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Abstract  
 
120 species of plants belonging to 92 genera of 29 families are recorded as food resources for hoverflies in the 
southem Trans-Urals. The mutual relationships between 169 species of 48 genera of Syrphidae and flowering 
plants are investigated. Feeding of all hoverfly species on Magnoliopsidae and 37 species on Liliopsidae is 
recorded. The range of most popular plant families for flies in order of preference is as follows: Rosaceae, 
Apiaceae, Asteraceae Ranunculaceae, Euphorbiaceae, Brassicaceae, Salicaceae and Alismataceae; and the most 
popular plant species as follows: Taraxacum officinale (Asteraceae), Euphorbia virgata (Euphorbiaceae), 
Spiraea crenata (Rosaceae), Heracleum sibiricum (Apiaceae), Caltha palustris (Ranunculaceae) and 
Cenolophium denudatum (Apiaceae). It is noted that 118 species of hoverflies are polyphagous, 12 species are 
oligophagous, and 39 species are found on only one plant species. The reasons for different Syrphidae 
preferring / visiting particular plant species is analyzed.  
 
 
Introduction  
 
Syrphid flies actively visit the flowers of various plants, feeding on their pollen and nectar [Grinfeld, 1955; 
1962], however, the degree of activity of visiting certain plants is different. This has been noted in a number of 
works devoted to the ecology of hoverflies, although in many of them only summaries of the fodder plants of 
adult syrphids are given [Bagachanova, 1990; Holloway, 1976; Keilbach, 1954; Leereveld et al., 1976; Malec, 
1986; Radisic et al., 1999,2001 a, 2001 b; Reemer 1999; Stelleman & Meeuse, 1976]. Anthophilic complexes of 
some plants were studied by Mutin [1983a, 1983b, 1987a, 1987b] and Gritskevich [1998]. An interesting 
question turned out to be: do the hoverflies give preference to one or another plant taxa or visit the latter by 
chance? If the answer is yes, the next question arises: what are the reasons for this?  
 Haslett [1989] tried to connect food preferences with the colour of flowers visited by hoverflies, 
Ssymank [Ssymank, 2001; 2002a; 2002b] also linked the visits of syrphids with the colour and shape of their 
flowers. The preference of certain plant species by hoverflies is also explained by differences in the structure of 
the mouthparts of hoverflies [Gilbert, 1981, 1985; Mutin, 1985]. All these works were performed on the basis 
of consideration of the contents of the hoverfly intestine and the presence of pollen there. Dlusskii & Lavrova 
[2001] carried out a quantitative analysis of pollen from different plant species found in the intestines of 
syrphids, from which they made conclusions about differences in the feeding of flies, and the degree of 
differences and taxonomic affinity of species did not correlate with each other. Gritskevich, having studied the 
anthophilic complexes of 18 plants widespread in the Lower Amur region, pointed out that the degree of 
difference between these complexes is influenced by the time factor (the period of flowering of the plant) and 
the spatial factor (type of landscape). In addition, he explained the similarity in anthophilic complexes among 
plants by the similar structure of their inflorescences [Gritskevich, 1998]. In the work of Barkalov & Burlak 
[2000], devoted to the relationship of hoverflies of the genus Cheilosia Mg. and flowering plants, the reasons 
for the differences in food preferences in different species of flies are discussed, such as the coincidence of the 
flight period of Cheilosia and the flowering period of plants, the taxonomic similarity of plant species, the 
similarity of the biotopic distribution of plants and places of breeding of flies, the discrepancy in the sizes of 
ranges in Cheilosia and plants, the attractiveness of flowers and a number of others. In this work, a preliminary 



qualitative analysis of data on Cheilosia food plants is carried out, without quantitative accounting of the 
visiting of food plants, although they are necessary to reveal the true picture of the preference of certain plant 
species by syrphids.  
 The aim of our work was to study the feeding relationships of hoverflies with flowering plants, and to 
compare the obtained data with the available information on the reasons for the preference of certain plants 
by hoverflies. For this, the spectrum of plants visited by syrphids and data of quantitative counts of hoverflies 
on the most visited plant species were analyzed. The analysis used original materials for all syrphid species 
inhabiting the territory of the southern Trans-Urals, which makes it possible to compare the results obtained 
with the data on food preferences of Cheilosia hoverflies of the Palearctic [Barkalov & Burlak, 2000].  
 
Material and methods  
 
The work is based on the author's collections in the period from 1998 to 2002 on the territory of the Southern 
Trans-Urals. This region is located in the southwest of the West Siberian Plain. Most of the region is occupied 
by the Kurgan region. We also include the southern part of the Tyumen region, the southeast of the Sverdlovsk 
region, bordering the Kurgan region in the north, and the eastern part of the Chelyabinsk region on its western 
border within the Southern Trans-Urals.  
 When collecting food plants, only those plants were taken into account whose nectar and pollen were 
directly consumed by hoverflies. All plants were identified by Ph.D. NI Naumenko (Kurgan State University). The 
volume and names of plant taxa are consistent with the monograph by SK Cherepanov [1995].  
 For quantitative counts, plots with abundantly flowering plants were selected, and flies were collected 
from the flowers of each plant species with a net for 10 minutes of every hour. In total, 40 daily counts were 
carried out during the research period (from 7 to 21 hours). In addition to these counts, insects were collected 
directly from flowers once a day for 10 minutes throughout the entire flowering period of a particular plant 
species. The count was carried out during the hours of maximum activity of hoverflies. To assess the qualitative 
similarity of different taxa of plants and syrphids, the Shimkevich – Simpson coefficient was used [Pesenko, 
1972, 1982].  
 To assess the quantitative characteristics of plants according to the attendance of their hoverflies, the 
Chekanovsky-Serensen coefficient was applied. Abundance is expressed in the relative proportion of the 
number, which was calculated by the axis by dividing the total number of individuals by the number of counts. 
The material was processed in the STATISTICA program. When constructing dendrograms, the method of 
unweighted pair-group average was used. Into group objects were clustered by the K-means clustering 
method.  
 
 
Results  
 
Characteristics of plant families visited by syrphids 
During the study period, the relationship with flowering plants was studied for 169 species of 48 genera of 
hoverflies. According to a summary by N.I. Naumenko and D.V. Sukhanov [1999], 1149 species from 420 genera 
and 98 families of flowering plants grow in the Kurgan region. Of these, 120 species of 92 genera from 29 
families were noted as food sources for hoverflies (Table 5). Continued research in this area will significantly 
add to the list of plants in the syrphid food database. The considered plants belong to both classes of flowering 
plants - dicotyledonous (Magnoliopsidae) and monocotyledonous (Liliopsidae) (Fig. 1). Monocots made up only 
110 species from 6 families, on which 37 species (22%) of hoverflies from 20 genera (42%) were recorded. All 
analyzed species of flies visited flowers of dicotyledonous plants (110 species of 23 families).  
 The overwhelming majority of hoverflies were recorded on plants of the subclass Rosidae (Fig. 1) - 135 
species (80%) from 46 genera (96%), which included 40 species of the analyzed plants. The second place in the 
content of plant species (30) and in the number of species of hoverflies that visited them - 89 species (53%) 
from 28 genera (58%) was taken by the subclass Asteridae. The subclass Dilleniidae contains almost two times 



fewer plant species (17) than the previous subclass; however, in terms of the number of hoverfly species 
recorded on these plants, it is slightly inferior to it (85 or 50%), and in terms of the number of insect genera 
visited, it even surpasses (32 or 67%).  
 Of all 29 plant families, the most preferred for hoverflies were, in descending order, the following: 
Rosaceae, Ranunculaceae, Euphorbiaceae, Brassicaceae, Salicaceae and Alismataceae (Fig. 2). All species of 
hoverflies were recorded on these families. The number of plant species of these families visited by syrphids, 
the number and percentage of the total list of the fauna of species and genera of syrphids that visited these 
plant families is given in Table 1.  
 
[ Figure 1. Classes, subclasses and families of plants visited by hoverflies. The figure beneath the title is the 
number of plant species and the fraction above the title is the associated number of hoverfly taxa. 
Abbreviations used: Typha - Typhaceae, Alism - Alismataceae, Butom - Butomaceae, Aliac - Alliaceae, Cyper - 
Cyperaceae, Poace - Poaceae, Salic - Salicaceae, Caryo - Caryophyllaceae, Ranun - Ranunculaceae, Brassic - 
Brassicaceae, Gross - Grossulariaceae, Rosac - Rosaceae, Geran - Geraniaceae, Eupho - Euphorbiaceae, Tilia - 
Tiliaceae, Lythr - Lyrthraceae, Onagr - Onagraceae, Apiac - Apiaceae, Primu - Primulaceae, Limon - Limoniaceae, 
Oleac - Oleaceae, Convo - Convolvulaceae, Borag - Boraginaceae, Lamiac - Lamiaceae, Scroph - 
Scrophulariaceae, Plant - Plantaginaceae, Rubiac - Rubiaceae, Caprif - Caprifoliaceae, Aster - Asteraceae. ] 
 
[ Table 1:  Abundance of hoverfly genera on the different plant families of the southern TransUrals ] 
 
 
Qualitative analysis of the similarity of plants on family, generic and species level 
Clustering of the eight families most preferred by syrphids by the species of hoverflies that visited them 
showed that Salicaceae differed from all other families (Fig. 3). This confirms the uniqueness of the 
entomophilous complex Salicaceae, which is most likely associated with the early flowering of various willow 
species (end of April-May). Flies of the genus Cheilosia dominated on willow trees, with Ch. grossa recorded  
only on members of this family. In the food spectrum of Melangyna barbifrons was also known only from 
willows. Species such as Melangyna triangulifera and Cheilosia angustigena visited, in addition to this family, 
Rosaceae flowers, and Melangyna lasiophthalma - buttercup flowers. Flies of the genus Eristalis were not 
observed on willows.  
 Most species of other plant families bloom in June - September. By their similarity, they were divided 
into two groups. The first group included Alismataceae and Ranunculaceae, and the second - all the other plant 
families under consideration (Fig. 3). Between them, the coefficient of difference (Kp) was 0.36. The difference 
between this pair and other families, first of all, is due to the fact that their representatives are hydro- and 
hygrophytes growing on flooded meadows. They are visited by species mainly confined to damp places. 
However, these families did not show much similarity with each other (Kr - 0.25). This is most likely due to the 
difference in the timing of their flowering: Ranunculaceae bloom in May - first half of June, and Alismataceae - 
in the second half of July.  
 
[ Figure 3: Similarity between plant families according to the composition of hoverfly species ] 
 
 Representatives of plant families of the second group grow in meso- and xerophytic biotopes. The 
greatest similarity was found between Rosaceae and Brassicaceae (Kr - 0.05). All species of hoverflies recorded 
on Brassicaceae (with the exception of Dasysyrphus albostriatus) were also observed on Rosaceae. This is 
probably due to the overlap of the flowering dates of the plant species of these families, when the flowering of 
the main representatives of studied Rosaceae ends (May - mid July), and Brassicaceae are already beginning to 
bloom (late June - September). At the same time, some species of hoverflies continue to visit Brassicaceae 
flowers, and the syrphid complex of this family does not change until autumn. The Apiaceae turned out to be 
different from everything else. The originality of this family is due to the presence of oligophages. In general, at 



the level of plant families, there is a high similarity between them in the species of hoverflies that visited them. 
The difference coefficient is in the range of 0.45.  
 For a more general understanding of the relationships of hoverflies with flowering plants, the similarity 
of plant genera in terms of the syrphid species visiting them was analyzed. The analysis included 20 genera of 
plants visited by the largest number of hoverfly species.  
 The genera of plants were divided into two main groups. The first group combined Salix, Caltha and 
Tussilago: the coefficient of difference between them and the rest of the plant genera was 0.61. The closeness 
of these genera and their difference from all others are not accidental. Tussilago farfara and some species of 
Salicaceae bloom in early spring at the end of April - the second decade of May, when there is not a single 
flowering plant yet. Caltha and other types of Salicaceae bloom a little later. In addition, representatives of 
these genera have similar habitats. The greatest similarity between these plant genera was found in the pair 
Caltha - Tussilago (Kr - 0.27) due to the spring Cheilosia species; with willows the coefficient of difference was 
0.38. This once again confirms the uniqueness of the willow syrphid complex, which the axis above spoke 
about. It should be noted that Caltha had a small coefficient of difference in the species composition of 
hoverflies with Alisma, despite the different timing of their flowering (May and July, respectively) (Kr - 0.31). In 
our opinion, this is due to the fact that representatives of these genera grow in the same biotope - flooded 
meadows. This determines the occurrence of the same long-flying species of hoverflies on them.  
 The second group, in turn, was divided into two subgroups with a difference coefficient of 0.48. The 
first subgroup consisted of the genera Ranunculus, Cerasus, Taraxacum and Spiraea. The flowering period of 
representatives of these genera falls at the end of May - beginning of June. Spiraea has the highest coefficient 
of difference with these genera (Kr - 0.44). The peculiarity of its syrphid complex is due to the following species 
of hoverfly: Leucozona laternarius, Sphaerophoria loewi, Parasyrphus punctulatus, Pipiza austriaca, Triglyphus 
primus, Cheilosia angustigenis, Ch. velutina, Ch. vulpina, Neoascia carinicauda, Orthonevra geniculata, Psilota 
innupta, as well as species of the genus Temnostoma.  
 All other plant genera were in the second subgroup of the second group. Their flowering period is in 
the second half of June - September. The greatest similarity was noted between the genera of the Apiaceae 
family, which bloom mainly in July and which formed one cluster. The highest coefficient of difference with all 
genera was found in Alisma. This is due, first of all, to the fact that Alisma is a moisture-loving plant growing in 
flooded meadows. The syrphid complex of Alisma is distinguished by the presence of a large number of species 
from the genera Platycheirus, Pyrophaena, Neoascia and Chalcosyrphus.  
 To analyze the similarity of plants at the species level by their visiting syrphids, the K-means method 
was applied, which made it possible to divide a large number of taxa into groups according to similarity. It 
seemed most logical to divide all analyzed 120 plant species into 5 groups. The first group consisted mainly of 
plants of the Rosaceae and Apiaceae (33 species). The second group included 28 plant species, mainly from the 
Asteraceae and Brassicaceae. The third group consisted of species of different families, on which a very small 
number (1-2) of hoverfly species was noted: there were 13 species of such plants. Most of them were only 
visited by Sphaerophoria scripta. The fourth group included a set of plants amongst which were all the studied 
representatives of monocotyledons (22 species). The fifth group consisted of 20 species of different families, 
without any predominance.  
 The first and second groups included plants that occur naturally in large populations with an abundant 
number of flowers. They are most attractive to syrphids. A large number of both species and individuals of 
hoverflies were recorded on these plants. On other species, 15 species of hoverfly or fewer were observed. 
Syrphid complexes were analyzed for 24 plant species from the first and second groups. During the study 
period, these plants were used for quantitative counts of hoverflies.  
 According to the nature of preference by syrphids, these 24 plant species were distributed as follows 
(Fig. 4). In first place (places were distributed ± 10, for example, from 50 to 60 species, from 40 to 50, etc.) in 
terms of attendance by hoverflies was Taraxacum officinale with 68 recorded species of hoverflies from 23 
genera. Second place was taken, in decreasing order, by Euphorbia virgata (57 species, 27 genera), Spiraea 
crenata (53 species, 27 genera) and Heracleum sibiricum (52 species, 32 genera). Third place was occupied by 
Caltha palustris (45 species, 17 genera) and Cenolophium denudatum (44 species, 23 genera). Fourth place was 



taken by Cerasus vulgaris (38 species, 21 genera), Sisymbrium loeselii (37 species, 19 genera), Seseli libanotis 
(34 species, 21 genera) and Alisma plantago-aquatica (32 species, 17 genera). All other plant species are in fifth 
place, visited by a small number of species (from 15 to 30). These are the following species: Salix cinerea, S. 
triandra, Ranunculus acris, R. repens, R. polyanthemos, Filipendula vulgaris, F. ulmaria, Kadenia dubia, 
Pastinaca sylvestris, Silaum silaus, Sonchus arvensis, Tripleurospermum inodorum, Tripolium pannonicum and 
Tussilago farfara.  
 
[ Figure 4 : Qualitative and quantitative characteristics of the most preferred plant species by hoverflies. 
Number of hoverfly species and genera (left-hand axis) correlated with the total abundance of hoverflies in the 
sample (right-hand axis) ] 
 
An analysis of the similarity of the above 24 species in terms of the species of hoverflies that visited them 
showed the presence of two main groups (Fig. 5). The first group consists exclusively of spring species (Salix 
cinerea, S. triandra, Tussilago farfara and Caltha palustris), while the second group includes all other species. 
The coefficient of difference between these groups was 0.63.  
 
[ Figure 5: Similarity between the most preferred plant species from the composition of their visiting hoverflies 
] 
 
The similarity within the first group was distributed in the pairs Salix cinerea - Tussilago farfara (Kr - 0.44) and 
S. triandra - C. palustris (Kr - 0.24). A rather large difference was found between these pairs (Kp - 0.55). 
Interesting in this cluster, in our opinion, is the fact of the great closeness between species of different genera - 
Salix and Tussilago and Salix - Caltha. In this case, the timing of flowering of plants is of decisive importance in 
the formation of syrphid complexes of these species. The first of all willows blooms in late April - early May, 
Salix cinerea. In the same period, and sometimes a little earlier, Tussilago farfara blooms in the same biotopes 
(river floodplains, roadsides). Salix triandra, on the other hand, is one of the last to bloom (the second half of 
May) and the period of its flowering coincides with the flowering of Caltha palustris.  
 In the second group, practically the same plant complexes were formed, with some differences as in 
the analysis of plant genera by the similarity of the species composition of hoverflies. The first subgroup of this 
cluster (cluster 2a in Figure 5) consisted of spring - early summer plant species (flowering in late May - third 
decade of June). In the second subgroup (in Figure 5, cluster 2b), one complex was formed representatives of 
the Apiaceae, blooming in July and August. It should be noted that the Kadenia dubia mainly blooms in August: 
it had the greatest similarity with Heracleum sibiricum, blooming in the first half of July. Common to them were 
the following species of hoverflies, which were not recorded on other Apiaceae: Xanthogramma pedissequum, 
Epistrophe nitidicollis, as well as Cheilosia vulpina, Eristalis intricaria, recorded as early as on Seseli libanotis. 
Cenolophium denudatum from the same family, blooming in August, found the greatest similarity with late 
flowering plant species from the families Asteraceae and Brassicaceae (Fig. 5, cluster 2b). According to the 
species composition of hoverflies, Alisma plantago-aquatica differs from all others (Cr - 0.38). The reasons for 
this difference have already been discussed above.  
 The analysis of the syrphid complexes on these plant species at the level of hoverfly genera practically 
reflected the previous picture, with some differences (Fig. 6). Thus, Salix cinerea has the greatest coefficient of 
difference with all the others (Kr - 0.38), This once again confirms its unique visitor complex in which Cheilosia 
predominate. The difference is associated with visits to this plant by Hammerschmidtia, noted in addition to 
Spiraea crenata only on Heracleum sibiricum. The rest of the plant species, according to the genera of 
hoverflies that visited them, were divided into two clusters (Fig. 6). The first cluster included all the considered 
Apiaceae species, regardless of the timing of their flowering. In the second cluster, in turn, two complexes of 
plants were formed (Kr - 0.27), and in each of them there were also plants with different flowering periods. 
Some of them (cluster 2a in Fig. 6) are represented by plants from the families Asteraceae, Brassicaceae, 
Euphorbiaceae and Rosaceae. These species were visited mainly by hoverflies of the subfamily Eristalinae. In 
the second group (cluster 2b in Figure 6), representatives of the families Rosaceae, Ranunculaceae, Asteraceae, 



Salicaceae and Alismataceae were united. Two pairs turned out to be different from all others: Alisma 
plantago-aquatica - Tussilago farfara (Kr with the rest - 0.24) and Salix triandra - Caltha palustris (Kr with the 
rest - 0.19). All these types of plants are moisture-loving. If in the last pair, the flowering periods overlap and 
there is a high similarity between them in the species composition of hoverflies, then [in the first pair] Alisma 
and Tussilago have a large gap in their flowering periods (early May and late July).  
 
[ Figure 6: Similarity of the plants most preferred by hoverfly genera ] 
 
 In general, the similarity of plant species at the generic level of hoverflies was significantly higher than 
at the species level. The coefficient of difference in the first case lies within the limits of only 0.37, while in the 
second case it is within the limits of 0.63. Thus, the formation of syrphid complexes of plant species at the 
generic level of hoverflies is particularly influenced by the taxonomic proximity of plants, as well as their 
habitat. The relationship “species of fly - species of plant” showed that the formation of syrphid complexes on 
various plants was influenced mostly by the timing of their flowering and biotope confinement. The flowering 
period of the analyzed plant species coincides with the summer of certain species of hoverflies, which have 
their own phenological complexes. It should be noted that while several plants bloom simultaneously in the 
same biotope, hoverflies prefer only some of them (Fig. 4). Probably, in this case, the main role is played by the 
biochemical characteristics of the flowers of each of these plants.  
 
Quantitative analysis of the similarity of plants from their syrphid complexes 
 
Quantitative data provided a deeper understanding of the relationship between hoverflies and flowering 
plants. The similarity of plant species in the number and diversity of syrphids recorded on them is determined 
by two factors: the timing of flowering and the taxonomic proximity of plants. Figure 7 shows that the first 
clusters are Salix cinerea (Kr - 0.96), the pair Caltha palustris - Tussilago farfara (Kr - 0.91), a complex of Salix 
triandra - Ranunculus acris - Ranunculus repens (Кr - 0.75) and Heracleum sibiricum (Кr - 0.72), as evidenced by 
the large difference coefficient of each of them (in Figure 7, the first to the fourth clusters). The earliest plant 
species [to flower] (Salix cinerea, Tussilago farfara, Caltha palustris), as noted above, were dominated by 
Cheilosia hoverflies. In addition to this genus, other early spring species of hoverflies were also concentrated 
on these plants in small numbers (Platycheirus ambiguus, Melangyna barbifrons, Melangyna triangulifera, 
Cheilosia grossa). The largest number of hoverflies among the listed plant species was on Caltha palustris: 
Melanostoma scalare, Dasysyrphus nigricornis, Cheilosia pubera, Cheilosia reniformis, Cheilosia vernalis (Table 
2). On Salix triandra, Ranunculus acris and Ranunculus repens there were Dasysyrphus, Sphaerophoria scripta, 
Sphaerophoria taeniata, Cheilosia albitarsis, Cheilosia pagana, Anasymyia interpuncta and Chysotoxum 
festivum (Table 2). By the abundance of its hoverflies, Heracleum sibiricum was different from the rest of the 
Apiaceae. It was dominated by Epistrophe diaphana, Epistrophe grossulariae, Syrphus ribesii, Xanthogramma 
pedissequum, Cheilosia illustrata illustrata, Cheilosia vulpina, Volucella pellucens and Myathropa florea (Table 
3).  
 
[ Figure 7: Similarity of the most preferred plants as determined by the abundance of hoverflies ] 
 
[ Table 2: Abundance of dominant hoverflies on selected plants species (number of individuals per sample) ] 
 
The group with all other plant species (the fifth cluster), three complexes were clearly distinguished (Fig. 7). 
One of them consisted of Apiaceae, Euphorbiaceae and Sisymbrium loeselii (cluster 5b), blooming in the second 
half of June - July. The Apiaceae species from this complex (Pastinaca sylvestris, Seseli libanotis, [жгункорень = 
Cnidium [?not on list], Daucus sativus) do not differ in the large number of hoverflies visiting them, both 
qualitatively and quantitatively (Fig. 4). The similarity between them turned out to be due to the following 
species of hoverflies: Chrysotoxum festivum, Sphaerophoria scripta, Cheilosia velutina, Myathropa florea, 
Eristalinus sepulchralis, Eristalis arbustorum, Syritta pipiens (Table 3). On Sisymbrium loeselii and Euphorbia 



virgata growing in some biotopes (fallow land, roadsides) there were comparatively large numbers of the 
following hoverflies: Sphaerophoria scripta, Chysotoxum festivum, Syrphus vitripennis, Anasimyia interpuncta, 
Helophilus hybridus, Eristalinus sepulchralis, Eristalis abusiva, Eristalis anthophorina, Eristalis arbustorum, 
Eristalis pseudorupium, Syritta pipiens (Table 3).  
 The second complex of the fifth cluster (cluster 5c in Figure 7) consisted of both early summer plant 
species and species blooming in August. On the one hand, the greatest similarity was found between the cherry 
Cerasus vulgaris, meadowsweet Spiraea crenata and dandelion Taraxacum officinale, which bloom in late 
spring - early summer, mainly in mesophytic meadows. The hoverfly species recorded on these three plants 
[and creating this similarity] were Sphaerophoria scripta, Syrphus ribesii, Chysotoxum vernale, Dasysyrphus 
venustus, Epistrophe nitidicollis, Leucozona laternarius, Cheilosia angustigena, Cheilosia lasiopa, Cheilosia 
flavipes, Anasymyia interpuncta, Helophilus hybridus, Helophilus parallelus, Neoascia tenur, Melanostoma 
scalare (Table 3).  
 On the other hand, there was a similarity between late-flowering plant species - Cenolophium 
denudatum and Tripleurospermum inodorum from the Apiaceae, Tripolium pannonicum and Sonchus arvensis 
from the Asteraceae, and Ranunculus polyanthemos from the Ranunculaceae. Almost all of these species were 
in one complex due to the similarity of the syrphids visiting them. The largest abundance was found in  
Chrysotoxum festivum, Episyrphus balteatus, Eupeodes corollae, Sphaerophoria scripta, Syrphus vitripennis, 
Syrphus ribesii, Cheilosia velutina, Helophilus hybridus, Helophilus parallelus, Myathropa florea, Eristalinus 
sepulchralis, Eristalis abusiva, Eristalis arbustorum, Eristalis interrupta, Eristalis tenax and Syritta pipiens (Table 
3).  
 It can be seen that in clusters 5a and 5b, plant complexes have united where the flowering times of its 
component plants do not coincide. This was most likely due to the extended flight period of some hoverflies, 
which have more than one generation a year. This is evidenced by the difference in their numbers throughout 
the season.  
 Alisma plantago-aquatica, both in abundance and in the species composition of the syrphid species 
visiting it, turned out to be different from all other plant species (Kr - 0.66). It was dominated by Melanostoma 
scalare, Platycheirus clypeatus, P. fulviventris, Pyrophaena granditarsis, Episyrphus balteatus, Sphaerophoria 
scripta, Parhelophilus consimilis, Eristalinus sepulchralis, Neoascia aenea and Anasimyia lineata.  
 Thus, the similarity of plants from the abundance of hoverflies visiting them is most likely due to the 
massive emergence of certain complexes of hoverflies (spring, summer, spring-summer) and the extended 
flight period of some syrphid species. It can be seen that almost the same species of hoverflies dominate in all 
of the above plant complexes: Sphaerophoria scripta, Chysotoxum festivum, Syrphus ribesii, Syritta pipiens, 
Helophilus hybridus, Helophilus parallelus, Myathropa florea, Eristalinus sepulchralis and Eristalis arbustorum. 
Their numbers, however, are different for each particular plant species. For example, Sphaerophoria scripta 
was found on all the studied plants, but its greatest abundance was on the Tripolium pannonicum (170 
specimens / count). Due to this, the latter plant species ranks first in terms of the number of hoverflies, 
although the total number of recorded species on it is small (Fig. 4). The second place in terms of the number 
of hoverflies was taken by Tripleurospermum inodorum (78 ind./count), on which a small number of syrphid 
species were also noted. On this plant, Sphaerophoria scripta, Helophilus parallelus and Eristalis arbustorum 
reached their maximum abundance. These species, as well as Syritta pipiens, Myathropa florea and Eristalinus 
sepulchralis had high abundance on Sisymbrium loeselii, which thus stood out from plants with a rich syrphid 
fauna. In Figure 4, a tendency is more or less traced: the more species of syrphid visit a particular plant species, 
the smaller the total number of them on it, and vice versa. This is probably due, firstly, to the competition of 
insects for food, and secondly, to the preference for certain species of plants by some hoverflies.  
 
Analysis of the plant food spectrum of hoverflies 
 
Most syrphids are polyphages (114 species, or 70%), but in addition oligophages were found for the study area. 
These include 12 species (7%): Epistrophe diaphana, Melangyna guttata, Melangyna compositarum,  
Xanthogramma pedissequum, Chrysotoxum lineare, Pipizella maculipennis, Cheilosia illustrata illustrata, 



Cheilosia grossa, Cheilosia motodomariensis, Cheilosia scutellata, Lejogaster tarsata and Chrysogaster 
cemiteriorum. All these species were found only on Apiaceae, except for Cheilosia grossa, which was recorded 
on Salicaceae in spring (Table 5). It should be noted that species such as Epistrophe grossulariae, Scaeva 
pyrastri and Chrysotoxum bicinctum were almost always found only on plants of the Apiaceae family, but each 
species was singly recorded on plants from other families (Scaeva pyrastri on Erodium cicutarium, Epistrophe 
grossulariae on Sonchus arvensis, Chrysotoxum bicinctum on Potentilla erecta). Perhaps the visit to these plants 
by the hoverflies was accidental.  
 
[ Table 4 : Number of plant families and species visited by selected hoverflies ] 
 
There were 39 (23%) species of syrphid recorded on only one plant species: these were from the genera Didea, 
Epistrophe, Melangyna, Meliscaeva, Sphaerophoria, Syrphus, Chrysotoxuт, Platycheirus, Pyrophaena, 
Neocnemodon, Pipiza, Pipizella, Trichopsomyia, Cheilosia, Brachyopa, Neoascia, Orthonevra, Eumerus, Psilota, 
Eristalis and Temnostoma (Table 5). We consider them to be conditional monophages, since many of them 
were found as a single specimen, and with additional research, most likely, they will be noted on other food 
plants.  
 Of all 114 polyphages, 21 species of hoverflies can be distinguished where the food spectrum contains 
more than 20 plant species. These species are listed in Table 4. Sphaerophoria scripta has the largest number of 
plants in its food spectrum (63% of the total number of all plants), with Rosaceae, Apiaceae and Asteraceae 
plants predominating (Table 5). The maximum abundance of Sphaerophoria scripta was found on Asteraceae 
(Tripolium pannonicum and Tripleurospermum inodorum). Among Rosaceae, a high abundance was observed 
on Cerasus vulgaris (11.6 ind/count), and from the Apiaceae, on Cenolophium denudatum (11 ind/count). This 
type of hoverfly is the most ecologically plastic, probably giving more than one generation a year.  
 In the food supply of Syritta pipiens, Helophilus hybridus, Helophilus parallelus, Eristalinus sepulchralis, 
Eristalis abusiva, Eristalis arbustorum, Eristalis interrupta, Chrysotoxum festivum, Syrphus ribesii and Episyrphus 
balteatus, there was also a predominance of Rosaceae and Apiaceae, on various types of plants. Episyrphus 
balteatus was abundant on Sonchus arvensis among the Asteraceae, and on Cenolophium denudatum from the 
Apiaceae, as well as on Alisma plantago-aquatica. On Rosaceae, its share was less than one (Table 3). 
Chrysotoxum festivum was abundant on Ranunculus repens, Syritta pipiens and Eristalis arbustorum on 
Sisymbrium loeselii (Tables 2, 3). Syrphus ribesii was numerous on Sonchus arvensis among the Asteraceae, on 
Cerasus vulgaris from the Rosaceae, and on Heracleum sibiricum from the Apiaceae. All the rest, as well as the 
above, showed a high number on Tripolium pannonicum.  
 Myathropa florea, Syrphus vitripennis and Eupeodes corollae have more representatives from the 
Asteraceae and Apiaceae in their food supply. The first two species were found to be numerous on Sisymbrium 
loeselii, and Eupeodes corollae on Tripolium pannonicum (Table 3).  
 Helophilus pendulus and Anasimyia interpuncta were most often found on representatives of the 
Rosaceae and Asteraceae. The maximum abundance of Helophilus pendulus was on Tripolium pannonicum, and 
Anasimyia interpuncta on Salix triandra (Tables 2, 3).  
 Rosaceae and Apiaceae predominated in the diet of Melanostoma scalare; however, this species was 
abundant on Caltha palustris. Dasysyrphus venustus most visited Rununculaceae and Rosaceae, with its 
maximum number on Ranunculus acris (Table 2).  
 In the food supply of Eristalis anthophorina and Eristalis intricaria, Asteraceae predominate, and that of 
Eristalis pseudorupium, Apiaceae species. The abundance of the first two species turned out to be maximum on 
Sisymbrium loeselii, and the last on Spiraea crenata (Table 3).  
 
 
Discussion  
 
The data obtained on the feeding preferences of hoverflies can be compared only with the available data on 
the relationship with flowering plants of flies of the genus Cheilosia Mg. [Barkalov & Burlak, 2000]. At the same 



time, we find some inconsistencies. Namely, Cheilosia illustrata illustrata, Cheilosia grossa, Cheilosia 
motodomariensis and Cheilosia scutellata, which are oligophages in our work, are not oligophages in Barkalov 
& Burlak (2000). Cheilosia mutabilis, the most polylectic species in many areas of the Palaearctic, in the 
Southern Trans-Urals was found only on Heracleum sibiricum and once on Galium ruthenicum. However, in 
Cheilosia velutina, the proportion of Apiaceae species also predominates in the food supply. The rest of the 
species of this genus, as indicated above, were found on various plant families.  
 When comparing our data on the quantitative counts of adults on a certain plant with the data of 
Dlusskii & Lavrova (2001) on the quantitative composition of pollen in the intestines of syrphids, we found 
interesting coincidences. Thus, Sonchus arvensis pollen was present in significant amounts (in decreasing order) 
in Episyrphus balteatus, Syrphus ribesii, Syrphus vitripennis, Helophilus pendulus, Eristalis interrupta and 
Eristalis arbustorum. In our counts, several species of hoverflies from the genera Eristalis, Helophilus, Syrphus, 
Chrysotoxum and Episyrphus dominated on the flowers of Sonchus arvensis. Among the predominant hoverflies 
of these genera were the species given in the work of Dlusskii. In addition, the abundance of Episyrphus 
balteatus prevailed over the abundance of Syrphus ribesii, and the abundance of Eristalis interrupta prevailed 
over Eristalis arbustorum. Eristalis hoverflies dominated the rest. In addition to Sonchus arvensis pollen in 
Eristalis arbustorum and Syrphus ribesii, according to the results of studies by Dlusskii & Lavrova [2001], the 
pollen of Tripleurospermum and Achillea was found to be greater. In our counts, these species were among the 
dominants on Tripleurospermum; in addition, the abundance of Eristalis arbustorum was higher on this plant, 
while in Syrphus ribesii it was about the same. Among the species of hoverflies analyzed by Dlusskii & Lavrova 
(11 species), Myathropa florea should be noted, in the intestines of which Apiaceae pollen dominated. In our 
counts, this species also visited representatives of this family more often and in greater numbers. In the food 
supply of most Eristalis hoverflies in the southern Trans-Urals, Asteraceae predominated, and only Eristalis  
arbustorum and Eristalis interrupta had a significant number of Rosaceae as a food source, while Eristalis 
interrupta preferred Rosaceae to all other families (Table 5). Dlussky & Lavrova found large quantities of 
Spiraea pollen in the intestines of these eristalines. In addition, Eristalis interrupta had much more of it than 
Eristalis arbustorum. In our counts, Eristalis interrupta was more numerous on all Rosaceae than Eristalis  
arbustorum. A significant amount of Geranium palustre pollen was found in the intestines of Helophilus 
pendulus by Dlusskii & Lavrova. In our studies, few counts were carried out on this plant; nevertheless, 
Helophilus pendulus visited its flowers. Ssymank also noted that this species mainly visited Geranium palustre 
flowers [Ssymank, 2002a].  
 One of the hypotheses explaining the reasons for food preferences, as noted above, is the colour of the 
flowers. Haslett experimented with coloured discs that replaced flowers [Haslett, 1989]. In these experiments, 
Eristalis pertinax chose yellow discs, but pollen from plants with white flowers predominated in its intestines. 
Dlusskii & Lavrova also noted for this species the predominance of pollen from plants with white flowers in the 
intestinal contents [Dlusskii & Lavrova, 2001]. The preference for plants with white flowers by Eristalis 
hoverflies was noted by Mutin for the Far East [Mutin, 1985]. In our studies, syrphids of this genus equally 
visited plants with both yellow and white flowers. In the conditions of the Southern Trans-Urals, the greatest 
number of eristaline species was found on plants with yellow flowers - Sisymbrium loeselii, Euphorbia virgata, 
Caltha palustris and Taraxacum (Table 5). Bagachanova [1990] pointed out that in Central Yakutia some 
widespread and massively flowering plants with yellow, white and purple flowers (for example, Potentilla 
fruticosa, Galium boreale, Geranium pratense) were rejected by syrphids. All the authors named have indicated 
that hoverflies generally prefer plants with white and yellow flowers. It should be noted that plants with yellow 
and white flowers predominate, at least in the regions studied, over plants with other colours. Thus from the 
data given by Bagachanova [1990] for Central Yakutia, among all plants on which hoverflies fed, there were 36 
species with yellow flowers, 38 with white flowers, 9 with pink-purple flowers, 6 with blue and violet ones. In 
the Southern Trans-Urals, out of 120 species of food plants there were only 22 species with violet-blue and 
pink-red flowers. Plants with blue-violet and pink-red flowers in the studies of many authors [Haslett, 1989; 
Gilbert, 1981; Mutin, 1985; Dlussky & Lavrova, 2001] were visited by hoverflies of the genus Rhingia. All plants 
with flowers of this color have an intricately arranged narrow corolla, from which nectar can only be obtained 
by insects with a long proboscis, which Rhingia possesses.  



 
Conclusions 
 
1.  In the conditions of the Southern Trans-Urals, 120 species from 26 families of forage plants were identified 

as visited by 169 species from 48 genera of hoverflies.  
2.  The most preferred for hoverflies were representatives of the families (in decreasing order of the species of 

hoverflies recorded on them): Rosaceae, Apiaceae, Asteraceae, Ranunculaceae, Euphorbiaceae, 
Brassicaceae, Salicaceae, and Alismataceae. The greatest similarity among all families was found between 
them, both in the species visited and in the genera of hoverflies.  

3.  The greatest similarity between these families was found in the pairs Rosaceae - Brassicaceae and 
Alismataceae - Ranunculaceae.  

4.  The most attractive for syrphids turned out to be, in order of decreasing number of species of flies visiting 
them, Taraxacum officinale (Asteraceae), Euphorbia virgata (Euphorbiaceae), Spiraea crenata (Rosaceae), 
Heracleum sibiricum (Apiaceae), Caltha palustris (Ranunculaceae), Cenolophium denudatum (Apiaceae), 
Cerasus vulgaris (Rosaceae), Sisymbrium loeselii (Brassicaceae), Seseli libanotis (Apiaceae) and Alisma 
plantago-aquatica (Alismataceae).  

5.  The highest similarity in species composition of hoverflies was noted between Cenolophium denudatum and 
Tripolium pannonicum, Taraxacum officinale and Ranunculus polyanthemos, Euphorbia virgata and 
Filipendula vulgaris, Seseli libanotis and Tripleurospermum inodorum, Heracleum sibiricum and Kadenia 
dubia, Caltha palustris and Salix triandra.  

6.  The greatest similarity of plants according to the abundance of their visiting syrphids was found between 
Tripleurospermum inodorum and Tripolium pannonicum, Seseli libanotis and Pastinaca sylvestris, Sonchus 
arvensis and Cenolophium denudatum, Sisymbrium loeselii and Euphorbia virgata.  

7.  Most species of hoverflies were recorded on Taraxacum officinale (68 species from 23 genera), and the 
maximum abundance of all syrphids was recorded on Tripolium pannonicum (239.7 ind/count).  

8.  12 species of hoverflies were only recorded feeding on representatives of the Apiaceae, and therefore these 
species were categorized as oligophages. 118 species of hoverflies turned out to be polyphages. The 
remaining 39 species were recorded on only one plant species.  

9. 22 species of hoverflies visited more than 20 plant species: Dasysyrphus venustus, Episyrphus balteatus, 
Eupeodes corollae, Sphaerophoria scripta, Syrphus ribesii, Syrphus vitripennis, Chrysotoxum festivum, 
Melanostoma scalare, Eristalinus sepulchralis, Eristalis abusiva, Eristalis anthophorina, Eristalis arbustorum,  
Eristalis intricaria, Eristalis interrupta, Eristalis pseudorupium, Anasimyia interpuncta, Helophilus hybridus, 
Helophilus parallelus, Helophilus pendulus, Syritta pipiens and Myathropa florea. Sphaerophoria scripta had 
the largest number of plants in its food supply (75 species, 19 families).  

10. In the syrphids, the following reasons for the similarity between plants in terms of the species of hoverflies 
that visited them were confirmed:  
-  overlapping flowering dates of plant species 
-  the growth of plants in similar biotopes 
-  taxonomic similarity of plant species 
-  the duration of flight of some species of hoverflies.  

11. The colour and shape of the corolla of flowers plays an insignificant role in the preference of particular 
plant species by hoverflies.  
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1)&#%!0#��+�%(#$�6�'�#0-�%#0�#$-�#���#��	!,�&$��+���"/,*;
*0&	 &ao	 *,	.,���\&	 ["�&!*��"/" 7	f(�+"�&�&�*��
$"#0 	 d1&$!%!()#� � 2&$�2�-� e	 �!	 -+"$"	.&	 �&'& ;
�+/,�	\/&+(a� 	/	,/$(�+&�	*,��"#Y_&&	�1"^�+/"	"�*,;
�(.�#	 �	 ["!^*&\/&+(a�'�	 /�^,'�	 �,�+&*� 	 �!	 �&;
'& �+/	�ANJC=MJ=J	�	RC=AA>M=MJ=J	d���7	k�	�#,�+&�	��e7
f"	 /�^"/"'(	 �"�+,/(	 .(�%,#"�	 "+#�%,&+�:	 "+	 /�&1
%,�+(1,	 ["^"�".*��"#��+*,:	 d8�� (%�$-�,!<�,��-#��e
dx�	b	���`e7	3	[��%�*,1	-+"$"	�,!#�%�:	(.&	$"/"��;
#"�Y	/0_&7

5*,#�!	 ���Z�^"�"'[#&��"/	 �,��',+��/,&'01
/�^"/	 �,�+&*� 	 *,	 �"^"/"'	 (�"/*&	 '(1;.(�%,#"�

����	W�	K�!���������	�	����!���������	%�������������	���#����	��������%	���������	�����	���������	
�	�����	���	X	 
����!�����	�����	�	�����	�������	��	������	���	X	 	�#����	������	��	����	�!Y��

F1C�	W�	Z6,014,41D.	,=G	[6,=414,41D.	-+,9,-4.91241-2	7E	4+.	3724	*9.E.99.G	*0,=4	2*.-1.2	@)	+7D.9HE01.2�	\63@.9	7E	+7D.9HE0)	2*.-1.2
,=G	C.=.9,	]0.E4	XH,I12^	-799.0,4.G	V14+	4+.	,@6=G,=-.	7E	+7D.9HE01.2	E79	7=.	9.C1249,417=	]91C+4	XH,I12^�



JLUx"�'"/0&	[�&Z&�&*\��	'(1;.(�%,#"�	W.*"$"	X,(�,#Y:

[�,�+�%&���	 "+�,!�#	 [�&^0^(a(c	�,�+�*(�	 �	 *&�";
+"�0'�	"+#�%�:'�	d���7	9e7	z,��	*,��"#Y_� 	�"-Z;
Z�\�&*+	 �,!#�%�:	 �"	 /�&'�	 "�+,#Y*0'�	 �'&&+	 �/,
[&[&#Y*,:	 dx�	b	 ���`e7	 n+"	 &ao	 �,!	 ["^+/&�.^,&+
�/"&"��,!�&	&o	-*+"'"�"'[#&��,�	/	�"+"�"'	[�&"�#,;
^,c+	'(1�	�"^,	1)&#%!0#��	]+"�0'	"+#�%*0'	"+	/�&1
["	�"^"/"'(	�"�+,/(	["�&a,ca�1	.(�%,#"�	"�,!,#;
�:	#,�,!*��	/:!"#��+*0 	dx�	b	���9e7	4,!#�%�&	�/:;
!,*"	 �	 ["�&a&*�&'	 -+"$"	 �,�+&*�:	 '(1,'�	 �"^,
/�  &�0�) #2-#���MSH<<J?�	"+'&%&**0&	["'�'"	#,;
�,!*��,	+"#Y�"	*,	�"�a&/��&	�������"'7	3�+,#Y*0&
/�^0	 �,�+&*� 	 ["	 ["�&a,/_�'	�1	 �"^,'	.(�%,#"�
�,!��#��Y	*,	^/,	�#,�+&�,	d���7	9e7

]	 [&�/"'	 �#,�+&�&	 "�,!,#��Y	 /�&	 �,��',+��/,&;
'0&	 /�^0	 �&#Y^&�& *01�	 *&!,/���'"	 "+	 ��"�"/	 �1
\/&+&*�:7	]"	/+"�"'	�#,�+&�&�	/	�/"c	"%&�&^Y�	"��,;
!"/,#��Y	^/,	�"'[#&��,	�,�+&*� 	dx�	b	����e�	[��;
%o'	 /	 �,.^"'	 �!	 *�1	 "�,!,#��Y	 �,�+&*�:	 +,�.&	 �
�,!*0'�	��"�,'�	\/&+&*�:7	3^*�	�!	*�1	d*,	���(*�&
9	�#,�+&�	�,e	[�&^�+,/#&*0	�,�+&*�:'�	�!	�&'& �+/
�ANJC=MJ=J�	 RC=AA>M=MJ=J�	 
HVSBCI>=MJ=J	 �	 �BA=MJ=J7
n+�	 /�^0	 ["�&a,#��Y	 [�&�'(a&�+/&**"	 .(�%,#�,;
'�	 ["^�&'& �+/,	 
C>AN=?>E=J7	 ]"	 /+"�" 	 $�([[&	 d*,
���(*�&	 9	 �#,�+&�	 ��e	 "�u&^�*�#��Y	[�&^�+,/�+&#�
�&'& �+/	�BA=MJ=J�	�=EHEMH?=MJ=J�	�ANJC=MJ=J�	�=?>M=;
MJ=J	 �	 �?>A<=N=MJ=J7	 3+#�%*0'�	 "+	 /�&1	 "�,!,#��Y
[,�0@	%,�+(1,	["^"�".*��"#��+*,:	�	',+Y;�;',%&1,
"�0�*"/&**,:	dx�	�	"�+,#Y*0'�	b	����e	�	�/,	+�o1;
+0%�*�"/,:	 �	 �,#(.*�\,	 �"#"+*,:	 dx�	 �	 "�+,#Y*0;
'�	b	����e7	]�&	-+�	/�^0	�,�+&*� 	:/#:c+�:	/#,$";
#c��/0'�7	 ��#�	 (	 ["�#&^*& 	 [,�0	 ��"��	 \/&+&*�:
[&�&��0/,c+�:	�	'&.^(	*�'�	/0�"�"	�1"^�+/"	�	["
/�^"/"'(	�"�+,/(	.(�%,#"��	+"	%,�+(1,	["^"�".*�;
�"#��+*,:	�	',+Y;�;',%&1,	/	��"�,1	\/&+&*�:	�'&c+
�"#Y_" 	�,!�0/	d*,%,#"	',:	�	�"*&\	�c#:e7

]	 \&#"'�	 �1"^�+/"	 /�^"/	 �,�+&*� 	 *,	 �"^"/"'
(�"/*&	 '(1;.(�%,#"�	 "�,!,#"�Y	 !*,%�+&#Y*"	 /0_&�
%&'	 *,	 /�^"/"'7	 x"-ZZ�\�&*+	 �,!#�%�:	 /	 [&�/"'

�#(%,&	 #&.�+	 /	 [�&^&#,1	 /�&$"	 �����	 +"$^,	 �,�	 /"
/+"�"'	�#(%,&	b	/	[�&^&#,1	��9�7	z,��'	"��,!"'�	*,
Z"�'��"/,*�&	 ���Z�^"�"'[#&��"/	 /�^"/	 �,�+&*� 
*,	�"^"/"'	(�"/*&	'(1;.(�%,#"�	"�"�"&	/#�:*�&	"�,;
!0/,&+	+,��"*"'�%&��,:	�#�!"�+Y	�,�+&*� �	,	+,�.&
�1	'&�+""��+,*�&7	 ]!,�'""+*"_&*�:	 ~/�^	'(1�	b
/�^	 �,�+&*�:�	 ["�,!,#��	 %+"	 *,	 "��,!"/,*�&	 �"'[;
#&��"/	���Z�^	�,!#�%*01	�,�+&*� 	/#�:#�	�"#Y_& 
%,�+Yc	��"��	�1	\/&+&*�:	�	��"+"[�%&��,:	[��(�";
%&**"�+Y7	f&��"^	\/&+&*�:	,*,#�!��(&'01	/�^"/	�,;
�+&*� 	�"/[,^,&+	�	#o+"'	"[�&^&#o**01	/�^"/	.(�;
%,#"��	 �'&ca�1	 �/"�	 Z&*"#"$�%&���&	 �"'[#&��07
6&"�1"^�'"	"+'&+�+Y�	%+"	[��	"^*"/�&'&**"'	\/&;
+&*��	/	"^*"'	�	+"'	.&	��"+"[&	*&��"#Y��1	�,�+&;
*� 	[�&^["%+&*�&	.(�%,#�,'�	"+^,o+�:	#�_Y	*&�";
+"�0'	 �!	 *�1	 d���7	 �e7	 ]&�":+*"�	 /	 ^,**"'	 �#(%,&
$#,/*(c	 �"#Y	 �$�,c+	 ��"1�'�%&���&	 "�"�&**"�+�
\/&+�"/	�,.^"$"	�!	-+�1	�,�+&*� 7

x3w){�2z]�66��	565w)X	2t3v2z]5	452z�6)�
f3	)t	2)48)v3x3hfw�x25h

x"#�%&�+/&**0&	̂ ,**0&	["!/"#�#�	$#(�.&	["*:+Y
"+*"_&*�:	'(1;.(�%,#"�	�	\/&+�"/0'�	�,�+&*�:'�7
21"^�+/"	/�^"/	�,�+&*� 	["	�"#�%&�+/(	�	�,!*""��,;
!�c	"+'&%&**01	*,	*�1	���Z�^	"[�&^&#:&+�:	^/(':
Z,�+"�,'�@	��"�,'�	\/&+&*�:	�	+,��"*"'�%&��" 	�#�;
!"�+Yc	 �,�+&*� 7	 6,	 ���(*�&	 �	 /�^*"�	 %+"	 ��#Y*"
"+#�%,c+�:	 "+	 /�&1	 ���Z�^"�"'[#&��0	 .�� �#$&�&�
dx�	b	���9e�	[,�0	1��(�%�0-�#0	�	���"��"���	dx�	b	����e�
�"'[#&��	/�^"/	.��-�#�$2��	�	9�����#0	�	9���&(&$0	dx�	b
���ke	�	/��0#*#�#�� 	dx�	b	����e�	"	%o'	�/�^&+&#Y�+/(;
&+	 �"#Y_" 	 �"-ZZ�\�&*+	 �,!#�%�:	 �,.^"$"	 �!	 *�1
d*,	 ���(*�&	 �	 [&�/0 �%&+/o�+0 	 �#,�+&�0e7	 6,	 �,;
'01	�,**�1	/�^,1	�,�+&*� 	d�/,	[&[&#Y*,:�	',+Y;�;
',%&1,�	�,#(.*�\,	�"#"+*,:e�	�,�	(.&	�0#"	"+'&%&;
*"	/0_&�	^"'�*��"/,#�	'(1�	�"^,	1)&#%!0#�7	x�"'&
-+"$"	�"^,�	*,	-+�1	�,�+&*�:1	�"*\&*+���"/,#��Y	�

����	_�	'%������	���#����	��������%	���������	��������
��	��������	�������	��%HQ��!�����

F1C�	_�	;1310,914)	@.4V..=	3724	*9.E.99.G	*0,=4	2*.-1.2	,=G
+7D.9HE0)	 2*.-1.2	-73*721417=�

����	̀ �	'%������	���#����	��������%	���������	��������
��	��������	�������	��%HQ��!�����

F1C�	`�	;1310,914)	7E	4+.	*0,=42	3724	*9.E.99.G	@)	4+.	C.=.9,
7E	+7D.9HE0)	C.=.9,�



JLW ]727	2"�"��*,

^�($�&	�,**&/&�&**�&	/�^0	.(�%,#"��	[��%o'	/	*&;
�"#Y_"'	 �"#�%&�+/&	 d>%�-5�)&#��0� � *#,��06�4&%�$<
,5$�� *��*#*�!$06� 4�� -�#�$,�%#"&��6� 1)&#%!0#�� ,�!00�e7
6,��"#Y_,:	 %��#&**"�+Y	 .(�%,#"�	 ��&^�	 [&�&%��;
#&**01	 /�^"/	 �,�+&*� 	 �0#,	 *,	 �,#(.*�\&	 �"#"+;
*" 7	 2,'0'�	 "��#Y*0'�	 *,	 *& 	 "�,!,#,�Y	4&%�$!<
0-! �� 0��%���&�	 7�0505�()�0� $#,�#�!�$#0�	 1)&#%!0#�
(�*&���	1)�� �&$#"!� #0�	1)�� +&�$�%#0� d+,�#7	�e7	6,	�/&
+�o1+0%�*�"/" �	#c+��&	&^�"'	�	#c+��&	["#!(%&'�
[�"�!�,�+,ca�1	/	"^�*,�"/01	��"+"[,1	d[" ',1	�&�
�	�0�01	#($,1e	/&�*" 	�	�,**�'	#&+"'�	�"#Y_,:	%��;
#&**"�+Y	�0#,	(	7�0505�()�0�	.()�&�!()!�#��0��#(-��
.()�� -�&$#�-��	1)&#%!0#���%*#-��0#0�	1)��(�,�$��	8$�05<
 5#�� #$-&�(�$�-��	 1)50!-!�� � "&0-#+� � d+,�#7	 �e7	 f"
"��#�c	'(1;.(�%,#"�	�"�a&/��	�������� 	"�,!,#�:
"+#�%*0'	"+	"�+,#Y*01	�&#Y^&�& *017	6,	*o'	^"'�;
*��"/,#�	'(#0-�!()&�2#�()�$��	'��,�!00�%��#�&�	.5�()�0
�#*&0##�	D�$-)!,��  ��(&2#00&A�� �	1)&#%!0#��#%%�0-��-�
#%%�0-��-��	1)��+�%(#$��	E!%��&%%��(&%%��&$06	45�-)�!(�
"%!�&��d+,�#7	�e7

]	$�([[&	�	"�+,#Y*0'�	/�^,'�	�,�+&*� 	d[:+0 
�#,�+&�e	%o+�"	"�"�"��#��Y	+��	�"'[#&��,	 d���7	�e7
3^�*	�!	*�1	�"�+,/�#�	�&#Y^&�& *0&�	'"#"%, 	[�(;
+Y&/�^*0 	�	$(#:/*��	w&!&#:	d�#,�+&�	k�e�	\/&+(a�&
/"	/+"�" 	["#"/�*&	�c*:	�	�c#&7	]�^0	�&#Y^&�& ;
*01	�!	-+"$"	�"'[#&��,	d[,�+&�*,��	.,���\,�	.$(*;
�"�&*Y�	'"��"/*��e	*&	"+#�%,c+�:	�"#Y_�'	�"#�%&;
�+/"'	["�&a,ca�1	�1	.(�%,#"�	�,�	/	�,%&�+/&**"'�
+,�	�	/	�"#�%&�+/&**"'	[#,*&	d���7	�e7	21"^�+/"	'&.;
^(	*�'�	"�,!,#"�Y	!,	�%o+	�#&^(ca�1	/�^"/	.(�%,;
#"�@	 1)50!-!�� � "&0-#+� 6� .()�&�!()!�#�� 0��#(-��
3)&#%!0#��+&%�-#$�6	45�-)�!(��"%!�&��	'�#0-�%#$�0�0&(�%<
�)��%#0�	'�#0-�%#0���*�0-!�� �	.5�#--��(#(#&$0�d+,�#7	�e7

6,	$(#:/*��&	w&!&#:	�	'"#"%,&	[�(+Y&/�^*"'�	[�";
�!�,�+,ca�1	/	"^*�1	��"+"[,1	d!,#&.��	"�"%�*0	^";
�"$e�	 �"#Y_(c	%��#&**"�+Y�	 ["	 ��,/*&*�c	 �	 "�+,#Y;
*0'�	 /�^,'�	 .(�%,#"��	 ["�,!,#�	 .()�&�!()!�#�

0��#(-��	 1)50!-!�� � "&0-#+� �	 .5�()�0� +#-�#(&$$#0�
8$�05 5#�� #$-&�(�$�-��	/&%!()#%�0� )5*�#2�0�	/�� (���%<
%&%�0�	45�-)�!(��"%!�&��	'�#0-�%#$�0�0&(�%�)��%#0�	'�#0-�%#0
�*�0#+��	'���$-)!()!�#$��	'����*�0-!�� �	'��(0&�2!��(#� �
.5�#--��(#(#&$0�d+,�#7	�e7

]+"�" 	�"'[#&��	[:+"$"	 �#,�+&�,	 d*,	 ���(*�&	 �
�#,�+&�	 k/e	 �"�+,/�#�	�,�	 �,**&#&+*�&	 /�^0	�,�+&;
*� �	+,�	�	/�^0�	\/&+(a�&	/	,/$(�+&7	2	"^*" 	�+"�";
*0�	 *,��"#Y_&&	 �1"^�+/"	 "�,!,#"�Y	 '&.^(	 /�_*& 
"�0�*"/&**" 	 d1�� +�%,��#0e�	 +,/"#$" 	 $"�"^%,+" 
d.�� ��&$�-�e	 �	 "^(/,*%��"'	 #&�,��+/&**0'	 d��� !""#<
�#$�%&e�	 \/&+(a�1	 ["!^*& 	 /&�*" 	 �	 �,**�'	 #&+"'�
[�&�'(a&�+/&**"	*,	'&!"Z�+*01	#($,17	)!	/�&1	/�;
^"/	.(�%,#"��	 "+'&%&**01	*,	 -+�1	 +�o1	 �,�+&*�:1�
^"'�*��"/,#�	.()�&�!()!�#��0��#(-�6	.5�()�0��#*&0##�
1)50!-!�� �+&�$�%&�	7�0505�()�0�+&$�0-�0�	'(#0-�!()&
$#-#2#�!%%#0�	 :&��!;!$�� %�-&�$��#�0�	 1)&#%!0#�� �$,�0<
-#,&$��	1)��%�0#!(��	1)��"%�+#(&0�	8$�05 5#��#$-&�(�$�-��
/&%!()#%�0� )5*�#2�0�	 /�� (���%%&%�0�	 ?&!�0�#�� -&$���
4&%�$!0-! ��0��%���&�d+,�#7	�e7

2	^�($" 	�+"�"*0�	"+'&%&*"	�1"^�+/"	'&.^(	[";
!^*&\/&+(a�'�	 /�^,'�	 �,�+&*� 	b	 [(�+"�&�&�*�;
�"'	$"#0'	d1��2&$�2�-� e	�	+�o1�&�&�*��"'	*&[,1(;
%�'	 d��� #$!2!�� e	 �!	 �&'& �+/,	 �V>=MJ=J�	 ,�+�" 
�"#"*%,�"/" 	 [,**"*��" 	 d��� (�$$!$#�� e�	 "�"+"'
["#&/0'	d.����+&$0#0e	�!	�&'& �+/,	�ANJC=MJ=J�	,	+,�;
.&	 #c+��"'	 '*"$"\/&+�"/0'	 d9�� (!%5�$-)& !0e	 �!

����	a�	'%������	���#����	��������%	���������	��������
��	�#���O	��%HQ��!�����

F1C�	a�	;1310,914)	7E	4+.	3724	*9.E.99.G	*0,=42	,2	G.4.931=.G
@)	4+.	,@6=G,=-.	7E	+7D.9HE01.2�

bc	��#��N�	����������	���$��	����#����O��	����	�������

bB=0)	G731=,=4	+7D.9HE0)	2*.-1.2	,9.	C1D.=

M�#��N�	J� d#����	��%HQ��!����	��	��������%	����%
��������	 ]����!�����	 e����������f����H
!�����	�!Y���^�

(,@0.	J� /@6=G,=-.	 7E	 +7D.9HE01.2	 7=	 273.	 *0,=4
2*.-1.2	]=63@.9	7E	1=G1D1G6,02f	E9.[6.=-)	7E
9.C1249,417=2^�
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;= ?9 9= ?C
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;A ?: D< ?9



JL_x"�'"/0&	[�&Z&�&*\��	'(1;.(�%,#"�	W.*"$"	X,(�,#Y:


���������


����������

������

��	


������	


'������

�	��

����	


����	�

������

����

�������

����

�������

����	


���	���

�	


������

��������

����
��

��	


��������

�	�����

��

�������

�����	�

�	������

�������

�������

�������

�	


����������

�������

	�������


	


������	


������

��	


�������

��	


�����	�

��������

����������#�������� AOC A A A A A A A A A A A A A

�%#�����	������ AO< A A AOD A A A A A A A A A AO?

�%#������������ A A A A A A A A AOC AO9 AO9 A A A
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