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Abstract

Biological control constitutes an effective approach for managing pest populations in horticulture, providing an alternative to chemical
pesticide reliance. To ensure successful integration of predators into biological control programs, a precise assessment of their functional
response to prey density variations under controlled laboratory conditions is essential. This study aimed to investigate the functional
response of 5™ stage nymph, male and female of Anthocoris nemoralis predator to pear psylla Cacopsylla pyri 4" and 5 nymphs on two
temperatures (15 and 27 °C). Logistic regression followed by nonlinear least squares regression were used to determine the type of functional
response of predayor and to estimate the attack rate (a) and the handling time (Th). Our results exhibited a type Il functional response for all
experiments. There was a significant difference between attack rate of same stage of predator due to raising temperatures (a positive
relationship), whereas no significant differences were observed for handling times (a negative relationship). 5" stage nymph showed the
lowest attack rate and the highest handling time compared to other stages (0. 010, 0. 028 for a and 1. 846, 1. 658 for T at 15 and 27 °C,
respectively), whereas females had the highest attack rate and the shortest handling time at all experiments (0. 035, 0. 086 for a and 1. 347, 1.
658 at 15 and 27 C, respectively), anyway there was no significant difference between parameters of 5th stage nymph and male. Female had
the highest maximum theoritical attack rate (20. 924 and 30. 341 nymph/day) at 15 and 27 °C, respectively. Our findings demonstrate that

adult female of A. nemoralis can be used as optimal biological agents for controling C. pyri.

Keywords: Functional response, temperature, Anthocoris nemoralism, pear psylla, Cacopsylla pyri.

Introduction

The pear psylla, Cacopsylla pyri (Linne) (Hemiptera:
Psyllidae), is one of the most serious economic pest of pear
trees Pyrus communis Linnaeus, (Rosaceae) worldwide (Nin
et al, 2012) B4, which may cause heavy economical losses
to most pear growing regions (TeSanovi¢ and Spasi¢, 2018)
[, This pest can damage pear trees in two main ways
classified as direct damages including weakening the plant
by subtraction of nutrients; and indirect damages like
production of large amounts of honeydew which stimulates
the black sooty mold (Montanari et al., 2015) “71, and the
possible transmission of pear decline disease (Candidatus
Phytoplasma pyri); which decreases pear vegetative and
fruit growth eventually leading to the death of trees (Sule et
al.,, 2007) [P For the beginning of laying egg by
overwintered individuals a temperature over 10 °C for two
successive days is required, as the first eggs are laid directly
on wood, typically near of unopened bud bases (Nin et al.,
2012) B4, C. pyri develops 5-7 generations per year (Nin et
al., 2012) 4, and it has five development nymphal stages
(Tesanovi¢ and Spasié¢, 2018) I, Throughout years and
because of excessive use of chemical control, pear psylla
has developed resistance to many commonly used
insecticides (Emami, 2008; Civolani, 2012) [4 7
consequently, there has been growing interest in adopting
Integrated Pest Management (IPM) strategies of pear psylla,
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with particular emphasis on enhancing populations of
natural enemy populations against this pest (Shaw et al.,
2021) ¢, Several species of generalist predators commonly
attack C. pyri like Coccinellidae, Chrysopidae, Aranae,
Miridae and Anthocoridae (Daugherty et al., 2007) [€l,
Anthocorid bugs (Anthocoridae) are among the most
important predators of pear psylla, with Anthocoris
nemoralis (Fabricius) (Hemiptera: Anthocoridae) being a
particularly effective biological control agent of pear psylla,
its natural range includes Europe and the Mediterranean
region (Krndija et al., 2024) . The adult overwinters
beneath tree bark and other sheltered places, emerging when
prey availability and weather conditions become favorable
(Sigsgaard, 2010) ', then usually peaks during mid to late
summer, helping to suppress C. pyri populations (Nagy et
al., 2008) BU. This predator has five nymphal instars, and
both mature and immature stages feed on eggs as well as
nymphs of pear psylla, and effectively reduce their numbers
(Sigsgaard et al., 2006; Emami, 2010) [ %1 an individual
anthocorid predator can consume approximately 5,000 pear
psylla eggs during its lifetime (Yanik and Ugur, 2004) [,
showing equal feeding efficiency on both eggs and nymphs
per unit biomass (Sigsgaard, 2010) [, In different
ecological conditions, A. nemoralis might give three up to
six generations/year being affected to temperature (Oudeh et
al., 2013) 4. Researches showed that anthocorids can be
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released artificially into orchards as a biological control
agents, to suppress pear psylla populations effectively
(Gajski and Pekar, 2021), adult anthocorids as well as
nymphs are able to bring about 30-50% reductions or more
in pear psylla numbers in pear orchards (Sigsgaard et al.,
2006) ™1, also augmentative releases of the immature stage
of A. nemoralis in olive orchards resulted in significant
reductions in psylla densities (Gharbi, 2021) [2°,

The functional response is the basic mechanism that reveals
different aspects of prey-predator behavior, explains their
coevolutionary interactions, and can determine the
efficiency of a predator in regulating prey populations
(Holling, 1965; Martinou et al., 2010) B9 #1. According to
Solomon (1949) @ and Holling (1959) 2, the number of
prey consumed per predator as a function of different prey
densities is known as the functional response. The
functional response of a predator is determined by two
important parameters: attack rate (a) which conducts the
ability to find a prey, and the handling (Th) which
represents how fast a prey is consumed including
discovering of a prey, Kkilling, capturing, eating and
digesting it (Holling, 1966) Y. Three main functional
response types are observed in predator-prey systems, a type
I functional response shows a linear relationship between
consumption rate and prey density, a type Il functional
response shows a hyperbolic relationship between
consumption rate and prey density, that eventually reaches
the predator's satiation level and remains constant at high
densities and type Il functional response which exhibits a
sigmoid relationship between the number of prey consumed
and the number of prey ofered, as at low prey densities the
predator consumption increases slowly, then accelerates at
intermediate densities, and finally plateaus at high densities
(Holling, 1959) 21,

Various abiotic and biotic factors can affect the functional
response type and its parameters: attack rate (a) and
handling time (Ty), such as host plant type (Emami et al.,
2014; Jafarian et al., 2022) [2 3 prey type and size
(Donnelly and Phillips, 2001 ™; Kalinoski and Delong,
2016 [37; Hassanzadeh-Avval et al. 2019) 24, different life
stages of predator or prey (Farhadi et al., 2010 [
Shahpouri et al., 2019 [%8l; Hassanzadeh-Avval et al. 2019
(241 Dehkordi et al., 2023) ¥, sex of predator (Emami et al.,
2014 [*2: Hassanzadeh-Avval et al. 2019 [?I; Reeves et al.,
2023) B, prey distribution (Feng et al., 2018) [28
temperature (Gitonga et al., 2012; adbouni, 2017 [
Hassanzadeh-Avval et al. 2019 24, Hassanpour et al., 2020
[23]: Reeves et al., 2023) 571, spatial complexity (Alexander,
2012) 1 presence of alternative prey (Murdoch, 1969; Wei
and Walde, 1997) [*0.821 and arena size (Sabaghi et al., 2011
[61: Uiterwaal and Delong, 2018) [611,

Psylla mentioned as a key pest of pears in the climatic
conditions of regions where spring and summer are dry and
rainfall is rare, like The Middle East and near by. In Iran,
Emami (2016) ™1 mentioned Cacopsylla pyricola as an
important pest of commercial pear in all pear-growing
regions, also Esmaeily et al., (2022) [*61 mentioned that
Cacopsylla permixta and Cacopsylla bidens are major pests
of pears, also Latifian, and Abdollahi (2025) “° mentioned
C. pyri as an important pest of pear oorchards In Syria, C.
pyri recorded to infest pear orchards in north-west
Damascus (Saour et al., 2010) 2, also Almatni and
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Alabdulla (2003) ™! mentioned pear psylla C. bidens in as a
main pest of pear in south of Syria (Alswaidaa), Oudeh et
al., (2015) also mentioned pear psylla C. pyricola in pear
orchards in the middle of Syria (Homs). In Turkey, Serce et
al. (2006) [ and Sertkaya et al. (2008) 561 mentioned C.
pyri as a vector of pear decline diseases (PD) in the region
of Turkey. In Irag, despite projections that indicate
sustained growth, with production expected to rise to 14,580
metric tons by 2026 for pear (a 12. 7% annual increase from
13,550 metric tons in 2025 (ReportLinker, 2025) [58,
highlighting pear's escalating economic significance
production of pear reached 10613. 27 metric tons in 2023,
with a yield of 7068. 4 kg/h harvested from 1502 hectares
(FAOSTAT, 2023) [ research on pear insect pests
particularly C. pyri still limited, underscoring the urgent
need for focused studies on this damaging pest to support
sustainable production of pear.

To date experiments of studying functional response for
mature and immature srages of predator A. nemoralis at
multiple temperatures, still scarce, so the present research
was designed to observe the type of functional response of
5t stage nymphs, male and female predator A. nemoralis at
two different temperatures (15 and 27 °C), The temperature
15 °C was selected as it is close to the thermal threshold for
oviposition initiation in C. pyri, and 27°C represents an
optimal developmental temperature for both pest and
predator populations.

Materials and Methods

Collection and rearing of predator and prey

The experiment was conducted in 2023, different nymphal
instars and adults of pear psylla and Anthocorid were
collected from pear orchards in Babel governoriate, pear
psylla nymphs were hand-collected carefully using a fine-
haired brush, to prevent injury to vulnerable nymph stage.
For adult sampling, A. nemoralis and C. pyri individuals
were captured via beat tray methodology: a foam-covered
stick was used to sharply tap pear tree branches, while a
white collection tray (230 x 450 mm) positioned beneath
intercepted dislodged insects, besides collecting infested
plant material (shoots with psyllids), and place them in
ventilated cages, and harvest emerging predators, Adult C.
pyri were maintained in transparent aerated plastic
containers (10 cm diameter, 18 cm height) with 4 pear
shoots (9 cm in length) damped with a wet cotton wool to
prevent dehydration. Individuals were kept in an
environmentally controlled growth chamber at 23 °C and
65% RH. Adult and nymphal stages of C. pyri were
morphologically identified using the standardized psyllid
key (Agroscience, 2022) . Anthocorid individuals were
maintained in an aerated plastic pots, and fed on C. pyri
nymphs daily. The collected bugs were identifed using the
taxonomic keys of Linnavuori and Hosseini (2000) 2 and
Hasanzadeh and Modarres (2010) ?4 and adults were
allowed to mate as they were kept in one container at 23 °C
in the controlled chamber.

Sex determination of anthocorids was conducted via light
microscopic examination of genitalia. Individuals with
inconclusive morphology were subsequently dissected to
detect male-specific parameres (Hassanzadeh-Avval et al.
2020), or female copulatory tubes (Bu, 2007) I,


https://www.extensionjournal.com/
https://www.extensionjournal.com/

International Journal of Agriculture Extension and Social Development

Functional Response Experiments

Trials were conducted in a 10 cm petri dish, the petri dish
lid fitted with a ventilation hole covered with fine gauze.
fresh pear leaf discs (30 mm) were placed abaxial side up on
a moistened filter paper to preserve leaf discs (Montserrat et
al., 2000) ™8, Different densities of 4" and 5" C. pyri
nymphs (5, 10, 20, 40 and 80)/petri dish were used, as prey
densities were established based on preliminary dose-
response assays conducted prior to the main experiment,
besides preys were depleted during all trials. An adult
predator (3 days old) or newly emerged 5% stage nymph was
transferred to each petri dish after a 24-hours starvation
period, finally the petri dishes were secured using a paraffin
film to avoid escaping of C. pyri nymphs (Emami et al.,
2014) 012

After 24 hours, the predators were removed from the petri
dishes and the numbers of consumed nymphs were
recorded. The trials were performed at 15 and 27 °C, 65%
RH, and a photoperiod of 16:8 h (L: D) in an
environmentally controlled chamber. Ten replicates were
used for 5th stage nymph, male and female of predator for
each prey density at two tested temperatures, with 300 total
observations. To check the natural survival rate of nymph
stage psylla, ten replicates were conducted at each density in
the absence of predator. In our current study we reffered to
different stages and sexes of A. nemoralis predator as stages.

Data Analyses

Functional Response Experiments

This experiment involved two main steps: model Selection
and parameters estimation. The type of the functional
response for each stage and temperature was determined
using a logistic regression analyse (Juliano 2001) ¥, Data
were fitted to (Eq. 1) that describes the relationship between
the proportion of consumed prey Na/No as a function of
initial prey density No.

Na _ EXP(Pg+PiN+PyNg?+P3Ny3)
Ng  1+EXP(Pg+P{Ny+PyNo*+P3Ny?)

(Ea. 1)

where Na is the number of consumed prey, No is the initial
number of preys, PO is the intercept, P1 is the linear
parameter, P2 is the quadratic parameter, and P3 is the cubic
parameter. The parameters were calculated, using the
method of maximum likelihood (PROC CATMOD, SAS
Institute, 2004) 54, If the linear term does not differ from 0,
it indicates a type | functional response that is density-
independent. Suppose the linear parameter is significantly
negative (P1 < 0), in that case, the proportion of prey
consumed by the predator declines monotonically as the
initial prey density increases, indicating a type Il functional
response. In contrast, a significant positive linear parameter
(P1 > 0) with a negative quadratic parameter (P, < 0)
demonstrates a type Il functional response (Juliano, 2001)
(351

In the second step of the analysis, because the experiments
allowed prey depletion (nymphs were not replaced when
consumed), we used Rogers random equation (Eg. 2)
(Rogers, 1972) 5% for functional response Type Il and the
integral Hassell equation (Eq. 3) (Hassell, 1978) 28 for
functional response type Il to fit data, using a nonlinear
least squares regression (PROC NLIN; SAS Institute Inc.
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2004) B4 as theses equations are applicable to non-
replacement experiments.

Na= No[1 — exp(a(TsNa— T))] (Eq. 2)

Na is the consumed number of prey (pear psylla nymphs) by
predator individual, Ny is the initial prey density, a is the
attack rate, Ty is the handling time and T is the total time in
hours for the experiment (24 h).

1—exp[(d+bNy)(TpN,—T)]
(1+cNy)

Na = NO (EQ- 3)

where b, ¢, and d are constants from the function that relates
the attack coefficient (a) and N in the type Il functional
response. The attack coefficient (Eq 4) (Hassell 1978) [2°1,

d+bNO
a="Teno (Eq. 4)

Functional response models (Types Il and Type IlI) were
statistically compared using Okuyama's (2013) 31 AlIC-
based framework (Eq. 5), with optimal model selection
determined by minimum AIC values
AIC =nlog (MSE) + 2q (Eq. 5)
n is the sample size, MSE is mean square error and q is
number of parameters

To compare predator functional response parameters (attack
eate and handling time) for A. nemoralis stages on two
temperatures, we fitted the data to Juliano (2001) [
equation (Eqg. 6).

Na= No {1 - exp[a+Da(j)(Tn+Dn(j)Ne - T)]} (Eq. 6)
Where, j, is an indicator variable takes value O for data set 1
and value 1 for data set 2. The parameters, D, and, D,
estimate the differences between the two data sets being
compared for the parameters a and, Tn values, respectively.
In other words, a and Ty are the estimates of the parameters
for data set 1, and a + D, and,, Th + D, are the estimates of
the parameters for dataset 2. We can assess the significant
difference in parameters for the two sets as 95% confidence
intervals included O (the difference was non-significant) or
not (the difference was significant) (Juliano, 2001) [,
nonlinear least square regressions were again used to obtain
parameter estimates.

For each prey density we calculated total handling time (Eq.
7), search time (Eq. 8), attack rate (Eg. 9), and search
efficiency (Eq. 10) (Hassell, 2000; Rocha and Redaelli,
2004) [27.591,

Thieta= Th X Na (Eq. 7)
Ts=T - Thiotal (Eq 8)
a=Na/ (Nox Ts) (Eq.9)
E = Na/No (Eq. 10)
3
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Statistical analysis was performed using SAS software, the
difference between numbers of prey consumed depending
on initial density at the two tested temperatures was tested
using a KruskalWallis test, as data were non-normally
distributed. The curves of the number of consumed prey by
A. nemoralis different stages to different densities of C. pyri
nymphs were plotted by Excel software.

Results

Functional Response Experiments

Functional response curves of 5" stage nymph, male and
female of A. nemoralis to the various densities of C. Pyri
nymphs are presented in (Figs. 1 and 2). The female curve
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was the highest which indicate that female was more
voracious than other stages. The number of consumed
nymphs by the predator increased with increasing prey
density and temperature (Figs. 1 and 2). The proportion of
the prey Killed by 5" stage nymph, male and female of A.
nemoralis declined with increasing prey density for the two
tested temperatures (Fig. 3 and 4). Parameter estimates form
the logistic regressions equation (Egq. 1) showed a
significantly negative linear coefficients (P1) for all tested
stages (5" stage nymph, male and female) (Table 1) on the
two tested temperatures, which all suggested a Type Il
functional response. No mortality was observed during the
experiments in the control.

N
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o w o

N, Number of consumed prey
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0 20 40
Np Prey density

+ 5th instar nymph
= male
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Fig 1: Mean number of C. Pyri 41" and 5" stage nymphs preyed upon by 5" nymph stage, males and females of A. nemoralis in 24 h as a
function of prey nymph density at 15 °C
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Fig 2: Mean number of C. Pyri 4" and 5" stage nymphs preyed
upon by 5" nymph stage, males and females of A. nemoralis in 24
h as a function of prey nymph density at 27 °C
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Fig 3: The proportion of the prey consumed by 5" stage nymph,
male and female of A. nemoralis at 15 °C
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Fig 4: The proportion of the prey consumed by 5™ stage nymph,
male and female of A. nemoralis at 27 °C

Table 1: Maximum likelihood estimates of linear coefficient from
logistic regression of proportion of prey consumed as a function of
initial prey densities by 5™ stage nymph, male and female A.
nemoralis on two different temperatures (15 and 27 °C)

Temperature Stage | Estimate S.E P value
Ls -0. 009 0.018 | 0.0023

15 M -0. 050 0.017 | <0.0001

F -0. 050 0.015| 0.0072

Ls -0. 100 0.020 | 0.0032

27 M -0. 035 0.016 | <0.0001

F -0. 001 0.003 | <0.0001

According to Akaike Information Criterion (AIC) we

demonstrated that type Il model fitted data better than type
I model for all A. nemoralis stages on temperatures
studied, as it had the smaller value of AIC (Table 2).
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Table 2: Akaike information criterion (AIC) for the two functional
response models for each A. nemoralis developmental stage.

Temperature | “;r:goga"s Type 11 Type 11T
5t stage nymph | 388. 173 490. 15

15°C Male 592. 05 601. 44
female 2037.7 2549, 45

5t stage nymph 491. 54 599. 94

27°C Male 605. 54 737. 43
female 2230. 34 2605. 23

Values of attack rate (a) and handling times (Ty) estimated
by (Eg. 2) showed that females of A. nemoralis had the
highest attack rate and the shortest handling time in all
experiments: (0. 035, 0. 086 for a; 1. 147, 0. 791 for Tpat 15
and 27 °C, respectively), whereas 5™ stage nymph had the
lowest attack rate and longest handling time in all
experiments (0. 010, 0. 028 for a; 1. 846, 1. 658 for Ty at 15
and 27 °C, respectively) (Table 3). Our results demonstrated
that attack rate had a positive relationship with temperature
as it increased for all predator stages by temperature
increasing. On the other hand, handling time had a negative
relationship with temperature for all predator stages (Table
3). Female had the highest maximum theoritical predation
rate to pear psylla nymphs (T/Tp) 20. 924 and 30. 341 at 15
and 27 °C, respectively, whereas 5" stage nymph had the
minimum theoretical preparation rate, 13. 001 and 14. 475
nymph/day at 15 and 27 °C, respectively. The predatory
efficiency of A. nemoralis can be accurately objectived by
the functional response ratio (FRR = a/T,) (Wang et al.,
2023) ™I according to our results female showed the
highest FRR, which had a positive relationship with
temperature increasing (0. 030, 0. 108 for 15 and 27 °C,
respectively), while 5" srage nymph showed the lowest
FRR at all temperatures (0. 005 and 0. 016 at 15 and 27 °C,
respectively).

Table 3: Maximum likelihood estimates (MLE) of attack rate (a) and handling time (Th) and their standard errors (SE) for 51 stage nymph,
male and female A. nemoralis at two different temperatures (15 and 27 °C)

Temp (°C) | Stage | Parameter Estimate S.E P value iS;Ccesonfidence intﬁ;\g: T/Th a/Th
O T e e L B PRy L
I T e A - P
15 | M e oo ool | 1a Joos | 145 | 0008
A NI o - 1 X Lo 18140 | 0.022
5 | F o oo <oon [ aen Lo ] 20924 | 0.090
2 | F T Toon wowmn o Tose ] 30301 | 0108

The 95% confidence intervals, estimated by (Eq. 5), for Da
and D, comparisons between 5" stage nymph and male
included 0 in all experiments (Table 4), which indicated that
no significant differences of attack rate and handling time
was found between these two stages (the 95% confidence
intervals for a and T, overlapped between 5% stage nymph
and male in all experiments). Whereas the 95% confidence
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intervals for D, and D, comparisions between female and
other stages (5" stage nymph and male) in all experiments
didn't include 0, (Table 4), which indicated a significant
differences in attack rate and handling time between female
and other stages (the 95% confidence intervals for a and Ty
didn't overlap between female and other stages; 5" stage
nymph and male; in all experiments).
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Table 4: Comparisions of 5% stage nymph, male and female A. nemoralis at two different temperature treatments (15 and 27 °C)

Comparison Coefficients Estimate S.E L(?vsv?r) Confidence intermz:)l;er P value
15515 M b o0z o008 |0 oue 0020 iBTE
15L5/15F o o006 005 o o0 0oz oot
15115 M b 00— 010 o001 vois o008
27 L5127 M b 0 0007 0ot 000 0 02 0 758
2715127 n o005 o0 o 00 0020 o002
27 27 bn 600610 005 000 w0t o0

Raising in temperature had a significant impact on attack
rate (a) of the same stage or sex of A. nemoralis as the 95%
confidence intervals didn't contain 0, on the other hand it

didn't have any significant effect on handling time Ty of the
same stage or sex of A. nemoralis as the 95% confidence
intervals contained O (table 5).

Table 5: Comparisions of two different temperature treatments (15 and 27 °C), for 5™ stage nymph, male and female A. nemoralis

Temp (°C) Coefficients Estimate S.E Lo?/s:f Confidence interbar:;er P value
e —— L = pre o
15 W27 000t oo o0 X 32
e sl am o

The results showed a significant difference between the
number of prey consumed on different prey densities on all
predator stages in all experiments, (Kruskal Wallis: y?>=186.
562, df=4, p<0. 001). With an average of 3. 7+1. 14, 12.
46+2. 72 nymphs consumed over 24 h at the lowest (5) and
highest (80) densities, respectively. However, no significant
differences were observed between the three densities 20, 40
and 80 for 5™ stage nymph and male, also no significant
differences were observed between the two densities 40 and
80 for suggesting that the satiation point for prey
consumption had been reached (Reeves et al., 2023) 71,

There was a significant difference in number of nymphs
consumed depending on predator stage (Kruskal Wallis:
y?=43. 094, df=2, p<0. 001), with an average of 9. 3+2. 34
nymphs consumed by 5th stage nymph, an average of 10.
25+3. 52 consumed by males and an average of 17. 85+2.
46 nymphs consumed by females at the highest density (80).

Also, the number of nymphs consumed depending on
temperature differed significantly for 5th stage nymph
(Kruskal Wallis: y¥?=14. 041, df=1, p<0. 001), males
(Kruskal Wallis: ¥?=16. 951, df=1, p<0. 001), and females
(Kruskal Wallis: ?=19. 258, df=1, p<0. 001) with an
average of 9. 3+0. 34 nymphs killed at 15 °C and 15. 63+1.
14 nymphs at 27 °C, for the highest prey densities (80).

The total handling time (Ty) for 5™ stage nymph, male and
females of A. nemoralis increased with increasing prey
densities and temperature increasing, but was the least for
female at all densities. However, the total searching time
(Ts), the attack rates (a) and searching efficiency (E) for 5™
stage nymph, male and females of A. nemoralis showed an
inverse relationship with both prey densities and
temperature, with highest values for female at all densities
(table 6).

Table 6: Functional response parameters of 5" stage nymph, male and female of A. nemoralis to different densities of C. pyri at two
different temperature treatments (15 and 27 °C)

Temp Prey Total handling time (Th) Total search time (Ts) Attack rate (a) Search efficiency (E)
oC ' densit 5t stage | femal 5t stage le | femal 5t stage le | femal 5t stage le| femal
y male emale male | female male | female male | female
nymph nymph nymph nymph

5 5. 88 5.85 4.59 18. 12 18.15| 19.41 8.45 11.11| 15.53 0.42 0.58| 0.80

10 8.20 8.36 7.72 15.8 15.64 | 16.28 6. 55 7.32 | 11.61 0. 39 0.44| 0.76

15 20 11.81 11. 38 8. 83 12. 19 12.62 | 15.17 3.90 4,29 | 5.84 0.32 0.34| 0.39
40 14.55 13.85 | 13.03 9.45 10.15 | 10.97 1.86 2.14 | 3.09 0.20 0.20| 0.30

80 14. 77 13.55 | 13.31 9.23 10. 45 | 10.69 0.92 1.06 | 1.55 0.10 0.10| 0.15

5 6. 96 5.29 3.96 17.04 18.71| 20.04 14.31 |14.97| 20.05 0.84 0.80| 1.00

10 7.63 8.20 6.51 16. 37 15.8 | 17.49 7.53 9.79 | 15.66 0. 46 0.62| 0.95

27 20 15. 09 13. 63 11.21 8.91 10.37 | 12.79 4. 06 5.34 | 9.01 0. 46 0.52| 0.84
40 17.25 17.29 | 14.24 6.75 6.71 | 9.76 1.90 2.62 | 3.68 0.25 0.27| 0.55

80 19. 57 18.14 | 16.06 4,43 5.86 | 7.94 0. 85 1.20 | 1.49 0.13 0.15| 0.30
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Discussion

Functional Response of predator A. nemoralis to C. pyri
According to the results of our research, all tested stages of
A. nemoralis (5" stage nymph, male and female) showed an
increasing predation rate with increasing prey density, and a
declining proportion of prey consumed by increasing prey
density, which indicated a type Il functional response
(Holling, 1959) B2 for all temperature experiments when
feeding on 4" and 5™ stage nymphs of C. pyri. Several
authors reported a type Il functional response for some
species of anthocorids including Xylocoris flavipes to three
store insect pests (Rahman et al., 2009) 581, Orius sauteri on
Thrips palmi (Hemerik and Yano, 2010) 8 Orius
aalbidipenni on barely aphid Sipha maydis (Moghaddam et
al., 2012) 8 A, nemoralis on C. pyri; (Reeves et al., 2023)
B71 adult predator A. minki to 4" stage nymph of prey
Psyllopsis repens (Hassanzadeh-Avval et al. 2019) 24, A,
nemoralis on C. pyricola (Emami et al., 2014) [*4, A, minki
pistaciae on Agonoscena pistaciae (Kheradmand et al.,
2017) 8 and Orius vicinus on Bactericera cockerelli (Tran
et al. 2012) "8l so we can say that A. nemoralis has
potential in suppressing C. pyri populations in pear
orchards, as predators that show type Il functional response
can be used in inundative biological control programs that
aim at direct pest suppression (Van Lenteren, 2012) [,

In contrast, Anthocorid predators have occasionally
exhibited type 11l functional responses in some cases like
adult predator of A. minki to 2™ stage nymphs of prey P.
repens (Hassanzadeh-Avval et al., 2019) 4 and adult
female of predator Hyperaspis popoli to the 1% instar of
Phenacoccus solenopsis (Seyfollahi et al., 2019) 71, and
this typically occur when feeding on cryptic, relatively small
and immobile prey (Hassell, 1978) [? as predation rate
accelerates at intermediate pre densities due to learning or
switching behavior.

Type 1l functional responses may lead to instability in
predator-prey systems, as high predation pressure at low
prey densities may lead prey population to collapse. In
contrast, Type Ill functional responses typically stabilize
predator-prey systems through two mechanisms: providing a
prey refuge at low densities (due to low predator search
efficiency), and density-dependent switching to alternative
prey, coupled with improved foraging efficiency at high
prey densities (Varshney et al., 2018) U8, Thus, Type Il
functional response predators like A. nemoralis are often
more effective at controlling low-density pest populations,
idealizing them for augmentative biological control,
particularly at high predator-prey ratios.

Theoretical maximum predation rate (T/Th) is the upper
asymptote of the functional response curve and represents
the high potential of a predator to eat its prey during a
period of 24 h (Jafari et al., 2012) 34, and in our findings
female showed the highest T/T, along with the highest
temperature (27 °C) which indicated that it was more
voracious than other stages, and more efficient at high
temperature, this is likely due to nutritional requirements for
reproduction (li et al., 2024), that was in agreement with
Hassanpour et al. (2020) 31 who found that the highest
maximum predation rate (T/Ty) showed by females followed
by males of Orius laevigatus feeding on A. gossypii
happened at 30 °C compared to lower temperatures tested.
The estimation of FRR (a/Th) can be useful for determining
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the possibility of the optimal ratio between predator and
target pest for inoculative release (Wang et al., 2019) [81,
and according to our results the estimated a/Tn showed that
female of A. nemoralis had an effective predatory potential
for the control of C. pyri ah high temperature, and 5% stage
nymph had the least efficiency for the control of C. pyri at
all temperatures, which indicate thar FRR influenced by
temperature, stage and sex predator.

Functional Response and stage of A. nemoralis

Attack rate and handling time are important indicators to the
voracity of stages of A. nemoralis predator. Our results
showed significant differences in the estimated attack (a)
rates across the mature and immature stages of A. nemoralis,
finding that female had the highest attack eate, which
indicated that attack rate was affected by predator stage and
sex. The larger body size of females and their metabolic
costs associated with producing eggs makes a high foraging
requirement of females consequently a higher prey attack
and consuming compared than to other stages (Hodek and
Honek 1996) 2%, The attack rate determines how steeply the
functional response curve rises with increasing prey density
(Dehkordi et al., 2023) 1, Thus, according to our findings,
the steepness changed among different developmental
stages of A. nemoralis, while female had the highest
capacity to respond to prey densities, the 5" stage nymph
and male had almost similar capacities.

The handling time (Ty) is a good indicator of the predation
rate since it exhibits the total accumulative time spent in
catching, subduing, killing, and digesting the prey (Veeravel
and Baskaran, 1997) [ our results indicated that the 5%
stage nymph of A. nemoralis spent more time handling and
consuming C. pyri nymphs than adult males and females,
while the handling time of female was the shortest among
other stages, in other word, the handling time decreased as
the predator age increased, but with no significant
differences between 5% stage nymph and male.

According to our results we can suggest that female was the
most effective stage of predator A. nemoralis to C. pyri
nymph, as natural enemies with high attack rate (a) and low
handling time (Tn) are considered to be the most effective
biocontrol agents (Bayoumy, 2011; Tazerouni et al., 2016)
5741 Also we can say that adult male of A. nemoralis was
more favourable as a biocontrol agent compared to 5"
nymph stage, as it had a slightly higher attack rate and
shorter handling time.

Our results was in agreement with Reeves et al. (2023) 7]
who found that female of A. nemoralis predator had a
significantly higher attack rate and a significantly lower
handling time compared to male at three different
temperatures (18,21 and 23 °C) when feeding on C. pyri.
Also our results was similar to Hassanzadeh-Avval et al.
(2019) 24 who mentioned that attack rates of nymph and
adult of A. minki predators were significantly different but
no differences on handling times were observed when
feeding on P. repenis.

Rocha and Redaelli (2004) B9 found that handling time of
Cosmoclopius nigroannolatus on Spartocera dentiventris
was higher in males than females; also Bayoumy (2011) [
found that the functional response of 4" instar larvae and
adult females of Nephus includens to Aphis gossypii differed
in handling time, which was in agreement to our results.

In some cases, predators may appear a short handling time
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(Tn) with a low attack rate (a) similarly to findings by
Moradi et al. (2020) who studied functional response of
different stages of predator Symnus syriacus to Aphis
gossypii, and found an adverse relationship between a and
Th, which may be due to partial consumption, especially at
high prey densities (Hodek and Honek, 1996; Aljetlawi et
al., 2004) [29.31,

Functional response and temperature

Our results showed that all temperature experiments
exhibited a type Il functional response. For all tested stages
attack rate had increased significantly as temperature
increased, indicating that temperature clearly influenced the
magnitude of predator response to prey, this may be
attributed to temperature-related changes in the metabolism
and activity of predator and prey (McCoull et al. 1998) 431,
Reeves et al., 2023 B7 revealed that no significant
difference was noticed in attack rate of male and female A.
nemoralis due to temperature, and demonstrated that this
non significant difference might be due to small intervals
among tested temperatures (i. e 18, 21 and 23 °C), while our
result was in agreement with other authers who studied
temperature effect on functional response with clear
intervals between tested temperatures like Hassanzadeh-
Avwval et al. (2019) 4 who found a signifcant diferences in
attack rate between the 15 and 30 °C treatments used with
the anthocorid A. mink, Hassanpour et al. (2020) 23 who
studied the functional responses of Orius laevigatus at 20,
25 and 30 °C and found that attack rate raised significantly
of female anthocorids as temperature raised from 30 °C to
20 °C and DingXu et al. (2007) who find that temperature
had a significant effects on the predation and functional
response of the predator Scolothrips takahashii when fed on
Tetranychus viennensis,

On the others hand, handling time had decreased as
temperature increased, which suggested that predator across
developmental stages exhibited prolonged non-searching
behavior at reduced temperatures like resting, while
elevated temperatures triggered more intensive searching
and feeding activities, indicating that high temperature had a
positive effect on the foraging behavior of predator. Our
findings was in agreement with Hassanzadeh-Avval et al.
(2019) 4 who revealed that temperature rising had an
adverse effect to handling time, while it had a positive effect
on attack rate.

The negative relationship between temperature and handling
time might be due to the increasing rate of metabolism
which led to a reducing in digestion time (Sentis et al.,
2013; Robertson and Hammill 2021).

Conclusions

This study provides valuable insights into the functional
response of A. nemoralis predator to pear psylla C. pyri,
contributing to the understanding of more effective pest
management strategies in pear-growing regions. With Pear
Psylla posing an escalating threat to pear orchards, these
findings are critical for mitigating its impact on pear
production in Irag and beyond. To build upon these
findings, we propose conducting field studies on the
predator's functional response towards the target prey. This
will yield more comprehensive results reflecting the
influence of local climatic conditions on predator-prey
dynamics. Furthermore, studying numerical responce and
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life tables for A. nemoralis on this specific prey and for C.
pyri itself is recommended. Crucially, linking the pest's life
table parameters with locally cultivated pear cultivars would
help identify varieties exhibiting heightened susceptibility to
infestation, as indicated by elevated values in key life table
parameters. This integrated approach will significantly
enhance the practical application of biological control
measures against C. pyri in Iraqg.

References

1. Agroscience R. Psyllid key. RLP AgroScience GmbH.
2022. Available from: https://agroscience. de/index.
php/de/kernthemen/anwendungen-der-
digitalisierung/psyllidkey.

2. Alexander ME, Dick JTA, O’Connor NE, Haddaway
NR, Farnsworth KD. Functional responses of the
intertidal amphipod Echinogammarus marinus: Effects
of prey supply, model selection and habitat complexity.
Marine Ecology Progress Series. 2012; 468:191-202.

3. Aljetlawi AA, Sparrevik E, Leonardsson K. Prey-
predator size-dependent functional response: derivation
and rescaling to the real world. J Anim Ecol. 2004;
73:239-252.

4. Almatni W, Alabdulla J. Preliminary Survey of the
Predators of Pear Psylla, Cacopsylla bidens (Sulc)
(Psyllidae: Hemiptera) in Sweida, Syria. Arab Journal
of Plant Protection. 2003; 21:46-48.

5. Bayoumy MH. Foraging behavior of the coccinellid
Nephus includens (Coleoptera: Coccinellidae) in
response to Aphis gossypii (Hemiptera: Aphididae) with
particular emphasis on larval parasitism. Environmental
Entomology. 2011; 40(4):835-843.

6. Bu KY. Female copulatory tubes and the subdivision of
the genus Anthocoris (Heteroptera: Anthocoridae:
Anthocorini). Eur J Entomol. 2007; 104(1):89-94.

7. Civolani S. The past and present protection against the
pear psylla, Cacopsylla pyri L. In: Perveen F, editor.
Insecticides: Pest Engineering. Croatia: InTech; 2012.
p. 385-408.

8. Daugherty MP, Briggs CJ, Welter SC. Bottom-up and
top-down control of pear psylla (Cacopsylla pyricola):
Fertilization, plant quality, and the efficacy of the
predator Anthocoris nemoralis. Biological Control.
2007; 43:257-264.

9. Dehkordi SD, Saiedi Z, Babaei G. Foraging behavior of
different developmental stages of Hippodamia
variegata (Coleoptera: Coccinellidae) on Hyalopterus
amygdali (Hemiptera: Aphididae). J Crop Prot. 2023;
12(3):241-252.

10. Ding-Xu L, Juan T, Zuo-Rui S. Functional response of
the predator Scolothrips takahashii to hawthorn spider
mite, Tetranychus viennensis: Effect of age and
temperature. BioControl. 2007; 52(1):41-61.

11. Donnelly BE, Phillips TW. Functional response of
Xylocoris flavipes (Hemiptera: Anthocoridae): effects
of prey species and habitat. Environmental
Entomology. 2001; 30:617-624.

12. Emami MS, Shishehbor P, Esfahani JK. Functional
response of An thocoris nemoralis (Hemiptera:
Anthocoridae) to the pear psylla, Cacopsylla pyricola
(Hemiptera: Psyllidae): effect of pear varieties. J Crop
Prot. 2014; 3(5):597-609.


https://www.extensionjournal.com/
https://www.extensionjournal.com/

International Journal of Agriculture Extension and Social Development

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Emami MS. Field evaluation of two biorational
compounds in the control of pear psylla, Cacopsylla
pyricola (Forster), on pear trees. Archives of
Phytopathology and Plant Protection. 2016; 49(1-4):11-
18.

Emami MS. Study on the effect of juvenoid
Pyriproxyfen on Pear Psylla egg. Proceedings of the
18th Iranian Plant Protection Congress; 2008 Aug 24-
27; Hamedan, Iran. p. 165.

Emami MS, Ghasemi AA, Mohammadi M, Ghorbani
A. Study on reaction of pear varieties to pear psylla,
Cacopsylla pyricola and its effects on growth rate and
quantity and quality characters of fruit. Final Report of
Research Project. Iranian Research Institute of Plant
Protection. 2010. No. 41489, 26 pp.

Esmaeily M, Talebi K, Hosseininaveh V, Nozari J,
Burckhardt D, Jackson CJ. Insecticide resistance in
field populations of the pear psyllids Cacopsylla
permixta and Cacopsylla bidens in Iran. Physiological
Entomology. 2022; 47(2):73-82.

Farhadi R, Allahyari H, Juliano SA. Functional
response of larval and adult stages of Hippodamia
variegata (Coleoptera: Coccinellidae) to different
densities of Aphis fabae (Hemiptera: Aphididae).
Environ Entomol. 2010; 39(5):1586-1592.

Feng Y, Zhou ZX, An MR, Yu XL, Liu TX. The effects
of prey distribution and digestion on functional
response of Harmonia axyridis (Coleoptera:
Coccinellidae). Biological Control. 2018; 123:87-93.
Food and Agriculture Organization of the United States.
FAOSTAT database: Pears Production. 2023. Available
from: http://www. fao. org/faostat/ar/#data/QV.

Gharbi N. Effectiveness of inundative releases of
Anthocoris nemoralis (Hemiptera: Anthocoridae) in
controlling the olive psyllid Euphyllura olivina
(Hemiptera: Psyllidae). Eur J Entomol. 2021; 118:135-
141,

Gitonga LM, Overholt WA, Lohr B, Magambo JK,
Mueke JM. Functional response of Orius albidipennis
(Hemiptera: Anthocoridae) to Megalurothrips sjostedti
(Thysanoptera: Thripidae). Biological Control. 2002;
24(1):1-6.

Hasanzadeh Avval M, Modarres Awal M. Species of
the flower bugs genus Anthocoris Fallen, 1814 from
Mashhad region, North-East of Iran (Heteroptera:
Anthocoridae). Munis Entomology and Zoology. 2010;
5(2):658-660.

Hassanpour M, Yaghmaee A, Golizadeh A, Rafiee-
Dastjerdi H, Mottaghinia L. Functional response and
consumption rate of Orius laevigatus (Hemiptera:
Anthocoridae) feeding on the melon aphid Aphis
gossypii (Hemiptera: Aphididae) at three different
temperatures. J Crop Prot. 2020; 9(1):101-113.
Hassanzadeh-Avval M, Sadeghi-Namaghi H, Fekrat L.
Factors influencing functional response, handling time
and searching efficiency of Anthocoris minki Dohrn
(Hem.: Anthocoridae) as predator of Psyllopsis repens
Loginova. (Hem: Psyllidae). Phytoparasitica. 2019;
47(3):341-350.

Hassanzadeh-Awal M, Sadeghi-Namaghi H, Fekrat L.
Molecular and morphological identification of
Anthocoris spp. (Hemiptera: Anthocoridae) predators of

www.extensionjournal.com

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

https://www.extensionjournal.com

three economically important psyllid species in Razavi
Khorasan province, northeastern Iran. Biologia. 2020;
75(10):1667-1677.

Hassell MP. The dynamics of arthropod predator-prey
systems. Monographs in population biology. Princeton:
Princeton University Press; 1978.

Hassell MP. The spatial and temporal dynamics of host-
parasitoid interactions. Oxford: OUP Oxford; 2000.
Hemerik L, Yano E. A simulation model for the
functional response of Orius sauteri on eggplant leaves
with Thrips palmi: Implications for biological control.
Proceeding of the Netherlands Entomological Society
meeting. 2010; 21:61-74.

Hodek 1, Honek A. Ecology of Coccinellidae.
Dordrecht: Kluwer Academic Publishers; 1996. 464 pp.
Holling CS. The functional response of predators to
prey density and its role in mimicry and population
regulation. Mem Ent Soc Can. 1965; 97(S45):5-60.
Holling CS. The functional response of invertebrate
predators to prey density. Memoirs of the
Entomological Society of Canada. 1966; 48:1-86.
Holling CS. The components of predation as revealed
by a study of small-mammal predation of the European
pine sawfly. Can Entomol. 1959; 91:293-320.

Jafarian F, Jafari S, Fathipour Y. Functional response of
the predatory mite Typhlodromus bagdasarjani (Acari:
Phytoseiidae) to protonymphs of Eotetranychus frosti
(Acari: Tetranychidae) on four apple cultivars.
Acarologia. 2022; 62(2):454-464.

Jafari S, Fathipour Y, Faraji F. The influence of
temperature on the functional response and prey
consumption  of  Neoseiulus  barkeri  (Acari:
Phytoseiidae) on  Tetranychus urticae  (Acari:
Tetranychidae). J Entomol Soc Iran. 2012; 31:39-52.
Juliano S, Scheiner S, Gurevitch J. Design and analysis
of ecological experiments. Nonlinear curve fitting:
predation and functional response curves. 2001. p. 178-
196.

Juliano SA. Nonlinear curve fitting: predation and
functional response curves. In: Design and analysis of
ecological experiments. 2nd ed. London: Chapman and
Hall; 2020. p. 159-184.

Kalinoski RM, DelLong JP. Beyond body mass: How
prey traits improve predictions of functional response
parameters. Oecologia. 2016; 180:543-550.
Kheradmand K, Pourali Z, Jamshidnia A. Influence of
temperature on the functional response of the predatory
bug, Anthocoris minki pistaciae  (Hemiptera:
Anthocoridae), a predator of Agonoscena pistaciae
(Hemiptera: Psyllidae). Zool Ecol. 2017; 27(1):64-68.
Krndija J, Ivezi¢ A, Sarajli¢c A, BaroSevi¢ T,
Kuzmanovi¢ B, Petrovi¢ K, et al. Natural Enemies of
the Pear Psylla, Cacopsylla pyri (Hemiptera: Psyllidae),
and the Possibilities for Its Biological Control: A Case
Study Review in the Western Balkan Countries.
Agronomy. 2024; 14:668.

Latifian M, Abdollahi H. Time series analysis of pear
psylla  population dynamics, Cacopsylla  pyri
(Hemiptera: Psyllidae), using ARIMA model on nine
different pear Pyrus communis cultivars. Iranian Plant
Protection Research. 2025; 38(4):309-325.

Li YY, Wang YN, Zhang HZ, Zhang MS, Wang MQ,

9


https://www.extensionjournal.com/
https://www.extensionjournal.com/

International Journal of Agriculture Extension and Social Development

42,

43.

44,

45,

46.

47,

48.

49,

50.

51.

52.

53.

54.

55.

Mao JJ, et al. The green lacewing Chrysopa formosa as
a potential biocontrol agent for managing Spodoptera
frugiperda and Spodoptera litura. Bull Entomol Res.
2023; 113:49-62.

Linnavuori RE, Hosseini R. Heteroptera of Guilan with
remark on species of the adjacent areas. 2nd ed. Guilan:
Guilan University Press; 2000. 94 pp.

Madbouni MAZ, Samih MA, Namvar P, Biondi A.
Temperature-dependent  functional  response  of
Nesidiocoris tenuis (Hemiptera: Miridae) to different
densities of pupae of cotton whitefly, Bemisia tabaci
(Hemiptera:  Aleyrodidae). European Journal of
Entomology. 2017; 114:325-331.

Martinou AF, Raymond B, Milonas PG, Wright DJ.
Impact of intraguild predation on parasitoid foraging
behaviour. Ecological Entomology. 2010; 35:183-189.
McCoull CJ, Swain R, Barnes RW. Effect of
temperature on the functional response and components
of attack rate in Naucoris congrex Stal (Hemiptera:
Naucoridae). Aust J Entomol. 1998; 37:323-327.
Moghaddam GS, Hosseini M, Modarres Awal M,
Allahyari H. Effect of leaf surface characteristics of
wheat cultivars on functional response of Orius
albidipennis (Reuter) to barely aphid Sipha maydis
(Passerini). Biological Control of Pest and Plant
Diseases. 2012; 2:73-85.

Montanari S, Guérif P, Ravon E, Denancé C, Muranty
H, Velasco R, et al. Genetic mapping of Cacopsylla
pyri resistance in an interspecific pear (Pyrus spp.)
population. Tree Genet Genomes. 2015; 11(4):1-14.
Montserrat M, Albajes R, Castane C. Functional
response of four heteropteran predators preying on
greenhouse whitefly (Homoptera: Aleyrodidae) and
western flower Thrips (Thysanoptera: Thripidae).
Environ Entomol. 2000; 29(5):1075-1082.

Moradi M, Hassanpour M, Fathi SAA, Golizadeh A.
Foraging behaviour of Scymnus syriacus (Coleoptera:
Coccinellidae) provided with Aphis spiraecola and
Aphis gossypii  (Hemiptera: Aphididae) as prey:

Functional response and prey preference. Eur J
Entomol. 2020; 117:83-92.
Murdoch WW. Switching in General Predators:

Experiments on predator specificity and stability of
prey populations. Ecological Monographs. 1969;
39:335-354.

Nagy C, Cross J, Luton M, Ashdown C. Mixed
deciduous hedgerows as sources of anthocorids and
other predators of pear psyllids in the UK. IOBC Conf
Integrated Fruit Prod Avignon. 2008:395-401.

Nin S, Ferri A, Sacchetti P, Giordani E. Pear resistance
to Psilla (Cacopsylla pyri L.): A review. Adv Hort Sci.
2012; 26(2):59-74.

Okuyama T. On selection of functional response
models: Holling’s models and more. BioControl. 2013;
58:293-298.

Oudeh B, Kassis W, Abu-tara R. Seasonal activity of
the predator, Anthocoris nemoralis (F.) and the
parasitoid, Trechnites psyllae (R.) against the pear
psylla Cacopsylla pyricola (F.) (Hemiptera: Psyllidae).
Egyptian Journal of Biological Pest Control. 2013;
23(1):17-23.

Oudeh B, Kassis W, Abu-tara R. Population Changes of

www.extensionjournal.com

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

https://www.extensionjournal.com

Pear Psylla Cacopsylla pyricola (F.) (Psyllidae:
Hemiptera), and Monitoring of Natural Enemies in
Homs, Syria. Syrian Journal of Agricultural Research.
2014 ;2(1):1-10.

Rahman MM, Islam W, Ahmed KN. Functional
response of the predator Xylocoris flavipes to three
store product insect pests. International Journal of
Agriculture and Biology. 2009; 11:316-320.

Reeves LA, Garratt MPD, Fountain MT, Senapathi D.
Functional and Behavioral Responses of the Natural
Enemy Anthocoris nemoralis to Cacopsylla pyri, at
Different Temperatures. J Insect Behav. 2023; 36:222-
238.

Reportlinker. Forecast: Pears Production in Irag, 2025.
Available from: https://www. reportlinker. com.

Rocha L, Redaelli LR. Functional response of
Cosmoclopius nigroannulatus (Hem.: Reduviidae) to
different densities of Spartocera dentiventris (Hem.:
Coreidae). Brazilian Journal of Biology. 2004;
64(2):309-316.

Rogers D. Random search and insect population
models. J Anim Ecol. 1972; 41:369-383.

Sabaghi R, Sahragard A, Hosseini R. Area dependent
searching efficiency of Scymnus syriacus (Col.:
Coccinellidae) feeding on Aphis craccivora (Hem.:
Aphididae). Journal of Entomological Society of Iran.
2011; 31(1):1-16.

Saour H, Ismail H, Hashem A. Impact of kaolin particle
film, spirodiclofen acaricide, harpin protein, and an
organic biostimulant on pear psylla Cacopsylla pyri
(Hemiptera: Psyllidae). International Journal of Pest
Management. 2010; 56(1):75-79.

Sarnevesht M, Gheibi M, Hesami S, Zohdi H. Predation
by Anthocoris minki pistaciae Wagner (Hemiptera:
Anthocoridae) on Agonoscena pistaciae Burckhardt and
Lauterer  (Hemiptera:  Psyllidae) at  different
temperatures. Egyptian Journal of Biological Pest
Control. 2018; 28:76.

SAS Institute. SAS User’s Guide Statistics. Cary, NC:
SAS Inst., Inc.; 2004.

Serce CU, Gazel M, Caglayan K, Bas M, Son L.
Phytoplasma diseases of fruit trees in germplasm and
commercial orchards in Turkey. Journal of Plant
Pathology. 2006; 88:179-185.

Sertkaya G, Sertkaya E, Kaya K, Caglayan K, Ertun F.
Detection of pear decline disease in pear and quince in
the eastern Mediterranean region of Turkey. Acta
Horticulturae (ISHS). 2008; 781:511-515.

Seyfollahi F, Esfandiari M, Mossadegh MS, Rasekh A.
Functional response of Hyperaspis polita (Coleoptera,
Coccinellidae) to the recently invaded mealybug
Phenacoccus solenopsis (Hemiptera, Pseudococcidae).
Neotropical Entomology. 2019; 48:484-495.

Shahpouri A, Yarahmadi F, Sohani NZ. Functional
response of the predator species Orius albidipennis
Reuter (Hemiptera: Anthocoridae) to two lifestages of
Bemisia tabaci (Genn.) (Hemiptera: Aleyrodidae).
Egyptian Journal of Biological Pest Control. 2019;
29:14.

Shaw B, Nagy C, Fountain MT. Organic control
strategies for use in IPM of invertebrate pests in apple
and pear orchards. Insects. 2021; 12(12):1106.

10


https://www.extensionjournal.com/
https://www.extensionjournal.com/

International Journal of Agriculture Extension and Social Development

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

Sigsgaard L. Habitat and prey preferences of the two
predatory bugs Anthocoris nemorum (L.) and A.
nemoralis  (Fabricius) (Anthocoridae: Hemiptera-
Heteroptera). Biol Control. 2010; 53(1):46-54.
Sigsgaard L, Esbjerg P, Philipsen H. Experimental
releases of Anthocoris nemoralis F. and Anthocoris
nemorum (L.) (Heteroptera: Anthocoridae) against the
pear psyllid Cacopsylla pyri L. (Homoptera: Psyllidae)
in pear. Biological Control. 2006; 39:87-95.

Solomon ME. The natural control of animal
populations. J Anim Ecol. 1949; 18(1):1-35.

Sule S, Jenser G, Szita E, Bertaccini A, Maini S.
Management of pear decline caused by ‘Candidatus
Phytoplasma pyri’ in Hungary. Bull Insectol. 2007;
60(2):319-320.

Tazerouni Z, Talebi AA, Fathipour Y, Soufbaf M. Age-
specific functional response of Aphidius matricariae
and Praon volucre (Hymenoptera: Braconidae) on
Myzus persicae (Hemiptera: Aphididae). Neotrop
Entomol. 2016; 45:642-651.

TeSanovi¢ D, Spasi¢ R. Bionomy of pear psylla
(Cacopsylla pyri L.) in East Sarajevo area (Bosnia and
Herzegovina). CAB International, Wallingford, UK.
2018. Available from: https://cabidigitallibrary. org.
Tran L, Worner S, Vereijssen J, Teulon D. Population
dynamics of tomato and potato psyllid (Bactericera
cockerelli) in New Zealand. Zebra Chip Reporting
Session. 2012.

Uiterwaal SF, DelLong JP. Functional responses are
maximized at intermediate temperatures. Ecology.
2020; 101(4):1-10.

Varshney R, Budhlakoti N, Ballal CR. Functional
response of Geocoris ochropterus Fieber (Hemiptera:
Geocoridae) to different egg densities of Helicoverpa
armigera  (Hubner)  (Lepidoptera:  Noctuidae).
Phytoparasitica. 2018; 46:451-458.

Van Lenteren JC. The state of commercial
augmentative biological control: plenty of natural
enemies, but a frustrating lack of uptake. BioControl.
2012 ;57:1-20.

Veeravel R, Baskaran P. Functional and numerical
responses of Coccinella transversalis Fab and
Cheilomenes sexmaculata Fab feeding on the melon
aphid Aphis gossypii Glov. Insect Science and its
Application. 1997; 17:335-339.

Wang S, Di N, Chen X, Zhang F, Biondi A, Desneuz N,
et al. Life history and functional response to prey
density of the flower bug Orius sauteri attacking the
fungivorous sciarid fly Lycoriella pleuroti. J Pest Sci.
2019; 92:715-722.

Wei Q, Walde SJ. The functional response of
Typhlodromus pyri to its prey Panonychus ulmi: the
effect of pollen. Experimental and Applied Acarology.
1997; 21:677-684.

Yanik E, Ugur A. Egg consumption of the predator
Anthocoris nemoralis (F.) (Heteroptera: Anthocoridae)
on Cacopsylla pyri (L.) (Homoptera: Psyllidae) and
Ephestia kuehniella Zell. (Lepidoptera: Pyralidae)
under laboratory and natural conditions. Bitki Koruma
Bulteni. 2004; 44(1-4):47-67.

www.extensionjournal.com

https://www.extensionjournal.com

11


https://www.extensionjournal.com/
https://www.extensionjournal.com/

