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Abstract: The paper presents the results of the study on species diversity and characteristics of
planthopper and leathopper fauna (Hemiptera: Fulgoromorpha et Cicadomorpha) inhabiting
selected post-mining dumping grounds in Mystowice 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 leathoppers (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 Luczak 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
& SkiBiNska 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 (GEBIck1 1979).
This is why planthoppers and leathoppers 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 (CHupzicka 1979, 1981,
Krmaszewski et al. 1980a, 1980b, Geickr 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 & Roperick 1991). We could only find
an interesting information on planthopper and leafhopper fauna of brownfields as general
post-industrial areas regardless of origin (BiebERMANN 2002, STRAUSS & BIEDERMANN 2006,
SANDERS et al. 2008).

So far in Poland there has been published just one paper devoted specifically to
planthopper and leathopper communities living around post-industrial dumping grounds in
Ruda Slaska and Mikotow (SMon & Szwepo 2005). Additionally, some information related
to hopper communities on waste heaps was found in a study conducted around Czg¢stochowa
(WaLczak et al. 2014). Most of the research done on post-industrial dumping grounds is still
unpublished in manuscripts of master theses (Rupa 1981, Taszakowska 1985, Zivox 1986,
Gias 2015, MIELIMONKA 2015).

Studies conducted on the mining waste heaps of Mystowice were undertaken due to
insufficient knowledge of planthopper and leathopper 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

Mystowice 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 (Konpracki 2002), and
the region of Upper Silesia according to the regionalization system adopted in the Catalogue
of Polish Fauna (Burakowskl et al. 1973). Mystowice lies within the Upper Silesia basin,
and its Precambrian foundation of the geological structure is covered with the Upper Carbon,
Triassic, Palacogene, 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 Mystowice (Wesota district) on post-mining dumps, or
adjacent areas of the Mystowice-Wesota Coal Mine, on 5 selected research plots (Fig. 2).
Each plot measured ca. 120 m?. Nomenclature of the vascular plant species by MIREK et



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 Mystowice-Wesota.

Plot 1. Surroundings of Spacerowa Street [N50°11°39”, E19°05°19”; UTM: CAG66].
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 (TokarRskA-GUzIK et al. 2012).

Plot 2. Surroundings of Piastow Slaskich Street [N50°11°11”, E19°06°38”; UTM:
CAG66]. 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 Mystowice-Wesota 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 ef al. 2012).

Plot 4. Surroundings of Piastow Slaskich Street [N50°10°32”, E19°05°43”; UTM:
CAG66]. It is a terrain of waste disposal of Coal Mine Mystowice-Wesota, 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. (TokarRska-Guzik ef 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 Lawecki 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 (TokArRsKA-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 (GEsicki et al. 1977, KLimaszewskl 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 m?. 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 W AGNER,
1963 (Boou 1981), Ribautodelphax WAGNER, 1963 (BIEMAN 1987), Aphrodes CurTis, 1833
(Ti8eckiN 1998), Forcipata DELONG & CALDWELL, 1936 (GniezpiLov 2000), Eupteryx CURTIS,



1833 (LE QUESNE 1974), Zygina FieBER, 1866 (DworakowsKA 1970a), Arboridia ZACHVATKIN,
1946 (DworakowskaA 1970b), Balclutha KirkaLpy, 1900 (KnigHT 1987), Macrosteles FIEBER,
1866 (Gaiewskl 1961), Doratura J. SAHLBERG, 1871 (DworakowskA 1968b), Fieberiella
SiGNoRET, 1880 (DraBora 1965), Rhopalopyx RiBaut, 1939 (Dmitriev 1999), Elymana
DEeLonG, 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 GEBicki ef 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 Kasprzax
& NiepBara 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: 1* class
(euconstant species) — from 75.01% to 100%; 2™ class (constant species) — from 50.01% to
75.00%; 3" class (accesoric species) — from 25% to 50.00%; 4" class (accident species) — less
than 25%. The values of fidelity index (/) 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 ef al. 2018).

The following coefficients were applied: Shannon-Weaver’s H’ and Brillouin’s
H (SHANNON & WEAVER 1949 and BRiLLOUIN 1962 after: TRoiaN 1992). Cluster analysis and
PCA were performed for determining the similarity of studied communities (after: WALczAK
etal 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 (Trosan 1992). The planthoppers
and leathoppers are a group which reflects the interrelationships within a biocoenosis in an
astonishing way (NIickeL 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 (Szuiecki 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



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
Czecnowskl and Mikoraiczyk (1981). Information on the trophic requirements and relations
with their host plants follows NickeL (2003) and Swierczewskr (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 NickerL and HILDEBRANDT (2003).

RESULTS

During the research a total of 2913 planthopper and leafthopper 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 & NIEDBALA 1981, WaLczAK ef 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 A 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.



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, 13, 12; species
known almost from all over the Europe (Nast 1987) and Kazakhstan (Nast 1972). Inhabits
Phalaris arundinacea (N1ckeL & REMANE 2002). In Poland new to the region of Upper Silesia,
previous known only from the Pomeranian Lake District, Mazovian Lowland (SMRECZYNSKI
1954, Gesick1 ef al. 2013) and Krakow-Wielun 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: Warczak 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
(SwiErczEWsKI & STRoMsKI 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 Risaut, 1948 (Fig. 6¢) — Plot 4: 18.08.2014, 1J'; Species occur
in the middle Europe and Kazakhstan (Nast 1972). The host plant of this species remains
unknown (NickiEL & REMANE 2002). In Poland recorded only in the region of Krakow-Wielun
Upland and Upper Silesia (SwierczEwski & WaLczak 2011, MUsik ef al. 2018).

4. Allygus modestus Scorr, 1876 (Fig. 6d) — Plot 1: 20.06.2014, 13, 04.07.2014, 29 2;
Occour almoust all over the Europe (NasT 1987, SODERMAN et al. 2009), and also in Marocco
and Tunisia (NasT 1972). In Poland recorded on the Baltic Coast, Wielkopolsko-Kujawska
Lowland (Nast 1976), Krakow-Wielun Upland (WaLczak et al. 2014, 2016), Matopolska
Upland, Lubelska Upland (Ggsicki et al. 2013), and lately also Upper Silesia (Musik et al.
2018).

5. Metalimnus steini (FIEBER, 1869) (Fig. 6¢) — Plot 3: 18.08.2014, 19; The species is
present in Europe, Caucasus and Primorsky Krai (Nast 1972). Monophagous on Carex hirta



(NickeL & REMANE 2002). In Poland known from the region of Upper Silesia (SWIERCZEWSKI
& Warczak 2011, Musik et al. 2018, JUNKIERT & Gorczyca 2019), Krakow-Wielun Upland
(SwierczEwskT & WaLczak 2011) and Matopolska Upland (GEBicki ef al. 2013).

6. Ebarrius cognatus (FIEBER, 1869) (Fig. 6f) — Plot 3: 20.06.2014, 399, 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,
Krakow-Wielun Upland, Western Beskidy Mountains and Pieniny Mountains (GEBICKI ef al.
2013).

7. Arthaldeus arenarius Remang, 1960 (Fig. 6g) — Plot 4: 21.06.2014, 1J'; Present in
Cenral Europe and in the South Russia (NasT 1972). Monophagous Calamagrostis epigejos
(NickeL & REMANE 2002). In Poland known from Upper Silesia, Krakow-Wielun Upland,
Matopolska Upland, Sandomierska Lowland (GEgBicki et al. 2013, WaLczak et al. 2014,
2016), and lately recorded also on the Baltic Coast (STrROINSKI ef 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
(Chorzéw, Bytom and Ruda Slaska). The largest heaps are located in Bytom, Tarnowskie
Gory, Piekary Slaskie 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 (Mazaraxi 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 (Rostaxski 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 Gorlitz, 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 leathoppers during the process of natural
succession (BIEDERMANN 2002, STrRAUSS & 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 Slaska and Mikotéw (SMoN & Szwepo 2005). Additionally,
the fauna of the Barbara heap in Czgstochowa was described in the monograph devoted
to planthopper and leathopper communities in Czgstochowa (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 ef al. 1991) and scale insects on post-industrial
dumping grounds in Ruda Slaska (KALANDYK-KoLopzIEICZYK ef 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 & Szwepo 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



specific and sometimes extreme physical and chemical conditions (SiMmoN & Szwepo 2005).
Researchers believe that due to the disappearance of some natural biotopes, many species
of planthoppers and leafthoppers 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 leathoppers 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 Mystowice total of 79 planthopper and leathopper 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 Rupa (1981), Gias (2015) and MieLiMonka (2015) were obtained similar
results (2574 individuals and 77 species; 3338 and 84; and 907 and 50 respectively). SiMoN
and Szwepo (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 (CHupzicka 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 Czg¢stochowa Jura
(Swikrczewsk1 & WoiciecHowskr 2009) and Bledowska Desert (Jasiiska 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 (GesickI 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



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
Szwepo (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 leathopper 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 (CHupzicka 1981, KLIMASZEWSKI ef
al. 1980a, 1980b, GesIickl 1983, SiMoN & Szwepo 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 Roperick (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 leafthoppers inhabiting
the waste heaps in Mystowice 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 Sivon and Szwepo (2005), who
found on many plots in the area of Ruda Slaska and Mikotéw 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, WaALczak 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 (Rupa 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 (WaLorF 1980, HOLLIER ef al. 1994).
In turn BRowN and SoutHwoob (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



in the environment. In Mystowice 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 Myslowice
confirmed the results of the research conducted by Simon and Szwepo (2005), who reported
that species diversity of a planthopper and leafthopper 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 & Troian 1976, Cuupzicka 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 (Cnupzicka 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 Pisarskr and Trosan (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
& Szwepo 2005, WaLczak et al. 2014, GiBas 2015, MiELiMONKA 2015) and the same species
were found on waste heaps in Mystowice 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 leathopper 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 Myslowice 79
species were found, which constitutes 14.58% of the Polish fauna of planthoppers and
leathoppers (GEgBIckI ef 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).
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— 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 H) 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 Roperick (1991), who in disturbed environments
observed the advantage of taxa with a broad ecological valence were confirmed. But the
results of research on the Mystowice heaps did not confirm the earlier conclusions of
PresTIDGE (1982), BRowN and SoutHwoob (1987), WaLoFF (1980) and HOLLIER ef al. (1994).
According to them, in the disturbed and degraded environments predominate poliphagous
species (PRESTIGE 1982), which have many generations in season (BRowN & SoutHwoop 1987)
and wintering in the nymph or imago stage (WALOFF 1980, HOLLIER ef al. 1994). Meanwhile,
the Myslowice 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 Mystowice occur most often in the majority of biotopes in this part of Europe (NICKEL
2003).

ACKNOWLEDGMENTS

The authors would like to thank our colleagues from the Institute of Biology,
Biotechnology and Environmental Protection, Faculty of Natural Sciences, University
of Silesia: PhD Agnieszka Nawrocka and PhD Wojciech Szczepanski for their help in
maintaining the statistical analyses. We also like to thank PhD Lukasz Depa for valuable
comments and suggestions on the previous version of the manuscript, and PhD Lukasz
Junkiert for photographs and figure.

11



REFERENCES

AcHtzIGER R., NickeL H. 1997. Zikaden als Bioindikatoren flir naturschutzfachliche Erfolgskontrollen im
Feuchtgriinland. Beitrige zur Zikadenkunde 1: 3—16.

BiepErRMANN R. 2002. Leathoppers (Homoptera, Auchenorrhyncha) in fragmented habitats. Denisia 04, zugleich
Kataloge des OO. Landesmuseums, Neue Folge 176: 523-553.

BiEDERMANN R., NIEDRINGHAUS R. 2004. Die Zikaden Deutschlands. Bestimmungstafeln fiir alle Arten.
Wissenschaftlich Akademischer Buchvertrieb-Friind, Scheefel: 409 pp.

Bieman C.F.M. den 1987. Host plant relations in the planthopper genus Ribautodelphax (Homoptera, Delphacidae).
Ecological Entomology 12: 16-172.

Boow C.J.H. 1981. Biosystematics of the Muellerianella complex (Homoptera, Delphacidae), taxonomy, morphology
and distribution. Netherlands Journal of Zoology 31(3): 572-595.

Brown V.K., Soutnwoop T.R.E. 1987. Secondary succession: patterns & strategies, In: Gray A.J., CRAWLEY M.J.,
Epwarps P.J. (Eds.), Colonization, successionand stability. Oxford: Blackwell Scientific Publications: 315-337.

Burakowski B., Mroczkowskl M., STEFANsKA J. 1973. Chrzaszcze Coleoptera. Biegaczowate — Carabidae, cz.
1. Katalog fauny Polski 23(2): 1-232.

CHupzicka E. 1979. Wplyw struktury zieleni miejskiej na sktad gatunkowy i liczebno$¢ fitofagéw koron (na
przyktadzie Tilia sp.), In: Warunki rozwoju drzew i ich fauny w Warszawie. Materiaty konferencji naukowo-
technicznej z 28 stycznia 1978r. Wydawnictwo PAN, Wroctaw-Warszawa- Krakow-Gdansk: 74-83.

Chupzicka E. 1981. Piewiki (Auchenorrhyncha), In: Zoocenologiczne podstawy ksztaltowania $rodowiska
przyrodniczego osiedla mieszkaniowego Biatotgka Dworska w Warszawie. 1. Sktad gatunkowy i struktura
fauny terenu projektowanego osiedla mieszkaniowego. Fragmenta Faunistica 11: 175-191.

Chupzicka E. 1990. Impact of the structure of urban green and of environment pollution on arthropods. Fragmenta
Faunistica 34: 17-35.

Chupzicka E., SkiBiska E. 1998. Diversity of reactions of insect communities as a response to anthropogenic
pressure. Memorabilia zoologica 51: 13-30.

CzecHowskl W., Mikoraiczyk W. 1981. Methods for the study of urban fauna. Memorabilia Zoologica 34: 49-58.

Czyrok A., Gapek B., Tyc A. 2002. Przyroda Mystowic. Przewodnik przyrodniczy po miescie Mystowice.
Mystowice, Centrum Informacji Miejskiej: 135 pp.

Czyrok A., Gorczyca J., Harar R., Krivaszewskl S.M., WoiciecHowskl W. 1991. Fauna mszyc (Homoptera,
Aphidoidea) zwatowisk odpadéow weglowych i cynkowych wojewoddztwa katowickiego. Acta biologica
silesiana 18(35): 108-117.

Denno R.F., Roperick G.K. 1991. Influence of path, size, vegetation structure and host plant architecture on the
diversity, abundance and life history styles of sap-feeding herbivores, In: BELL S.S., McCoy E.D., MUSHINSKY
H.R. (Eds.), Habitat Structure: the Physical Arrangement of object in Space. Chapmann et Hall, New York:
169-196.

DraBora J. 1965. Zoogeographische Arten-gliederung der Gattung Fieberiella SioN. (Homoptera, Auchenorrhyncha).
Acta entomologica Bohemoslovaca 62(6): 428-442.

DwmitriEv D.A. 1999 Obzor vidov roda Rhopalopyx RiBaut, 1939 (Homoptera, Cicadellidae). Entomologiceskoe
Obozrenie 78: 610-624.

DunGer W. 1968. Die Entwicklung der Bodenfauna aufrekultivierten Kippen und Halden des Braun-Kohlentagebaus.
Ein Beitrag zurpedozoologischen Standortsdiagnose. Abhandlungen und Berichte des Naturkunde Museums
Gorlitz 43(2): 1-256.

Dworakowska 1. 1968a. Notes on the genus Elymana DeELoNG (Homoptera, Cicadellidae). Bulletin de I’Académie
Polonaise des Sciences. Serie des sciences biologiques 16: 233-238.

Dworakowska 1. 1968b. Materialy do znajomosci krajowych gatunkow z rodzaju Doratura J. SHLB. (Homoptera,
Cicadellidae). Annales Zoologici 25: 381-401.

Dworakowska 1. 1970a. On the genus Zygina FieB. and Hypericiella sgen. n. (Auchenorrhyncha, Cicadellidae,
Typhlocybinae). Bulletin de I’Académie Polonaise des Sciences. Serie des sciences biologiques 18: 559-567.

Dworakowska 1. 1970b On the genus Arboridia Zacuv. (Auchenorrhyncha, Cicadellidae, Typhlocybinae). Bulletin
de I’Académie Polonaise des Sciences. Serie des sciences biologiques 18: 607-615.

GaJewskl A. 1961. Krajowe gatunki z rodzaju Macrosteles FieB. (Homoptera, Jassidae). Fragmenta Faunistica
9: 87-196.

Gesickl C. 1979. Charakterystyka zgrupowan piewikow (Homoptera, Auchenorrhyncha) wybranych $rodowisk
rejonu huty , Katowice”. Acta Biologica. Prace Naukowe Uniwersytetu Slgskiego 7: 29—44.

Gesicki C. 1983. Zgrupowania piewikow (Homoptera, Auchenorrhyncha) w borach i gradach okolic Pinczowa. Acta
Biologica. Prace Naukowe Uniwersytetu Slgskiego 13: 83-97.

Geickl C., GLowacka E., KarwaNska J., Krivaszewskl S.M., WojciecHowskl W. 1977. Zgrupowania piewikow,
mszyc i koliszkow (Homoptera: Auchenorrhyncha, Aphidodea i Psyllodea) wybranych srodowisk rejonu huty
Katowice”. Acta Biologica. Prace Naukowe Uniwersytetu Slgskiego 4: 95-122.

12



Geicki C., Swikrczewski D., Szwepo J. 2013, Planthoppers and Leafhoppers of Poland (Hemiptera: Fulgoromorpha
et Cicadomorpha). Systematics, Check-list, Bionomy. The Monograph. Annals of the Upper Silesian Museum,
Entomology 21-22: 1-245.

GiBas M. 2015. Cykadofauna wybranych zwatowisk wojewodztwa $laskiego. MSc thesis. Faculty of Biology and
Environmental Protection, Silesian University, Katowice, manuscript.

GiLEwska S. 1972, Wyzyny Slasko-Matopolskie, In: Krimaszewski M. (Ed), Geomorfologia Polski, Tom
1. Panstwowe Wydawnictwo Naukowe, Warszawa: 232-339.

GniezpiLov V.M. 2000. On the Palearctic species of the genus Forcipata DELONG et CALDWELL (Homoptera:
Cicadellidae, Typhlocybinae). Zoosystematica Rossica 8: 283-286.

HotrLier J.A., BRowN V.K., EpwarD-JONES G. 1994. Successional leathoppers assemblages: Pattern and process.
Ecological Research 9: 185-191.

Horzinger W.E., KAMMERLANDER 1., NickeL H. 2003. The Auchenorrhyncha of Central Europe. Vol. 1: Fulgoromorpha,
Cicadomorpha, excl. Cicadellidae. Brill, Leiden-Boston: 672 pp.

JasiNska J. 1980. Piewiki (Homoptera, Auchenorrhyncha) Pustyni Biedowskiej. Acta Biologica. Prace Naukowe
Uniwersytetu Slgskiego 8: 40-49.

JUNKIERT L., Gorczyca J. 2019. Zgrupowania piewikow (Hemiptera: Fulgoromorpha et Cicadomorpha) wybranych
zbiorowisk roslinnych Parku Krajobrazowego Cysterskie Kompozycje Krajobrazowe Rud Wielkich.
Monographs of the Upper Silesian Museum in Bytom 12: 1-xxx. [in press]

Karanpyk-Koropzieiczyk M., SiMoN E., HErczex A. 2011. Scale insects (Coccoidea, Hemiptera) of the postindustrial
wastelands of Ruda Slaska (Poland), In: Inpykiewicz P., Jerzak L., BOHNER J., KavanacH B. (Eds.), Urban
fauna. Studies of animal biology, ecology and conservation in European cities 97-104.

Kasprzak K., NiepBara W. 1981. Wskazniki biocenotyczne stosowane przy porzadkowaniu i analizie danych
w badaniach ilosciowych, In: Gorny M., Grom L. (Eds.), Metody stosowane w zoologii gleby. Panstwowe
Wydawnictwo Naukowe Warszawa: 379-416.

Kimsa T. 1986. Problem powierzchni reprezentatywnej fitocenozy na przyktadzie runa wybranych zbiorowisk
lesnych Roztoczanskiego Parku Narodowego. Prace Naukowe Uniwersytetu Slgskiego w Katowicach 817:
1-74.

Krivaszewskl S.M., Woiciechowskl W., Gesicki C., CzyLok A., JasiNska J., Growacka E. 1980a. Zgrupowania
owadow ssacych (Homoptera i Heteroptera) zbiorowisk trawiastych i zielnych w rejonie huty ,,Katowice”.
Acta Biologica. Prace Naukowe Uniwersytetu Slgskiego 8: 9-21.

Krivaszewskl S.M., WojciecHowskl W., CzyLok A., Gesickl C., HERCzEK A., JasiNska J. 1980b. Zgrupowania
wybranych grup pluskwiakow rownoskrzydtych (Homoptera) i réznoskrzydtych (Heteroptera) w lasach rejonu
huty ,,Katowice”. Acta Biologica. Prace Naukowe Uniwersytetu Slgskiego 8: 22-39.

KnigHT WJ. 1965. Techniques for use in the identification of leathoppers (Homoptera: Cicadellidae). Entomologist s
Gazette 16: 129-136.

Knigur WJ. 1987. Leathoppers of the grass-feeding genus Balclutha (Homoptera, Cicadellidae) in the Pacific
region. Journal of Natural History 21: 1173-1224.

Konbrackt J. 2002. Geografia regionalna Polski. Wydawnictwo Naukowe PWN. Warszawa: 441 pp.

LAUTERER P., MALENOVSKY 1., SPRYNAR P. 2011. Invasion of the trechopper Stictocephala bisonia (Hemiptera:
Cicadomorpha: Membracidae) in the Czech Republic: current distribution and first records from Bohemia.
Klapalekiana 47: 67-73.

Le Quesne W.J. 1974. Eupteryx origani ZAkHVATKIN (Hem., Cicadellidac) new to Britain and related species.
Entomologist’s Monthly Magazine 109: 203-206.

Luczak J., WierzBowska T. 1981. Metody analizy zoocenologicznej, In: Gorny M., Grom L. (Eds), Metody
stosowane w zoologii gleby. PWN, Warszawa: 417-436.

Mazarakt 1. 1956a. Zwaly powstate z odpadéw hut zelaza i wytyczne ich zagospodarowania, In: Szarer W. (Ed.),
Komitet dla spraw Gornoslaskiego Okregu Przemystowego, przy Prezydium PAN, Komisja Biologicznego
Zagospodarowania Nieuzytkow Poprzemystowych 1: 117-121.

Mazarakil. 1956b. Nieuzytkiprzylegajace do zaktadu Huty ,,Florian” w Swigtochtowicach. Materiaty dokumentacyjne
do rozdziatu VI, In: Szarer W. (Ed.), Komitet dla spraw Goérnoslaskiego Okregu Przemystowego, przy
Prezydium PAN, Komisja Biologicznego Zagospodarowania Nieuzytkow Poprzemystowych 1: 122-127.

MieLivonka K. 2015. Cykadofauna zwatowisk weglowych w powiecie rybnickim. MSc thesis. Faculty of Biology
and Environmental Protection, Silesian University, Katowice, manuscript.

MIREK Z., PiEKOS-MIRKOWA H., Zaiac A., Zaiac M. 2002. Flowering plants and pteridophytes of Poland. A checklist.
Krytyczna lista ro$lin naczyniowych Polski. Instytut Botaniki im. Szafera PAN, Krakow: 442 pp.

Musik K., WarLczak M., Karanoyk-Koropzieiczyk M., WoiciecHowskl W. 2018. Planthopper and leathopper
communities (Hemiptera: Fulgoromorpha et Cicadomorpha) of selected plant associations of Garb Tarnogorski.
Monographs of the Upper Silesian Museum 7: 1-244.

Nast J. 1972. Palaearctic Auchenorrhyncha (Homoptera). An annotated check list. Polish Scientific Publishers,
Warszawa: 550 pp.

13



Nast J. 1976. Piewiki. Auchenorrhyncha (Cicadodea). Katalog fauny Polski 25 XXI(1). Panstwowe Wydawnictwo
Naukowe, Warszawa: 256 pp.

Nasrt J. 1987. The Auchenorrhyncha (Homoptera) of Europe. Annales Zoologici 40(15): 535-66.

Neumann U. 1971. Die Sukzession der Bodenfauna (Carabidae (Coleoptera), Diplopoda und Isopoda) in den
forstlich rekultivierten Gebieten des Rheinischen Braunkohlenreviers. Pedobiologia 11: 193-226.

NickeL H. 2003. The Leafhoppers and Planthoppers of Germany (Hemiptera, Auchenorrhyncha): Patterns and
strategies in a highly diverse group of phytophagous insects. Pensoft Publishers, Sofia-Moscow: 460 pp.
NickerL H., HiLpeBrRANDT J. 2003. Auchenorrhyncha communities as indicators of disturbance in grasslands (Insecta,
Hemiptera) — a case study from the Elbe flood plains (northern Germany). Agriculture, Ecosystems and

Environment 98: 183—-199.

NickeL H., REMaNE R. 2002. Artenliste der Zikaden Deutschlands, mit Angabe von Nahrpflanzen, Nahrungsbreite,
Lebenszyklus, Areal und Gefdhrdung (Hemiptera, Fulgoromorpha et Cicadomorpha). Beitrdge zur
Zikadenkunde 5: 27-54.

Oss1anNILssON F. 1978. The Auchenorrhyncha (Homoptera) of Fennoscandia and Denmark. Fauna Entomologica
Scandinavica 7(1): 1-222.

OssiannILssoN F. 1981. The Auchenorrhyncha (Homoptera) of Fennoscandia and Denmark. Fauna Entomologica
Scandinavica 7(2): 223-593.

OssianNILssON F. 1983. The Auchenorrhyncha (Homoptera) of Fennoscandia and Denmark. Fauna Entomologica
Scandinavica 7(3): 594-979.

Pawrikowskr T. 1985. Zgrupowania dzikich pszczotowatych (Hymenoptera, Apoidea) na kserotermicznych
siedliskach wydmowych Kotliny Torunskiej. Studia Societatis Scientiarum Torunensis, Sectio E Zoologia
10(4): 1-57.

PronTek F. 1980. Organizacja i funkcjonowanie procesow ochrony srodowiska na szczeblu centralnym i regionalnym.
Polska Akademia Nauk. Instytut Podstaw Inzynierii Srodowiska. Zaktad Narodowy im. Ossolinskich, Wroctaw,
24:1-122.

Pisarski B., TrosaN P. 1976. Wptyw urbanizacji na entomofaung, In: Sanper H. (Ed.), Entomologia a ochrona
srodowiska. Wydawnictwo Naukowe PWN, Warszawa: 19-25.

PresTIGE R.A. 1982. Zagad Instar duration, adult consumption, oviposition and nitrogen utilization efficiencies
of leathoppers feeding on different quality food (Auchenorrhyncha: Homoptera). Ecological Entomology
7:91-101.

RaMENsky L. 1952 O niekotorych pryncypialnych polozeniach sowriemiennoj geobotaniki. Botanicheskii Zhurnal
37(2): 215-232.

REeBELE F. 1994. Urban ecology and special features of urbanecosystems. Global Ecology et Biogeography Letters
4: 173-187.

REMANE R. 1960. Zur Kenntnis der Gattung Arthaldeus RiBaut (Hom. Cicadina, Cicadellidae). Mitteilungen der
Miincher Entomologischen Gesellschaft 50: 72-82.

RostaNskl A. 2000. Trawy spontanicznie zasiedlajace nieuzytki poprzemyslowe w aglomeracji katowickie;j.
Lagkarstwo w Polsce 3: 141-150.

Rupa B. 1981. Piewiki (Auchenorrhyncha) hatd okolic Bytomia. MSc thesis. Faculty of Biology and Environmental
Protection, Silesian University, Katowice, manuscript.

SaNDERS D., NickeL H., GRUTZNER T., PLaTNER CH. 2008. Habitat structure mediates top—down effects of spiders and
ants on herbivores. Basic and Applied Ecology 9:152—160.

SeLiak G. 2004. Contribution to the knowledge of planthoppers and leathoppers of Slovenia (Hemiptera:
Auchenorrhyncha). Acta Entomologica Slovenica 12(2): 189-216.

SiMoN E., Szwepo J. 2005. Zgrupowania piewikow na hatdach kopalnianych Rudy Slaskiej i Mikotowa (Hemiptera:
Fulgoromorpha et Cicadomorpha). Acta entomologica silesiana 12—13: 79-144.

SMRECZYNSKI S. 1954. Materiaty do fauny pluskwiakow (Hemiptera) Polski. Fragmenta Faunistica 7: 1-146.

SODERMAN G., GILLERFORS G., ENDRESTOL A. 2009. An annotated catalogue of the Auchenorrhyncha of Northern
Europe (Insecta, Hemiptera: Fulgoromorpha et Cicadomorpha). Cicadina 10: 33—69.

STEWART A.J. 2002. Techniques for sampling Auchenorrhyncha in grasslands. Denisia 4(N.F.): 491-512.

StrAUSS B., BIEDERMANN R. 2006. Urban brownfields as temporary habitats: driving forces for the diversity of
phytophagous insects. Ecography 29: 928-940.

STROINSKI A., Braszczyk J., Swierczewski D. 2018. New records of planthoppers and leathoppers from northern
Poland (Hemiptera: Fulgoromorpha et Cicadomorpha). Acta entomologica silesiana 26: 45-56.

Szuseckr A. 1998. Przeglad osiagnigé ekologii owadow ladowych w Polsce. Wiadomosci entomologiczne 17: 79—
136.

Swierczewskr D. 2007. A food plant study of the Auchenorrhyncha of the Czgstochowa upland, southern Poland
(Insecta, Hemiptera). Beitrdge zur Zikadenkunde 9: 15-22.

Swierczewskr D., STroiskr A. 2011. The first record of the Nearctic treehopper Stictocephala bisonia in Poland
(Hemiptera: Cicadomorpha: Membracidae) with some comments on this potential pest. Polish Journal of
Entomology 80(1): 13-22.

14



Swierczewskl D., WaLczak M. 2011. New records of leafhopper for Poland (Hemiptera: Cicadomorpha). Polish
Journal of Entomology 80(2): 291-298.

Swierczewski D., Woiciecrowskr W. 2009. Leafhopper communities of the sandy and limestone grasslands of the
Czgstochowa Upland (southern Poland). The Monograph. Annals of the Upper Silesian Museum in Bytom,
Natural History 20: 1-152.

Taszakowska J. 1985. Piewiki (Homoptera: Auchenorrhyncha) zwatowisk okolic Rudy Slaskiej. MSc thesis.
Faculty of Biology and Environmental Protection, Silesian University, Katowice, manuscript.

Tiseckin D.Ju. 1998. Akusticeskie signaly i morfologiceskie osobennosti cikadok gruppy Aphrodes bicinctus
(Homoptera, Cicadellidae) iz evropejskoj Gasti Rossii. Zoologiceskij Zurna 77: 669—676.

Tokarska—Guzik B., Dapok Z., Zaiac M., Zajac M., Ursisz A., DanieLEwicz W., HorpyxNski Cz. 2012. Rosliny
obcego pochodzenia w Polsce ze szczegdlnym uwzglednieniem gatunkdéw inwazyjnych. Generalna Dyrekcja
Ochrony Srodowiska, Warszawa: 196 pp.

TroiaN P. 1992. Analiza struktury fauny. Memorabilia Zoologica 47: 1-120.

WaLczak M. 2005. Piewiki (Hemiptera: Auchenorrhyncha) zieleni miejskiej Sosnowca. Acta entomologica silesiana
12-13: 145-154.

WaLczak M. 2014. Rare planthopper species (Hemiptera, Fulgoromorpha) of the family Delphacidae (LEacH, 1815)
in the area of Czgstochowa, In: INpykiEwicz P., BouNeR J. (Eds), Urban fauna. Animal, Man, and the City
— Interactions and Relationships: 97-104.

WaLczak M., Gesicki C., WoiciecHowskl W., Swierczewski D. 2016. The fauna of planthoppers and leafhoppers
(Hemiptera: Fulgoromorpha et Cicadomorpha) in the city of Czgstochowa (southern Poland). Annals of the
Upper Silesian Museum in Bytom, Entomology 24-25: 1-193.

WaLczak M., WosciecHowskl W., Depa L. 2014. The communities of Planthoppers and Leathoppers (Hemiptera:
Fulgoromorpha et Cicadomorpha) inhabiting selected plant associations in Czg¢stochowa city and its buffer
zone. The Monograph. Annals of the Upper Silesian Museum, Entomology 23: 1-301.

WaLczak M., BROZEK J., JUNKIERT L., KALANDYK-KoLoDZIEICZYK M., MUsIK K., Kaszyca N., EAzukA A., GIERLASINSKI
G. 2018. Stictocephala bisonia Korp et YoNKE, 1977 (Hemiptera: Cicadomorpha, Membracidae) in Poland.
Annals of the Upper Silesian Museum in Bytom, Entomology 27(online 010): 1-13.

Warorr N. 1980. Studies on grassland leathoppres (Auchenorrhyncha: Homoptera) and their natural enemies.
Advances in Ecological Research 11: 81-215.

Witkowski Z. 1970. Zagadnienia roznorodnosci gatunkowej w badaniach biocenotycznych. Wiadomosci ekologiczne
16(2): 117-132.

ZivoN 1. 1986. Zgrupowania zoocenotyczne piewikow (Auchenorrhyncha) zbiorowisk inicjalnych na hatdach. MSc
thesis. Faculty of Biology and Environmental Protection, Silesian University, Katowice, manuscript.

Fig. 1. The localization of Mystowice (study plots) in Poland.
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Fig. 2. The localization of study plots in Mystowice.
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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
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Fig. 6. Rare and interesting species of planthoppers and leathoppers collected at selected post-mining

18

dumping grounds in Southern Poland: a — Paraliburnia adela (FLor, 1861), b — Stictocephala
bisonia Kopp et YONKE, 1977, ¢ — Macrosteles sardus RiBaut, 1948, d — Allygus modestus Scotr,
1876, e — Metalimnus steini (FIEBER, 1869), f — Ebarrius cognatus (FIEBER, 1869), g — Arthaldeus
arenarius REMANE, 1960, h — Stenocranus major (KiRscHBAUM, 1868).



Tab. 1. The values of the of Shannon-Weaver’s H’ and Brillouin’s H species diversity indices in studied
communities: Shannon-Weaver’s H’ and Brillouin’s A.

Plot H’ H 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).

Plots
Nl % [ N[ % [N] % [N] % [N] % [N] %

HUMIDITY
higrophilous 5 1282 ] 0 [ 000 0| 000 | 1 [323] 3 [1765] 9 | 1098
mesohigrophilous | 30 | 76.92 | 17 | 6538 | 20 | 62.50 | 23 | 74.19 | 13 | 76.47 | 50 | 60.98
xerophilous 1| 256 | 9 [ 3462 | 11| 3438 | 6 | 1935] 0 | 0.00 | 20 | 2439
unknown 307690 | 1 [ 385 | 1| 313 | 1 [323] 1 |588] 3| 366

INSOLATION
heliophilous 3| 769 | 13 [5000] 17 | 5313 [ 12 [ 3871 ] 2 | 1176 | 30 | 36.59
mesoheliophilous | 33 | 84.62 | 12 | 46.15 | 14 | 4375 | 18 | 58.06 | 14 |82.35 | 49 | 59.76
unknown 30760 | 1 [ 385 | 1| 313 |1 | 323] 1 |s588] 3] 366

TROPHIC RELATIONS
ll:ocllleog;lf:gous 5 | 1282 ] 6 [ 2308 7 | 2188 | 5 | 1613 | 3 | 17.65| 26 | 66.67
ﬂ:gﬁﬁ;iegous 6 | 1538 | 5 [ 1923 3 | 938 | 3 | 968 | 4 |2353 |21 | 54585
:‘(::’;"phag"“s L asar | 1 4231 | 10| 3125 | 8 2581 | 7 | 4118 | 30 | 36.59
l;(ig:ﬁll;:fgous 9 [23.08 | 6 |23.08 | 11| 3438 | 10 | 3226 | 3 | 176539 | 100
2" degree
oligonhagous 2 | 513 | 1|38 | 2| 625 | 1323 0 |000]| 6 |1538
:;E‘l’phag““s gy {2821 | 7 2692 | 13 | 4063 | 11| 3548 | 3 | 17.65 | 20 | 2439
polyphagous 14 [ 3590 | 7 [2692| 8 | 2500 | 10 | 3226 | 6 |[3529] 20 | 24.39
unknown 3760 | 1 [ 385 1| 313 | 2 | 645 | 1 | 58] 4| ass
OVERWINTERING

egg 20 | 5128 | 16 | 6154 | 20 | 6250 | 23 | 74.19 | 9 | 5294 | 51 | 62.20
nymph 9 | 2308 7 [2692] 4 [ 1250 | 1 | 323 | 3 |1765] 16 | 1951
imago 7 11795 2 [ 769 | 5 | 1563 | 6 [ 1935 ] 4 [2353 | 12 | 14.63
unknown 30760 | 1 [ 385 | 1| 313 |1 [323] 1 |588] 3| 366
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Plots

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 3529 | 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 | 3548 8 47.06 | 31 | 37.80
stenotopic 4 10.26 5 19.23 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 2941 | 31 | 37.80
unknown 3 7.69 1 3.85 1 3.13 1 3.23 1 5.88 3 3.66

20




(0€8T WYWID)

700 : ) ) ) ) bootj ey sro ) ) ) i ) i i i i i i ) snsouaa sapoovydjoq
’ - - - - N _ - _ . _ _ _ _ _ R _ . (6,81 “udddi])
Y1°0 14 v | 001 ot 180 SuoLf1qIv DIjIqDAIY
(L¥81

v0°0 I B B ° - B - B - - - - - - - - - I 001 ST 0 ‘NVWEHOY) njmpunSajo
xoydjopalAf

(1981 “¥401q)
Djapy VIUINGDIDJ

(9081 “NATIV,])

oo | T |z foor | s |ero| - - - - -

81°0 S - - - - - - - - C (4 S 1 4 o S 9t°0 1 0T ¢ 0 snyomwiys xvydjapovy

: : : - - - - - _ R _ R _ R _ R ) } B (9981 “udddiq)

¥0°0 I I 001 $T | 900 vprin) vpnsdingy
‘SNIONAY,

v00 | 1 - - - - - - - - - - - - - N . ) Lot | ez | zo (L8L1 )}

Ssmpnui SNUNAI0UIIS

(8981 ‘WNVEHOSAIY])

Y'Y | L6CI | 88CTI | 1€66 | 09 | 9¥'C8 | S | 6€0 | OI x4 I |80 ST | S0 | T |SI0 S 90 I 800 | ST [ J10fpur snup120UlS

(8681 “1VLS)

§To L L 00T | STI | S¥O - - - - - - - - - - - - - - - - snpvp1a00snf
SnuUDLI0UI]S
spreydpa
VHJIAONWOJOD1INA
% = 1 YM | %D | %d | T | %M | %D | %d | T | %M | %D | %d | T | %Ml QC_,XQ T | % be_e\cQ
< 14 € 4 1 saadg
ejoL,
s101d

"Apnys o) Inoy3noIy) pajo[[0d sAroads [[e Jo areys a3ejuoorod
o) pue (Je10]) suawrdads pajos[[od Jo equunu 8303 oY) ‘(7) 10[d Apmis yoed uo Pa3od[[0d sudwdAds Jo IdqUINU dy) OS[e SIPNOUT J[qe) YL ‘[eLIdIBW PAJOJ[[0I
[e103 oy} JoJ pue jold yoed 10J Paje[nd[ed) 4 AN[OPY PUB ) IUALINOI0 JO AOULISUOD ‘(7 SOUBUIWIOP :SIOIPUI SSAUUSAS Pue AJISIOAIP $2103ds Jo o) Jo sonjeA Y], ‘¢ "qe],

21



[N0]

001

S'L

Sl

981 “dnodn
vvpoundossaaduii

DAJ2UMOSII]

JepLIPdWOZLINAY,

¥0°0

001

N4

[

+ds
oeproeydfo(q d[ewdy

700

00T

N4

€0

(9981 “wagdl])
mvLSOqID
xvydjapomnqry

090

L1

44

!

Sv'0

St

Sv'0

ST

S0

St

€C0

5yl

wl

($6L1 ‘SnIOREY)
vpronjjad vjjasaavy

[N

6C

6C

001

94

68°S

(8981 ‘WNVEHOSAIY])
vignp vjjasaanf

700

001

§c

0

(8681 “1VLS)
voununL)S

xvydjapoypuvy

01'C

09

61

[43

94

S'6

89

Sl

v'o

(LP81 ‘NviaHog)
vnSIX2 DJJPUDISINSSOY]

01

01

St

€C0

06

4l

€8'1

(L¥81 ‘NvwaHOq)
vy srdosgounaonq

¥0°0

001

ST

€C0

(9981 “wagL])
psourds

xvydjapoypunoy

90

€l

€l

001

5yl

¥9°C

(£s81 *srauad)
124110
vjjouvLIIIN Y

700

001

§c

[

(LP81 ‘NviaHOg)
stuadinaag

pjjaupLIdIN

%

YoM

%D

%d

YoM

%D

%d

Yl

%D

%d

Yl

%D

%d

YoM

%D

%d

[ero1,

$101d

saadg

22



(€61 ‘NOSSTINNVISSQ)

120 9 - - - - 4 11 S 60 - L9 ST 9 4 (44 o1 60 - - - - ynvqu

pYDPSVIDI2IVUY

(9081°NaTIV )

1o € - - - - I 33 ST | S¥0 I €€ | ST | S0 - - - - I 23 ST (4 SHOIUDIS

smupyyydosapy

00| ¢ - - - - -] - - - - - - R - - T |oor | S | 1H0 ds sisdosopy
Jepl[pPped)

) ) ) ) ) . . ) ) ) ) ) ) ) ) ) ) ) ) LL6T “TINOX 10 ddO]
700 I I {00l | ST | S¥O prtosiq vipydasoong
EPBIQUIdIA

. . . o i ) . ) . o ) . ) . . . ) (8SLT ‘snavNNI)
v0°0 I I 001 §¢C 900 v.43d0ajod viuoidday
. ) ) ) ) ) ) ) ) . ) ) ) ) (8981 ‘WNVEHOSATY])
9¢'¢e 96 8 8 S ¥ 88 | T6 09 | 810C 1ot snuavjydoay
sLe | LOT - - - - € SL | SEl € € SL | ST | €S| 6 SS (oIl | 6 S 0s 96'6 (8L ‘snavry)
4 v 4 4 14 smppaut] snuanjrydoap;
(so81
SeT L9 - - - - C € ¢t 60 9 6 0l € 65 | 88 | STy | €S°€l | - - - - NAT1V ) Spysaduns
snuavjiydoan;
91’1 €€ € 9 SL | 610 I C ST | S¥0 I 4 ST | S0 I oy | §CC | WYy | LT IS S'LE | 6F'S (8SL1 ‘snavnry)
sniunds snuavjiyg
€e'l 8¢ I € ST | 900 | vT | €9 0c |9L0l | ¢ 8 SL | ST I € ST | €0 6 e 0T €81 (s081 ‘Narrrvl)
1 vaoydoaydy
aeprioydoaydy
VHdIONWOAVIID
% | = | 1 | wn [ ]| wa |1 |wn|wo| wa |1 || |ua| 1 || w | wa 1| wun|w | ua
4 € (4 I sapadg
1e1oL

sjold

23



€961 “YANOV A\
700 I - - - - I |00l | €T | SvO - - - - - - - - - sypuoryuaydos
vjjo1M29aL
. i i i i i i i ) ) i ) ) _ _ . ) (8SL1 *snavanIg)
v0°0 I 001 sc [ suoafiq sndossouy
. - - - _ . . _ _ _ _ _ _ . . 861 ‘NIIIVAHOVZ
L0°0 T IC| 16 | SLL | T¥6 6 St 170 104vyvu saposydy
: - - - - - . - - . . - B i . (9LLT “INVHHDS)
1o ¢ €€ | ST | S0 L9 s 170 ppourq sapoaydy
. . ) ) } ) ) ) ) B ) B B ) B . . (8SLT ‘SNAVNNIT)
¥0°0 I 001 s o vy xdadydngy
: - - R _ . _ _ _ R ) R ) ) } (6€61 “NOSSTINNVISSQ)
LO0 4 ¢ | ool S 60 njovd viriop)
) i i i i i i i ) ) i ) ) . ) . . (5,81 *an190D)
81°0 s 00t sc 't suy1a vasvodusy
. . . . . . . R ) R 3 ) } (0581 ‘woaTHY(])
81°0 S I 0T ST | 900 | ¢ 09 SL | sel 0C | ST | S0 stpriopd vosvodurg
(9€81
$00 | T - - - - -] - - - - - - 001 | $T | €T0 - - - AIAYHOS-HORIAL)
pudly vursdy
. i i i i i i i ) ) i ) ) i ) . ) (1981 “9014)
v0'0 I 0ot se o vndida0f vyndidao,q
0T8 | v€T | 61T Y6 | SL9 | TOPL | 11 S STL | €6'v - - - €1 SL | 690 ¥'0 §C 0 (8L ‘snavry)
SipLi1a vjjapvIL)y
(96L1 ‘annisg)
00 I - - - - - - - - - - - - - - 001 St 0 v
SHAPINNWIL]
% = 1 YM | %D | %d | T | %M | %D | %d Y | %I | %d Y | %D | %d M | %O %d
p saadg
e1or
s101d

24



170

001

01

'l

(9081
‘NATIV ) smpnosnfgns

xuypayopnadg

12!

4%

It

4 Sl

S's

€€

SL

gce

LS'L

(8981 ‘WNVEHONUIY)
sdadoad smpysydyyy

700

001

N4

[

(TL81
“yqagdl]) smpnuuod

smp13ajy

110

001

19°0

9L81 ‘110§
smpsapows sn3djpy

L00

001

0

($6L1 ‘Snorav )
smpxnu sn3djy

00

00T

N4

Sv'0

8161 “LOvery]
SNPADS $2]21S0AOD Y

170

001

69'C

(L681 ‘NAH])
MEMQNEUES

§2]21S0.000 P

€1

33

81

IS

0C

L0'8

€C | ST

9¢

S'L1

90°C

1761 ‘Lnvery
$149D] §3]2]S04ID Y]

6S°C

YL

ST

€L

66

P8 ¥1

(GLL1 ‘snorav])
vipound vymmpg

[4R3

Cll

18

Ses

18°0%

S §cl

€l

Cl

¥9°C

1961 ‘NOSSTINNVISSQ
SPS0ASVUDIDD

vynpvg

001

4l

x4

($€81 “¥FAAVHOS
-HORNAH]) SmppIsaudf

SHANIIDOIN

%

YoM

%D

%d

YoM

%D

%d

YoM | %I

%d

Yo

%D

%d

YoM

%D

%d

[ej0L

sjold

saadg

25



wo 4!

Ll S

01

€8

S'L1

6C'C

(LY81 ‘NvWaHOg)
EE&@ vanmppioq

700 I

001

N4

€0

(GLL1T ‘Snorav )
vpprdsnd xyadnzg

0T

001

So0'¢

(1281 ¥vIaD)
vapnuapp sisdoipdoopy

§To L

4!

4

S0

14! ST

S0

5yl

[!

(Lgs1
HAIYHOS-HORYAH)
122042 VPO

1cc €9

ST

oy oy

§el

8¢

09

43

[

(1981 “¥01q)
stuadiigia
xddojpdoyy

710 4

001

01

90

($6L1 ‘Snorav )
vpvjouriponb

pjnpnI1)

L00 [4

001 S

(8G81 ‘WNVEHOSAIY])
sns1u1 Syaosng

L00 [4

00T

60

(8681 ‘WNVEHOSUIY])
snpuanSuisip
sijaosngy

L00 [4

0S

ST

90

0s

Sv'o

Ss61
ATYOLAIN SHLIDIUISID

snuvsdypy

1o €

001

S'L

19°0

Q781 ‘LAd1S¥dLIAZ
SYuod xypapoumniy

L00 [4

001

340

(0881 “wdLN=Y)
ounuop wnisafy

YoM

%D

%d

YoM

%D

%d

Yl | %I

%d

Yl

%D

%d

YoM

%D

%d

[ero1,

$101d

saadg

26



(1981
$0°0 1 - - - - - - I loor| sz | so - - - - - - - “01J) suvjjaoopnasd
SnSunssvp

0T
60'1 53 - - - - - - 0€ | L6 0F Sl I € ST | €00 - - - ENE.MMWH:EE%

NITTV
o | Tl - - - 0s | Or | 69T | T | LI s I ) . ) . 23 01 18°0 E.:S“%ao Whnnxmm?:w
: - R - - R _ _ ~ B ~ ) ) B (6981 “¥agdai)
Y10 4 v | 001 s 4 SHIpuS0d SN
. - R _ . . . _ R _ R ~ B B ) ) B (1981 “401q)
00 1 001 SC S A0 snj1220d x13210mMUDS g

‘WOL'THV
961 9¢ - - - ¥ §c 60 I | 0T | STC| SS | ¢y | LL oy | 986 - - - &:@:MWWWW&QSSQMW
: - - - - - - _ _ _ R ) ) } (0581 ‘WwoaTHv()
LO°0 C [4 001 S I SHUD X1PJ2JOUMMDST
. ] ] ] ] ] i o ] . . . i i B (1981 “¥O11)
00 I I oor | T | €20 wnpound snppydosoay
(8981 ‘WNVEHOSHUTY])
¥0°0 I - - - 001 | ST | S¥O - - - - - - - - - - - sdaonuoj
snpydadrosy
(1981 “¥OT)
v00 | 1 - - - - - - 1 |oo1 | sT |so| - | - - - - - - snpingun]
snppydadory
: - - - - - - . . R _ _ _ ) ) B (6981 “udddiq)
¥0°0 I I 00T | sT | S0 112} SnUWII
(9081 “NaTIV)
¥0°0 I - - - - - - - - - - - - - - 001 §c 0 stmoynd
snppydadoaq

% = Y | %I | %d YoM | %D | %d | T [%M | %D [ %A | T | %M | %I | %d Y | %D %d
14 saadg
[ LT

sjold

27



/0°#/4q/S25U221]/540 SUOWWIOIDADLI//:d1)Y  2SUIIVT UOYNGLIIY SUOWIUIO)) 2AD2LD) D AdPUN  Pasuadly

6107 42quiada(q ¢ paysyqnd ‘6 [ ()7 12qudA0N 97 :paidaddy

66'¢ | VIl 6 6L | SLL| 850 | v | S€ [ STL | 6L | 1T ¢8| O |SOI]| 6l | LI 0c | 9¢v | 19 123 STy | ov'Cl deAle]

(1981 “¥01q)

¥1°0 ¥ ¥ 001 | SL €0 - - - - - - - - i B . - ) ) ) B snLgou SN2

NITTV,
L0 1T I ¥'cs | §°CC L0 1 8V 94 Sl 6 (34 0l 974 - - - - - - - - (9281 NaT1v.)

snjjonasnd snapiypay
. ) ) ) ) . ) ) ) ) ) ) B ) ) ) B } 0961 “ANVATY
L0°0 4 T | 001 S 60 SHLIDUDAD SNAPIDYLIY
) ) ) ) ) ) ) ) ) ) ) ) ) . ) ) ) ) ) (€081 ‘snordav,y)
0°0 I I 00T 94 €00 sypuopqy snuvpiay
. ) ) ) . . . . . ) (6981 “wagsL])
LLY | 9¢1 - - - - | vl S 60 I L0 | ST | S0 I L0 [Sy4 €C0 | TET | L6 09 £8°9¢C 110} snSapssy
% = T YoM | %D | %d | T [ %M | %D | %d T [%M ]| %) | %d | T | %M | % | %d T | %M | %O %d
S 14 € (4 I saradg
[ejoL

$101d

28





