1. Bevezetés

A biologiai organizacid kiilonbozd szintjein tapasztalhatd sokféleseég meg-
Orzése a konzervacio-biologia egyik f6 célkitlizése, kiillonds tekintettel a
természetes habitatok besziikiilésére és fragmentalodasara. Az él6helyek
okozza. Az izolacié meghatarozoan hat a populaciok genetikai struktaréja-
ra, nevezetesen csokkenti az effektiv populacidoméretet €s a genetikai varia-
bilitast. Az alacsony genetikai variabilitds besziikiti az adott populaciok
evolucids potencidljat. A habitat fragmentéacid és az izolacio tehat végsd
soron csokkenti a populdciok tulélésének esélyeit. Bar a kiilonbozé fajok
eltéréen reagalnak a habitat fragmentaloddsara, a populacidk genetikai
szerkezetének tanulmanyozasa fontos informéciot nytjthat egy adott faj
természetvédelmi allapotardl. A legtobb rovarfaj esetében az enzimpoli-
morfizmus vizsgalata alkalmasnak bizonyult a genetikai variabilitds moni-
torozasara.

Az Isophya genusnak tobb mint 45 faja van Eur6épdban. Ebben a ré-
gibban a fajok azonositdsa szempontjabol a legproblematikusabb
Tettigonioidea csoport. Az “isos” gordg eredetli szo, egyenldt, hasonlot je-
lent, mig a “phyo” jelentése nemz. Az Isophya név arra utal, hogy a genus-
ba tartozo fajokat nehéz elkiiloniteni egymastol, magyarra taldn az “egyiva-
su” szoval fordithatnank. Az Isophya fajok a cercus gorbiilete, a pronotum,
a szarnyak ¢€s a tojocsd sokszor arnyalatnyi kiillonbsége alapjan kiilonithe-
tok el morfologiailag, legbiztosabban énekiik alapjan azonosithatok. Ma-
gyarorszagon hat Isophya faj fordul el6: a fokozottan védett I. costata (ma-
gyar tarsza) €s I. stysi (Stys tarszaja); a védett I. camptoxypha (karpati
tarsza), I. modesta (pusztai tarsza), I. modestior (illir tarsza); valamint az I.
kraussi (erdei tarsza), mely nem védett. Az Isophya fajok révid szarnyuak,

ropképtelenek, emiatt gyenge a kolonizacios keépességiik. Talajba petéznek,



tojas alakban telelnek at, larvaik kora tavasszal, altalaban marciusban kel-
nek ki. Az imégok majustdl augusztusig fordulnak eld. Korai megjelené-
siik, rejtett ¢letmodjuk, éjszakai aktivitdsuk miatt keveset tudunk €léhely-
valasztasukrol. A tarszédkat emlitd tanulmanyok tobbsége vagy faunisztikai
jellegli, vagy egyenesszarnyu kozosségeket irnak le, és a kutatdsok egymas-
tol térben, iddben elkiiloniilnek. Bar a ndvényzet tipusat a cikkek tobbsége
valamilyen szinten megemliti, a kozolt adatok altalaban egy adott popula-
késziilt 0sszehasonlitd elemzés, bar a fajok €lohely igényével kapcsolatos
tobblet informaciok nagyban hozzajarulndnak a természetvédelmi munkak

hatékonysagéahoz.

Munkank 6 célkitizései voltak:

1. A hazai Isophya fajok el6fordulasdval kapcsolatos ismeretek bdvitése,
kiilonos tekintettel Baranya megyére.

2. Az Isophya fajok ¢€l6helyeinek tipizaldsa, habitat preferencia és indikacio
vizsgalata. Koegzisztencialis mintdzatok feltdrasa. Az €él0helyek termé-
szetessegének megallapitasa.

3. Az Isophya fajok morfometriai vizsgalata. A morfologiai variabilitas
szerkezetének analizise a fajok és a populaciok szintjén egyarant. A fa-
jok, ill. populéciok habitat preferencidja és bizonyos, okologiai szem-
pontbol jelentds morfologiai bélyegeik kozotti kapcsolat keresése, a
habitat preferencia hatterének feltarasa.

4. A genetikai variabilitas szerkezetének analizise, a populaciok enzimpoli-
morfizmusanak tanulmanyozésa révén. A fajok kozotti genetikai diffe-
rencialodas mertekének leirasa. A fajokon beliili differencialddéasi minta-
zatok Osszehasonlitasa és elemzése. A genetikai és morfometriai variabi-

litds struktirajanak 6sszehasonlitasa.



2. Modszerek

2.1. Faunisztikai kutatasok

A Mecsekben, a Baranyai-dombsagban ¢€s a Villanyi-hegységben vé-
geztik a faunisztikai kutatasokat 1997 ¢és 2003 kozott. A potencidlis
Isophya é16helyeket majustol juliusig kerestiik fel. A mintavétel fithalozas-

sal, vizualisan vagy hang alapjan valo egyedi megkereséssel tortént.

2.2. Habitat preferencia vizsgalatok

A habitat preferencia kutatisok soran a Baranya-megyei négy
Isophya faj (I. camptoxypha, 1. costata, 1. modesta, 1. modestior) ¢16hely-
valasztasat vizsgaltuk. Az elemzésekhez 57 (a Mecsekben 30, a Villanyi-
hegységben 11 ¢és a Baranyai-dombsagban 16) teriilet jelenlét-hidny adatait
hasznaltuk fel. Az él6helyeket egyrészt az Altalanos Nemzeti ElShely-
osztalyozasi Rendszer szerinti 14 kategdridba, masrészt 4 mikrohabitat ka-
tegoriaba (mezofil fiives, xerofil fiives, mezofil bokros, xerofil bokros) is
besoroltuk.

A fajok habitat preferencidjanak elemzéséhez fokoordinata analizist
(PcoA) végeztiink Czekanowski/Bray-Curtis hasonldsagi fiiggvény alkal-
mazasaval, Syn-Tax statisztikai programmal. A hasonldsagi fiiggvényhez
az adatmatrix a négy faj el6fordulési adatait tartalmazta a 14 habitatban. A
analizissel végeztiik. A kiilonb6zd €él6helyek karakter fajainak meghataro-
zasara az IndVal 2.0 programot alkalmaztuk. A fajok eléforduldsanak vé-
letlenszeriiségét a Fisher-féle exakt teszttel, asszocialtsagat a Yale-féle Chi®

teszttel vizsgaltuk.



2.3. Morfometria

A morfologiai vizsgéalatokhoz mind a hat magyarorszagi Isophya fajt be-
vontuk. Az allatokat 1998 és 2004 kozott gytijtottiik. A molekularis vizsga-
latokig az egyedeket -80°C-on tartottuk, majd a morfometriai vizsgalatok-
hoz hasznalt testrészeket 75%-o0s alkoholba helyeztiik. 17 populacié 296
him egyedének 11 morfoldgiai bélyegét, mig 10 populacié 131 ndsténye-
nek 10 jellegét mértiik le, 0.01 mm pontossaggal. Az adatok elemzéséhez
az SPSS 11.0 program diszkriminancia analizis és GLIM meniijét alkal-
maztuk. Kruskal Vallis tesztet és Mann-Whitney U-tesztet hasznaltunk a
kiilonb6z6 habitatokban €16 populacidok kozti morfologiai bélyeg alapjan

valo elkiiloniilés vizsgalatdhoz.

2.4. Genetikai vizsgalatok

A genetikai vizsgalatokhoz hat magyarorszagi tarsza faj 17 populéci-
0jabol vettiink mintat (204 egyed) hat kiilonb6z6 foldrajzi régiobol. Az 1.
kraussi két mintajat az Aggteleki karszton és a Zempléni-hegységben gytij-
tottiik. A két I stysi minta a Szatmar-Beregi siksagrol és a Zempléni-
hegységbdl szarmazik. Az I. modestior €s az I. camptoxypha egy-egy popu-
lacidjabol vettiink mintat a Mecsekben. Az I. modesta négy populacioja két
foldrajzi régiobol szarmazik: a Mecsekbdl és a Villanyi-hegységbdl. Az
egyedeket 1998 ¢s 2000 kozott gytijtottiik.
ferben (0.01M Tris/HCl pH=7.5; 2 mg/ml dithiotreitol) homogenizaltuk.
Az enzimpolimorfizmus vizsgalatat poliakrilamid gélelektroforézissel vé-
geztiik. Minden mintdban 12 enzimet analizaltunk: Amy, Got, oGpdh, Hk,
Idh, Ldh, Me, Pgi, Pgm, Aox, Est 6Pgdh. Mivel fajonként t6bb populécidt



1s vizsgaltunk, meg tudtuk allapitani a differencidlodas mértékét a fajok ko-
zOtt €s a fajokon beliil.

A gélen lathat6é sdvmintazat alapjan megéallapitottuk az egyedek ge-
notipusat, és kiszamoltuk a genotipus- €s az allélgyakorisdgokat. Minden
egyes populaciora kiszamitottuk a genetikai variabilitas mutatoit: polimorf
lokuszok ardnya, atlagos allélszam, atlagos heterozigdta gyakorisag,
tobblokuszos genotipusok atlagos szama. A populaciok differencialodésa-
nak a megallapitasdhoz exakt tesztet végeztiink. A migrald egyedek szamat
(Nem) az Fgr segitségével és Slatkin egyedi allél modszerével is becsiiltiik.
A Genepop 1.2 programmal végeztiik az exakt tesztet s szamoltuk az N.m
értéket. A populaciok kozti genetikai differencialodast a Wright-féle F-
statisztikaval is elemeztiik. Ebben az analizisben a mintak teljes genetikai
variabilitasa (Fir) feloszthatdé a populdcidk kozotti (Fsr) €s populacidkon
beliili (Fis) variancia komponensekre. A differencidlédas mértékét jellemzo
fixacids indexet (Fsr) a populadciokra és az egyes fajokra kiilon-kiilon is
meghataroztuk. Az elemzéseket az FSTAT 1.2 programmal végeztiik. Az
allégyakorisagok értékeibdl kiszdmoltuk a Nei-féle genetikai tdvolsagokat.
A tavolsdg matrix alapjdn UPGMA dendrogrammot szerkesztettiink. A
szamitasokat a Biosys-1, Release 1.7 programmal készitettiik. A teljes ge-
netikai variancia megoszlasat a hierarchia kiilonb6z6 szintjein molekularis
variancia analizissel (AMOVA) is vizsgaltuk. Az analizis sorédn a teljes ge-
netikai variabilitast harom Gsszetevore bontottuk: populdcio csoportok ko-
zotti (fajok kozotti), az egyes fajokon beliili populdciok kozotti és popula-
ciokon beliili komponensekre. A genetikai variancia analizisét az Arlequin
2.000 programmal végeztikk. Az egyedek genotipusos Osszetétele alapjan

diszkriminancia analizist végeztiink az SPSS 11.0 programmal.



3. Eredmények és értékelésiik

Munkénk soran az Isophya fajoknak szadmos 0j lel6helyét mutattuk ki Ba-
ranya megyében: a Mecsekben minden fajra irtunk le 01j lel6helyet; a Bara-
nyai-dombsagban el8szér mutattuk ki az Isophya fajok eléfordulésat; a Vil-
lanyi-hegységbdl leirtuk az 1. costata jelenlétét. Tapasztalataink alapjan
megallapitottuk, hogy a tarsza fajok nagyobb aranyban vannak jelen a vizs-
galt térségben, mint azt eldzetesen feltételeztiik. Kimutattuk tovabba, hogy
Baranyaban messze a leggyakoribb tarsza faj az I. costata. Munkénk ered-
ményeként Magyarorszag ezen régidja lett Isophya fajokra a legalaposab-
ban feltarva.

Az ¢l6hely-preferencia vizsgélatok soran a Baranyaban eléfordulo
négy Isophya fajt tanulmanyoztuk. Amennyiben az él6helyeket ANER ka-
tegoriakba soroltuk be, azt tapasztaltuk, hogy az I. costata fordult el6 a leg-
tobb tipusu (11) habitatban, mig a legkevesebben (5) az I. camptoxypha je-
lent meg. Az I. modesta €s az 1. modestior habitat spektruma (7, 9) koze-
pesnek mondhato6. Egyetlen olyan €é16hely-tipus volt, amely mind a négy faj
szamara alkalmasnak bizonyult, ez a mezofil franciaperjés domb- és hegy-
videki rétek kategoria volt. Kilenc €é16hely-tipus két vagy harom faj szama-
ra is megfeleld volt.

A fOkoordinata analizis eredményei azt mutatjdk, hogy a fajok
habitat preferenciaja atfedd, ennek ellenére jol jellemezhetd. ANER katego-
ria indikécidjat nem tudtunk kimutatni, csak kategoria-csoportokét. Az €l6-
helyek mikrohabitat kategdridba sorolasa esetén azt az eredményt kaptuk,
hogy a fiives (els6sorban a mezofil fiives) él6helyek indikator faja az 1.
costata. Az I. camptoxypha a mezofil bokros €l0helyek, az I. modestior pe-
dig a xerofil bokros éléhelyek indikatora. Az I. modesta egyik ¢él6helyet
sem preferdlja kiemelten. Megallapitottuk tovabba, hogy a xerofil fiives

teriileteket egyik faj sem jelzi. A vizsgalataink sordn tapasztalt Isophya fa-



jok habitat szegregdcidja valdszinli a ndstények tojocsovének
tilkrozi.

A talajba petézd fajoknal a tojasrakas mélységének optimalizaciojat
befolyasolo két legfontosabb tényezd a talaj nedvességtartalma és szerkeze-
te. Tal nedves ¢€s kotott talajban a mélyen fekvd petékbdl kikeld larvaknak
magas a mortalitasi ardnya. Laza szerkezetli és szdraz talajban viszont ke-
véssé€ vannak védve a peték a kiszaradas, az er6zio €s a predatorok ellen.

A tarszak, feltehetéen mas talajba petézd Orthoptera csoportokhoz
hasonloan, szabéalyozni tudjak a peterakas mélységét. Igy az I. costata és I.
modesta viszonylag hosszabb tojocsove lehetdve teszi, hogy szdraz talajban
mélyre rakjak petéiket, nedves talajban pedig a felszinhez kozelebb. A to-
jasrakasuk optimalizacidja teszi lehetévé, hogy ezek a fajok szélesebb
spektrumu habitatokban fordulhatnak el6, mint a révidebb tojocsovii fajok.
Hipotézisiinket alatdmasztja az a tény is, hogy a leghosszabb tojocsovii /.
modesta €s a szintén hosszu tojocsovil 1. costata a nedves réteken és a leg-
szarazabb teriileteken is el6fordultak. Mindkét faj esetében a szarazabb te-
rlleteken €16 populaciok tojocsdve hosszabb volt. Bar az I. modesta t0j6-
csove atlagosan hosszabb, mint az I. costata fajé, a két faj populacioil kozott
atfedés mutatkozott. A szdrazabb habitatban €16 1. costata egyedek tojocso-
ve hosszabb volt, mint a kevésbé szaraz habitatban €16 . modesta példa-
nyoké. Nem szabad figyelmen kiviil hagynunk azt a tényt sem, hogy révid
tojocsovi fajokat kifejezetten szaraz teriileten nem talaltunk.

A tarsza fajok gyakrabban fordultak eld egyiitt adott lel6helyen, mint
azt az irodalmi adatok alapjan vartuk volna. A hosszabb tojocsovii 1.
costata ¢és 1. modesta egyedeit csak egy alkalommal taldltuk meg ugyan-
azon a lel6helyen, mig a két masik, rovidebb tojocsovil faj valamelyikével
viszonylag gyakran voltak egyiitt. Ugyanez igaz a révidebb tojocsovi 1.

camptoxypha ¢€s I. modestior fajokra is, csak egy helyen talaltuk meg 6ket



kozosen. Valosziniisithetd, hogy a koriilbeliil azonos tojocsd hossziisagi
fajok egymadssal szemben versenytarsat jelentenek, igy feltételezziik, hogy
a fajok koegzisztencidlis mintdzata a kompetitiv kizaras elvére vezethetd
vissza.

Az I. camptoxypha csak természetes, ill. természetkdzeli ¢l6helyeken
fordult el6, az I. modesta €s az I. modestior kis mértékben megjelent a ma-
sodlagos ¢él6helyeken is, mig az I. costata populaciok nagy részét tobbé-
kevésbé degradalt, masodlagos ¢€l6helyen taladltuk meg. Az Isophya fajok
fennmaradédsa érdekében kitiintetett figyelmet kéne azokra a teriiletekre
forditani, ahol egyszerre két vagy harom faj fordul eld.

A morfometriai analizisekbe mind a hat hazai Isophya fajt bevontuk.
A vizsgélt karakterek leir6 statisztikdja alapjan megallapitottuk, hogy a leg-
tobb jelleg kapcsan nagy a fajok kozotti atfedés. A ndstényeknél egyediil az
1. kraussi kiillonithetd el statisztikailag a tobbi fajtol ot jelleg alapjan. A hi-
mek kozott azonban hadrom faj egyedei alkotnak diszkrét csoportot statisz-
tikailag kiilonb6z0 jellegek alapjan. A vizsgélat eredményeként adddo, el-
kiilonito jellegek taxondmiai haszndlhatosdga azonban megkérddjelezhetd
az egyes jellegek kozotti minimalis kiilonbségek miatt.

Annak ellenére, hogy kevés diagnosztikus jelleget taldltunk, az ada-
tok sokvaltozos elemzése azt mutatta, hogy a hat faj jol elkiiloniil egymas-
tol mind a két nem esetében. A diszkriminancia analizisben az egyedek fa-
jokba sorolasanak a sikere 99.3% volt himeknél a szarnyak mérete és alakja
alapjan, illetve 97.6% volt a ndstények esetében, ahol a tojocsd és a femur
hosszusaga volt az osztalyozas alapja.

A fajok differencidlodasanak mértékét az egyes morfologiai jellegek
atlagos értékeibdl szamitott Euklédeszi tavolsagok alapjan szerkesztett
fenogramok segitségével is tanulmanyoztuk. A himekre és a ndstényekre
szerkesztett fenogramok kozott az egyik alapvetd hasonlosdg a costata-

modesta €s a camptoxypha-kraussi-modestior-stysi fajcsoportok elkiiloni-



1ése. A masodik hasonlosag, hogy ez utdbbi csoporton beliil mindkét nem-
nél kiilon agba keriilt az I kraussi. Harmadikként emlitjiik meg az I
modestior €s 1. stysi fajok egyiittes megjelenését. Ugyanakkor jelentds kii-
16nbség van a két fenogram kozott a fajcsoportokon beliili differencialodas
mértékében. A himeknél az I. costata és az I. modesta k6zo6tt sokkal maga-
sabb szintli volt a differencialodas, mint a ndstényeknél. Ez a mintazat azt
sugallta, hogy a costata ndstények esetében a lokalis adaptéacid jelentdsebb
kiilonbséget eredményezett a populacidk kozott, igy csokkent a fajok kozti
diszkontinuitas.

A diszkriminancia analizis eredményei alatamasztottdk feltételezé-
siinket. Himeknél az 1. costata ¢és I. modesta egyedek 100%-at sorolta a
megfeleld fajba a program, mig néstényeknél kdlcsonds atfedést tapasztal-
tunk a két faj kozott. Ezzel szemben populécids szinten a costata himeknél
az Osszesitett talalati ardny 60% volt, mig a ndstényeknél az egyedek 75%-
at sorolta a megfeleld populdcioba a program. Vizsgalatunkban a lokalis
adaptaciot feltehetden a tojocsd hossza €s a habitat preferencia kozotti fen-
tebb leirt 0sszefliggést tiikkrozi. Bar az I. modesta tojocsove atlagosan hosz-
szabb, mint az I. costata fajé, az egyes populaciok kozott atfedés mutatko-
zik; a szarazabb habitatban €16 costata egyedek tojocsove hosszabb, mint a
nedvesebb habitatban ¢16 modesta példanyoké.

Az ivari dimorfizmus vizsgalatoknal a nemek testméretre utaldo bé-
lyegei alapjan végeztiik el a diszkriminancia analizist. A ndstények szigni-
fikdnsan nagyobbak mind a hat tarsza fajndl. A ndstények valosziniileg na-
gyobb testméretiik kovetkeztében tobb energiat tudnak fektetni az utdodok-
ba, ezaltal novelve fitnessziiket, igy a nagyobb méret evolucids eldnnyel
jarhat.

A hierarchikus variancia analizis eredményei a fajok kozotti magas
szintli differencialodast mutatta ki. Mind a himeknél, mind pedig a ndsté-

nyeknél a teljes morfoldgiai variancidnak atlagosan a haromnegyede volt



megfigyelhetd a fajok kozott. A diszkriminancia analizishez hasonloan a
himeknél a szdrnyakon mért bélyegek, mig a ndstényeknél a femur- és a
tojocsd hossza voltak a diszkriminalo jellegek.

A genetikai variabilitds vizsgalata soran kimutattuk, hogy a hazai
Isophya fajok polimorfizmusa kiss¢ magasabb szintli, mint amit mas
Orthopterakra eddig leirtak. A genetikai differencidlodas meértéke meglehe-
tésen magas volt a fajok koézott. Harom diagnosztikus 16kuszt talaltunk,
amelyek alkalmasak voltak az egyedek fajokba torténd besorolasdra. Az
Isophya populaciok kozott magas szintli differencidlodast tapasztaltunk,
ami magas populacion beliili differencialédéssal parosult.

A Nei-féle genetikai tavolsagok alapjan szerkesztett dendrogram, a
fenogramokhoz hasonloan, vildgosan tiikrozi a hat faj elkiiloniilését.
Ugyanakkor a dendrogram topoldgidja eltér a fenogramokétdl. Ezt minde-
nek eldtt az I. modestior és az I. stysi egymashoz viszonyitott helyzete tiik-
rozi. A fenogramokon a két faj egy agban jelenik meg, mig dendrogramon
az 1. modestior a tobbi fajtdl tavol, kiilon agban helyezkedik el. Ugyanak-
kor a fenogramok ¢és a dendrogram hasonlosagat mutatja az I. modesta és
az 1. costata egymashoz viszonyitott helyzete. Meg kell azonban jegyezni,
hogy a fenogramok ¢és a dendrogram hasonlosdga azoknak a fajoknak a le-
szdrmazasi kapcsolataiban jelentkezett, amelyeknek tobb populacidjabol
tortént a mintavétel. Ovatossagra int, hogy az eltérések viszont azoknal a
fajokndl mutatkoztak, amelyekbdl egyetlen, kis példanyszdmi minta szar-
mazott.

Az allélmintazatok alapjan a populdciokat Euklédeszi tavolsaggal €s
Ward-Orloci  fuzidos modszerrel is osztidlyoztuk. Az igy kapott
dendogramon, bar az /. costata kiilon adgba keriilt, ebben az esetben is az 1.
modesta faj éallt hozza a legkozelebb. Hasonléan a fenogramokhoz az I

stysi populacioihoz az I. modestior éll legkdzelebb.
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A genetikai variancia hierarchikus analizisének eredménye Ossze-
csengett a morfologiai jellegek elemzésénél tapasztaltakkal. A teljes gene-
tikai variancia legnagyobb hanyada mindkét analizisben a fajok k6zott mu-
tatkozott. A diagnosztikus l6kuszok esetében gyakorlatilag teljes differen-
cidlodast tapasztaltunk a populacidk kozott. A differencidlodas mintazatat a
fajokon beliil, a lokalis populaciok kozott elsdsorban az I. costata és az 1.
modesta esetében tudtuk vizsgalni. Magas szintli differencialédast tapasz-
taltunk nyilvanvalé foldrajzi mintdzat nélkiil, amit a korlatozott migracio-
val magyaraztunk. Feltételezésilinket az I. modesta ¢és az 1. costata popula-
ciok differencidlédasi mintdzatanak dsszehasonlitdsa tamasztotta ald. Mig a
sz¢lesebb habitat spektrummal jellemezhetd costata populacidk esetében a
génaramlas becsiilt érteke (Ne.m) relative magas volt, valamint a
diszkriminancia analizisben a populaciokba sorolés talalati aranya alacsony
szintli volt, addig az izolaltabb populdciokban €16 modestanal az N.m érték
alacsonynak adddott, ugyanakkor a populaciokba sorolas sikeressége ma-
gas volt.

Kutatdsunk soran megallapitottuk, hogy a vizsgalt Isophya fajok elo-
fordulési gyakorisaga, habitat-preferenciaja, él6hely-valasztasi spektruma,
¢lohelyének természetessége, morfometridja, valamint genetikai variabilita-

sa kozott szoros Osszefliggés van.

11



1. Introduction

Survival of natural populations in fragmented landscapes is one of the cent-
ral problems in conservation biology. Habitat fragmentation results in iso-
lation and population subdivision. Consequently, it has grave influence on
the genetic structure of populations resulting in decreasing effective popu-
lation size and loss of genetic. The level and structure of genetic variation
will in turn determine the evolutionary potential of the given set of popula-
tions. Nevertheless, different species may experience the same fragmented
habitat in a different way. Thus, surveys of genetic differentiation among
local populations within a species or between closely related species be-
came more and more established in conservation studies. Monitoring al-
lozyme polymorphism proved to be appropriate to estimate the level of
polymorphism and the structure of genetic variation in the populations of
many species.

The genus Isophya (Orthoptera) has more than 45 species in Europe.
In this region this Tettigonidae species are the most difficult to identify.
The greek term “isos” means equal, similar and “phyo” means to beget, to
father. So the name Isophya (Brunner von Wattenwyl 1878) refer that the
bush cricket species in this genera are very similar. The identification of
Isophya species are based mainly on subtle differences in the shape of
cerci, pronotum, tegmina and ovipositor by their morphology. Species can
be identified most certainly by the songs of males. There are six Isophya
species in Hungary. I. camptoxypha, 1. modesta and I. modestior are pro-
tected, I. costata and I. stysi are under special protection. /. kraussi is not
protected. Species of the genus Isophya are phytophagous and flightless so
they have weak colonisation ability. These bush crickets insert their eggs
into the soil and they overwinter as eggs. Their common characteristic is

that, depending on weather and climate, their larvae emerge relatively
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early, generally during March in Hungary. Adult specimens can be found
from May to August. Due to their early emergence, hidden way of life and
nocturnal activity little has been known about the habitat requirements of
the species. Most of the studies carried out on them are of a faunistic char-
acter, or describe orthopteran; the investigations have been performed sepa-
rately from each other both in space and in time. Although habitat types
have been dealt with at certain levels (association, habitat, food plant) in
these studies, the data were always collected from single populations. No
comprehensive analysis has yet been produced on the habitat choice of Iso-
phya spp. and future conservation work would greatly benefit from an in-

creased knowledge on species habitat demands.

The main objects of the research were:

1. Expand our knowledge in connection with the occurence of Isophya spe-
cies with special regard to Baranya county.

2. Specify the habitats and examine the habitat preference and indication of
the Isophya species. Explore the patterns of coexistence. Establishment
the naturalness of habitats.

3. Morphometric study of hungarian Isophya species. Analyse the structure
of morphometric variaton on the level of both species and populations.
Find relationship between the habitat preference of the species and
certain ecological important morphometric characters. Explore the
background of habitat preference.

4. Analyse the structure of genetic variation with monitoring allozyme
polymorphism of populations. Determine the the level of genetic differ-
entiation among the species. Analyse and compare the pattern of differ-
entiation within the species. Compare the structure of the genetic and

morphometric variation.
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2. Methods

2.1. Faunistical researches

In the faunistical investigations occured between 1997 and 2003 four
species took part in Baranya county, South Hungary. The sampling was
carried out from May to July examining numerous potential habitats using

sweeping-nets, by visual or acoustic detection.

2.2. Habitat preference

Four Isophya species took part in the habitat preference researches
occuring in Baranya county: I. camptoxypha, 1. costata, I. modesta and 1.
modestior. Presence/absence data of 57 sites (in Mecsek Mts. 30, in Villany
Hills 11 and in Baranya Hills 16 sites) were used in the analysis. Habitats
of the various species were categorised on the one hand into 14 classes
according to the Hungarian General Habitat Classification System
(HGHCS) and on the other into 4 microhabitat categories (mesophil and,
xerophil grassy, mesophil bushy and xerophil bushy habitats).

For the habitat preference analysis of the species a multiple Principal
Coordinate Analysis (PCoA) were used, using the Syn-Tax statistical pro-
gram. For the similarity function the data matrix contained the numbers of
the four species in the 14 habitat groups. A hierarchical cluster-analysis
was performed for the classification of the species by their habitat
preference. We used the IndVal 2.0 program to reveal indication. The
Fisher’s exact test and the Yale’s Chi® test were preformed in the

associatoin studies.
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2.3. Morphometrics

In the morphometric studies all of the six hungarian Isophya species were
included. Imagines were collected between 1998 and 2004. The specimens
were stored at -80 °C until the genetic examination and then we deposited
the required part of the body into 75% alcohol for morphometric
measuring. 296 male specimens of 17 populatons for 11 characters and 131
female specimens of 10 populations for 10 characters were measured to the
0.01 mm. The SPSS program was applied for the univariate-, hierarchical
cluster- and discriminant analysis. The Kruskal Vallis test and Mann-
Whitney U-test were also performed to examine the difference between the

populations.

2.4. Genetics

17 populations were sampled for the six species from six distinct geo-
graphical regions in Hungary. Two I. kraussi samples were collected in
Aggtelek Karst and one in Zemplén Mts.The two /. stysi samples originated
from Bereg lowland and from Zemplén Mts. One sample of 1. modestior
single and 1. camptoxypha were collected in Mecsek Mts. Four populations
of 1. modesta were sampled in two regions: in the Mecsek Mts. and in the
Villanyi Hills. The six samples of /. costata originated from three regions:
from the Mecsek Mts., the Baranya Hills and the Villanyi Hills.

Imagines were collected in 1998-2000 and stored at -80 °C until the
electrophoresis. Muscles dissected from the thorax and abdomen of the
specimens were homogenised separately in approx. 4 ul/mg of the extrac-
tion buffer (0.01M Tris/HCI pH=7.5; 2 mg/ml dithiotreitol). Enzyme poly-

morphism was investigated by polyacrylamide gel electrophoresis. 12 en-
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zymes were studied in all samples: Amy, Got, aGpdh, Hk, Idh, Ldh, Me,
Pgi, Pgm, Aox, Est 6Pgdh.. In this way, we could determine the level of
differentiation both within the species and between them.

Genotype and allele frequencies were calculated on the basis of
banding patterns. Measures of genetic variation (average number of alleles,
proportion of polymorphic loci, average frequency of heterozygotes and
average number of multi-locus genotypes) were calculated for each popula-
tion. An exact test for population differentiation was conducted to test for
independence of the allelic composition of the populations. The effective
number of migrants (N.m) was also estimated according to Slatkin. Gene-
pop, version 1.2 was used to perform the exact test and calculate N.m val-
ues. Genetic differentiation among the populations was also analysed by
Wright's F-statistics. In this analysis, the total genetic variation of the sam-
ples (Fir) is partitioned into within (Fis) and between population compo-
nents (Fsr). F-statistics was computed within each species as well. All
analyses were conducted by FSTAT version 1.2. Allele frequencies were
used to estimate Nei’s genetic distances and an UPGMA dendrogram was
constructed on the basis of these data. The computation was performed by
Biosys-1, Release 1.7. The distribution of the total genetic variation at
various levels of the hierarchy was studied by AMOVA. In this analysis,
the total genetic variation is partitioned into three components: among
groups of populations (species), among populations within a species and
within population. AMOVA was carried out by Arlequin ver 2.000. In the
last part of the study, we carried out a discriminant analysis using the allele
frequency distribution of the samples to show the level of genetic differen-
tiation among the species in a reduced space of variables. Discriminant

analyses were performed running SPSS Version 11.0.
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3. Results and discussion

Many sites of Isophya species were reported in Baranya county
(Hungary) during our research: new sites were found for all four examined
species in the Mecsek Mts., the species were described newly in Baranya-
hills, Isophya costata was found as a new species for the fauna of Villanyi-
hills. Isophya species were found in larger proportion in the examined
region than it had previously been supposed. Moreover we showed that 1.
costata was the most frequent Isophya species in Baranya County. As a
result of our work this region turned out to be the most thoroughly
discovered area of Hungary for Isophya species.

In the study of habitat preference the four Isophya species occurring
in Baranya County were analyzed. It was found that /. costata occurred in
the broadest range of habitat types and I. camptoxypha in the least one
when habitats were sorted into classes of the Hungarian General Habitat
Classification System (HGHCS). 1. modesta and I. modestior had middle
size habitat range. The only habitat type suitable for all four species was
the false oat-grass meadow. Nine habitat types were suitable for either two
or three bush cricket species. The results of principal coordinate analysis
indicated an overlapping habitat choice of the 4 species, though each of
them exhibited special attraction to certain habitat types.

We could not prove any indication concerning particular HGHCS
categories only groups of habitats. When the habitats were classified into
different microhabitats, we found that /. costata indicated grassy (primarily
mesophil grassy) habitats. While I. camptoxypha indicated mesophil bushy
habitats /. modestior indicated xerophil bushy habitats. /. modesta did not
show special preference to any of the habitats. Furthermore, we pointed out
that none of the species indicated xerophil grassy habitats. In the course of

our survey we revealed that the habitat segregation of Isophya species
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probably reflected the adaptation of ovipositor for particular microhabitats
and the relationship among the species.

In case of species ovipositing in soil the optimalisation of the depth
of oviposition primarily depends on the moist and the structure of the soil.
Hatchling juveniles have high mortality in too damp and hard soil if eggs
are inserted too deep. Offspring survival is a function of depth as nymphs
that hatch too deep are not able to dig out of the soil and die before
reaching the surface. Eggs laid too shallow have high risk of being
desiccated, frozen, or preyed upon.

We supposed that Isophya species similarly to other Orthopterans
could regulate the depths of oviposition. That’s why I costata and 1.
modesta with relatively longer ovipositor can lay their eggs deep in dry soil
or less deep in moist soil. The optimalisation of oviposition allows this spe-
cies to occur in a broadest range of habitat types than others with shorter
ovipositor. Our hypothesis was supported by the fact that /. modesta with
the longest average ovipositor and I costata, which has also long
ovipositor, occurred in moist meadows and in the driest habitats as well.
Both species had longer ovipositor in drier habitats than in less dry.
Although 1. modesta had longer average ovipositor than /. costata there was
an overlap between the two species. Moreover, I. costata specimens had
longer ovipositor in an extremely dry habitat than /. modesta living in less
dry habitats. In addition, species with short ovipositor was not found in dry
habitats.

Isophya species coexisted more frequently at a given site than it was
expected on the basis of the literature. /. costata and 1. modesta the two
species with longer ovipositor were only found together once, while they
often co-occurred with any of the other two species with shorter ovipositor.
The same is true for I. camptoxypha and I. modestior, which have shorter

ovipositor. We only found them once at the same site. Species having

18



approximately the same length of ovipositor are probably rivals so we
suppose that the pattern of species co-occurrence can be explained by the
principle of competition.

While . camptoxypha only occurred in natural and semi natural
habitats, I. modesta and I. modestior were also found in secondary habitats.
Most of the 1. costata populations lived in more or less degraded secondary
habitats. In order to preserve endangered species it might be important to
save a wide range of habitats with different local climates. This is
particularly valid for Isophya species as they are distributed over a wide
range of habitats and they often co-occur in many of them.

All six Hungarian Isophya species were included in the
morphometric analyses. We found that most individual characters were
largely overlapping among the species. Among the females, /. kraussi was
the only species, which had five diagnostic characters and could be
separated undoubtedly from the other species. In case of males, however,
three statistically discrete groups were detected based on different
characters. Nevertheless, the diagnostic value of these characters is dubious
as the size of difference among the species was usually very small.

Although we only found a few diagnostic characters the results of
multivariate analyses indicated clear differentiation among the six species
in both sex. In the discriminant analysis, 99.3% of the males were assigned
correctly on the basis of the size and shape of wings and 97.6% of the
females based on the length of the ovipositor and hind legs.

The level and pattern of differentiation among the species was also
investigated by phenograms, which were constructed for the males and
females separately using Euclidean distances calculated between the mean
values of single characters. We detected some principal similarities
between the phenograms of the two sexes. First, the main split among the

species was between the costata-modesta and camptoxypha-kraussi-
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modestior-stysi groups. Second, 1. kraussi was clearly separated within the
latter group. Third, I. modestior and I. stysi were classified as closest
neighbours in both phenograms. At the same time there was an evident
difference between the two phenograms in the level of differentiation
within the two species-groups. The degree of differentiation between 1.
costata and I. modesta was higher in males than in females. This pattern
suggested that in females local adaptation resulted in remarkable
differences among populations and consequently decreased discontinuity
between the species. The results of discriminant analysis confirmed our
assumption.

The program assigned 100% of the /. costata and I. modesta males
correctly, while in females there was a mutual overlap between the
populations. On the contrary, the success of prediction was 60% and 75%
for the costata males and females, respectively at the population level. It
thus appears that local adaptation (i. e. the differentiation among the
populations) is more expressed in females than in males. This suggests that
the background of local adaptation might be the relationship between
ovipositor length and habitat preference. Although the average ovipositor
size was longer in I. modesta than in I. costata there was an overlap
between the two species. Namely, /. costata had longer average ovipositor
length in drier habitat than /. modesta had in less dry habitats.

When sex dimorphism was investigated discriminant analysis was
performed using single characters, which were associated with body size.
Females were significantly larger in all six species. This implies that
females can invest more energy into the next generation due to their greater
body size increasing their fitness in this way. Thus larger size may ensure
evolutionary advantage.

The results of hierarchical analyses showed a high degree of

differentiation among the species. Both in males and females
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approximately 75% of the total variance was explained by the differences
among the species. As in the discriminant analysis the differentiating
characters were the size and shape of wings in males and the length of
ovipositor and hind legs in females.

We observed a comparatively high level of polymorphism in the six
Isophya species at the investigated enzyme loci. This level was slightly
higher than that described in other Orthoptera species. The amount of
genetic differentiation was also sizable among the species. We found three
diagnostic loci, which had markedly different the allele composition in the
six species. It thus appears that the high level of genetic differentiation
among the investigated Isophya populations was coupled with a sizeable
amount of variation within them.

Similarly to the phenograms the dendogram constructed on the basis
of Nei’s genetic distances reflected clear separation among the six species.
At the same time, the topology of the dendogram differed from that of the
phenograms, which was mostly expressed in the position of I. modestior
and [. stysi relative to each other. In the phenograms, the two species were
clustered together in the same branch. On the contrary, I. modestior was
separated from the other species in the dendrogram. Nevertheless, the
phenograms and the dendrogram were similar concerning the position of /.
costata and 1. modesta. It 1s important to note, that the similarities between
the phenograms and the dendrogram were mainly expressed in those cases
where we had more population samples of the species. In contrast, the
differences were most obvious in those species of which we only had one
or two small samples.

Classification was also computed using FEuclidean distances
calculated on the basis of the allele composition of the populations and the

Ward-Orloczi method of clustering. This procedure resulted in a
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dendrogram where the position of I stysi and I. modestior was similar to
that of the phenograms.

The results of the hierarchical analyses of genetic variance were in
agreement with those of the morphometric analyses. The highest portion of
variation was observed among the species in both analyses. At the
diagnostic loci, we detected almost complete differentiation among the
populations. The within species pattern of differentiation was mostly
observed in I costata and I. modesta. We found a high level of
differentiation without an evident geographic pattern. A possible
explanation of this finding might be restricted gene flow among the
populations. The comparison of the pattern of differentiation between /.
costata and I. modesta supported our assumption. The effective number of
migrants (N.m) was relatively high among the populations of /. costata,
which occupied a fairly wide range of habitats. In the discriminant analysis,
the success of classification was also rather low in this species. As opposed
to I costata, the estimated number of migrants was low but the success of
classification was high among the populations of I. modesta, which only
occurred in a few isolated habitats.

In the course of our study, we found a strong association among the
occurrence, habitat preference, range of habitat choice and the structure of
morphometric as well as genetic variation in the Hungarian Isophya speci-

€S.
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