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1. Introduction

Investigation of the orthopterans from communityolegical, acoustic,
autecological and conservation biological pointvifw has become one of the most
popular topics of the biological researches by tini®. Aims of the studies are mostly
based on the economic and human significance oé spacies, but the interest of the
nature preservation is also outstanding causedéygood indicative features of the
species and assemblages and by the high numbdreofimhbrella species. In the
background of the great account of the Orthoptaxar in the basic research is a fact
that orthopterans are very useful for the testirigtree general hypotheses of
community ecology.

Zoogeographical and community ecological studiesthe Bakony Region
predicted several new results based on the siggggb-morphological variety, climatic
and biogeographical diversity and relative low freqcy of the local researches. It was
especially true of determination of the bordershef zoogeographical microregions
and the background variables of these separatiosn community ecological point
of view the potential zoogeographical affects inaloorganization gives the basis of
the new scientific results. Study of the annualadgits of the assemblages was also
reasoned — mainly in unstudied grasslands havirgadaannual microclimate change.

Results cover three main topics: (i) analyses efitkcal distribution patterns of the
species; (ii) study of the orthopteran assemblagdise Bakony Region; (iii) study of

the annual dynamics of the assemblages.

2. Aims

2.1. Aim of the analyses of the local distribution patts of the species was to
reveal the zoogeographical borders of the BakongidReand the basic indicator
variables (macroclimate, landscape structure) tiffgcthe local zoogeographical
features of the Orthoptera Fauna.

2.2. Aim of the study of the orthopteran assemblages teareveal the local
characteristics of the assemblages and to reveahtst important general elements of

their organization.



2.3. Aim of the studies focused annual dynamics ofdthopteran assemblages
occurring in grasslands with marked annual microate change was to reveal the
relations between seasonality of the orthopteraserablages and microclimate

changing in habitats.

3. Study area

Study area was the Bakony Region according to ¢in@enclature of the traditional
geography (without Pannonhalmi-dombséag, ~3694) kifthis territory is bordered by
Lake Balaton and Mé#old from south/south-east, by Hévizi-meridionalaley and
Kisalfold from west, by Pannonhalmi-dombsag and dgdiKisbéri-basin from
north/north-east and by Mdri-arok from east. Cayeimt of the potential Orthoptera-
habitats (mainly natural grasslands, pastures,bsgrirom the total study area is
~17.5% (based on the map of CLC, sum of the argheohatural and semi-natural
habitats is 60%).

4. Methods

4.1. Analyses of the local distribution patterns of fpecies

UTM-maps (2.5 x 2.5 km) of 84 species were usedistsibution patterns of the
species. Maps were drawn based on all data (pres#sence/quadrat) available in
publications and collections. Based on the estonatf the database the extent of
anomaly of research-intensity could not affect zmmgaphical results. Over the
presence-absence data of the species, relativeieiney and overall cases of the
different life-forms several abiotic background igltes were also connected to each
guadrat: height above sea level; geomorphologicterbgeneity; annual mean
temperature; annual waterfall; insolation in Apiitsolation in July. Data of the
landscape and habitat-structure were determineddbas Corine Land Cover and
META (General National Habitat-classification Sys)edatabase. Cover and relative
frequency at landscape level of agrarian, scrublbgndous forest, grassland,
anthropogenic andvetland habitats; number of the habitat-patches habitat-

diversity of CLC were connected to UTM-quadratsrtRer biotic variables: cover of
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the relevant A-NER categories and merged categodiesrsity, overall cover and
patch-numbers of the A-NER categories.

Separation of the microregions was studied 61 noeiggmples of 673 UTM
quadrats. Average area of the merged samples w#&S #f. Cluster analysis,
principal component analysis and correspondenclysasavere used for the analyses
of the merged samples. Diagnostic species werermdieted with Indval 2.0
programme.

Quantitative studies of the characteristic spegresips were carried out with box-
plot analyses and the determination of relativguemcy values of life-forms, thermic
requirements, distribution types and fauna types.

Background variables of the distribution patterfishe species were studied with
canonical correspondence analyses (background blesiapecies; background
variables/life-forms and types of different thermexuirements). Ordination of the
climatic data and data of the habitat structure wlas carried out — both with the

original (n=673) and merged (n=61) data bases.

4.2. Study of the orthopteran assemblages of the BaRegyon

671 samples of 43 sampling sites were used foatiadyses (study period: 2000—
2009). Samplings sites represent all of the paikotthopteran habitats of the Bakony
Region. Samplings taken with sweep-netting wereatgrl 3—4 cases per sampling site
(June, July, August and September in the same,yda3 the 182 merged samples
covered all annual aspects of the sampled asseeshlag

Habitats of the sampled Orthoptera assemblagedeim the following plant
associations:Junco obtusiflori-Schoenetum nigricanti§6; Succiso-Molinietum 5;
Cirsio cani-Festucetum pratensi®; Anthyllido-Festucetum rubrae9; Pastinaco-
Arrhenatheretum 9; Salvio-Festucetum rupicolae6; Brachypodium pinnatum
grasslands: 11; Sanguisorbo minoris-Brometum erecti2l; Corynephoretum
canescentis 5; Koelerio-Corynephoretum 3; Festucetum vaginatae3; Luzulo-
Callunetum 10; Chrysopogono-Caricetum humili88; Seseli leucospermi-Festucetum

pallentis 3.



The following background variables were record@dPant coenological relevés.
(i) Data of the vertical habitat structure (heigiftthe vegetation). (iii) Area of the
sampled grassland. (iiii). Average distance of shenpling site from the min. 0.25
temperature; annual waterfall; insolation in Apirisolation in July.

Cluster analysis and principal component analysiseewused for the analyses of the
merged samples. Diagnostic species of the claaBdits groups were determined
with Indval 2.0 programme. The following parametefsthe separated assemblages
were given: relative frequency of the dominant ggEcOrthoptera species number;
relative frequency of the arbusticol, geophil, gir@iool, pratinicol, pseudopsammophil
and silvicol species; relative frequency of the roypdil, moderate-hygrophil,
mesophil, moderate-thermophil and thermophil specrelative frequency of the
Ensifera, Caelifera, Bradyporidae, Conocephalid@leaneropteridae, Tettigoniidae,
Gryllidae, Tetrigidae, Acrididae taxa. Data lisfstibe sample-groups were compared
with y*test. Diversity ordering of the separated assegaslavas also done. Relations
among presence of different life-forms and thermgiquirements, Ensifera/Caelifera
ratio and percentage of the Orthoptera familiesthedpotential background variables

were studied with Spearman’s rank correlation.

4.3. Study of the annual dynamics of the assemblages

342 samples of 55 sampling sites were used foatiayses (study period: 2000—
2009). Microclimate of the studied grasslands {{a)careous fensliinco obtusiflori-
Schoenetum nigricantis; Caricetum davalliahg@) Drying fens fucciso-Molinietum
hungaricae; Agrostio-Deschampsietum caespithsa@) Hayfileds Pastinaco-
Arrhenatheretum; Anthyllido-Festucetum rubrae; @irgani-Festucetum pratengis
(4) Semi-dry grasslands Sanguisorbo minoris-Brometum erecti, Euphorbio-
Brachypodietum Brachypodium pinnatungrasslands] show annual microclimate
change (exce@romus erectugrasslands).

Recorded background variables were: plant coencdbgelevés, temperature (°C)

and vapour content (%) in the grassland [256 cd@2&2 measurements (on the ground



surface, at heights of 10, 20, 30 cm in the grasisland a control-measurement at 120
cm)].

Derived data of the orthopteran-assemblages: speauienber, density, relative
frequency of the species (per samples), spectitiedhermic requirements.

Samples originate from different parts of the yesare compared with multi-
dimensional scaling per grassland-types. Relatoneng microclimate and structural
features of the assemblages were studied with &earsrelation and Spearman’s

rank correlation (according to the results of tbenmality tests).
5. Results

5.1. Analyses of the local distribution patterns of fpecies

Examinations revealed 9 new species for the Balkegion (sophya modestior,
Poecilimon fussii, Polysarcus denticauda, Platyglenontana, Tettigonia caudata,
Myrmecophilus  acervorum, Pteronemobius heydeniChorthippus vagans,
Euchorthippus pulvinatgsFurther, distribution of several species impairia point of
view of zoogeography and nature protection was madp@arbitistes serricauda,
Isophya costata, Isophya kraussii, Gampsocleis rglalSaga pedo, Arcyptera
micropterg Stenobothrus eurasiusBefore these studies local distribution of commo
species was also less known the precise zoogeadgaapktimation.

Zoogeographical microregions of the Bakony Regioasdd on the local
distribution patterns of orthopteran species afg: Ralaton Uplands which are
characterized bystenobothrus nigromaculatuBterolepis germanicand Pezotettix
giornae Typical occurrences of the above mentioned arttidu thermophytic species
are caused by the high degree of insolation in |Agmd low degree of annual
waterfall. (2) Plate of the Tapolca- and Kali-Basin.Indicator species of this
microregion islsophya costataSeparation of the microregion is also confirmgdHe
more typical occurrences of mesophytic and hygraphspecies than in others. (3)
Eastern-Bakony Absolute character species of the microregion Acyptera
micropterg further character specieStenobothrus eurasiugOedaleus decorus

Platycleis affinis Platycleis montanand Gampsocleis glabraMarkant presence of
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pseudopsammophytic species is caused by high dedrégsolation in April, but
rendzina soil mixed with sand covering large aneathis region is also adequate for
the colonization of these species. @gntral-Bakony and the Kab HillCharacter
species of the microregion aRholidoptera apteraand Tettigonia cantansand —
common with the Southern-BakonyLeptophyes bosciOccurrences of these species
are depended by high annual waterfall and the cofvéite frondous forests (CLC). (5)
Sandy areas nedfenyfs. Xerophytic sandy elements of the Orthoptera Fanifrtae
Bakony Region occur mainly in this region. &yuthern-BakonyThis microregion is
characterized by many occurrencedsoiphya kraussiiand high frequency of silvicol,
rarity of thermophytic species. )(AWestern-BakonyaljaSpecies of the middle-
mountainous and collin areas have a few occurremeethis microregion. (8)
KeszthelyMountainsis characterized by high relative frequency of admb and
arbusticol species.

Results show positive correlation between preseateTettigonia cantans,
Leptophyes boscii, Pholidoptera aptera, Ph. fallak, griseoapteraGomphocerippus
rufus, Chorthippus dorsatuend Omocestus rufipeand the value of annual waterfall,
height above sea level and percental cover of froadorests. Contemporaneously
presence o€eles variabilis, Platycleis montarsdArcyptera micropteras related to
high degree of insolation in April and high relatifrequency (at landscape level) of
natural and semi-natural grasslands.

High annual mean temperature and habitat-diveesfgct positively the frequency
of Isophya costataRuspolia nitidulaandlsophya modestioHigh degree of insolation
in July is preferential foPezotettix giorna@ndPterolepis germanica.

Results connected to distribution of life-forms aggdes of thermic requirements
show that (al) silvicol species are in close refatwith the cover of the frondous
forests (CLC); (a2) silvicol species are relatetbt® annual mean temperature, to rich
annual waterfall and to moderately homogeneousstzage structure; (a3) occurrences
of graminicol and pseudopsammophil species are raffected by the degree of
insolation in April than in July; (a4) significarmgositive correlations were found

between the presence of graminicol species andaver of the natural grasslands and
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not-frondous forests (CLC) and closed, dry and s#nyigrasslands (A-NER), further
presences of graminicol species are related to goowal waterfall and high degree of
insolation in April; (b1) occurrences of mesopmipderate-hygrophil and hygrophil
species are strongly affected by the annual wakeftt®) occurrences of thermophytic
species are affected positively by the poor anmadérfall and by the high degree of
insolation in April; (b3) mesophytic species areimharelated to xerotherm frondous
forests (CLC) and closed, dry and semi-dry grasslg@-NER) (occurrences of the
latest species show positive correlation with thaual waterfall); (b4) presence data
of moderate-hygrophytic and hygrophytic speciesaspositive correlation just with

the surface cover of the frondous forests.

5.2. Study of the orthopteran assemblages of the BaReugyon

Orthopteran assemblages of the Bakony Region desized by individual
structure are:

(1) Calcareous fens, drying fens and marshy meadewrsdicator- and at once
dominant species of the assemblage are hygrophaid mesophytic species
(Conocephalus discolpChrysochraon disparEuthystira brachyptera Further, this
assemblage is characterized by the absence of uhgopic species of the dry
grasslands Ghorthippus brunneus, Chorthippus biguttulus, Stetlorus lineatus,
Euchorthippus decliv)sthe absolute dominance of pratinicol speciesttyaof the
moderate-thermophytic and thermophytic species, drehuent presence of
Conocephalidae species.

(2) Hayfields —-Indicator- and dominant species of the assemblsg€lzorthippus
parallelusandMetrioptera roeselii Spectrum of the thermic requirement is off-cemtre
to thermophytic species, further feature of the eaddage is the rarity of
Conocephalidae species.

(3) Semi-dry grasslands #ndicator species of the assemblage slietrioptera
bicolor, Leptophyes albovittatand Gomphocerippus rufusAssemblage is dominated
by mesophytic species. Arbusticol and silvicol sgeare also dominant caused by the

characteristics of the habitat (clearing origingurcences in openings, ecotons etc.).



(4) Calciphobe open sandy grasslandsndicator- and dominant species of the
assemblage af@ociostaurus brevicollimndMyrmeleotettix maculatug\ssemblage is
characterized by absolute dominance of pseudopsahimothermophytic and
Acrididae species.

(5) Scrubby semi-dry grasslands Indicator species of the assemblage are
Pterolepis germanica Ephippiger ephippiger and Pholidoptera griseoaptera
Assemblage is dominated by the thermophytic, Eresé@d Tettigoniidae species.

(6) Closed dry grasslands 4ndicator- and at once dominant species of the
assemblage a®tenobothrus nigromaculatasdOedipoda caerulescend8ssemblage
is dominated by pratinicol species.

(7) Open dry grasslands, rocky grasslandindicator species of the assemblage
contain both species of short-grasslar@all{ptamus italicus Stenobothrus crassipes
and species of tall-grassland@ldtycleis albopunctataDmocestus haemorrhoidalis
Assemblage is dominated by graminicol species.

Main relations among the structural parameters h&f dssemblages and the
potential background variables are: (1) verticalbll-structured vegetation (tall-grass)
and the closing of the grassland correlate nedatiwdth the orthopteran species-
groups related to open ground surfaces, shortdgradss and with density of moderate-
thermophytic, thermophytic, graminicol and pseu@opsiophil species;
contemporaneously the above mentioned factors laterpositively with occurrences
of hygrophytic, moderate-hygrophytic, mesophyticrarginicol, pratinicol and
arboricol species; (2) presence of arboricol amdcsi species is typical on small
grassland patches; (3) occurrences of geophitiatimcol, moderate-hygrophytic,
mesophytic species-groups correlate negatively Wieghcover of the dicotyledonous
plant species; density of monocotyledonous plaatigs characterized by mesophitic
contexture correlate positively with the occurrenoégeophitic, pratinicol, moderate-
hygrophytic and mesophytic species-groups, and eladg negatively with the
occurrences of thermophytic species; (4) occurreinéenesophytic species correlate
positively with the annual waterfall; (5) total @vof dicotyledonous plant species

correlate negatively with density of hygrophyticdamoderate-hygrophytic species,
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and correlate positively with density of thermopbyand moderate-thermophytic
species; (6) high degree of insolation in Aprileats negatively the occurrences of
mesophytic species and positively the occurrentesoalerate-thermophytic species;
(7) hygrophytic, moderate-hygrophytic and mesopghgpecies are related mainly to
vertically well-structured grasslands (tall, mudielled), whereas thermophytic and

moderate-thermophytic species are related to shet)evelled grasslands.

5.3. Study of the annual dynamics of the assemblages

In the Bakony Region seasonal structural changesrthiopteran assemblages
occurring in calcareous fens, drying fens &ndchypodium pinnaturgrasslands show
differences at aspect-changing scale. This phenomés caused by the seasonal
changes of the vapour content of these grassl#sggct-changing was not explored
in Bromus erectusgrasslands characterized by stable annual mionatk
circumstances. In some grassland-types the sepasety-summer and late-
summer/autumn aspects show further differenceBrachypodium pinnatursemi-dry
grasslands two types of early-summer aspect cale®eibed Euthystira brachyptera
type and Chorthippus parallelus—Metrioptera bicolkdype), contemporaneously
autumn aspect with characteristic structure is se¢n in this grassland-type. In
calcareous fens two autumn aspect-types are présestands with good water supply
hygrophytic species are dominant, density of xeytiphspecies are restricted. In
stands with bad water supply thermophytic and Xeytip species are dominant in the
autumn aspect. In drying fens can also be seey sammer and late summer aspects
of orthopteran assemblage. It manifests in the anclianges of relative frquency of
dominant and subdominant species. Early summerchasgwracterized by high
overall-density are dominated by hygrophytic and sophytic species. Late

summer/autumn aspect is characterized by low dweeakity of hygrophytic species.
6. Summary of new scientific resultsand conclusions

6.1. Analyses of the local distribution patterns of dpecies
() Quantitative zoogeographical analyses of thepierans are very usable for the

determination of zoogeographical borders at migioreal scale.
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(i) Zoogeographical differences of microregionstlie Orthoptera Fauna are not
manifested in the distribution of species groupdglifferent faunal-types, but in the
distribution of species groups of different ecoeyp

(i) Description of those elements of macroclimated landscape features which
determinate regional distribution patterns of tihapteran species-groups (common

life-form, thermal- and humidity requirements) asekcies is possible.

6.2. Study of the orthopteran assemblages of the BaRegyon

(i) It is confirmed that orthopteran assemblagesratierized by individual
features are not related to plant associationstdutigher vegetation units having
similar structural characteristics.

(i) Most of the revealed orthopteran assembladgeth® Bakony Region can fit
into the published Hungarian types.

(iii) Orthopteran assemblages of the Bakony Reglepend on water-gradients,
but globally general mechanisms of the communigaaization of the taxon also play
important role. Revealed main influential factarthe Bakony Region are: horizontal

and vertical structure of the vegetation, annudkvfall, degree of insolation in April.

6.3. Study of the annual dynamics of the assemblages

() The microclimate of grasslands is not only atsd but also a temporal factor
(within a year) in organization of the orthoptesmsemblages.

(i) Orthopteran assemblages of grasslands chaizste by markant annual
microclimate-changing over the variation caused ghaenology show markant
seasonal structural changes at aspect-changing scal

(i) Annual dynamics of the orthopteran assemidage affected by the
microclimate, phaenology of the species, charasttesi of the adjoining habitats and

human effects.

11



7. Publicationsrelated tothe Thesis

Articles in refereed journals

Kenyeres, Z.Bauer, N. & Racz, I. (2002Baga peddallas dans le bassin Carpates,
synthés et nouvelles données (Orthoptera, Tetidgme). —Bulletin de la Société
entomologique de Frand®7(2): 149-156.

Bauer, N., Kenyeres, Z& Kisbenedek, T. (2004): A comparison of clusasalysis
and diversity-ordering in community classificaticnCommunity Ecolog$(2): 189—
196.

Bauer, N. & Kenyeres, Z2006): Habitat preference studies of some spesfidhe
genus IsophyaBrunner von Wattenwyl,1878 (Orthoptera: Phanerdgde) in the
western part of the Carpathian BasinJeurnal of Orthoptera Researctb(2): 175—
185.

Bauer, N. & Kenyeres, Z(2006): Data to the microclimate of some charastier
grassland associations of the Transdanubian MawstaiActa Botanica Hungarica
48(1-2): 9-27.

Kenyeres, Z(2006): Phenology, population dynamics and halptaterences of the
Field-cricket Gryllus campestridinnaeus, 1758) in the Balaton Uplands (Hungary).
Articulata 21(1): 35—-44.

Bauer, N. & Kenyeres, Z(2007): Seasonal changes of microclimatic conalgian
grasslands and its influence on orthopteran assgyabl -Biologia 62(6): 742—748.

Kenyeres, Z.Nagy, B. & Bauer, N. (2008): Distribution and ftab requirements of
Arcyptera micropteraFischer de Waldheim, 1833) in HungaryAs#iculata 23(2):
25-36.

Kenyeres, Z.Bauer, N. & Kisbenedek, T. (2009): Differencessiructural changes of
orthopteran (Insecta: Orthoptera) assemblages glarimegetation period. Ekoldgia
28(1): 22-42.

Kenyeres, Z.Racz, |.A. & Varga, Z. (2009): Endemism hot spatsre areas and
disjunctions in European OrthopteraAeta zoologica cracoviensi&2B(1-2): 189—
211.

12



Other papers

Kenyeres, Z.(2000): Adatok a Dunantuli-k6zéphegység egyenesguaa(Ensifera,
Caelifera) faunajanak ismeretéhez IFelia Musei Historico—Naturalis Bakonyiensis
16: 93-108. [Data to the Orthoptera fauna of the $danubian Mountains 1.]

Kenyeres, Z& Bauer, N. (2001): Javaslat az egyenesszarnyutegpek (Orthoptera)
természetességének megallapitasard.ermészetvédelmi Kozlemény@k219-228.
[Suggestion for the determination of naturalnes®uhoptera communities.]

Bauer, N., Kenyeres, & Kisbenedek, T. (2001): Diversity studies in Bngipodium
pinnatum dominant grasses in different environmeotenditions. — AbuDiv 2001:
Diversity, complexity, abundance, resemblance, a@utdle dendence: Theories,
methods, and applications, Tihany, Hungary, 28 Atgli September 2001, Abstracts:
6.

Kenyeres, Z.Bauer, N. & Nagy, B. (2004): Az Orthoptera-eggttk és a habitatok
valtozasai a Tihanyi-félszigeten 1947. és 2001. féliételek alapjan. -Allattani
Kozleményel89(1): 37-53. [Differences in the Orthoptera assegddan the Tihany
Peninsula (W Hungary) based on samplings of 19472801.]

Bauer, N. & Kenyeres, Z(2005): Adatok néhany, a Dunantuli-k6zéphegységben
jellemz gyeptarsulas allomanyklimajahoz. — 2. Kvantitafikoldgiai Szimp6zium
(KOSZi), Veszprém, 2005. aprilis 18. Kivonatkotét: [Data to the microclimate of
some grassland associations typical in the Trangdan Mountains.]

Kenyeres, Z(2006): Adatok a Dunantuli-k6zéphegység egyenesguad Orthoptera)
faundjanak ismeretéhez Il Felia Historico-Naturalia Musei Matraensi30: 189—-201.
[Data to the Orthoptera fauna of the Transdanublaantains I1.]

Kenyeres, Z.(2006): Egy rovarcsoport Utja a szervezett irfaat®6ros Konyvig. —
Természetvédelmi Kozlemények 105-121. [The road of an insect group from
organised disinsecting to the Red Data Book.]

Kenyeres, Z& Bauer, N. (2008): A terllethasznalat valtozagihatdsa & ettigonia
caudata (Charpentier, 1845) (Orthoptera) egyetlen ismert recens dunantuli
allomanyéara. -Acta Agronomica OvariensiS0(2): 35-41. [The effect of land use
changes on an unique population ®kttigonia caudata (Charpentier, 1845)
(Orthoptera) in Transdanubia (Hungary).]

Kenyeres, Z& Bauer, N. (2009): Daily activity oPoecilimon intermediugFieber,
1853) in a typical steppe habitat of the speciesn{@l-Europe, Hungary). — 10th
International Congress of Orthopterology, AntalyBurkey, 21-25 June 2009,
Metaleptea, Special Conference Issue:106.

13



