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Abstrakt

Sl adkoJced2v ciwl zjnsaozn oouy g © u ma n e makrozbdbentosu
tekouc2ch vod m2rn®ho p8su. Maj 2 sn2genou s
sv®m vivoji dormantn?2 st&di um,dmBagRrEakojej i ch
geol ogi ckouhohiarSeagibu n@®emmaiudz ahr nuje v2ce neg(
popsanich druBR3l e arzkget SenkoRuEzbwen s@momysan ®

ale v e skut elemasthii k@van® dr uhovi®ro kageghop!| ex vy, c
nej b IhgmiN¢ d@p?ovtchd(Gammarusfossarum. Vt ®t o st udi i j sme se
jejich driovzhrzan2) Imeas ka® hZ08 pnaadsn 2neelz | Kanripreitg pr ob
viznabmnSgeogr afick&alhrgamcihceo rmrani andu Testova
projevuj e i Ve fyl ogebg? afvioidAnia SadidempncyT perr
mi tochondr i Sodhaldap52 mamkes T o slImi Gidéssaremr gent n2 ct
j eg se adieg?2n ®@mVyg e alimoseivgskytue Z 8padn2ch, Karpat e
zat 2Lnecsok Tiv maesnpe & dé eMikrddmlemc k ® are§8ly nRkterTcl
bngnl viskyt z Sdijizrkdnpleky oy elja n&lbryd oh nal ezeny
oblastech,p o d p chryyjo2t ®z u , ge tplt @i sbtloecgei tvncX iy kpl Sgecgii 8 |
vz§padokar pat.sPkSledlpoké fd@imecrhog e IMmloh|l gyvohr §t 0
mi ner 8l n2 pr aKmernpya,t ejceng bjRfiu® va mohly tak zaj
vchladnlTch a suohbhlalstob&skz é&msk¥kojtaktime st udo
|t ySDTl g2t ® vysvhDtlujeichbuéiaktboniy2obyl yRmp3t
tud?2g zSejmND jehpa ve8likopbkdhpihibklkEbW&ch

povod2ch se vyskytuj?2 ag tSi l'ini e i synt oy
homna& dmill B8Asit okSleekvenace jkard @enmp®R2® rRNAR u
vybranlTch jedincT neprok8g8zal kS2gen2 mezi ¢t
urlovgn2 jednotlivlich lini2 vyskytuj2c2ch s
otestovali amplifikaci fragmeni Tkbehuppi medT§
jednotliv® | inie. TabodmetdohavbaukemwyngmpRS$e
ekologick® interakce jednotlivich | ini?2.

KI 2| ov § Gamtnaous dossarum dr uhovl kompl ex, kryptick

L esrhabiy Z§@Kadpaty, rpneci fick® p



Abstract

Amphipods are an important component té#mperate permanent freshwater
macrozoobenthosThey have poor dispersal abilitietack dormant stages, and their
phylogeographies often reflect old historical proces3é® genusGammarusitself
includes more than 200 described species spread in the Palearctic region. Many of the
taxa previously described are, in fact, diversified species complexes, wiiakeisf

our most commorGammarus(G. fossarunm. We havestudiedtheir diversityon the
transect acrosshe Bohemian Massif and the Western Carpathians, wiuoh a
significant biogeographical boundary for a number of other organisms. We tested
whether the border between these araasreflectedin the phylogeography o6.
fossarumas a repremtativeof permanent aquatic fauna. Analysis of two mitochondrial
markers revealed the presence of eight diverg&nfossarumlineages, which also
differed in the nuclear genome. All eight lineages were found in the Western
Carpathians, while the Czechalskif is inhabited only by two. The microendemic areas
of some lineages and the occurrence of apparentlybasal lineages of this complex,
which were not found in southern regipsapport the hypothesis that these amphipods
survived Pleistocengglacial cycles even in West Carpathian refuges. We assume that
warm mineral springs, which are common in the Carpathians, could play a key role in
ensuring a stable environment even in cold and dry periadde V s e tegian |
studiedthe local contact of foutineages.The position of alocality alongthe stream
which is relaied to width or depthand flow intensity, as well ashe position of the
streamitself in the landscapecould be important explanatory factors affecting the
distribution of the lineageat small scaleln individual catchmentsyp to three linages

were found, often irsyntopy, and their distributiorfrequently differed between the
upper and lower parts of tretreams Consistent results from mitochondrial (16S) and
nuclear (28S)markerssupport the hypothesithat studied lineages daot hybridize

even in syntopyAt this local scale, & usedfor determination of individuals not only
sequencing but alsamplification of 16S gene fragments uslimgagespecific primers

This method will le used in future research focusing on the ecological interactions
between divergerineages.

Key words: Gammarus fossarumspecies komplexcryptic diversity, Bohemian

Massif, WesterrCarpathiansjneagespecificprimers
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1 Pvod

Tato diplomovg pr8ce se zabTgvn8djng?lheok ubll &
to bl egi v Gamnamg fossarupvikantex{ujeho diverzity a distribuce gblasti
Lesk® a Slovensk® republiky. VT Vo,j terest
klimaticky vel mi rozkol 2slkaihn® obhylbbdeelpgl ed
di ver zi tu Eorr ggmiWessget al. 2014) Obl ast st Sedn?
zaj 2 nalve8dizska biodiverzity, neboS se zde n
me z i LeskTm masivem a Z8§pad®n?2 miakKared &toy. r
tato biogeografick8 hranice rol. na r o0zg:
Mezi takov® z8stupce SadGammarysrfoSsargn.i DISP? e @
mysl el o, ge se jedn8§ poeuzege tjveodSe2n vderluihc, e
skupinu (n a £ 8 p iCioaanu & Petrusek 2015) B engeimag i2 ve vVvivoj
g8dn® dormantn2 st8&8dium, a tak jsou vhodr
bohatou diverzitu (dv@vinn® |hi; Bk et PO & OpOr8o c e s

1.1 Ekologie a biogeografie sladkovod 2 b h e gp ovxerfchovi ch vod

Jako blegivtaterz®lanDj e mekodg t{iypmeskupifus 8§ d o ot
Amphipoda zej m®na taxony Sazen® do podSs§d

diverzifikovanou skupinouk o r TodoT vaj 2 c2 v 1 hr ad®milDm8vrondh 2o bt

moSsk® prostSed?2, zde tak® mTgeme nal ®zt
20 %ijejichc el kov® diverzity tvoS2 pSegVaABTDl Pog
2008) Bl egi vci podzemn2ch vod jsou pravdDp
obTvaj2c? tento typ habitatu. Skoro polo

hypogei c KSketh9@d i t at vy

TNl o sladkovodn2ch bl edpiykle2T atyl V& (et edrl §
1). Ve sladklTch vod8ch ¢gije mnogstv2 druhT
vpodzemn?2ch vodS8ch. hze8lsit mugtcT| a ptoa zhel npmrmcdhime
morfologi c kT mi odd i Hotsupné T vjoalk pojve ackep BB T bma
ol ztr 8t a Vpgiiqrhd it vet al . 20 p BCljociablu e . 2018t a
KromhD toho jsou al eNipmawSaadheam Z®&s¢ ugpbvapd



vhypoxick®m prostSed? na r oGahmdrus(Hedanteepal.gei ¢ kT ¢ h
1995).

Obr . 1 TypickT z§&st uanmenarssfasrkyo. v oAdunt2ocrh: {lomsagii sv ¢

Bl egsescp Sewsekvygt2nn Br omadNn®m organi ck®m mat e

vel ktTocknT ,poabllez gi | itor &8l n2 vegetace jezer. Je al
vysoce z(n\e?iiedl X0®Hou & Sket 2016) Pel agi ck® | i parazi
jsouvpevninsklich vod8tak oovz® ch ®r mysopsgketknystaqurj ¢ s tvSe d
Bl egivcivikrazngficaefver enc i potravy, existuj?2 dru
drav@mni vorn2. Jsou velice dTlegitou Tslogkou ¢
protoge sloug? jako vhodn8 potrava ¢givolichT,
z8r goowdR t r i t ovvolrznrka ndnolankiy adal i or g(Macnetd@®@ho mat er
1997;: Va&ain°la et al. 2008)

Bl egi vci veo stvr@gid akl®@klooj Fimeasntt§nd?2i um, cog j e Sac
gi vol omnegermsou schopnost 2 pSeg2 vEak® nep Sasmreigwln
schopnost ? p@sRivim2 edi.HMpeP2dDOBP omezenou schop

di sper ze. Vektorem pSenosu na kratg? vzd8l eno
(Meyran & Taberlet 1998 Swanson 1984 Je tedy nenad D pvry8uvgl? t hakoe gi v c e
model ovl organi s mu sze apfylogeogsafe o biy vt ély | pegemé nskl c
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(Hou et al. 2007) Jej i ch dnddgen 2vy godihsat kti bjuec ev e | mi ds§
zapS2|linily ro9moibjt@i vesUdiymyl Yiewo| alchT20

Je dTlegit® zm2nit, ¢ge u dlouhodobD i zc
vytvoSily prezygotick® bari ®ry, kter® by
nenpSavrodhN hybr(iMelzlaecrev!19mg8n8t or n2 ch podm
sp8rovsgn2 a kkyo poud laicg n Tgcehn eltiijngi 2t odtoogul 052 cnie | z
byi vpS2rodhR konkurenceschopn? a zMdal |beyr, blyol
Lagrue et al. 2014Galipaud et al. 2015)

Sl adkovodn?2 rTznonogci j sopr PloDlyd ypesi e
milionT | emnda@psthe2zedeowz&vi sl Tch KSPoeljgach
Tethys a Paratethysn ap $2 k| a d& Mxil d ¢eirs muo&OWl?; i n\alian i200 0 3 ;
et al. 2005 Hou et al. 201). D8vns§ obl ast oces8nu Tet hy
zviznamnlich svRDtovich ohnisek diverzity pr
obl ast shomowged g ckou hi st dmoip? doad al.i2@ll)o genn?

Vmi nul ost i doglo ke pSemkhéaSvwiaghkiomodr
skupin dd egewrmiTnskl ch vod tehdej g2.d\jprvk ont
pSed pSiblignnN 250 hMidki o jangimgcioigea sotlyd Pangeyi
(Vainola etP%2lt.onno0s8&) skupiny Paramel itideé
vypow2 aHol el njeej ipcThvoolpl8vealjk2Tc2 ch Gondwanu |
ki ej 2mu mobdmabordw. vTSet 2 typicky sl adkovodn
Gammaroi pSadejp&j®t gl i ¢vdyntharaeasiael. 2008)

Vzni k vDtg2zch | meng2ch bari ®r je jedn
dr u(HoD etal. 201l Opakekam® i c k ® vd zaFeiysy ka e¥isit uvy
vdruhohor 8ch mezi k ont ivnye/istini8irlojasanr alse tee rao goa
a vol n®ho prost or u(Savo et al.rA0L0; fleutd BRet 2016)gani s mT

Odhadyst § S2 jednot!l i vich dbluehdhivacafd e utsd wiga |
fosiln2 N8l ezy rTznonegetTtedpumogh®camavi:
dat ovat NsetjSdarlgizrein®. foddiothi?@najSseodu - &6cnailion§ 4
let)) i k Amypbipodagzdikl vmo Ssk ®m pr osxta38682 mji opped
sladkovodn?2 f or my saed ud iPvaenrgzeiyf ipkSoeydd # liy8n0b lorfi rl e
2008 Hou et al. 201).

S adkovodn?2 blegdihlicadri@métaeameipddadmse d 1
povrchovlich tekouc2chropistkdjcat Tahl awad ke&dh
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vpodzemn2ch habitat eldr uhCle! &kbelnv § 0o b4 azsnt§ nHal ear k
Nearktu, 7 % Neotropis, 6 % Australis a pouze 3 % AfrotropP.o mi nant n2 m r oden
povrchovhapS?2vlodo b tuae Gatnmarighaepakr vablasti Neotopis a
Nearktis nejvHyalela yS&evodo sl chodpodzemn2ch vod§c
Niphargusj eho g vysok§ di krasalzcijeska?sjteSedml2o ¢yekdyda gm2 Evr
byl o urleno mnogstv2 endemi(tkp $hkldaduhlTe fa®biurler
2007 Trontelj et al. 2009Hou et al. 2011C o p iCliocianuet al. 2018 DS | e Pake wn?
Americe fod Crangonyy a A U setl Re@imeliidagMal T pol et druhT regi s
oblastit r opT a obl asti @gwySjegki,c hktzeern@Bdpbgihy clposti ger
gl aci 8ly. NejvDtg2 diverzita je ve oastiSedn2ch
St SedonmoiS®Pn2 | §sti Sever(v2immdri.ky alj.i @M20 8Aust
Ve stmdb? ehsje2 chol ekul 8§rn2 anallxBur@pfRdkovod
odhademepi €§62st §S2mdklad k birHrvrmd i h adiit rey®ikvol ti gkian o u
historicklTch uds8§lost 2, napS2klad %%stup oceS§nu
milionylet, vmi k j ezer a Baj kal pBedsi2Bsta® | & oinyeile$e t
miliony let (Hou et al. 2011)Vnej nov DHayu®& Sket{f 2 @il 6) vgak poukazuj?2
ge nastaven? mo | e knohlo®rdmr28qyle t h owdli nj imyi chke hi st or i
VytvoSili 10 odlignlTch kalibraln2ch sch®mat,
odhadu istig8®ei | el edi Gammarmikd ®e ® g sohu§ zvdjz2n amn |
vostatn?2 redHom&Skét2006)t eEabubBR ale nijak neSeg?2
st §S2Gammardsn a z &kl adnlD j i mi url en®ho nejdTvDryhoo
(cca 25 mil. l et) nBmdopesbon2mogBeknaméidaj aN t oh
mi | i onT Hbwetal.30)aRe gengoe pe zatevymgpSmkb8hBPITImkst
skupiemy §g( lodpeminviydsSgkiB et iadbk i vari resp. divergence
Kalibracep o u ¢i tn8& g € o p IiClbeanuet al . (2017) odpov2d§ |
My jsme kalibraci set av i | i na z8kladn |tyS historickTlch
bl egivecT v jezeSe Odhblialst igewl oga drkd Bwrkd ey w
mi oc®nu, radiace blegivcT v jebd8&b2Bapk®hujl.re
N a kI&®kGrabowski etal. (201 v §dNj 2 ve sv® studidi kali br a
dvou historicklch udg8lostech, a t o a¥asst utpz nMe s s i
souvi sej 2 cutn afjosrkn® vS&n2n2d s2t N a ppSa kb | vi 0miNk pdS&wdn G
milionyMaebs BEgIl al . (2016) nastavuj? kalibraln
tak® na radji@eazéSel @yriive,T] W | emug doglo pSed 1
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oddNDl en2 Lern®ho moSe a Kaspick®ho jezera

di verzifikace blegivcT je Yzce spjata s v
ale s ur|litost?2 S2c¢ci, zda ke vzniku tak v,
dan8 kalibraln2 sch®mata) nebo ag podstatr

Vel kT pro8rTstua diverzity blegivcTd8wmos
vzni klTch sladkovodn2ch jezerech. Takov§g |

t ak prostor adaptivn2m r ad(iSacch°m r& zMache

Hi storie kagd®ho jezera se lig2z a je | ast
pS2moezwerech, |i i (npbpi dokMaBitjeaazkels by@n a)
objevena znaln§ variabilita 8rahfiejpansg?j

jezero.n&aasvMmtARde byéndemigd p s & o uh@Eamaitgndvg i v
1999.Bezpochyby se ale TeamOdgd| & gdemanlivoy K20jne
povelicedlouhoudou, a tak neahR®ddrvuhygel sebmPDvbug
preferenc? habitatu a potraa&wi aldialtiot aul zar
r Tz no na@pSHdkhtee\d2000) Mor f ol ogi ck§& rozmanitost
dal eko od c eS§s&mphipadafdou & Skets2016) al kol i se jec
radi aci vni tGamrarugBoglisth et gl. 2003) B&wnald et al. 2005; Hou &
Sket 2016)

Dal g2 mi takovTl mi jezery, kde byjsoojezern o g s
Ohri d, kter® se nach8z?2 nar 8naclik 8§knGakpebmesxpuo |
balcanicu3 (Wysocka et al. 2013; Wysocka et al. 2014) j ezer o Ti ti cac:;

vari abi |l it aHyateBagQolerpao& Gonzalez 20065 jezero Fuxian Hu iz 2 n
(radiacewr 8 mc i k amspgamemaw)s Sket & ..Figer 20009)
Vel i ce zaj2mayscsokooub!| asatri absi |drtwhT okl e

Pont ok as p {Houk&8Skeb 2D16Vptr Tbh Dhu p o ani @ d ro2ncTh | gd s tf
oblast viraznTimi geomorm@pl sguckimi dcmadmad
vody a kol 2 s @uomonthd98) diDAk ymd $mt o zmNDn&m | so
pSi zp@kgotviox u ve sl adk® i brakick® vodD. \Y
j sou p Se d e vHErchinogammams y Dikerogammarus, Obesogammaras
PontogammarugCristescu & Hebert 2005) z ni k1 a p Si bl i g fHou gt 8.e d
2011).

Vdnegn?2 dobmMmva&adgah Tkl i d r u h @helicorophiuth 0 mp

curvispirum, Dikerogammarus villosyd. haemobaphed?ontogammarus robustietd.) do

11



evropsklich povod2sbpl asgéehpt? dovextaintgdyypont okaspi |
bl egi vicok p8astt ak EBjdevaadeietal. 2002) Zat 2 md glead enrd Tmm
meziko Nt i ne ptodlt o2k kil oknénmnget zoir b | eGhaetogammarpse

ischnus kter T vjee vroodz8k2hSehever n2 Amer iGaymarup pal nl m
tigrinus, kterl byl dovezen ze Sever n@andemleegi ky do \
et al. 2002) Nelze ale § i st ot ou S2ci, zda se jedn8 o jedir
hrani ce kontinentT, pravdDpodobnhD jich bude
dynamickim vivojem.

Pr o pochopen? dnegn? bi ogeografilee®@distrukt
Gammaridae jsou potSebn® det aiHonddjalg20l),f yl ogene
jelikog nebyl doposud odhalen vegkerT skrytl p
(Cristescu & Hebert 2005; Hou et al. 2011)

Ni cm®nnhn vIivy hijakotbghroi bcdkol bcch gul dagclio8sltT?2,, nebo ko
moS2 na druhov!) sahjkemu il \Begrizti® uj e pochopen?,
ovliivnily n8slednl vI({rangetal.elB)®a e o nval rcfho | eokgoi scyksl t n®
pr ombDnami prost Sed?2 Ssouvi s? [ mnogstv?2 enviro
adaptovatc,ela kist® mohly dhirs§tribuznamreadmot bl v
| ok 81 n2 cTha kgokvSi | ngic hf.a knt aopr §2 kmi Tagde b abld@e & 1H2 wr ef erenc
specifickT cpHl hotimoty wadp n TadmoSsk§ vigkatokumnogst v?2
charaktera k u , | 2 ¢ h e(Hervank eédal. 499 isesirmg et al. 201 6-eckler et al.

2012 Feckler et al. 2014)

1.2 Ev ol ullvn®?j @Garontars

Vr §mci S&8du AGammarugrezirady piaetj $20t g2 m mnogstvam poc
dr u(Ridu etal. 20lL Tentood j e ¢giroce rozg2SemopPpok®m| ® se
brakick®m i s | a ¢How& ld 2004. Karaman& PinkSter (1977, 1987)
rozdtRdritlo rod do tS2 hlavn2ch sladkovodn2ch sku

a to na skupinys. pulex, G. balcanicua G. roeselli.Totor 0 z d Belakemd2n e gn2 dob D j i ¢

nepoug?2v§g,mnoebaoSstsuedivch ukg§zal o, jako je tent
(Hou et al. 2007)

Pokud pomineme kontroverzn? studi i Hou & S|
ml adg? dzaik mduammareso dvh a droar §chobu pSedHdiktami | i ony |
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2011) Dogl ovnko Stsk®un polisa Steid2 Z¥padn2 ho Pal e
rozg 2 Si bblasti Nearktisa VI chodn?2 ho Pal ear kt pakp &prad®
kol oni zovmilionyfetSvetdh d 4 82 st Ge@mauhoetmal N3 (20 &
zSepmPst ar g2Gahmasuiploich 8mdduz s p odn 2daasd3snilion oc ®
let).

Vr 8mcidi | &laenmari dae pozorujeme evoluci t
i ni 2 vykazuj e prvky rozd2l n® rychl ost.
Gammaruspr ogl a rychl ou radiac? napS2| eur oas
zat?mygo | rode obT wmajokca2s pdokgn2 opb aoshtol dd?
Paratet hys (Cristescu & Hebert, 2005) a
vmal ® obl asti dS2vhDjg2ho vIiskytu (Barea8l&u T
Barnad 1983 Hou et al. 201).

Z§st up@Gammaussdeu dobSe @2 Siakijskonap &3t 2evkdyp:
druhov® kGampatuge Xagustrisa Gammarus balcanicusd o s 8 hl y zn
vnitrodruhov® di verzity pr 8vn d? kay whtzg:
konti ne opsked s it jDs ke ®orbodod ikadsct@auwet al. 2011)

Vsoul asn@®vrdoiotiuGammarup opsat | tySi mor fol o
oddNDVBnNn®wWdedn§8 se o vDtev evropskowGammaah r n L
fossarum G. pulex G. roeseliia G. komareki d8l e orient&8l n2 v Dt
vichodoas,jajzgk® dwvialwrdiwjezthmzv T Garomaps lackstris
druhovT Ckloalgnitus x pSi | emigm®rbmN oblT vaseSadehsn st
( n ap Sveydn atcal. 1997Hou et al. 2011C o p iCli aokc i anu  2-Cidcianu & Co p
Petrusek 201,5Grabowski et al. 2017 o p iClioeianu et al. 201%aA | k ol ri vz nscen o ¢
obTvaj2c? j ezer o Baj kalmohoueedice mgfolagt loyk ak p § C t
t ypi chklTecghi v cGRmmaresdoylo potvrzeno,( e baj kal gt 2 z8st
skupinou roduGammarusa pont okaspilt?2 z8stupci(Hgugtou
al. 204; Hou & Sket 2016)

VRNt gina n8&m zjsoBdnihg h Wlir esdniow @TeK camp Ivenxdy osme
dobSe defi novanTi(dohetalr2018)Z a mn g j 5 kdplyiylSlleundlj ¢ 2
dobu poGammarus§lacustris obT vaj 2 c2-bd&nre§ldn 2c jilrgnsttmi
Evropu ast Sedn?2 zAgskiliadNNamol ekul §rn2 ch @ taeubtisz v
nen2 jeden druh, al e( MeayrSgn c&| Taerulheoty T1 k¢
2003; Hou et al. 2011; Matafonov & Bazova 2014) Dr uh o v T G. kaoustfs| e x
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pravdRhDpodobAsila vpzonzidkDj iv Bwer orpoyz g& S Bk v(¢hmio 2 Amer i k
&Vain° | Houé& a.2a07)

1.3 Druhov1 &anmarlsdogssarum

Gammarus fossarum bl e gi vijee mejtrod ng¢2 Senhj g2 m bl egi vce
Na Yz em? ulbddKk® rsep vyskyt Gjféssaransgnsu®mico (\wzopul ace
visledky), ar ekd mprloezxgw? SzaRr ntusjheotroozs &§hl ® obl as
(Barnard & Barnard 1983 Cop i i{Cla@anu et al. 201jJaKbohat ® diverzitpD t
komplexu pSisp2vg§ mnogstv2 bari® zabraRuj2c2c
popul @ad®nv §&Sregstiund &M¢ | | er, nd\B2Bdtjogresi voblastech
sekund8&r n2 hio? kzoSdjarkil Mg d d ecMnELIO® 89t udj ddal pr o
di stribuci nejgdkhtrearniicchel 1 pronviiekgane ét al. 2013; Weiss &

Leese 2016CopilasCiocianu et al. 2017D T s | &olbkizace ext i nk| n2 ud8Il osti

veli kost2 populac?2 a sel @kd ¢ lhaszmdeshtkig HiDh e a g me
by t®g mohly hr8t dTledgiothot credll ETd@Vv wkaEuwlj & nn2a ps
odl i gn® adaptace na Zf§Spkatdmr?y(nEppr3sSkdSedti®& u | i ni 2
M¢ | | e rWebsddese 2016).

Obdob? tvozhnoitkou dr uh ojve® haod tkeodmpv &mxau na dobu pSed
let( eoov®b) as tuiTethystHo® et al. 2011)Kdi ver zi fi kacr 8mbtastn?2ch
t ohot o k oaonpd eextu§ zmedtlo lpSe k% v@F5Maenionwlet)(n ap S2 k1 ad
Houetal. 201;, Wei ss et & locianl8Petusek 201&)oi pl F@ic@ianu et al.

20173.

Al kol isvoujleasm® dobhN nemogn® SbhywyivEviaxd je p
doposud objeveny &il avn2 di var gentyri skAldpiégme$ ssteSea ov Nt ev
z8padoevropskhodoejvivibopps & doe va o msokvdu t ak ® skupi
st Sedoef(nrapESlkdygdsmund & Mgl |l er 19 9QiocianWei ss et
& Petrusek 2015C 0 p iCliogianu et al. 201Ja St ar §2 gamddiSevaly na ol

vz8§padn? EvropRhD, kde byly objeveny odlign® | in]
obl ast jihoviechloasati ERaopyt & DinSEvk®pd®d kr as!
odhal eno na 49 Weisya al.g2014t 1€ d-Gibcianu ik iPetrusek(2015

Co p iCicaamuetal.201jJama t ot o | 2sl o jisthD nen? konel|l n®.
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Populaczo bl ast 2 jihoz8padn2ch Karopdta,stj2i sd\
z8padn? By ao pypsdddniNly asi p€e ¢ iCib@anudi | i c
Petrusek 2005vt ehdej g2 m pohoS2 nazT vanWwemiAT issaznmofit
| i vil2chzodoevr opsk® vPRDtve tohotsoudri sBH ow®h o |
s fluktuac?  hnliandii niy sa@cwwsinsfeja2cs®? vzni k 1izo
pr 8vdlbdw b? nA roacv@&nlup.od o b n N nejdT!l egi tddgIg@2m
diverzifikace | i nti Sedspadnopsk ®yIlvdt wSe g2 v En?2 pl ei :
vodl i gnTchSiefgugmuaold & Mgl | er 19 WesiramMial. | er
2011)

Weiss et al. (2014) odhalifni ni me8MminOr o e nd B mnackkIT &t | Din
krasy j e j idicetygncemo h | az abpil &2 |zolaeBh @adkovodn2ch habi
oce8nem Parbatadtbhcy@REw | ; HOLO & &Al. 2011)Vel k8 genet

variabiliramoas®tahg§Karpatech a poho&zniAm
geomorfologickI miopdomNnpame d Kho@ag iCibadaoumi | i
& Petrusek 2015)C o p iCioaianu & Petrusekk015 ve sv® studi.i pouk

mi kr oendemigekagerha fliicnkiy ovdd Nl enTch are§l ech
VnhnejnovDiDjg?2 ssern dei i § mcnia Kkitpelrad®Bmojv(@®o pir I8 @ Kk

Ciocianu et al. 20192 j sme <charakterizoval. na z8kl a
vr § mc i cel ®ho drQ fossar@®h oT yktoomph a&zx&l n2 | i ni e
vobl asti Z8padn2ch Karpat na ollg@smt iazmmé h e

zemNDpi sn® jgall& ybylnegpops8&no cent r Namradidi ver

mezi Lmasikelnma Z&padndmh§Kar gat kodtaktu hn
vitv?2 tohoto kompl exu, kdy se-z gpa&d oveysrkoy
vichodoevropsk® a novBt6&hdopea®dpiCbdatweaa.® s
20179. PSedpokl|l §d&me, ¢ge | inie plbdivsatj®ocen nz?2§ |

| ok 8t et o@®C é pdidciank& Petrusek 20L,5C o p tCioaaku et al. 2017a
Studezobdob?2 minul ®@A8osadlewgpr e sapdavd? zB
Dunaj , RTsn(1Sél s@irsmund 1988; Siegi 88&Meydn & M
et al1998 M¢ | | er. 2W0i0sO)ed ky s o $énvae zz8akl|loagdamd ecéhg z ¥
dobnD bNgnNMi DNA g&kshdddupged lvawsttav rezfemédn2 Ev
vyskytuj2 tSiozdkll adani ® | yakoilise Aa B g €(Sidgismuedr a t
1988, Siegi smund & M¥estranret al2919.1 ; J dVik, d foremg p i2©
bl egi vce potzmlarliteéndg bkytlear 8 se vywvéakouf e etk
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(Regensburgu , kde | e typGamiarus doksarlini Ml |derrdshi8 @ 83
hranievT skytut®opptktadefeai Raoe), na vichodhD zasahu
Karpat a je nejbhDgnhDji deowpidckaytetnj. 2082 | i ni 2 na

14 Leskasv a Z8§padnichilkkaropatck T v Tav obji,o gkeloigmaatfii cckk@

hranice

Znalnou | 8§st Yzem?2 Lesk® republiky tvoS2 ve
zat2mco vichodn?2 | §st dMorajvyv & |SY stzis kAas§ pad rs2c hv
pokraluj2 d8l éledi SkavenskeogiZafi ck®ho vivoje
z§8§sadn2, ¢ge oba tyto celky progly viraznn odlI
20l1tKovsg8l et al. 2016) .

Z8sadn2mmmeanvkeoj i Lesk®ho masivdu300byl o var
miliony |l ewvyvk@8gnBoygl ooks8hl ®ho vari sk®o hors
horstva nage hraniln2 pohoS2. Napr ot tomu cel
LesklT mhaizfoBmpvdab®hagabpi nestkd®dhb2 vad saivdmeé h nv2
do terci®ru (Chlup8l et al. 2011).

Vzhledem k o mu, digeerkgenci i ni 2 bl e@mmartif dr uhov:

fossarumd o ¢ h Sozde | o b t e rCoip @CGiozianf & BepriBek 2015) j e pro n§s
dTlegitl pSedevg2m vivoj tRchto dvobdo®dPkT pr
mi oc®nu byly znaln® | 8sti (Pépvegat200Caplup8ényetoce

al. 2011 Hou & Li 2017) Vz 8vi sl ost i na tektonicklich pohybec
zcela jinl syst®m neg dnes. Znaln® vizdvihy L
vodn2ch tokT (Chlups8l et al. 2011).

JegbBdub?2 pal eb6gs®nmui |(ipoeyd 12e30d byladi hest ekel
Tethysob| ast Moravskosl ezsklch Karpat, kdy moSe p
vichodn2ch Lech. Koncem mi oc®nu mve edddoba s i 5 mi
plioc®nu, kdy jsou obl asti yKappuwuze nsl ard&k@pe/mo d #

ekosystdiwmekbey st ®@mTm8mokSasrkg acths, k § o b llaesstk Tsspol el n
masivem (Chlupg8|l et al. 2011).

Vobdob? pl ei siBoo®rlu oapSddet] doch8zel o k e S
teplejg2ch obdab38ldl adbdlob?a gil mtcergdlTa se vyznal
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kl i matem. Al koliv se dS$S2ve myslelo, §ge zd:
al . 2011) , U4 Nxhujoe dod,8che zidev mo hl(yWKueetsigs t o
2008) V| asech interglaci 8l T byl oomna®iplalkm k4 alr
Obdob?2 glaci 8l T se vyznaluj?2 zmengen2m 3se
zSejmND mnoh® are§l vy (Pefners20ll)All k o6 mr et g a n :
nach8aklaswvech jign2, jihoz&8padn2obaajsithowl
Evropy naj 2t vihookdsn Tnmi rped dung?i nak agmi pro pSel
gl ac(Wifisd & van Andel 2004 Schmi tt 2007; Svenning et
2014).

Pro pSegit2 blegivcT byla nutng§ pS2ton
zdroje, a pSedevg?2m pealknamersthoyhtl b §t ma& h
pSirozenhD ot epdoevo® | mrsa memy Kragkgsq tK oH &jSmo® § (
zSejmm@hio dTvodu, ¢ge cel §8 soustava pohoS?
t2m p8dem je doposud tak® tektonicky akt.i\

Jig dS2vegwsramc ek gnealio,LeskI m masivem a 2
dT!| edpiitogeogr afi ckou hranic? pro distribuc
pijavky ( Schenkov§ m8l oaglt.Nt2 0@ ), (Schenko& § e
Lernohd0G&;l kelor 1§ . 2016d8)ar vyt evjondh2 hak oh my z
(Waldhauser01Ga , b ) . Podstatn® rozd?2ly vegssesluogew?
patrn® u berebtduitveokltibchh T (&RLpnS. ; ADEEDIMeEhI.t
2014 b).
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2 C2d pr 8ce

HI avn2zm c2lem t®to studie bylo zjigthDnz, j a

komplexuGammarus fossaruma ¥z e m? Lesk® a S(doleaskeBy Slepubl i

napS2| obl amsivmi a LESpR®dUdEh e Kd Mp &K )distriblce ver zi t a
bl egitv@&tTo vobl ast. nebyla doned8vna pomoc? mo |
zn8my pouze |lic8padyédkgbbpd®O?t agehovichodn2 Evr

Pilotn2 anallzu vioakiTl md ddleltasat idiskde 4ia lze s k
republikou provedl DenisC o p rClioaaau Visledky odkryly viskyt

odlignlTch lini2. A na tyto prvotn2 visledky na"
Nej prve |jsme si pol ogi i ot 8zku, jak vel ks
vdian®m are§pad8adjakribuce zdejg2ch 1lini?z2. Sp

se na diverzit D Gdfoessaluwpvr®hjoe viko nvpllievx ubi ogeogr afi c
LeskTm masivem a Z8§padn2mi Karpaty. Na t®to Kkc

studiij sem se pod2lela wur|lov8§n2m z8stupcT jednot

sekvenace mitochondri 8l n2ch markerT. Visl edky
( p S 25) Coohpai-Ciociau et al. 2017a)

Pot® j sme pro moj.i diptomdVvouapt ®cianal dzaovidl
meng? Ilgkrmgtl ®ktvn2z z-nhND. Nage hypot®za byla takov
a testovali j sme, zda se projevz | nNj ak® ekol
al kol i v na vebk®nygksgékbylpjozoD8l e | sme u i ni
mitochondri 8l n?2 DNA) , kter® se potkS8vaj?, tes
nedochB8t?tolgresi a sd2?len?2 jadern® DNA.

Pro diplomovou pr 8ci j sme st apokositisd i t ak®

navr hnout a otestovat vyugit?2 druhovhD specif
mitochondri 8l n2ho genu pro 16S r RNA. N§vrh pi
C o p iClo@ahu Michaila Rovatsose a Adama Petruska. e § | n2 m ptSé padW® by t
primery mDly amplifikovat WYseky genu 16S o r Tz
zkombi novat v jedn® polymer8§8§zov® SetRNzov® rea
funkl|l nost navrgenlich druhovhD speei fsiouklicshkejpckr
surl ovgn2zm odlignich mi tochondri 8l n2ch i ni 2 |

neboS by se ugetSily n8klady vynalogen® na sek:
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3 Metodika
31 VibnRDr &ogkbDitvzorkT

Pro anaddp$?2|dalteskou a Slroovwerhsak o usldieba p uvb:
204ag 20Gl&kkov® m2Se, aby byla cel & oblast
virazn® nmaep@h.2)yl vpiSnetse mzahuw Tépaadng§ mapSakl
voblastid o | nP2ohdoy j 2, aPRlyRok@nps&m nepodaSilo bl eg
kompl ex,u mead®wzihyl sbDr jen nhDkolZidkeka noshloa |
viraznaoep$oftalktv®r y prmosp Seldldad d Edearmdgiet al.
20169, ok &1 n2 geol ogieor dganitak®d v®a tz2niee kKkigi Me B
neumogRuje viskyt blegivc]T tohoto kompl ext

Zhl ediska ng§8sledn® anallzy dat se§wadrkDh
oviivnily vT s |.&/gloy §t ¢ 2 ¢ jsmemni agdaufalivua k o v ® ng Slokvensku, 2
ale nakonec spodaSil o z2skat dostrta®ted n @eldemjsmigis t v
analyzovali vzorkyze 173 lokalit (pS 2 | . Na v 2 cveb i $ ly studlinz&hrnuty i vzorky
z2skan®| mv nmancsidblasddi(z Fr anci e, P o | $lska,, Bulhdiskd,a r s

Bosny a Hercegoviny a Chorvat3ka Tyt o vzor ky CzompriGiaaau 8 v a l D

Samotnl sbRr vzorkT prob2hal na meng?2ch
viskyt bleguhoT®hohkompldexu mohl i pSedpokl
bl egi veci vyskgltovant 2 pdwv@j dr gardiodbSlem pz o«

skamenitep 2 s | submt r 8§t em a r ¢Hemvant et rall 195 ovpoaky, e m
vpSibli gn®m pjoddiunci][5 na | okalitu,ozbhyllyenh¢

epruvet 8ch naplnRnich 96 % etanol em.

19



Obr .

2 Lokal it yGasnmardsfoksgrame iR Il St eerc@ b ynlaw A

= gs7= & 3
5 %5 5 <
Fo = 5 B, & B
S £ a2 = =
= = 7 @ 2
. = - £
- e g R
§ 3 A e O A £ 3
£ g E 2 -2 3 2
£ - Bz £ ] s 8
3 i L E B =
= [ =z =g
2 £ B S = 3 B
& -3 2
& ] E
& ED§ & 3
5 ar- ~ < B e
3 3 Z - B 13 o
S 2 g = g 5 L=
| k. 2 = = B
= = o B =
2k L 2 © 5 &
4 : B = e 25 ® - ‘i\t\
2 ] . @ ® 2z
B E S s £ 3] 8
5.5, ool
= = H = - o
= £ E 53 =% @® E] 3o &
5 3- L
= EE® ®
7 5= E
® ® ®

Ruzomberok
Balassagyarmat

2 E
3 >g 2. = ®G)
ED g £ & 2 B ®
& B sf o ] =
o =2 E T 8
5 = =
Som . ERC EEO)
2 5o S 5
= = O] =
s2 =
2. ;i L 5. ®
5 B & &
2 g 8 ; i ® £
£ o = 3
= R E¢co} =
f-id g =
< £ - 22
3] = gE
= . =1
5-
B & B 3

I
©
Vyskoy Bl Kremiit 8
9 a

3
N)!‘sa
e
ol @J‘.lm

;§U
0]

e @ @lperlt @

0}
[EI Usti s Orle
(0]

i} Schwechat
@

Chrudim

{£67 ]
® Paldla.lb-ce
(0]

Marazel|

Wels
B

Bovistc
[140]

Plzefi

@
ey mm_ra& ®

Fi
rabery

L4}
Chemnitz

[
Karlovy Vary

12}

Auve

Zwickau
[

adfhzeuty v

Potc® byly zn8&§m® visledky o mnogsvioblasti a di str

LM/ ZKSi sitjsmepv 1 b Draul iltoyk vhodn® pro
okalitou se s tobrl3 kdevbllsalysetd KVisee t 2 m% k I®st@diev e | k o g k §

naznoll if koktaktmi ni m8§3$ ehddm i 2 . Tat o ailplota § ge zbey | a

hust 8§ s2 S diasltlathe |tnolknd pvel sakco @ mn ® h o

20

STakovdur um n a

druhov®ho

n

zvol

kK c



Obr . 3 Obl ast Vset2nskadetkdd nf)j gbB 2 lpaloss oo v @z
hranici mezi CZ a SK, tenl?2 | ern® | 8woydrz;8n al&r al
vyggzch $8§dT. LokQ ity sb@ru v hornzp$eSdscthioz2 f
|l eskosl ovensk® gkg8le j@ou .zna@eny barevnhdD (CWwW
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