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Abstract. The article presents the results of studying the phenology and 
dynamics of the number of plane lace bug Corythucha ciliata Say. RAPD 
analysis of geographic populations of plane lace bug from various parts of 
Krasnodar Krai revealed a high level of DNA polymorphism, genetic 
diversity, genetic similarity and the absence of significant differences 
between the samples for these indicators. It shows that the majority of the 
genetic variation (90.2 %) is intrapopulation, while the interpopulation 
variation accounts for 9.8 % of the total. A significant drift of genes was 
revealed between the populations of C. ciliata (Nm = 4.56) and a high 
degree of genetic similarity between them at the intraspecific level. The 
analyzed insect samples are concluded to be  subpopulations of one plane 
lace bug population. 

1 Introduction 

Invasions of adventitious pests are a great problem of our time caused by globalization 
processes leading to wide transport communication between continents, states and regions. 
The study of alien insect species becomes a matter of environmental and economic security 
of countries, because many of them cause huge damage to agriculture and forestry, destroy 
local ecosystems [1]. Sometimes the invasion of adventive species has the character of 
emergency situations - the so-called "entomogenic catastrophes", a striking example of 
which are the invasions of lace bugs [2, 3]. 

The plane lace bug (Corythucha ciliata Say) is a natural inhabitant of North America. 
From North America, the bug entered Europe and was first registered in Italy in 1966. Then 
the species spread to other European countries: Croatia, Slovenia (1972), South of France 
(1975), Hungary (1976) South Austria (1983), Switzerland (1983), the former 
Czechoslovak Republic (1986), Bulgaria (1986), Greece (1988) [4]. In 2002, an invasive 
pest was first detected in China, in the Hunan province, afterwards it spread to 11 provinces 
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and concentrated along the Yangtze River basin [5]. In 2014 the bug colonies were found 
on plane trees in the Republic of South Africa (Cape Town) [6]. 

In Russia, C. ciliata was first registered in 1999 in the city of Krasnodar on the crown of 
a plane tree (Platanus) [7] and currently covers the western, central parts and almost the 
entire Black Sea coast of Krasnodar Krai [8]. In 2017, this pest was classified by the 
Eurasian Economic Union as a quarantine insect species [9]. 

The adults and nymphs of the plane lace bug, which are observed throughout the 
growing season (March-November), severely damage the crowns of plane trees, 
significantly reduce photosynthesis and weaken the trees [8]. As a result of severe damage 
caused by plane lace bugs, there is not only a sharp weakening of tree stands, but also 
favorable conditions are created for the development of diseases that can cause their death. 
Despite the widespreading and invasive style of the lace bug development, the specific 
features of population genetics, biology, and harmfulness have been poorly studied [10, 11]. 

Successful implementation of programs for controlling the number of harmful 
arthropods requires knowledge of the phenology, dynamics of the number and genetics of 
pest populations. This includes knowledge of the genetic structure of populations, migration 
processes, conditions of acclimatization, ethology, reproductive abilities and trophic 
relationships of the studied species. The results of monitoring lace bugs using molecular 
genetic methods will allow us to assess the variability of the genetic structure of invasive 
pest populations and intraspecific genetic diversity, which will make it possible to conclude 
about their further spreading and harmfulness under new conditions [12]. Some 
publications cover the data on the study of the genetic structure and diversity of Asian and 
European populations of plane lace bugs using analysis of mitochondrial DNA and 
microsatellites. The use of these genetic markers made it possible to determine the 
influence of the environment on the migration and invasive processes of this pest [13]. 

  The aim of this research was to study some issues of phenology, biological features, 
and divergence of C. ciliata species, which is widespread in the South of Russia on the 
basis of phytosanitary monitoring and analysis of the variability of the molecular genetic 
structure and genetic similarity of various geographical samples from the plane lace bug 
population in Krasnodar Krai. 

2 Material and methods 

The the field studies were carried out in the plane-tree alleys of the FSBSI ARRIBPP 
(Krasnodar). Phenological observations and counting of the number of C. ciliata bugs 
started from the moment of emergence of overwintered insects. The experiments were 
carried out on model trees of the eastern plane tree (Platanus orientalis L.). Pest counts 
were carried out every 7-10 days during the entire growing season, until adult insects went 
wintering. 

The molecular genetic studies were carried out on the insect samples (n = 20) from the 
natural plane lace bug C. ciliata populations of Krasnodar Krai (Krasnodar, Kropotkin and 
Lazarevskoye). Isolation of DNA from insect individuals (adults), amplification, and 
electrophoresis were carried out according to our previously developed technique [14, 15]. 
DNA polymorphism of the studied samples from the bug populations was assessed using 
two highly specific for the plane lace bug DNA primers: ORA09, ORA18 [16, 17]. The 
primers were synthesized by «Eurogen» company (Moscow), DNA polymerase, buffer and 
other necessary components for PCR were supplied by «Sibenzim» company Moscow). 

Genetic diversity, genetic similarity of populations and cluster analysis of data were 
determined using Nei and Shennon, from the software package POPGENE version 1.31. A 
comparative assessment of the average values for the samples was carried out according to 
the Student criterion using the Excell program. 
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3 Results and discussion 

As a result of the studies, the biological and phenological features of the plane lace bug 
were studied in the central zone of Krasnodar Krai in 2018-2019. During the observation 
period, all the development stages of the plane lace bug (adult-egg-larvae of all ages) were 
identified. It was found that after wintering, single insects emerged on the surface of trees 
in early March, and a mass outcome was noted in the II-III decades of April when young 
leaves appeared. After 8-14 days. after the start of feeding, copulation of bugs was 
recorded, and after 5-7 days. after copulation, the females began to lay eggs. Hatching of 
larvae was observed from the second decade of May. The peak number of larvae (57 
ind./leaf) in 2018 was in the II-III decade of July. The peak number of adults (48 ind./leaf) 
in 2018 was in the second decade of August (Figure 1). Larvae were detected before the II 
– III decades of October. Single adults were observed until the first decade of November. 

In 2019, the overwintered bugs appeared in the third decade of March and the first 
oviposition was observed at the end of May. In the 1st  decade of June, hatching of larvae 
was noted on the experimental plot on the plane trees; in the 2nd decade of June, the number of 
Corythucha ciliata bugs began to gradually increase. The peak number of larvae (44 ind./leaf) 
in 2019 was in the third decade of July, and the peak number of adults (32 ind./leaf) was in 
the second decade of August (Figure 1). 

 
 
Fig. 1. The dynamics of the number of plane lace bugs (Krasnodar, 2018-2019) 

 
A few publications on the molecular genetic analysis of plane lace lbug populations in 

China and Europe determine a great interest in conducting similar studies for populations 
acclimatized in Russia, in Krasnodar Krai in particular. A detailed genetic analysis of the 
variability of the genetic structure with an assessment of the genetic similarities of the 
geographic populations of the plane lace mice bug in Krasnodar Krai, depending on 
environmental conditions, is not only of scientific interest, but also has practical value, 
helping, for example, to track the distribution of the species. 

Based on the results of the RAPD-PCR analysis, we assessed the variability of the 
structure of plane lace bug geographical subpopulations from different parts of Krasnodar 
Krai (Figure 2). 

3

BIO Web of Conferences 21, 00011 (2020) https://doi.org/10.1051/bioconf/20202100011
XI International Scientific and Practical Conference “Biological Plant Protection is the Basis of Agroecosystems Stabilization”



 
Tracks: 1-7  Kropotkin subpopulation;  
            8-14  Krasnodar subpopulation;  
            15-20  Lazarevskaya subpopulation; 
             M – molecular weight marker (GeneRuler 100 bp Plus DNA Ladder by "Fermentas", Lithuania) 

Fig. 2. Electrophoregrams of the DNA amplification products of the plane lace bug C. ciliata 
subpopulation in 1.8 % agarose with the RAPD primer OPA09 

 
Molecular genetic analysis of C. ciliata revealed a generally high level of DNA 

polymorphism (Pt = 100.0 %) and genetic diversity (H = 0.29 - 0.34) in the population and 
the absence of differences between the samples for these indicators (Table 1, 2). 

Table 1.  DNA polymorphism and genetic diversity of C. ciliata subpopulations in two primers      
(17 RAPD loci) 

Subpopulation P (%) Na ± SD* Ne ± SD* H ± SD* I ± SD* 
Krasnodar 94.10 1.94 ± 0.24 1.48 ± 0.33 0.29 ± 0.16 0.44 ± 0.21 
Kropotkin 100.00 2.00±0.00 1.58 ± 0.32 0.34 ± 0.15 0.50 ± 0.19 
Lazarevskaya 100.00 2.00±0.00 1.58 ± 0.32 0.34 ± 0.15 0.51 ± 0.17 
* tфакт ≤ t05 – differences are not significant; 
P – % polymorphic loci in a subpopulation (including zero loci);  
Na – the number of alleles per locus; 
Ne – effective number of alleles per locus;  
Н – genetic diversity by Nei (1973);  
I – Shannon information index;  
± SD – standard deviation 

 

Table 2. Total genetic variability of the C. ciliata population at all RAPD loci (n = 17) 
Indicator  Pt (%) Na Ne Ht Hs Gst Nm 

Value (± SD) 100.00 2.00±0.00 1.63±0.32 0.36±0.02 0.32±0.02 0.09 4.56 
Pt - % polymorphic loci in all samples; 
Na – the number of alleles per locus; 
Ne – effective number of alleles per locus;  
Нt – total genetic diversity in a population by Nei; 
Нs – average genetic diversity within the subpopulations by Nei; 
Gst – genetic differentiation coefficient by Nei (1987); 
Nm – indicator of gene flow between populations 
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In turn, the analysis of genetic differences between the studied samples of insects also 
revealed a high degree of similarity between them (genetic identity (GI) = 0.909 - 0.948) 
(Table 3). 

The closest in genetic terms were the Kropotkin and Lazarevskaya subpopulations (GI = 
0.948, genetic distance (GD) = 0.053). This was also demonstrated by cluster analysis of 
data, where these two samples from the bug population stood separately and formed one 
cluster (Figure 3). At the same time, the samples from Krasnodar and Lazarevskaya 
subpopulations were somewhat more different from the others (GD = 0.096). Perhaps this 
is due to the large geographical distance between them. 
Table 3. Genetic distances (GD) (below the diagonal) and genetic identity (GI) (above the diagonal) 

between subpopulations of C. ciliata 
Subpopulation Kropotkin Krasnodar Lazarevskaya 

Kropotkin  0.943 0.948 
Krasnodar 0.059  0.909 
Lazarevskaya 0.053 0.096  
 

 
Fig. 3. Dendrogram of genetic distances between clusters of C. ciliata subpopulations 

 
It is important to note that all the studied samples were characterized by a high degree 

of genetic similarity. Moreover, a high degree of genetic diversity and the absence of 
differences between the samples on this indicator show a significant level of genetic drift 
between the studied populations. These data suggest that the studied geographical samples 
of C. ciliata insects are subpopulations of one population at an early stage of species 
divergence in southern Russia. 

This conclusion is also proved by the fact that genetic diversity (according to Nei) 
within geographical samples (Hs = 0.32) amounted up to 90.2 % of the total genetic 
diversity in the bug population (Ht = 0.36). The revealed correlation of intra- and 
interpopulation variability, estimated by the Shannon index (I), showed similar data. This 
indicated a significant level of gene flow between subpopulations, which is also confirmed 
by the calculated data: the estimate of the genetic flow level between subpopulations was 
Nm = 4.56, and the genetic differentiation coefficient Gst = 0.09 (Table 3). 

Such level of gene drift is a significant obstacle to differentiation of subpopulations and 
is a determining factor affecting the genetic structure of a population. The relatively low 
Gst value is confirmed by the fact that only 9.8 % of the total genetic variation of a 
population falls on the fraction of variation between subpopulations, which determines the 
differentiation between samples. 

Thus, the molecular genetic analysis revealed a high level of DNA polymorphism and 
intrapopulation genetic diversity of C. ciliata. Most of the genetic variation is composed of 
intrapopulation variation (90.2 %), while the share of interpopulation variation remains 9.8 % 
of the total variation. A significant level of gene flow was revealed between plane lace bug 
subpopulations. All the analyzed insect samples are likely to be subpopulations of one 
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plane lace bug population, which are in the process of divergence of the species in the 
South of Russia. 

Studies on the phenology, harmfulness and dynamics of the number of insects were 
carried out in accordance with the State assignment No. 075-00376-19-00 of the Ministry 
of Science and Higher Education of the Russian Federation as a part of the research on the 
topic No. 0686-2019-0012. 

Molecular genetic studies of the geographic plane lace bug populations were supported 
by the Grant No. 19-44-233009 r_mol_a of the Russian Foundation for Basic Research and 
the Administration of Krasnodar Krai. 
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