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Abstract—Predatory lady beetles (Coccinellidae) form one of the prevalent and effective groups of entomophages 
in the forest-steppe zone of West Siberia. Among 17 species of predatory lady beetles recorded in cereal agro-
cenoses and on bird cherry trees, Propylea quatuordecimpunctata, Coccinella septempunctata, Hippodamia  
tredecimpunctata, H. variegata, and H. arctica are predominant. This paper presents data on the species composi-
tion and ecological features of lady beetles in agrocenoses of winter rye, spring wheat, and oats as well as on the 
impact of agrotechnical methods (the main treatment of soil, application of chemicals, and forecrops) and cultiva-
tion technology on the abundance of lady beetles. 
DOI: 10.1134/S0013873818060027 

There is extensive literature devoted to predatory 
insects, including lady beetles (Coccinellidae) (Telen-
ga, 1948; Semyanov, 1984; Voronin et al., 1988; 
Mokhrin, 2009; Michels et al., 2001; Evans, 2003; 
Ecology and Behaviour…, 2012, and many others). 
Data on the predatory lady beetles inhabiting cereal 
agrocenoses in West Siberia are to be found in the 
works of Klementyeva (1961), who recorded 2 species 
of Coccinellidae in Omsk Province, Savoiskaya (1961) 
and Filatova (1965), who recorded 7 species each, 
Aleeva and Babushkina (1977), who recorded 6 spe-
cies, and Semenov (1982), who listed 9 species of 
Coccinellidae for the southeast of Altai Territory. 

In the forest-steppe of West Siberia, aphids consti-
tute the main food source of lady beetles in cereal 
fields. The most common aphid species are the grain 
aphid Sitobion avenae F. and the bird cherry-oat aphid 
Rhopalosiphum padi L.; besides, the hedgehog grain 
aphid Sipha (Rungsia) maydis P. has recently become 
more abundant (Bokina, 2012). Earlier, 17 species of 
Coccinellidae were recorded as entomophages of these 
aphids (Krotova, 1990). 

Lady beetles are characterized by high abundance, 
high searching capacity, the abilities to migrate over 
considerable distances in search of food, concentrate 
in areas of high density of pests, and suppress the pest 
outbreaks; high voracity combined with resistance to 
starvation and the ability to feed, under unfavorable 

conditions, on pollen, nectar, plant sap, fungi (pow-
dery mildew), and various soft-bodied insects, these 
features allowing lady beetles to survive under critical 
conditions detrimental to other entomophages; high 
fecundity and considerable potential rates of popula-
tion growth; ecological plasticity, allowing them to 
occupy a variety of biotopes (Meier, 1940; Yablokov-
Khnzorian, 1970; Kuznetsov, 1973; Savoiskaya, 1983, 
1991). All these features set lady beetles apart from 
other predatory entomophages. 

This work continues our research of the fauna and 
ecological features of Coccinellidae and the impact of 
agrotechnical methods and cereal cultivation techno-
logy on their abundance. 

MATERIALS AND METHODS 

Research was carried out in 1986–1993, 1998–2000, 
and 2005–2007 at Elitnoe experimental farm (Novo-
sibirsk District, Novosibirsk Province), located in the 
northern forest-steppe zone of West Siberia. The 
abundance, species composition, and specific biolo-
gical features of lady beetles were studied during the 
vegetation season in commercial cereal crops: winter 
rye, spring wheat, and oats. Insects were collected by 
20–30 standard net-sweeps at 10 sites within each 
crop, once every 1–2 weeks. For comparability, the 
data were recalculated per 100 net-sweeps. The num-
ber of aphids and adults and larvae of Coccinellidae 
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was determined for each survey and for the whole 
vegetation season. The relation between the abundance 
of aphids and that of lady beetles was assessed by 
correlation analysis. The species composition of lady 
beetles was also determined in spring wheat fields in 
Kochkovsky and Krasnozersky districts of Novo-
sibirsk Province. The long-term mean accumulated 
temperatures above +5…+10°C in Novosibirsk Dis-
trict are 1840–2000°, those above +10…+12°C are 
1570–1750°; the long-term mean annual precipitation 
is 390–450 mm. The corresponding parameters for 
Kochkovsky District are 1840–2000, 1570–1750°C, 
and 330–390 mm; those for Krasnozersky District are 
1910–2000, 1660–1750°C, and 290–340 mm (Adap-
tive-Landscape Agriculture…, 2002). Besides cereal 
crops, insects were surveyed on bird cherry trees 
growing in steppe forest patches and forest shelter 
belts. Species of Coccinellidae were identified using 
collection material previously identified by G.I. Savoi-
skaya (Kazakhstan Research Institute for Plant Protec-
tion and Quarantine, Almaty) and V.P. Semyanov 
(Zoological Institute, Russian Academy of Sciences, 
St. Petersburg).  

For biological studies, lady beetles at all stages of 
development were collected in the fields. The pre-
imaginal stages were kept singly in Petri dishes until 
emergence of adults; the duration of development was 
recorded. To determine their voracity, larval and adult 
lady beetles were fed on adults or late instar nymphs 
of the grain or bird cherry-oat aphids, which were 
provided in excess. The experiments were carried out 
in 15 replicates. 

The effects of the methods of spring wheat cultiva-
tion on Coccinellidae were studied during the long-
term stationary experiments at the Siberian Institute of 
Agriculture and Chemicalization. The effects of the 
tillage variant, pesticide application, and the culture 
preceding wheat in the crop rotation scheme (fallow, 
wheat, wheat, oats, wheat) were assessed in the first 
experiment in 1992–1993. The test plots were 130 m2 
in area. The tests were carried out in three replicates. 
The abundance of aphids and their predators was as-
sessed in wheat grown after fallow and as the 4th crop 
after fallow, without tillage and in three variants  
of tillage: plowing (25–27 cm deep for the 3rd and  
4th crops after fallow, 20–22 cm deep in other cases), 
deep cultivation (25–27 cm deep for the 3rd and  
4th crops after fallow, 20–22 cm deep in other cases), 
and sweep cultivation (12–14 cm deep). Three variants 
of chemical treatment were tested: without fertilizers 

or pesticides, with fertilizers only (phosphorus in ef-
fective dosage of 120 kg/ha at fallow termination, 
nitrogen in effective dosage of 60 kg/ha before the  
2nd and 3rd crops, nitrogen in effective dosage of  
80 kg/ha before the 4th crop), and with a complete set 
of chemicals (fertilizers as in the preceding variant; 
herbicides, fungicides, and insecticides according to 
the actual phytosanitary situation in agrocenoses). In 
1992, wheat was treated with Puma Super 7.5 herbi-
cide (1 l/ha) at the stage of 2–3 true leaves, with  
2,4-DA herbicide (2 l/ha) mixed with CCC 460 growth 
regulator (2 l/ha) at the tillering stage, and with Tilt 
fungicide (0.5 l/ha) at the early heading stage. In 1993, 
wheat was treated with Puma Super 7.5 (1 l/ha) and 
Granstar (25 g/ha) herbicides and with CCC 460 
growth regulator (2 l/ha) at the tillering stage and with 
mixture of Bayleton fungicide (1 kg/ha) and Fastac 
insecticide (0.1 l/ha) at the flag leaf and early heading 
stage. The insecticide was used against the wheat 
thrips Haplothrips tritici (Kurd.). 

In the second experiment in 1998–2000, the effect 
of forecrops on the abundance of Coccinellidae and 
cereal aphids in wheat fields was studied in three  
cereal crop rotation systems (vetch-oat intercrop, 
wheat, wheat, barley; rape, wheat, wheat, barley; 
wheat, oats, wheat, barley), two cereal-fallow systems 
(fallow, wheat, wheat, barley; fallow, winter rye, 
wheat, barley), and one cereal-grass system (melilot, 
winter rye, wheat, barley), and also in fields of wheat 
and alfalfa grown without rotation. Fertilizers were 
applied in autumn before tillage. Phosphoric fertilizers 
were used in effective dosage of 30 kg/ha per crop. 
The annual effective dosage of nitrogenous fertilizer 
before wheat after all the forecrops except fallow was 
60 kg/ha. Treatment with herbicides and fungicide was 
carried out according to the actual phytosanitary situa-
tion. The insecticide (Fastac, 0.1 l/ha) was used in 
1999 during the wheat tillering stage, in tank mixture 
with herbicides. The area of fields in crop rotation was  
475 m2. The tests were carried out in three replicates. 
Insects were surveyed in wheat grown as the 1st and 
2nd crops after fallow, in wheat crops after winter rye, 
oats, vetch-oat intercrop, barley, and rape, in wheat 
cultivated for several years without rotation, in all the 
forecrops, and also in barley-melilot intercrop and in 
permanent alfalfa. 

In 2005–2007, the effect of cultivation methods of 
spring wheat (Novosibirskaya 29 variety) on cereal 
aphids and predatory insects was assessed. Three 
methods were studied: (1) extensive (control), without 
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any chemical treatment; (2) normal, including applica-
tion of fertilizers (phosphorus in effective dosage of 
20 kg/ha with row application at sowing) and herbi-
cides against dicot weeds (in 2006, 0.6 l/ha of Dialen 
Super; in 2005 and 2007, 0.7 l/ha of Elant); (3) inten-
sive, which included, besides the components of the 
normal method, also seed treatment (Raxil, 1.5 l/ton), 
application of nitrogenous fertilizer before sowing 
according to soil diagnostics, application of herbicide 
against monocot weeds (0.5 l/ha of Puma Super 100), 
fungicide (in 2005–2006, 0.6 l/ha of Falcon; in 2007, 
0.5 l/ha of Tilt), growth regulator (in 2007, 1.5 l/ha of 
CCC 460), and when needed, insecticide against culm 
pests (in 2006, 0.25 l/ha of Decis; in 2007, 0.05 l/ha of 
Decis Extra) used at the stage of 2–3 true leaves. The 
test plots were 2070 m2 in area; the experiments were 
carried out in 3 replicates with a systematic arrange-
ment of the variants. 

The pests and beneficial insects were surveyed in 
the experimental fields during the vegetation season 
by 10–30 standard net-sweeps for each variant every 
7–10 days, in 3 or 4 replicates. The data were recalcu-
lated per 10 or 50 net-sweeps. 

The results were statistically processed by correla-
tion analysis and by one-way or multi-way ANOVA; 
95% confidence intervals were determined for the 
mean abundance values. 

RESULTS AND DISCUSSION 

Of the predatory entomophages, lady beetles are 
among the first to appear on spring cereal crops, and 
they also remain prevalent there for almost the entire 
vegetation season. For instance, in the years of our 
research the abundance of Coccinellidae varied during 
vegetation from 33% in the wheat stand and from 40% 
in the oat agrocenosis to 100% of the total abundance 
of predatory entomophages. During the period of the 
highest pest density, Coccinellidae comprised 29–70 
and 33–91% of the total abundance of predatory ento-
mophages in the wheat and oat agrocenoses, respec-
tively. For the whole vegetation season, lady beetles 
comprised 28–64% of the total number of predators on 
wheat and 52–82% on oats. In some infrequent sea-
sons the fraction of lady beetles did not exceed 11%  
at the highest pest density and 14% for the whole 
vegetation season. Strong positive correlations were 
observed between the abundance of cereal aphids and 
that of predatory lady beetles in the spring cereal agro-
cenoses, both for the period of the highest density of 

pest populations (r = +0.93) and for the whole vegeta-
tion season (r = +0.89).  

In winter rye fields lady beetles were prevalent till 
mid-July, when they comprised 48–82% of the total 
abundance of predators. Later in the season, predatory 
damsel bugs of the genus Nabis became the most 
abundant whereas the fraction of lady beetles de-
creased to 1–20%. Correspondingly, the correlation 
between the abundance of lady beetles and that of 
cereal aphids in the winter rye agrocenosis was weaker 
(r = +0.59). Lady beetles comprised 12–68% of the 
total abundance of predatory entomophages at the 
peak of the aphid density, and 11–70% for the whole 
season. 

In Kochkovsky District of Novosibirsk Province, 
slightly differing from Novosibirsk District in heat 
provision and precipitation, Coccinellidae were domi-
nant in wheat crops (45%) and comprised up to 26% 
of the total abundance of predators in the oat agro-
cenosis. In Krasnozersky District, having a warmer 
and drier climate, the prevalent predators in wheat 
crops were more thermo- and xerophilous damsel bugs 
and lacewings, whereas lady beetles comprised no 
more than 11% of the total abundance of predatory 
entomophages. 

Of the recorded lady beetles, seven species prefer 
woody vegetation, including bird cherry trees where 
they feed on the bird cherry-oat aphid: Calvia quatuor-
decimguttata L., C. decemguttata L., Coccinella quin-
quepunctata L., C. hieroglyphica L., Adalia bipunc-
tata L., Anatis ocellata L., and Harmonia axyridis 
Pall. These species appear in cereal fields either occa-
sionally or in case of food shortage in their principal 
habitats. Their abundance on the studied cereal crops 
was no more than 0.5–1% of the total abundance of 
Coccinellidae. At the same time, other authors did 
record the development of Calvia decemguttata and 
Harmonia axyridis in agrocenoses (Kuznetsov, 1993). 
During the season lady beetles may change habitats 
within the biotope and also migrate to different bio-
topes (Savoiskaya, 1983). Such species as Coccinella 
trifasciata L., Coccinula quatuordecimpustulata L.,  
C. sinuatomarginata Fald., Hippodamia variegata 
Goeze (= Adonia variegata), H. arctica Schneider  
(= Adonia amoena Fald.), H. septemmaculata De Geer, 
and Anisosticta novemdecimpunctata L. are horto-
bionts, and they were recorded by us in cereal fields. 
In spring, adults of H. arctica and H. variegata occur 
in small quantities in aphid colonies on bird cherry. 
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Semenov (1982) and Kuznetsov (1993) recorded the 
feeding of Coccinella trifasciata on bird cherry. Coc-
cinella septempunctata L., Propylea quatuordecim-
punctata L., and Hippodamia tredecimpunctata L. 
occur  both  on woody  and on  herbaceous  vegetation. 

According to our data, the same three species were 
also dominant on winter rye crops in 1987–1990 and 
on spring cereals in 1987–1988 (Tables 1–3). After 
1990, H. variegata became the prevalent species in the 
winter rye agrocenosis, and P. quatuordecimpunctata, 

Table 1. Relative abundance of adults of the family Coccinellidae in the spring wheat agrocenosis during the vegetation 
season (means, ind./100 net-sweeps) 

1987 1988 1991 1992 1993 1998 1999 2000 2007 
Species 

ind. % ind. % ind. % ind. % ind. % ind. % ind. % ind. % ind. % 
Coccinella 
septempunctata 

61 25.1 81 32.4 20 20.2 64 8.0 16 12.5 13 6.5 1 1.7 13 2.6 2 1.2 

C. trifasciata 1.5 0.6 5 2.0 0 0.0 23 2.9 0 0.0 1 0.5 0 0.0 10 2.0 1 0.6 
Propylea  
quatuordecim-
punctata 

105.5 43.4 72 28.9 6 6.1 341 42.6 40 31.3 103 51.5 46 76.7 233 47.0 77 47.5

Hippodamia 
variegata 

0 0.0 0 0.0 54 54.5 29.5 3.7 4 3.1 20 10.0 3 5.0 136 27.4 20 12.3

H. arctica  0.5 0.2 2.5 1.0 17 17.2 308.5 38.5 60 46.9 46 23.0 10 16.7 63 12.7 18 11.1
H. tredecim-
punctata 

73 30.0 87.5 35.2 1 1.0 35 4.4 8 6.3 10 5.0 0 0.0 40 8.1 43 26.5

H. septem-
maculata 

1 0.4 0 0.0 0 0.0 0 0.0 0 0.0 6 3.0 0 0.0 0 0.0 0 0.0 

Anisosticta 
novemdecim-
punctata 

0 0.0 0.5 0.2 0 0.0 0 0.0 0 0.0 1 0.5 0 0.0 1 0.2 1 0.6 

Coccinula 
sinuato-
marginata 

0 0.0 0.5 0.2 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 

C. quatuor-
decimpustulata 

0.5 0.2 0 0.0 1 1.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 

Total, ind. 243 ± 29.8 249 ± 50.9 99 ± 9.2 801 ± 72.1 128 ± 23.2 200 ± 20.5 60 ± 7.2 496 ± 54.5 162 ± 18.3

In 1991, surveys were conducted in Kochkovsky District. 

 
Table 2. Relative abundance of adults of the family Coccinellidae in the oat agrocenosis during the vegetation season 
(means, ind./100 net-sweeps) 

1986 1987 1998 1999 2000 
Species 

ind. % ind. % ind. % ind. % ind. % 
Coccinella septempunctata 29.5 11.3 34.5 34.8 3 10.0 0 0.0 30 17.3 
C. trifasciata 3 1.2 1 1.0 0 0.0 1 5.9 1 0.6 
Propylea quatuordecimpunctata 80 30.7 29.5 29.8 17 56.7 10 58.8 50 28.9 
Hippodamia arctica  3 1.2 0.5 0.5 7 23.3 3 17.6 23 13.3 
H. variegata 0 0.0 0 0.0 3 10.0 3 17.6 23 13.3 
H. tredecimpunctata 145 55.7 33 33.3 0 0.0 0 0.0 46 26.6 
Coccinula sinuatomarginata 0 0.0 0.5 0.5 0 0.0 0 0.0 0 0.0 
Total, ind. 260.5 ± 61.1 99 ± 25.2 30 ± 9.2 17 ± 6.5 173 ± 38.4 
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in the wheat and oat agrocenoses. In the same years,  
H. tredecimpunctata, H. arctica, and P. quatuordecim-
punctata were also abundant on winter rye, and H. tre-
decimpunctata, H. arctica, and H. variegata, on spring 
crops. Coccinula sinuatomarginata has not been re-
corded on cereal crops since the beginning of the sea-
son of 1990. After 1991, C. quatuordecimpustulata 
was found in 2008 in the wheat stand where it reached 
the density of 25 ind./50 net-sweeps in some surveys. 
The highest abundance of larvae in the cereal fields 
during the study years was recorded for Coccinella 
septempunctata, P. quatuordecimpunctata, and H. tre-
decimpunctata (Table 4). The prevalence of certain 
species of Coccinellidae in different years may be 
caused by changes in the long-term dynamics of their 
population density, and also by the action of some 
ecological factors. 

In the forest-steppe of West Siberia, lady beetles 
emerge after overwintering in late April and early 
May. First they keep close to their wintering places 
and then, as the air temperature grows, they colonize 
wild motley grass areas where they predate on small 
insects and also visit the flowers of coltsfoot, dande-
lion, and other plants to feed on nectar and pollen. 
After the appearance of aphid colonies, lady beetles 

spread over various biotopes. Coccinella septempunc-
tata, H. tredecimpunctata, and P. quatuordecimpunc-
tata permanently occur and reproduce on herbaceous 
vegetation in forest shelter belts near cereal fields.  
In the middle of June, when the density of pests on 
cereals is still low, these lady beetles occur in great 
numbers (up to 62 ind./100 net-sweeps) on perennial 
legumes. They live and reproduce on alfalfa, melilot, 
and clover during the whole vegetation season. In the 
last third of May, aggregations of H. variegata may  
be observed on melilot and alfalfa (up to 220 and  
156 ind./100 net-sweeps, respectively), and those of  
H. arctica, on melilot (up to 20 ind./100 net-sweeps). 
These species probably overwinter in perennial herba-
ceous vegetation. 

In May and June, most of the adult Coccinellidae 
feed on aphid colonies on bird cherry. At the end of 
the first and the beginning of the middle third of June 
lady beetles start laying eggs on the underside of 
leaves. Eggs, larvae, pupae, and adults of Coccinelli-
dae were found on bird cherry during the last third of 
June. Most of the larvae pupate by the end of June, 
when emigration of aphids from bird cherry trees is 
completed; the emerging adult lady beetles leave the 
trees. 

Table 3. Relative abundance of adults of the family Coccinellidae in the winter rye agrocenosis during the vegetation 
season (means, ind./100 net-sweeps) 

1987 1988 1989 1990 1998 1999 2000 
Species 

ind. % ind. % ind. % ind. % ind. % ind. % ind. % 
Coccinella sep-
tempunctata 

9 8.9 29.5 28.5 18 24.3 14 32.3 7 13.2 1 3.3 7 14.0 

C. trifasciata 0 0.0 0.5 0.5 2 2.7 1 2.3 3 5.7 0 0.0 0 0.0 
Propylea quatuor-
decimpunctata 

17.5 17.2 22.5 21.7 18 24.3 9.5 21.8 3 5.7 3 10.0 10 20.0 

Hippodamia 
variegata 

0.5 0.5 7 6.8 8 10.8 2 4.6 23 43.4 16 53.3 26 52.0 

H. arctica  0 0.0 13 12.6 6 8.1 3 6.9 7 13.2 10 33.3 7 14.0 
H. tredecim-
punctata 

67 66.0 24 23.2 18 24.3 6 13.8 10 18.9 0 0.0 0 0.0 

H. septemmaculata 1 1.0 2 1.9 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 
Anisosticta novem-
decimpunctata 

6.5 6.4 4.5 4.3 2 2.7 7 16.1 0 0.0 0 0.0 0 0.0 

Coccinula sinua-
tomarginata 

0 0.0 0.5 0.5 2 2.7 0.5 1.1 0 0.0 0 0.0 0 0.0 

C. quatuordecim-
pustulata 

0 0.0 0 0.0 0 0.0 0.5 1.1 0 0.0 0 0.0 0 0.0 

Total, ind. 101.5 ± 23.1 103.5 ± 29.9 74 ± 13.2 43.5 ± 8.8 53 ± 9.1 30 ± 5.3 50 ± 8.3 
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In early and warm springs, lady beetles appear in 
the winter rye agrocenosis in late April and the first  
10 days of May, and in case of a late spring, during the 
last two thirds of May, often even before the hatching 
of the grain aphid from the overwintered eggs. Spring 
crops are colonized by lady beetles during the first or 
middle third of June, when cereal shoots and aphids on 
them appear. The density of Coccinellidae is low  
during this period but grows considerably (up to  
6–38 ind./100 net-sweeps) by the end of June and be-
ginning of July. Oviposition of lady beetles on cereal 
crops was observed from the end of the middle third of 
June to the first 10 days of July. The duration of ovi-
position is about one month. The whole reproduction 
period of Coccinellidae may extend over three months 
and more (Zakharov, 1995). In case of a low density of 
aphids, oviposition is delayed or only single individu-
als start reproducing. Lady beetles lay eggs on the 
lower leaves of cereal cultivars or weeds, sometimes 
also on unusual objects (such as labels on plants, etc.), 
nearly always outside the aphid colonies. Eggs are laid 
in batches of 5–50. 

The egg stage lasts 3–5 days under the laboratory 
conditions. Larvae of Coccinella septempunctata,  
P. quatuordecimpunctata, H. tredecimpunctata, C. tri-
fasciata, and Calvia quatuordecimguttata develop in 
8, 8, 9–12, 9–10, and 10–14 days, respectively. Larvae 
of the last, 4th instar stop feeding, attach themselves to 

the substrate by the tip of the abdomen, and pupate 
immediately or in 1–2, less often in 3 days. The pupal 
stage lasts 4, 4–5, 4–5, 5, and 3–5 days, respectively. 
The development of these species from egg to adult is 
completed in 16, 17, 15–17, 15–16, and 17–21 days, 
respectively. 

In the cereal agrocenoses larvae start hatching in 
late June and early July. The highest density of the 
larvae is observed in the last two thirds of July, when 
100 net-sweeps yield on average from 2.5 (at low  
densities of cereal aphids) to 51, in some years to  
105 larvae; the abundance of adult lady beetles de-
creases considerably by this time. The peak abundance 
of lady beetle larvae coincides with that of aphids or 
deviates from it on average by a week to either side. 
Most larvae complete development by the time of crop 
ripening. In favorable weather, single larvae may de-
velop on the stubble till the end of September. 

Pupation begins in the middle or the last third of 
July. Larvae pupate on the upper side of leaves of 
cereal cultivars or weeds, on the stems, ears, and awns 
where the aphids feed. Mass pupation of Coccinellidae 
is observed in the last third of July and the beginning 
of August. The peak abundance of adults of the new 
generation was recorded in the middle third of August 
on winter rye (14–25 ind./100 net-sweeps) and from 
the first to the beginning of the last third of August on 
spring cereals (48–70 and 30–85 ind./100 net-sweeps 

Table 4. Relative abundance of larvae of the family Coccinellidae in cereal agrocenoses during the vegetation season 
(means, ind./100 net-sweeps) 

Coccinella  
septempunctata 

Propylea  
quatuordecimpunctata 

Hippodamia  
tredecimpunctata 

Larvae of other lady 
beetle species and 
first-instar larvae Year Total number 

of ind. 
ind. % ind. % ind. % ind. % 

Winter rye 
1987 7.5 ± 6.6 0 0.0 0.5 6.7 3.5 46.7 3.5 46.7 
1988 24 ± 19.1 11.5 47.9 3 12.5 9 37.5 0.5 2.1 
1990 5.5 ± 1.2 33.5 63.6 1 18.2 1 18.2 0 0.0 

Spring wheat 
1987 44 ± 16.7 11 25.0 6 13.6 19 43.2 8 18.2 
1988 46.5 ± 17.7 30.5 65.6 4.5 9.7 10.5 22.6 1 2.1 
1992 205 ± 31.5 84 41.0 99 48.3 8 3.9 14 6.8 
1993 337 ± 39.2 313 92.9 21 6.2 0 0.0 3 0.9 

Oats 
1986 200.5 ± 27.2 96.5 48.1 3 1.5 87 43.4 14 7.0 
1988 130.5 ± 63.6 100 76.6 6 4.6 7.5 5.7 17 13.0 
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on wheat and oats, respectively). At the end of the 
vegetation season the density of adult lady beetles in 
the fields varied from 6 to 25 ind./100 net-sweeps. 
After crop harvesting, Coccinellidae were absent  
in the fields or present at low densities (1–7.5 ind./ 
100 net-sweeps). Single beetles were recorded on  
cereal stubble until late September and early October. 

According to the data of Kuznetsov (1973), H. tre-
decimpunctata and P. quatuordecimpunctata are bi-
voltine species. Coccinella septempunctata is also pre-
dominantly bivoltine but in West Siberia it produces 
one, and only in particularly favorable years, two gen-
erations; H. variegata is a polyvoltine species (Savoi-
skaya, 1983). According to our data, lady beetles oc-
curring in cereal crops develop in one generation. 

At the end of summer and in autumn lady beetles 
start to concentrate in their wintering places. Coccinel-
lidae overwinter as adults, in forest shelter belts, shrub 
thickets, motley grass stripes along roads, finding shel-
ter under fallen leaves, dry grass, soil clumps, de-
tached tree bark, etc. 

Adults and larvae of the species of Coccinellidae 
considered herein are polyphagous predators. Their 
main diet includes various species of aphids but they 
may also feed on psyllids, eggs and larvae of plant-

hoppers, flies, phytophagous bugs, cereal leaf beetles 
and other beetles, lepidopterans, thrips, mites, etc. 
Feeding of Hippodamia tredecimpunctata on eggs and 
larvae of the Colorado potato beetle, and of C. septem-
punctata on larvae of Phytonomus weevils was re-
corded (Savoiskaya, 1983). In terms of voracity lady 
beetles are second only to larvae of syrphid flies. 
Among Coccinellidae, the most voracious are the  
4th instar larvae of C. septempunctata. During devel-
opment, a larva of C. septempunctata consumed on 
average 200 ± 15 adult grain aphids, that of P. qua-
tuordecimpunctata, 46 ± 12, that of H. tredecimpunc-
tata, 97 ± 5, that of C. trifasciata, 104 ± 19, and that 
of Coccinula quatuordecimguttata, 95 ± 9 aphids. 
Adult lady beetles are less voracious than their larvae. 
In particular, males of Coccinella septempunctata,  
P. quatuordecimpunctata, H. tredecimpunctata, C. tri-
fasciata, and Coccinula quatuordecimguttata con-
sumed 19 ± 2, 9 ± 1, 18 ± 3, 12 ± 4, and 17 ± 3 bird 
cherry-oat aphids a day, respectively, and females of 
these species consumed 28 ± 5, 11 ± 2, 18 ± 3, 11 ± 4, 
and 17 ± 3 aphids, respectively. Lady beetles feed 
most actively in the daytime, though under the labora-
tory conditions the rate of aphid consumption by unfed 
individuals was the same both by day and night. Sati-
ated lady beetles do not consume whole aphids but 
only eat out the thorax. 

Table 5. The effects of the main soil treatment, level of chemical treatment, and the position of wheat in the crop rotation 
system on the abundance of cereal aphids and adult and larval Coccinellidae in the spring wheat agrocenosis (means, 
ind./10 net-sweeps) 

Cereal aphids Coccinellidae 

wheat after fallow wheat as 4th crop 
after fallow wheat after fallow wheat as 4th crop 

after fallow Tillage variant 
Level of 
chemical 
treatment 

1992 1993 1992 1993 1992 1993 1992 1993 
Plowing 1 133 55 130 69 10.0 5.5 13.0 2.9 
 2 127 102 101 109 10.3 7.9 12.3 4.0 
 3 283 381 272 401 27.9 15.2 10.0 5.7 
Deep cultivation 1 128 28 159 56 12.9 4.2 12.2 3.7 
 2 111 154 127 27 8.0 7.2 11.9 1.0 
 3 299 304 262 211 29.7 14.2 19.7 5.9 
Sweep cultivation 1 260 47 118 39 12.0 5.0 11.9 3.2 
 2 209 95 120 45 9.3 4.5 10.0 2.5 
 3 311 366 252 207 24.7 12.2 13.0 3.5 
No tillage 1 231 55 107 56 22.0 6.9 10.3 4.5 
 2 185 91 125 71 9.5 5.7 8.3 3.3 
 3 283 317 143 205 32.9 13.9 22.0 6.0 

Levels of chemical treatment: 1, no chemicals; 2, fertilizers only; 3, complete set of chemicals. 
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The abundance of Coccinellidae in cereal agro-
cenoses did not depend on the main soil treatment 
system (Table 5): the influence of this factor was no 
greater than 2–5%. On average, in the variants with 
plowing, deep cultivation, sweep cultivation, and no 
tillage the density of adult and larval lady beetles var-
ied from 13.5 to 17.5 ind./10 net-sweeps in 1992 and 
from 5.2 to 6.7 ind./10 net-sweeps in 1993 (Table 6). 

The application of chemicals had a considerable 
impact (24.9–54.7%) on the abundance of adult and 
larval lady beetles (24.9–54.7%). Application of insec-
ticide in 1993 led to a general decrease in the density 
of Coccinellidae as compared with 1992. However, the 
use of fertilizers and pesticides in both seasons facili-
tated a significant increase in the abundance of aphids 
and lady beetles as compared with the variants with no 
chemical treatment (see Table 5). On average for the 
experimental data, the density of lady beetles in crops 
with a full complex of fertilizers and pesticides was 
22.5 and 9.6 ind./10 net-sweeps in 1992 and 1993, 
respectively, which was 2.1–2.3 times as great as their 
abundance in crops with fertilizers but no pesticides, 
and 1.7–2.1 times as great as that in crops with no 
chemical treatment (see Table 6). The reason for this 
is that application of chemicals (when insecticides are 
not used or used at early stages of crop development) 

ensures the best supply of plants with nutrients and 
stimulates their active growth, thus facilitating the 
development and reproduction of pests, including  
cereal aphids, and subsequently also lady beetles and 
other predators. 

In the crops with complex application of chemicals 
in 1992 and in all the variants in 1993, lady beetles 
were more abundant on wheat grown after fallow (see 
Table 5). On average for the experiment, the densities 
of Coccinellidae on wheat grown as the 1st and the  
4th crop after fallow were significantly different in 
both years of research. In particular, the mean density 
of Coccinellidae on wheat after fallow was 17.4 and 
8.5 ind./10 net-sweeps in 1992 and 1993, respectively, 
which was 1.4–2.2 times as great as their density on 
wheat grown as the 4th crop after fallow (see Table 6). 
The influence of the position of wheat in the crop rota-
tion on the abundance of predators was 10–24%. 

There was no significant difference in the abun-
dance of lady beetles on wheat grown after fallow, 
wheat following fallow, winter rye, oats, vetch-oat 
intercrop, rape, and barley, and also on wheat grown 
without crop rotation (Table 7). Lady beetles tended to 
prefer wheat grown after fallow and wheat grown 
without rotation. In two out of three years of research, 
lady beetles were significantly (by 2.5–3.9 times) less 

Table 6. The influence of the main soil treatment, level of chemical treatment, and the position of wheat in the crop 
rotation system on the abundance of cereal aphids and adult and larval Coccinellidae in the spring wheat agrocenosis 
(means, ind./10 net-sweeps; MANOVA results) 

Cereal aphids Coccinellidae 
Factors studied 

1992 1993 1992 1993 
Tillage variant:     

Plowing 175 187 13.9 6.7 
Deep cultivation  179 130 15.7 6.0 
Sweep cultivation 212 133 13.5 5.2 
No tillage 179 133 17.5 6.7 
HCP0.5  62 56 6.2 1.9 

Level of chemical treatment:     
No chemicals 158 51 13.0 4.5 
Fertilizers only  137 87 9.9 4.5 
Complete set of chemicals 263 299 22.5 9.6 
HCP0.5  49 45 3.6 1.7 

Crop position:     
Wheat grown after fallow 213 166 17.4 8.5 
Wheat grown as the 4th crop after fallow 160 125 12.9 3.9 
HCP0.5  53 37 3.7 1.4 

 



PREDATORY LADY BEETLES (COLEOPTERA, COCCINELLIDAE) IN CEREAL AGROCENOSES 

ENTOMOLOGICAL REVIEW   Vol.   98   No.   6   2018 

671

abundant on wheat grown after rape than on wheat 
after fallow. The lowest densities of aphids and Cocci-
nellidae were recorded in 1999 as the result of dry and 
hot weather and the application of insecticide at the 
tillering stage. Some species (H. tredecimpunctata,  
C. septempunctata, and C. trifasciata) were not found 
at all in crops during that season. The abundance of 
lady beetles was restored in 2000. On the whole,  
during the studied seasons of 1998–2000 the influence 
of forecrop on the total abundance of Coccinellidae  
in the spring wheat agrocenosis varied on average 
from 0 to 16.9%. 

In the studied crop rotation systems lady beetles 
were more abundant on the crops most strongly in-
fested with aphids and providing additional food 

sources in the form of nectar and pollen: wheat after 
fallow, oats, vetch-oat intercrop, and in 2000, also 
barley and barley-melilot intercrop (Table 8). As com-
pared with wheat after fallow, the total abundance of 
Coccinellidae was significantly lower on barley in 
1998 (by 4.3 times) and on rape in 2000 (by 7.5 times). 
The preferred habitats of lady beetles were the fields 
of perennial alfalfa, where the density of adults and 
larvae reached on average 19–47.7 ind./10 net-sweeps, 
which was 1.5–17.6 times as high as that on wheat 
after fallow. The influence of the crop on the total 
abundance of Coccinellidae in the corresponding  
agrocenoses during the vegetation season was strong, 
comprising 43.6, 24.0, and 39.8% in 1998, 1999, and 
2000, respectively. 

Table 7. The influence of forecrops on the abundance of cereal aphids and adult and larval Coccinellidae in the spring 
wheat agrocenosis (means, ind./10 net-sweeps) 

Cereal aphids Coccinellidae 
Forecrop 

1998 1999 2000 1998 1999 2000 
Fallow 375 115 439 4.3 2.7 13.0 
Wheat after fallow – 170 499 – 0.3 8.0 
Winter rye 336 201 571 2.7 0.7 9.3 
Oats 357 137 434 2.0 1.0 6.3 
Vetch-oat intercrop 263 75 507 3.0 1.7 7.3 
Rape 298 97 444 1.7 0.7 4.3 
Barley 321 59 614 2.7 1.7 4.7 
Wheat without rotation 353 37 363 4.7 1.0 11.3 
HCP0.5 153 77 227 3.7 1.9 7.2 

 
Table 8. The abundance of cereal aphids and adult and larval Coccinellidae on different crops in rotation systems 
(means, ind./10 net-sweeps) 

Cereal aphids Coccinellidae 
Crops 

1998 1999 2000 1998 1999 2000 
Wheat after fallow  375 115 439 4.3 2.7 13.0 
Winter rye after fallow 72 42 184 2.7 2.0 4.0 
Winter rye after melilot 100 20 155 3.0 1.0 3.3 
Oats 438 268 1025 4.0 2.3 20.0 
Vetch-oat intercrop 380 252 657 7.7 4.0 9.3 
Rape* 51 28 95 3.0 1.0 2.0 
Barley 29 21 226 1.0 1.3 11.3 
Barley-melilot intercrop 96 22 279 2.7 1.7 11.3 
Permanent alfalfa – – – 35.3 47.7 19.0 
HCP0.5 244 91 203 3.2 2.2 9.8 

* The aphids were not identified. 

 



BOKINA 

ENTOMOLOGICAL REVIEW   Vol.   98   No.   6   2018 

672 

Application of fertilizers and pesticides is an inte-
gral part of plant cultivation technology. The stable 
ecological situation in agrocenoses depends on the 
impact of these chemicals on the abundance and effi-
ciency of entomophages. 

During most of the seasons covered by our research, 
the faunas of pests and beneficial insects developed 
similarly in crops grown by extensive and normal cul-
tivation methods (Table 9). In 2005 and 2006, the total 
abundance of aphids in intensively cultivated wheat 
fields, where plants possessed well-developed vegeta-
tive parts and ears, was 1.7–1.9 times as great as in 
extensively cultivated fields and 1.4–1.5 times as great 
as in crops with normal cultivation technology. No 
such difference in the pest abundance was recorded in 
2007. During the seasons of 2005–2007, the total 
abundance of Coccinellidae in intensively cultivated 
wheat stands was 1.2–4 times as great as that in  
the variants with extensive and normal cultivation 
methods. 

Thus, lady beetles constitute one of the prevalent 
and efficient groups of entomophages in the cereal 
agrocenoses of the forest-steppe zone of West Siberia. 
The most common of them are Propylea quatuor-
decimpunctata, Hippodamia tredecimpunctata, Cocci-
nella septempunctata, H. variegata, and H. arctica. 
Different variants of soil treatment before sowing 
wheat do not affect the density of Coccinellidae. 
Wheat crops grown after fallow and cultivated with 
application of chemicals (without insecticides or with 
application of insecticides at early stages of crop de-
velopment) are characterized by better developed 

stems and ears; this attracts pests and, in turn, also 
lady beetles and other entomophages. The preferred 
habitats of lady beetles are fields of perennial alfalfa. 
An important role in maintaining their abundance  
belongs to the surrounding biotopes: forest shelter 
belts, wild motley grasses, fields of clover, melilot, 
and other perennial and biennial legumes. 

REFERENCES 
1. Adaptive-Landscape Agriculture Systems in Novosibirsk 

Province, Ed. by Kiryushin, V.I. and Vlasenko, A.N. 
(Novosibirsk, 2002) [in Russian].  

2. Aleeva, M.N. and Babushkina, N.G., “Entomophages of 
Cereal Aphids,” in Proceedings of the Siberian Institute 
of Agriculture and Chemicalization (Novosibirsk, 1977), 
pp. 69–78 [in Russian]. 

3. Bokina, I.G., “Specific Bioecological Features of Cereal 
Aphids (Homoptera, Aphididae) in West Siberia and the 
Effects of Agrotechnical Methods on Them,” Trudy 
Russkogo Entomologicheskogo Obshchestva 83 (1),  
29–37 (2012). 

4. Ecology and Behaviour of the Ladybird Beetles (Cocci-
nellidae), Ed. by Hodek, I., van Emden, H.F., and 
Honek, A. (Wiley–Blackwell, Oxford, 2012). 

5. Evans, E.W., “Searching and Reproductive Behavior of 
Female Aphidophagous Ladybirds (Coleoptera: Cocci-
nellidae). A Review,” European Journal of Entomology 
100 (1), 1–10 (2003). 

6. Filatova, I.T., “Predatory Lady Beetles in the Middle Ob 
Basin,” in Studies of the Biological Method of Control-
ling Agricultural and Forest Pests: Proceedings of  
a Symposium, Part 2 (Nauka, Novosibirsk, 1965),  
pp. 135–139. 

7. Klementyeva, L.B., “The Insect Fauna of Spring Wheat 
and Barley Crops,” in Proceedings of Omsk State Peda-

Table 9. The influence of the spring wheat cultivation method on the abundance of cereal aphids and adult and larval 
Coccinellidae during the vegetation seasons (means, ind./50 net-sweeps) 

Cereal aphids Coccinellidae 
Cultivation method 

2005 2006 2007 2005 2006 2007 
Wheat grown after fallow 

Extensive – 357 410 – 15.5 13.3 
Normal – 472 402 – 17.2 11.7 
Intensive – 662 488 – 30.0 23.8 
HCP0.5  – 243 267 – 9.8 10.2 

Wheat grown after wheat following fallow 
Extensive 647 – 587 16.2 – 6.2 
Normal 722 – 385 24.5 – 20.0 
Intensive 1088 – 337 35.5 – 24.5 
HCP0.5  245 – 327 14.3 – 8.7 

 



PREDATORY LADY BEETLES (COLEOPTERA, COCCINELLIDAE) IN CEREAL AGROCENOSES 

ENTOMOLOGICAL REVIEW   Vol.   98   No.   6   2018 

673

gogical Institute, Issue 14 (Omsk, 1961), pp. 33–46  
[in Russian]. 

8. Krotova, I.G., “Coccinellidae (Coleoptera) as Entomo-
phages of Cereal Aphids in the Forest-Steppe of the Ob 
Region,” Sibirskii Vestnik Selskokhozyaistvennoi Nauki 
5, 43–50 (1990). 

9. Kuznetsov, V.N., Candidate’s Dissertation in Biology 
(Novosibirsk, 1973). 

10. Kuznetsov, V.N., Coccinellidae (Coleoptera) of the 
Russian Far East: in Two Parts (Dalnauka, Vladi-
vostok, 1993) [in Russian]. 

11. Meier, N.F., “A Theoretical Foundation of the Bio- 
logical Method of Controlling Insect Pests,” Vestnik  
Zashchity Rastenii, Nos. 1–2, 143–152 (1940). 

12. Michels, G.J., Elliott, N.C., Romero, R.A., Owings, D.A., 
and Bible, J.D., “Impact of Indigenous Coccinellids on 
Russian Wheat Aphids and Green Bugs (Homoptera: 
Aphididae) Infesting Winter Wheat in the Texas Pan-
handle,” Southwestern Entomologist 26 (2), 97–114 (2001). 

13. Mokhrin, A.A., Candidate’s Dissertation in Biology  
(St. Petersburg–Pushkin, 2009). 

14. Savoiskaya, G.I., “On the Study of Coccinellidae of 
West Siberia,” Uchenye Zapiski Tomskogo Pedagogi-
cheskogo Instituta 19 (1), 101–106 (1961). 

15. Savoiskaya, G.I., Larvae of Lady Beetles (Coleoptera, 
Coccinellidae) of the Fauna of the USSR (Nauka,  
Leningrad, 1983) [in Russian].  

16. Savoiskaya, G.I., Lady Beetles Feeding on Aphids  
(Agropromizdat, Moscow, 1991) [in Russian]. 

17. Semenov, P.V., “Lady Beetles as Predators of Cereal 
Aphids,” Sibirskii Vestnik Selskokhozyaistvennoi Nauki 
5, 45–48 (1982). 

18. Semyanov, V.P., “Lady Beetles in the Agrocenoses of 
Belarus,” in The Biological Method of Plant Protection: 
Abstracts of Papers of a Scientific Conference (Minsk, 
1984), pp. 69–71. 

19. Telenga, N.A., The Biological Method of Controlling 
Insect Pests: Predatory Lady Beetles and Their Use in 
the USSR (Ukrainian SSR Academy of Sciences, Kiev, 
1948) [in Russian]. 

20. Voronin, K.E., Shapiro, V.A., and Pukinskaya, G.A., 
Biological Protection of Grain Crops from Pests (Agro-
promizdat, Moscow, 1988) [in Russian]. 

21. Yablokov-Khnzorian, S.M., “The Life of the So-Called 
Lady Beetles,” Priroda, No. 3, 44–49 (1970). 

22. Zakharov, I.A., “The Two-Spotted Ladybird (Adalia 
bipunctata L.) as an Object of Genetic Studies,” Gene-
tika 31 (2), 149–161 (1995). 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


