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ABSTRACT

In this study, the functional responses of aphid predators Hippodamia variegata
(Goeze) and Coccinella septempunctata L. (Coleoptera: Coccinellidae) were
tested. In these experiments, the amount of prey consumed by the predator insects
at different aphid densities and the effect of this on the reduction of aphid
populations were examined. The larvae (L1, L2, L3, and L4) and adults of the
predators were starved for 24 hours. Afterward, the second and third instar larvae
of the aphid species Aphis fabae and Acythosiphon pisum were offered as prey in
specific numbers (5, 10, 20, 40, 80, and 160). After providing the prey, the
predators were allowed to feed for another 24-hour stage, and the amounts of prey
consumed were recorded. The results showed that the attack rates (a) of the
predator insects increased as their developmental stage progressed, while the
handling time (Th) decreased. Based on the data, it was concluded that both
predator species, especially in the later stages of their developmental stages, had
high prey consumption on A. fabae and A. pisum and could be effective in the
control of these pests.

Hippodamia variegata (Goeze) ve Coccinella septempunctata (L.) (Coleoptera:
Coccinellidae)’nin Aphis fabae Scopoli and Acyrthosiphon pisum (Harris) (Hemiptera:
Aphididae) Uzerindeki Islevsel Tepkisi
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OZET

Bu ¢aligmada, yaprak bitleri aveilart Hippodamia variegata (Goeze) ve Coccinella
septempunctata L. (Coleoptera: Coccinellidae) tiirlerinin fonksiyonel yanitlar1 test
edilmistir. Bu denemelerde, predator boceklerin, farkli yaprak biti yogunluklarinda
tiikettikleri av miktar1 ve bunun yaprak biti popiilasyonunun azaltilmasina etkisi
incelenmistir. Predatorlerin larvalar1 (L1, L2, L3 ve L4) ve erginleri 24 saat
boyunca ag¢ birakilmistir. Ardindan yaprak bitleri Aphis fabae Scopoli ve
Acyrthosiphon pisum Harris tiirlerinin 2. ve 3. donem larvalari belirli sayilarda (5,
10, 20, 40, 80 ve 160) av olarak verilmistir. Av verildikten sonra, 24 saatlik bir
sire daha beslenmeleri igin beklenmistir ve tiiketilen av miktarlar1 kaydedilmistir.
Bu caligmalardan, aver bdceklerin avlarma kargi saldirt oranlarinin (a) gelisme
donemi ilerledikge arttig1 ve avi isleme siirelerinin (Th) azaldig1 tespit edilmistir.
Elde edilen verilere gore, her iki avcl bocegin, 6zellikle gelisme donemlerinin son
agamalarinda, A. fabae ve A. pisum tizerinde yiiksek av tiiketimine sahip olduklar
ve bu zararlilarla miicadelede etkili olabilecekleri sonucuna varilmigtir.

1. Introduction

characterized by sustainability. Additionally, the methods
applied do not cause environmental pollution and do not

In agricultural production, chemical control is largely
preferred for combating diseases and pests. However,
pests develop various resistances to new chemicals that
emerge each year, which leads to increased chemical
usage. Due to the negative effects of chemicals used in
agricultural production on the environment and human
health, researchers and producers around the world are
focusing on alternative control methods (Lacey et al.,
2001). In recent years, efforts have been made to explore
these alternative methods to prevent these adverse effects.
One of these methods, "Biological Control," is

harm humans and wildlife (DeBach, 1969; Uygun et al.,
1987).

Aphids, which are widely distributed worldwide, are
among the herbivores that cause damage to a large
number of plants (Nelson & Rosenheim, 2006). These
pests directly damage plants by sucking their sap
(Blackman & Eastop, 2000) and indirectly harm them by
secreting toxic substances and carrying viral diseases
(Lodos, 1982; Catherall et al., 1987; Kovalev et al., 1991;
Elmali & Toros, 1994). Aphis fabae (Scopoli)
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(Hemiptera: Aphididae) causes damage to many
vegetables, beans, peas, sunflowers, and tomatoes, in
addition to over 200 wild plants (V3lkl & Stechmann,
1998; Barnea et al., 2005; Fericean et al., 2012).
Acyrthosiphon pisum (Harris) (Hemiptera: Aphididae) is
known to be a pest of wild weeds, as well as causing
damage to beans, lentils, clover, vetch, and some legumes
(Stary, 1970; Ali & Habtewold, 1994).

The Coccinellidae family, belonging to the order
Coleoptera, is one of the most effective groups in
biological control. It is known to encompass about 5200
species worldwide (Khan et al.,, 2007). Hippodamia
variegata (Goeze) (Coleoptera: Coccinellidae), which is
commonly found in the Palearctic region, is a
polyphagous species. It primarily feeds on aphids,
particularly those found on weeds, and it has also been
observed feeding on species from the Aleyrodidae (Hem.)
and Chaitophoridae (Hem.) families (Korchefsky, 1932;
Klausnitzer, 1966; Horion, 1961; Elmali & Toros, 1994;
Aslan & Uygun, 2005; Elek¢ioglu & Senal, 2007).
Coccinella septempunctata L. (Coleoptera:
Coccinellidae), an important predator of aphids, has also
been reported to be effective against other soft-bodied
insects that cause damage to plants (Ali & Rizvi, 2009).

To reliably predict the impact of predatory insects on their
prey, it is crucial to understand their functional and
numerical responses, which are significant in biological
control studies (Davis et al., 1976; Trexler et al., 1988).
The functional response is used in prey-predator models
(Jeschke et al., 2002) and is one of the main components
in the selection of agents in biological control (Lester &
Harmsen, 2002). A predator's functional response
demonstrates the rate at which the predator consumes
prey at varying prey densities and its effectiveness in
controlling harmful populations (Murdoch & Oaten,
1975). The numerical response is known as an indicator
of the reproductive capacity of predators at changing prey
densities. Predators with high numerical responses have
been found to be able to keep increasing prey populations
under control (Davis et al., 1976). Ecologically, changes
in prey densities also affect predator densities (Solomon,
1949).

In order to protect against the adverse effects of chemicals
used in the control of aphids, it is necessary to focus on
control methods that do not negatively impact nature and
human health. Predaceous coccinellids are associated with
these arthropod pests as regulating populations naturally.
Coccinellids provide effective control of these pests by
devouring them (Kagar & Koca, 2020). Therefore,
determining the functional and numerical responses of H.
variegata and C. septempunctata, which are effective
against aphids A. fabae and A. pisum and are the main
subjects of our study, is of great importance. This study
analyzed the functional responses of H. variegata and C.
septempunctata, the predators of aphids. In the functional
response experiments, the amount of prey consumed by
predators at varying prey densities and their effectiveness
in reducing aphid populations have been determined.
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2. Material and Methods

The main materials of this study are the broad bean plant
(Vicia faba L.), two herbivores (A. fabae and A. pisum),
and two predators (H. variegata and C. septempunctata).
Plant production stages and the mass rearing of aphids
and preadotors were conducted under controlled
laboratory conditions, with the temperature maintained at
27+1°C, relative humidity (RH) at 65+5%, and 16:8 h
light/dark (L/D) photostage.

2.1. Plant culture

The broad bean plants used in the experiments were
grown in 200 ml plastic containers containing a 1:1:1
mixture of soil, peat, and perlite.

2.2. Rearing of aphids

The initial individuals of A. fabae and A. pisum, which
would be produced collectively for the study, were
obtained from laboratory mass production. Individuals
collected from this production were transferred to
laboratory-grown plants using a brush and placed into
separate cages for use in the experiments. Clean plants
were added to the cages covered with mesh until the
number of aphids reached sufficient levels, and the
rearing of pests continued stageically.

2.3. Rearing of predatory insects

The predatory insects used in the study (H. variegata and
C. septempunctata) were collected from field conditions
(from the clover gardens in Isparta province) and brought
to the laboratory, where their identification was
conducted. To avoid errors due to food differences in
functional response experiments, the predatory insects
were reared separately on different preys (A. fabae and A.
pisum). Cages made of plexiglass, with sides and tops
covered with tulle, were used for mass production. The
individuals used in the experiments were also obtained
from this mass production. The production of predatory
insects was conducted entirely in climate chambers with a
temperature of 27+1 °C, 65+5% relative humidity, and
long-day lighting conditions (16:8).

2.4. Establishment of functional response trials

At this stage of the experiments, larvae (L1) were taken
from the eggs of the predatory insects in the mass rearing
containers as soon as they hatched and placed into
separate Petri dishes. After this process, the larvae were
starved for 24 hours, and the following day, a specific
number of 2" and 3 instar aphids (A. fabae and A.
pisum) were provided to each larva. Six densities of
aphids (5, 10, 20, 40, 80, 160) were made available to the
predators. After the food was provided, a waiting stage of
24 hours was observed, after which the amount of prey
consumed by the larvae was counted and recorded. This
process was carried out for all larval stages (L1, L2, L3,
and L4) as well as for adult individuals (both female and
male). These experiments conducted separately for each
developmental stage and each predator (H. variegata and
C. septempunctata) with 50 eggs. These tests were carried
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out in climatic chambers with a temperature of 27+1 °C,
65+5% relative humidity, and long-day lighting
conditions (16:8). The functional response of the
predatory insects was calculated using the formula
applied by Holling (1959).

Na=TPaN/(1+aThN)

(Na: Number of preys consumed, T: The length of time
the predator and prey are kept together, P: Number of
predators, N: Prey density per unit area, a: Predator search
rate, Th: Capture time of each prey).

2.5. Statistical analysis

At this stage, analysis of variance (ANOVA) was applied
to determine the differences related to the data obtained
from the functional response of predatory insects. If the
difference between the means is statistically significant,
the level of this significance was determined according to
the TUKEY multiple comparison test. SPSS (Ver. 17) and
Minitab (ver. 16) statistical applications were used in the
analysis of the data.

3. Results and Discussion

3.1. Hippodamia variegata consumption of aphids

The results obtained from the functional response trials of
H. variegata on A. fabae and A. pisum are given in Figure
1. It was observed that the late larvae of the predator
insect consumed all the prey in 5 prey densities and
almost all of the prey in following three prey densities
(10, 20 and 40). It was determined that all the prey were
consumed in the first two prey densities (5 and 10), and
almost all in the next two prey densities (20 and 40). It
was also observed that the number of aphids consumed by
the first three development stages decreased when
compared with the other stages. Where prey densities
were high (80 and 160), it was determined that
consumption decreased when compared with other prey
densities. This was observed for all development stages.
According to the obtained data, for both predators, at low
prey density (5, 10, 20 and 40), the last instar larvae (L4)
and adults (females and males) consumed more than 90%
of the prey. In addition, the total predation rate decreased
at 80 and 160 prey densities and this rate was between 50-
15% in all developmental stages of predatory insects. In
particular, it was observed that adult individuals of H.
variegata consumed the entirety of the first two prey
densities (5, 10); however, this rate decreased at other
prey densities (particularly at 20, 40, 80 prey densities).
The amount of food consumed in different prey densities
according to different development stages in all of the
trials and the statistical differences between them are
given in Figure 1.
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Figure 1. The quantity
Hippodamia variegata
Sekil 1. Hippodamia variegata tarafindan tiiketilen yaprak
biti miktar1

of aphids consumed by

3.2. Coccinella septempunctata consumption of aphids

The results obtained from the functional response trials of
C. septempunctata on A. fabae and A. pisum are given in
Figure 2. It was observed that the last stage larva of the
predator insect consumed the all of the prey in the 5 and
10 prey densities, and almost all of the prey in the 20 and
40 prey densities. When the results of the adults were
examined, it was determined that all of the prey were
consumed in the first three prey densities (5, 10 and 20),
and almost all in the next prey density (40). It was
observed that the number of aphids consumed in the first
three development stages decreased when compared with
other stages. In the trials where the prey densities were
high (80 and 160), it was determined that consumption
decreased when compared with the other prey densities.
This was observed for all developmental stages.
According to the data obtained for C. septempunctata, it
was determined that the consumption amount of adults
(males and females) and last stage larvae was
approximately 100% in the first three prey densities (5,
10, 20) for both prey; however, it was determined that this
rate decreased at other prey densities but was 90% and
above. The amount of food consumed in different prey
densities according to different development stages in all
of the trials and the statistical differences between them
are given in Figure 2.

Figure 2. The quantity of aphids consumed by Coccinella
septempunctata

Sekil 2. Coccinella septempunctata tarafindan tiiketilen
yaprak biti miktari

3.3. Hunting rates

The predation rates of predatory insects were calculated
and are shown in Figure 3. It was observed that both H.
variegata and C. septempunctata consumed the low-
density foods to a large extent and after a certain level, the
amount consumed by the predator insects decreased with
increase in aphid density. According to the obtained data,
for both predators, at low prey density (5, 10, 20 and 40),
the last instar larvae (L4) and adults (females and males)
consumed more than 90% of the prey. In addition, the
total predation rate decreased at 80 and 160 prey densities
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and this rate was between 50-15% in all developmental
stages of predatory insects.
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Figure 3. Hunting rates of Hippodamia variegata and
Coccinella septempunctata on preys

Sekil 3. Hippodamia variegata ve Coccinella
septempunctata'nin avlar iizerindeki avlanma oranlari

3.4. Attack rates (a) and Handling times (Th) of the
predators

The attack rate (a) and handling times (Th) of predatory
insects for different foods were calculated according to
Holling (1959). The highest attack rates were seen in the
4th larvae and adults of predatory insects. When
comparing the two predators, it was observed that the
values of H. variegata were higher than C.
septempunctata. It was determined that the attack rate for
both predatory insects was lower in the first three
development stages when compared with the other stages.
When handling times were examined, it was seen that the
lowest values were in the last larval stage and the adult
individuals. When comparing the two predators, it was
observed that the values obtained in C. septempunctata
were lower than the values obtained in H. variegata. It
was determined that catching time for both predatory
insects was high in the first three developmental stages
and decreased in the latter stages, (Table 1).

In this study, the functional responses of C.
septempunctata and H. variegata were determined
separately on A. fabae and A. pisum. It was observed that
the functional response type of both predators on their
food was Holling (1959) Type-II. It was also noted that
the amount of food consumed grew in proportion to the
amount of food offered. As the larvae progressed through
their stages and into adulthood, the food consumption
continued to increase. In these studies, attack rate (a) and
capture time (Th) values, which are functional response
parameters, were also calculated. It was determined that
the attack rates of the first instar larvae were low for both
predators. It was found that this value increased with
developmental stage. Although both predator species have
a long capture period in their early stages, it has been
estimated that this period gets shorter as the
developmental stage advances. It was also observed that
predatory insects consume the low-density foods to a
large extent but after a certain level (40 and 80 prey
densities), consumption decreases with an increase in
density.
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Studies on predatory insects worldwide have shown that
especially late-stage larvae of lady beetles (Coccinellidae)
consume large amounts of food (Omkar & Pervez, 2004;
Moura et al., 2006; Bayoumy, 2011; Lee & Kang, 2014).
This is believed to be due to the high energy requirements
for development and the weight needed for the pupal
stage (Hodek & Hongk, 1996). Research on the hunting
efficiency of predatory insects has reported that factors
such as prey exploitation (Matter et al., 2011), prey type
(Sarmento et al., 2007), prey age (Koch et al., 2003),
cannibalism, collective hunting (Burgio et al., 2002),
larval parasitism (Bayoumy, 2011; Bayoumy & Michaud,
2012), and temperature (Skirvin et al., 2007) influence
this consumption. Kaydan & Yasar (1999), studied the
functional and numerical responses of the predatory insect
Scymnus apetzi (Mulsant) (Coleoptera: Coccinellidae) on
the aphid Hyalopterus pruni (Hemiptera: Aphididae)
found on plum and peach trees, as well as the effects of
starvation duration. They reported that the amount of food
consumed by S. apetzi during its larval stages increased
with the prey density in the environment. Additionally,
they observed that both male and female adults consumed
more food as the prey population increased, and found a
linear relationship between prey density and food
consumption. Athihan & Giildal (2008), examined the
functional and numerical responses of Scymnus
subvillosus (Goeze) (Coleoptera: Coccinellidae) to
varying numbers (5, 10, 20, 40, 80) of H. pruni
(Geoffroy) (Homoptera: Aphididae). Their data aligned
with a Holling Type-Il functional response. Khan (2010),
assessed the functional response of different larval stages
and adult males and females of Harmonia eucharis
(Mulsant) on Aphis pomi, concluding that the species
exhibited a Type-Il functional response throughout its life
cycle, with the highest search rate and shortest capture
time observed in the fourth larval stage. This suggests that
the fourth instar larvae of H. eucharis may be particularly
effective in controlling A. pomi, though further field
studies are needed to confirm this. Madadi et al. (2011),
studied H. variegata (Goeze) (Coleoptera: Coccinellidae)
using pea aphids and cotton aphids as prey. They found
that prey consumption decreased as the pest populations
increased, indicating a Type-Il functional response.
Dehkordi & Sahragard (2013), investigated the functional
response of female H. variegata to various densities (5,
10, 20, 40, 60, and 80) of third-instar nymphs of Aphis
gossypii (Hemiptera: Aphididae). They determined that
the maximum theoretical predation (T/Th) for females
was 121,475 and reported that the survival and vitality of
H. variegata females at the end of the trials were
influenced by prey density. Saleem et al. (2014),
examined the predatory effect of Menochilus
sexmaculatus (Fab) (Coleoptera: Coccinellidae) on
Macrosiphum rosae (Linnaeus) (Hemiptera: Aphididae)
(rose aphids). They found that the predatory effects of the
1st, 2nd, 3rd, and 4th instar larvae of M. sexmaculatus
were 8.40+0.50, 13.60+0.81, 28.60+1.50, and 57.40+4.67
aphids, respectively. The predator effects of male and
female adults were 802.40+2.56 and 916.60+1.69 aphids,
respectively, with females being more consistent in their
consumption than males. Zarghami et al. (2014), studied
the functional response of Nephus arcuatus (Kapur)
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(Coleoptera: Coccinellidae) to mealybug Nipaecoccus
viridis (Newstead) (Hemiptera: Pseudococcidae), and
determined that the functional response followed Type-II.
In their experiment, they used different densities of
mealybugs (2, 4, 8, 15, 40, 65, 90, and 115) as prey and
calculated the attack rate and capture time for females at
0.2819 h and 0.00811, respectively. The study also
revealed that the predators preferred eggs and females of
mealybugs, while the first nymph stage was the least
preferred. El-Zahi (2017), explored the hunting potential
and preference of Chrysoperla carnea (Stephens) and
Coccinella undecimpunctata L. for cotton mealybug
Phenacoccus solenopsis and A. gossypii under laboratory
conditions. They found that the fourth instar larvae of C.
undecimpunctata consumed 112.4+1.63 A. gossypii
nymphs, 546.4+3.69 first-instar mealybug nymphs,
174.1£1.07 second-instar nymphs, and 40.2+1.22 third-
instar nymphs. Both predators were suggested as
promising biological control agents for P. solenopsis.
Bayoumy and Awadalla (2018) studied the effect of
different prey densities [Myzus persicae Sulzer and Aphis
craccivora Koch (Hemiptera: Aphididae)] on the third
larval stage of C. carnea, the fourth larval stage of C.
septempunctata, and the fourth larval stage of H.
variegata. Their results indicated that the functional
response type remained Type-ll, despite significant
effects from prey type, predator type, and prey density on
aphid consumption. Moradi et al. (2020), assessed the
functional response of Scymnus syriacus (Coleoptera:
Coccinellidae) on Aphis spiraecola and A. gossypii
(Hemiptera: Aphididae) at varying prey densities (3, 5, 7,
10, 20, 30, 40, 60, and 80). They determined that the
functional response was Type-Il, with high attack rates
and short capture times for both prey types in adult
predators. Kumar et al. (2020) investigated the functional
response of two predator species, Delphastus catalinae
and D. pallidus (Coleoptera: Coccinellidae), to Bemisia
tabaci eggs at different densities (20, 40, 60, 80, 100, and
120). Both species exhibited a Type-Il functional
response. The attack rates and capture times were also
calculated for the predators, and the study supported
previous findings that food consumption increased with
prey density.

Consistent with these studies, our research also found that
the predatory insects exhibit a Type-II functional response
to both A. fabae and A. pisum, with consumption rates
increasing as prey density in the environment rises.
Moreover, the consumption of fourth-stage larvae and
adults was higher than in other developmental stages. As
evidenced by previous studies, functional response
experiments conducted under laboratory conditions offer
valuable preliminary insights into the prey consumption
capacity of natural enemies. These trials are crucial for
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assessing the hunting efficiency of predatory insects and
provide a basis for exploring their potential use in
biological control applications. In this study, we
examined the consumption rates of H. variegata and C.
septempunctata at different growth stages on A. fabae and
A. pisum, and observed that the predator insects used in
this study were highly effective in consuming aphids.

4. Conclusions

The change in the attack response of a predator species
with increasing prey population is a key component of the
stability of predator-prey systems (Hassell, 1978). Since
Holling (1959), discovered that the attack rates of natural
enemies increase with higher prey density, several types
of functional responses have been described: a rectilinear
rise to a maximum (Type 1), a continuously decreasing
rate towards a maximum (Type Il1), a sigmoid increase
(Type 1), and a dome-shaped response (Type V)
(Figure 4).

v

Type |
Type Il
Type Il
Type IV

i

Number of Prey Eaten Per Predator

Prey Density

Figure 4. Types of Functional Response according to
Megane (2013)

Sekil 4. Islevsel Tepki Tiirleri Megane (2013)'a gore
Islevsel Tepki Tiirleri

According to the results, it was determined that both
predatory insects showed Type-11 functional response. In
addition, it has been determined that both predators,
especially the late larvae and adults, are very effective on
aphids used as food. It was concluded that the late
development stages of both H. variegata and C.
septempunctata are effective on A. fabae and A. pisum
and show potential as biocontrol agents in the
management against these pests.

When all the data obtained were examined, it was
observed that the pest-control potential of the predatory
insects in the study was high. Accordingly, it is thought
that mass production of these predatory insects can be
made in the laboratory environment, especially in the
areas where production is made under controlled
conditions, and the populations of the pests (especially
aphids) can be kept under the threshold of economic
damage.
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Table 1. Attack rates (a) and Handling times (Th) of Hippodamia variegata and Coccinella septempunctata on different

prey densities (Aphis fabae and Acyrthosiphon pisum)
Tablo 1. Hippodamia variegata ve Coccinella

septempunctatanin Hippodamia variegata ve

Coccinella

septempunctata'nin farkli av yogunluklar1 (Aphis fabae ve Acyrthosiphon pisum) iizerindeki saldir1 oranlar1 (a) ve

Tasima siireleri (Th)

Hippodamia variegata on Aphis fabae

1%t Instar 2" Instar 3 Instar 4™ Instar Male Female
Attack rate (a) 0.9752 1.0145 1.0102 1.0643 1.0695 1.0669
Handling time (Th) 0.950 h 0.799 h 0.324 h 0.216 h 0.233h 0.223 h
Hippodamia variegata on Acyrthosiphon pisum

1% Instar 2" Instar 3 Instar 4™ Instar Male Female
Attack rate (a) 0.8986 0.9227 1.0102 1.0615 1.0753 1.0724
Handling time (Th) 0.970 h 0.782 h 0.324 h 0.240 h 0.254 h 0.245 h
Coccinella septempunctata on Aphis fabae

1% Instar 2" Instar 3 Instar 4™ Instar Male Female
Attack rate (a) 1.0267 1.0670 1.0102 1.0597 1.0635 1.0621
Handling time (Th) 0.905 h 0.758 h 0.324 h 0.192 h 0.211h 0.209 h
Coccinella septempunctata on Acyrthosiphon pisum

1%t Instar 2" Instar 3 Instar 4™ Instar Male Female
Attack rate (a) 0,98319 1,02533 1,02176 1,06067 1,06496 1,06349
Handling time (Th) 0,936 h 0,7704 h 0,2928 h 0,216 h 0,2208 h 0,2136 h

5. Acknowledgements

We would like to thank Isparta University of Applied
Sciences, Scientific Research Project Management
Unit for financially supporting this study with Project
No. 2019-D1-0046.

6. References

Ali, A, & Rizvi, P. Q. (2007). Development and predatory
performance of Coccinella septempunctata L. (Coleoptera:
Coccinellidae) on different aphid species. International Journal
of Biological Sciences, 7, 1478-1483.

Ali, K., & Habtewold, T. (1994). Research on insect pests of cool
season food legumes. In Cool-Season Food Legumes of
Ethiopia. Proceedings of the First National Cool-Season Food
Legumes Review Conference. (pp. 367-398)

Aslan, M. M., & Uygun, N. (2005). The Aphidophagus Coccinellid
(Col.: Coccinellidae) species in Kahramanmaras, Turkey.
Turkish Journal of Zoology, 29, 1-8.

Atlihan, R., & Giildal, H. (2008). Prey density-dependent feeding
activity and life table history of Scymnus subvillosus.
Phytoparasitica, 37, 35-41. https://doi.org/10.1007/s12600-008-
0011-6

Barnea, O., Mustata, M., Mustata, G., & Simon, E. (2005). The
parasitoids complex which control the Aphis fabae Scop.
colonies installed on different crop species and spontaneous
plants. In Lucrariles impozionului “Entomofagii si rolul lor in
pastrarea echilibrului natural” Al I. Cuza” din lasi. (pp. 99-
110)

Bayoumy, M. H., & Awadalla, H. S. (2018). Foraging responses of
Coccinella  septempunctata, Hippodamia variegata and
Chrysoperla carnea to changing in density of two aphid species.

36

In Biocontrol Science and Technology. (pp. 1-16.)

Bayoumy, M. H., & Michaud, J. P. (2012). Parasitism interacts with
mutual interference to limit foraging efficiency in larvae of
Nephus includes (Coleoptera: Coccinellidae). Biological
Control, 62, 120-126.
https://doi.org/10.1016/j.biocontrol.2012.04.001

Bayoumy, M. H. (2011). Foraging behavior of the coccinellids
Nephus includes (Coleoptera: Coccinellidae) in response to
Aphis gossypii (Hemiptera: Aphididae) with particular emphasis
on larval parasitism. Environmental Entomology, 40, 835-843.
https://doi.org/10.1603/EN10298

Blackman, R. L., & Eastop, V. F. (2000). Aphids on the world’s
crops: an identification and information guide. Wiley, London.

Burgio, G., Santi, F., & Maini, S. (2002). On intraguild predation and
cannibalism in Harmonia axyridis Pallas and Adalia bipunctata
L. (Coleoptera Coccinellidae). Biological Control, 24, 110-116.
https://doi.org/10.1016/S1049-9644(02)00023-3

Catherall, P. L., Parry, A. L., & Valentine, J. (1987). Reaction of
some winter oat varieties to infection with Barley yellow dwarf
virus. Annals of Applied Biology, 110, 148-149.

Dehkordi, D. S., & Sahragard, A. (2013). Functional response of
Hippodamia variegata (Coleoptera: Coccinellidae) to different
densities of Aphis gossypii (Hemiptera: Aphididae) in an open
patch design. Journal of Agricultural Science, 15, 651-659.

Elek¢ioglu, N. Z., & Senal, D. (2007). Pest and Natural Enemy
Fauna in Organic Citrus Production in the Eastern Mediterranean
Region of Turkey. International Journal of Engineering Science,
1, 29-34.

Elmali, M., & Toros, S. (1994). Konya ilinde bugday tarlalarinda
yaprak biti dogal diismanlarmin tespiti lizerine arastirmalar. In
Tiirkiye Ugiincii Biyolojik Miicadele Kongresi Bildirileri. (13-28)

El-Zahi, EI-ZS. (2017). Preference and predatory potential of
Chrysoperla carnea (Stephens) and Coccinella undecimpunctata
Linnaeus on Phenacoccus solenopsis Tinsley: A new threat to



Kayahan ve Karaca / Tiirk Bilim ve Miihendislik Dergisi, 7(1): 31-37, 2025

the egyptian economic crops. Alexandria Science Exchange
Journal, 38(4), 837-843.
https://doi.org/10.21608/asejaigjsae.2017.4592

Fericean, L. M., Horablaga, N. M., Banatean-Dunea, ., Rada, O., &
Ostan, M. (2012). The behaviour, life cycle and biometrical
measurements of Aphis fabae. Research Journal of Agricultural
Science, 44(4), 31-37.

Hassell, M. P. (1978). The Dynamics of Arthropod Predator-Prey
Systems. Monographs in Population Biology. Princeton
University Press.

Hodek, 1., & Honek, A. (1996). Ecology of Coccinellidae. Dordrecht,
Kluwer Academic.

Holling, C. S. (1959). Some characteristics of simple types of
predation and parasitism. Canadian Entomologiest, 91, 385-392.
https://doi.org/10.4039/Ent91385-7

Horion, A. (1961). Faunistik der Mitteleuropaeischen Kaefer. In
Band VIIIL Uberlingen-Bodensee, Kommissionverlag
Buchdruckerei Ang. Feysel. (pp. 283-365)

Jeschke, J. M., Kopp, M., & Tollrian, R. (2002). Predator functional
responses: discriminating between handling and digesting prey.
Ecological Monographs, 72, 95-112.
https://doi.org/10.1890/00129615(2002)072[0095:PFRDBH]2.0.
COo2

Kagar, G., & Koca, A. S. (2020). Seasonal Dynamics of Coccinellid
Species in Apple, Cherry, and Hazelnut. Uluslararast Tarim ve
Yaban Hayati Bilimleri Dergisi, 6(3), 486-495.

Kaydan, B., & Yasar, B. (1999). Avcit bocek Scymnus apetzi
(Mulsant) (Coleoptera: Coccinellidae)’nin Hyalopterus pruni
(Geoffroy) (Hom.: Aphididae) iizerindeki islevsel ve sayisal
tepkileri ile agliga dayanma siirelerinin saptanmasi. Yiiziincii Yil
Universitesi Tarim Bilimleri Dergisi, 9, 29-35.

Khan, A. A. (2010). Stage-specific functional response of predaceous
ladybird beetle, Harmonia eucharis (Mulsant) (Coleoptera:
Coccinellidae) to green apple aphid, Aphis pomi De Geer
(Hemiptera: Aphididae). Journal of Biological Control, 24(3),
222-226.

Klausnitzer, B. (1966). Ubersicht iiber die Nahrung der
einheimischen Coccinellidae (Col.). In Ent Berichte. (pp. 91-
101)

Koch, R. L., Hutchison, W. D., Venette, R. C., & Heimpel, G. E.
(2003). Susceptibility of immature monarch butterfly, Danaus
plexippus (Lepidoptera: Nymphalidae: Danainae), to predation
by Harmonia axyridis (Coleoptera: Coccinellidae). Biological
Control, 28, 265-270. https://doi.org/10.1016/S1049-
9644(03)00102-6

Korschefsky, R. (1932). Coleopterorum Catalogus, pars 120. In
Coccinellidae Il. (pp. 435)

Kovalev, O. V., Poprawski, T. J. Stekolshchkov, A. V.,
Reshchagiana, V., & Gandrabur, S. A. (1991). Diuraphis
aizenberg (Hom., Aphididae): key to apterous viviparous
females and review of Russian language literature on the natural
history of Diuraphis noxia (Mordvilko). Journal of Applied
Entomology, 112, 425-436. https://doi.org/10.1111/j.1439-
0418.1991.tb01076.x

Kumar, V., Mehra, L., McKenzie, C. L., & Oshorne, L. C. (2020).
Functional response and prey stage preference of Delphastus
catalinae and D. pallidus (Coleoptera: Coccinellidae) on
Bemisia tabaci (Hemiptera: Aleyrodidae). Biocontrol Science
and Technology, 30(6), 581-591.
https://doi.org/10.1080/09583157.2020.1749833

Lee, J. H., & Kang, T. J. (2004). Functional response of Harmonia
axyridis (Pallas) (Coleoptera: Coccinellidae) to Aphis gossypii
Glover (Hemiptera: Aphididae) in the laboratory. Biological
Control, 31, 306-310.
https://doi.org/10.1016/j.biocontrol.2004.04.011

Lester, P. J., & Harmsen, R. (2002). Functional and numerical
responses do not always indicate the most effective predator for
biological control: an analysis of two predators in a two-prey
system.  Journal  Applied  Ecology, 39, 455-468.

37

https://doi.org/10.1046/j.1365-2664.2002.00733.x

Lodos, N. (1982). Tiirkive Entomolojisi (Genel Uygulamali ve
Faunistik) Cilt 11. Ege Universitesi Ziraat Fakiiltesi Yaym No:
429, E.U. Matbaasi, Bornova-izmir, 591 s.

Madadi, H., Parizi, E. M., Alahyari, H., & Enkegaard, A. (2011).
Assessment of the biological control capability of Hippodamia
variegata (Col.:Coccinellidae) using functional response
experiments. Journal of Pest Science, 84, 447-455.
https://doi.org/10.1007/s10340-011-0387-9

Matter, M. M., Mahasen, M. A, Farag, E. N. A, & Gesraha, M. A.
(2011). Impact of temperature and prey density on the
predacious capacity and behaviour of Stethorus punctillum
Weise.  Archives of Phytopathology, 44, 127-134.
https://doi.org/10.1080/03235400902927287

Megane, E. C. (2013). Functional Response and The Effects of
Insecticidal Seed Treatment on The Soybean Aphid Parasitoide
Binodoxys communis. (Master’s Thesis, University of
Minnesota)

Moradi, M., Hassanpour, M., Fathi, S. A. A.,, & Golizadeh, A.
(2020). Foraging behaviour of Scymnus syriacus (Coleoptera:
Coccinellidae) provided with Aphis spiraecola and Aphis
gossypii (Hemiptera: Aphididae) as prey: Functional response
and prey preference. European Journal Entomology, 117, 83-92.
https://doi.org/10.14411/eje.2020.009

Moura, R., Garcia, P., Cabral, S., & Soares, A.O. (2006). Does
pirimicarb affect the voracity of the euriphagous predator,
Coccinella undecimpunctata L. (Coleoptera: Coccinellidae)?
Biological Control, 38, 363-368.
https://doi.org/10.1016/j.biocontrol.2006.04.010

Murdoch, W. W.;, & Oaten, A. (1975). Predation and population
stability. Advances in Ecological Research, 9, 1-131.
https://doi.org/10.1016/S0065-2504(08)60288-3

Nelson, E. H., & Rosenheim, J. A. (2006). Encounters between
aphids and their predators: the relative frequencies of
disturbance and consumption. Entomologia Experimentalis et
Applicata, 118, 211-219. https://doi.org/10.1111/j.1570-
7458.2006.00378.x

Omkar, O., & Pervez, A. (2004). Functional and numerical responses
of Propylea dissecta (Mulsant) (Coleoptera: Coccinellidae).
Journal  of  Applied Entomology, 128,  140-146.
https://doi.org/10.1111/j.1439-0418.2004.00824 .x

Saleem, M., Hussain, D., Anwar, H., Ghouse, G., & Abbas, M.
(2014). Predation Efficacy of Menochilus sexmaculatus Fabricus
(Coleoptera: Coccinellidae) against Macrosiphum rosae under
laboratory conditions. Journal of Entomology and Zoology
Studies, 2(3), 160-163.

Sarmento, R. A., Pallini, A., Venzon, M., Desouza, O., Molina-
Rugama, A. J., & Oliveira, C.L. (2007). Functional response of
the predator, Eriopis connexa (Coleoptera: Coccinellidae) to
different prey types. Brazilian Archives of Biology and
Technology, 50, 121-126. https://doi.org/10.1590/S1516-
89132007000100014

Skirvin, D. J., & Fenlon, J. S. (2003). The effect of temperature on
the functional response of Phytoseiulus persimilis (Acari:
Phytoseiidae). Experimental and Applied Acarology, 31, 37-39.
https://doi.org/10.1023/B:APPA.0000005107.97373.87

Stary, P. (1970). Wanderung und prasitierung der erbsenlaus.
Biologia (Bratislava), 25, 787-796.

Volkl, W., & Stechmann, D. H. (1998). Parasitism of the black aphid
(Aphis fabae) by Lysiphlebus fabarum (Hym., Aphidiidae) the
influence of host plant and habitat. Journal of Applied
Entomology, 122, 201-206. https://doi.org/10.1111/j.1439-
0418.1998.th01484.x

Zarghami, S., Mossadegh, M. S., Kocheili, F., Allahyari, H., &
Rasekh, A. (2014). Prey Stage Preference and Functional
Response of the Coccinellid, Nephus arcuatus Kapur in
Response to Nipaecoccus viridis (News.). Plant Pests Research,
4(3), 73-86.



