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Prehled systematiky, fylogeneze a biogeografie jeglEphmeroptera)

V tomto Uvodu je stréné shrnut sotiasny stav poznani systematiky a fylogenigmh
jepic. Podrobgji je zde pojednano o6eledi Baetidae, na kterou je dale zéema druh&ast
disert&ni prace (pfloZzené publikani vystupy).

1. Charakteristika jepic

Jepice (Ephemeropterafepistavuji starobylyfad hmyzu, svymi peatky sahajici do
svrchniho Karbonudi spodniho Permu, tedy zhruba do obdaieida290 miliony let (Brittain a
Sartori 2003).

Rad je charakterizovan v larvarnim stadigitgmnosti abdominalnich tracheélnich
Zaber, paracerku (mnohdy redukovaného), maxily didh® srostlou galeou a lacinii a
trikondylarni artikulaci mandibuly. fRomnost stadia subimaga (alatni nedtéspstadium,
které se dale svléka) je v ramci pterygotniho hnz@eia unikatni ad&tSinou je povazovana
za poiistatek ancestréalniho stavu &alika imaginalnimi svlékanimi, coz Ize recentstale
pozorovat u apterygotnictadi Archeognatha a Zygentoma (Edmunds a McCafferty8,198
Brittain a Sartori 2003).

Imaga jepic postradaji fuski Ustni Gstroji a népimaji potravu. Jsou charakteristicka
kratkymi tykadly, dlouhymi cerky atfiomnosti paracerkucésto vSak dotzného stup®
redukovaného). Dale maji dva paridel, gicemz zadni péar fize byt velmi redukovanyi
chybgjici (Brittain 1982, Brittain a Sartori 2003). Naarakteristicky utviené bazi kidla se
nachazeji 2 axilaria (Willkommen 2009). fiKena stadia jepic nemohou stejako vazky
skladat kidla horizontaly pires abdomen.

V souwasnosti je popsanorgs 3000 druin jepic ve 42¢eledich (Barber-Jamest al.
2008). Poet popsanych druh pochopitelg dale stoupa, ifedevSim vzhledem
k postupujicimu vyzkumu tropickych oblasti.

Ze znamych celedi je 40% monogenerickych, reprezentujicich ozahé ¥tve
v minulosti bohatSich skupin nebo naopak skupirdérao vzniklé.

Priblizne tii ¢tvrtiny zndmych drub je tva‘eno zastupci pouhychép celedi. T
druhow vilbec nejbohatSteledi jsou Baetidae, Leptophlebiidae a Heptageeiidaetidae
tvori ve vSech biogeografickych celcich 20-25% celkovpbitu zjiS€nych druli, kroms
Afrotropické a Orientalni oblasti, kde je jejichgibdokonce jestvyssi.

Leptophlebiidae fedstavuji nejbohatSi skupindegevsim v Neotropické oblasti, dale
pak v Australii a na Novém Zélandu. V ostatnichastéch pedstavuji pouze 8-15% popsané
druhové diverzity.

Heptageniidae jsou druhé®wnejbohatsi v Holarktické oblastifipemz v Palearktu tuo
az 41% druh.

2. Systém a fylogeneze

2.1 Za‘azeni jepic v ramci hmyzu

Jepice tvti bezpochyby monofyletickou skupinu (Hovmdllet al. 2002, Ogden a
Whiting 2005) a spolu s vazkami (Odonata)tpatezi bazalni linie recentniho pterygotniho
hmyzu. Vz4jemny vztaléthto dvouradi a jejich systematické postaveni vzhledem ke zbytku
pterygotnichradi stale Astava ne zcela jaswvyieSenou otazkou.



Podle klasické teorie jsou jepice spolu s vazkamylaynulymi Palaeodictyopterodea
sdruzovany do monofyletické skupiny Paleopterdj fiasterské vSem ostatnim pterygotnim
fAdim, tvaicim skupinu Neoptera (Hennig 1981, Kukalova-Pe8R3l 1985, 1991, 1997,
Riek a Kukalova-Peck 1984). Monofylie této skupingak byla casto vnimana jako
kontroverzni otdzka (Beutel a Gorb 2001, Stanic2@R0, Wheelert al. 2001, Ogden a
Whiting 2003). Recentnim zastupo Paleopter chybi svalovina a sklerity i@finé pro
skladani kidel horizontals na dorzalni stranu abdomenu (Martynov 1924), gdd tradicné
spatovano jako znak podporujici monofylii této skupinak mize nicmén predstavovat
synplesiomorfii, jelikoZ svaly a sklerity umidjici skladani kidel byly ziskany az uipdki
neopterniho hmyzu. Vznik¢hto morfologickych struktur byl pattrkorelovan s naslednou
specigni radiaci neopternich skupin (Ogden a Whiting 200Bxistuje fada dalSich
morfologickych znak, podporujicich monofylii Paleopter, rmagkratka tykadla, splynula
galea a lacinie, vodni larvy a&které charakteristikyikdelni Zilnatiny. Neni nicménjasné,
zda zmigné znaky nejsou @p pouze plesiomorfnimi stavy (Willmann 1997, Wheeaeal.
2001).

Byla navrZzena rowt hypotéza, kde jepice reprezentuji bazalni liesterskou ostatnim
pterygotnimiadim wetns vazek (Kristensen 1991, Whitingt al. 1997, First von Lieven
2000, Staniczek 2000, Wheelet al. 2001,). Hypotéza stavi nackolika podgirnych
morfologickych znacich jepic, jako klouzava antamio artikulace mandibuly, vice
tentoriomandibularnich swval ptitomnost subimaga, absencékterych casti trachealniho
systému a fmeého spirakularniho svalstva, anulované kaudéliviegky a parové vyushi
samgich pohlavnich organ U nekterych z &chto znak je nicmér nejisté, zda se jedna o
autapomorfie jepic nebo synapomorfie vazek + Naopte

Byly publikovany i prace, kde bazalni linii sestes ostatnimiadim pterygotniho
hmyzu gedstavuji vazky (Matsuda 1970, Boudreaux 1979)vidla argumentem zde byla
piitomnost nefimého genosu spermatu pomoci sekundarnichjsioh pohlavnich orgdn
Systém penosu je vSak v mnoha smech odliSny od situace u apterygotniho hmyzu a
S nej\tsi pravépodobnosti se jedna o autapomorfii vazek (Beut@beb 2001).

Prvni molekularni studie (s pouzitim sekvenciig&B8S a 28S) podporovaly monofylii
Paleopter (Hovmolleet al. 2002), &koli pozdji bylo opétovnymi analyzami &hto dat
prokazano, ze vysledky jsou podrmg pontrné Uzkym nastavenim paramitrlignementu a
nasledné analyzy (Ogden a Whiting 2003j. Zhrnuti dalSich sekvenci a pouziti jinych
metodickych pistupi jiZ nebyla podpora Paleopter jednoam.

Recent®jsi prace (Ogden a Whiting 2003, Ogden a Whitin@3)0monofylii Paleopter
spiSe nepodporuji &adi jepice jako bazalni taxon sestersky vazkam ephgnimu hmyzu
(tyto skupiny jsou ozr@vany spolénym terminem Metapterygota). S pouzitim
molekularnich dat samotnych neni sice tento vy&ledestaténé robustni, nicméh pri
zahrnuti morfologickych dat jsou jepice pé&me spolehli¥ fazeny jako sesterskd skupina
ostatnimu pterygotnimu hmyzu. Mala spolehlivostekalarnich dat pro vystieni bazalniho
rozSepeni pterygotniho hmyzu ihe byt vysétlena faktem, Ze tato divergence se udéala
béhem pondrné kratkého casového obdobi ve isdnim Devonu a molekularni markery
schopné vystopovat tyto p@mmé davné a rychlé procesy je obtizné nalézt (Sirabral.
2009).

Prace z posledni doby, zabyvajici se timto témat@manalyzuji rozshlé matice
molekularnich znak a prekvapiv se vraceji k hypotéze bazalnich Odonata, s jepieem
ostatnimi pterygotnimfddy sdruzenymi do skupiny Chiastomyaria (Kjer 20Rer et al.
2006, Simoret al. 2009, Linet al. 2010).



2.2 Vnitini systematika a fylogeneze jepic

2.2.1 Morfologické znaky

Prvni popisy Sesti evropskych dfufepic publikoval jiz Linné (1758). VSechny tyto
druhy zde byly shrnuty v jediném rodu Ephemeraiazeného do skupiny Insecta:
Neuroptera.

V prvnich entomologickych pracich (fapHagen 1858, 1861) byly jepice i nadale
povazovany za s@ast ,Neuropteroidniho® hmyzu (spolu s dnesSnimi skami Odonata,
Isoptera, Plecoptera, Embioptera a Psocodea).

S pomalu pbyvajicim p@tem drulii a rozstujicimi se znalostmi o morfologii Zaly
snahy o podrohijSi systematick&leneni jepic. Leach (1815) publikoval roddni na d¢
Celedi, Baetida a Ephemerida, definovanétgm kaudalnich jivéski imag (u jmenovanych
skupin dva, respektivéitviditelné grivésky).

Prvni skuténé¢ souhrnny systém jepic zformuloval Eaton (1883-1888 [festoze
jednotlivé Eatonem definované skupiny byly v ddiSietech pojimany naizné hierarchické
arovni (eledi, nadeledi, podeledi atd.), totaileréni vesngs Zistalo s drobnymi zgmami
uznavano po téai celé dalSi stoleti a stale twgodklad pro moderni klasifikaci. Jepice zde
byly shrnuty v jedin€eledi Ephemeridae, roZiéné do ti skupin, obsahujicich 9 ,sérii* a 14
.sekci”, z nichz gkteré byly dale deny na ,podsekce“. Tato klasifikace byla velmi
progresivni a zvla8t mnohé z Eatonovych ,sekci“ byly pagid pouzity pro definici
modernichteledi.

DalSi vyznamnou praci publikoval Banks (1900), kteklil jepice na 7 trilf,
podobajicich se Eatonovym ,sekcim®, nicrdé$echny jepice zde tyity stale jedinoweled’
Ephemeridae. AZ Needham (1901) publikoval systémdéténi jepic do fi celedi
(Ephemeridae, Heptageniidae a Baetidae). Tatofiklase byla poté jestdlouhou dobu
piejimana zvlast v americké literatte (Needhanet al. 1935, Berner 195@asté&n¢ Burks
1953).

Klapalek (1909) rozpoznal jepice jako samostaad/hmyzu, stojici mimo Neuroptera a
zaroven navrhl progresivgSi cleni do 10 celedi (Palingeniidae, Polymitarcyidae,
Ephemeridae, Potamantidae, Leptophlebiidae, Epledidee, Caenidae, Baetidae,
Siphluridae a Ecdyuridae).

Ulmer (1920) zavedl rozteni do ti podadi, Ephemeroidea, Baetoidea a
Heptagenioidea, dnesétéinou prokazatekh parafyletickych. Pao¥kud odliSnou klasifikaci
publikovali Laméere (1917), ktery rozliSovattpeledi a Lestage (1917) slenim na d¢
celedi, @t pocteledi a dedt tribia. Klasifikace Schoenemunda (1930) viceshékceptuje
Klapalkav (1909) systém.

VySe zmigné souhrnné prace publikovanécatkem 20. stoleti staly na studiu
pievazrg evropskych, fip. severoamerickych taxénBéhem prvni poloviny 20. stoleti vSak
vyznamr vzrostlo mnoZzstvi popsanych dfub rodi i z ostatnich oblasti. Z ptu priblizné
50 rodi jepic znamych na Zatku stoleti se tento pet do padesatych legkolikandsobg
zvysil. V té dols jiz velice potebna nova extenzivni klasifikace zahrnujici druleyv&ech
biogeografickych oblasti byla publikovana Edmundseraverem (1954). Zakladem bylo
cleréni na 5 nadkeledi (Heptagenioidea, Leptophlebioidea, Caenoi@igdnemeroidea,
Prosopistomatoidea) a X@ledi. DalSi klasifikaci se zahrnutim vSech do e@ydznamych
fosilnich drulii publikoval Demoulin (1958). Vymezeni recentni¢bledi v této préaci
souhlasilo s praci Edmundse a Travera (1954), isgadvyjimkou ¢eledi Ichthybotidae,
zahrnuté v klasifikaci Edmundse a Travera (19542irBphemeridae. Demoulin systém se



s klasifikaci Edmundse a Travera rozchézi v iagéni nadeledi a je do zrmé miry
zaloZen na imaginalnich znacich, jelikoz zahrnwjelké mnozstvi fosilnich zastujpau nichz
jsou zachované larvy k dispozici jen velmi vyjiéne.

Prvnim autorem, jehoz systematicky koncept se bpiawtSi mie o rekonstrukci
fylogenetickych vztal v rdmci fddu byl Edmunds (1972), néslédpak McCafferty a
Edmunds (1979). Tito autorozclili jepice na dva pothdy, Schistonota (bazalni skupina,
rozckélené Kidelni pochvy larev) a Pannota (odvozend skupidadeki pochvy srostlé).
Landa a Soldan (1985) v souhrnné praci o fylogemeryssi klasifikaci jepic na zaklad
srovnavaci anatomie akceptovali toto r@edi, nicmeég upravili uspdadani nateledi.

Rozdleni jepic na Schistonota a Pannota bylo dale déktapro fylogenetickou praci
McCafferty (1991), ve které bylo navrZzeno no#énéni na podiady ti: Rectracheata,
Setisura a Pisciforma (viz. obr. 1).

Kluge's system McCafferty's system
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Baetiscidae —_—
Prosopistomatidae =
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Obr. 1. Srovnani topologie rece#tpublikovanych fylogenetickych stramzalozenych na
morfologickych datech. Vlevo fylogeneze podle prad€kige (2004), vpravo upravena
fylogeneze vychazejici z prace McCafferty (1991eygato z Ogden a Whiting 2005, str.
629, obr. 2).



NékdejSi podad Pannota byl zachovan jako monofyleticka skupide na Grovni
infrardadu v ramci pothdu Rectracheata. DruhyiejSi podad, Schistonota, byl v této nové
koncepci povaZzovan za parafyleticky a taxonyémnobsazené rozteny do vSechiech
podiadi novych. PotAd Rectracheata se vyzoge pokra&ilym typem trachealniho systému
s ventralnimi anastomoézamiipejmensim v segmentech 4-9, oproti pleziomorfnistavu
s anastomoézami pouze v segmentech 8 a 9 (viz.ltakda a Soldan 1985). DalSi gady
Setisura a Pisciforma dohromady sdili synapomotdspdadani visceralnich trachei
v segmentech 2-8 (oproti pleziomorfnimu stavu wnsegtech 1-8) a tudy proto dw vétve
v ramci jedné linie, sesterské k pddu Rectracheata.

Kluge (2004) publikoval dalSi revizi tohotdenéni (viz. obr. 1), ktera je sice zhruba
shodna s praci McCafferty (1991), nicrdémziva novych alternativnich pojmenovani
jednotlivych fylogenetickych linii a nevzila se W& diky pouzivani zbytaé slozité a
negehledné ,volumetrické klasifikace”.

2.2.2 Molekularni znaky

Prvni fylogenetickou studii vyuZzivajici molekulard@ta publikovali Ogden a Whiting
(2005). Pouzity byly sekvencestice gerii (12S, 18S, 16S, 28S a H3) a testovano bylo 31
ze 37 tehdy popsanyateledi. Prace ifnesla rkolik hlavnich zagra: podpdila monofylii
podddi Furcatergalia a Carpacea a dale ¢etetli Ephemerelloidea a Caenoidea. Naopak
monofylie podadi Pisciforma a Setisura potvrzena nebyla (stejmk v gipact celedi
Baetoidea, Siphlonuroidea, Ephemeroidea a Heptaigiea). Jako sesterska linie ostatnim
jepicim byla podpitenaceled’ Baetidae. Pisciformni tvagla larev byl ve studii podporovan
jako plesiomorfni s mnoha naslednymi druhotnymatami v iznych vyvojovych liniich
v ramcifadu.

DalSi podobnou préci publikoval Swt al. (2006). K analyze fylogenetickych vztah
autai pouzili pouze sekvence genu 18S ziskané od z&stdp celedi jepic. Analyza
podporovala usgadani zastugc podadi Pisciforma a Setisura do jedné linie sesterské
podiadu FurcatergaliaCeled’ Baetidae se odtovala na bazi pdddu Pisciforma, ktery byl
podporovan jako parafyleticky.

Dnes jsou k dispozici vysledky dosud nejpodigbinkombinované studie, analyzujici
Useky gen 12S, 16S, 18S, 28S a H3 spolu s matici obsatificimorfologicky znak (Ogden
et al. 2009, viz. obr. 2). Do analyz bylo zahrnuto 122hir paticich do 42¢eledi, tedy
v podstat vSechny dnes znamé vyvojové linie v raniédu (&koli ne ode vSech byly
k dispozici sekvence spolu s morfologickymi znakjgko taxon sestersky vSem ostatnim
jepicim byl podporovan asijsky rd8iphluriscus(Siphluriscidae). Nasledrse od&tpily linie
Celedi Baetidae a Isonychiidae, coz podporujedphozi prace zalozené pouze na
molekularnich datech (Ogden a Whiting 2005) a odjeopivodnim gedstavam o bazalnim
postaveni skupiny Carpacea (McCafferty 1991, Kl@§94). Vysledky rovéZ potvrdily
monofylii vétSiny vysSich skupin (Carapacea, Furcatergaliasétese, Pannota, Caenoidea,
Ephemerelloidea). Na druhou stranu nebyla péeimm monofylie nap skupin Setisura,
Pisciforma a Ephemeroidea.

Ze 31 celedi, zastoupenych ve studovaném vzorku vice edaijn druhem, byla
podpdena monofylie u 25 z nich. Monofylie Xkledi nemohla byt testovana a u 6 (nap
Ameletopsidae a Coloburiscidae) potgrma nebyla. Studie rovh zpochyliuje statut
nekterych celedi (nap. Pseudironidae, Arthropleidae a Dipteromimidaehawrhuje tyto
pojimat spiSe jako vriti linie v ramci jinychéeledi.
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Obr. 2. Konsensualni fylogeneticky strom podle sonB analyzy morfologickych a
molekularnich dat @@vzato z Ogdent al. 2009, str. 630, obr. 7).

3. RozsFeni a biogeografie

Jepice jsou znamy ze vSech kontiriektome¢ Antarktidy. Popsana diverzita v ramci
jednotlivych biogeografickych regiéinje velice ovliviena mirou prozkomanostiiznych
oblasti. Nejlépe je pochopitélrenama fauna jepic Holarktické oblasti, zatimcétpalruhi
zvlase v Afrotropické a Orientalni oblasti jsou patrmnohem vySSi nez je dosud znamo. Pro
ilustraci je mozné uveéstrixlad nedavného intenzivniho vyzkumu jepic nizinmélestného
lesa na Borneu, kteryiipesl jen z oblasti o rozloze 80 krobjevy deseti novych réda
n¢kolika desitek novych druh(Sartoriet al. 2003).

Tii celedi ze 42 popsanych vykazuji celéowé rozSieni (Baetidae, Caenidae a
Leptophlebiidae). Leptophlebiidae a Baetidae jsatrmd pivodem Gondvanské skupiny,
piicemZ Leptophlebiidae vykazuje né&fSi diverzitu v Neotropické oblasti a Australasii,
zatimco Baetidae v Afrotropické a Neotropické ofdlagzhledem k térét kosmopolitnimu
rozSieni rékolika rodi z vySe uvedenychieledi Baetis Cloeon Choroterpesa Caenig je



ziejmé, Ze utitd mira migrace musela existovat i po &gédi Gondvanskych desek (Barber-
Jamest al. 2008).

Dosgglci jepic nepati mezi dobré letce a jejich disperzni schopnositil jsroto ponirné
omezené. Saasné arealy roz&ni byly proto vysdtlovany spiSe vikarianci, speéid
radiaci a extinkci, formovanymi geologickymi udadfos predevSim pak kontinentalnim
dritem (Edmunds 1972; 1975). O vyzna¥jsh roli migrace se vzdy uvazovalo pouze
v piipadech Uzemi ¥$ném sousedstvi (McCafferty 1998). V posledniédoicmérg doslo
k jisttmu posunu nazoro disperznich schopnostech jepic. Byly dokazanwkopané
migrace zastupiccel. Baetidae v obou sirech mezi Madagaskarem a kontinentalni Afrikou
(Monaghanet al. 2005). Roviz Gattolliat (2004) uvadi z vulkanického ostrovauRién
druhy, nejblize se vyskytujici na Uzemi vzdalenéce weZz 700 km od tohoto ostrova.

4. Celad’ Baetidae

Vyzkumné aktivity v ramci doktorandského studiat@ealy prevazrié celedi Baetidae,
tato kapitola Gvodu proto obsahuje strau charakteristiku tétéeledi a shrnuti vyvoje jejiho
studia.

4.1. Charakteristika ¢eledi

Jak uz byloteceno vySe,celed Baetidae je druhou neji8i celedi v ramcifadu
Ephemeroptera (Gattoliat 2002c), proto je také gggtematika slozijSi nez u mnohych
jinych skupin jepic. Lugo-Ortiz a McCafferty (1999publikovali prvni novodobé shrnuti
celosvtove diverzityceledi Baetidae. Odhadli celkovy ¢ei druhi na 650, sdruzenych v 87
rodech. Bhem dalSich deseti let vzrostldebd druti na 894 (Gattolliat a Nieto 2009). Nové
druhy jsou v posledni débpopisovany fedevsim z jizni Ameriky, Madagaskaru a zapadni
Afriky. Celed’ Baetidae dnes tedyguistavuje fiblizng ¢tvrtinu celosétové druhové diverzity
jepic.

Nekteré druhy jsou velmi variabilni, navic u subimagsaméich imag je kuli
nedostatku pouzitelnych morfologickych zfakiesna determinacéasto Upld nemozna.
V dasledku toho dochazelo v minulosti kkterym spornym popisn, které nebyly podloZzeny
dostatén¢ reprezentativnim mnozstvim spolehlivych zhaklasifikace taxofi v ramci
¢eledi neni ustalend a podrobn& kladisticka anapatanujici larvalni i imaginarni znaky
prozatim nebyla publikovana.

Diagnostické znaky

Celed Baetidae je morfologicky pormé homogenni. Je mozné ji charakterizovat
pomoci dvou apomorfii (Kluge 1997, 2004fitpmnosti turbanovitychd samd (s jedinou
vyjimkou roduAturbing a odalenymi furkasternélni vig¥ky s metathorakalnim gangliem
situovanym mezi nimi (pokud nejsou atiehy, ganglium se nachazi anteri®rad jejich
spojenti).

Celed’ je mozné dale charakterizovat ve stadiu imagabarsaga pomoci nasledujicich
znaki: 1. odalené Kidelni zilky IMA a MA2 na pednim Kidle; 2. gitomnost jedné nebo
dvou kratkych volnych Zilek na okrajichiguinich kidel (mozné redukce u¢kolika
zastup@); 3. redukovany nebo chgfici zadni par kKdel; 4. ticlankovy tarsus #dniho a
zadniho paru katetin; 5. membrandzni penis (Edmuretsal. 1976); 6. unikatni struktura
subimaginalnich sklefitlatralnich¢asti mesothoraxu (Kluge 2004).




Larvy jsou charakteristické nasledujicimi znakyiateralni ramena epikranialniho Svu
situovany anteriomh pied lateralnimi ocely; 2. labrum sdetelnym z&ezem ve sedu
anteriorniho okraje; 3. rozéhé baze glos; 4. malo vyvinuté larvalni zarodkyagpbyki
(Kluge 2004); 5. ventralni orientace dorsalnihoulata apexu femuru (Wang a McCafferty
1996); 6. struktura ventralnich ganglii a malphkgizh trubic (Landa a Soldan 1989). Larvy
jsou pisciformni, maji dlouha tykadla a jednoduahebo dvojité trachealni zabry na
abdominalnich segmentech 1-VII nebo II-VII.

4.2. Systematika a fylogenezéeledi Baetidae

Vyvoj poznani celedi Baetidae recentnshrnuli v detailni praci Gattolliat a Nieto
(2009). Dalsi text vychazi do ztr&& miry z této publikace. V jednotlivych kapitolagh
shrnut vyvoj systematikyceledi, jak se mnila na zaklad studia morfologickych a
molekul&rnich dat.

4.2.1 Morfologické znaky

Prvni dva druhy dneSriieledi Baetidae popsal jiz Karl Linné (1758).cRtky studia
Celedi Baetidae jako takové sahaji d@&aku 19. stoleti, kdy Leach (1815) reliltehdy
znamé jepice do dvoteledi podle p&tu kaudalnich fivéska imag. Zavedkeled’ ,Baetida“
pro druhy se ddma cerky aceled’ ,Ephemerida“, zahrnujici druhy séemi kaudalnimi
privésky, dwma cerky a paracerkem. V ramizledi Baetida pak popsal dva rodgaetis
se déma aCloeon s jednim parem ifdel. Bhem nasledujicich 200 let doSlo k velkému
rozvoji taxonomie jepic, bylo popsano mnoho novyeloni, revidovany ty stavajici a
konceptceledi Baetidae se postupmenil.

Kazlauskas (1972) roztl celed Baetidae na paeledi Baetinae Leach, 1815 a
Cloeoninae Newman, 1853, nicréériato klasifikace se vztahuje pouze na zastupce
s vyskytem v Palearktické oblasti. Mimo tuto oblast vyskytuji druhy, které neni mozné
zaadit ani do jedné zthto podeledi (Bauernfeind a Soldan in prep.). DalSi qabedi
Callibaetinae Riek (1973) a Afroptilinae Kluge (I9%yly navrZzeny pro ¢které zastupce
Nearktické/Neotropické a Afrotropické fauny. Reé¥rvymezeni mnoha rédv ramciceledi
je neustalené a v budoucnu lze protéelk@vat porsirné rozsahlé taxonomické zmy
(Bauernfeind a Soldan in prep.).

Diskutabilni otazkou tykajici se viitiho usptadaniceledi Baetidae je mimo vymezeni
jednotlivych podeledi a rod také existence skupinBaetiscomplex”. Definice této skupiny
vychazi z pitomnosti ¢i naopak nefitomnosti tzv. femoralniho villoporu, coz je shluk
drobnych sét na bazi femuru, zastavajici gasmyslovou funkci (poprvé zména v praci
Waltz & McCafferty 1987a). Americkad taxonomicka Ekesdruzena kolem McCaffertyho
povaZzuje tento znak za vyznamnou synapomorfii adiapojem PBaetis complex* pro ty
taxony zceledi Baetidae, u nichz se femoralni villopor vyskg, naopak do skupiny ,non-
Baetis complex“ jsoutazeny taxony s chyicim femoralnim villoporem. Tuto koncepci
podporuje i pitomnost charakteristickych senzil tzv. ,flat-tigpsensillae” na antenalnich
segmentech i jinde n&lé u druti z ,Baetiscomplex” a naopak jejich n&pmnost u ,non-
Baetis complex“. Tento nazor vedl krozsahlym taxonomiokygminam na rodovée a
podrodové Urovni u mnoha taxorieledi Baetidae (Waltz & McCafferty 1987a, 1987b,
McCafferty & Waltz 1990, Waltzet al. 1994, Waltz & McCafferty 1997). V evropské
literature nicmér neni existence monofyletické skupinBaetis complex“ &tSinou autok



souborrjSich praci uznavana (Bauernfeind & Humpesch 20@tpb 2003, Bauernfeind &
Soldan in prep.).

4.2.2. Molekularni znaky

Bylo jiz publikovano ®kolik studii zandtenych naceled’ Baetidae, analyzujicich
variabilitu v ramci jednotlivych druh ¢i fylogenetické vztahy mezi SirSimi vyvojovymi
liniemi s vyuZzitim molekularnich znéak

Williams et al. (2006) studoval komplex kryptickych dnulBaetis rhodani Studie byla
zametena na zmapovani a zhodnoceni rdzdilezi populacemB. rhodani sbiranymi na
raznych lokalitach zapadni Evropy. Pro analyzy bybupty sekvence mitochondrialniho
genu pro cytochrom oxidazu, podjednotkuCiql). Vysledky poskytly dkazy o existenci
kryptickych drutii v ramci B. rhodanj zatim vSak bez morfologické charakteristiky a
taxonomického statutu. Sekven€®I pouzili rovrez Stahls & Savolainen (2007) v podobné
studii tykajici se skupiny druhBaetis vernusZde byl pouzit material z Finska a vysledky
ukazaly, ZeB. macania B. vernusobsahuji rovéZ morfologicky skryté, avSak molekul&rn
prokazatelné kryptické druhy.

Sireji pojatou fylogenetickou analyzu publikoval Gélttd et al. (2008), ktery studoval
Afrotropické Baetidae s pouzitim jaderné (18S) tariondrialni (12S, 16S) DNA u 65 druh
paticich k26 rodm. Cilem prace bylo testovat fylogenetické vztahy generické a
supragenerické udrovni. Vysledky potvrdily nutnosbzsahlé taxonomické revize
afrotropickych Baetidae,étSina rodi zastoupenych v analyze vice nez jednim druhem byla
shledana parafyletickymi nebo polyfyletickymi.

Gattolliatet al. (2008) publikoval sekvence genu pro cytochrom azig podjednotku b
(cob) pro druhyCloeon peregrinatola Baetis atlanticusna zaklad studia jeding z ostrova
Madeira. Tato sekvence byla publikovana r#proBaetis rhodaniz typové lokality tohoto
druhu (Gattolliat & Sartori 2008), jak&ast designace neotypu. VSechny tyto sekvence byly
nicmére¢ prozatim ponechany bez nasledné analyzy a srogrjanyimi vzorky.

4.3 Rozsfeni a biogeografieteledi Baetidae

Mnohem vysSi diverzitu a miru rodového endemismikagzyje celed’ Baetidae
v tropech a na jizni polokouli, neZz na polokoulemi (Barber-Jamest al. 2008). NejbohatSi
faunu hosti Afrotropicka a Neotropicka oblasig¢emz navzdory spod@ému gondwanskému
puvodu fauny &chto dvou oblasti nevykazuji velké podobnosti.

Jepti fauna Palearktu sdiliét8inu rodi s Orientalni, Afrotropickou a Neartickou
oblasti. Postupna kolonizace v ramé&hto regioii probihala patrh pies oblast Palearktu
(Gattolliat a Nieto 2009).

Spojeni mezi faunami Neartické a Neotropické oblpstdstavuje $edni Amerika,
ktera je pod vlivem obou region(McCafferty 1998). Msledkem tohoto spojeni je pak
piedevsim fitomnost gkterych Nearktickych druhve stedni Americe.

Orientélni oblastistava prozatim velmi malo prozkoumana a do budoptedstavuje
vysoce perspektivni region pro dalSi vyzkum. Biagaficky velmi zajimava mista
s potenciala velkou mirou endemismu (Indicky subkontinent, yifaohodni Asie) dosud
¢asto nebyla #bec studovana (Gattolliat a Nieto 2009).

PrestoZze mnozstvi driihv Australské oblasti neni z globalniho hlediskik&gjsou zde
velké mezery ve znalosteckepevsim v tropickéasti, nap. na Nové Guinei.



4.3.1. Shrnuti historického vyvoje poznani diverzit ¢&eledi Baetidae
v jednotlivych zoogeografickych oblastech

4.3.1.1. Palearktick&a oblast

(17 rodh, 212 drulf)

Palearkticka oblast vykazuje pémé vysokou druhovou diverzitu. Tento stav je vSak
vétsSi druhovou diverzitou v porovnani s ostatniéastmi séta. Riblizné polovina druli
spada do jediného rodBaetis Jepice zdpadniho Palearktway byt studovany posming
brzy, dva druhyeledi Baetidae popsal jiz Linné (1758). DalSi drblyly popsany v polovia
19. stoleti (Rambur 1842, Pictet 1843-1845). Zasadace pro poznani evropskych jepic
publikoval Eaton (1870, 1871, 1883-1888ji¢cpmz Eatofiv koncept systematiky jepic je
stale do znéné miry platny. Z&tkem 20. stoleti publikova&etné taxonomické prace Navas
(1911, 1913, 1917, 1931b). Jeho popisy byly vs&§inou zaloZzeny na studiu na sucho
preparovanych dosgfct a WtSina takto popsanych driuhiz v sowasnosti neni platna. Pro
Uzemi Skandinavie byly podstatné prace Simona Beoga (1912, 1914, 1917). Zasadni
revizi evropskych zastupcrodu Baetis publikovala Miller-Liebenau (1969). Ve druhé
polovire 20. stoleti bylo z Evropy popsano jiz jeékalik endemickych druin (Bogoescu a
Tabacaru 1957, Thomas a Gazagnes 1984, Thomas TB8&as a Soldan 1987, Soldan a
Godunko 2006).

Z Uzemi Asie popsal ¢hkolik novych druli Brodsky (1930), Kluge (1981, 1983) a
Kazlauskas (1963). Fauna Himaldji byla zpracovapaacich Kapur a Kripalani (1963) a
Dubey (1971), nicménpouze utrzkovt. Zastupceieledi Baetidae vyskytujici se na Uzemi
Japonska recentrshrnul Fujitani (2008). Zrtma ¢ast zdejSi fauny byla zmina iz v praci
Gose (1985) a revidovana v peégich studiich (Fujitaniet al. 2003a, 2003b). Diverzita
korejskych Baetidae je také pémé doke znama a zahrnujetginou Siroce rozgéné druhy
(Parket al. 1996, Bae 1997, Bae a Park 1998). Jegicy byly sice v posledni débsiroce
studovany (viz. nap prace Zhou a Zheng 2001, 2003, 2004), nicmé&ied’ Baetidae zde
prozatim podrobfizpracovana nebyla.

Fauna severni Afriky bylaipdnEtem zajmu az relativhnedavno. Zde se vyskytujici
druhy vykazuji blizké vztahy k fadrPyrenejského poloostrovaikali jsou casto endemické
(Soldan a Thomas 1983a, 1983b, Thomas a Gagnedr TB®@mas 1998).

Arabsky poloostrov hosti ro¢s fadu endemit (Thomas a Dia 1984, 1985, Thomas a
Sartori 1989). ZdejSi fauna je ouliovana palearktickymi i afrotropickymi vlivy (Gattait a
Sartori 2008).

4.3.1.2. Afrotropicka oblast

(40 rodi, 190 druli)

Celkovy pa@et dosud popsanych druhje patr jen zlomkem skutaého pdétu
vzhledem k nizké prozkoumanosti¢kiterych oblasti s potenci&lnvysokym stupém
endemismu (vulkanick& potiorychodni a centralni Afriky, Kapské oblast).

Prvni taxonomické studie zabyvajici se africkynpigemi (Ketre celedi Baetidae)
vychazely poatkem 20. stol. (UImer 1909, Lestage 1918, Nav&0,19931a). Vests se
jednalo o popisy druhna zaklad dosglcu ziskanych fes skratele hmyzu, kié podnikali
expedice do Afriky.
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Prvni systemati¢jSi prace publikovali Barnard (1932), Crass (194¥)Agnew
(1961,1963). Kimmins (1956) popsatkolik druhi z Ugandy a Demoulin (1964a, 1964b,
1965, 1966, 1968) publikoval informace o mnoha zedé z dznych mist Afriky. Ve ¥tSing
téchto jeho praci nicménnepojmenovaval navnalezené druhy. Po&d byl publikovan
katalog vSech dosud nalezenych drwhliterarnich udaj z Afrotropické oblasti (Demoulin
1970). Kopelke (1980) popsal 12 novych drue Zaire, bohuzel pouze na zakiabsglca.

Afrotropickymi Baetidae se velice intenzivwénoval Gillies, ktery popsaladu druli
piedevsim z vychodni Afriky (na@pGillies 1985, 1988, 1990, 1991a, 1991b, 1994liaSila
Wauillot 1997). V sedmdesatych a osmdesatych letegjanizovala francouzskd agentura
ORSTOM (Office de la Recherche Scientifique et Teghe d'Outre-Mer) rozsahly &b
makrozoobentosu v oblasti peldi Guinejského zalivu. Na zakkadtudia tohoto materialu
bylo pozdji popsano 7 novych rada 20 druli (Gillies 1990, Elouard a Hideux 1991,
Wauillot a Gillies 1993, 1994).

Fauna jepiceledi Baetidae Madagaskarastavala porérné dlouho velmi malo znama,
az do devadesatych let 20. stoleti bylo popsanag8udruli (Gattolliat 2002c). V posledni
doke se vSak Madagaskar stakgmeétem intenzivniho vyzkumu a vi{gschu pouhych 10 let
byly publikovany popisy 19 novych réd 51 druli (Elouard a Gibon 2001, Gattolliat 2001a,
2001b, 2001c, 2002a, 2002b, 2004, Gattolliat a o8ar000, 2001, 2003). Jepice
Madagaskaru jsou dnes v porovnani s kontinentahikau pomérné dokre znamy.

Nekolik taxonomickych zran tykajicich se afrotropicych Baetidae publikovialigo-
Ortiz a McCafferty (1999b). Barber-James a LugaZJ2003) pak sepsali Klik ukeni larev
vSech rod afrotropickych jepic spolu s jejich ekologickymharakteristikami a arealem
rozsteni. Jejich aktualizovany seznam je dnes moZné najiwebu (Barber-James al.
2008).

Pres pordrné vyrazny pokrok v naSich znalostech afrotropickénfa jepic Zistavaji
stadle mista prakticky neprozkoumana, s potengidlpsokym mnozstvim novych¢asto
pravdpodobré endemickych drun (velka ¢ast atlantického pdbzi, severovychod
kontinentu a &ktera izolovana pohd.

4.3.1.3. Orientalni oblast

(23 rodi, 152 drulf)

Prvni informace a popisy driilteledi Baetidae této oblasti pochazi z druhé polovin
19. stoleti (Hagen 1858, Eaton 1883-1888). JiZz soM|Si praci zabyvajici se orientalni
oblasti publikoval Ulmer (1939). Dale vSak az dandssatych let 20. stoletligtavala fauna
této oblasti studovana jen velmi sporadickyk@lik popisi indickych druli v pracich
Kimmins 1947 a Gillies 1949). V osmdesatych letadak publikovala Ingrid Miuller-
Liebenau sérii praci, v nichz popsai@p 60 novych druhceledi Baetidae a tyto prace 1o
zéklad naSich s@asnych znalosti o fatirtéto oblasti (Muller-Liebenau 1980a, 1980b, 1981,
1982a, 1982b, 1982c, 1983, 1984a, 1984bh, 1985,eMliebenau a Morihara 1982, Mdller-
Liebenau a Hubbard 1985). Taxonomické revize nanircodi poté publikovali Waltz a
McCafferty (1987a, 1987c) a Walt al. (1994). Shrnuti dosavadnich vyzklur®rientalni
oblasti publikoval Soldan (2001), ktery ra¥nformuloval priority pro dalSi praci v této
oblasti a vyzdvihEeled Baetidae jako jednu z nejm&prostudovanych.

Extenzivni vyzkum spojeny s objevy novych diuprobihal v poslednich letech na
ostrovech Taiwan (Kangt al. 1994, Kang a Yang 1996) a Hong-Kong (Tong a Dudgeo
2000, 2003). Obrovskaast uzemi orientalni oblasti vSakistAva neprozkoumana a tento
region bezpochybyipdstavuje nejslibfsi ¢ast Zend, odkud Ize v budoucntekat nejvice
novych taxog.
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4.3.1.4. Neotropick& oblast

(27 rodi, 210 druld)

Dlouhodoba izolace jihoamerického kontinentélalrmimo jiné za nasledek unikatnost
zdejSi fauny jepiceledi Baetidae. Dy tretiny zde se vyskytujicich réda pgees 90% druh
jsou endemity Neotropické oblasti¢leri zastupci zdejSi fauny vykazuji v ranteledi zcela
ojedirglé morfologické znaky. RodAturbina je jedinym zastupcentdeledi bez sagich
turbanovitych ¢i, Callibaetis je jednim z mala viviparnich taxbdnjepic vibec. Nekteri
neotropéti zastupci ¢eledi Baetidae jsou adaptovani pro Zzivot ve vodephd (nap.
Mayobaetis ellengeviz. Mayo 1973)¢i ve vysychajicich periodickychinich Cloeodes
hydation viz. Nolteet al. 1996).

Mezi prvni autory popisujici neotropické druhy idatuz Pictet (1843-1845), Eaton
(1871, 1883-1888) a Weyenbergh (1883). JednaloSa& ¥tSinou o popisy zaloZzené na
pongrné omezeném materialu dadpi ze sbirek evropskych muzei a statut takto popsanyc
druhi musel byt ve #Sin¢ piipadi pozdiji revidovan. Nkolik druhi popsal také Navas
(1915, 1916, 1917),&Sina z nich vSak jiz dnes neni platna (viz. Domexgt al. 2006).

Z recentnich autér se Traver a Edmunds (1968) podrébrabyvali systematikou
rozsahlého Nearktického rodiamelobaetidus

Béhem poslednich 20 let z&/@& narostlo mnoZstvi poznadtko Neotropickych
zastupciclteledi Baetidae. Bylo popsano velké mnozstvi nowydi a drutii (Lugo-Ortiz a
McCafferty 1995, 1996, 1998b, 1999d 1999e, Domiaigual. 2002, Nieto 2003a, 2003b,
2004a, 2004b, Thomas a Peru 2003, McCafferty a Bauwmer 2003). DalSi rody byly
revidovany (Nieto 2004c, Nieto a Salles 2006, Nee®ichard 2008).

Recentd Dominguez et al. (2006) publikoval rozsahlou souhrnnou monografii
zahrnujici vSechny jihoamerické jepic&etné podrobné kapitoly #novanéceledi Baetidae.
K dispozici jsou tak uwovaci klce spolu s informacemi o distritnich arealech a
ekologickych narocich jednotlivych druhPres mnoZstvi jiz popsanych diullze ciekavat
do budoucna stale nové objevy z doposud malo sarmah oblasti, jako jsou Andyi
Amazonie.

4.3.1.5. Nearkticka oblast

(20 rodi, 135 druli)

Jen @t rodi je zde endemickych gtsina se zarovevyskytuje i v jinych geografickych
oblastech (Neotropicka, Palearticka, Orientalni)iraMendemismu na druhové darovni je
podstatg vysSi, 114 ze 135 drihe znamo vyldng z této oblasti.

Prvni taxonomické prace odsud publikovali Hager6(38Walsh (1863a, 1863b), Eaton
(1869, 1870, 1871, 1881, 1883-1888) a Banks (129Q4, 1918). NejplodijSim autorem
byl bezesporu McDunnough s publikovanymi popisy d2ihi Nearktickych Baetidae
(McDunnough 1922, 1923, 1924, 1925, 1926, 19291193932, 1936, 1939).

Prvni souhrnna revize severoamerickych Baetidaa pydce Needharat al. (1935).
Velkou zasluhu na poznani nearktickych jepétedi Baetidae ma Edmunds, ktery popsal a
revidoval rékolik druhi (Edmunds 1954, Edmunds a Allen 1957) a sestawsladmdi
monografii jepic severni aisdni Ameriky (Edmundgt al. 1976). Morihara a McCafferty
(1979) podrob&revidovali nearktické zastupce roBaetis

MladSi autdi v posledni dob prispeli k poznani nearktickych Baetidae revizemi
rodoveho usp@dani a popisy dkolika novych drufi (nag. Jacobus a McCafferty 2005a,
2005b, 2006, Lugo-Ortiz a McCafferty 1998c, WaltzMeCafferty 1986, 1987b, 1989,
Wiersema 2000, Wiersma a McCafferty 2004, Wiersina. 2004).
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Fauna jepic Nearktické oblasti je v $agnosti dofe prozkoumana, z taxonomického
hlediska zbyva jen &kolik problémi, predevSim revize dkterych problematickych a malo
znamych drufi, z nichz rkteré nebyly studovany od prvniho popisu (GattblkaNieto
2009). Aktualizovana databaze jepic severni i@dsi Ameriky je k dispozici na webu
(McCafferty 2009).

4.3.1.6. Australska oblast

(12 rodi, 40 drufi)

Polovina znamych rada vSechny druhy (s jedinou vyjimkou dru@ioeon virengjsou
endemické, zbytek se vyskytuje i v sousedni Orlahtblasti.

Prvni druh z tohoto Uzemi popsal Ulmer (1908). BidsValy prace Tillyarda (1936) a
Harkera (1950, 1954, 1957). Zasadni pro poznamiyfgpic dané oblasti byly prace Sutera,
ktery sestavil prvni k#i k urtovani larev Australskych jepic (Suter 1979). V t@@ci je
zahrnuto i 12 tehdy znamych diubeledi Baetidae. Popisy dalSich diiud revize stavajicich
na druhové i rodové urovni byly publikovany peégd(Suter 1986, 2000, 2001, Suter a
Pearson 2001). Specialnikpro ¢eled Baetidae byl publikovan v praci Suter (1997).

Popisy novych drulha rodi z nékolika oblasti ¥etre Nové Guineje byly publikovany
v pracich Lugo-Ortiz a McCafferty 1998a, 1998d, 9891999c, Lugo-Ortizt al. 1999).
Celed” Baetidae je zastoupena i na ostrovech FidZi (Fiewl®90). Nevysitlena Zistava
absence jakéhokoli druhieledi Baetidae na Novéem Zélandu a Nové KaledordéistoZe jiné
Gondwanské&eledi jako nap Leptophlebiidae se zde bez probtéudrzely a vyskytuji se ve
velkém p@tu rodi a druli.

5. Podikovani

Déekuji  prof. Tomd&Si Soldanovi za vedeni disertace. vikd dkuji vSem
spolupracovnitm a spoluaut@m piiloZzenychélanka za jejich podil na vzniku této prace.
PredevSim pak &uji kolegovi Dr. Romanu Hodunkovi za spoluprdognoé konzultace a
pripominky. V neposlednfac pak dkuji své rodig a patetiim za podporu #dhem celého
studia.
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Abstract

A detailed morphological description of the larval stage of Acentrella glareosa sp. nov. and Acentrella charadra sp. nov.
from the genus Acentrella Bengtsson, 1912 is given. Their differential diagnoses are provided with regard to other
Palaearctic representatives of the genus. A. glareosa sp. nov. can be distinguished from the related species by the unique
shape of maxillary palp, the arrangement of the bristles on it’s legs (the presence of bilateral ciliation and the second
ventral row of tibial bristles) and vestigial paracercus. 4. charadra sp. nov. is characterized mainly by the presence of
apparent subapical bristles on the tarsal claws, the shape of it’s leg bristles (bilateraly ciliate on femora and tibiae, a row
of tarsal bristles missing), the unique shape of the labial palp and vestigial paracercus. The generic concept of Acentrella
and its historical development is summarized. Possible relationships of Acentrella to the Baetidae genera Liebebiella
Waltz & McCafferty, 1987, Platybaetis Miiller-Liebenau, 1982, Jubabaetis Miiller-Liebenau, 1982 and Gratia Thomas,
1992 from the Oriental Region are discussed. A species list and synonymies of all 13 Palaearctic representatives of the
genus Acentrella is presented, including the respective type localities and metamorphic stages described so far.

Key words: differential diagnosis, taxonomy, Kazakhstan, Central Asia, biogeography

Introduction

Genus Acentrella was established on the basis of the type species Acentrella lapponica Bengtsson, 1912,
described from Sweden, type locality: Lappl. [Lapland], Abisko, Jukkasjérvi Sn. [Parish]. The current concept
of the genus Acentrella Bengtsson, 1912 follows the delimitation of the Baetis lapponicus species-group as
defined by Miiller-Liebenau (1969).

In the past the genus was often considered synonymous or subgenus to the genus Baetis Leach, 1815 (e.g.
Edmunds & Traver 1954; Novikova & Kluge 1987).

According to Waltz & McCafferty (1987), the genus Acentrella forms a lineage derived from a Baetis-like
ancestor, demonstrating several apomorphies in its most ancestral species (compaction of mouthparts,
reduction of hind wing pads, loss of abdominal tergal scales, reduction of posterior abdominal spines, loss of
marginal spines on gills, and reduction of paracercus). Hind wing pads in larvae can be fully developed (adult
stage with functional hind wings), reduced to vestiges or completely absent.

Representatives of the genus are highly rheophilous in the larval stage and often show adaptations to their
environment, such as a ventrally flattened body (semicircular in cross section) and the presence of sternal
friction pads (Waltz & McCafferty 1987).

The genus Acentrella exhibits a Holarctic and Oriental area of distribution (Lugo-Ortiz & McCafferty
1999). From the Nearctic Region, eight species is currently known, with 4. lapponica exhibiting Holarctic
occurrence (Randolph & McCafferty 2005; Jacobus & McCafferty 2006; McCafferty ef al. 2009). From the
Palaearctic region, the genus currently comprises 13 species; 5 proved to occurr in Central Asia and adjacent
territories.

Accepted by F. Salles: 4 Oct. 2010, published: 1 Dec. 2010 1
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Abstract

Based on the extensive material recently collected on the Island of Rhodos, Greece (terra typica) in May, 2005, a
redescription of Procloeon (Pseudocentroptilum) fascicaudale (Sowa, 1985) is presented. Larval characters are
completed, female subimago described and the egg chorionic structures illustrated by means of scanning electron
microscopy for the first time. Variability in color patterns and critical characters distinguishing eggs, larvae and male
imagines from other Westpalaearctic species of the subgenus Pseudocentroptilum Bogoescu, 1947 (the representatives of
the Procloeon (Pseudocentroptilum) motasi species-group in particular) are described and discussed. Distributional
patterns of the species, its abundance, possible faunistic origin, some aspects of larval and imago’s biology, and life cycle
of the species are briefly stated. Delimitation and recent concepts of the taxa Procloeon Bengtsson, 1915 and
Pseudocentroptilum within the subfamily Cloeoninae Kazlauskas, 1972, taxonomic position and affinities of P.
fascicaudale are discussed.

Key words: Ephemeroptera, Baetidae, Rhodos, Procloeon (Pseudocentroptilum) fascicaudale, redescription, differential
diagnosis, taxonomy, biology, distribution

Introduction

Procloeon (Pseudocentroptilum) fascicaudale (Sowa, 1985) was described by Sowa (1985) on the basis of 9
males, | female, 1 male subimago and a single damaged female larva, collected in type locality (5 km N of
Laerma, 1 km W of Kallithie, Island of Rhodos, Greece) by Dr. H. Malicky in May, 1975. The literature data
on the species concern its generic and subgeneric placement (Jacob 1991), the description of other
representatives of Pseudocentroptilum Bogoescu, 1947 and delimitation or definition of certain species-
groups within the genus (Belfiore & D'Antonio 1990).

Recently, T. Soldan has collected an extensive material on mayflies, which includes numerous specimens
of P. fascicaudale. Although, the Sowa's (1985) description is precise enough (except for missing description
of female subimagines), we decided to redescribe the species from the reasons, as follows: (i) to complete the
description of missing larval characters, since a limited type series lacks some characters due to damage; (ii)
to add a description of female subimago; (iii) to comment intraspecific variability; (iv) to present the egg
chorionic structure by means of the scanning electron microscopy; (v) to define critical distinguishing
characters allowing differential diagnosis; (vi) to discuss a generic/subgeneric placement of the species within
the subfamily Cloeoninae Kazlauskas, 1972; (vii) to analyze distributional patterns and origin of the species
and (viii) to summarize the data on biology of the species on the basis of field observations.

16 Accepted by M. Hubbard: 24 Apr. 2010; published: 1 Jun. 2010
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Abstract

This study represents the first formal combinedrfthological and molecular) phylogenetic
analysis of the highly diversified genBsetisLeach, 1815. Taxonomic sampling comprised
17 species oBaetis representing the majority of different Palaearktieages (subgenera and
species-groups) within the genus recognized sdfee.morphological dataset consisted of 47
coded characters. Molecular data were acquired fpartial mtDNA COIl sequences.
Altogether 53 specimens ddaetis were sequenced and analyzed using parsimony and
Bayesian inference. Most subgenera and speciepgnogre supported as monophyletic in
the analyses using the combined dataset. A moneftigroup consisting of the subgenera
Labiobaetis+ Nigrobaetiswas supported as sister lineage to other repidesg of the
genus. Morphological characters were mapped orclddogram and clade robustness was
tested by multiple approaches. Addition of 47 moippical characters into the data matrix
considerably improved the reliability of resultimigges compared to molecular data alone.
Intra- and interspecific divergences in tk®Il sequence were estimated for the species
studied.Baetis rhodaniand Baetis muticusexhibited unusually high values of intraspecific
variability pointing to the possible existence ofptic species.

Keywords
Baetis phylogeny, systematics, taxonongQ! sequence

I ntroduction

Systematic concept of Baetis and its recent devel opment
The genuBaetisLeach, 1815 (Baetidae) exhibits almost cosmopoliliatribution except for
New Zealand and the Neotropical Region (PatagoAiratean subregion) although present in
the Nearctic/Neotropical transitory areas and Maddimerica (McCafferty & Waltz 1990).
The genus probably originated as a clade in thethdon Hemisphere (Lugo-Ortiz &
McCafferty 1998) and in the phylogenetic analysethe order Ephemeropterdaetidaewas
recovered as one of the basal lineages (Ogden &iWgh2005; Ogderet. al. 2009). The
genus often forms a dominant taxocoenose of mayitiehe running waters of the Northern
hemisphere anBaetisnymphs are routinely used in aquatic biomonitofeg. Fialkowsket
al. 2003).Baetisis often the only mayfly genus present in margarad extreme habitats like
taiga or tundra, at high latitudes or cold glatiathe high mountain streams up to 5000 m
a.s.l. (Bauernfeind & Soldan in press).

Classification of different lineages withiBaetishas been frequently revised but up to
now there is no general agreement on the intragedessification.

The first comprehensive revision 8aetis encompassed the European fauna. It was
published by Mdller-Liebenau (1969), who dividede tigenus into 11 “species-groups”
(Baetis alpinus Baetis lutherj Baetis pavidusBaetis lapponicusBaetis rhodani Baetis
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vernus Baetis fuscatyBaetis buceratyBaetis atrebatinusBaetis nigerandBaetis gracilis
species-group). This concept of “species-groupss walely accepted and formed the basis
for all future classifications.

The concept of Miller-Liebenau (1969) was slightipdified by Novikova & Kluge
(1987), who established 6 subgenera of the g&aetis These subgenera in most cases
corresponded with the species-groups of Muller-eretu (1969) and includadigrobaetis(=
B. niger and B. gracilis species-groups sensu Mdller-Liebenau 19&@biobaetis (= B.
atrebatinus species-group sensu Mdller-Liebenau 1969) Awméntrella (= B. lapponicus
species-group sensu Mduller-Liebenau 1969). The ir@ntaspecies-groups were retained as
such and subsumed in the nominal subgdBastis s.str. MoreoverBaetiella and Takobia
were added as new subgeneraBtetis both formerly considered outside the genus by
Muller-Liebenau (1969). One more species-grdBppseudothermicusvas later defined by
Novikova (1987).

For the Nearctic Region, the first comprehensivalgtof Baetis was published by
Morihara & McCafferty (1979). The authors adoptbéd species-groups defined by Mduller-
Liebenau (1969) also for related North Americanceggse where applicable. However, several
species were not attributed to any particular ggegroup.

A series of papers deeply affecting the classificadf mayflies attributed tBaetisin a
global scale was published in the late 1980s argd4d ®y the McCafferty school (Waltz &
McCafferty 1987a, 1987b, McCafferty & Waltz 1990,alt¢ et al. 1994, Lugo-Ortiz &
McCafferty 1996, Waltz & McCafferty 1997). Partiadly important was the finding of the
femoral villopore, a group of setae located atlihse of the larval femora, described for the
first time by Waltz & McCafferty (1987a). The prese of this character was considered to
be a significant synapomorphy uniting a number detBlae taxa. This presumably
monophyletic group was referred to as tiBaétiscomplex” (see Waltet al. 1994, Lugo-
Ortiz & McCafferty 1996, Waltz & McCafferty 1997nd includedBaetissensu Waltzt al.
1994 together with several related taxa treatedthis concept as generadentrella
Bengtsson, 191BaetiellaUéno, 1931BarbaetisWaltz & McCafferty, 1985Cymulabaetis
McCafferty & Waltz, 1995;Gratia Thomas, 1992;Heterocloeon McDunnough, 1925;
LabiobaetisNovikova & Kluge, 1987 LiebebiellaWaltz & McCafferty, 1987 Platybaetis
Muller-Liebenau, 1982).

On the other hand, the assemblage “Baetis complex” was characterized by the
absence of femoral villopore and included almostlesively Baetidae species previously
placed in the subgenidigrobaetissensu Novikova & Kluge (1987), i.e. origirigetis niger
andBaetis gracilisspecies-groups sensu Miiller-Liebenau (1969). Aingrto the opinion of
the McCafferty school, thedgigrobaetisspecies, formerly classified BBaetis but lacking
the villopore and hence not considered as membeérshe Baetis complex required
reclassification in order to avoid a paraphyletncept of theBaetiscomplex. This goal led
to the erection of several new geneiainitesWaltz & McCafferty, 1994Diphetor Waltz &
McCafferty, 1987;AcerpennaWaltz & McCafferty, 1987) mostly containing spexief
Nigrobaetissensu Novikova & Kluge (1987). Other groups wetiead to generic rank, such
as Takobia Novikova & Kluge, 1987 in Waltzt. al. (1994). TheBaetis complex was
subsequently found to be supported by more chagsad¢kan solely the presence of the
villopore, such as the absence of a supposedlyiopt@sphic cluster of bristles located
between mandibular incisors and mola (Waltz & Md@dy 1997) and the presence of flat-
tipped sensillae mainly on antennal segments (G&iRebora 1999).

No further major revisionary effort concernirgpetis was undertaken, except some
minor changes and synonymies published (e.g. few® subgenera oBaetis published by
Kang et al. (1994), subsequently synonymized with already tegstaxa by Waltz &
McCafferty (1997).
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Nevertheless, the concept of tBaetis complex was not generally accepted. In the
present study we mostly follow the conservativessification of Jacob (2003), who also did
not adopt most of the recently described genera asélainites or Diphetor. This concept
was followed also by Bauernfeind & Humpesch (206Hgybach (2010) and Bauernfeind &
Soldan (in press) in the studies of the EuropeandaJacob (2003) dividdslaetisinto two
subgeneraRhodobaetigin the extent of the formehodani species-group) anBaetiss.str.
(including alpinus lutheri, pavidus vernus buceratus fuscatus atrebatinus, niger and
muticusspecies-groups). The list Blaetiss.l. subgenera and species-groups with respective
synonymies is provided below. We decided to modifg classification of Jacob (2003)
slightly for the purpose of the present study.His tcontribution some ideas of Novikova &
Kluge (1987) are followed who raised tiBaetis atrebatinuspecies-group to subgeneric
level and treated it as subgenabiobaetis.We adopted this concept in spite of distinct
position of Labiobaetisoutside otheBaetis s.str. taxa revealed by the analyses performed
herein. For the same reasdh, niger and B. muticusspecies-groups are treated within the
subgenugNigrobaetis established also by Novikova & Kluge (1987).

Use of molecular data in the systematics of Baetis and related taxa
All systematic concepts of the genBsetis mentioned above were based solely on the
investigation of morphological characteristics.

Except for morphology, analyzing of DNA sequencesvpd to be a useful tool for
estimating relationships between insect taxa, eslheavhen morphological characteristics
are ambiguous. Moreover, detailed taxonomic stuidynolecularly divergent lineages has
already led to the description of new species (daindfield & Handfield 2006).

Several studies targeted at the mayfly family Bksetj analyzing individual species and
their phylogenetic relationships by molecular methbave been already published.

Afrotropical Baetidae were analyzed by Gattoleatal. (2008) using nuclear (18S) and
mitochondrial (12S, 16S) gene regions from 65 sgsebelonging to 26 genera. The main goal
of this study was to test phylogenetic relevanaktarclarify suprageneric relationships.

Williams et al. (2006) studied the cryptic species compBaetis rhodani The study
was aimed at estimating and evaluating differenoesveen populations oB. rhodani
collected from various localities in the Westernrdpe. Phylogenies were constructed using
data from the mitochondrial cytochrome oxidase sitbl (COI) gene. Results provided
strong evidence for cryptic species in Bierhodanicomplex, although taxonomic status and
morphological characteristics of these cryptic sggoemained undefined.

The COl sequences were also used by Stahls & Savolaif€Y)2or estimating species
boundaries within th8aetis vernuspecies-group. Specimens from Finland were usdigein
study and results provided evidence tBaktis macanKimmins, 1957 andaetis vernus
Curtis, 1834 comprise morphologically cryptic butletularly distinct taxa.

Gattolliatet al. (2008) published sequences from the mitochondyi@ahirome oxidase
b (cob) gene focCloeon peregrinatorand Baetis atlanticusbased on specimens from the
island of Madeira. The cob sequence was also fhddigor Baetis rhodanifrom the type
locality of the species (Gattolliat & Sartori 200&)s a part of the neotype designation.
However, cob sequences Gf peregrinator, B. atlanticusind B. rhodaniwere described
without subsequent analyses and comparison wisteilspecies.

The sequence from the mitochondi@DI gene generally proved to be very useful for
estimating relationships within mayfly genera amkges groups (Williamet al. 2006,
Stahls & Savolainen 2007). Moreover, comparisoa short section of theOl sequence has
been proposed as a possible solution to some ofptbblems of traditional species
identification in general (Herbedt al. 2003). This approach called “DNA barcoding® has
been pursued by the “Consortium for the Bar Codeifef (CBOL)" founded in September
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2004. It intends to create a global biodiversitycbde database to subsequently facilitate
routine automated species identifications (e.gn&ahgham & Herbert 2007). The ability to
successfully identify species depends on the poeseha barcoding gap, a distinct difference
between intra- and interspecific sequence diverggnm most taxa there is an order of
magnitude difference between the two (Herle¢ral. 2003, Ballet al.2005). Applicability of
the COIl sequences (“barcodes”) as a tool for mayfly speicientification was tested by Ball
et al. (2005), who created the reference sequence profil80 species. By using these
sequences, he identified 70 additional specimetisawery high level of certainty. However,
reliability of barcoding and existence of the baliog gap was right from the start subject to a
large discussion and challenged several times ésge Wiemers & Fiedler 2007 and
references therein).

In the present study, we use the pai@@ll sequences together with the morphological
data to estimate genetic distances and clarifyqgenetic relationships of selected subgenera
and species-groups of the ger@eetisfrom the Palaearctic region. We use newly acquired
data from specimens mostly from the Eastern andr@ldfurope.

Main objectives of the present study

The main objectives of this study aim at:

(i) providing COIl sequences for representative samplBasdtisspecies;

(i) analyzing phylogenetic relationships of thebganera, species-groups and individual
species withirBaetis

(ii) testing intraspecific and interspecific vaviity within Baetisand reveal possibility of
cryptic species.

List of subgenera and species-groups of Baetiss.l.

The following list represents the classification Béetis internal lineages as used in the
present study, modified from Jacob (2003). Notiath listed below each subgenus/species-
group were established to contain the same spangksheir extent differed. Nevertheless, for
the purpose of this contribution, all species comté in the taxa listed below each
subgenus/species-group are considered members mdpective subgenus/species-group.

Baetis alpinuspecies-group
Baetis alpinuspecies-group in Muller-Liebenau (1969)
MontobaetiKazlauskas, 1972 [subgeneric status, not availébEN article 13]
Baetis alpinuspecies-group in Novikova & Kluge (1987)
PatitesThomas & Dia, 1999 [subgeneric status]
Baetis alpinuspecies-group in Jacob (2003)

Baetis lutherispecies-group
Baetis lutherispecies-group in Muller-Liebenau (1969)
Baetis lutherispecies-group in Jacob (2003)

Baetis paviduspecies-group
Baetis paviduspecies-group in Miller-Liebenau (1969)
Baetis paviduspecies-group in Novikova & Kluge (1987)
Baetis paviduspecies-group in Jacob (2003)
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Subgenufkhodobaetigdacob, 2003
Baetis rhodanspecies-group in Miiller-Liebenau (1969)
Baetis rhodanspecies-group in Novikova & Kluge (1987)
Baetis pseudothermicpecies-group in Novikova (1987)
Baetis (Rhodobaetish Jacob (2003) [subgeneric status]

Baetis vernuspecies-group
Baetis vernuspecies-group in Muller-Liebenau (1969)
VernobaetiKazlauskas, 1972 [subgeneric status, not availéb@N article 13]
Baetis vernuspecies-group in Novikova & Kluge (1987)
Baetis vernuspecies-group in Jacob (2003)

Baetis fuscatuspecies-group
Baetis fuscatuspecies-group in Miiller-Liebenau (1969)
Baetis fuscatuspecies-group in Novikova & Kluge (1987)
Baetis (TatubaetisikKang & Yang, 1994 in Kangt al. 1994 [subgeneric status, junior synonymBatetis
Leach, 1915 according to Waltz & McCafferty (1997)]
Baetis fuscatuspecies-group in Jacob (2003)

Baetis buceratuspecies-group
Baetis buceratuspecies-group in Muller-Liebenau (1969)
Baetis buceratuspecies-group in Novikova & Kluge (1987)
Baetis buceratuspecies-group in Jacob (2003)

Subgenus.abiobaetisNovikova & Kluge 1987

Baetis atrebatinuspecies-group in Mller-Liebenau (1969)

Baetis propinguuspecies-group in Morihara & McCafferty (1979)

Baetis molawinensispecies-group in Miller-Liebenau (1984)

Baetis (LabiobaetisNovikova & Kluge 1987 [subgeneric status]

CymulabaetisvicCafferty & Waltz, 1995 [generic status, junigmenym ofLabiobaetisaccording to Lugo-
Ortiz & McCafferty 1997]

LabiobaetisNovikova & Kluge 1987 in McCafferty & Waltz (199%)eneric status]

Baetis (Millerbaetis)Kang & Yang, 1994 in Kan@t al. (1994) [subgeneric status, junior synonym of
LabiobaetisNovikova & Kluge, 1987 according to Waltz & McCafty, 1997]

Pseudocloeosensu Lugo-Ortiet al. (1999) nec Klapalek (1905) [generic status]

Baetis atrebatinuspecies-group in Jacob (2003)

SubgenudigrobaetisNovikova & Kluge, 1987

Baetis nigerspecies-group in Muller-Liebenau (1969)

Baetis gracilisspecies-group in Muller-Liebenau (1969)

Baetis (NigrobaetisiKazlauskas, 1972 [subgeneric status, not avajléb@&N article 13]

Baetis (NigrobaetisNovikova & Kluge, 1987 [subgeneric status]

NigrobaetisNovikova & Kluge, 1987 in Waltet al. (1994) [generic status]

DiphetorWaltz & McCafferty, 1987 [generic status]

AcerpennaiValtz & McCafferty, 1987 [generic status]

Baetis (TakobiaNovikova & Kluge, 1987 [subgeneric status]

TakobiaNovikova & Kluge, 1987 in Waltet.al. (1994) [generic status]

AlainitesWaltz & McCafferty, 1994 in Waltet al. (1994) [generic status]

Baetis (Acerbaetiskang & Yang, 1994 in Kangt al. (1994) [subgenus, part, junior synonymAdéinites
Waltz & McCafferty, 1994 according to Waltz & McQeifty (1997)]

Baetis (MargobaetisKang & Yang, 1994 in Kan@t al. (1994) [subgeneric status, junior synonym of
NigrobaetisNovikova & Kluge, 1987 according to Waltz & McCaffy 1997]

Baetis nigerspecies-group in Jacob (2003) [includBaetis gracilisspecies-group]

Baetis muticuspecies-group in Jacob (2003)
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Materials and methods

Mayfly specimens were collected in 70-96 % EtOHrfrthe localities as specified in
the Table I. Determination was done using keys bhydsnfeind & Humpesch (2001) and
Muller-Liebenau (1969). Cuticular structures of thevae were preserved and deposited in
the Biology Centre CAS, Institute of Entomology\asicher specimens under registration
numbers DNA No. 1 — DNA No. 137 (association wispective specimens in Table I).

Altogether 55 specimens belonging to 19 specie® wealyzedAmeletus inopinatus
Eaton, 1887 (Ameletidae) arifphemerella ignitg Poda, 1761) (Ephemerellidae) were used
as outgroups. WithinrBaetis 17 species were sampled, representing most aerdly
recognized Palaearctic lineages within the genus.

The DNA quality displayed itself as a key issue @rtraction and amplification
procedures, since usually only fresh specimengcdeld to 96% EtOH allowed a successful
DNA processing. Thus, the choice of specimens aedlyvas influenced by the availability
of freshly collected material stored in pure EtQHpossible, several specimens within one

species from distant Westpalaearctic populationg weluded in the sampling.

TABLE 1. List of specimens studied.

Labeling used in analyses Name of the species Locality of collection Specification of
the voucher
specimen
67_Baetis_lutheri_RU Baetis (Baetis) lutheri RUSSIA, SW Caucasus Mts., AR Adygeia, Belaia | DNA No. 67
Mdiller-Liebenau, 1967 River, 1 km upstream Khamyshki village, N44 05.294
E40 09.312, 17.vii.2008, Hodunko & Sroka leg.

113 Baetis_lutheri_ GE Baetis (Baetis) lutheri GEORGIA, Rikotula River, Khali village., N42 05.484 DNA No. 113
Miiller-Liebenau, 1967 E43 27.335, 24.viii.2009, Sroka leg.

114 Baetis_lutheri_GE Baetis (Baetis) lutheri GEORGIA, Gubazouri River, Nabehlavi village, N41 DNA No. 114
Miiller-Liebenau, 1967 56.917 E42 20.568, 23.viii.2009, Sroka leg.

72_Baetis_vardarensis_GE | Baetis (Baetis) vardarensisi GEORGIA, Kura River, Aspindza village., N41 35.531DNA No. 72
Ikomonov, 1962 E43 10.528, 28.viii.2009, Sroka leg.

120_Baetis_vardarensis_GE Baetis (Baetis) vardarensisi GEORGIA, Supsa River, Pajleti village., N41 59.111 DNA No. 120
Ikomonov, 1962 E41 58.818, 22.viii.2009, Sroka leg.

121 _Baetis_vardarensis_GE Baetis (Baetis) vardarensiss GEORGIA, Kvirila River, Sorapani village., N42 DNA No. 121
Ikomonov, 1962 05.573 E43 07.808, 24.viii.2009, Sroka leg.

122 _Baetis_vardarensis_GE Baetis (Baetis) vardarensis] GEORGIA, small brook, Lesa village, N42 04.130 EADNA No. 122
Ikomonov, 1962 57.545, 22.viii.2009, Sroka leg.

124 Baetis_vardarensis_GE Baetis (Baetis) vardarensis| GEORGIA, river, Mikadze village., N41 37.411 E43| DNA No. 124
Ikomonov, 1962 02.701, 28.viii.2009, Sroka leg.

127_Baetis_vardarensis_GE Baetis (Baetis) vardarensisi GEORGIA, Paravani River, Dzhigrasheni village. NA1IDNA No. 127
Ikomonov, 1962 20.183 E43 30.096, 27.viii.2009, Sroka leg.

30_Baetis_rhodani_CZ Baetis (Rhodobaetis) CZECH REPUBLIC, Telnicky brook, Adolfov village| DNA No. 30

rhodani(Pictet, 1843) 29.v. 2008, Soldan leg.

31_Baetis_rhodani_CZ Baetis (Rhodobaetis) BULGARIA, Rodopy Mountains, small brook, DNA No. 31

rhodani(Pictet, 1843) Sokolovci., N41 38.20 E24 45.48, 26.v.2009, Sroka
leg.

108_Baetis_rhodani_CZ Baetis (Rhodobaetis) GEORGIA, river, Mikadze village., N41 37.411 E43| DNA No. 108

rhodani(Pictet, 1843) 02.701, 28.viii.2009, Sroka leg.

110_Baetis_rhodani_CZ Baetis (Rhodobaetis) GEORGIA, Kintrishi River, Kobuleti village., N41 DNA No. 110

rhodani (Pictet, 1843) 48.156 E41 53.969, 18.viii.2009, Sroka leg.

111 Baetis_rhodani_CZzZ Baetis (Rhodobaetis) GEORGIA, Paravani River, Dzhigrasheni village. N41DNA No. 111

rhodani (Pictet, 1843) 20.183 E43 30.096, 27.viii.2009, Sroka leg.

104 _Baetis_cf _gadeai_GE | Baetis (Rhodobaeti<). GEORGIA, Rikotula River, Khali village., N42 05.484 DNA No. 104

gadeaiThomas, 1999 E43 27.335, 24.viii.2009, Sroka leg.

105 _Baetis_cf _gadeai_GE | Baetis (Rhodobaeti<). GEORGIA, Korkhistskhali River, Akhalkalaki village, DNA No. 105

gadeaiThomas, 1999 N41 27.461 E43 27.889, 28.viii.2009, Sroka leg.

106_Baetis_cf_gadeai_GE | Baetis (Rhodobaeti<}. GEORGIA, Kemerkobis River, Khali village., N41 DNA No. 106

gadeaiThomas, 1999 42.145 E41 48.855, 18.viii.2009, Sroka leg.

135_Baetis_ilex_GE Baetis (Rhodobaetis) ilex | GEORGIA, Khandostskhali River, Akhalkalaki DNA No. 135

Jacob & Zimmermann, village., N41 28.887 E43 22.961, 28.viii.2009, Sxok
1978 leg.

15_Baetis_braaschi_GE Baetis (Rhodobaetis) GEORGIA, Rioni River, Chala village., N42 32.948 | DNA No. 15

braashiZimmermann, 1980 E43 02.299, 26.viii.2009, Sroka leg.
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Labeling used in analyses Name of the species Locality of collection Specification of
the voucher
specimen

18_Baetis_braaschi_UA Baetis (Rhodobaetis) UKRAINE, Lugansk District, Antracitovskyi region, | DNA No. 18

braashiZimmermann, 1980 near village Fashevka, stream—left tributary of #iu
River, 24.x.2009, Martynov leg.

19_Baetis_braaschi_UA Baetis (Rhodobaetis) UKRAINE, Donetsk city, stream—right tributary of DNA No. 19

braashiZimmermann, 1980 Durnaya River, 19.x.2009, Martynov leg.

20_Baetis_braaschi_UA Baetis (Rhodobaetis) UKRAINE, Donetsk city, stream in Putilovskyi park,| DNA No. 20

braashiZimmermann, 1980 9.xi.2008, Martynov leg.

21 Baetis_braaschi_UA Baetis (Rhodobaetis) UKRAINE, Donetsk District, Volodarskii region, near DNA No. 21

braashizimmermann, 1980 village Ukrainka, stream—left tributary of Karatisc
River, 9.x.2009, Martynov leg.
22_Baetis_braaschi_UA Baetis (Rhodobaetis) UKRAINE, Donetsk District, Yasinovatskyi region, | DNA No. 22
braashizimmermann, 1980 stream near village Mineralnoe, 20.x.2009, Martynoy
leg.

29_Baetis_braaschi_UA Baetis (Rhodobaetis) UKRAINE, Donetsk city, stream-right tributary of DNA No. 29

braashiZimmermann, 1980 Durnaya River, 19.x.2009, Martynov leg

24 _Baetis_baksan_RU Baetis (Rhodobaetis) RUSSIA, SW Caucasus Mts., AR Adygeia, Belaia | DNA No. 24

baksanSoldan, 1977 River, 1 km upstream Khamyshki village, N44 05.294
E40 09.312, 17.vii.2008, Hodunko & Sroka leg.,

25_Baetis_baksan_GE Baetis (Rhodobaetis) GEORGIA, Bruzhi River, Ozurgeti town., N41 54.494 DNA No. 25

baksanSoldan, 1977 E42 03.874, 22.viii.2009, Sroka leg.

134 _Baetis_baksan_GE Baetis (Rhodobaetis) GEORGIA, Gubazouri River, Nabehlavi village., N41 DNA No. 134

baksanSoldan, 1977 56.917 E42 20.568, 23.viii.2009, Sroka leg.
79_Baetis_vernus_CZ Baetis (Baetis) vernus CZECH REPUBLIC, Zehrovka River,iBzina village, | DNA No. 79
Curtis, 1834 31.vii.2008, Soldan leg.

80_Baetis_vernus_BG Baetis (Baetis) vernus BULGARIA, Strandzha National Reserve, Cerovskal DNA No. 80
Curtis, 1834 River, KruSevec., N42 16.16 E27 29.56, 22.v.2009,

Sroka leg.

77_Baetis_macani_FI Baetis (Baetis) macani FINLAND, Nilsia, brook Hautapuro, N63 11.58 E28 | DNA No. 77
Kimmins, 1957 18.32, 2.vii.2007, Savolainen leg.

62_Baetis_fuscatus_GE Baetis (Baetis) fuscatus GEORGIA, small brook, Lesa village., N42 04.130 | DNA No. 62
(Linnaeus, 1761) E41 57.545, 22.viii.2009, Sroka leg.

63_Baetis_fuscatus_BG Baetis (Baetis) fuscatus BULGARIA, Struma River, Ribnik., N41 29.24 E23 | DNA No. 63
(Linnaeus, 1761) 15.43, 27.v.2009, Sroka leg.

128 Baetis_fuscatus_GE Baetis (Baetis) fuscatus GEORGIA, Supsa River, Pajleti village., N41 59.111 DNA No. 128
(Linnaeus, 1761) E41 58.818, 22.viii.2009, Sroka leg.

129 Baetis_fuscatus_GE Baetis (Baetis) fuscatus GEORGIA, Kura River, Aspindza village., N41 35.531DNA No. 129
(Linnaeus, 1761) E43 10.528, 28.viii.2009, Sroka leg.

130_Baetis_fuscatus_GE Baetis (Baetis) fuscatus GEORGIA, right side tributary of Chakvistckhali DNA No. 130
(Linnaeus, 1761) River, N41 42.385 E41 47.863, 19.viii.2009, Sraka |

131 _Baetis_fuscatus_GE Baetis (Baetis) fuscatus GEORGIA, Paravani River, Dzhigrasheni village. N41DNA No. 131
(Linnaeus, 1761) 20.183 E43 30.096, 27.viii.2009, Sroka leg.

132_Baetis_fuscatus_GE Baetis (Baetis) fuscatus GEORGIA, river, Citelchevi village., N42 06.180 E42 DNA No. 132
(Linnaeus, 1761) 43.691, 23.viii.2009, Sroka leg.

53_Baetis_buceratus_CZ Baetis (Baetis) buceratus | CZECH REPUBLIC, Oke River, Postoloprty village, | DNA No. 53
Eaton, 1870 30.vii.2008, Soldan leg.

46_Baetis_atrebatinus_BG | Baetis (Labiobaetis) BULGARIA, Strandzha National Reserve, Veleka DNA No. 46
atrebatinusTshernova, River, Kosti., N42 03.34 E27 46.34, 23.v.2009, @roK
1928 leg.

47 Baetis_tricolor_HU Baetis (Labiobaetis) HUNGARY, channel near Sonkad (Kispalad), N48 | DNA No. 47

tricolor Tshernova, 1928 03.41 E22 45.35, 1.vi.2009, Sroka leg.
9_Baetis_niger_CZ Baetis (Nigrobaetis) niger | CZECH REPUBLIC Cerna Voda, Koviska village, DNA No. 9
(Linnaeus, 1761) 30.vii.2008, Soldan leg.

10_Baetis_niger_RO Baetis (Nigrobaetis) niger | ROMANIA, Timis River, Brebu Nou, 17.v.2009, DNA No. 10
(Linnaeus, 1761) Sroka leg.

13 _Baetis_gracilis_GE Baetis (Nigrobaetis) GEORGIA, Supsa River, Pajleti village., N41 59.111 DNA No. 13
gracilis Bogoescu & E41 58.818, 22.viii.2009, Sroka leg.
Tabacaru, 1957

1_Baetis_digitatus_BG Baetis (Nigrobaetis) BULGARIA, Strandzha National Reserve, Fakijska | DNA No. 1
digitatus(Bengtsson, 1912) River, Zidarovo. N42 20.03 E27 24.15, 21.v.2009,

Sroka leg.

2_Baetis_digitatus_GE Baetis (Nigrobaetis) GEORGIA, small brook, Ozurgeti town, N41 56.906) DNA No. 2

digitatus(Bengtsson, 1912) E41 59.445, 22.viii.2009, Sroka leg.

137_Baetis_digitatus_GE Baetis (Nigrobaetis) GEORGIA, small brook, Lesa village, N42 04.130 EADNA No. 137

digitatus(Bengtsson, 1912) 57.545, 22.viii.2009, Sroka leg.
; : Baetis (Nigrobaetis) GEORGIA, Korkhistskhali River, Akhalkalaki village| DNA No. 6
6_Baetis muticus_GE muticus(Linnaeus, 1758) | N41 27.461 E43 27.889, 28.viii.2009, Sroka leg.
; ; Baetis (Nigrobaetis) BULGARIA, Rodopy Mountains, Bujnovska River, | DNA No. 95
95_Baetis_muticus BG | i cus(Linnaeus, 1758) | Devin. NA1 42.29 E24 24.55, 27.v.2009, Sroka leg.
: : Baetis (Nigrobaetis) GEORGIA, left side tributary of Machakhela River, | DNA No. 100
100_Baetis_muticus GE | e i(Linnaeus, 1758) | Machakhela village, N41 30.620 E41 49.301,
20.viii.2009, Sroka leg.
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Name of the species

Locality of collection

Specification of
the voucher
specimen

101 Baetis_muticus_GE

Baetis (Nigrobaetis)
muticus(Linnaeus, 1758)

GEORGIA, Khanistskhali River, Bagdati town., N42
01.498 E42 49.747, 24.viii.2009, Sroka leg.

DNA No. 101

102_Baetis_muticus_GE

Baetis (Nigrobaetis)
muticus(Linnaeus, 1758)

GEORGIA, small brook, Trebalo village., N42 34.09
E42 58.349, 26.viii.2009, Sroka leg.

L DNA No. 102

103_Baetis_muticus_GE

Baetis (Nigrobaetis)
muticus(Linnaeus, 1758)

GEORGIA, Paravani River, Dzhigrasheni village. N4
20.183 E43 30.096, 27.viii.2009, Sroka leg.

1DNA No. 103

91_Ameletus_inopinatus_CZ Ameletus inopinatugaton, | CZECH REPUBLIC, small brookRicky village, DNA No. 91
1887 9.v.2007, Soldan leg.

92_Ephemerella_ignita_CZ | Ephemerella ignit{Poda, CZECH REPUBLIC, Ore River, Postoloprty village, | DNA No. 92
1761) 30.vii.2008, Soldan leg.

Molecular dataset

DNA was extracted from the whole body of mayfliesng DNeasy® 96 Tissue Kit
(Qiagen) following manufacturer’s protocols.

The conserved primers C1-N-2191 (5 — CCC GGT AAARTAAAA ATA TAA ACT
TC — 3') and C1-J-1718 (5' — GGA GGA TTT GGA AAT BGTTA GTT CC - 3') from
Simonet al. (1994) were used to amplify a region@DI mtDNA. Templates were amplified
in 20ul volume, 2mM MgGl 0.2uM primers, 100uM dNTPs and 0.5U Tag polynmeras
(Invitrogen). PCR conditions were: initial activati step 3 min at 94°C followed by 35 cycles
of 1 min at 94°C, 1 min at 56°C, 1 min at 72°C &ndl extension of 72°C for 5 min, using
the Mastercycler® epgradient S (Eppendorf).

The PCR products purification and sequencing reacivas performed by Macrogen
Inc. Sequencing was conducted under BigBfyterminator cycling conditions. The reacted
products were purified using ethanol precipitatemmd sequenced in forward and reverse
directions using the Automatic 3730XL DNA Sequencer

DNA sequences were aligned and edited using thgramo SeqgScape 2.5 (Applied
Biosystems), ClustalX (Larkiat al.2007) and BioEdit (Hall 1999).

Morphological dataset

For the cladistic analysis, a matrix of altogeth@rmorphological characters was compiled,

including 36 larval and 11 adult characters. Binanmgracters were coded 0 and 1, multistate
characters were assigned different numbers. Aliadtar states were treated as unordinated.
Both missing data and non-applicable characters s&ored as ? and —, respectively.

Larval characters:

1. Antennal flat-tipped sensillae: (0) absen};fesent.

2. Setae on scape and pedicel: (0) absent; €¢5gpt.

3. Distance between antennal bases: (0) largar stape base width; (1) as wide as scape bask widt

narrower.

4. Lateroapical protuberance on scape: (0) apbgEnpresent.

5. Coronal suture: (0) proximal to lateral ocdlli) distal to lateral ocelli.

6. Labrum: (0) wider than long; (1) as wide asgo

7. Labral bristles of dorsal submarginal row: §@)nted; (1) serrated.

8. Scattered labral bristles proximal to dorsal:r(0) absent; (1) present.

9. Number of labral bristles of the dorsal subgiraal row on each side: (0) less than 1+4; (1) ntbag 1+4.

. Right prostheca: (0) well developed; (1) beidike.

. Row of hairs between right prostheca and imsig®) absent; (1) present.

. Number of rows of setae on aboral side of pasag: (0) two; (1) three; (2) four.

. Paraglossa: (0) as broad as glossa; (1) passght most 1.8 x broader; (2) paraglossa at2east broader.

. Medioapical protuberance on segment 2 of Igia#d: (0) more pronounced than 2/3 of segmentdzhyi1)
as wide as 1/3-2/3; (2) less
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15. Segment 3 of labial palp: (0) symmetrically mded; (1) asymmetrically rounded; (2) truncate {eon

medially).

16. Maxillar palp: (0) two-segmented; (1) threefsegted.

17. Incurvation on distal segment of maxillar pd): absent; (1) present.
18. Number of apical scales on maxillar palp: (0¢;0(1) several; (2) absent.
19. Protuberances on thoracic sterna near coxpabgent; (1) present.

20. Femoral villopore: (0) present; (1) absent.

21. Femoral setae apically: (0) pointed; (1) rouhd2) serrated.

22. Femoral setae: (0) long; (1) short, spine-like.

23. Minor femoral setae: (0) simple; (1) serrai@);absent.

24. Subapical bristles of claw: (0) absent; (1spre.

25. Abdomen in cross-section: (0) compressed li&gefa) circular.

26. Chagrined surface: (0) present; (1) absent.

27. Row of setae on posterior margin of tergaaf@®ent; (1) present.

28. Projections on hind margin of terga: (0) paiiptel) rounded; (2) absent.
29. Thick, spine/like setae on gill margins: (Oyeait; (1) present.

30. Inner margin of gill VII: (0) concave; (1) coew.

31. Paraproct with medioapical projection: (0) ahs€l) present.

32. Marginal teeth on paraproct: (0) pointed; @yrded.

33. Setae on paraproct: (0) absent; (1) present.

34. Scales on paraproct: (0) absent; (1) present.

35. Length of paracercus: (0) more than 1/2 oficéty less than 1/2; (2) paracercus rudimental.
36. Dark band on caudal filaments: (0) absentp(éyent.

Adult characters:

37. Free marginal intercalaries in the forewing:fdfesent; (1) absent.

38. Processus costalis on hind wing: (0) preséptalfsent.

39. Number of longitudinal veins on hind wing: @)o; (1) three.

40. Second longitudinal vein on hind wing: (0) bdfate; (1) simple.

41. Medioapical protuberance on basal forceps segr(@® present; (1) absent.

42. Medioapical protuberance on first forceps sagn(@) present; (1) absent.

43. First forceps segment: (0) cylindrical (withr@éel margins); (1) tapering.

44. Forceps (lateral view): (0) straight; (1) beantrally.

45, Apical forceps segment: (0) strongly elongatesgth/width ratio at least 2.5.; (1) slightly etated,
length/width ratio 1.1-2.5.; (2) rounded, lengttdthkiratio approximately 1.

46. Penis: (0) not visible externally; (1) visible.

47. Penis cover: (0) absent; (1) well-developed.

TABLE 2. Morphological characters states.

1 5 10 15 20 25 30 35 40 45
Baetis_macani 1000 0 0001 0 0111 1 001010001 0000 O 0000 O 0001 1 0100 1 00
Baetis_vernus 1000 0 0001 O 0111 1 002000011 0000 O 0001 O 0001 1 1110 1 00
Baetis_braaschi 1100 0 0001 O 0111 1 0O0ODOOMO 1 1100 O 0010 O 1001 1 1100 2 0OQ
Baetis_lutheri 1000 0 0001 O 0112 O 0OOPC11 1 0010 O 0110 2 0001 1 1110 1 0O
Baetis_baksan 1100 0 0001 0 0111 1 001O@ AL 1121 O 0010 O 0000 1 1100 2 00

Baetis_cf gadeai

1100 0 0001 O 0111 1 0000000 1 1120 O 0011 O 0???

? 2?7 2?97

Baetis_ilex

1100 0 1001 0 0211 O 0000 000001101 O 0011 O 0???

PR 7

Baetis_vardarensis 1000 0 0001 O 0112 O OGD(2011 1 0010 O 0100 O 0001 1 1110 1 Od
Baetis_rhodani 1100 0 0001 O 0111 1 0OOPODO 1 1101 O 0011 O 1001 1 1100 2 0OCQ
Baetis_buceratus 1000 0 0001 O 0111 O 002OIO 1 0010 O OOOO O 0001 O 0111 2 OQ
Baetis_digitatus 0010 0 1000 O 1112 2 0020120 O 0000 1 0001 O 1000 O 0110 O 0OQ

Baetis_niger

0010 0 1000 O 1102 2 0020 2000 0000 O 0001 O 1000 O 0110 O OO

Baetis_atrebatinus 1011 0 0101 0 1120 2 0020120 O 0000 O 0001 O 0010 1 1000 2 01
Baetis_tricolor 1011 0 0001 O 1120 2 012®X20 O 0000 O 0001 O 1010 1 0000 2 01
Baetis_muticus 0010 0 1010 1 1112 O 0020120 O 0000 O 1001 O 0001 O 1100 2 0O
Baetis_gracilis 0010 0 1010 0 1002 2 002@1P0 O 1000 O 0001 O 1001 O OOOO O OQ
Baetis_fuscatus 1000 0 0001 O 0112 1 0020000 1 0000 O 0000 O 1001 1 0110 1 OQ
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1 5 10 15 20 25 30 35 40 45

Ephemerella_ignita 0000 1-D- 0 1--- 0 1020 1 1100 1 0000 ©00 O 010G - 1110 1 10

Ameletus_inopinatus 0000 1-1- 1 1--- 0 1010 1 1100 1 0000 600 O 116 - 1100 1 10

Remark: Non-aplicable characters in the outgroup taxarsefe the morphological structures present in the
genusBaetisonly. Missing data in the adult characteristider® to the species wih imaginal stage unknown at
present, P means polymorphism.

Data analysis

a) Phylogeny

Phylogenetic relationships were estimated by séwaethodological approaches. In
order to examine the effect of individual data pars in the combined analyses, the
molecular dataset was additionally analyzed seplgratn both datasets (molecular and
combined), all 55 specimens were used. Phylograers wisualized using TreeView v1.2.2
(Page 1996).

A maximum parsimony analysis was conducted usinthous implemented in Paup*
(Swofford 2002) for both molecular and combinedadats. Tree searches were conducted
using the heuristic search option with tree bisectand reconnection (TBR) branch
swapping. Branches collapsed (creating polytomfasle maximum branch length was zero.
Gaps were treated as missing data. A 50% majanleygonsensus tree was constructed based
on the most-parsimonious trees. Bootstrap values wadculated with 500 replicates.

Baysian inference was performed on the moleculdrambined datasets in MrBayes
(v3.1.2) (Huelsenbeck & Ronquist 2001, Ronquist &kenbeck 2003). For the combined
dataset, mixed models were used, in order to iechii morphological partition. In total,

2 000 000 generations, running on four chains, vsarapled every 100 generations in both
molecular and combined dataset analysis. The508t000 generations were excluded (as the
burn in).

b) Intraspecific variability

For estimating genetic variability within individuspecies, Kimura-2-parameter (K2P,
Kimura 1980) distances were calculated using MEGAdmuraet al. 2007) under default
parameters. The K2P model is appropriate when gedettances are low (Nei & Kumar
2000) and has previously been used in studies DNAtbarcoding of mayflies (e.g. Herbert
et al. 2003, Ballet al. 2005, Webket al. 2007). This simple neighbor-joining algorithm was
use in order to compare results of the presentysiiith already published papers dealing
with ranges of intra- and interspecific distances mayflies and test its reliability in
distinguishing species.

Results
Analysis of phylogenetic relationships

We obtained a molecular dataset of 490 nucleotide$5 specimens from 19 species (17
ingroup and 2 outgroup species), from which 199 ewparsimony-informative. In the
combined analysis, this molecular dataset was anggddéy the morphological dataset of 47
characters.

Individual species were well defined in both molacwand combined dataset analysis.
In every species for which more than one specimes \@vailable, the species was
monophyletic in every tree.
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1. Parsimony analysis using combined dataset (Figs. 1, 2)

Phylogenetic analyses recovered 31 418 most-panstim® topologies and a 50% majority-
rule consensus tree of 1551 steps was constru€texl.consistency index was 0.2972 and
retention and homoplasy indexes were 0.7322 ar@28, fespectively.

Two large clades were recovered in the analysist Bhe consisted of the subgenera
Labiobaetis+ Nigrobaetis Both subgenera were recovered as monophyletidaanted sister
lineages within the clade. Subgemigrobaetiswas further divided into two brancheB. (
niger + B. digitatusandB. gracilis+ B. muticu$.

In the clade representing the remaining part ofgbeus,B. vernusspecies-group was
recovered as monophyletic and forms a sister lie¢aghe remaining taxa. Two major clades
were recovered within these remaining taxa; assageblof B. buceratus+ B. fuscatus
species-groups and the clade consisting of Bhelutheri species-group + subgenus
Rhodobaetis

Within RhodobaetisB. rhodani+ B. baksanwas recovered as sister lineage to other
representatives of the subgenus. The re®hafdobaetisvas divided into two clade8. ilex
+ B. cf. gadeaiandB. braaschi

Nevertheless, bootstrap support values of the tiegutladogram were not particularly
high, therefore the branching scheme has to betaké caution (see Fig. 1).

Unigue morphological apomorphies with consistenogek 1.0 were mapped on the
cladogram (Fig. 2). Changes of all morphologicabrelsters in individual branches are
summarized in Table 3. In the set of 47 charaaisesl in the analysis, 24 were recovered as
unique apomorphies (~50 %). However, several dddleharacters are shared by other taxa,
not included in the analysis (for details see Dssoon).

2. Bayesian analysis using combined dataset (Fig. 3)

At the end of 2 000 000 generations, the averagedard deviation of split frequencies was
~0.008. Two large clades were recovered, one ofchvigonsisted of the subgenera
Labiobaetis and Nigrobaetis and a second one comprising the rest of the genhhbs.
Labiobaetis+ Nigrobaetisclade is further divided into two branches. Onpresents the
subgenusLabiobaetis the other subgenuNigrobaetis Both subgenera are supported as
monophyletic. WithirNigrobaetis B. niger+ B. digitatusform a common clade, second clade
formed byB. gracilis+ B. muticus

From the remaining part of the genus apart ft@hiobaetisandNigrobaetis B. vernus
species-group is recovered as monophyletic andyhgipported as the most basal lineage.
Within the remaining group, a clade consistingBofbuceratust+ B. fuscatusspecies-groups
was recovered as sister Rhodobaetist+ B. lutheri species-group. Relationships between
Rhodobaeti@ndB. lutherispecies-group were ambiguous.

Values of the Bayesian posterior probabilities wagh in several basal nodes, however
some branchings were only poorly supported (see3fig

3. Parsimony analysis using molecular dataset (Fig. 4)
Phylogenetic analyses recovered 36 300 most-pansim® topologies and a 50% majority-

rule consensus tree of 1433 steps was constru€texl.consistency index was 0.2833 and
retention and homoplasy indexes were 0.7101 arikb@, #espectively.
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B. digitatus was recovered as a sister clade to other repedsesst of the genus.
Labiobaetistogether withNigrobaetisformed a paraphyletic group in the basal parthef t
cladogram. Both of these subgenera were mostlyostgip as monophyletic (except for the
isolated position oB. digitatusfrom Nigrobaetis.

Assemblage oB. buceratuspecies-group anf. fuscatuspecies-group was supported
as monophyletic and formed a sister clade to theafethe genusB. vernusspecies-grouB.
lutheri species-group and subgerfdBodobaetis B. vernusspecies group was recovered as
monophyletic, however branched as sister group.tbraaschifrom RhodobaetisBoth B.
lutheri species-group and subgenRbBodobaetisvere recovered as paraphyletic with their
representatives mixed together within one clade.

Most of basal nodes had only very weak bootstrggpaeu, topology of the resulting
phylogenetic tree is therefore highly unreliableg(§ig. 4).

4. Bayesian analysis using molecular dataset (Fig. 5)

At the end of 2 000 000 generations, the averagedard deviation of split frequencies was
~0.034.B. digitatusfrom the subgenulligrobaetiswas recovered as sister clade to all other
representatives ddaetis Within the clade of the remainii@petisspeciesB. atrebatinusand
B. tricolor from the subgenud.abiobaetis formed the basal two branches, rendering
Labiobaetisparaphyletic. Within the remaining taxa, two majtades were recognized, first
one consisting exclusively of the representativiethe subgenusligrobaetis(apart fromB.
digitatug and second one @&faetiss.str. + subgenu®hodobaetisWithin this second lineage,
B. vernusspecies-group and and the assemblagB.dbuceratusand B. fuscatusspecies-
groups were supported as monophylgdclutheri species-group anhodobaeticlustered
together into a single clade, however their repriedres were dishevelled and rendered both
taxa paraphyletic.

Values of the Bayesian posterior probabilities weoasiderably low in most nodes,
thus the branching scheme has to be regarded &bwvee@ported and doubtful (see Fig. 5).

Intra- and inter specific sequence divergence

Intraspecific divergences were computed forBldetis species, from which more than one
specimen was included in the analysis. Divergeratees varied considerably (0.000-0.239)
according to the particular species; see Tabler4détailed information. Distance data in
general reflected geographic distances between |gigns, with specimens from more
distant localities exhibiting more pronounced diieces (e.gB. fuscatus However, some
species were found to be very homogenous even wbeparisons of distant populations
were made (e.gB. braaschi. Cases of most pronounced differences probalilgctea
situation where morphologically undescribed, butlenolarly distinct cryptic species occur
(B. muticus B. rhodanj B. digitatus see part of the Discussion dealing with individizxa
below). When these problematic taxa are excludemm frthe analysis, intraspecific
divergences ranged between 0.000-0.087 (mean 0.021)

Mean interspecific divergences computed for 17 iggeaf Baetisranged from 0.120—
0.318 (see Table Ill). Lowest levels of divergenceurred between several species witBin
atrebatinusspecies-group and subgeriRBodobaetisMean of all interspecific divergences
was computed as 0.256.

Histogram of all pairwise K2P divergences is deggadn Fig. 6.
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FIGURE 1. Fifty per cent majority-rule consensus tree of3fie418 most-parsimonious trees (using
tree weights) of the combined dataset. The boldbmimabove branches are bootstrap values, minor
italicized numbers indicate labelling of the indiual nodes as used in the Table 3.
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FIGURE 2. Fifty per cent majority-rule consensus tree of 31e418 most-parsimonious trees (using
tree weights) of the combined dataset. Unique apphies with consistency index = 1.0 are mapped
on the topology.
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FIGURE 3. Topology of the Bayesian tree of the combined sktalhe numbers on the nodes are
values of Bayesian posterior probability.
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FIGURE 4. Fifty per cent majority-rule consensus tree of 38300 most-parsimonious trees (using
tree weights) of the molecular dataset. The numbiettsie nodes are bootstrap values.
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FIGURE 5. Topology of the Bayesian tree of the moleculamaget The numbers on the nodes are
values of Bayesian posterior probability.
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TABLE 3. Apomorphy list

Branch Character Cl Change
node 52 - - > 92 Ephemerellaignita CZ 43 0.200 0-->1
node 52 - - > 91 Ameletus inopinatus CZ 6 0.333 0==>1
10 0.500 0==>1
18 0.500 2==>1
36 0.143 0-->1
node 52 - - > node 51 1 0.500 0-->1
5 1.000 1==>0
8 0.500 1==>0
15 0.333 0-->1
16 1.000 1==>0
20 0.500 1-->0
21 0.250 1-->0
37 1.000 1==>0
41 0.200 1-->0
46 1.000 1==>0
node 51 - - > node 50 11 1.000 1==>0
14 0.500 0-->1
22 0.500 1-->0
39 0.333 0-->1
43 0.200 0-->1
node 48 - - > 77 Bagtis macani Fl 18 0.500 2==>1
22 0.500 0-->1
43 0.200 1-->0
node 48 - - > node 47 21 0.250 0-->1
34 0.250 0==>1
41 0.200 0-->1
node 49 - - > node 46 18 0.500 2==>0
33 0.500 0-->1
41 0.200 0-->1
node 46 - - > node 45 2 1.000 0==>1
26 0.500 0==>1
27 1.000 0==>1
43 0.200 1-->0
45 0.400 1==>2
node 44 - - > node 43 21 0.250 0-->1
36 0.143 0==>1
node 44 - - > node 42 34 0.250 0==>1
node 42 - - > node 36 28 0.500 0==>2
node 42 - - > 135 Baetisilex GE 6 0.333 0==>1
12 1.000 1==>2
15 0.333 1==>0
29 0.500 0==>1
node 45 - - > node 41 29 0.500 0==>1
node 41 - - > node 35 18 0.500 0==>1
28 0.500 0==>2
39 0.333 1==>0
node 41 - - > node 40 34 0.250 0==>1
36 0.143 0==>1
node 38 - - > node 34 21 0.250 0-->1
node 29 - - > 108 Baetis rhodani GE 21 0.250 1-->0
node 46 - - > node 28 14 0.500 1-->2
15 0.333 1-->0
19 1.000 0==>1
21 0.250 0-->2
23 0.667 0==>1
24 1.000 0==>1
28 0.500 0==>1
32 1.000 0==>1
node 28 - - > node 25 35 1.000 0==>2
node 28 - - > node 27 33 0.500 1-->0
node 49 - - > node 20 21 0.250 0-->1
node 20 - - > 53 Bagtis buceratus CZ 15 0.333 1-->0
23 0.667 0==>1
28 0.500 0==>1
40 0.500 1==>0
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39 0.333 0-->1
node 11- - > node 10 10 0.500 0==>1
15 0.333 2==>0
31 1.000 0==>1
36 0.143 1-->0
41 0.200 0-->1
45 0.400 0-->2
node 11- - > 13 Baetis gracilis GE 12 1.000 1==>0
13 0.667 1==>0
21 0.250 0==>1
26 0.500 0==>1
42 0.500 1==>0
node 13 - > node 1 4 1.000 0==>1
13 0.667 1==>2
17 1.000 0==>1
38 1.000 0==>1
42 0.500 1==>0
45 0.400 0-->2
a7 1.000 0==>1
node 1- - > 46 Baetis atrebatinus BG 7 1.000 0==>1
36 0.143 1-->0
41 0.200 0-->1

Remark:- - >* means ambiguous chang&s=>" means unambiguous change

TABLE 4. Mean values and ranges of intraspecific sequensegiinces (K2P distance) GOl
MtDNA partial sequences of 17 species of PalaeaBetetisfor which more than one sequence was
analyzed.

Species No. of specimens Mean K2P divergence | Range of K2P
divergences

Baetis_digitatus 3 0.085 0.007-0.124
Baetis_braaschi 7 0.006 0.000-0.009
Baetis_baksan 3 0.003 0.000-0.005
Baetis cf _gadeai 3 0.009 0.000-0.014
Baetis_vardarensis | 6 0.013 0.000-0.023
Baetis_lutheri 3 0.015 0.011-0.018
Baetis_rhodani 5 0.122 0.002-0.168
Baetis_fuscatus 6 0.040 0.000-0.087
Baetis_muticus 6 0.085 0.000-0.239
Baetis_vernus 2 0.077 -

Baetis_niger 2 0.005 -
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Histogram of pairwise K2P distances
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FIGURE 6. Histogram showing the number of intra- and intecsfic pairwise K2P distances.
Species with particularly high values of intrasfied2P distances marked with arrows.

TABLE 5. Interspecific divergences (K2P distance) am@@ mtDNA partial sequences of 17
species of PalaearctBaetis If a comparative pair included at least one sggefir which multiple
sequences were obtained, the mean value of distéieteeen two sequences from the two species in
a combination was used.
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Baetis_vernus 0.191
Baetis_braaschi |[0.212/0.186
Baetis_lutheri 0.255|0.267| 0.236

Baetis_baksan 0.242|0.240| 0.212| 0.236

Baetis_cf_gadeai |0.216|0.204|0.200|0.265| 0.172

Baetis_ilex 0.259/0.271/0.223/0.237/0.212/ 0.199

Baetis_vardarensiq 0.259| 0.246| 0.227| 0.263| 0.201| 0.225| 0.230

Baetis_rhodani 0.230{0.251/0.240/0.232/0.191| 0.211] 0.219| 0.240

Baetis_buceratus | 0.237|0.241| 0.236| 0.259| 0.239| 0.222| 0.262| 0.269| 0.238

Baetis_digitatus | 0.215| 0.229| 0.239| 0.243| 0.220| 0.223| 0.255| 0.235| 0.238| 0.279

Baetis_niger 0.201| 0.218| 0.222] 0.257| 0.255| 0.229| 0.242| 0.250| 0.231| 0.272| 0.197

Baetis_atrebatinus| 0.226| 0.196| 0.219| 0.241| 0.201| 0.191| 0.259| 0.246| 0.200| 0.248| 0.199| 0.196

Baetis_tricolor 0.230{0.200) 0.233/0.247| 0.220| 0.204| 0.244| 0.250| 0.202| 0.253| 0.183| 0.217| 0.164

Baetis_muticus 0.289/0.262/ 0.281/0.318 0.248/ 0.279| 0.271| 0.247| 0.258| 0.289| 0.246| 0.248| 0.221| 0.228

Baetis_gracilis 0.246|0.267| 0.251] 0.274| 0.259| 0.267| 0.256| 0.302| 0.248| 0.269| 0.239| 0.229| 0.239| 0.246| 0.288

Baetis_fuscatus | 0.240|0.228| 0.250| 0.272| 0.232| 0.247| 0.267| 0.269| 0.256| 0.242| 0.243| 0.235| 0.233| 0.233/ 0.271| 0.270
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Discussion

Combining molecular and morphological data in phgloetic analyses is still a controversial
issue (for a detailed methodological discussionesgeHuelsenbeadit al. 1996, Wiens 2004,
Wortley & Scotland 2006). Nevertheless in many sasecombined approach led to more
robust and reliable phylogeny reconstructions tising molecular data alone.

In the analyses performed in this study, the aoidiaf a morphological data set into the
analysis considerably improved the reliability detresulting cladograms. The branching
scheme was altered in some mostly basal nodes,Vvieovileese basal branchings had only
negligible support in trees based on solely mokscullata. Thus, the addition of
morphological data significantly helped to resghassible polytomies.

Apart from phylogeny reconstruction, this study \pdes an analysis of intra- and
interspecific divergences amoiggaetis Mean for interspecific divergences was counted as
0.256. In the study of Bakt al. (2005), mean of congeneric interspecific divergsnwas
0.181 (in the sample of altogether 11 mayfly faesilstudied). Webbt al. (2007) reported a
mean value of congeneric interspecific divergerioedlorth AmericarHeptageniaof 0.1599
when excluding dubious species. Thus, the divestifin of individual lineages withiBaetis
can be considered as rather high and the recogrofigeveral subgenera and species-groups
within the genus is certainly justified.

The results do not support the presence of a disbarcoding gap, with intra- and
interspecific sequence divergences differing bieast an order of magnitude, as reported in
mayflies by Ballet al. (2005) or Webbet al. (2007). Instead, intraspecific divergences
gradually went over to interspecific divergencdse tiransitory zone was approximately
0.160-0.180 of K2P divergence (little obscuredtmy probable existence of cryptic species).
These results fully support the study of WiemersFidler (2007) who interpreted the
barcoding gap as artifact of insufficient samplaggoss taxa.

Nevertheless, most intraspecific sequence diveegelay far below the transitory zone
and mostBaetisspecies were found to be clearly differentiatemrfrtheir relatives (for the
situation in individual species see Discussion Wlo

Basal nodes of Baetis phylogeny

The genusBaetiswas always supported as monophyletic in the aaalperformed. In both
approaches using combined data, parsimony and Baydke genus split into two lineages:
basal grouping of subgenetabiobaetis+ Nigrobaetisand the second clade formed by the
rest of the genus.

When using solely molecular data, the basal bragcekcheme was somewhat altered,
however bootstrap support values or Bayesian posgarobabilities of the basal nodes were
distinctly diminished and most clades have to lgamed as doubtful. Although monophyly
of Nigrobaetisor evenLabiobaetiswas not always recognized using the molecularseata
only, the basal position of these taxa within tinglpgenetic tree outsidBaetiss. str. was
confirmed even when using molecular data set alone.

In all analyses performe@®aetiscomplex sensu Waltz & McCafferty (1997) was not
supported as monophyletic. According to this cohcgpecies from the subgemgyrobaetis
should form a monophyletic or paraphyletic growgiesi to all remainingaetistaxa studied.
However, Nigrobaetiswas always recovered as an internal lineage wiaatiss.l., most
probably sister td_abiobaetis The presence of femoral villopore and antenret-tipped
sensillae are therefore not supported as apomarfitheBaetiscomplex as considered by
Waltz & McCafferty (1997) and Gaino & Rebora (1998hese characters can be regarded as
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evolutionary novelties at the base Bdetiss.l. with secondary loss iNigrobaetis or the
characters which independently evolved in two Ige=aofBaetiss.l. (LabiobaetisandBaetis
s.str + Rhodobaetis From these two scenarios, reduction of thiscsétme in one lineage
seems to be more probable, since reduction is gkyemore likely to occurr than
independent evolution. Moreover, one of the diagoosharacters for th8aetis complex,
absence of plesiomorphic cluster of bristles latabetween the incisors and mola of
mandibles (Waltz & McCafferty 1997) was in fact ogered as the apomorphy of the sister
clade toLabiobaetist+ Nigrobaetis with both species dfabiobaetisstudied herein exhibiting
the same plesiomorphic condition &8grobaetis with the cluster of bristles present.
Nevertheless, further analyses encompassing Baetscomplex taxa have to be performed
to corroborate this result.

Individual taxa included in the analysis

1. Nigrobaetis

a) phylogeny

From the subgenusligrobaetis four species were analyzed, nam&y niger, B.
muticus B. digitatusandB. gracilis

Monophyly of the subgenus was supported by botHyaoa methods when using
combined dataset. The reduction of the number lofalabristles was recovered as unique
apomorphy foMNigrobaetis When using the molecular dataset oMygrobaetiswas always
found paraphyletic, witlB. digitatusforming a distinct clade at the very basis of tjeaus
Baetis However, there is no morphological evidence plg8. digitatusoutsideNigrobaetis
at present.

In the combined analyses, two clades were recodmizthin monophyletidNigrobaetis
B. digitatus+ B. niger and B. gracilis + B. muticus Therefore, Muller-Liebenau’s (1969)
concept of theB. niger species group (containirt§. nigerandB. digitatug andB. gracilis
species-group (containing. gracilis and B. muticu$, was supported by the combined
analysis of the dataset, with both groups recovaseehonophyletic. The concept of Novikova
& Kluge (1994), who established two different sgsegroups within the subgenusiger-
gracilis species-group anchuticusacinacigermaxillaris species-group) was not supported.
Also no support gained Jacob’s (2003) treatmenthef B. gracilis species-group as a
subgroup insid8. nigerspecies-group.

b) Intraspecific divergences

Intraspecific K2P divergences withiB. muticusranged from 0.00 to 0.239 (mean
0.085), with significant separation of the specinfiem Bulgaria (DNA No. 95) from other
haplotypes from Georgia (K2P distances between @eergian specimen reached at most
0.014, while distances between Bulgarian and Ganrgpecimen were 0.232-0.239). Such
distances usually occur interspecifically, thus niagicate presence of a cryptic species
within B. muticus

Intraspecific K2P divergences withiB. digitatusranged from 0.00 to 0.124 (mean
0.085). Divergence between haplotypes from the aots of its distributional range
(Bulgaria and Georgia) is rather high comparedsgaliintraspecific divergences in mayflies
(Ball et al. 2005, Webbet al. 2007), indicating considerable variability of tlspecies
throughout its distributional range. Such a divemgeis somewhere between known intra-
and interspecific divergences in mayflies.
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2. Labiobaetis

a) phylogeny

Subgenut.abiobaetiswas represented by two species in the analysiselyd. tricolor
and B. atrebatinus.Labiobaetisformed a monophyletic group in the combined anglys
supported by four unique apomorphies (presenceratiiperance on scape, incurvation on
distal segment of maxillar palp, absence of pragessostalis on hind wing and well-
developed penis cover). However, several of theseacters are known also in other taxa of
Baetidae, which were not included in the analysiedessus costalis on hind wing is missing
also in the genugicentrellg presence of the penis cover is common among deeeti
subfamily Cloeoninae). Thus, they do not in reallpresent unique apomorphies of
Labiobaetis

The subgenus was recovered sisterNigrobaetis with Nigrobaetis + Labiobaetis
forming a sister clade to all other representatfeBaetisincluded in the combined analyses
trees.

In the cladograms using molecular data onlygbiobaetis was recovered as
monophyletic (parsimonious tree) or paraphyletiay@sian tree), however its representatives
were always at the base of the cladogram, sistalltBaetistaxa butB. digitatus Such
branching was however poorly supported and hasg tmwhsidered unlikely.

b) Intraspecific divergences

Intraspecific divergences were not computed, shath species were represented by a
single specimen in the analysis. Interspecific KiBRergence between two species was 0.165,
one of the closest interspecific resemblances amtieg species studied, both species
representing probably very closely related taxa.

3. Rhodobaetis

a) phylogeny

From the subgenuRhodobaetisfive species were analyzed, namé&y braaschj B.
ilex, B. baksanB. rhodaniandB. cf. gadeai The species referred to Baetiscf. gadeaiwas
found in the Caucasus Mountains recently and reptesmost probably a new species,
closely related td. gadeaifrom the Pyrenees. Occurrence of this new speci€aucasian
mountains was already recorded in the past, batresf to incorrectly asBaetis gemellusin
literature (Zimmermann 1980). Godunko al. (2004b) already published a presupposition
that ,The information of Zimmermann (1980b: 1023).6) on finding ofB. gemellu€Eaton,
1885 in the Caucasus and the Transcaucasus probadpyds to a new species of the
subgenusRhodobaetis This opinion seems to be confirmed and this repecies will be
described shortly (Sroket al.in prep.).

Rhodobaetisvas recovered as monophyletic lineage and plasesister toB. lutheri
species-group in the parsimony analysis of the é¢oatbdataset only (however, even there
with low bootstrap support value of 43). Unique m@oophies supporting monophyly of
Rhodobaetisvere the presence of setae on scape and pedide Bow of setae on posterior
margin of terga. In the Bayesian analysis of thenlmoed dataset, relationships betwden
lutheri species-group and subgeriRbodobaetisvere ambiguous. Representatives of these
groups were mixed within a single clade in the ogdms resulting from analyses of the
molecular dataset onlyghodobaetisvas then recovered as paraphyletic. Values ofshaqt
support and Bayesian posterior probability were éwav very poor in molecular trees.
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In each case, species Bhodobaetisand B. lutheri species-group were recovered as
closely related, and these taxa nested within ¢edecn all analyses performed, as already
supposed by Soldan & Godunko (2009), who claimedeckelationship dRhodobaetis+ B.
lutheri species-group B. alpinusspecies-group on the basis of morphological shitigds.

Within Rhodobaetis B. rhodani cluster together withB. baksanin each analysis
performed. This is fully in accordance with the titevel of morphological similarity
between these two species (see Soldan 187Texseems to be most closely relatedtaf.
gadeaj these two species form a single clade in analyseker parsimony criteria using
combined or molecular datas&. braaschiprobably occupies a quite independent position
within theRhodobaetispecies studied.

b) Intraspecific divergences

Intraspecific divergences within individual speca@@sRhodobaetis/aried considerably.
Baetis baksamndBaetis gadearepresent species with a little observed varighiéxhibiting
mean K2P distance 0.003 and 0.009, respectivelweder, both species were represented in
the analysis by specimens from closely situatedlitbes only.

FromB. braaschispecimens from two areas of distribution wereudeld in this study
(Eastern Ukraine and Georgia). Intraspecific K28tatices withirB. braaschiranged from
0.000 to 0.009 (mean 0.006), thus the speciesris vemogenous and Georgian specimen
from the Caucasus is not forming a haplotype sicgnitly different from the Ukrainian
specimens.

Particularly great extent of intraspecific varidlgilwithin Rhodobaetisoccurs inB.
rhodani (range of K2P values 0.002-0.168, mean 0.122) lwlsc consistent with the
supposed existence of the cryptic species withim whdespread and abundant species (see
Williams et al. 2006, Gattolliat & Sartori 2008). Definition ofdke cryptic species withiB.
rhodaniis not clear, since aRhodobaetispecimens with spines on the external gill margins
were often uncritically attributed to th& rhodaniin the past and cryptic species revealed by
molecular methods remain without any morphologateracterization (Williamst al. 2006).

On the basis of subtle morphological differencesy subspecies different from. rhodani
rhodani were already described in the past, nanlyrhodani sinespinosu$oldan &
Thomas, 1983 (later raised to the species lev8digianet al. 2005) andB. rhodani tauricus
Godunko & Prokopov, 2003. Distribution &. rhodani rhodaniis considered Palaearctic
(Malzacher 1981), or at lest Westpalaearctic (Siaktd.andolt 1999), see Soldan & Hodunko
(2008) for a detailed distributional analysis.

In order to fix the propeBaetis rhodani rhodanithe neotype was designated recently
by Gattolliat & Sartori (2008). Th€OI sequences @. rhodanirhodani specimens included
in this study can not be compared with the popoitatiom the type locality, because only cob
sequence is known for the topotypes at presentdBat & Sartori 2008).

B. vernus species-group

a) phylogeny

Baetis vernuspecies-group was represented in the analysik bgrnusandB. macani
The species group was recovered monophyletic imyetvee using molecular or combined
dataset, however it was not supported by uniquenapghies. In the combined analysss,
vernusspecies-group formed a clade at the base of #erddagdrRhodobaetis- Baetiss.str.
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b) Intraspecific divergences

Intraspecific K2P divergence betwe®n vernuspopulations the Czech Republic and
Bulgaria was 0.077, which is agreeable with thealgange of mayfly intraspecific variability
(Ball et al. 2005, Weblet al. 2007).

B. lutheri species-group

a) phylogeny

From theB. lutheri species-group, two species were included in tladyais: B. lutheri
andB. vardarensisSpecimens used represent Caucasian subgendra giheciesB. lutheri
georgiensisandB. vardarensis caucasicu€omparison of these specimens with haplotypes
of the nominal subspecies from Europe and evalmatib morphological and molecular
dissimilarities will be subject of the future resda

The species-group was recovered as monophyletiselgl related to the subgenus
Rhodobaetiswhich is in agreement with the presumption altbetclose relationship of these
two taxa stated by Soldan & Godunko (2009); see #is Discussion section concerning
Rhodobaetisabove.B. lutheri species-group may in fact represent even an alteriade
within Rhodobaetis since internal branching within the cla&hodobaetist B. lutheri
species-group was not resolved with high degremedfinty, exhibiting low bootstrap values
or Bayesian posterior probabilities. MonophylyBflutheri species-group was supported by
three uniqgue apomorphies (presence of protuberanceshoracic sterna, presence of
subapical bristles on claws and rounded marginathteon paraproct). However, these
character states occur also in otBeretis species, not included in the analyds @lpinus
species-group, some other speciefRbbdobaetis Autapomorphic state of these characters
has to be taken with caution.

b) Intraspecific divergences

Intraspecific divergences withiB. lutheri and B. vardarensiswere low (mean K2P
distances 0.015 and 0.013, respectively). Howewerspecimens from distant populations
were included in the analysis, thus the variabithin these species could be found higher
in the future.

B. fuscatus species-group and B. buceratus species-group

a) phylogeny

From each of these species-groups, only a singleiepwas included in the analydss (
fuscatusandB. buceratus Representatives of these species-groups weogersd in a single
clade in all types of analyses performed and cacobsidered as close relatives, although not
supported by unique morphological apomorphies. Bhisuceratus + B. fuscatussemblage
was supported as a sister lineage to the cRldedobaetist B. lutheri species-group in
analyses using combined dataset or molecular datasger Bayesian criteria. In the
parsimony analysis using only molecular dataBetyuceratust B. fuscatusassemblage was
recovered as sister lineage to the clade comprRhmpobaetis- B. lutheri species-group +
B. vernusspecies-group.

b) Intraspecific divergences
Intraspecific K2P distances were computedBofuscatusonly, sinceB. buceratusvas
represented by a single specimen sampled. MearvEié 0.040 agrees with the usual range
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of interspecific variability in mayflies (Bakt al. 2005, Webbet al. 2007). Specimen from
Bulgaria (DNA No. 63) exhibited higher K2P value evhcompared to specimens from
Georgia, however never exceeding 0.087.

Conclusions

Previous studies investigatil@Ol sequence in mayflies were directed to the ideatifon of
species (Ballet al. 2005) or to the investigation of species boundawékin a particular
species or species-group (Williamsal. 2006, Stahls & Savolainen 2007, Weddtal. 2007).
The COI sequence already proved to be useful tool formeding extent of the species
boundaries and its distance from the close relatiVaese results were also confirmed by the
present study. However, presence of a distinctdoling gap seems to be hardly possible in
mayflies and although th€OIl sequences can help to identify and distinguisttispeit is
necessary to use them in combination with morpho#bglata to avoid misidentifications and
confusion.

In the future nevertheless, constructing of thersive barcode library for mayflies will
certainly help in in disentangling relationshipstvieen individual populations of the
morphologically confusing species. DivergencesG@®I| can also draw the attention of
taxonomists to the possibly cryptic species, whialm be subsequently confirmed by the
detailed morphological study. Moreov&QI sequences can be helpful in associating larvae
with adults, where rearing methods are unsuitabtéficult to perform.

For inferring phylogenetic relationship§OI sequences can be also useful mainly on
the lower taxonomic level, particularly in the camdgion with morphological data. This
contribution represents the first such insight itite intrageneric classification &aetiss.l.
using combined (morphological and molecular) d&asults of this study corroborated
several partial phylogenetic hypotheses, alreadgymed on the basis of morphological data
(monophyly of already established subgenera andiepegroups, close realationship of
Rhodobaetis- B. lutherispecies-group an8. buceratuspecies-group B. fuscatuspecies-
group). However, concept of the monophyld&@metiscomplex was not supported. Subgenus
Nigrobaetis (cantaining norBaetis complex species) was recovered rather as an altern
branch within Baetis and formed a sister lineage to the subgebabiobaetis branch
containing these two subgenera then formed a siktde to the remaining representatives of
the genus. Nevertheless, rejection of Baetiscomplex monophyly has to be confirmed by
future studies using more taxa (covering also abi@geographic regions) and characters.
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