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Abstract: The paper presents the results of the study on species diversity and characteristics of 
planthopper and leafhopper fauna (Hemiptera: Fulgoromorpha et Cicadomorpha) inhabiting 
selected post-mining dumping grounds in Mysłowice in Southern Poland. The research was 
conducted in 2014 on several sites located on waste heaps with various levels of insolation 
and humidity. During the study 79 species were collected. The paper presents the results of 
ecological analyses complemented by a qualitative analysis performed based on the indices 
of species diversity.
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INTRODUCTION

Planthoppers and leafhoppers (Hemiptera: Fulgoromorpha et Cicadomorpha) are 
phytophagous insects which are highly related to their host plants, and most of them are 
trophically specialized as mono- or oligophagous (niCkel 2003), so most of them are 
attached to the specific plant associations, where they form multispecies communities. The 
term community, applied in this study, was introduced by raMensky (1952), and further 
developed by ŁuCzak and WierzboWska (1981), who defined it as all species co-occurring 
in a particular habitat or in its particular layer, belonging to a particular systematic group. 
Such a group is studied by a zoologist-specialist who concentrates on its own structural 
features such as the number of species and their abundance. PaWlikoWSki (1985) developed 
a very similar concept in his study devoted to bee communities (Hymenoptera, Apoidea). 
He defined a community as a group of species constantly present in the habitat (by direct 
relationship) and occurring temporarily (through migration or host alternation) with weakly 
recognized internal interrelationships. Analyses of hopper communities are very useful for 
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urban ecology research, because of their distinct reaction to anthropogenic pressure - in 
general, the closer the urban agglomerations the more intense insects’ reaction (chudzicka 
& skibińska 1998). The study of seasonal variations in the structure of hopper communities 
allows to record the rate of changes occurring in urban and industrial areas (GębiCki 1979). 
This is why planthoppers and leafhoppers are considered important bioindicators, useful 
in determining the degree of anthropopression in various habitats. They are even regarded 
as a model group of insects in the environmental monitoring (chudzicka 1979, 1981, 
kliMaszeWski et al. 1980a, 1980b, GębiCki 1983, niCkel & hildebrandT 2003). In spite of 
this, hopper communities of post-mining dumping grounds are poorly researched and little 
information on this subject could be found (denno & roderiCk 1991). We could only find 
an interesting information on planthopper and leafhopper fauna of brownfields as general 
post-industrial areas regardless of origin (biederMann 2002, StrauSS & biederMann 2006, 
sanders et al. 2008). 

So far in Poland there has been published just one paper devoted specifically to 
planthopper and leafhopper communities living around post-industrial dumping grounds in 
Ruda Śląska and Mikołów (SiMon & szWedo 2005). Additionally, some information related 
to hopper communities on waste heaps was found in a study conducted around Częstochowa 
(Walczak et al. 2014). Most of the research done on post-industrial dumping grounds is still 
unpublished in manuscripts of master theses (ruda 1981, taSzakoWSka 1985, ziMoń 1986, 
Gibas 2015, MieliMonka 2015).

Studies conducted on the mining waste heaps of Mysłowice were undertaken due to 
insufficient knowledge of planthopper and leafhopper communities inhabiting post-industrial 
dumping grounds. The paper describes the structure of insect communities and their 
population dynamics on the area of selected heaps. The results are also supplemented with 
chorological, ecological, zoocoenological and qualitative analyses conducted based on the 
indices of species diversity.

MATERIAL AND METHODS

Study site
Mysłowice is a city which covers the area of 6557 hectares, and it is adjacent to Katowice. 

It is located in the southern Poland (Fig. 1), within the Silesian Upland (kondracki 2002), and 
the region of Upper Silesia according to the regionalization system adopted in the Catalogue 
of Polish Fauna (burakoWski et al. 1973). Mysłowice lies within the Upper Silesia basin, 
and its Precambrian foundation of the geological structure is covered with the Upper Carbon, 
Triassic, Palaeogene, Neogene and Quaternary deposits. From an economic point of view, the 
most important are the Upper Carbon formations (GileWska 1972). 

Vegetation around the study area has changed during the long period of economic 
exploitation, especially mining. However, many valuable natural sites have been preserved. 
The local flora has been impoverished by settlements, development of communication, 
industry and the storage of post-industrial wastes. The waste heaps remain a threat to the 
natural environment, but they also form specific niches for habitat of a number of species and 
shape the landscape of the city (Czylok et al. 2002).

Characteristics of the study plots 
The research was conducted in Mysłowice (Wesoła district) on post-mining dumps, or 

adjacent areas of the Mysłowice-Wesoła Coal Mine, on 5 selected research plots (Fig. 2). 
Each plot measured ca. 120 m². Nomenclature of the vascular plant species by Mirek et 
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al. (2002). Information on the origin of heaps was obtained with an agreement of the Coal 
Holding in Katowice and using the data of the Coal Mine Mysłowice-Wesoła.

Plot 1. Surroundings of Spacerowa Street [N50°11’39”, E19°05’19”; UTM: CA66]. 
Dumping ground was probably formed between 1960 and 1980. The site is located within the 
landscape complex ‘Ruberg’ in the Przywra Valey. The heap is covered by shrub associations, 
transforming into a forest association, formed in ruderal stand with the dominance of Betula 
pendula in the stand, and an admixture of Populus tremula and Padus serotina in the 
undergrowth. Undergrowth is dominated by Elymus repens with a few less numerous species 
of grasses (tokarSka-Guzik et al. 2012).

Plot 2. Surroundings of Piastów Śląskich Street [N50°11’11”, E19°06’38”; UTM: 
CA66]. Until the end of the 1970s, there was functioning a brickyard and a municipal waste 
dump. In the 1990s, the reclamation of the liquidated landfill with the use of waste rock, 
slag and sewage sludge of Coal Mine Mysłowice-Wesoła was conducted. The studies were 
carried out on well sunlit grassland on the southern slope of the heap. Festuca ovina and 
Lotus corniculatus dominate there, also with an invasive Solidago canadensis (tokarSka-
Guzik et al. 2012).

Plot 3. Adjacent to plot number 2 [N50°11’13”, E19°06’34”; UTM: CA66]. The plot 
was located in the central part of the heap. It is a grassland complex dominated by Festuca 
ovina and Festuca rubra, accompanied by Lotus corniculatus (tokarSka-Guzik et al. 2012).

Plot 4. Surroundings of Piastów Śląskich Street [N50°10’32”, E19°05’43”; UTM: 
CA66]. It is a terrain of waste disposal of Coal Mine Mysłowice-Wesoła, with the area of 
23 hectares. From the 1950s to the end of the 1980s waste rocks were deposited here. The 
study was conducted in the initial grassland complex, with the dominance of Calamagrostis 
epigejos, and a significant share of Lotus corniculatus, Tussilago farfara, Echium vulgare, 
Melilotus sp., and Phragmites communis. There were several tree seedlings: Pinus sylvestris 
and Betula sp. (tokarSka-Guzik et al. 2012).

Plot 5. The research site was located at a retention reservoir receiving rainwater 
and melting waters from the area of the heap. It is settled near the plot 4 [N50°10’38”, 
E19°06’13”; UTM: CA66]. Water from this reservoir flows down the draining ditch of the 
heap area to the Ławecki Stream. Near the ditch, there is also located a coal mud settler. 
Insects were collected in a rush association with the predominance of Typha latifolia and 
Equisetum fluviatile, which were accompanied by invasive Nearctic: Padus avium and 
Solidago canadensis (tokarSka-Guzik et al. 2012).

The study was conducted from May to September 2014. Insects were collected at 2-week 
intervals, using an entomological sweep net, according to the commonly used methodology 
for this type of study (GębiCki et al. 1977, kliMaszeWski et al. 1980a, 1980b, sTeWarT 2002). 
At the appointed terms, on each plot, 4 samples were collected – where a single sample mean 
25 strikes with the entomological sweep net. It is common knowledge that hopper species 
diversity is related to the variety of flora species present in the local area (WitkoWSki 1970). 
This is why, in accordance with the research on the minimum size of representative area done 
by kiMSa (1986), our research adopted the plot size of 120 m². A research site of this size 
usually contains sufficient diversity of plant species to be considered representative.

Most of the collected material was identified with the following keys: oSSiannilSSon 
(1978, 1981, 1983), holzinGer et al. (2003) and biederMann & niedrinGhaus (2004). In 
some cases, specialised papers on particular genera were applied: Muellerianella WaGner, 
1963 (booiJ 1981), Ribautodelphax WaGner, 1963 (bieMan 1987), Aphrodes curtiS, 1833 
(Tišečkin 1998), Forcipata delonG & CaldWell, 1936 (Gniezdilov 2000), Eupteryx curtiS, 
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1833 (le Quesne 1974), Zygina Fieber, 1866 (dWorakoWSka 1970a), Arboridia zaChvaTkin, 
1946 (dWorakoWSka 1970b), Balclutha kirkaldy, 1900 (kniGht 1987), Macrosteles Fieber, 
1866 (GaJeWski 1961), Doratura J. sahlberG, 1871 (dWorakoWSka 1968b), Fieberiella 
siGnoreT, 1880 (dlabola 1965), Rhopalopyx ribauT, 1939 (dMiTriev 1999), Elymana 
delonG, 1936 (dWorakoWSka 1968a) and Arthaldeus ribauT, 1947 (reMane 1960). 

Determination of collected species was based on external morphology, but we also 
used the microscopic preparations of sound and male apparatus. The material was prepared 
according to the kniGht procedure (1965). Systematics and nomenclature were used 
following GębiCki et al. (2013).

The collected specimens are deposited in the collection of the Institute of Biology, 
Biotechnology and Environmental Protection, Faculty of Natural Sciences, University of 
Silesia in Katowice.

Analysis
The dominance index (D), constancy index (C) and fidelity index (W) (after kaSPrzak 

& niedbaŁa 1981) were calculated in order to determine the species diversity in studied 
communities. Based on the values received by applying the dominance index (D) equation 
the following five classes of dominance have been distinguished: superdominants – more 
than 30% of all collected individuals on investigated plot; dominants – from 20.01% to 
30.00%; subdominants – from 7.51% to 20.00%; accessory classes: recedents – from 
2.51% to 7.50%; subrecedents – less than 2.51%. Based on the values of constancy index 
(C) the following four classes of constancy of occurrence have been distinguished: 1st class 
(euconstant species) – from 75.01% to 100%; 2nd class (constant species) – from 50.01% to 
75.00%; 3rd class (accesoric species) – from 25% to 50.00%; 4th class (accident species) – less 
than 25%. The values of fidelity index (W) were divided into four main categories used in 
many studies that discuss planthopper communities. Four fidelity classes were distinguished: 
differential species – W from 95.01% to 100.00%; characteristic species – W from 50.01% 
to 95.00% – accompanying species – W below 50%; accidental species – species only 
accidentally encountered in a given plant community, showing no strong association with it 
(after: Walczak et al. 2014, MuSik et al. 2018).

The following coefficients were applied: Shannon-Weaver’s H’ and Brillouin’s  
Ĥ (Shannon & Weaver 1949 and brillouin 1962 after: trojan 1992). Cluster analysis and 
PCA were performed for determining the similarity of studied communities (after: Walczak 
et al. 2014). 

The aim of ecological analysis was to indicate the share of particular ecological elements 
in the planthopper fauna of the studied region. Various environmental factors induce the 
changes in animal communities and constantly modify them (trojan 1992). The planthoppers 
and leafhoppers are a group which reflects the interrelationships within a biocoenosis in an 
astonishing way (niCkel 2003). The research on such relations in various insect taxa helped 
to explain how ecosystems function, what processes maintain the homeostasis and what 
factors trigger the response to stress (szuJeCki 1998).

In the ecological analysis the following factors were taken into account: humidity 
(hygrophilous, mesohigrophilous and xerophilous species), insolation (heliophilous, 
mesoheliophilous and skiophilous species), trophic relations (1-degree and 2-degree 
monophagous, 1-degree and 2-degree oligophagous and polyphagous), the overwintering 
stages (wintering in the egg, nymphal or adult stage), number of generations during the year 
(species with one generation during a year – univoltine; two generation – bivoltine) and 
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environmental connections of the tested insects – their life strategy (eurytopic, oligotopic and 
stenotopic species). In terms of humidity requirements and insolation, the criteria proposed by 
CzeChoWski and MikoŁaJCzyk (1981). Information on the trophic requirements and relations 
with their host plants follows niCkel (2003) and śWierCzeWski (2007), the overwintering 
stage and the number of generations during the year was accepted after niCkel and reMane 
(2002), while the strength of relationship of a species with its habitat follows aChTzinGer and 
niCkel (1997) and niCkel and hildebrandT (2003).

RESULTS

During the research a total of 2913 planthopper and leafhopper specimens was recorded 
and determined into 79 species. 114 larvae individuals. The detailed results are presented 
in tables at the end of the paper. Suborder Fulgoromorpha was represented by 2 families: 
Delphacidae and Tettrigometridae, and Cicadomorpha was represented by 3 families: 
Aphrophoridae, Membracidae and Cicadellidae. Over 2/3 (54 sp.) collected taxa belong to 
Cicadellidae. Single female from Delphacidae and 2 males from Macropsis sp. could not be 
identified.

In gathered material were recorded species rare in Poland like: Paraliburnia adela, 
Tettigometra impressopunctata, Ebarrius cognatus and Metalimnus steini. 

The most numerous in the whole material was Stenocranus major (1297 specimens  
– 45.44% share; Fig. 6h). Also abundant were populations of Cicadella viridis (234 specimens 
– 8.2% share), Jassargus flori (4.77%), Balclutha calamagrostis (3.92%), Neophilaenus 
lineatus (3.75%), Neophilaenus minor (3.36%) and Balclutha punctata (2.59%). Mentioned 
species represent dominant (above 20% share) and subdominant (7,5%-20% share) species in 
planthopper communities (kaSPrzak & niedbaŁa 1981, Walczak et al. 2014). Stenocranus 
major and Cicadella viridis dominated in moist environment on plot 5, and were the most 
numerous at the end of the August and early September. Neophilaenus lineatus, Jassargus 
flori and Balclutha punctata dominated in forest association on plot 1, and the largest 
increase in their population was observed in July and August. Mesophilous and xerophilous 
dominants like Balclutha calamagrostis and Neophilaenus minor were the most numerous 
on the insolated plots 2 and 4. The population dynamics chart of both species had its peaks 
twice: at the end of the spring and in summer (Fig. 3., Tab. 3).

As many as 28 species were represented only by 1 single specimen. The share of 
unidentified larvae in the total material was 3.99%.

Indices of species diversity and evenness 
The values of Shannon-Weaver’s species diversity index H’, calculated on the basis of 

the natural logarithm (log e), on the examined plots ranged between 0.603 and 2.794. The 
Brillouin’s diversity index Ĥ ranged between 0.589 and 2.545. The highest values of these 
indices were obtained in planthopper community on plot 3, and the lowest in case of plot  
5 (Tab. 1).

Similarity of communities on study plots
The hierarchical tree (Fig. 4) revealed the highest degree of similarity between 

communities on plots 2 and 3, and located close to them community on plot 4. The outer 
group for this cluster is the community on plot 1. It has also been shown, that the community 
on plot 5 has to be treated separately.



6

The results achieved by principal components analysis (PCA) has mostly confirmed 
what the agglomeration analysis revealed. Thanks to this method, we obtained the graphic 
view of group constituted of communities from plots 2, 3 and 4. Planthopper communities 
associated with plots 1 and 5 were scattered separated (Fig. 5).

Ecological analysis
In total collected material, in term of the environmental humidity, the largest share 

belong to mesohigrophilous (60.98%), and in the case of insolation to mesoheliophilous 
species (59.76%) (Tab. 2). 

Taking into account trophic relations the percentage share of individual groups were 
almost equal. Monophagous species dominated slightly (36.59%), second were oligophagous 
species (34.15%), while the lowest proportion belongs to polyphagous (24.39%). 

Species with only one generation per year formed 52.44% of the total, and that with 
more than two generations formed a group of 43.90%. The most abundant were species 
overwintering in the stage of egg (62.20%), while the least were the ones overwintering as 
imago (14.63%). In terms of life strategy, species with eurytopic and oligotopic range had the 
highest share (37.80%), while stenotopic species (20.73%) were less common. Undetermined 
adults and larvae have been classified as unknown. The results obtained during the above 
analysis for individual plots were placed in Tab. 2.

A review of rare and interesting species of planthoppers and leafhoppers (* – new species 
for the Upper Silesia region):

1. Paraliburnia adela (Flor, 1861)* (Fig. 6a) – Plot 5: 18.08.2014, 1♂, 1♀; species 
known almost from all over the Europe (naSt 1987) and Kazakhstan (naSt 1972). Inhabits 
Phalaris arundinacea (niCkel & reMane 2002). In Poland new to the region of Upper Silesia, 
previous known only from the Pomeranian Lake District, Mazovian Lowland (sMreCzyński 
1954, GębiCki et al. 2013) and Kraków-Wieluń Upland (Walczak 2014, Walczak et al. 
2014, 2016). 

2. Stictocephala bisonia koPP et yonke, 1977 (Fig. 6b) – Plot 4: 30.08.2014, 1♂ (data 
published: Walczak et al. 2018); Nearctic species invasive in Poland. For 100 years it 
has been spreading in Europe and other parts of the world, sometimes causing significant 
damage to crops (seliak 2004, lauTerer et al. 2011). In Poland, recorded a few years ago 
(śWierCzeWski & sTroiński 2011), currently known from about 90 positions and from almost 
the entire area, with the exception of the east border of the country and some regions in the 
south (Walczak et al. 2018).

3. Macrosteles sardus ribauT, 1948 (Fig. 6c) – Plot 4: 18.08.2014, 1♂; Species occur 
in the middle Europe and Kazakhstan (naSt 1972). The host plant of this species remains 
unknown (niCkel & reMane 2002). In Poland recorded only in the region of Kraków-Wieluń 
Upland and Upper Silesia (śWierCzeWski & Walczak 2011, MuSik et al. 2018). 

4. Allygus modestus Scott, 1876 (Fig. 6d) – Plot 1: 20.06.2014, 1♂, 04.07.2014, 2♀♀; 
Occour almoust all over the Europe (naSt 1987, söderMan et al. 2009), and also in Marocco 
and Tunisia (naSt 1972). In Poland recorded on the Baltic Coast, Wielkopolsko-Kujawska 
Lowland (naSt 1976), Kraków-Wieluń Upland (Walczak et al. 2014, 2016), Małopolska 
Upland, Lubelska Upland (GębiCki et al. 2013), and lately also Upper Silesia (MuSik et al. 
2018).

5. Metalimnus steini (Fieber, 1869) (Fig. 6e) – Plot 3: 18.08.2014, 1♀; The species is 
present in Europe, Caucasus and Primorsky Krai (naSt 1972). Monophagous on Carex hirta 
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(niCkel & reMane 2002). In Poland known from the region of Upper Silesia (śWierCzeWski 
& Walczak 2011, MuSik et al. 2018, JunkierT & GorCzyCa 2019), Kraków-Wieluń Upland 
(śWierCzeWski & Walczak 2011) and Małopolska Upland (GębiCki et al. 2013). 

6. Ebarrius cognatus (Fieber, 1869) (Fig. 6f) – Plot 3: 20.06.2014, 3♀♀, 30.08.2014, 
1♂; Occours almost all over the Europe, Asia Minor and Transcaucasia (naSt 1972). 
Monophagous on Festuca sp. (niCkel & reMane 2002). In Poland recorded in Upper Silesia, 
Kraków-Wieluń Upland, Western Beskidy Mountains and Pieniny Mountains (GębiCki et al. 
2013). 

7. Arthaldeus arenarius reMane, 1960 (Fig. 6g) – Plot 4: 21.06.2014, 1♂; Present in 
Cenral Europe and in the South Russia (naSt 1972). Monophagous Calamagrostis epigejos 
(niCkel & reMane 2002). In Poland known from Upper Silesia, Kraków-Wieluń Upland, 
Małopolska Upland, Sandomierska Lowland (GębiCki et al. 2013, Walczak et al. 2014, 
2016), and lately recorded also on the Baltic Coast (sTroiński et al. 2018). 

DISCUSSION 

The post-industrial dumping grounds are heavily degraded areas, where various types of 
waste materials are stored, after the mining industry or metallurgical treatment. They include 
waste rocks, shale, slag and ash. Until recently, waste heaps and other dumping grounds have 
occupied an area of 3204.4 ha of the former Katowice Province. Nearly 77.3% of them were 
minefields, and only 21.8% were found at the ironworks (PionTek 1980). The largest number 
of mining sites is located in the Rybnik Coal District and the Upper Silesian Industrial District 
(Chorzów, Bytom and Ruda Śląska). The largest heaps are located in Bytom, Tarnowskie 
Góry, Piekary Śląskie and Szopienice district in Katowice. The age of the oldest coal heaps 
does not exceed 250 years, and their formation is related to the development of coal mining. 
Their composition includes material in different states of fragmentation (Mazaraki 1956a, 
1956b). Despite their degradation effect, most of the Upper Silesian heaps are covered by the 
specific phytocoenoses, that have grown as a result of deliberate reclamation or spontaneous 
succession. There are also some Europe-wide unique ecosystems (rosTański 2000).

Around the world a very few articles on the entomofauna of post-industrial dumping 
grounds were published. Well was studied the process of soil entomofauna growing on the 
reclaimed heaps of brown coal mines in the vicinity of Görlitz, Leipzig (dunGer 1968) and 
Kiel (neuMann 1971). In Germany also urban brownfields as general post-industrial areas 
were investigated in case of being a temporary habitats for phytophagous insects, and to 
know community structure and life strategies of leafhoppers during the process of natural 
succession (biederMann 2002, StrauSS & biederMann 2006). In Poland, there has been 
only one article published so far, which is a comprehensive study of post-industrial dumping 
grounds in the area of Ruda Śląska and Mikołów (SiMon & szWedo 2005). Additionally, 
the fauna of the Barbara heap in Częstochowa was described in the monograph devoted 
to planthopper and leafhopper communities in Częstochowa (Walczak et al. 2014). Other 
groups of Hemiptera which were objectives of a study on wastelands were aphids in the area 
coal and zinc mines in Upper Silesia (Czylok et al. 1991) and scale insects on post-industrial 
dumping grounds in Ruda Śląska (kalandyk-koŁodzieJCzyk et al. 2011). 

The results of these studies indicate that the dumping grounds became attractive niches 
for living and development of many insects, including planthoppers and the latter are present 
there in a large number of species and specimens (SiMon & SzWedo 2005, Walczak et al. 
2014). Many of the species are often associated with xerothermic habitats, some are native 
to Asian or European Steppes, or to various Mediterranean environments, so they favour the 
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specific and sometimes extreme physical and chemical conditions (SiMon & szWedo 2005). 
Researchers believe that due to the disappearance of some natural biotopes, many species 
of planthoppers and leafhoppers move to brownfields as dumps and other suitable habitats. 
Moreover urban areas tend to have a higher biodiversity than their agricultural surroundings. 
This might be due to high habitat diversity and a wide range of environmental conditions 
found in urban habitats (rebele 1994, StrauSS & biederMann 2006) The existing case 
studies on leafhoppers clearly demonstrate the effects of area and isolation on distribution 
and density in fragmented habitats. A set of hypotheses is available to explain these static 
patterns. However, that kind of studies give only an idea of the importance of dynamic 
spatial processes. In particular, studies on the dynamics of the distribution (extinction and 
colonisation) in the habitat patches would be required in order to enhance our knowledge of 
spatial processes (e.g. turnover rates) at the regional scale (biederMann 2002).

On dumping grounds in Mysłowice total of 79 planthopper and leafhopper species was 
recorded and represented by over 2913 specimens. It constitutes 14.58% of Polish cicadofauna. 
In other studies, conducted under similar conditions, with a similar number of research sites 
(from 5 to 7) by ruda (1981), Gibas (2015) and MieliMonka (2015) were obtained similar 
results (2574 individuals and 77 species; 3338 and 84; and 907 and 50 respectively). SiMon 
and szWedo (2005) were able to capture as much as 110 different species, but they set up 16 
sites. The number of specimens they collected was around 2900 but the overall specimen per 
site ratio was similar to the studies with fewer sites.

The highest number of species and specimens was recorded on plot 1: 36 species (within 
two undetermined specimens from Delphacidae and Macropsis and larvae) and 492 specimens. 
This site had the richest phytocenosis – a rare forest association with grassy undergrowth and 
numerous glades and clearings in the crown of trees, at an advanced stage of succession. 
Morning shade and afternoon insolation provided moderate humidity for the undergrowth 
and allowed proper development of many plants, which brought about a significant variety of 
planthopper species. This community was dominated by Jassargus flori, Balclutha punctata 
and Neophilaenus lineatus, often found on heavily overgrown meadows and the edges of 
forests (chudzicka 1981, Walczak et al. 2014).

Plots 2, 3 and 4 were dominated by grasslands. The communities had from 25 to 31 
species (200-436 specimens) – a little less than plot 1. Cluster analysis (Fig. 2), and PCA 
(Fig. 3) showed that in terms of species composition the most similar were communities on 
plots 2 and 3. The species common to both sites are the species with xerothermic preferences, 
feeding on Festuca, which have been mostly found in the grasslands of Częstochowa Jura 
(śWierCzeWski & WoJCieChoWski 2009) and Błędowska Desert (Jasińska 1980, MuSik et al. 
2018). 

The hopper community on plot 5 stands out as the site with the least number of collected 
species (only 16) but the highest number of specimens – as much as 1562. The plot was set up 
close to a retention pond, which collects precipitation and ice melting water, with poor rush 
overgrowth which is very different from other plant communities on heaps. This affected the 
composition of species and number of specimen present on the site. The dominant species 
was Stenocranus major (1288 specimens, Fig. 4h) probably due to a lack of competition. 
An increase in its population was observed from the beginning of August. The species 
overwinters as imago and produces one generation per season (GębiCki et al. 2013). No 
adult specimens of the species were recorded during the spring, so it can be assumed that not 
many survive winter. Only a few larvae were collected, as they stay hidden close to the roots 
of plants (niCkel 2003) The host plant of S. major – Phalaris arundinaceae was not found 
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on the study plot, which questions the idea of the monophagous character of this species.  
A similar community located around dumping grounds was previously studied by SiMon and 
szWedo (2005), who also found S. major as a dominant species with a similar share of higro- 
and mesohigrophilous species.

Dominant and subdominant species like: Cicadella viridis, Neophilaenus lineatus, 
Neophilaenus minor, Balclutha calamagrostis, Balclutha punctata and Jassargus flori most 
strongly affected the population dynamics of planthopper and leafhopper fauna on study plots 
(Tab. 3). Their populations were the most numerous at the mid- and late summer (Fig. 3). 
Those periods were in accordance with the ecology and the behaviour of those species, and 
confirm observations made from other regions of Poland (chudzicka 1981, kliMaszeWski et 
al. 1980a, 1980b, GębiCki 1983, SiMon & szWedo 2005, Walczak et al. 2014, 2016, MuSik 
et al. 2018).

The study plots had a majority of species with a wide range of ecological tolerance 
(eurytopic) and mesohigrophilous, heliophilous and xerophilous species, which was the same 
fauna characteristic found previously in disturbed habitats by denno and roderiCk (1991). 
In total collected material monophagous species were most common (36.59%), oligophagous 
were a little less numerous (34.15%), with least numerous polyphagous species (24.39%). The 
number of species on each plot varied, however the monophagous constituted a significant 
group (Tab. 2).

According to PresTiGe (1982), unstable environments in the process of plant succession 
are characterized by the predominance of polyphagous species; whereas stable environments 
are characterized by a greater share of species with the stronger ties between them and a host 
plant than the habitat. The research conducted on planthoppers and leafhoppers inhabiting 
the waste heaps in Mysłowice did not prove this assumption. The high rate of monophagous 
species in the collected material may indicate that the waste heaps have the majority of 
species with stronger ties to the host plant that the habitat even though the heaps mostly 
should belong to disturbed habitats. This was confirmed by SiMon and szWedo (2005), who 
found on many plots in the area of Ruda Śląska and Mikołów predominance of monophagous 
species over other ecological groups of planthoppers. It is possible, that some species choose 
a host plant regardless of the environmental conditions and processes taking place in the 
ecosystem, this is why there is a large number of hoppers (including monophagous) found in 
urban areas (Walczak 2005, Walczak et al. 2014). 

We could also conclude that due to the age of many Silesian heaps (Mazaraki 1956a, 
1956b), they may be, at least in some cases, more stable habitats than commonly accepted. 
We should also underline, that in our climate zone, according to the research carried out on 
this group of insect in Germany, polyphagous hopper species represent only about 14%, 
while monophagous account for 38% of total cicadofauna (niCkel 2003). For this reason, the 
high rate of monophagous species on the waste heaps, significantly higher than polyphagous 
– should not be surprising. There are also findings of other studies which contradicts the 
above results, where on some dumping grounds in the Upper Silesia the prevalent species 
were oligophagous or even polyphagous rather than the monophagous (ruda 1981, Gibas 
2015 and MieliMonka 2015).

It is believed that the dominance of species hibernating in the egg stage indicates  
a balance in the environment, and the dominance of forms wintering in the stage of nymphs 
and imago suggest the disturbances in the environment (WaloFF 1980, hollier et al. 1994). 
In turn broWn and SouthWood (1987) have shown in theire studdies that the dominance of 
species with more generations per year can indicate the early stages of the plant succession 
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in the environment. In Mysłowice most species hibernate in the egg stage (62.20%), 
and the less in the imago stage (14.63%) (Table 2). There also on all sites predominated 
univoltine species, with the share of 52.44%. This may indicate that the research plots 
were established on heaps in habitats with a relatively stable character.

 The study on communities living on post-mining dumping grounds in Mysłowice 
confirmed the results of the research conducted by SiMon and szWedo (2005), who reported 
that species diversity of a planthopper and leafhopper communities depends mostly on the 
richness of flora in the area, with indirect effect of the nature of the site, in particular its 
humidity and insolation. The reasons of high species diversity on waste heaps can also be 
the same as in large urban areas. It has been proven, that groups of herbivorous invertebrates 
living in cities are mostly composed of the trophic chains of the sucking phytophagous 
insects (Hemiptera), which replace insect with biting and chewing mouthparts, such as 
butterfly larvae, beetles and sawflies (PiSarSki & trojan 1976, chudzicka 1979, 1990).
The leaf blade keeps most of the impurities on its surface so that the concentration of 
toxic substances in the plant tissue is smaller. That’s why sucking insects (planthoppers 
and other Hemiptera) and leaf miners (larvae of some butterflies) have a better tolerance 
for such conditions (chudzicka 1990). Due to the lack of competition, the species living 
in the most heavily contaminated part of the habitat occur in high density, as confirmed 
by PiSarSki and trojan (1976), which indicates that in some sites Hemiptera species 
accounted for 88% of the overall insect fauna.

Research indicate that waste heaps are valuable biotopes for many species of 
hoppers. Many rare species make them their home, including: Trigonocranus emmeae, 
Pentastiridius beieri, Macrosteles maculosus, Psammotettix dubius or P. poecilus (SiMon 
& szWedo 2005, Walczak et al. 2014, Gibas 2015, MieliMonka 2015) and the same species 
were found on waste heaps in Mysłowice additionally there were recorded also species 
like Delphacodes venosus, Paraliburnia adela, Macrosteles sardus, Allygus modestus, 
Metalimnus steini, Ebarrius cognatus and Arthaldeus arenarius. We can assume that the 
waste heaps of Upper Silesia are a refuge area for a number of hopper species, with large 
groups of specimen, who create stable hopper populations. 

The study explored communities living on 5 different sites and revealed that the 
insects form highly diversified communities. It contributes to raising the knowledge 
about the planthopper and leafhopper communities living on post-mining dumping 
grounds, by bringing a lot of new information, and confirming conclusions reached by the 
previous researchers. Primarily that due to mosaic character this kind of areas have higher 
biodiversity than agricultural surroundings, and they can create a suitable niche for species 
(biederMann 2002, StrauSS & biederMann 2006). The results indicate the need to conduct 
further studies on communities of insects living in post-mining dumping grounds or other 
unexplored post-industrial environments.

SUMMARY AND CONCULUSIONS 

– As a result of research conducted on post-mining dumping areas of Mysłowice 79 
species were found, which constitutes 14.58% of the Polish fauna of planthoppers and 
leafhoppers (GębiCki et al. 2013).

– There were found representatives of 3 families within Cicadomorpha (1480 
specimens) and 2 families within Fulgoromorpha (1319 specimens). The most numerous 
was the family Cicadellidae (54 species), and the most abundant was Stenocranus major 
from Delphacidae (1288 individuals).



11

– The richest in terms of the number of species was plot 1 (36 species), the least 
species were collected on plot 5 (16 species).

– In the studied material some rare species were found: Paraliburnia adela, Macrosteles 
sardus, Allygus modestus, Metalimnus steini, Ebarrius cognatus and Arthaldeus arenarius. 

– The most abundant were: Stenocranus major, Cicadella viridis, Jassargus flori, 
Balclutha calamagrostis, Balclutha punctata, Neophilaenus minor, Neophilaenus lineatus, 
Neophilaenus campestris, Kosswigianella exigua, Psammotettix confinis and Philaenus 
spumarius. On the other hand some species were representet only by one single speciment: 
Delphacodes venosus, Macrosteles sardus, Metalimnus steini, Psammotettix poecilus, 
Arthaldeus arenarius and invasive Stictocephala bisonia.

– The degree of similarity of the discussed communities was based on a hierarchical tree 
performed using the Ward method, as well as on the analysis of the main components (PCA). 
The highest degree of similarity was observed between the communities on plot 2 and 3, 
while the community on the plot 5 differed the most. The analysis with the use of the species 
diversity indices (shannon-Weaver H’ and brillouin Ĥ) confirmed the previous results.

– All collected species were classified into 13 chorological elements. European and 
Transpalearctic species predominated in the material. The less share belong to Nearctic, 
South European, West European and round Mediterranean (all of them were represented 
only by one single specimen) (Tab. 2).

– In terms of the ecological analysis the biggest share belong to mesohelophilous, 
mosohigrophilous, monophagous, eurytopic species and to those with one generation per 
year and overwintering in the stage of egg (Tab. 2).

– No species belonging to the first class of constancy were found, second-class 
representatives appeared on four plots.

– Superdominant species were observed on 2 plots – plot 4 (Balclutha calamagrostis) and 
plot 5 (Stenocranus major). The greatest species diversity was noted on plot 1, overgrown by 
the mosaic of forest and meadow communities. 

– The conclusions of denno and roderiCk (1991), who in disturbed environments 
observed the advantage of taxa with a broad ecological valence were confirmed. But the 
results of research on the Mysłowice heaps did not confirm the earlier conclusions of 
PresTidGe (1982), broWn and SouthWood (1987), WaloFF (1980) and hollier et al. (1994). 
According to them, in the disturbed and degraded environments predominate poliphagous 
species (PresTiGe 1982), which have many generations in season (broWn & souThWood 1987) 
and wintering in the nymph or imago stage (WaloFF 1980, hollier et al. 1994). Meanwhile, 
the Mysłowice heaps were dominated by monophagous species with one-generation per year 
and wintering in the egg stage. This may indicate that the research plots were established on 
heaps in habitats with a relatively stable character.

However, it should be noted, that the ecological groups the most numerous on the heaps 
in Mysłowice occur most often in the majority of biotopes in this part of Europe (niCkel 
2003). 
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Fig. 1. The localization of Mysłowice (study plots) in Poland.
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Fig. 2. The localization of study plots in Mysłowice.
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Fig. 3. The dominant species population dynamics charts.
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Fig. 4. Dendrogram of Euclidean distances of community similarities based on the calculation of the 
number of individuals of all species; Ward’s method.

Fig. 5. Principal Components Analysis (PCA) based on the calculation of the number of individuals of 
all species.
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Fig. 6. Rare and interesting species of planthoppers and leafhoppers collected at selected post-mining 
dumping grounds in Southern Poland: a – Paraliburnia adela (Flor, 1861), b – Stictocephala 
bisonia koPP et yonke, 1977, c – Macrosteles sardus ribauT, 1948, d – Allygus modestus Scott, 
1876, e – Metalimnus steini (Fieber, 1869), f – Ebarrius cognatus (Fieber, 1869), g – Arthaldeus 
arenarius reMane, 1960, h – Stenocranus major (kirsChbauM, 1868).
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Tab. 1. The values of the of Shannon-Weaver’s H’ and Brillouin’s Ĥ species diversity indices in studied 
communities: Shannon-Weaver’s H’ and Brillouin’s Ĥ.

Plot H’ Ĥ Number of specimens
1 2,453 2,324 36

2 2,289 2,193 25

3 2,794 2,545 31

4 2,15 1,959 30

5 0,603 0,589 16

Tab. 2. The share of particular ecological elements on research plots 1–5, and in the total collected 
material (N – sum of the element).

Ecological 
element

Plots
Total

1 2 3 4 5

N % N % N % N % N % N %

HUMIDITY

higrophilous 5 12,82 0 0.00 0 0.00 1 3.23 3 17.65 9 10.98

mesohigrophilous 30 76.92 17 65.38 20 62.50 23 74.19 13 76.47 50 60.98

xerophilous 1 2.56 9 34.62 11 34.38 6 19.35 0 0.00 20 24.39

unknown 3 7.69 1 3.85 1 3.13 1 3.23 1 5.88 3 3.66

INSOLATION

heliophilous 3 7.69 13 50.00 17 53.13 12 38.71 2 11.76 30 36.59

mesoheliophilous 33 84.62 12 46.15 14 43.75 18 58.06 14 82.35 49 59.76

unknown 3 7.69 1 3.85 1 3.13 1 3.23 1 5.88 3 3.66

TROPHIC RELATIONS

1st degree 
monophagous 5 12.82 6 23.08 7 21.88 5 16.13 3 17.65 26 66.67

2nd degree 
monophagous 6 15.38 5 19.23 3 9.38 3 9.68 4 23.53 21 54.85

monophagous in 
total 11 28.21 11 42.31 10 31.25 8 25.81 7 41.18 30 36.59

1st degree 
oligophagous 9 23.08 6 23.08 11 34.38 10 32.26 3 17.65 39 100

2nd degree 
oligophagous 2 5.13 1 3.85 2 6.25 1 3.23 0 0.00 6 15.38

oligophagous in 
total 11 28.21 7 26.92 13 40.63 11 35.48 3 17.65 20 24.39

polyphagous 14 35.90 7 26.92 8 25.00 10 32.26 6 35.29 20 24.39

unknown 3 7.69 1 3.85 1 3.13 2 6.45 1 5.88 4 4.88

OVERWINTERING

egg 20 51.28 16 61.54 20 62.50 23 74.19 9 52.94 51 62.20

nymph 9 23.08 7 26.92 4 12.50 1 3.23 3 17.65 16 19.51

imago 7 17.95 2 7.69 5 15.63 6 19.35 4 23.53 12 14.63

unknown 3 7.69 1 3.85 1 3.13 1 3.23 1 5.88 3 3.66
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Ecological 
element

Plots
Total

1 2 3 4 5

N % N % N % N % N % N %

GENERATIONS PER YEAR

univoltine 24 61.54 12 46.15 16 50.00 17 54.84 10 58.82 43 52.44

bivoltine 12 30.77 13 50.00 15 46.88 13 41.94 6 35.29 36 43.90

unknown 3 7.69 1 3.85 1 3.13 1 3.23 1 5.88 3 3.66

LIFE STRATEGY

eurytopic 21 53.85 12 46.15 16 50.00 11 35.48 8 47.06 31 37.80

stenotopic 4 10.26 5 19.23 6 18.75 3 9.68 3 17.65 17 20.73

oligotopic 11 28.21 8 30.77 9 28.13 16 51.61 5 29.41 31 37.80

unknown 3 7.69 1 3.85 1 3.13 1 3.23 1 5.88 3 3.66
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