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Functional response of Oenopia conglobata (L.)
(Coleoptera: Coccinellidae) on Hyalopterus pruni
(Geoffroy) (Homoptera: Aphididae) in three
different size arenas
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Summary

This study was carried out to determine the functional response of Oenopia
conglobata (L.) to Hyalopterus pruni (Geoffroy) in petri dishes of 6, 8 and 12 cm
diameters and at 20, 40, 80, 160 and 320 prey densities. Experiments were carried out in a
climate chamber set at 25+1 °C, 65+5 % RH and 16:8 (L:D) h photoperiod. Consumption
by all larval instars of O. conglobata increased with increasing prey densities up to 80 in
petri dishes of 6, 8 and 12 cm diameters. A further increase in prey density (to 160 and 320
aphids) did not result in higher prey consumption for all larval stages. The daily food
consumption by adult females of O. conglobata in all petri dishes increased with increasing
prey densities. Increasing petri dish diameters did not affect prey consumption by all larval
stages and adults of O. conglobata. Handling time decreased linearly as life stages
developed. Handling time according to life stage was significantly different, but differences
between 3 and 4" instar larvae were not significant. Handling time did not affect by petri
dish diameters. Search rate according to life stage was significantly different but no
differences occurred among 2™, 3" and 4" instar larvae. Search rate decreased as life stage
developed but increased when petri dish diameters increased.
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Introduction

The mealy plum aphid, Hyalopterus pruni (Geoffroy) (Homoptera:
Aphididae) is one of the most important pest of peach, plum and apricot orchards
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in Turkey and some other countries (Blackman & Eastop, 1984; Toros et al., 1996). In
addition, reed (Phragmites austrialis Cav.) serves as a secondary host for this
aphid species that has a heterocious life cycle (Dixon, 1987). There are many natural
enemies of H. pruni around the world and in Turkey (Hodek, 1973; Canakcioglu,
1975; Uygun, 1981; Basky, 1982; Frazer, 1988; Oncler, 1991; Iperti, 1999).
Among these, Oenopia conglobata (L.) (Coleoptera: Coccinellidae) appears to
be the most important natural enemies of H. pruni in Van province (Erol & Yasar,
1996; Yasar et al., 1999). Other coccinellids known as predators of H. pruni in
Turkey are Adonia variegata, Adalia fasciatopunctata revelierei, Scymnus
apetzi, S. subvillosus, Adalia bipunctata and Exochomus nigromaculatus
(Yasar & Ozgékge, 1994, Erol & Atlihan, 1995; Kaydan & Yasar, 1999; Atlihan et
al., 1999; Ozgen & Yasar, 1999; Kasap & Yasar, 1996; Atlihan & Ozgékge, 2002).

Functional response has received much attention in the entomological and
ecological literature (i.e.; Holling, 1959, 1966; Rogers, 1972; Luck, 1984;
Wiedenmann & O’Neil, 1991; Fan & Petitt, 1994; Heimpel & Hough-Goldstein
1994; Williams & Juliano, 1996; Munyaneza & Obrycki, 1997; Gitonga et al.,
2002). Functional response refers to the change in the number of prey
consumption by a predator per unit time in relation to prey density.

Virtually, no research has been conducted to determine the functional
response of all predatory stages (larval and adult) of O. conglobata to H. pruni.
So, this paper describes and compares the functional response of O. conglobata
feeding with five different prey densities of H. pruni under laboratory conditions.

Material and Methods

The initial population of Mealy plum aphid, H. pruni, was collected from
reeds (Phragmites australis Cav.) while O. conglobata (L.) was collected from
plum orchards infested with the aphids in Van, Turkey. All the experiments were

conducted in a climate chamber set at 25+1°C, 65+5 % RH and 16:8 (L:D) h

photoperiod. Experiments were initiated after rearing one generation of O.
conglobata under laboratory conditions. Before starting the experiment 20, 40,
80, 160 and 320 mealy plum aphids inhabiting reed leaves were transferred to petri
dishes of three sizes (6 cm =84.78 cm?, 8 cm =138.16 cm?, 12 cm =282.6 cm?)
(A=2nr2+2nrh). Newly emerged first instars larvae of O. conglobata were then
selected at random from stock cultures and was placed in an experimental arena for
each prey density and arena size. Experiments were carried out at least with 10
replications.

The number of mealy plum aphid consumed by O. conglobata was
counted at the end of each 24 h period under a stereo microscope. Therefore, the
consumption of mealy plum aphid by 1%, 2" 39 4% instars and adults of O.
conglobata in petri dishes of different three sizes were determined when 20, 40,
80, 160 and 320 aphids were given to the predator as prey.
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Data analysis

Factorial design (5*5*3) was used to compare the effects of food levels and
hunting arena size on prey consumption by immature and adult stages of O.
conglobata. Means of main effects were compared at the P < 0.05 by Duncan’s
Multiple Range Test (DMRT) and means of the interaction effects such as life stages
* prey density were compared with possible differences test by using SAS/GLM/
LSMEANS/pdiff procedure.

The functional response of predators to different prey densities was
expressed by fitting Holling’s disc equation to the data (Holling, 1959):

Na= aTN/(1+aThN)

Where Na=The number of prey attacked by a predator, T= Exposure time
(1 day), N=prey density per unit area, a= Search rate of a predator and
Th=Handling time for each prey caught. Search rate, handling time and their
standard errors were calculated from linear regression of disc equations. The means
obtained from linear regression were analyzed with two-way ANOVA and
compared with DMRT at P < 0.05 level. Confidence limits were calculated for
means. All analysis was conducted by SAS statistical software (Anonymous, 1998).

Results

The daily food consumption of all larval instars increased with increasing
prey densities in petri dishes of 6, 8 and 12 cm diameters. But, there were no
differences among of 80, 160 and 320 prey numbers (Table 1; Figure 1; P < 0.05).
So, it is possible to say that the daily 80 prey numbers for all larval stages of O.
conglobata is enough for their feeding.

The daily food consumption in adult females of O. conglobata in all petri
dishes (6, 8, 12 cm diameter) increased with the increasing prey densities. The prey
numbers consumed by adult females in each petri dish diameter were significantly
different from each other (Table 1; Figure 1; P < 0.01).

The daily food consumptions in all larval stages (P < 0.05) and adults (P <
0.01) of O. conglobata feeding on five different prey densities of H. pruni in
petri dishes of three different sizes were not different among them. The increasing
petri dish diameters did not affect prey consumption of all stages of O.
conglobata.
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Figure 1. The daily food consumptions in larval and adult stages of Oenopia conglobata feeding with

five prey densities of Hyalopterus pruni in petri dish of different three diameters.
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Table 1. The comparisons according to all stages of the daily food consumptions of Oenopia

conglobata feeding with five prey densities in petri dishes of three different diameters

(Mean=SE) and multiple comparisons of the interaction effects (Life stages*Prey density)

Prey Larval stages** Mean Adult*
density
1 instar 2" instar 3 instar 4" instar
6 cm (Petri dish diameter)
20 16.42+0.70 c 17.88+097c 1848+050c 19.17+028c 17.98+0.32c 19.48+0.47e¢
40 27.38+0.55b 30.30+1.58b 34.17+1.46b 37.17x1.05b 32.29+045b 37.67+1.33d
80 33.76x1.41a 42.88+1.09a 56.75+1.25a 59.70+1.20a 4855+0.70a 69.29+0.39 c
160 34.23+2.32 a 43.33+2.20a 60.53+2.69a 61.95+4.07a 49.78+0.58a 113.08+2.50b
320 36.76+3.76 a 4598+0.89a 60.38+2.48a 65.20+2.71a 50.22+0.64a 181.63+7.07a
8 cm (Petri dish diameter)
20 15.78+0.54 b 17.32+0.68 ¢ 18.70+0.48 c 19.42+049c¢ 17.85+0.30c 19.97+0.02e
40 22.86+0.68 ab 28.11+2.13b 33.26%+231b 37.73x1.00b 31.49+049b 38.98+0.19d
80 28.83+1.27 a 47.88+2.42a 55.50+1.50a 55.33+2.57a 46.80+1.05a 70.84+1.67c
160 29.50+2.90 a 48.25+4.54a 56.20+3.22a 62.38+0.72a 4854+1.71a 120.50+0.33b
320 29.95+3.96 a 46.39+055a 57.88+3.40a 61.30+430a 4991+1.89a 19853+1.53a
12 cm (Petri dish diameter)
20 16.25+1.37 ¢ 16.79+1.28 ¢  18.00+0.61c 19.16*x0.28 c 17.38+x0.62c 19.96+0.02 e
40 22.79+1.78 b 26.38+1.35b 34.67+1.16b 38.07+1.06b 30.27+0.69b 38.94+0.29d
80 31.78+2.26 a 42.03+3.82a 51.70+2.37a 52.76+2.82a 44.15+1.78a 70.33+0.33c
160 30.16x1.58 a 40.25+1.30a 52.58+2.56a 5830+4.21a 44.74x1.12a 125.00+0.58b
320 34.57+4.31 a 44.63+3.08a 55.67+3.18a 64.00+3.06a 49.71+0.76a 191.31+8.56 a

"Means in a column followed by same letter do not differ statistically (DMRT; P < 0.01)

"Means in a column followed by same letter do not differ statistically (DMRT; P < 0.05)

Handling time according to the stages were significantly different, but
differences between the 3™ and 4" instar larvae were not significant (Table 2; P <
0.05). The handling time decreased when stages developed. Differences of
handling time in petri dish diameters of three different sizes were not significant
(Table 2; P < 0.05). Handling time did not affect by petri dish diameters

Table 2. Search rate (a), handling time (T,) and confidence limits in Holling’s disc equation for
Oenopia conglobata feeding on Hyalopterus pruni in petri dishes of three different

diameters

Stages ?day/nymph)** 95% CL ((ecm2/h)*  95% CL
Low Upp Low Uppe
er er er r

Ist instar 0.625 a 057 0.67 244.62 a 224. 264.
4 5 33 92

2nd instar 0.404 b 035 045 20950 b 189. 229.
3 4 21 79

3rd instar 0.277 c 022 032 206.19 b 185. 226.
6 7 90 48

4th instar 0.251 c 020 030 21485 b 194. 235.
1 2 55 42
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Adult 0.053 d 0.00 0.10 17553 ¢ 155. 195.

2 3 24 83
SEM: 0.0219 SEM:8.801
Petri Th(day/nymph 95% CL ((ecm2/h)*  95% CL
diameter )
(cm) - _
Low Upp Low Uppe
er er er r
6 (84.78 0.302 a 026 034 10525 ¢ 845 120.
cm?2) 3 1 3 97
8 (138.16 0.330 a 029 036 17408 b 158. 189.
cm2) 1 9 36 80
12 (282.60  0.334 a 029 037 351.08 a 335. 366.
cm2) 4 3 36 80
SEM: 0.017 SEM: 6.82

* Means in a column followed by same letter do not differ statistically
(DMRT; P <0.01)

"Means in a column followed by same letter do not differ statistically (DMRT; P < 0.05)

Search rate according to the stages was significantly different, but differences
among 2™, 3" and 4" instar larvae were not significant (Table 2; P < 0.01). Search
rate of adults was shorter than all larval stages. Search rate according to the petri
dish diameters were significantly different from each other (Table 2). Search rate
decreased when stages developed but increased when petri dish diameters
increased.

Discussion

The results indicated that consumption of H. pruni by O. conglobata can
increase with increasing prey densities up to 80 individuals in petri dishes and no
more increase occurs in consumption if the prey density is further increased. Similar
results were indicated by Zhao & Holling (1986), Ofuya & Akinbohungbe (1988),
Shukla et al. (1990), and Kumar et al. (2002).

The daily food consumptions of O. conglobata adult females in all petri
dish diameters increased with the increasing prey densities. Prey numbers
consumed by O. conglobata adult females in each petri dish diameter were
significantly different from each other. Adults of other coccinellids, Scymnus
levaillanti (Uygun & Atlihan, 2000), Exochomus nigromaculatus (Athhan &
Ozgékge, 2002), Coleophora inaequalis (Wang & Tsai, 2001) Semiadalia
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undecimnotata (Yasar et al., 2000), and Scymnus apetzi (Kaydan & Yasar,
1999) also consumed more prey than their larvae. This study showed that the
increasing petri dish diameter did not have any effect on the prey consumption by
all larval stages and adults of O. conglobata feeding on five different prey
densities of H. pruni.

Handling time according to the stages was significantly different but
differences between the 3rd and 4th instar larvae were not significant. The handling
time decreased linearly when stages developed. Handling times of adult females
were the shortest compared with other stages. The same result was obtained for
handling time of Exochomus nigromaculatus feeding on H. pruni (Atlihan &
Ozgokee, 2002). Briefly, petri dish diameters did not affect handling times.

Search rate according to life stage and also the petri dish diameters were
significantly different but differences were not significant among 2™, 3 and 4"
instar larvae. Search rate decreased as life stages developed, but increased when
petri dish diameters increased.

In conclusion, the lack of difference in food consumptions of different stages
of this predator in different hunting areas could indicate that H. pruni is a suitable
food (prey) for O. conglobata.

f)zet

l"Jg farkh biiyiiklikkteki alanda Hyalopterus pruni (Geoffroy) (Homoptera:
Aphididae) iizerinde beslenen Oenopia conglobata (L.) (Coleoptera:
Coccinellidae)’'nin islevsel tepkisi

Bu calismada Hyalopterus pruni (Geoffroy) nin 20, 40, 80, 160 ve 320 av yogun-
luklarinda 6,8 ve 12 cm’lik petrilerde beslenen Oenopia conglobata (L) nin islevsel tepkisi
saptanmuigtir.

Uc farkl capta petri kaplarinda beslenen aver bécegin tim larva dénemlerinde
tikettikleri av sayilar arasinda istatistiki olarak fark olmamasina karsilik, ergin disilerde petri
capt arttikca tlketilen av sayisi da artmigtir. Avini yakalama stiresi ve arama orani larva
donemleri arttikca azalmig ve ergin diside en az olmustur. Petri gaplarina goére ise avini
yakalama stireleri arasinda bir fark goriilmezken, alan arttikga avini arama orani da artmustir.

Acknowledgements

The authors would like to thank Prof. Dr. Nedim Uygun for identifying
coccinellid species from Department of Plant Protection of University of Cukurova,
Adana, Turkey. We also thank the anonymous referees for their critical reviews and
suggestions. This project was supported by funds from the Scientific Research of
Yizinci Yil University, Van, Turkey (Project code: 2001-ZF-044).

References

97



Anonymous, 1998. Statistical analises software. User's manual, version 8.01. SAS Institute,
Cary, NC, USA.

Atlihan, R., E. Denizhan & B. Yasar, 1999. Effects of different preys on development and
fecundity of Scymnus subvillosus Goeze (Coleoptera: Coccinellidae). Proc. IV

Turkish National Congress of Biological Control (Adana, Turkey), 397-406 (Turkish,
with English summary).

Atlihan, R. & M. S. Ozgdkce, 2002. Development, fecundity and prey consumption of
Exochomus nigromaculatus feeding on Hyalopterus pruni. Phytoparasitica,
30 (5): 443-450.

Basky, Zs., 1982. Predators and parasites of Hyalopterus pruni and Hyalopterus
amygdali populations living on peach, plum and reed. Acta Phyto. Acad. Sci.
Hungaricae, 17 (3-4): 311-316.

Blackman, R. L. & V. E. Eastop, 1984. Aphids on the world's crops: An identification and
information guide. John Wiley & Sons, Chichester, UK.

Canakeioglu, H., 1975. The Aphidoidea of Turkey. The Forestry Faculty of Istanbul Univ.,
Publ. No: 189, Istanbul.

Dixon, A.F.G., 1987. The way of life of aphids: Host specificity, speciation and distribution.
In: Minsk, A.K., Harrewijn, P. Systematics Vol. A Aphids Their Biology, Natural
Enemies and Control (Eds.) Elsevier, Tokyo, 197-207.

Erol, T. & R. Atlihan, 1995. Studies on the biology of Adalia fasciatopunctata revelierei
(Mulsant) (Coleoptera: Coccinellidae) feeding on some aphid species (Homoptera:
Aphididae, Callaphididae). Turk. J. Entomol., 19 (4): 277-286 (Turkish, with
English summary).

Erol, T. & B. Yasar, 1996. Studies on determination of harmful and beneficial fauna in the
apple orchards in Van province. Turk. J. Entomol., 20 (4): 281-293. (Turkish,
with English summary).

Fan, Y. & F. L. Petitt, 1994. Parameter estimation of the fonctional response. Environ.
Entomol., 23: 785-794.

Frazer, B.D., 1988. Predators. In: Minsk, A.K., Harrewijn, P. (Eds.), Systematics Vol. A
Aphids Their Biology, Natural Enemies and Control. Elsevier, Tokyo, pp 217-230.

Gitonga, L.M., W.A. Overholt, B. Lohr, J K. Magambo & J.M. Mueke, 2002. Fuctional
response of Orius albidipennis (Hemiptera: Anthocoridae) to Megalurothrips
sjostedti (Thysanoptera: Thripidae). Biol. Control., 24: (1-6).

Heimpel, G.E. & J. A. Hough-Goldstein, 1994. Components of the fonctional response of
Perillus bioculatus (Hemiptera: Pentatomidae). Environ. Entomol., 23: 855-859.

Hodek, 1., 1973. Biology of Coccinellidae. Junk, The Hague, the Netherlands.

Holling, C.S., 1959. The components of predation as revealed by a study of small mammal-
predation European pine sawfly. Can Entomol., 91: 293-320.

Holling, C.S., 1966. The fuctional response of invertebrate predators to prey density. Mem.
Entomol. Soc. Canada, 48: 1-86.

Iperti, G., 1999. Biodiversity of predaceus Coccinellidae in relation to bioindication and
economic importance. Agriculture, Ecosys. Environ., 74: 323-342.

Kasap I. & B. Yasar, 1996. Studies on the life table of Exochomus nigromaculatus Goeze
(Col.: Coccinellidae) feeding on Hyalopterus pruni (Geoffr.) (Hom.: Aphididae)

98



and Chaitophorus leucomelas Koch. (Hom.: Chaitophoridae). Proc. Ill. Turkish
National Congress of Entomology (Ankara, Turkey), 675-681 (Turkish, with English
summary).

Kaydan, M.B. & B. Yasar, 1999. The determining of the numerical and functional responses
and the duration of resistance to hungry of Scymnus apetzi (Mulsant) (Coleoptera:
Coccinellidae) feeding on Hyalopterus pruni (Geoffroy) (Hom.: Aphididae).
Journal of Agricultural Sciences, Faculty of Agricultural, Yuzuncu Yil
University, 9: 29-35. (Turkish, with English summary).

Kumar, N., A. Kumar & C. P. M. Tripathi, 2002. Satiation time and appetive revival of
Coccinella septempunctata L. (Col.,, Coccinellidae) a predator of Lipaphis
erysimi Kalt. (Hom., Aphididae). J. Appl. Ent., 126: 46-49.

Luck, R. F., 1984. Principles of arthropod predation. In: C.B. Huffaker and R. 1. Rabb,
“Ecological Entomology” (Eds.), pp. 497-530. Wiley, NY.

Messina, F.J. & J. B. Hanks, 1998. Host plant alters the shape of the functional response of
an aphid predator (Coleoptera: Coccinellidae). Environ. Entomol., 27: 1196-
1202.

Munyaneza, J. & J. J. Obrycki, 1997. Functional response of Coleomegilla maculata
(Coleoptera: Coccinellidae) to Colorado potato beetle eggs (Coleoptera: Chrysomelidae).
Biol. Control., 8: 215-224.

Ofuya, T. & A. E. Akingbohungbe, 1988. Functional and numerical response of
Cheilomenes lunata (Fabricius) (Coleoptera: Coccinellidae) feeding on the cowpea
aphid, Aphis craccivora Koch (Homoptera: Aphididae) Insect Sci. & Appl., 9
(4): 543-546.

Onciier, C., 1991. A catalogue of the parasites and predators of insect pests of Turkey. Pub.
No. 505, Agriculture Faculty, Ege University, Izmir, Turkey (Turkish, with English
summary).

Ozgen, 1. & B. Yasar, 1999. Effect on different mating numbers on life table parameters of
Adalia bipunctata (L.) (Coleoptera: Coccinellidae) feeding on Hyalopterus pruni
(Geoffroy) (Homoptera: Aphididae). Proc. IV Turkish National Congress of Biological
Control (Adana, Turkey), 385-396 (Turkish, with English summary).

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

Shukla, AN, R. Sing & C. Tripathi, 1990. Effect of predation period on the functional
response of Coccinella septempunctata Linn. (Coleoptera: Coccinellidae) a

predator of Lipaphis erysimi Kalt. (Hemiptera: Aphididae). J. Advan. Zool., 11
(1):, 27-32.

Toros, S., B. Yasar, M. S. Ozgokce, & I. Kasap, 1996. Studies on determination of
Aphidoidea species in Van province. Proc. Il Turkish National Entomological
Congress (Ankara, Turkey), 549-556 (Turkish, with English summary).

Uygun, N., 1981. Taksonomische untersuchungen tiber die Coccinelliden fauna
(Coleoptera) der Turkei. Cukurova University, Agricultural Faculty Publ. No: 157,
Adana. (Turkish, with German summary).

Uygun, N. & R. Atlihan, 2000. The effect of temparature on development and fecundity of
Scymnus levaillanthi. Biol. Control., 45: 453-462.

Wang, J.J. & J. H. Tsai, 2001. Development and functional response of Coleophora
inaequalis (Coleoptera: Coccinellidae) feeding on brown citrus aphid, Toxoptera

99



citricida (Homoptera: Aphididae). Agri. Forest. Entomol., 3: 65-69.

Wiedenmann, RN. & R. J. O’'Neil, 1991. Laboratory measurement of the functional

response of Podisus maculiventris (Say) (Heteroptera: Pentatomidae). Environ.
Entomol., 20: 610-614.

Williams, F.M. & S. A. Juliano, 1996. Functional responses revised. Environ. Entomol.,
25: 549-550.

Yasar, B., M. S. Ozgdkce, 1994. The life tables of Hippodamia variegata (Goeze) and
Synharmonia conglobata (L.) (Col.: Coccinellidae) feeding on Hyalopterus
pruni (Geoffroy) (Hom.: Aphididae) and their resisting period to hungry in
laboratory conditions. Yuzuncu Y1l University, J. Agricultural Faculty, 4: 31-
44,

Yasar, B., M. S. Ozgokce & I. Kasap, 1999. Investigations on the predator species belong to
Coccinellidae (Coleoptera) family occurred in Van province. Proc. IV Turkish
National Congress of Biological Control (Adana, Turkey), 445-454 (Turkish, with
English summary).

Yagar, B., E. Denizhan & G. Aydin, 2000. The determining of the numerical and
development responses and resistance to starvation of Semiadalia undecimnotata
(Schneider) (Coleoptera: Coccinellidae) feeding on Hyalopterus pruni
(Geoffr.)(Homoptera: Aphididae) Proc. IV Turkish National Entomological Congress
(Aydin, Turkey), (Turkish, with English summary).

Zhao, D. & C. S. Holling, 1986. Studies on predation of the Coccinellid beetle, Scymnus
hoffmanni Weise to cotton aphid, Aphis gossypii Glover. 1. Functional response of
Scymnus hoffmanni to cotton aphid. Contributions from Shangei Institute of
Entomology, 6: 43-57.

100



