demonstrated a prominent role for
the parasitoid, P. zdeneki in reducing the host,
E. pakistanica population in laboratory which
unveiled potential capability of the parasitoid as
an effective biological agent. P. zdeneki caused
a reasonable mortality of the host by parasitism
of 15.1 host nymphs and attacking (parasitism
and feeding) 17.65 hosts in a period of 24 h.
Parasitoid exhibited a very efficient perform-
ance in the first week of its life with high
parasitism and host feeding. Our findings also
revealed the fundamental role of the parasitoid
age and host feeding on the functional response
of P. zdeneki. Results of this study demonstrate
how handling time may play a considerable role
in efficient performance of parasitoids, which is
neglected in many studies. This is the first study
on the functional response of P. zdeneki on E.
pakistanica which opens a window on using
this organism in biological control programs of
olive psyllid.

The effectiveness of a parasitoid in
regulating a pest population has been tradition-
ally referred to as its functional response
(Hassell, 1978). The negative values for the
linear parameters (P;) gained in the present
study confirmed the type II functional response
for parasitoid at all ages. Most hymenopteran
parasitoids especially Encyrtidae family studied
exhibit either type Il (Gonzilez-Hernandez et
al. 2005; Matadha et al., 2005; Sagarra et al.,
2000; Chong and Oeting, 2006) which is in
agreement with our finding, or a type III
functional response (Jones et al. 2003; Sagarra

J. Crop Prot.

10

et al., 2000). Van Lenteren and Bakker (1978)
suggested that the rarity of the type III model in
functional response studies may be the result of
an experimental artifact. In this manner the type
II model is the most common observed model
for parasitoids, especially in experim-ental
condition when parasitoids are kept in captivity
and caged with their hosts in a small arena for a
fixed period of time and potentially report of
type II function in this study may have suffered
from the same weakness. A type Il functional
response with decelerating parasitism rate has a
potential to  destabilize = host-parasitoid
dynamics due to inverse density-dependent host
mortality which may stabilize the host
population dynamics (Murdoch and Oaten
1975; Luck, 1985). The Rogers random attack
equation adequately described the increase in
the numbers of host attacked (Parasitism and
feeding) by P. zdeneki with increasing host
density at all ages. P. zdeneki, attack rate is
similar to that in Anagyrus sp. nr. sinope and
also in Anagyrus ananatis Gahan (Hymeno-
ptera: Encyrtidae) (Gonzalez-Hernandez et al.,
2005; Chong and Oeting, 2006). In this study
we determined that the maximum number of E.
pakistanica nymphs were attacked by three
days old P. zdeneki; 17.65 hosts per day and
considerably higher than other encyrtids like
Anagyrus sp. nr. sinope (Hymenoptera:
Encyrtidae) which parasitized 13.3 nymphs of
Phenacoccus madeirensis Green (Hemiptera:
Pseudococcidae) per day as described by Chong
and Oetting (2007). The effect of parasitoid age
on functional response could be described by an
extended model indicating that parasitoid age
affects both instantaneous attack rate and
handling time (of the parasitoid), which has
been somewhat neglected in many functional
response studies. This reveals that the parasitoid
will spend a long time with non-searching
activities (e.g., resting) at older ages, while
more searching, oviposition and predatory
activities would be expected at younger ages.
We tried to include this information in our
result to rectify this weakness. Results of Age-
specific attack rates revealed the highest attack
rate of P. zdeneki on the host E. pakistanica
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during the initial 6 days post adult emergence.
This finding is supported by previous studies of
two other encyrtid A. ananatis and Clausenia
josefi (Rosen) which parasitized the greatest
percentage of available hosts during the first 6
and 4 days of their adult lives, respectively
(Gonzélez-Hernandez et al. 2005; Berlinger
1973). Also the estimated handling times of P.
zdeneki were close to those reported by Chong
and Oeting (2007) for an encyrtid parasitoid,
Anagyrus sp. nr. sinope (0.85h to 1.8h in
different host stages). It is essential to obtain
actual handling time through behavioral
experiments because according to Chen et al.
(2006), the handling times were overestimated
in Rogers (1972) model because the
experimental period (24h) was longer than the
actual time period when the parasitoids were
active (16h light). Hymenopteran parasitoids
show positive phototaxis and are active only
during the light period (Stary, 1970). It is an
obvious expectation that handling time increase
by changing condition.

Host feeding is an important behavioral trait
among syn-ovigenic parasitoid species as a
major means to obtaining proteins for egg
production (Jervis and kidd, 1986; Heimpel et
al., 1996; Thompson, 1999; Bernstein and
Jervis, 2008). This behavioral characteristic of
parasitoids has been gravely neglected
(Yamamura and Yano, 1988). Host feeding
affects parasitoids key life-history variables like
fecundity and longevity and plays a major role
in their fitness as reviewed by Bernstein and
Jervis (2008). Neglecting host feeding behavior
of parasitoids may result in a serious
misunderstanding of host-parasitoid population
dynamics, since many parasitoids kill signi-
ficant numbers of hosts by feeding as well as by
parasitism (Kidd and Jervis 1989). The time
that parasitoids devote to different activities
during their lifetime is shared between various
functions such as consumption of food resou-
rces, searching for host and activities linked
with parasitism. Time allocation between these
activities is one of the most important dilemmas
in decision making by adult parasitoid to gain
maximum fitness (Bernstein and Jervis, 2008).
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The effect of host feeding in increasing the
instantaneous attack rate and also decreasing
the overall handling time has been
demonstrated for this parasitoid in the present
study. Our previous study exhibited the
destructive non-concurrent feeding behaviour of
P. zdeneki which caused a considerable impact
on host population (Asadi et al., 2009b). This
type of host-feeding has been reported specially
by an encyrtid, P. pistaciae (Mehrnejad and
Copland, 2006) and some other hymenopteran
parasitoids (Heimpel et al., 1996; Lampson et
al., 1996). The host death resulting from the
host feeding may be caused by a direct effect of
feeding or indirect feeding behaviours like
injection of the venom by the parasitoid and its
probing activities (Kidd and Jervis, 1989). P.
zdeneki exhibited a relatively high range of
mortality on different psyllid nymphal instars
by both host feeding and parasitism which is
very important in biological control programs.
According to our earlier study all five psyllid
nymphal instars were susceptible to parasitism
by P. zdeneki but the third and fourth psyllid
instar nymphs were more frequently preferred
for parasitism than the others. Host feeding by
P. zdeneki is an important behaviour causing
the death of a substantial number of the first
and second nymphal instars of the host (Asadi
et al., 2009b). As the experimental conditions
were based on the preferred stages for
parasitism which caused a biased condition
toward parasitism rather than host feeding. In
natural conditions, however, where different
nymphal stages are present the contribution of
host feeding in increasing the parasitoids attack
rate is more likely.

The results on searching rate estimates for
P. zdeneki exhibited an overall higher range in
younger females than in older ones. This
suggests that P. zdeneki could feed on and
parasitize more of E. pakistanica nymphs in the
first five days of its lifetime. The ability of P.
zdeneki to find, feed and parasitize E.
pakistanica over its lifetime with reasonable
attack rate provides the opportunity to introduce
this parasitoid as a good candidate for
biological control program of olive psyllid in
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Iran, where the psyllid and parasitoid exist from
April to November in most olive orchards of
Fars province (Asadi, 2010). The results of
laboratory study supported the capability of P.
zdeneki in using this parasitoid in biological
control programs of olive psyllid. Functional
response studies in small laboratory areas have
been criticized as being unrepresentative of
natural conditions (Kareiva 1990). However,
the success and failure of a natural enemy in
biological control can not be attributed only to
functional response. Other factors such as
intrinsic rate of natural increase, host traits,
biotic and abiotic factors have a major influence
on the efficiency of natural enemies, in addition
to tritophic and intraguild interactions (Jamshi-
dnia et al., 2010). To conclude we suggest
additional laboratory and field studies are
required to determine the effect of different
factors on functional response of P. zdeneki to
establish basic information in using this
organism in biological control program of olive
psyllid in Iran.
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