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1. Uvod

Hmyz je nejpocetnéjsi a nejdiverzifikovanéjsi skupinou Zivocicht a pravdépodobné
tvori vice neZz polovinu globalni biodiverzity (Foottit & Adler 2009, Stork et al. 2015).
Odhady poc¢tu druhtt hmyzu se dlouhodob¢ 1isi napfic¢ studiemi, dnes vSak pievladaji hodnoty
kolem Sesti miliont (Novotny et al. 2002, Basset et al. 2012, Stork et al. 2015, Larsen et al.
2017). Naprosta vetSina hmyzi rozmanitosti je soustiedéna do skupiny Holometabola, kam
patii linie s proménou dokonalou - tedy ty, u nichZ hraje v ontogenezi zasadni roli stadium
kukly. Zde patii také Ctyfi nejvétsi fady hmyzu, jenz piekonaly v poctu dosud popsanych
druht hranici 100 000, a to Coleoptera (brouci), Hymenoptera (blanokiidli), Diptera
(dvouktidli) a Lepidoptera (motyli) (Grimaldi & Engel 2005).

Rad Coleoptera je dlouhodobé povazovany za druhové nejbohatii a evoluéné
2007, Slipinski et al. 2011). Piedpokladame, Ze takovou diverzitu pravdépodobné umoznila
pfeména prednich kiidel ve sklerotizované krovky, které v koadaptaci s pterothoraxem
a abdomenem kryji metathorakdlni a abdominalni spirakuly (vyuasténi dychaci soustavy na
povrchu téla), ¢imz zabranuji ztrdtdm vody (Cloudsley-Thompson 1965, Lawrence & Britton
1991). Tato adaptace, umoznujici skryty zpusob Zivota, spolu se schopnosti disperze pomoci
aktivniho letu jsou dalsi klicové faktory, které umoznily broukiim osidlit témétf vSechny
dostupné ekologickeé niky (Grimaldi & Engel 2005). Obrovska diverzita fadu Coleoptera také
pravdépodobné tizce souvisi se vznikem angiospermnich rostlin a jejich diverzifikaci v obdobi
druhohorni ktidy, ptestoze dnedni studie opakované potvrdily, Zze vétSina hlavnich linii
Coleoptera jiZ existovala davno pied vznikem a naslednou dominanci angiospermnich rostlin
(Farrell 1998, Hunt et al. 2007, Wang et al. 2013, Ahrens et al. 2014, Zhang et al. 2018).

Piestoze nékteré recentni studie naznacuji, Ze diverzita dosud nepopsanych, zejména
parazitoidnich, skupin Hymenoptera mize pievysovat celkovy pocet druhi Coleoptera (napft.
Forbes et al. 2018), brouci s piehledem drzi prvni misto v po¢tu formalné¢ popsanych druhii.
Coleoptera totiZ tvori ¢tvrtinu veSkeré popsané biodiverzity - z pfiblizn¢ 1,5 milionu dosud
popsanych druhii organisma jich 390 000 patii pravé mezi brouky (Hammond 1992, Costello
et al. 2012, Bocék et al. 2014), pticemz daldi tady v potadi, t.j. blanoktidli, dvouk¥idli
i motyli, obsahuji kazdy asi 150 000 popsanych druhti (Grimaldi & Engel 2005, Foottit &
Adler 2009). | pokud vezmeme v Uvahu pouze ty stiidméjsi odhady celkového poctu druht

broukt (ptiblizné 1,5 milionu; Stork et al. 2015), naprosta vétsina diverzity tohoto fadu stale



zlstava neobjevena a ¢ekd na formalni popis. Neni proto zddnym piekvapenim, ze ron¢€ jsou
popisovany stovky novych druhti broukii ze vSech zoogeografickych regioni vcetné
entomologicky nejvice probadanych oblasti, jako je napiiklad Evropa (Fontaine et al. 2012).
Ptestoze dnes stale prevladaji mensi Ci stfedné rozsahlé taxonomické revize, vyjimkou jiz
nejsou ani studie popisujici stovku novych druhti v jediné publikaci (Riedel et al. 2013, 2014),
a to zejména z tropickych oblasti, kde je pfedpokladana nejvyssi biodiverzita (McKenna &
Farrell 2006).

Rapidni narist po¢tu nové objevenych linii broukt a tim i neustile se zvétSujici
znalosti o jejich morfologické diverzité se logicky promitaji do klasifikace tohoto fadu, ktera
od éry prvnich systematikd prosla dramatickymi zménami (Lawrence et al. 1995b, Lawrence
2016a). Nescetné systematicky a fylogeneticky zaméfené prace =zalozené jak na
morfologickych (Crowson 1955; Lawrence & Newton 1982, 1995; Lawrence et al. 2011), tak
i na molekularnich datech (Hunt et al. 2007, Bocék et al. 2014, McKenna et al. 2015, Zhang
et al. 2018), zaznamenaly obrovsky pokrok ve studiu fylogeneze a vyssi Klasifikace
Coleoptera, pfestoze n¢které otazky i po mnoha letech vyzkumu zlstavaji ne zcela uspokojivé
zodpovézeny. RovnéZ Kklasifikace na trovni Celedi a nize je v mnoha skupinach dosud
neustalena a Casto zastarala, ¢aste¢né kvili nedostateéné prozkoumané diverzit¢ dané linie,
problematické interpretaci morfologickych znakt (napf. problémy s homoplastickymi znaky),
obtizné pfistupnému typovému materialu ¢i nedostatku odbornikt. Znalost fylogenetickych
vztahli mezi jednotlivymi skupinami a tim i vytvofeni pfirozené klasifikace jsou vSak
dalezitym stavebnim kamenem pro nasledny vyzkum evolucné zajimavych linii, dilezitych
hospodatskych skiidct a ochranaisky vyznamnych taxoni.

V piedlozené habilitatni praci se zabyvadm fylogenetickymi vztahy, evoluci,
systematikou, klasifikaci a diverzitou vybranych linii v ramci série Elateriformia, a to na tfech
taxonomickych Udrovnich. Habilitaéni prace je vypracovana jako obecny piehled feSené
problematiky a do SirSiho kontextu zasazeny komentaf k souboru 13 ptvodnich védeckych
praci (PF¥ilohy 1-13), z nichz 12 bylo publikovano v mezinarodnich impaktovanych
védeckych cCasopisech a jedna byla nedavno pfijata. V prvni ¢asti popisuji fylogenezi,
historicky vyvoj klasifikace a diverzitu série Elateriformia, coZ je morfologicky i ekologicky
vyrazné heterogenni skupina ptiblizné 43 500 popsanych druhti fazenych do péti nadceledi.
Zastupci téchto linii osidlili suchozemské i vodni prostiedi, ¢asto jsou ovlivnéni neotenii
a dokazali vyvinout fadu GspeéSnych antipredacnich strategii v€etné bioluminiscence, mimikry
a siln¢ sklerotizovan¢ho téla v kombinaci s tzv. klikacim mechanismem. V této ¢asti tak

shrnuji veSkeré dosavadni znalosti o této evolu¢né zajimavé skuping, véetné objasnéni



fylogenetickeé pozice starobylé ¢eledi Artematopodidae, pro védu zcela nové unikatni celedi
Iberobaeniidae a take enigmatické skupiny Podabrocephalinae, o jejimZ postaveni v systému
se mezi védci donedavna vedly spory. Tato témata jsou pak detailnéji rozebrana v PFilohach
1-4.

V druhé casti prace se zabyvam fylogenezi a historickym vyvojem morfologicky
heterogenni a klasifikaéné neustalené Celedi kovatikovitych (Elateridae), kterd se svymi
ptiblizn¢ 10 000 popsanymi druhy tvofi podstatnou ¢ast diverzity série Elateriformia a patii
do ni 1 vyznamni zemédé€lsti Skudci. Soucasné diskutuji paralelni evoluci nékterych
fenotypovych znaki, které byvaly v minulosti ¢asto pouzivany pro klasifikaci Elateridae,
ptestoZze se ukazaly jako homoplastické. Déale se také zabyvam testovanim monofylie
podceledi Agrypninae a Pityobiinae, okolnostmi popisu nové podceledi Parablacinae
z Australasijské  zoogeografické oblasti, fylogenetickou pozici pifevazné tropickych
Tetralobinae, mezi néz patii vibec nejvétsi kovarikoviti brouci svéta, a také molekularni
fylogenezi a supraspecifickou klasifikaci podceledi Cardiophorinae. Tato témata jsou
pfedmétem Priloh 5-7.

V tieti Casti mé prace popisuji fylogenezi a historicky vyvoj Klasifikace tribu Drilini,
ktery v minulosti tvofil vlastni ¢eled’, ale dnes je fazen mezi kovarikovité brouky. Tato linie je
velmi zajimava z evolu¢niho hlediska, nebot’ patfi mezi neotenické skupiny, u nichz samci
jsou pln€ vyvinuti a letuschopni, kdezto samice svym vzhledem pfipominaji larvy a jsou zcela
bezkiidlé. Dravé larvy se zivi suchozemskymi plzi, a proto jsou vhodnym modelem pro
studium interakci mezi predatorem a kofisti. Kromé toho se v praci zabyvam historickym
vznikem a diverzifikaci této skupiny v oblasti Stfedozemniho mote s ohledem na geologickou
minulost regionu, dale pak diverzitou a datovanim vzniku jednotlivych linii Drilini v oblasti
tropické Afriky, a také evoluci morfologickych znakli souvisejicich s pfechodem od siln¢
sklerotizovaného po mé&kké télo. Tato témata jsou podrobné rozepsana v Prilohach 8-13.

Ptilohy v této habilitatni praci jsou reprezentativnim vybérem mé dosavadni
publikacni c¢innosti na téma ,,Fylogeneze, klasifikace a diverzita Elateriformia (Insecta:
Coleoptera) se zaméfenim na Celed’ Elateridae a tribus Drilini”, pfi¢emZ v samotném textu
jsou zminény téZ vysledky z nékterych dalSich mnou publikovanych praci na vyse zminéné

téma, ktere vSak netvori pfimou soucast této habilitaéni prace.



2. Fylogeneze, klasifikace a diverzita Elateriformia
(Prilohy 1-4)

2.1. Pozice Elateriformia v systému Coleoptera

Rad Coleoptera se déli na &étyfi nestejné velké podiady obsahujici vice nez 180 &eledi
(Lawrence & Newton 1995, Bocak et al. 2014, McKenna et al. 2015). Archostemata
a Myxophaga obsahuji dohromady pouze pies 130 popsanych druhti a spolu s Adephaga
zahrnuji pfiblizné¢ pouhych 15 % celkové diverzity fadu (Bocék et al. 2014). Druhové
nejbohatsi podiad Polyphaga se dale dé€li na 17 nadcCeledi rozd€lenych do sedmi sérii, t.j.
Staphyliniformia,  Scarabaeiformia,  Scirtiformia,  Elateriformia, = Derodontiformia,
Bostrichiformia a Cucujiformia (Lawrence & Newton 1995, Bouchard et al. 2011, Bocék et
al. 2014, Lawrence 2016a, Kusy et al. 2018a). Série Elateriformia dnes obsahuje pét
nadc¢eledi (Rhinorhipoidea, Dascilloidea, Byrhoidea, Buprestoidea a Elateroidea), které vSak
dohromady nejsou definovany zadnou unikatni synapomorfii, coz mimochodem také ptispélo
k pomérn¢ chaotické a v prib&hu historie ¢asto se ménici klasifikaci skupiny (Beutel et al.
2016). Elateriformia jsou morfologicky i ekologicky extrémné heterogenni skupinou
obsahujici mimo jiné silné sklerotizované linie s pfitomnosti tzv. klikaciho mechanismu (napft.
Elateridae, Eucnemidae a dalSi), linie s mékkym télem a Castou pfitomnosti mimikry,
bioluminiscence a neotenie (napt. Lampyridae, Cantharidae, Lycidae a dalsi), vyklenuté
mechoZrave zastupce Byrrhidae, herbivorni krasce (Buprestidae) a povétSsinou s vodnim
i ¢eledi dneSnich Scirtiformia, tehdy souhrnné nazyvané bud’ jako Eucinetoidea (Lawrence &
Newton 1982) nebo Scirtotidea (Lawrence & Newton 1995). Moderni molekularni studie
vsak dokdazaly, Ze scirtiformni linie nejen Ze netvoii monofyletickou skupinu, ale Ze patii mezi
vibec nejstarsi klady v evoluci Coleoptera (Hunt et al. 2007, Bocék et al. 2014, McKenna et
al. 2015, Zhang et al. 2018, Cai et al. 2019). Lawrence & Newton (1982) zahrnuli do jejich
Siroce pojaté definice Elateriformia také nadceled’ Scarabaeoidea (rohacoviti, chrobakoviti,
vrubounoviti a dalsi), kterd ma vSak ve vétsiné klasifikaci svou vlastni sérii a ani moderni
molekularni analyzy nepotvrdily jejich sestersky vztah s Elateriformia (Bocék et al. 2014,
Kundrata et al. 2014a, McKenna et al. 2015, Timmermans et al. 2016, Zhang et al. 2018).
Vysledky molekularné zalozenych studii jsou zde v rozporu s doposud nejrozsahlejsi

analyzou morfologickych znak Coleoptera (Lawrence et al. 2011), ktera opét indikovala



blizke fylogeneticke vztahy mezi Elateriformia a Scarabaeiformia. Dle nejnovéjsich hypotéz
jsou Elateriformia bud’ sesterskou skupinou k Bostrichiformia (Hunt et al. 2007, Bocék et al.
2014), casti Bostrichiformia (Kundrata et al. 2014a), Bostrichiformia + Cucujiformia
(McKenna et al. 2015), nebo Polyphaga bez Scirtiformia a Derodontidae (Zhang et al. 2018).
Doposud nevyjasnény je téz vztah Elateriformia k druhové nepocetné celedi Nosodendridae.
Tato celed se v nékterych analyzach objevuje v blizkosti Elateriformia (Kundrata et al.
2014a, McKenna et al. 2015), ale jeji skute¢na pozice v systému zlstava nejasna (Kusy et al.
2018a).

2.2. Fylogeneze a klasifikace Elateriformia

Série Elateriformia prosSla od svého uvedeni az po dneSek velmi dlouhou
a komplikovanou tfadou vice ¢i mén€ zasadnich zmén. Jeji definice se mnohokrat ménila
a nekteré klasifikacni problémy nejsou vyfeseny dodnes (Beutel et al. 2016, Kundrata et al.
2017b [Piiloha 3]). Seérii Elateriformia poprvé piedstavil Crowson (1960), jenz ptvodné
vychazel z definice byvalych Dascilliformia (Crowson 1955), které redefinoval odstranénim
Eucinetoidea (dnesni Scirotidea) a pfesunem Dascilloidea do Scarabaeiformia. Ptivodni série
tedy obsahovala nad¢eledi Rhipiceroidea (Celedi Rhipiceridae, Callirhipidae), Byrrhoidea
(Byrrhidae), Dryopoidea (Artematopodidae a skupiny vazané pievazné na vodni prostiedi:
Dryopidae, Psephenidae, Ptilodactylidae, Heteroceridae, Limnichidae, Chelonariidae,
Elmidae), Buprestoidea (Buprestidae), Elateroidea (skupiny se siln¢ sklerotizovanym télem:
Elateridae, Cebrionidae, Throscidae, Cerophytidae, Eucnemidae, Perothopidae)
a Cantharoidea (Brachypsectridae a skupiny se slabé sklerotizovanym télem: Karumiidae,
Cantharidae, Lampyridae, Lycidae, Omalisidae, Drilidae, Phengodidae, Telegeusidae)
(Crowson 1960). Crowson (1971) redefinoval Dascilloidea, kam spolu s Dascillidae zafadil
I Rhipiceridae (dfive v Rhipiceroidea) a Karumiidae (dfive v Cantharoidea). Pozd¢ji Crowson
(1972) redefinoval také Cantharoidea. Pfesunul zde rod Cneoglossa Guérin-Menéville
z Dascillidae a vytvoril pro néj vlastni ¢eled” Cneoglossidae. Pro rod Plastocerus Schaum,
ktery byl diive zarazen v Elateroidea, vytvoiil v Cantharoidea ¢eled’ Plastoceridae, a nékteré
rody diive fazené v Celedich Lampyridae, Cantharidae a Drilidae spojil do dalsi nové celedi
Omethidae s tfemi podéeledémi. O rok pozdéji Crowson (1973) zavedl v rdmci Elateriformia
novou nadceled’ Artematopoidea, do které zatadil tii Celedi, které byly diive fazeny do

Dryopoidea (Artematopodidae, tehdy chybné psané jako Artematopidae), Rhipiceroidea



(Callirhipidae) a Cantharoidea (Brachypsectridae). Hlavac (1975) poté redefinoval tuto
nadéeled’ a vyjmul z ni Callirhipidae, pfi¢emz zde naopak zatfadil Cerophytidae. Kasap &
Crowson (1975) poukézali na fakt, Ze Brachypsectridae jsou spiSe pifibuzni Cantharoidea
(kam byli skute¢né diive fazeni) nez Artematopoidea. V ramci Dryopoidea také zavedli ¢eledi
Eulichadidae a Lutrochidae, jejiz zastupci byli do té doby klasifikovani v ¢eledich
Ptilodactylidae a Limnichidae (Crowson 1955, 1960). Crowson (1978) poté diskutoval
pravdépodobné fylogenetické vztahy v ramci Dryopoidea.

Lawrence & Newton (1982) ve svém souhrmném dile o evoluci a klasifikaci fadu
Coleoptera oddefinovali Elateriformia v dosud nejSirSim pojeti. Pietahli sem opét
Eucinetoidea (¢eledi Eucinetidae, Clambidae a Scirtidae) a navic zde zatadili i celé
Scarabaeoidea. V ramci série Elateriformia pak poukézali na blizky fylogeneticky vztah mezi
Byrrhoidea a Buprestoidea a dale také na zakladé podobné morfologie larev i dospélct navrhli
monofylii Artematopoidea + Elateroidea + Cantharoidea. Lawrence (1988) popsal
monotypickou ¢eled” Rhinorhipidae a zkoumal jeji postaveni v ramci Elateriformia pomoci
analyzy morfologickych znakl. Ve svém dile opé¢t redefinoval sérii Elateriformia, pficemz
Buprestoidea a cast Dryopoidea véetné Dryopidae piesunul do Byrrhoidea, pro zbyvajici
Celedi Dryopoidea pouzil nazev Psephenoidea, a také vytvoiil jednu velkou nadéeled
Elateroidea sensu lato pro vSechny celedi dfive fazené do Artematopoidea, Elateroidea
a Cantharoidea. Série Elateriformia tedy tentokrat obsahovala ¢tyti nadéeledi - Dascilloidea
(¢eledi Dascillidae a Rhipiceridae), Byrrhoidea (Buprestidae, Byrrhidae, Dryopidae,
Lutrochidae, Elmidae, Heteroceridae, Limnichidae), Psephenoidea (Psephenidae,
Callirhipidae, Eulichadidae, Cneoglossidae, Ptlodactylidae, Chelonariidae) a Elateroidea
(Rhinorhipidae, Artematopodidae, Elateridae (+ Cebrionidae), Eucnemidae, Throscidae,
Cerophytidae, Brachypsectridae, Plastoceridae, Drilidae, Omalisidae, Lycidae, Phengodidae,
Telegeusidae, Lampyridae, Omethidae, Cantharidae). Lawrence & Britton (1991) opét
vyClenili Buprestidae do samostatné nadceledi Buprestoidea a spojili Byrrhoidea
a Psephenoidea do jediné skupiny.

Beutel (1995) analyzoval morfologické larvalni znaky napfic skupinami
klasifikovanymi v Elateriformia a potvrdil monofylii Siroce definovanych Elateroidea (tedy
veéetné byvalych Artematopoidea a Cantharoidea). Naopak ale poukazal na to, ze ani
Dryopoidea sensu Crowson (1955, 1960) ¢i Dryopoidea a Psephenoidea sensu Lawrence
(1988) nejsou prirozené taxony. Namisto toho celedi fazené do téchto skupin tvofily Ctyii
samostatné klady. Lawrence et al. (1995a) opét redefinovali limity Elateriformia, kdyz zde

zaradili také Scirtoidea (= Eucinetoidea) v¢etné nové popsané celedi Decliniidae. Ani jedna
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Z jejich analyz nepodpotila diive definované taxony Byrrhoidea, Dryopoidea a Psephenoidea.
Lawrence & Newton (1995) ve svém piehledovém dile vénovaném biologii, fylogenezi
a klasifikaci Coleoptera Clenili Elateriformia do péti nadceledi - Scirtoidea, Dascilloidea,
Buprestoidea, Byrrhoidea (v¢etné¢ Dyropoidea a Psephenoidea) a Elateroidea. Dveé
monotypické Celedi, Podabrocephalidae (Indie) a Rhinorhipidae (Australie), jejichZz pozice
v systému byla dlouhodobé neustalena, byly klasifikovany jako Elateriformia incertae sedis.
Costa et al. (1999) provedli kladistickou morfologickou analyzu zastupct Byrrhoidea sensu
Lawrence & Newton (1995). Vysledky zpochybnily monofylii Ptilodactylidae, Elmidae
a Limnichidae, pficemz ¢eledi Eulichadidae a Callirhipidae byly vyfazeny z Byrrhoidea jako
Elateriformia incertae sedis. Pozd&jsi autofi v3ak tyto vysledky neakceptovali a v hlavnim
souhrnném dile o fadu Coleoptera, Handbook of Zoology (Beutel & Leschen 2005), tak byla
pouZzita Klasifikace dle Lawrence & Newtona (1995).

Nastup modernich molekularnich metod znamenal mimo jiné dal$i moznosti testovani
fylogenetickych vztahi mezi jednotlivmi skupinami v ramci Elateriformia. Sagegami-Oba et
al. (2007b) zkoumali evoluci aposematismu a bioluminiscence u elateroidnich skupin na
zakladé sekvenci jaderného markeru 18S. Elateroidea v jejich analyzach netvofili monofylum,
pravdépodobné kvili pouZiti pouze jedineho markeru. Bocakova et al. (2007) zkoumali
evoluci bioluminiscence a neotenie v ramci Elateriformia, pficemz pouzili dva jaderné a dva
mitochondridlni markery. Do té doby se ptedpokladalo, ze jak mekkotélé cantharoidni
skupiny, tak 1 siln¢ sklerotizované linie s klikacim mechanismem tvoii monofyla uvnitf Siroce
definovanych Elateroidea, avSak tato studie pfinesla velmi zajimavou informaci o jejich
vzdjemné nemonofyleti¢nosti. Elateridae tvofili spolu s vétsinou mékkotélych cantharoidnich
skupin termindlni linie, zatimco zbytek siln¢ sklerotizovanych skupin spolu s nékolika
cantharoidnimi liniemi tvofil bazalni klady. Elateridae konzistentn¢ tvofili klad
s m&kkotélymi Celedémi Drilidae, Omalisidae, Phengodidae a Rhagophthalmidae.
Buprestoidea okupovali pozici uvniti ¢asti byrrhoidnich skupin. Hunt et al. (2007) zkoumali
fylogenezi celého tadu Coleoptera na zakladé analyz tiéi gent, pfi¢emz prokazali monofylii
Elateriformia a vSech nadceledi krom¢ Byrrhoidea, kdy Byrrhidae a zbytek (= Dryopoidea
sensu Crowson) tvofili samostatné vétve. Jimi publikovana topologie potvrdila vysledky
predchozi prace ohledné nemonofyleti¢nosti cantharoidnich skupin v ramci Elateroidea.

Druhy dil Handbook of Zoology pfinesl nékolik zmén v klasifikaci Elateriformia
(Lawrence et al. 2010a). Rhinorhipidae byli bez komentafe vyjmuti z incertae sedis a vraceni
do Elateroidea, kdezto Cydistinae (dfive v Dascillidae nebo Phengodidac), Neocrowsonia

Kistner & Abdel-Galil (Throscidae) a n€kolik linii svétluskovitych (Lampyridae) byli naopak
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do Elateriformia incertae sedis nové zafazeni. Lawrence et al. (2011) publikovali dosud
posledni velkou fylogenezi Coleoptera zaloZzenou vyhradné na morfologickych znacich. Ve
své praci analyzovali kombinaci znakt larvalnich stadii i dospélcii a dospéli k podobnému
vysledku jako studie z 80. let (Lawrence & Newton 1982, Lawrence 1988). Jejich vysledna
topologie je vSak v piikrém rozporu s vysledky dneSnich molekulérnich studii. Uvnitt
Elateriformia se opét objevili Scarabaeoidea, sesterSti k Dascillidae. Klad Rhipiceridae +
Rhinorhipidae byl sestersky ke zbytku Elateriformia, ¢imz se Dascilloidea (t.j. Dascillidae
a Rhipiceridae) stali nemonofyletickou skupinou. Byrrhoidea byli rozd¢leni na dvé skupiny,
pficemz prvni navic obsahovala Buprestidae a druhd odpovidala Psephenoidea sensu
Lawrence (1988). Artematopodidae tvorfili vétev sesterskou ke zbytku Elateroidea
a Podabrocephalidae byli sesterSti ke kladu mékkotélych skupin odpovidajicimu historické
nadceledi Cantharoidea. Ziejmy rozpor mezi vysledky této studie a vSemi dosavadnimi
molekularné-fylogenetickymi analyzami poukézal na ziejmé limity kddovani morfologickych
znakl u Elateriformia v dasledku mnohonasobného vzniku mékkotélych neotennich skupin
as tim spojenym paralelnim vznikem korelovanych morfologickych modifikaci, které tak
vytvareji faleSny fylogeneticky signal (Bocékova et al. 2007, Kundrata & Bocak 2011a,
Kundrata et al. 2014a, Bocék et al. 2018).

Kundrata & Bocédk (201la) zkoumali fylogenetické vztahy uvnité Elateroidea na
zékladé ¢tyt molekularnich markerti a zrusili mékkotélou ¢eled’ Drilidae, kdyz ji pfesunuli do
Elateridae a klasifikovali ji jako tribus v podéeledi Agrypninae. Tato studie také potvrdila
blizkou ptibuznost silné sklerotizovanych Elateridae s mékkotélymi celedémi Omalisidae,
Phengodidae a Rhagophthalmidae. Timmermans & Vogler (2012) zkoumali vztahy mezi
jednotlivymi klady Elateriformia za pomoci mitochondrialnich genomd, avsak jejich analyzy
nepiinesly jednoznaéné vysledky. Stromy z riznych analyz vykazovaly odlisné topologie, ale
nad¢eled” Byrrhoidea nebyla nikdy monofyletickd. Kundrata et al. (2013) [Priloha 1]
zkoumali fylogenetickou pozici mensi ¢eledi Artematopodidae, ktera byla na zakladé
morfologickych znakG larev 1 dospélci diive fazena v Dascilloidea, Dryopoidea,
Artematopoidea 1 Elateroidea. Prestoze nékteré novejsi morfologicky zaméiené prace
povazovaly Artematopodidae za jeden z bazalnich taxont v Elateroidea, dosavadni vysledky
nebyly zcela jednoznacné a chybéla k tomu robustni fylogenetickd hypotéza zaloZzena na
jinych nez morfologickych datech. Sagegami-Oba et al. (2007b) sice ve své studii pouZili
jeden gen jednoho druhu rodu Eurypogon Motschulsky, ale jejich vysledna topologie zasadila
Artematopodidae do statisticky nepodpotfeného kladu obsahujiciho nékteré¢ z byrrhoidnich

linii a Buprestoidea, coz byl pravdépodobné artefakt analyzy. Kundrata et al. (2013)
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[Piiloha 1] se rozhodli tento dlouhodoby problém vyiesit, pii¢emz osekvenovali Ctyfi
standardné pouZivané geny pro t¥i japonské druhy rodu Eurypogon a potvrdili pozici
Artematopodidae na bazi Elateroidea, at’ uz jako samostatné¢ vétve nebo v jednom kladu
s mékkotélymi celedémi Omethidae a Telegeusidae. Vysledky této studie pak byly potvrzeny
v celé fadé nasledujicich molekularné-fylogenetickych analyz. Bocak et al. (2014) dali
dohromady ¢étyfgenovy datovy soubor 0 téméf 8500 zastupcich celého fadu Coleoptera. Jejich
analyza potvrdila monofylii Elateriformia s Dascilloidea sesterskymi ke zbytku skupiny,
a s Buprestoidea uvniti Byrrhoidea. Celedi Artematopodidae, Omethidae a Telegeusidae opét
tvofily bazalni skupiny v Elateroidea, a Elateridae tvofili kldd s mékkotélymi celedémi
Omalisidae, Phengodidae a Rhagophthalmidae.

Kundrata et al. (2014a) publikovali dosud nejobséahlejsi molekularni fylogenezi
Elateroidea a jako prvni zatadili do analyz i zastupce Celedi Cerophytidae. Pro své analyzy
pouZili datovy soubor, ktery obsahoval dva jaderné a dva mitochondrialni geny pro 513
zastupcu Elateriformia (sampling zaméteny predevsim na Elateroidea), z ¢ehoz ptiblizné 300
bylo nové sekvenovanych. Zastoupeny byly vSechny hlavni linie Elateroidea kromé celedi
Brachypsectridae, Plastoceridae a Rhinorhipidae, které vSak dohromady tvoii pouze 0,03 %
druhové rozmanitosti skupiny. Autofi potvrdili Dascilloidea jako sestersky klad ke zbytku
skupiny a Buprestoidea uvniti Byrrhoidea, av$ak rizné koncipované analyzy poukazaly na
nejednotnou bazalni topologii véetné nedofeseného postaveni Celedi Byrrhidae (samostatna
linie mimo Dryopoidea versus Byrrhoidea sensu Lawrence & Newton 1995). Elateroidni linie
byly neformalné¢ rozdéleny na druhové méné pocetné bazalni skupiny a tzv. vyssi Elateroidea,
zahrnujici statisticky vysoce podpofeny terminalni klad s nejvy3Si druhovou diverzitou
skupiny. Bazalni skupiny zahrnovaly klad Artematopodidae + Telegeusidae + Omethidae,
adale tfi samostatné klady tvofené siln¢ sklerotizovanymi Eucnemidae, Throscidae
a Cerophytidae. Jelikoz Telegeusidae konstantn¢ vychazeli uvniti Omethidae, kteti byli
v analyzach reprezentovani viemi tfemi pod¢eledémi, autofi je zatadili jako ¢tvrtou podéeled’
v rdmci Omethidae. VysSi Elateroidea zahrnovali klady Lycidae, Lampyridae + Cantharidae,
Elateridae a Phengodidae + Rhagophthalmidae + Omalisidac. Blizka ptibuznost Elateridae
s vétsSinou mékkotélych cantharoidnich skupin tak byla statisticky robustné¢ podpofena na
dosud nejvy$sim poctu analyzovanych druhti tohoto klddu. Tyto vysledky byly nasledné
potvrzeny re-analyzou vyse zminéného datového souboru s piidanim dalSich systematicky
dulezitych cantharoidnich taxonti (Kundrata et al. 2015b [PFiloha 9]).

McKenna et al. (2015) publikovali v té dobé nejrobustnéjsi molekularni fylogenezi

Coleoptera, kdyz zkoumali piibuznost t¢éméf 400 druhii reprezentujicich 172 ¢eledi na zakladé
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analyz osmi jadernych geni. Tito autofi poprvé zafadili do molekularné-fylogenetickée
analyzy zéastupce druhové nepfili§ pocetné celedi Brachypsectridae, kterd byla diive
klasifikovana v Cantharoidea, Artematopoidea i Elateroidea sensu stricto (viz Beutel et al.
2016). Vysledky veskrze potvrdily ptedchozi hypotézy o vyssi klasifikaci skupiny, avsak
Buprestoidea nebyli uvniti Byrrhoidea ale pouze jejich sesterskou skupinou, a topologie
vysSich Elateroidea se liSila od vétSiny ostatnich praci. Brachypsectridae vSak byli zcela jasné
soucasti bazalnich linii Elateroidea, at’ uz jako sesterskd skupina ke klddu obsahujicimu
Eucnemidae, Throscidae a Cerophytidae, nebo k celym vysSim Elateroidea. Poprvé
sekvenovani Podabrocephalidae a Cneoglossidae zapadli do kladu s Ptilodactylidae, které tim
ucinili nemonofyletickou skupinou.

Bocédk et al. (2016) [PFiloha 2] publikovali objev nové ¢eledi Iberobaeniidae
z Iberského poloostrova a zkoumali jeji fylogeneticke vztahy pomoci analyzy dvou odlisSnych
datovych souborti, z nichZ jeden obsahoval ¢tyfgenovou matici pouzitou v Kundrata et al.
(2014a) a druhy byl sloZzen ze dvou jadernych a 13 protein-kodujicich mitochondrialnich
gent. Objev této nové Celedi byl vyznamny z mnoha divoda, z nichZz uvadim alespon tii
broukti (pocty se mirn¢ lisi dle riznych klasifikaci), ale v naprosté vétSiné se jednalo o jiz
znamé linie, které byly na troven Celedi povySeny pouze na zéklade fylogenetickych analyz
(napt. Robertson et al. 2015). Objev naprosto nové a do té doby neznamé linie broukd je tedy
pomeérn¢ dosti unikatni zélezitosti. Druhym divodem, proc je takovy objev vyznamny, je
oblast vyskytu této Celedi. Z 36 Celedi, které byly popsany po roce 1950, jen jedna jedina
pochazela z Evropy, a to Crowsoniellidae (viz Bocak et al. 2016, Supplementary Text
[Piiloha 2]). Iberobaeniidae pochazeji z jihu Iberského poloostrova, a piestoze obsahuji
pomérné malé zastupce, je s podivem, Ze na jednom z entomologicky nejvice prozkoumaném
Uzemi svéta nebyli do té doby nikdy hlaseni. Tretim divodem je pak fakt, ze zastupci této
Celedi jsou neoteniCti (t.j. zachovavaji si larvalni znaky v dospélosti) a kazdy objev takové
linie ndm muze pomoci objasnit vznik a evoluci tohoto fenoménu v ramci Elateriformia.
Fylogenetické analyzy presvédCivé zaradili Iberobaeniidae do vysSich Elateroidea jako
sesterskou skupinu celedi Lycidae a molekularni datovani ukazalo, ze tato reliktni linie
vznikla pravdépodobné jiZz ve spodni juie v obdobi druhohor. Tento objev také zdiraznil
vyznam Iberského refugia a celkové Mediteranni oblasti jako horkého mista biodiverzity
(Myers et al. 2000).

Timmermans et al. (2016) zkoumali fylogenetické vztahy uvniti Coleoptera na zakladé

mitochondridlnich genomti. Autofi samoziejm¢ zatradili do analyz daleko mens$i pocet
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zastupct Elateriformia nez studie vénované pfimo této sérii, a tak zde chybély nékteré
fylogeneticky dulezité skupiny. Byla vSak potvrzena monofylie Elateriformia, Buprestoidea,
Elateroidea a Dryopoidea, pticemz Byrrhidae tvofili jeden klad s Dascillidae. V druhém
vydéani prvniho dilu Handbook of Zoology opét doslo k nékolika zméndm v klasifikaci
Elateriformia (Lawrence 2016a). Autor sice nereflektoval diivéjsi zmény v klasifikaci
Elateroidea (Drilidae, Telegeusidae), ale naopak bez komentafe zafadil Podabrocephalidae
jako podceled’ Ptilodactylidae a z Elateriformia incertae sedis vyjmul vSechny taxony
s vyjimkou Cydistinae.

JelikoZ problematika monofylie, definice a limita Elateroidea se zdala byt az na
nékolik mensich vyjimek viceméné vyfeSena, Kundrata et al. (2017b) [P¥iloha 3] se ve své
studii zaméfili na analyzu fylogenetickych vztahi v systematicky problematické linii
Byrrhoidea + Buprestoidea. Jedna se o doposud nejrobustnéjsi datovy soubor Elateriformia,
obsahujici 210 zastupci Byrrhoidea, 89 zastupci Buprestoidea, 160 zéastupcti Elateroidea
a sedm zastupct Dascilloidea. Autofi zahrnuli do analyz naprostou vétSinu recentnich celedi
Elateriformia, pro které pouzili kombinaci ¢tyf gentt bézné pouzivanych pro studium
fylogeneze Coleoptera, ¢imz umoznili propojeni nové¢ generovanych dat s jiz diive
publikovanymi sekvencemi. Pfes zna¢né usili vénované analytické Casti prace se nepodafilo
zcela uspokojivé vysvétlit vztahy ve skupiné a ziskat statisticky podpofenou zékladni
topologii kladu Byrrhoidea + Buprestoidea. Dascilloidea byli opét sesterskou skupinou kladu
zahrnujiciho Byrrhoidea (s Buprestoidea uvnitt) a Elateroidea. Fylogenetické vztahy v ramci
kladu Byrrhoidea + Buprestoidea nebyly piesvéd¢ivé vyfeSeny na zaklad¢é stavajiciho
datového souboru a neslo tedy urdit, jak pfesné se jednotlivé bazalni klady v ramci evoluce
skupiny odstépovaly. Pfestoze nebylo jasné, jak jsou si jednotlivé klady piibuzné, na zakladé
provedeného setu analyz Ize konzistentné pozorovat ptitomnost ¢tyi hlavnich klada, a to
Byrrhidae, Dryopidae + Lutrochidae, Buprestoidea, a kladu obsahujiciho zbyvajici byrrhoidni
Byrrhoidea, Dryopoidea ¢i Psephenoidea. VétSina celedi vysla monofyletickd, pouze
Limnichidae nebyli monofyleticti ve vétSin€ analyz, a Psephenidae a Ptilodactylidae nebyli
monofyleti¢ti v zadné z provedenych analyz. Autofi poukazali na fakt, ze piestoze se jedna
0 nejvetsi datovy soubor pro tuto skupinu brouki, vysledky nejenze nékteré otazky
nedokazaly zodpoveédét, ale navic i nékteré dalsi otazky piinesly. Studie nejspiSe ukézala
limity klasicky pouzivané kombinace gend a nutnost vytvofit jesté robustnéjsi datovy soubor
za pouziti jinych markert jako jsou mitogenomy ¢i transkriptomy. Je ovSem nutno dodat, ze

vztahy mezi jednotlivymi bazalnimi liniemi kladu Byrrhoidea + Buprestoidea se doposud
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nepodafilo s jistotou vyfeSit nejen ve studiich obsahujicich kombinaci jadernych
a mitochondrialnich genti (Bocdkova et al. 2007, Bocak et al. 2014, Kundrata et al. 2014a,
Kundrata et al. 2017b [PFiloha 3]), ale i v téch vyuZzivajici morfologii (Lawrence et al. 19953,
2011; Costa et al. 1999), jaderné protein-kodujici geny (McKenna et al. 2015) ¢i
mitochondrialni genomy (Timmermans & Vogler 2012, Timmermans et al. 2016).

Bocék et al. (2018) poprvé sekvenovali typovy taxon ¢eledi Plastoceridae a potvrdili
zkoumali molekularni fylogenezi Coleoptera zaloZenou na analyze 95 protein-kddujicich
gend, a potvrdili Dascilloidea jako sesterskou skupinu k ostatnim elateriformnim liniim,
pficemz Buprestoidea byli sesterskou skupinou k Byrrhoidea + Elateroidea, a Byrrhidae
sestersti k dryopoidnim skupinam. Kusy et al. (2018a) poprvé sekvenovali zastupce
Rhinorhipidae a na zakladé¢ Siroké skaly provedenych analyz vytvoftili pro tuto enigmatickou
skupinu vlastni nadceled’. Rhinorhipidae vychazeli v analyzach bud’ jako jedna z bazélnich
linii Polyphaga nebo jako sesterska skupina Elateriformia. S ohledem na morfologii a dalSi
aspekty autofi preferovali druhou variantu a umistili tak Rhinorhipoidea do série
Elateriformia. V dalsi studii Kusy et al. (2018b) na zaklad¢ vysledk z genomového
a nov¢ zde klasifikovali také zastupce Omalisidae.

VySe uvedeny text nazorné¢ demonstruje dlouhy a komplikovany vyvoj klasifikace
Elateriformia, ktera dodnes prochazi neustalymi zménami a oc€ividné stale jesté neni
kompletné vyfeSena. Fylogenetické vztahy v ramci této série jsou tak i nadale vyzvou pro
moderni systematiky. Nasledujici podkapitoly budou vénovany piehledu diverzity
jednotlivych recentnich celedi Elateriformia véetné jejich fylogeneze, klasifikace, distribuce

a biologie.

2.3. Prehled diverzity Rhinorhipoidea, Dascilloidea a Buprestoidea

Nad¢eled” Rhinorhipoidea, obsahujici jedinou ¢eled” Rhinorhipidae pro jediny druh
rodu Rhinorhipus z Australie, byla ustanovena teprve nedavno (Kusy et al. 2018a). Autofi
poprvé analyzovali molekularni data pro tuto linii a dospéli k zavéru, Ze Rhinorhipidae jsou
pravdépodobné sesterskou skupinou Elateriformia, ¢imz vyvratili hypotézy o pozici

Rhinorhipidae uvnit Elateroidea (Lawrence 1988, Lawrence et al. 2010a).
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Zaklady moderni definice Dascilloidea polozZil Crowson (1971), jenz do této skupiny
kromé& Dascillidae zatadil také Rhipiceridae a Karumiidae. Posledné¢ jmenovani jsou dnes
povazovani pouze za podceled’ Dascillidae (Lawrence & Newton 1995, Lawrence 2016b).
Monofylii Dascilloidea dokazuji nejen morfologicka, ale i molekularni data (Crowson 1971,
Kundrata et al. 2017b [Priloha 3]). Dascillidae se vyskytuji ve vSech zoogeografickych
regionech, ale nejvétsi zastoupeni maji na severni polokouli. Celkem asi 100 popsanych druhi
je rozdéleno do Sesti roda v podceledi Dascillinae a péti rodtt v Karumiinae (Jin et al. 2013b).
Ti se vyskytuji v aridnich oblastech a jsou pravdépodobné vazani na termity. Narozdil od
zbytku nadc¢eledi maji ponekud mekéi télo a jsou rizné morfologicky modifikovani, véetné
napt. znaéné zkracenych krovek (Lawrence 2016b). Do Karumiinae byli diive fazeni
i enigmatiéti Cydistinae, avSak ti jsou dnes klasifikovani jako Elateriformia incertae sedis
(Lawrence et al. 2010b, Lawrence 2016a). Rhipiceridae jsou parazitoidy imaturnich stadii
cikdd. Zahrnuji pfiblizn¢ 85 popsanych druhi klasifikovanych v osmi rodech a dvou
podceledich, Rhipicerinae a Sandalinae, zndmych ze vSech zoogeografickych regioni (Jin et
al. 2013a, Lawrence 2016b).

Nadceled’” Buprestoidea dnes obsahuje téméf 15 000 popsanych druhi, vyskytujicich
se ve vSech zoogeografickych oblastech svéta (Bellamy & Volkovitsh 2016). Zahrnovala
jedinou celed” Buprestidae (Crowson 1955), avSak dnes jsou jako celed klasifikovani
I Schizopodidae, jenz diive byvali pouze jednou z podceledi Buprestidae (Lawrence 2016a).
Buprestidae se dnes tedy déli na Sest podceledi: Julodinae, Polycestinae, Galbellinae,
Chrysochroinae, Buprestinae a Agrilinae (Bouchard et al. 2011). Ackoliv mnohe
z publikovanych studii ukazuji na blizkou pfibuznost nad¢eledi Buprestoidea s byrrhoidnii
liniemi (napt. Lawrence 1988, Lawrence et al. 2011, Kundrata et al. 2017b [P¥iloha 3]), jeji

pifesné postaveni zatim zistava i nadale pfedmétem spekulaci.

2.4. Piehled diverzity Byrrhoidea

Nadceled’ Byrrhoidea dnes sdruzuje byvalé Byrrhoidea, Dryopoidea a Psephenoidea raznych
autor, a obsahuje témét 4500 popsanych druhti fazenych do 12 celedi ze vSech
zoogeografickych regioni (Lawrence & Newton 1995, Bocéak et al. 2014, Lawrence 2016a).
Otazka monofylie této nadceledi neni dosud uspésné vyfeSena (Kundrata et al. 2017b
[Piiloha 3]). Mnozi zastupci byrrhoidnich linii jsou alesponn v nékterém stadiu ontogeneze

spjati s vodnim prostiedim a patii mezi akvatické ¢i ptibfezni brouky (Jach & Balke 2008,
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Short 2018). Neustalena topologie této skupiny brani podrobnéjsi evolu¢né orientované studii
zaméfené na vznik akvatickych a semi-akvatickych linii.

Byrrhidae obsahuji piiblizn¢ 500 druhi ve 40 rodech klasifikovanych do tfi podéeledi:
Byrrhinae, Amphicryptinae a Syncalyptinae (Maier et al. 2016). Zastupci této Celedi jsou
rozs8ifeni zejména ve vysSich zemépisnych Sitkdch a vyskytuji se v chladnéjsich habitatech,
kde se vétsinou zivi mechy, liSejniky a fasami. Pfestoze neni sporu o monofylii této celedi,
otdzkou zustava, zda tvofi samostatnou vyvojovou linii v ramci Elateriformia, ¢i zda je
piibuzna Buprestoidea a dryopoidnim liniim (Lawrence 1988, Lawrence et al. 2011,
Timmermans & Vogler 2012, Kundrata et al. 2017b [Pi#iloha 3]).

Elmidae jsou kosmopolitni skupinou, jejiz zastupci (larvy i dospélci) ziji vétSinou
Vv tekoucich vodach. Tato ¢eled’ obsahuje priblizn¢ 1500 druhd ve 150 rodech zatazenych do
podceledi Elminae a Larainae (Jach et al. 2016). Monofylie ani jedné z téchto podcéeledi vSak
nebyla prokazana v molekularné-fylogenetickych studiich (Kodada et al. 2016a, Kundrata et
al. 2017b [Priloha 3]). Jach et al. (2016) vyclenili byvaly africky tribus fazeny do Elminae
a zavedli pro n¢j samostatnou celed’ Protelmidae, avSak tato zatim nebyla kvuli chybé&jici
fylogeneticke analyze zcela akceptovana (Short 2018). Fylogenetické studie nejsou jednotné
ve vybéru sesterské skupiny Elmidae, ale nékteré molekularni analyzy naznacuji jejich blizky
vztah s hlavnim jadrem Ptilodactylidae (Timmermans & Vogler 2012, Kundrata et al. 2017b
[Piiloha 3]).

Dryopidae jsou témét kosmopolitni ¢eledi obsahujici pies 30 rodu a téméf 300 druht
(Kodada et al. 2016b). Vétsina zastupct ma terestrické larvy, ale naprosta vétSina dospélci
Zije ve vodnim prostiedi (Jich & Balke 2008). Piestoze dosud nebyla publikovana studie
vénovana fylogenetickym vztahiim v ramci této Celedi, prvotni vysledky S§ifeji pojatych studii
obsahujicich vétsi pocet dryopidnich zastupcti naznacuji, ze morfologicky mirné odlisny rod
Ceradryops Hinton je sestersky zbytku skupiny, ktera se dale déli na suchozemsky a vodni
subklad (Kodada et al. 2016b, Kundrata et al. 2017b [PFiloha 3]).

Lutrochidae jsou malou americkou ¢eledi obsahujici pres 20 popsanych akvatickych ¢i
semi-akvatickych druhd, patiicich do jediného rodu. Diverzita této skupiny je vS§ak mnohem
vetsi a v nejblizsi dobé budou popsany dalsi rody a druhy (Maier 2016). Lutrochidae jsou
sesterskou skupinou Dryopidae, coz je podpoieno jak morfologickymi znaky, tak i recentnimi
molekularné-fylogenetickymi analyzami (Bocék et al. 2014, McKenna et al. 2015, Kundrata
et al. 2017b [P¥iloha 3]).

Limnichidae obsahuji necelych 400 popsanych semi-akvatickych ¢i ptibfeznich druht

ze vSech zoogeografickych regionti (Jich & Balke 2008). V soucasnosti se déli na Ctyti
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podceledi, t.j. Limnichinae, Cephalobyrrhinae, Thaumastodinae a Hyphalinae (Hernando &
Ribera 2016). Pravdépodobnou sesterskou skupinou k Limnichidae jsou Heteroceridae. Jejich
blizky vztah je podpoifen nejen podobnou morfologii jejich dospéleti i larev (Crowson 1978,
Beutel 1995), ale i molekularni fylogenezi (McKenna et al. 2015, Timmermans et al. 2016).
Monofylie Limnichidae v8ak zistava diskutabilni (Crowson 1978, Costa et al. 1999, Kundrata
et al. 2017b [Priloha 3]).

Heteroceridae jsou mala kosmopolitni skupina broukt, do které je fazeno kolem 300
druhu klasifikovanych ve dvou podéeledich: Heterocerinaec a Elythomerinae (Vanin et al.
2016). Zastupci této Celedi obyvaji bichy vod. Recentni molekularné-fylogenetické studie
naznacuji blizkeé vztahy mezi Heteroceridae, Limnichidae a Chelonariidae (McKenna et al.
2015, Kundrata et al. 2017b [Priloha 3]).

Psephenidae obsahuji piiblizné 300 druht ze vSech zoogeografickych regiont,
fazenych do péti podceledi: Afroeubriinae, Eubrianacinae, Eubriinae, Psepheninae
a Psephenoidinae (Lee et al. 2007, 2016). Tato skupina obsahuje zastupce, kteti maji striktné
akvatické larvy a terestrické dospélce; kukla muize byt bud terestrickda (vétSina) nebo
akvaticka (Psephenoidinae). Fylogeneticka pozice a monofylie Psephenidae zistavaji
nevyieSené. Prestoze Lee et al. (2007) definoval nékolik morfologickych synapomorfii
podporujicich monofylii Psephenidae, tato celed” pravdépodobné monofyleticka neni
(Kundrata et al. 2014a, 2017b [Priloha 3], 2019 [Piiloha 4]). McKenna et al. (2015) sice
potvrdili monofylii Psepheninae + Eubrianacinae, avSak Kundrata et al. (2017b) [PFiloha 3],
ktefi zahrnuli do svych analyz vice zastupcu z Eubriinae a Eubrianacinae, neméli ani v jedné
topologii tyto dvé skupiny ve spolecném kladu. Pro potvrzeni monofylie skupiny je tedy
potieba analyzovat datovy soubor se zastoupenim vSech byrrhoidnich linii a podceledi
Psephenidae.

Cneoglossidae jsou monogenerickou Celedi obsahujici devét druhti z Neotropické
oblasti (Costa et al. 1999). Crowson (1972) sice povazoval tuto skupinu za soucast
Cantharoidea, avSak dal$i morfologicky zalozené studie davaly Cneoglossidae do ptibuzenstvi
s Psephenidae (napt. Lawrence et al. 1995a, 2011; Costa et al. 1999). McKenna et al. (2015)
poukazal na mozny ptibuzensky vztah Cneoglossidae a Ptilodactylidae.

Ptilodactylidae obsahuji pies 500 popsanych druhtt v 35 rodech, které jsou
Klasifikovany v péti podceledich: Ptilodactylinae, Anchytarsinae, Araeopidiinae,
Aploglossinae a Cladotominae (Lawrence 2016c, Kundrata et al. 2019 [Priloha 4]). Stribling
(1987) ve své dizertaéni praci ¢aste¢né revidoval tuto kosmopolitni skupinu a navrhnul novou

klasifikaci, ale ta zlstala nepublikovana a Ptilodactylidae jsou tak i nadale celedi, ktera je
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vramci Byrrhoidea nejméné taxonomicky prozkoumana a nutné potiebuje revidovat
klasifikaci. Dlouhodobé nezodpovézenou otdzkou je i monofylie skupiny, kterd byva casto
zpochybnovana (Lawrence & Newton 1982, Beutel 1995, Costa et al. 1999). Cladotominae
tvofi samostatnou linii mimo ostatni Ptilodactylidae v morfologickych 1 molekularnich
studiich, a pravdépodobné ¢ekaji na formalni ustanoveni nové celedi (Beutel 1995, Costa et
al. 1999, Bocakova et al. 2007, Hunt et al. 2007, Bocak et al. 2014, Kundrata et al. 2014a,
2017b [Priloha 3], 2019 [Piiloha 4]). Araeopidiinae dosud nebyli sekvenovéni, ale
morfologicky zamétfené studie opakované prokazaly jejich samostatné postaveni mimo
Ptilodactylidae (Beutel 1995, Lawrence et al. 1995a). Ptilodactylinae a Anchytarsinae tvofi
pravdépodobné¢ jadro pravych Ptilodactylidae (Beutel 1995, Costa et al. 1999, Lawrence et al.
2011, Kundrata et al. 2014a, 2017b [Pfiloha 3], 2019 [Priloha 4]). McKenna et al. (2015)
zahrnul do sve analyzy pouze zastupce Ptilodactylinae a Anchytarsinae, které nasel v jednom
kladu s Cneoglossidae a Podabrocephalidac. To pravdépodobné vedlo Lawrence (2016a)
k tomu, ze zatradil Podabrocephalinae do Ptilodactylidae jako dalsi podceled’ (nikoli vSak
Cneoglossidae). Kundrata et al. (2019) [Priloha 4] analyzovali dostupné sekvence pro
Ptilodactylidae vcetné Podabrocephalinae a zaméfili se také na morfologii téchto taxond.
Jejich vysledky ukézaly, Ze Podabrocephalus Pic je pouze morfologicky modifikovany
zastupce podceledi Ptilodactylinae. Autofi také identifikovali dosud nepopsany rod, ktery
morfologicky nepatii do zddné z dosud znamych podceledi. Bude potieba rozsahlejsi analyza
s pouzitim vétSiho mnozstvi zastupct z dalSich, dosud nesekvenovanych podceledi. Nutnost
taxonomické revize doklada naptiklad fakt, Ze v rdmci Ptilodactylidae jsou stale klasifikovany
druhy, které patii do naprosto odlisnych nadceledi (Kundrata & Jach 2017).

Chelonariidae jsou terestrickou skupinou obsahujici piiblizné¢ 300 druhti ve tfech
rodech, které se vyskytuji zejména v tropickych oblastech s vyjimkou Afriky (Beutel &
Leschen 2016). Jejich fylogenetickd pozice v ramci Byrrhoidea zlstdva nevyjasnéna, ale tii
recentni studie zaloZené na odlisnych datech i analyzéch nastinily blizky vztah Chelonariidae
k Limnichidae a Heteroceridae (Timmermans & Vogler 2012, McKenna et al. 2015, Kundrata
et al. 2017b [P¥iloha 3]).

Eulichadidae obsahuji dva popsané rody, z nichz Eulichas Jacobson (pies 40 druht) se
vyskytuje v Asii a monotypicky Stenocolus LeConte v americké Kalifornii. Larvy jsou
akvatické, kdezto dospélci terestricti (Jich & Balke 2008). Jejich pozice zlistava nevyfesena,

vvvvvv

studii (Lawrence & Newton 1982, Lawrence 1988, Costa et al. 1999).
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Callirhipidae obsahuji 175 popsanych druhii fazenych do sedmi rodu, které se
vyskytuji ve vSech regionech s vyjimkou tropické Afriky, Madagaskaru a Nového Zélandu
(Hajek 2011). Tato skupina byla dfive soucasti nadceledi Rhipiceroidea a Artematopoidea,
avsak dnes s urcitosti vime, ze patéi do Byrrhoidea, pfestoze jeji pozice v rdmci byrrhoidniho

komplexu neni zcela vyjasnéna (McKenna et al. 2015, Kundrata et al. 2017b [PFiloha 3]).

2.5. Pirehled diverzity Elateroidea

Nadceled Elateroidea s ptiblizn€ 24 000 popsanymi druhy fazenych do 13 celedi tvofi
nejveétsi Cast diverzity série Elateriformia a je jednou z nejvétsich skupin Polyphaga
(Lawrence & Newton 1995; Kundrata & Bocak 2011a; Bocak et al. 2014, 2016 [PFiloha 2],
2018; Kundrata et al. 2014a). Skupina je definovana né€kolika larvalnimi i adultnimi znaky,
ale n¢které¢ z nich se vyskytuji i u jinych skupin Elateriformia (Lawrence & Newton 1982).
Elateroidea jsou velmi zajimavou linii z evolu¢niho hlediska, pfedev§im diky pfitomnosti
evolu¢nich adaptaci jako jsou klikaci mechanismus, aposematické zbarveni, bioluminiscence,
a neotenie (Bocéakova et al. 2007).

Klikaci mechanismus je zajimavou antipredacni strategii u elateroidnich skupin se
siln¢ sklerotizovanym télem, které byly diive fazeny v plvodni nadceledi Elateroidea
(Crowson 1955). Tento vymr$tovaci aparat je na ventralni strané prvniho a druhého hrudniho
¢lanku a sestava z prosternalniho vybézku zapadajiciho do mesoventralni jamky. Pti prudkém
pohybu prosternalniho vybézku smérem do jamky se brouk dokaze vymrstit do vzduchu, coz
muze slouzit k jeho navratu do spravné pozice ¢i jako unik pfed predatorem (Evans 1972,
1973; Costa et al. 2010). Prestoze Vahtera et al. (2009) povazuji vicendsobny vznik tohoto
mechanismu za nepravdépodobny diky jeho relativné slozité stavbé, dneSni molekularni
studie konzistentné potvrzuji nemonofyletinost siln¢ sklerotizovanych skupin v ramci
Elateroidea (napi. Bocakova et al. 2007, Kundrata & Bocédk 2011a, Kundrata et al. 2014a).

Aposematické zbarveni a bioluminiscence jsou doménou zejména slabé
sklerotizovanych linii v ramci Elateroidea, t.j. skupin diive klasifikovanych v Cantharoidea.
Me¢ekke télo a ztrata unikovych reakci u téchto skupin pravdépodobné souvisi s modifikaci
jejich ontogenetického procesu v dusledku neotenie (Bocak et al. 2008). Zastupci téchto linii
vétSinou nepatii mezi nejefektivnéjsi letce a jelikoz nemaji silné sklerotizované télo jako
predchozi skupiny, bez ptitomnosti néjaké dalsi antipredaéni strategie by se stavali snadnou

kofisti predatori. V nékolika vice ¢i méné piibuznych elateroidnich liniich se tak vyvinuly
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nejedlé druhy, které tuto vlastnost varovné signalizuji predatorim pomoci barevnych
aposematickych vzort ¢i schopnosti emitovat svétlo (Branham & Wenzel 2001, Bocakova et
al. 2007, Sagegami-Oba et al. 2007b, Eisner et al. 2008, Martin et al. 2017, Fallon et al.
2018, Motyka et al. 2018). Bioluminiscence, tedy jev, pii némz dochazi za pfitomnosti
enzymu luciferdzy k oxidaci luciferinu za vzniku studeného svétla (Shimomura 2012, Wilson
& Hastings 2013), hraje u elateroidnich skupin dilezitou roli v komunikaci s okolim, at’ uz pfi
hledani sexudlniho partnera ¢i kofisti, nebo pfi varovné signalizaci predatoriim (Lloyd 1978,
1984; Oba 2009). Je zajimavé, ze u broukt se bioluminiscence vyskytuje téméf vyhradné
u Elateroidea (Viviani & Bechara 1997, Branham & Wenzel 2001, Oba 2009), kde se
nékolikandsobné vyvinula u ¢eledi Lampyridae, Phengodidae, Rhagophthalmidae a Elateridae
(Bocakova et al. 2007, Sagegami-Oba et al. 2007b, Kundrata et al. 2014a, Martin et al. 2017,
Fallon et al. 2018). Akumulace bioluminiscentnich linii v ramci Elateroidea je vysvétlovana
sdilenou evoluci genu pro luciferazu (Oba 2009 a citace uvniti). Gen kddujici luciferazu je
totiz homologicky s genem pro syntetazu mastnych kyselin, jenZ se vyskytuje u zastupct,
ktefi schopnost bioluminiscence nemaji. Na zaklad¢ toho, ze luciferaza vykazuje jistou
syntetickou aktivitu ve vztahu k mastnym kyselinam, se da ptredpokladat, ze se piivodni gen
pro syntetdzu mastnych kyselin u nékterych linii v ramci Elateroidea pfiblizil genu pro
luciferdzu do té miry, Ze zde do$lo k paralelnimu vzniku svétlo emitujicich linii (Oba et al.
2003, Oba 2009, Day et al. 2009).

Dalsim evolu¢né velmi zajimavym jevem vyskytujicim se v Elateroidea je pfitomnost
neotenickych linii (Cicero 1988, Bocak et al. 2008). Neotenie je jednim z heterochronickych
procest, coz jsou jevy, pii nichz se v evoluci adultni znaky u potomka objevuji béhem
ontogeneze pozdéji nebo diive nez u jeho predka. Pii neotenii pak béhem ontogeneze dochazi
ke zpomaleni rustu urcitych morfologickych struktur, aniz by soucasné¢ dochazelo ke
zpomaleni rychlosti pohlavniho dospivani (Gould 1977). V duasledku tohoto jevu pak muze
dochazet k nekompletni metamorféze, kdy si nékteré linic v Elateroidea zachovavaji
i v dospélosti larvalni znaky (Crowson 1972, Cicero 1988, Bocédkova et al. 2007,
Kobieluszova & Kundrata 2015, Kundrata et al. 2015a [PFiloha 10]). Neotenie se u nékterych
zivocicht vyskytuje jako fakultativni evolu¢ni adaptace na neustale se ménici podminky
prostiedi (Gould 1977), avSak u Elateroidea se jedna o naprosto obligatni strategii, ktera se
vevoluci skupiny vyvinula opakovan¢ a s riznym ¢&i naopak podobnym stupném
morfologické modifikace u zcela nepiibuznych linii (Bocakova et al. 2007, Bocék et al. 2008,
Bocek et al. 2018). Bocék et al. (2008) piedpokladali, Ze prvnim projevem modifikace

ontogenetického procesu miize byt pravdépodobné jiz redukce sklerotizace téla, coz bylo
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pozdéji potvrzeno ve studii vénované gradudlnimu vzniku meékkého téla a neotenie
u kovatikovitych brouki (Kundrata & Bocék v tisku) [Piiloha 13]. Morfologickeé modifikace
elateroidnich zastupcti tak reprezentuji kontinuum od mekkého téla pies formy s larviformnim
abdomenem, abdomenem i thoraxem, brachypterii ¢i Uplnou redukci kiidel az po kompletné
larviformni samice (Bocak et al. 2008, 2018; Bocak & Brlik 2008; Masek et al. 2015;
Kundrata et al. 2015a [Priloha 10]). Neotenie vznikla nékolikanasobné nejen v celé nadceledi
Elateroidea (Bocakova et al. 2007, Sagegami-Oba et al. 2007b, Kundrata & Bocak 2011a,
Kundrata et al. 2014a), ale také v celedich Elateridae, Lycidac a Lampyridaec (Kundrata &
Bocak 2011a; Bocék et al. 2008, 2018; Kusy et al. 2018b). Tento jev ovliviiuje zejména
samice a je roz§ifeny u Omethidae (Telegeusinae), Iberobaeniidae, Lycidae, Lampyridae,
Phengodidae, Rhagophthalmidae a Elateridae (Omalisinae, Cebrionini, Drilini). Neotenni
linie, pfestoze jsou mnohdy pomérné¢ starobylé, jsou druhové chudsi ve srovnani s jejich
nemodifikovanymi piibuznymi. To muze souviset s jejich omezenou schopnosti disperze
v dasledku morfologickych modifikaci a jejich piezivani v dlouhodobé stabilnich habitatech
jako jsou napft. pleistocénni refugia (Malohlava & Bocak 2010, Bocék et al. 2016 [Priloha 2],
Bocek et al. 2018). Redukce vagility u neotennich elateroidnich linii v kombinaci
s fragmentaci jejich populaci mize vést ovsem také k vysSi mife speciace (Ikeda et al. 2012),
coz z téchto skupin déld vhodné modelové taxony pro studium evoluce speciacnich procesii
(Bocék et al. 2008, Kundrata et al. 2015a [P¥iloha 10], Bray & Bocék 2016).

Klasifikace nadceledi Elateroidea proSla v pribéhu své historie mnohymi zménami
a piestoze je dnes ve srovnani s byrrhoidnim komplexem relativné ustalengjsi, stale se
objevuji studie aktualizujici stavajici systém (Bocakova et al. 2007; Kundrata & Bocak
2011a; Kundrata et al. 2014a; Bocék et al. 2016, 2018; Kusy et al. 2018a, 2018b). Dnesni
Elateroidea sensu stricto, Cantharoidea a Artematopoidea, prestoze blizké piibuznosti téchto
skupin si autofi vSimli jiz dfive (Crowson 1955, Lawrence & Newton 1982). Plvodni
Elateroidea obsahovali pouze skupiny se siln¢ sklerotizovanym télem a ptitomnosti klikaciho
mechanismu, do Cantharoidea zase byly fazeny pouze mékkotélé skupiny s ¢astym vyskytem
morfologickych modifikaci zptisobenych neotenii (Crowson 1972) a do Artematopoidea se
fadili zeyména Artematopodidae a Brachypsectridae, ktefi se svou morfologii vymykali obéma
pfedchozim nadceledim. I po spojeni do jediné nadceledi vSak byly siln¢ sklerotizované
a mékkotélé skupiny povazovany za monofyletické, coz se také odrazilo na obsahu tehdejSich
fylogenetickych analyz, kdyZ méli autofi tendenci zkoumat silné i slabé sklerotizované linie
oddélené (Calder et al. 1993, Muona 1995, Branham & Wenzel 2003, Lawrence et al. 2007,
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Stanger-Hall et al. 2007). Bocakova et al. (2007), Sagegami-Oba et al. (2007b) a Hunt et al.
(2007) pozd¢ji prokézali, Ze ani byvali Cantharoidea a ani Elateroidea sensu stricto netvoii
monofyla. Dal$i molekuldrné-fylogenetické studie na né navazaly, potvrdily tyto zévéry
a napomohly k formovani klasifikace Elateroidea az do sou¢asného stavu (Kundrata & Bocak
2011a; Kundrata et al. 2013 [Priloha 1], 2014a, 2015b [Piiloha 9]; Bocak et al. 2016
[Piiloha 2], 2018; Kusy et al. 2018a, 2018b). Nasledujici piehled ¢eledi Elateroidea tak
reflektuje vSechny podstatné recentni zmény.

Artematopodidae obsahuji pfiblizn¢ 70 popsanych druht fazenych do osmi rodi ve
tiech podceledich: Artematopodinae, Allopogoniinae a Electribiinae (Hornschemeyer 1998,
Kundrata et al. 2013 [PFiloha 1], Gimmel & Bocékova 2015). Tato ¢eled” ma disjunktivni
distribuci a je zndma z Nového svéta, vychodni Asie a Italie. Asijské druhy byly doneddvna
znamy pouze ze Sibife, Dalného vychodu, Japonska a Taiwanu, ale Kundrata et al. (2013)
[Priloha 1] popsali prvni dva zastupce této skupiny z pevninské Ciny. Diverzita
Artematopodidae je vSak mnohem v¢étSi a mnoho dosud nepopsanych druhti z riznych oblasti
stale ¢eka na formalni deskripci (Kundrata, nepublikovana data). Artematopodidae jsou dnes
povazovani za jednu z nejstarSich bazalnich linii Elateroidea (Kundrata et al. 2014a,
McKenna et al. 2015, Bocak et al. 2016 [Piiloha 2], Kusy et al. 2018a), coz dokladaji
i nalezy druhohornich fosilii (Cai et al. 2015). PiestoZe v minulosti byla tato skupina davana
do ptibuzenstvi s Brachypsectridae a Callirhipidae (Crowson 1973), dnesni molekularné-
fylogenetické studie tuto hypotézu striktné odmitaji a davaji Artematopodidac do jednoho
kladu spolu s Omethidac (napf. Kundrata et al. 2013 [Priloha 1], 2014; McKenna et al.
2015).

Omethidae jsou mala ¢eled’ s mékkotélymi zastupci, jejiz definice se v posledni dobé
nékolikrat menila. Crowson (1972) do této skupiny zaradil tii podceledi na zéklad¢ rodi, které
do té doby patiily do Cantharidae, Lampyridae a Drilidac. Omethinae obsahuji osm druht
v péti rodech a vyskytuji se v severni Americe a Japonsku, Matheteinae ¢itaji téi druhy ve
dvou rodech a vyskytuji se pouze na zapadé USA, a Driloniinae jsou monogenericka skupina
s 22 popsanymi druhy z jizni, jihovychodni a vychodni Asie (Ramsdale 2010a). Kundrata et
al. (2014a) na zakladé¢ molekularni fylogeneze pievedli do Omethidae do té doby samostatnou
celed’ Telegeusidae. Ta obsahuje 10 druhti ve tfech rodech zndmych z Ameriky, a byla diive
spise povazovana za skupinu blizkou dalsi americké celedi Phengodidae. Samci Telegeusinae
maji silné zkracené krovky a samice jsou nezndmé, proto se predpoklada, ze jsou neotenické
a nelétavé. Zaragoza-Caballero & Zurita-Garcia (2015) provedli morfologickou analyzu

celedi Phengodidae a ptevedli jednu jeji podceled’, Penicillophorinae s Sesti druhy v péti
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rodech, do Telegeusidae. Jelikoz jsou Telegeusidae dnes podceledi Omethidae,
Penicilliophoridae se stali tribem v této skuping. V této Celedi také mizeme ocekavat popisy
mnoha novych druhd, a to jak z Asie, tak zejména z Ameriky (Ivie 2002, Ramsdale 2010a).
Eucnemidae jsou kosmopolitni ¢eledi, zahrnujici ptiblizné 1500 popsanych druht
fazenych do deviti podc¢eledi: Perothopinae, Phyllocerinae, Pseudomeninae, Palaeoxeninae,
Phlegonidae, Anischiinae, Melasinae, Eucneminae a Macraulacinae (Muona 2010). Larvy
Eucnemidae se déli na dvé skupiny dle ekologie; nékteré jsou v zemi, ale vétSina Zije ve
dieve. Dospélci maji silné sklerotizované télo a vétSina z nich ma funkéni klikaci
mechanismus, proto byla tato skupina spolu s Elateridae, Throscidae a Cerophytidae vzdy
fazena do plivodné definovanych Elateroidea (Crowson 1955). Pozice Anischiinae nebyla
dlouho upln¢ jasna a tato skupina byla klasifikovana takeé v Elateridae a Cerophytidae
(Lawrence & Newton 1995). Analyza Lawrence et al. (2007) vSak dokéazala jeji postaveni
v Eucnemidae, coZ bylo nasledné potvrzeno i v dalSich studiich s vétSim zastoupenim
elateroidnich skupin (napf. Kundrata et al. 2014a). Diive sem byly fazeny i rody, které dnes
patii do Elateridae: Thylacosterninae a Subprotelaterinae (Lawrence & Newton 1995, Costa et
al. 2010, Kundrata & Bocak 2011a, Kundrata et al. 2014a). Eucnemidae jsou v naprosté
vétsin€é molekularnich analyz nachédzeni jako jedna z bazalnich radiaci Elateroidea (Kundrata
& Bocék 2011a; Bocék et al. 2014, 2016 [PFiloha 2]; Kundrata et al. 2014a; McKenna et al.
2015; Kusy et al. 2018a). Zatim nebyla provedena robustni fylogeneticka analyza celé Geledi,
a podle kvalifikovanych odhadt je zatim popsana pouze polovina v§ech druhti (Muona 2010).
Throscidae jsou dalsi ze siln¢ sklerotizovanych bazalnich linii Elateroidea s vyvinutym
klikacim mechanismem. Tato kosmopolitni skupina obsahuje vétSinou drobné zastupce fazené
do 150 druhti v péti rodech (Muona et al. 2010). Dtive sem byly fazeny i rody, které dnes
patii do Elateridae: Lissominae a Thylacosterninae (Kundrata & Bocak 2011a; Kundrata et al.
2014a, 2016 [Priloha 5], 2018a [Priloha 6]). Fylogeneticka pozice morfologicky
modifikovaného afrického rodu Neocrowsonia ziistava neobjasnéna (Lawrence et al. 2010b).
Cerophytidae obsahuji také silné sklerotizované zastupce s klikacim mechanismem.
Tato Celed’ patiila do pavodnich Elateroidea a dnes je povazovana za jednu z bazalnich vétvi
Elateroidea (Costa et al. 2003, Kundrata et al. 2014a, McKenna et al. 2015). Seznam
recentnich i fosilnich taxont spadajicich do Cerophytidae publikovali Kundrata & Jéach
(2017), pricemz tato skupina dnes obsahuje 23 druhti fazenych do ¢tyf rodi. Nejvetsi diverzita
je v Neotropické oblasti, ale ¢tyfi druhy jsou znamy i z oblasti Holarktické. Monotypicky rod
Afrocerophytum Costa, Vanin & Rosa byl objeven teprve nedavno a je rozsifen v tropickych
destnych lesich zapadni a stiedni Afriky (Costa et al. 2014, Sormova & Kundrata 2017).
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Brachypsectridae byli dfive fazeni v Cantharoidea a Artematopoidea, ale dnesni studie
umistily tuto lini mezi bazalni vétve Elateroidea, vétSinou jako sesterskou skupinu k vysSim
Elateroidea sensu Kundrata et al. (2014) (McKenna et al. 2015, Kusy et al. 2018a). Dosp¢lci
maji stiedné sklerotizované télo, nemaji funk¢ni klikaci aparat a celkové jsou morfologicky
mezistupném mezi siln¢ a slab¢ sklerotizovanymi liniemi. Costa et al. (2006) revidovali tehdy
monogenerickou Celed” Brachypsectridae s ¢tyfmi popsanymi druhy z Ameriky, jizni Indie
a Singapuru, a jednim druhem z Australie znamym pouze v larvalnim stadiu. Hajek (2010)
popsal prvni palearkticky druh této &eledi z franu. Kolega C. Makris objevil na Kypru torzo
samice dosud nepopsaného druhu rodu Brachypsectra, kterou mi poslal na detailni studium.
Pozdéji se nam podafilo v terénu objevit i larvu tohoto druhu a v muzejnich sbirkach dalsi
palearkticky material, coz vyustilo v popis nového druhu z Turecka (Petrzelkova et al. 2017),
coz vyznamn¢ roz$ifilo dosud znamou distribuci této linie. Neposkozeného dospélce
kyperského druhu se doposud nepodatilo odchytit, proto zistdva i nadale nepopsany. Kovalev
& Kirejtshuk (2016) popsali dva druhy enigmatického a morfologicky pomérné odlisného
nového rodu Asiopsectra z franu a Tadzikistanu, ¢imZ redefinovali limity celé &eledi.

Celed’ Iberobaeniidae byla objevena teprve nedavno a obsahuje velmi malé mékkot&lé
zastupce z jizni Casti Iberského poloostrova (Bocak et al. 2016 [P¥iloha 2]). Puvodné byly
popsany pouze dva druhy, pro néz byli znami dospélci, a jeden nepopsany druh byl znam
pouze na zaklad¢ larvalniho stadia. Kundrata et al. (2017a) popsali tfeti druh této Celedi dle
dospélcii sbiranych na misté, kde byly dfive nalezeny vySe zminéné nepopsané larvy, a ptidali
informace o biologii a ekologii skupiny, mapu rozsifeni a identifikacni kli¢. Iberobaeniidae
jsou ve vSech analyzach sesterskou skupinou Lycidae, coz dokazuji i morfologické znaky
(Bocék et al. 2016 [Priloha 2], 2018). Samice této skupiny jsou neznamé, ale pfedpokladame,
ze jsou neotenické a ziji kryptickym zpiisobem zivota podobné jako larvy.

Lycidae jsou kosmopolitni mékkotélou cCeledi, obsahujici piiblizné¢ 4500 popsanyh
druhii fazenych do sedmi podceledi: Lycinae, Libnetinae, Leptolycinae, Dictyopterinae,
Lyropaeinae a Dexorinae (Bocadk & Bocdkova 2008, 2010; Masek et al. 2018). Nejvétsi
diverzita lezi v tropickych oblastech. Dosavadni klasifikace zaloZzené na morfologickych
znacich jsou zpochybiiovany molekularné-fylogenetickymi studiemi (napt. Bocak et al. 2008,
Sklenarova et al. 2013, Bocek & Bocak 2017, MaSek et al. 2018). Lycidae obsahuji n¢kolik
neotenickych linii, které vznikly nékolikandsobné, a z nichz nékteré¢ obsahuji tzv. trilobitni
larvy, které jsou morfologicky k nerozeznani od larev a jsou daleko vétsi nez samci (MaSek et
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a Lampyridae, coz vSak recentni studie vétSinou nepodporuji. Po objevu Iberobaeniidae
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vSechny dosavadni analyzy ukazuji, Ze Lycidae jsou sesterskou skupinou pravé k této drobné
reliktni linii (Bocék et al. 2016 [PFiloha 2], 2018).

Cantharidae jsou dalsi vétsi kosmopolitni Celedi, jejiz zastupci maji pouze slabé
sklerotizované télo. Je popsano vice nez 5000 druht, které jsou klasifikovany do podceledi
Cantharinae, Malthininae, Silinae, Dysmorphocerinae a Chauliognathinae (Ramsdale 2010b).
Nékteré linie maji vyrazné zkracené krovky, jiné jsou zajimavé chemickou obranou ¢i
aposematickym zbarvenim (napf. Machado & Aradjo 2001, Ramsdale 2010b). Cantharidae se
v recentnich studiich objevuji bud’ v jednom kladu s Lampyridae (Bocak et al. 2014, 2018;
Kundrata et al. 2014a) nebo jako sesterska skupina ke kladu obsahujicimu Elateridae (v&etné
Omalisidae), Phengodidae, Rhagophthalmidae a Lampyridae (McKenna et al. 2015, Bocék et
al. 2016 [Piiloha 2], Kusy et al. 2018a).

Lampyridae obsahuji piiblizné 2000 popsanych druht fazenych do Sesti podceledi:
Lampyrinae, Psilocladinae, Pterotinae, Luciolinae, Photurinae a Ototretinae (Lawrence
2016a). Pozice Pterotinae a Ototretinae uvnitf Lampyridae byla sice zpochybnéna
morfologickou analyzou (Branham & Wenzel 2001) a tyto taxony byly pfesunuty do
Elateriformia incertae sedis (Lawrence et al. 2010b), avSak nejnovéjsi studie je vratily zpét do
Lampyridae (JaniSova & Bocakova 2013, Kundrata et al. 2014a, Martin et al. 2017).
Nevyiesené¢ vSak zUstavaji vztahy Lampyridae a kladu Phengodidae + Rhagophthamidae
(napt. Kundrata et al. 2014a, Kusy et al. 2018a). Zastupci ¢eledi Lampyridae jsou zndmi svou
schopnosti bioluminiscence; emitovat svétlo dokazou vSechny dosud znamé larvy a vétSina
dospélcti (Branham & Wenzel 2001). V této skupiné je také pomérné Casta neotenie, ktera
ovliviluje zejména morfologii samic, které jsou cCasto brachypterni, apterni ¢i témct
larviformni (Cicero 1988).

Phengodidae jsou malou americkou ¢eledi obsahujici ptiblizné¢ 270 popsanych druht
fazenych do podceledi Phengodinae a Mastinocerinae (Zaragoza-Caballero & Pérez
Hernandez 2014, Zaragoza-Caballero & Zurita-Garcia 2015). Donedavna zde byla
klasifikovana i podceled’ Penicillophorinae, avSak tu Zaragoza-Caballero & Zurita-Garcia
(2015) na zaklad¢ morfologicky zaméiené fylogenetické analyzy presunuli do Telegeusidae.
fadily do Phengodidae také rod Cydistus Bourgeois z Asie, avSak tento rod je nyni fazen do
Elateriformia incertae sedis (Lawrence et al. 2010b). Samci této skupiny maji sice Casto
zkracené krovky, ale jsou plné letuschopni, kdezto samice jsou larviformni a zivi se
v hrabance mnohonozkami (Costa & Zaragoza-Caballero 2010). VSechny larvy a samice

a také néktefi samci jsou schopni bioluminiscence (Viviani & Bechara 1997). Phengodidae
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tvofi jeden, vétSinou statisticky dobife podpofeny, klad s Rhagophthalmidae, kteii byvali
v minulosti dokonce klasifikovani jako podceled” Phengodidaec (Bocakova et al. 2007;
Kundrata & Bocék 2011a; Kundrata et al. 2013 [PFiloha 1], 2014a, 2017b [PFiloha 3]; Bocak
et al. 2014, 2016 [P¥iloha 2], 2018; McKenna et al. 2015, Kusy et al. 2018a).

Rhagophthalmidae obsahuji pfiblizné¢ 60 druhtt pfevazné z jizni, vychodni
a jihovychodni Asie (Kundrata & Bocdk 2011b), ale limity této skupiny nejsou jesSte
dostate¢né ustalené (JaniSova & Bocakova 2013, Kawashima et al. 2010). Rhagophthalmidae
nékdy byvali fazeni jako podceled’ uvniti Phengodidae nebo Lampyridae, avSak dnes jsou
povazovani za samostatnou ¢eled’ sesterskou k Phengodidae (Kundrata et al. 2014a). Larvy,
samice a n¢ktefi dospélci dokazou emitovat svétlo. Samice jsou bud’ kompletné ¢i netplné
larviformni (Kawashima et al. 2010).

Elateridae jsou kosmopolitni a druhové nejbohatsi celedi Elateriformia (Costa et al.
2010; Kundrata & Bocak 2011a; Kundrata et al. 2016 [Priloha 5], 2018a [Priloha 6]).
VétsSina zastupcl této skupiny je na prvni pohled dosti uniformni; larvy jsou typickymi
dratovci a dospélci se vyznacuji silng sklerotizovanym, kompaktnim télem s plné¢ funkénim
klikacim mechanismem (Costa et al. 2010). Existuji zde ale morfologicky modifikované linie,
které diive byly klasifikoviny mimo Elateridae, napt. v mékkotélych Cantharoidea, a Casto
tvorily samostatné Celedi. Cebrionini zde byli zafazeni jiz diive (Lawrence 1988), avSak
Drilini, Plastocerinae a Omalisinae teprve nedavno (Kundrata & Bocék 2011a, Bocék et al.
2018, Kusy et al. 2018a). Bocak et al. (2018) a Kundrata & Bocék (v tisku) [PFiloha 13]
detailn¢ zkoumali ptfechod od siln¢ sklerotizovaného na mékké télo a evoluci vybranych
morfologickych znaki v dusledku gradualné se zvySujici miry neotenie u vybranych linii
Elateridae. Fylogeneze, klasifikace a diverzita této ¢eledi bude detailné rozebrana v dalsi casti

této préace.

2.6. Elateriformia Incertae sedis

Nekteré taxony v ramci Elateriformia difive byly ¢i nadale ztstavaji klasifikacné
problematické. Nékolik skupin bylo proto zafazeno do Elateriformia incertae sedis anebo
provizorné klasifikovano v nékteré z morfologicky podobnych celedi. Tyto enigmatické
taxony byly vétsinou detailné morfologicky prostudovany, ale kvili nejasné interpretovatelné
morfologii a mnozstvi homoplastickych znaki uvnité Elateriformia nemohly byt s jistotou

zatrazeny do zadné skupiny.
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Lawrence & Newton (1995) klasifikovali v Elateriformia incertae sedis monotypické
skupiny Rhinorhipidae a Podabrocephalidae. Lawrence et al. (2010a) pozdé¢ji piesunuli bez
komentafe Rhinorhipidae do Elateroidea, a Kusy et al. (2018a) pro né¢ dokonce zfidili
samostatnou nad¢eled’ Rhinorhipoidea na zakladé molekularni fylogeneze. Lawrence et al.
(2010b) zaradili do Elateriformia incertae sedis Podabrocephalidae, Cydistinae,
Neocrowsonia, Ototretinae, Pterotinae, Harmatelia Walker a Stenocladius Fairmaire. Posledni
Ctyfi taxony byly puvodné vyjmuty z Lampyridae po morfologické analyze Branhama &
Wenzela (2001), ale po ¢ase tam byly opét vraceny na zakladé molekularni fylogeneze
(Sagegami-Oba et al. 2007b, Kundrata et al. 2014a, Martin et al. 2017). Podabrocephalidae
byli pozdgji presunuti do Ptilodactylidae; pivodné jako samostatnd podceled’ (Lawrence
2016a) apoté na zakladé kombinace molekularni fylogeneze a morfologie jako soucast
podceledi Ptilodactylinae (Kundrata et al. 2019 [PFiloha 4]). Monotypicky termitofilni rod
Neocrowsonia byl ptivodné fazen do Celedi Throscidae. Pfestoze modifikovana morfologie
tohoto rodu znesnadiiuje jeho spravné taxonomické zatazeni, s velkou pravdépodobnosti jde
0 zastupce nékteré ze silné sklerotizovanych elateroidnich linii (Lawrence & Newton 1995,
Lawrence et al. 2010b). V dnes$ni dobé jsou tedy jedinym taxonem s nevyfeSenou

fylogenetickou pozici Cydistinae. Tato monogenericka skupina je reprezentovana sedmi

vvvvvv

Wittmer 1944). Crowson (1955) uvedl, Ze Cydistus je mezistupném mezi Phengodidae
a Karumiidae, a od té doby byvéa tento rod klasifikovan bud’ v jedné nebo druhé skupiné.
JelikoZ se nam nedavno podafilo sehnat jedince rodu Cydistus vhodné pro extrakci DNA,
momentalné s mezindrodnim tymem odbornikl pracujeme na objasnéni fylogenetické pozice

tohoto dlouhodob¢ klasifika¢né problematického taxonu.

29



3. Fylogeneze, klasifikace a diverzita Elateridae
(Prilohy 5-7)

3.1. Monofylie a fylogeneticka pozice Elateridae

Elateridae jsou zdaleka nejvétsi ¢eledi v ramci Elateriformia a devatou nejvétsi Celedi
Coleoptera, co se ty¢e poctu popsanych druhi. Pies 10 000 druha ze vSech zoogeografickych
regiont je dnes fazeno do ptiblizn¢ 500 rodd a 19 podceledi (Costa et al. 2010; Kundrata &
Bocdk 2011a; Kundrata et al. 2016 [Priloha 5], 2018a [Priloha 6]; Kusy et al. 2018a).
Externi morfologie vétSiny zastupcu Elateridae je az extrémné homogenni a naprosta vétSina
dospélcu je tak na prvni pohled dobie rozeznatelna diky podlouhlému tvaru téla, velkému
a dobfe pohyblivému prothoraxu, §titu s protazenymi zadnimi rohy, vétSinou pilovitym
tykadlim a ptitomnosti funkéniho klikaciho mechanismu. Dospélci jsou fytofagni a vétSinou
se vyskytuji na vegetaci ¢i pod kirou stromu. Silné sklerotizované typické larvy, tzv. dratovci,
jsou bud’ predatoti nebo fytofagové a najdeme je vétSinou v hnijicim dievé, padée ¢i hrabance.
Cely ontogeneticky vyvoj trva v praméru okolo dvou let (Costa et al. 2010).

Zastupci n€kolika linii Elateridae jsou schopni emitovat svétlo. Bioluminiscence u této
skupiny byla donedavna vyhradni doménou americkych linii. Nejznaméjsi takovou skupinou
je bezesporu tribus Pyrophorini, ktery obsahuje asi 200 druhd z Neotropické oblasti
a Oceénie. U této skupiny byla prokdzana bioluminiscence u vajicek, larev, kukel i dospé€lci
(Costa 1982, Costa et al. 2010). Dospélci maji vétSinou par luminiscencnich organt
umisténych na bdazi S$titu, pficemz na prvnim abdomindlnim segmentu maji jesté jeden
pridavny, ktery je vSak aktivovan pouze pii letu. Zajimavosti jsou larvy rodu Pyrearinus
Costa, kter¢ Ziji ve starSich hnizdech termiti a pomoci bioluminiscence se snazi prildkat okolo
letici hmyz, kterym se Zivi. DalSimi americkymi skupinami, které obsahuji zastupce schopné
bioluminiscence, jsou Thylacosterninae a Campyloxeninae. Thylacosterninae obsahuji asi 20
druht, z nichz vSak pouze jeden dokaze emitovat svétlo. Podceled Campyloxeninae obsahuje
pouze dva druhy, z nichZ bioluminiscence je schopny opét pouze jeden. Ani u jednoho ze
dvou vyse zminénych svétlo emitujicich druhli nezname imaturni stddia (Costa 1984, Costa et
al. 2010). V roce 2019 ¢insti autofi publikovali mitochondrialni genom prvniho zastupce
Celedi Elateridae z asijského kontinentu, ktery je schopen bioluminiscence (He et al. 2019).

Momentaln¢ pracujeme na jeho detailnim popisu a na zakladé molekularnich dat se snazime
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zjistit jeho pozici v ramci Elateridae a tim i pochopit vznik a evoluci bioluminiscence v této
celedi.

Dtivegjsi autofi predpokladali blizkou piibuznost Elateridae s dalSimi silné
sklerotizovanymi liniemi s klikacim mechanismem (viz ptavodni koncept Elateroidea sensu
Crowson 1955) (Lawrence 1988; Calder et al. 1993; Lawrence et al. 1995a, 2011; Lawrence
& Newton 1995; Muona 1995). Monofylie Elateridae vSak byla jiz v minulosti casto
diskutovana, vétSinou ve spojeni s diivéjsi celedi Cebrionidae (napt. Lawrence 1988). Hned
prvni molekulérni studie poukézaly na to, ze né¢které mekkotélé skupiny, donedavna fazené do
Cantharoidea, jsou blizce ptibuzné Elateridae, kdezto ostatni siln¢ sklerotizované linie
s klikacim mechanismem netvoii s Elateridae jeden klad (Bocakova et al. 2007, Sagegami-
Oba et al. 2007b, Hunt et al. 2007). Nasledujici molekularné-fylogenetické studie tak
postupné¢ do Elateridae zatadily byvalé cantharoidni celedi Drilidae (Kundrata & Bocak
2011a), Plastoceridae (Bocéak et al. 2018) a Omalisidae (Kusy et al. 2018a). Anischiinae, ktefi
nékdy byvali také fazeni do Elaterinae, byli potvrzeni jako souc¢ast Eucnemidae (Lawrence et
al. 2007). Naopak skupiny Cebrionini, Lissominae a Thylacosterninae, které byly mnohdy
vyc€lenovany z definice Elateridae, jsou dnes na zékladé molekularnich studii soucasti této
Celedi (Kundrata & Bocédk 2011a; Kundrata et al. 2016 [Priloha 5], 2018a [Pi#iloha 6]).
Otazkou tedy zustava pouze pozice dvou malych enigmatickych skupin - Eudicronychinae
a Subprotelaterinae (Lawrence & Newton 1995, Costa et al. 2010). Co se tyce prvni skupiny,
vysledky molekularni fylogeneze zaloZzené na pomérné rozsahlém materialu by mély byt brzy
publikovany (Kundrata, nepublikovna data), avSak zastupce druhé skupiny vhodné pro izolaci

DNA se doposud nepodafilo ziskat.

3.2. Fylogeneze a klasifikace Elateridae

Nézory na fylogenetické vztahy mezi jednotlivymi liniemi Elateridae a s tim souvisejici
supraspecifickou klasifikaci ¢eledi nejsou jednotné od prvotni definice skupiny aZz po
soucasnost (napt. Candeéze 1857, Schwarz 1906, Fleutiaux 1947, Calder 1996, Costa et al.
2010). Prvni autofi se zaméfili vyhradné na morfologii dospélct, dle které usuzovali na
vzajemne vztahy mezi jimi definovanymi vy3Simi taxonomickymi jednotkami v ramci
Elateridae. Lacordaire (1857) a Candeze (1857) puvodné rozdélili Elateridae do osmi tribt
(Agrypnides, Mélanactides, Hémirhipides, Chalcolépidiides, Oxynoptérides, Tetralobides,

Elatérides vrais a Campylides), a uz prvné jmenovany autor zminil sloZitost prace na tvorbé
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klasifikace této Celedi. Pozdéji Candeze (1891) provedl revizi své klasifikace a zvedl pocet
tribd na 27. Schwarz (1906, 1907) vytvoril katalog vSech druhti celedi Elateridae
a klasifikoval je do 28 tribl (Agrypnini, Octocryptini, Hemirhipini, Chalcolepidiini,
Oxynopterini, Tetralobini, Dicrepidiini, Eudactylini, Monocrepidiini, Elaterini, Physorrhinini,
Pomachiliini, Hypnoidini, Cardiophorini, Melanotini, Athouni, Pyrophorini, Ludiini,
Crepidomenini, Hemicrepidiini, Allotriini, Dimitini, Hypodesiini, Cardiorhinini, Steatoderini,
Adrastini, Lepturoidini a Physodactylini). Hyslop (1917) jako prvni pouZil larvalni znaky pro
konstrukci klasifikace Elateridae a na zéklad¢ toho definoval Ctyfi podceledi, z ¢ehoz dvé
ponechal bez triba a dvé vétsi rozdélil na sedm (Pyrophorinac) a Sest (Elaterinae) tribu.
Schenkling (1925, 1927) ve svém doposud nejobsahlejsim svétovém katalogu rozdélil
Schwarzovymi triby. Fleutiaux (1947) revidoval faunu Francouzské IndoCiny a vytvofil
identifikacni kli¢ k 23 taméjSim podceledim vetné Anischiinae.

Crowson (1961) upozornil na fakt, ze témét vSechny dosavadni studie pouZzivaji pro
klasifikaci Celedi tytéz znaky, t.j. tvar pfedni casti hlavy, maxilarnich palptl, tykadel,
pronotosternalnich §vi, prosterna, mesoventralni jamky, kycelnich jamek, kryti zadnich
kycli, tarsti a drapk. Crowson se snazil najit nové znaky na kiidelni zilnating€ a stejné jako
pfed nim i Hyslop na larvach, a nasledné& rozdélil Elateridae do $esti podéeledi. Ohira (1962)
vrevizi japonské fauny zdvojnasobil tento pocet podceledi a také wvytvofil schéma
predpokladanych fylogenetickych vztahi v ramci Elateridae, z ¢ehoz pozdéji vychazel
i Kishii (1987). Gurjeva (1974) detailné zkoumala znaky na thoraxu napfi¢ skupinami
v Elateridae a pfiSla s novou klasifikaci, kterd citala 10 podceledi. Dolin (1975) nasledné
klasifikaci Gurjevy. Pozd¢ji také vytvortil schéma fylogeneze Elateridae, zahrnujici vSechny
jim dtive definované skupiny (Dolin 1978). Stibick (1979) kompletné pickopal dosavadni
klasifikace a na zaklad¢ larvalnich i adultnich znakl vytvofil novou, kdyz definoval 12
podceledi, 37 tribd a 20 podtrib. Jeho klasifikace vSak veskrze nebyla pozdé€jsimi autory
akceptovana. Lawrence (1988) zatadil mezi Elateridae byvalou celed Cebrionidae, jejiz
zéastupci maji mirné odliSnou morfologii, pravdépodobné v disledku neotenie. Samice v této
skuping jsou totiz fyzogastrické, nelétavé, a maji zkracena tykadla a krovky. Calder et al.
(1993) revidovali podceled Lissominae, pifiCemz na zakladé kladistické analyzy
kombinovanych larvalnich a adultnich znak zkoumali fylogenetické vztahy uvnitt Elateridae.
Jejich vysledky ukézaly Cebrioninae jako sesterskou skupinu k ostatnim Elateridae

a poukézaly na nejasné postaveni Thylacosterninae. Lawrence & Newton (1995) shrnuli
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dosavadni poznatky o skupiné a inspirovani piedchozi praci, klasifikovali v Elateridae 15
podceledi, pficemz dalsi tfi (Anischiinae, Eudicronychinae a Subprotelaterinae) ponechali
jako Elateridae incertae sedis. Australskou faunu pozd¢ji klasifikoval Calder (1996),
americkou Johnson (2002), palearktickou Cate et al. (2007) a africkou Girard (2017). Costa et
al. (2010) v Handbook of Zoology shrnuli veSkeré dosavadni znalosti o Elateridae, ktere
rozdélili do 17 podceledi: Agrypninae, Campyloxeninae, Cardiophorinae, Cebrioninae,
Denticollinae, Elaterinae, Eudicronychinae, Hemiopinae, Lissominae, Morostomatinae,
Negastriinae, Oxynopterinae, Physodactylinae, Pityobiinae, Semiotinae, Subprotelaterinae
a Thylacosterninae.

Prvni molekuldrné zaloZzené studie poukazovaly na blizky vztah Elateridae s ptivodné
cantharoidni mékkotélou celedi Drilidae, avSak nizky pocet analyzovanych zastupct téchto
linii neumoznoval vyvozeni néjakych detailnéjsich zavéra (Bocakova et al. 2007, Hunt et al.
2007, Timmermans et al. 2010). Kundrata & Bocéak (2011a) proto analyzovali dataset ¢itajici
210 zastupcii Elateriformia vcetné pfiblizn€ 80 zéastupct Elateridae a 10 zastupcti Drilidae.
Vysledné topologie ukazaly, Ze Cebrioninae jsou pouze termindlni linii podceledi Elaterinae
a Drilidae tvofi soucast podceledi Agrypninae. Nastup molekularnich metod tedy piinesl
revoluci ve vnimani Elateridae, kteii ptestali byt extrémné homogenni skupinou. Dalsi vyhoda
molekularné-fylogenetickych metod tkvéla v tom, Ze autofi kone¢né¢ mohli vyftesit dlouho
pretrvavajici klasifika¢ni problémy, které se nedafilo objasnit za pouZiti samotné morfologie,
casto kvuli pfitomnosti homoplastickych znakli v neptibuznych skupinach. Takto naptiklad
Lawrence et al. (2007) dokazali, Ze Anischiinae nepatii mezi Elateridae, ale mé¢li by byt
Klasifikovani v Eucnemidae.

Kundrata et al. (2016) [Priloha 5] vytvofili robustni &tyfgenovou molekularni
fylogenezi Elateridae na zakladé datového souboru o poctu 148 zastupci Elateridae a 30
zastupcu outgroup. Primarnim cilem studie bylo testovat monofylii pod¢eledi Pityobiinae
sensu Calder (1996), ktera zahrnovala dva americké rody a nékolik rodt z Australie a Nového
Z¢élandu. Jiz predchozi autoii si v§imli rozdilné morfologie americkych a australasijskych
skupin, avSak chybéla fylogeneticka hypotéza, kterd by potvrdila ¢i vyvratila monofylii
skupiny. Jelikoz jak americky rod Pityobius LeConte, tak i skupina australasijskych roda
tvofili samostatné nepiibuzné vétve, autofi byli nuceni popsat a definovat novou podceled,
kterou nazvali Parablacinae dle typového rodu Parablax Schwarz. Vysledky dale ukazaly
sestersky vztah Elaterinae ke zbytku Elateridae, monofylii Elaterinae, Agrypninae,
Cardiophorinae, Negastriinae, a t¢z kladu Lissominae a Thylacosterninae, pficemz posledné

jmenovana skupina tvofila pouze terminalni vétev uvnité Lissominae. Velmi diverzifikovany
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klad obsahujici Morostomatinae, Dendrometrinae (vCetné byvalych podceledi Hypnoidinae,
Diminae, Oxynopterinae a Semiotinae), Cardiophorinae a Negastriinae sice nebyl statisticky
podpofeny, ale podobnou topologii publikovali jiz Sagegami-Oba et al. (2007a) na zaklade
zcela odlisné koncipovaného datového souboru. Prace potvrdila pozice Drilini v Agrypninae
a Cebrionini v Elaterinae. Dalsi dtlezitou studii publikovali Bocak et al. (2018), ktefi poprvé
sekvenovali typovy druh rodu Plastocerus, aby testovali jeho pozici v Elateroidea. Autofi se
totiz dlouhou dobu pieli o tom, zda tento rod patii do vlastni celedi Plastoceridae ¢i do
Elateridae (napt. Crowson 1972, Platia & Németh 2011). Vysledky molekularni fylogeneze
jasn¢ urcily postaveni rodu Plastocerus Schaum uvniti Elateridae, kde pro néj autofi vytvofili
podceled’ Plastocerinae.

Dlouhodobym klasifikacnim problémem bylo postaveni Tetralobinae. Tato skupina
obsahuje nékolik rodi z tropické Afriky, Asie a Australské oblasti (Kubaczkova & Kundrata
2017). Zastupci této skupiny patii mezi vibec nejvétsi Elateridae svéta (délka az 8 cm)
a jejich larvy nepfipominaji klasické elateridni dratovce (Costa et al. 1994, 2010). Jelikoz
maji dospélci na kiidelni zilnatin€ tzv. andlni buniku a na bazi drapku nékolik dlouhych set,
coz jsou znaky bézné pouzivané pro definici podceledi Agrypninae, byli Tetralobinae
nékterymi autory fazeni pravé sem (napi. Stibick 1979, Calder 1996, Costa et al. 2010).
Kundrata et al. (2018a) [Priloha 6] poprvé zkoumali postaveni Tetralobinae za pouZiti
molekularnich markerti. Do analyz zaradili zéstupce tii rodi ze vSech zoogeografickych
oblasti a jejich vysledky jasn¢ ukazaly, ze Tetralobinae rozhodné¢ do Agrypninae nepatii.
Namisto toho je tato skupina pravdépodobné sesterskd ke vSem ostatnim kovatikiim, coz
podporuje i odlidny typ larvy a nékteré morfologické znaky dospélcu (Kundrata et al. 2018a)
homoplastickych morfologickych znacich, nejsou pfirozené. Proto je velmi dualezité spojit
znalosti morfologie a ekologie skupiny s molekuldrni fylogenezi a podivat se tak na
problemtiku ptibuzenskych vztahi v ramci Elateridae komplexnéji. Vysledky této studie
poukazaly na fakt, Ze i v dalSich skupinach bude tfeba pouZit tzv. integrativni taxonomii pro
odhaleni potencialnich homoplastickych znakl, které jsou zcela nevhodné pro tvorbu
klasifikace. To se pfesné potvrdilo 1 v nasledujici studii, kterd byla vénovana molekularni
fylogenezi uvnité podceledi Cardiophorinaec (Douglas et al. 2018 [Pi#iloha 7]). Posledni
dilezitou zménou v klasifikaci Celedi je zafazeni byvalé meékkotélé cantharoidni celedi
Omalisidae do Elateridae (Kusy et al. 2018b). Omalisidaec byli v mnoha ptedchozich
publikovanych analyzach pobliz nebo dokonce uvnitié Elateridae, a jejich zafazeni do této

Celedi (jako podceled” Omalisinae) je tedy logickym vyusténim. Jelikoz s nastupem éry
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genomového sekvenovani prichdzeji nové moznosti testovat fylogenetické vztahy uvnitt

Elateroidea i Elateridae, miizeme v nasledujicich letech o¢ekavat dalsi zmény.

3.3. Pirehled diverzity Elateridae

Jak je patrné z predchozi podkapitoly, obrovskd druhova diverzita ve spojeni s uniformni
morfologii vétSiny zastupcu Elateridae je ptekazkou v konstrukci piirozené klasifikace. Dosud
neexistuje koncenzus supraspecifické klasifikace, ktery by uznavala naprosta vétSina autorit
V oboru. Stejné tak je tomu i s rodovou a druhovou klasifikaci, kdy se nékdy nézory autort
diametralné odlisuji. Hyslop (1921) publikoval katalog rodovych jmen v Elateridae, ktery
nasledné doplnil Arnett (1955) o0 pozd¢ji popsané rody. Od té doby byla ustanovena spousta
dalSich roda a podrodua, avsak moderni katalog reflektujici nejnovéjsi klasifikaci a zmény na
arovni rodovych jmen za poslednich vice nez 60 let stale chybi. Spolu s mezinarodnim tymem
kolegii jsme se rozhodli tento nedostatek napravit a pravé mame v recenznim fizeni prvni ¢ast
tohoto katalogu, ktera pokryva rodova jména v prvnich deseti podceledich, véetné ustanoveni
novych rodi, novych taxonomickych kombinaci a vysvétleni spousty dlouhodobé¢ nefeSenych
nomenklatorickych problémi, které ¢astecné zpuisobovaly chaotickou Klasifikaci (Kundrata et
al. nepublikované data). JelikoZ na projektu spolupracuji pfedni odbornici na Elateridae spolu
s Cleny ICZN (The International Commission on Zoological Nomenclature), tfidilny katalog
by se m¢l stat Siroce akceptovanou zakladni literaturou pro vSechny budouci systematické
entomology zabyvajici se (nejen) nadéeledi Elateroidea.

BohuZel také neexistuje Zadny globalni druhovy katalog, a proto se musime spoléhat
na vice ¢ méné aktualni katalogy =zahrnujici rizné velké regiony svéta. Jednim
Z nejobsahlejSich del je urcité Katalog palearktickych broukli, v némz jsou obsazeni
I Elateridae (Cate et al. 2007). Seznam australskych druhti zpracoval Calder (1996) a africké
druhy shrnul Girard (2017). Katalog Elateridae Nového svéta by potiteboval aktualizaci
(Blackwelder 1944), a druhovy seznam kovatikti Orientalni oblasti, ktera je jednou z druhové
nejbohatsich oblasti svéta, naprosto chybi. Stejné jako geograficky orientované katalogy jsou
dulezité i ty, které jsou zamétené taxonomicky. V posledni dobé byly naptiklad zpracovany
komentované katalogy pro Selatosomini (Schimmel et al. 2015, 2016), Tetralobinae
(Kubaczkovd & Kundrata 2017), Cardiophorinae (Douglas 2017), Dimini (Kundrata et al.
2018b), Senodoniini (Kundrata et al. 2018c). Nasledujici piechled obsahuje souhrn informaci

0 klasifikaci a diverzité jednotlivych podceledi Elateridae.
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Agrypninae tvofii piiblizné€ ¢tvrtinu veskeré druhové rozmanitosti Elateridae a jsou tak
druhou nejvétsi podceledi této Celedi. Vyskytuji se ve vSech zoogeografickych regionech
a momentalné se déli do deviti tribt: Agrypnini, Anaissini, Euplinthini, Drilini, Hemirhipini,
Oophorini, Platycrepidiini, Pseudomelanactini a Pyrophorini. Tato pod¢eled’ vznikla spojenim
Agrypninae sensu Hayek (1973) s Pyrophorinae, Drilidae, Hemirhpinae a Monocrepidiinae
(=Oophorinae) (Costa et al. 2010, Kundrata & Bocak 2011a). Tribus Drilini obsahuje
mékkotélé samce a larviformni neotenni samice. Larvy zastupct této skupiny preduji plZe.
Pyrophorini obsahuji zastupce schopné bioluminiscence. Molekularni analyzy (Kundrata &
Bocak 2011a; Kundrata et al. 2016 [Pi#iloha 5], 2018a [Priloha 6]) sice robustné potvrzuji
monofylii podceledi Agrypninae, ale soucasné naznacuji, ze bude nezbytna dikladna revize
jeji tribalni klasifikace.

Campyloxeninae byli dfive fazeni do Agrypninae z davodu piitomnosti
luminiscen¢nich organi na prothoraxu (Lawrence & Newton 1995). Dnes zde patii dva
monotypické rody, z nichZ pouze jeden je schopny bioluminiscence (Costa et al. 2010, Arias-
Bohart 2015). Larvy této podceledi jsou neznamé.

Cardiophorinae obsahuji piiblizné 1100 popsanych druht fazenych do 38 rodi
(Douglas 2017, Douglas et al. 2018 [P¥iloha 7]). Dospélci se vétSinou vyznacuji srdéitym
Stitkem, typickym tvarem prothoraxu a k¥idelni Zilnatinou, ktera je vSak ¢aste¢né sdilena
s Negastriinae. Larvy se vyznacuji téz specifickou morfologii; jsou to predatofi a ziji vétsinou
v pudé¢ nebo ve dievé (Douglas 2017). Douglas (2011) poprvé testoval monofylii
a fylogenetické vztahy uvnitt skupiny za pouziti morfologicky zaméiené analyzy, a pozdéji
revidoval rodovou Klasifikaci (Douglas 2017). Recentni molekularni fylogeneze
Cardiophorinae (Douglas et al. 2018 [Priloha 7] a Kundrata et al., nepublikovand data)
poukazuji na fakt, ze nékteré dlouhou dobu pouzivané morfologické znaky jsou pro
klasifikaci skupiny zcela nevhodné a Ze rodova diverzita této Celedi je daleko vétsi, nez se
o¢ekavalo. Analyzy téz odhalily pfitomnost klddu obsahujiciho zejména rody s gondwanskym
rozsifenim, jenz je také definovan unikatni morfologii v ramci podceledi (Douglas et al. 2018
[Piiloha 7]).

Dendrometrinae (= Denticollinae) patii diky piiblizné 1700 popsanym druhtim mezi
nejvetsi podceledi Elateridae, avSak limity této skupiny se v kazdé klasifikaci dost podstatné
liSi (Kundrata & Bocak 2011). Neékteré ze zde zafazenych tribu jsou totiz mnohymi autory
povazovany za samostatné podceledi (Costa et al. 2010). Molekularni fylogeneze vétSinou
ukazuji Dendrometrinae skute¢né jako nemonofyletickou skupinu (Kundrata et al. 2016

[Piiloha 5], 2018a [Priloha 6]; Bocak et al. 2018). Momentaln¢ jsou zde fazeny triby
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Crepidomenini, Dendrometrini, Dimini, Hypnoidini, Oxynopterini, Pleonomini, Prosternini,
Selatosomini, Semiotini a Senodoniini (Kundrata et al. 2018a) [PFiloha 6]. N¢ktefi zastupci
pusobi jako skudci zemédélskych plodin (Costa et al. 2010). Aktualizované druhoveé katalogy
jsou zndme pro Selatosomini (Schimmel et al. 2015, 2016), Dimini (Kundrata et al. 2018b)
a Senodoniini (Kundrata et al. 2018c).

Elaterinae jsou druhové nejpocetnéjsi podceledi Elateridae. Bylo popsano ptiblizné
200 rodt a 3500 druhti ze vSech zoogeografickych regioni (Costa et al. 2010, Kundrata &
Bocak 2011a). Podceled’ je fazena do 12 tribu: Agriotini, Ampedini, Aplastini, Cebrionini,
Dicrepidiini, Elaterini, Megapenthini, Melanotini, Odontonychini, Physorhinini, Pomachiliini,
Synaptini (Kundrata et al. 2018a [P¥iloha 6]). VétSina piedchozich studii (naptf. Lawrence &
Newton 1995, Costa et al. 2010) povazovala Cebrionini za samostatnou podceled’ obsahujici
rody ptivodné fazené v Celedi Cebrionidae a v tribu Aplastini sensu Stibick (1979). Kundrata
& Bocék (2011a) vSak dokazali, ze Aplastini nejsou piibuzni Cebrionini, a ze ob& skupiny
jsou pouze terminalnimi liniemi v Elaterinae. Do této podceledi jsou fazeni nejvyznamnéjsi
zemé&delsti skadci v ramci Elateridae (napf. Furlan et al. 2017). Publikovana i dosud
nepublikovanad data naznacuji, Ze tribalni klasifikace podceledi Elaterinae je pouze uméle
vytvofend a bude potieba zasadni revize stavajici klasifikace (Kundrata et al. 2016
[PFiloha 5], 2018a [PFiloha 6], nepublikovana data).

Eudicronychinae byli dfive pod nazvem Dicronychidae Samostatnou celedi
v Elateroidea, a n¢ktefi autofi je za samostatnou ¢eled” povazuji dodnes (napt. Girard 2011,
2017). Tato skupina se vyznacuje dosti unikatni morfologii sam¢ich pohlavnich organa
a pretarsalnich drapki. Nékolik desitek prevazné africkych druht je fazeno do tii nebo Ctyt
rodu (Costa et al. 2010, Girard 2011). Larvy této skupiny jsou neznamé. Molekularni
fylogeneze skupiny by méla odhalit fylogenetickou pozici Eudicronychinae v ramci
Elateroidea (Kundrata et al., nepublikovana data).

Hemiopinae obsahuji nékolik rodt piibuznych asijskému rodu Hemiops Laporte.
Limity skupiny zGstavaji nejasné a v budoucich pracich bude potieba také detailné
prostudovat vztah Hemiopinae a Oestodinae (Stibick 1979, Kundrata et al. 2016 [PFiloha 5],
2018a [Priloha 6]). Larvy této skupiny jsou taktéz neznamé (Costa et al. 2010).

Lissominae Laporte, 1835 byli diive klasifikovani jako samostatna ¢eled’ ¢i podceled’
v Throscidae (napt. Burakowski 1973). Dnes se déli na dva triby, Lissomini a Protelaterini,
které obsahuji nékolik rodl fazenych do pfiblizné 150 druhu ze vSech zoogeografickych
oblasti (Calder et al. 1993, Costa et al. 2010). Tribus Oestodini, ktery zde byl diive téz fazen,
byl na zaklad¢ molekularni fylogeneze (Kundrata et al. 2016 [Priloha 5]) vyjmut
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z Lissominae a je pravdépodobné piibuzny s Hemiopinae. Otazka monofylie a definice
skupiny je vSak stdle oteviena, protoze nékteré analyzy naznacuji, ze jednou z termindalnich
linii v Lissominae jsou rody bézn¢ tazené do Thylacosterninae (Kundrata et al. 2016
[Piiloha 5], 2018a [Piiloha 6]; Bocak et al. 2018).

Morostomatinae je mala enigmaticka skupina madagaskarskych kovatikd. Jeji zastupci
byli diive fazeni do riznych skupin a monofylie této podceledi i nadale zustava otazkou
(Dolin 2000, Costa et al. 2010). Molekularni studie naznacuji, ze tato skupina je jednou
z termindlnich linii spolu s Agrypninae, Dendrometrinae, Cardiophorinae a Negastriinae
(Kundrata et al. 2014, 2016 [PFiloha 5], 2018a [PFiloha 6]).

Negastriinae obsahuji vétsinou velmi malé druhy vazané na biehy tekoucich vod.
Skupina se déli na triby Negastriini a Quasimusini a obsahuje ptiblizné 500 popsanych druhi
(Schimmel & Tarnawski 2009, Kundrata & Bocdk 2011a). Negastriinae sdileji nékteré
morfologicke znaky s Cardiophorinae (Douglas 2011, 2017) a molekularni studie jejich
ptibuznost vétsinou potvrzuji (Kundrata et al. 2016 [Pfiloha 5], Douglas et al. 2018
[PFiloha 7], Bocék et al. 2018).

Oestodinae je mald podceled’ obsahujici dva severoamerické rody (Johnson 2002,
Kundrata et al. 2016 [PFiloha 5]). Dtive byla tato skupina soucasti Lissominae, avsak dnes je
povazovana za sesterskou skupinu Hemiopinae (Stibick 1979; Kundrata et al. 2016
[Piiloha 5], 2018a [Priloha 6]).

Omalisinae byli je$t¢ donedavna povazovani za samostatnou celed’. Diive byli
klasifikovani v Cantharoidea, kde byli davani do blizkosti Lycidae ¢i Drilidae (Crowson
1972). Definice této skupiny proSla neddvno razantnimi zménami. Omalisinac momentalné
obsahuji 27 druhii v Sesti rodech (Bocak & Brlik 2008; Kundrata & Bocak 2011a; Kundrata et
al. 2015b [Piiloha 9], 2018d; Bocek et al. 2018). Zastupci této podceledi se vyskytuji
Vv oblasti Stfedozemniho moie, v Malé Asii a na Kavkaze (Bocek et al. 2018; Kundrata et al.
2018d). Samci maji mékké télo, ale jsou letuschopni, samice jsou brachypterni a larvy preduji
mnohonoZzky (Bocék & Brlik 2008). Fylogenetickd pozice Omalisinae v ramci Elateridae
zustava nevyieSena (Kusy et al. 2018b), ale nedavné molekularni studie zaznamenaly pokrok
v otazce fylogenetickych vztahii uvnitt skupiny (Kundrata et al. 2015b [P¥iloha 9], Bocek et
al. 2018).

Podc¢eled’ Parablacinae byla vytvotena pro 22 druhii v sedmi rodech z Australie
a Nového Zélandu (Kundrata et al. 2016 [P¥iloha 5]). Rody dnes patfici do této skupiny byly
dfive fazeny do Pityobiinae, s vyjimkou rodu Ophidius Candeze (Elaterinae) (Calder 1996,
Costa et al. 2010). Arias-Bohart & Elgueta (2015) poukazali na blizkou ptibuznost rodu
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fazenych v Parablacinae s jihoamerickou faunou, coz svéd¢i o tzv. gondwanském rozsiteni
této starobylé skupiny.

Physodactylinae byla skupina navzajem neptibuznych rodi, jejichz zastupci sdileli
srpovité mandibuly a hrabavé zadni koncetiny (Costa et al. 2010). Rosa (2014) provedla
revizi této skupiny a ponechala zde pouze dva jihoamerické rody, z nichZ ani jeden vSak
dosud nebyl sekvenovan a jejich larvy jsou neznamé.

Podceled” Pityobiinae zahrnovala rod Pityobius LeConte ze severni Ameriky,
Tibionema Solier z jizni Ameriky a nékolik rodt z Australie a Nového Z¢landu, které dnes
tvorii podceled’ Parablacinae (Kundrata et al. 2016 [PFiloha 5]). Jiz pfedchozi autofi si vSimli
rozdilné morfologie americkych a australasijskych skupin, avSak chybéla fylogeneticka
hypotéza, ktera by nastinila skute¢né vztahy mezi témito liniemi. Kundrata et al. (2016)
[Piiloha 5]) dokézali, Ze Pityobius neni ptibuzny s dnesnimi Parablacinae. Tibionema je sice
morfologicky odlisna od rodu Pityobius, avsak momentalné zustava v této podceledi, dokud
se jeji pozice neobjasni. Stibick (1979) zde umistil také rod Pectocera Hope, ale ten je dnes
soucasti tribu Oxynopterini v Dendrometrinae (Costa et al. 2010, Kundrata & Bocék 2011a).

Subprotelaterinae je monogenericka asijska podceled’, jejiz fylogenetické vztahy
zustavaji nevyieSeny. Tato skupina byla dfive klasifikovana v Eucnemidae ¢i Elateridae
incertae sedis (Lawrence & Newton 1995, Costa et al. 2010).

Tetralobinae patfi mezi nejvétsi kovariky svéta. Tato skupina je znama zejména
z Afriky, ale vyskytuje se i v Australii a v mensi mife v Asii (Costa et al. 1994, 2010). Bylo
popsano 78 druhti v sedmi rodech, fazenych do tribii Tetralobini a Piezophyllini (Kubaczkova
& Kundrata 2017). Larvy této skupiny jsou odlisné od vétSiny ostatnich Elateridae; jsou
mekké, fyzogastrické a chlupaté, a pravdépodobné se zivi termity (Costa et al. 1994). Drive
byli Tetralobinae fazeni do Agrypninae (Stibick 1979; Costa et al. 1994, 2010), avsak
recentni molekularné-fylogeneticka hypotéza ukazuje Tetralobinae jako sesterskou skupinu
ostatnich linii Elateridae (Kundrata et al. 2018a) [P¥iloha 6].

Thylacosterninae byli v minulosti fazeni mezi Eucnemidae ¢i Throscidae (napf.
Crowson 1961). Dnes zde patti asi 45 druhl z jizni Ameriky, Afriky, Asie a Australie
(\VVahtera et al. 2009). Jeden druh je schopen bioluminiscence, avSak u ostatnich tato nebyla
nikdy pozorovana (Costa et al. 2010). Molekularni studie naznacuji, ze by Thylacosterninae
mohli byt ve skutecnosti soucasti podc¢eledi Lissominae (Kundrata et al. 2016 [Priloha 5],
2018a [Piiloha 6]; Bocak et al. 2018).
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4. Fylogeneze, klasifikace a diverzita Drilini
(Prilohy 8-13)

4.1. Monofylie a fylogeneticka pozice Drilini

Drilini je mala mekkotéla skupina obsahujici pfiblizn¢ 150 druht, jenz byla dfive
povazovana za samostatnou ¢eled” v rdmci Cantharoidea (napi. Wittmer 1944, Crowson
1972). Vznik této linie je datovan do obdobi pozdniho eocénu, piiblizn¢ pied 35,5 miliony
lety (Kundrata & Bocék v tisku [PFiloha 13]). Zatimco dospéli samci maji plné¢ vyvinuté
krovky a zadni kiidla, samice jsou bezkiidlé a téméf kompletné larviformni (napt. Crowson
1972, Kobieluszova & Kundrata 2015). Larvy jsou mékké, dle stadia ontogeneze chlupaté ¢i
téméef lysé, a jsou predatory suchozemskych plzi (Baalbergen et al. 2014 [Priloha 8],
Sormova et al. 2018 [P¥iloha 12]). Vétsina diverzity je zndma z Palearktické a Afrotropické
oblasti, ale nékolik druht se vyskytuje také v jizni a jihovychodni Asii (Kundrata & Bocak
2017 [P¥iloha 11], Kundrata & Sormova 2018, Kundrata & Bocak v tisku [P¥iloha 13]).

Celed’ Drilidae dlouhou dobu slouzila jako taxon, kam se fadily pievazné rody, které
morfologicky nezapadaly do ostatnich ¢eledi Cantharoidea. Wittmer (1944) ve svém katalogu
uvadel 35 rodh z riznych zoogeografickych oblasti, avSsak Crowson (1972) pozdé&ji vyrazné
redukoval definici skupiny. Bocék et al. (2010) v Handbook of Zoology uvadé¢li pouze Sest
rodd, z nichz tii byly pozdéji na zakladé molekularni fylogeneze prevedeny do Omalisidae
(dnes Elateridae: Omalisinae) (Kundrata & Bocék 2011a, Kundrata et al. 2015b [P¥iloha 9]).
Ve skuping tak zlstaly pouze rody Drilus Olivier, Malacogaster Bassi a Selasia Laporte,
které byly nedavno doplnény o dalSich 11 rodd, zejména z tropické Afriky (Kundrata &
Bocdk 2017 [Priloha 11], Kundrata & Bocak v tisku [PFiloha 13]). Monofylie takto
revidovaného tribu Drilini byla potvrzena v posledné jmenované studii. Hlavni morfologické
znaky definujici dospélé samce Drilini jsou meékké, slabé sklerotizované télo,
jedenacti¢lankova tykadla, bidentatni mandibuly, kratky pedicel, ktery je vzdy krat$i nez tieti
tykadlovy ¢lanek, zkraceny ¢tvrty tarsalni segment, ktery ma na spodni strané membrandzni
lalok, pretarsalni drapek se setami na bazi a vyrazné zaktiveny falus s preapikalnim hakem.
Hlavnimi znaky dospélych samic jsou larvalni vzhled, malé oci, bidentatni mandibuly,
tykadla s 8-12 ¢lanky, nepiitomnost kiidel, ovipositor s kratkymi styly a bursa copulatrix bez
viditelnych sklerita (Kundrata & Bocék v tisku [Pi#iloha 13]).
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Bocakova et al. (2007) poprvé zkoumali evoluci neotenie u Elateroidea pomoci
molekularnich markert, pficemz zjistili blizkou pfibuznost Drilidaec s Elateridae. Jejich
datovy soubor vSak obsahoval jenom nékolik zastupcii ¢eledi Elateridae a jednoho zastupce
rodu Drilus. Kundrata & Bocadk (2011a) se ve své studii pfimo zaméfili na testovani
fylogeneticke pozice Drilidae. Autofi zjistili, Ze tato skupina je pouze terminalni vétvi uvniti
Elateridae, a proto ji klasifikovali jako tribus Drilini v pod¢eledi Agrypninae. Pozice Drilini
v Elateridae byla poté potvrzena mnoha dal$imi molekularné-fylogenetickymi studiemi (napf.
Bocék et al. 2014, 2016 [Priloha 2]; Kundrata et al. 2014a, 2015b [P¥iloha 9], 2016 [PFiloha
5], 2018a [Priloha 6]; McKenna et al. 2015; Amaral et al. 2016; Timmermans et al. 2016;
Martin et al. 2017; Kusy et al. 2018a, 2018b).

4.2. Fylogeneze a klasifikace Drilini

Fylogenetické vztahy uvnitt Drilini donedavna zlstavaly neprostudovany, mimo jiné
pravdépodobné také proto, Ze nikdo Casto poradné netusil, co vlastné do této skupiny zrovna
patii. Historie klasifikace Drilini je totiz plnd az prevratnych zmén, které z riznych divoda
mnohdy nebyly pln¢ akceptovany jesteé dlouho po jejich publikovani. Od konce 19. stoleti az
do poloviny 20. stoleti zde byla klasifikovana spousta navzajem si zcela nepfibuznych linii,
které vSak spojovalo mékkeé télo, typicky ,,podivny habitus” a Casto silné€ pilovita az hiebenita
tykadla, a které neslo zafadit mezi tehdy definované ostatni skupiny Malacodermata a pozdéji
Cantharoidea. Olivier (1910) uvedl ve svém katalogu Drilidae 20 rodu a pozdé€ji Wittmer
(1944) dokonce 35 rodt. Zastupci Drilidae tehdy pochazeli témét z celého svéta, prevazné
z Afriky, Evropy a tropické Asie, ale také naptiklad z Nového svéta.

Crowson (1972) ve sveé revizi tehdejSi nadceledi Cantharoidea drasticky zredukoval
pocet rodil patticich do Drilidae. Uvedl, Ze do této skupiny by mély byt zafazeny pouze ,,rody
Drilus, Malacogaster, Selasia a snad i nékteré¢ dalsi malé a malo znamé rody, které ale osobné
nestudoval” (Crowson 1972: 51). Provizorné zde zafadil i rod Pseudeuanoma, ktery diive
patfil do celedi Omalisidae. VétSinu rodi pak prevedl do Lampyridae, Phengodidae,
Omethidac a Lycidae, avSak nékteré taxony z Wittmerova katalogu ve své praci nezminil,
a nebylo tedy patrné, kam by mély byt zatazeny. Kazantsev (2007) zaradil do Drilidae rod
Pachytarsus Motschulsky, ale jelikoZ se s nejvétsi pravdépodobnosti jedna o zé&stupce Celedi
Lampyridae (Kundrata, nepublikovana data), pozd¢jsi autofi toto zafazeni neakceptovali.

Bocak (2007) v Katalogu palearktickych broukt uvedl v ¢eledi Drilidae Sest rodd, kdyz zde
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dodate¢né zatadil drobny monotypicky rod Paradrilus a také Euanoma z davodu jeho
podobnosti s rodem Pseudeuanoma (Kundrata & Bocak 2007, Bocak et al. 2010). Piestoze
rod Thilmanus Gemminger byl prokazateln¢ soucasti ¢eledi Omalisidaec (Bocak & Brlik
2008), Kazantsev (2010, 2011) jej klasifikoval v Drilidae jako souc¢ast podceledi Thilmaninae,
kterou dé€lil na triby Thilmanini a Euanomini.

Kundrata & Bocak (2011a) v molekularné-fylogenetické studii zaméfené na pozici
Drilidae zjistili, ze Drilus a Selasia jsou pouze terminalni vétvi uvnitt podceledi Agrypninae
v Elateridae. Autofi tedy celed reklasifikovali jako tribus Drilini. Rod Pseudeuanoma vsak
tvoril klad s rodem Omalisus Geoffroy, a proto byl i s morfologicky podobnym rodem
Euanoma piesunut do ¢eledi Omalisidae (oba rody jsou dnes mimochodem synonymizovany;
Bocdek et al. 2018). V dalSi publikaci Kundrata & Bocdk (2011b) detailn¢ zkoumali
morfologii rodu Pseudothilmanus Pic, ktery byl naposledy zminovan pravé ve Wittmerové
katalogu, a klasifikovali jej v ¢eledi Rhagophthalmidae. Stejné tak Jeng (2012) studoval rod
Rhipidiomorphus Pic a zaradil jej do byrrhoidni ¢eledi Psephenidae. Kundrata et al. (2014a)
poté analyzovali pfibuzenské vztahy v ramci Elateroidea a nové zatadili do datového souboru
také zastupce rodu Malacogaster, ktery zapadl do kladu s rody Drilus a Selasia.

Problematickym rodem stale zustaval Paradrilus z jihu Iberského poloostrova, jehoz
jediny druh byl znamy pouze z historickych sbirek a naprosto chybél Cerstvy material vhodny
pro izolaci DNA. Jelikoz se vSak poprvé za poslednich ptiblizné 100 let podafilo nékolik
jedinct v terénu odchytit, Kundrata et al. (2015b) [P¥iloha 9] dostali pfilezitost testovat
pozici tohoto rodu na zakladé molekularné-fylogenetické analyzy. Rod Paradrilus vytvofil
samostatnou vétev v ramci Celedi Omalisidae, coz také potvrdilo detailni studium jeho
morfologie. Kundrata et al. (2015b) [PFiloha 9] do Omalisidae vratili rod Thilmanus
(Thilmaninae), ktery tam byl fazen jiz dfive (Bocak & Brlik 2008). Jeho pozice v Omalisidae
byla pozdé&ji potvrzena i na zakladé vysledka molekularni fylogeneze (Bocek et al. 2018).
Drilini tak poté obsahovali pouze tii ,.klasické” rody Drilus, Malacogaster a Selasia, které
sdileji podobnou morfologii. Kundrata & Bocék (2017) [Pfiloha 11] nedavno popsali pét
novych rodl z tropické Afriky a v blizké dobé ptibude dalSich pét africkych a jeden
palearkticky rod (Kundrata & Bocék v tisku [Piiloha 13]).

Kundrata & Bocak (v tisku) [PFiloha 13] poprvé podrobné zkoumali fylogenetické
vztahy mezi jednotlivymi liniemi v rdmci celého tribu Drilini, kdyZ sekvenovali 66 jedinct
reprezentujicich 44 druht, patficich do vSech znamych roda. Jejich vysledky naznacily, Ze
studovana skupina vznikla pravdépodobné v tropické Africe a az pozdé¢ji se dostala do

Palearktické a Orientalni oblasti. Kazdopadn¢ tak mizi obvyklé vnimani Drilini jako
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vicemén¢ palearktické skupiny, protoze veskera data poukazuji na vznik a nejvétsi diverzitu
skupiny pravé v oblasti tropické Afriky. Drilini jsou rozdéleni do péti hlavnich kladi, které
vznikly kratce po vzniku celé skupiny v pozdnim eocénu. Tii bazalni klady obsahuji Sest
vyhradn¢ africkych rodu a rod Selasia, ktery ma taktéZz nejvétsi diverzitu v tropické Africe,
ale n¢které druhy zasahuji pfes Sokotru, Arabsky poloostrov, Himaldje a Indicky subkontinent
az do severniho Thajska (Trllova & Kundrata 2015, Kundrata & Sormova 2018). Ctvrty klad
obsahuje velikostn¢ velmi drobné druhy z pralesti zapadni a stiedni Afriky, rozd€lené do ¢ty
rodi (Kundrata & Bocék 2017 [PFiloha 11], Kundrata 2018). Vyhradné palearktické rody,
v¢etn¢ Drilus a Malacogaster, tvoii paty klad. Jelikoz n€které z analyz naznacily, Ze rod
Drilus by nemusel byt monofyleticky, bude tfeba vice materidlu a naslednych analyz
k testovani fylogenetickych vztaht uvnité palearktickych linii, zejména k vyjasnéni pozice
roda Drilus a Malacogaster. Detailni vyzkum morfologie antennalnich sensil taktéz
poukazuje na blizky vztah téchto dvou rodt (Faucheux & Kundrata 2017).

Kundrata & Bocék (v tisku) [PFiloha 13] vSak nezkoumali pouze vznik, fylogenezi
a biogeografii Drilini. Studie také dokumentovala postupnou evoluci morfologickych znaku
spojenych s piechodem ze silné sklerotizovaného téla k méekkotélosti v dusledku neotenie.
Takovym zplisobem modifikovanych linii je v ¢eledi Elateridae n€kolik, vcetné Plastocerinae,
Omalisinae, Cebrionini a Drilini (Kundrata & Bocak 2011a, Bocék et al. 2018, Kusy et al.
2018b). Prestoze jsou morfologické zmény nejlépe pozorovatelné u samic, neotenie do jisté
miry ovliviiuje 1 samce. Kdyz Kundrata & Bocék (2011a) zatadili Drilini s mékkotélymi
samci, larviformnimi samicemi a dratovctim nepodobnymi larvami do ¢eledi Elateridae, ktera
byla po vétSinu své existence znama morfologickou homogenitou svych silné
sklerotizovanych a klikacim mechanismem opatienych zastupct, pro vétsinu védc to byl Sok
a néktefi to zprvu odmitali pfijmout (viz napf. Lawrence 2016a). Kundrata & Bocak (v tisku)
[Piiloha 13] vSak podavaji jasny dikaz o postupnych zménach spojenych s pfechodem ze
siln¢ sklerotizovaného téla po mékkotely ,.cantharoidni” vzhled, zejména v postupném
zeslabeni kutikuly a redukcich ¢asti ustniho ustroji, thoraxu a abdomenu. Nejpatrnéjsi zmény
jsou vidét na thoraxu a abdomenu. Typicky siln€ sklerotizovany zastupce Celedi Elateridae ma
dobie vyvinuty prosternalni vybézek, mesoventralni jamku a mesoventralni vybézek, pticemz
abdomen je kompaktni a sklada se z péti ventriti (t.j. viditelnych sternitii), z ¢ehoz prvni Gtyfi
jsou srostlé. Je nutno poznamenat, Ze zadni Drilini nemaji funk¢ni klikaci aparat a jejich
bazalnich kladd Drilini vSak maji sice redukované, ale viditeln¢ prodlouzené prosternalni

a mesoventralni vybézky, namisto mesoventralni jamky maji vice ¢i mén¢ hlubokou depresi
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a jejich abdomen je pomérné kompaktni a sestava ze sedmi ventritl, z ¢ehoz prvni Ctyfi jsou
srostlé. Treti klad, véetné rodu Selasia, ma podobnou strukturu thoraxu jako dvé predchozi
skupiny, ale abdomen je rozvolnény, bez srostlych ventritd. Terminalni klady Drilini pak maji
jesté vice redukovany thorax, vétSinou bez vyb&zkli na prosternu a mesoventritu, a jejich
abdomen je jesté vice rozvolnény a sestava dokonce z osmi ventriti. Tato studie tak podava
svédectvi o gradudlnim charakteru morfologickych zmén v disledku modifikaci

ontogenetického vyvoje.

4.3. Piehled diverzity Drilini

Pro naprostou vétSinu druhti v rdmci Drilini zname pouze dospé€lé samce, jelikoz je Ize
odchytit tradi¢nimi entomologickymi metodami jako je smyk, sklep ¢i lov na svétlo. Samice
a larvy, které vétSinu zivota stravi v ulitdch plzi, neni tak snadné nalézt, zvlasté kdyz sbér ulit
plzli neni pro vétSinu entomologl ¢i amatérskych sbératelii zcela obvyklym zplisobem
odchytu broukt. Samice a larvy jsou znamé jen pro devét druhui rodu Drilus a dva druhy rodu
Malacogaster, pii¢emz vSechny tyto druhy se vyskytuji vyhradné v Evropé a severni Africe
(Kobieluszova & Kundrata 2015, Kundrata et al. 2015a [P#iloha 10], Faucheux et al. 2016).
Sporadicky publikované nalezy africkych larev a samic jsou problematické, jelikoZz nelze
s urcitosti fict, kterému druhu ¢i dokonce rodu patfi.

O ontogenetickém vyvoji Drilini se toho dosud mnoho nevi, ale je ziejmé, ze kazdy
instar mladé pohyblivé larvy spofadd jednoho plze, v jehoz ulité se poté svlece a aktivné si
vyhledé dal$i potravu. O poctu instarti se dosud vedou spory a je pravdépodobné, Ze se to
bude ligit u riznych linii (Baalbergen et al. 2014 [P¥iloha 8], 2016; Sormova et al. 2018
[Piiloha 12]). Aktivni larvalni instary se na podzim méni v malo pohyblivy typ larvy, tzv.
pseudoupu, a v tomto stadiu prezimuji v ulit€¢ své posledni obéti, nez se na jare opét zmeni
v aktivni typ larvy. Tento kolobéh se opakuje nejméné dva roky (Baalbergen et al. 2016).
Baalbergen et al. (2014) [Priloha 8] zkoumali vztah predator-kofist na n¢kolika druzich rodu
Drilus na Krété. VétsSina tamnich druhtt ma na svém jidelnicku plze rodu Albinaria Vest
zZ Celedi Clausilidae. Mira specializace na tento rod se vSak druh od druhu lisi, takze lze
rozeznat fakultativni 1 obligatni specialisty na tento rod. Autofi také zkoumali predaci
v zavislosti na geografii a zjistili, ze na mistech s nejvétsi akumulaci plzi se primérna mira
predace pohybuje okolo 20 %, ale mize byt i daleko vyssi (viz také Welter-Schultes 2000).

To znamena, Ze nejméné kazda pata ulita nese stopy po predaci larvou rodu Drilus. Studie
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také poskytla prvotni data pro budouci evolu¢né-ekologické studie zaméfené na koevoluci
predacnich i obrannych strategii v systému predator-kofist.

Naprosta vétsina druhi tribu Drilini je nedostatecné taxonomicky zpracovana. Popisy
morfologickych znaku, zalozené téméf bez vyjimky na omezeném poctu jedinct, jsou
vétSinou zcela nedostatecné a neposkytuji relevantni informace 0 inter- a intraspecifické
variabilité. Stejné tak informace o distribuci jednotlivych druht jsou Casto utrzkovité a velmi
vagni. Z divodu chybéjicich alfa-taxonmickych revizi a s tim souvisejicich identifikacnich
kli¢h nelze spoustu druhti spolehlivé urcit bez studia typového materidlu. Typové exemplate
jsou v8ak mnohdy ztraceny a pokud ne, tak jsou roztrouseny po celé fadé evropskych
a africkych instituci. I ptes recentni snahy o zménu (Kobieluszova & Kundrata 2015, Trllova
& Kundrata 2015, Kundrata et al. 2015a [P¥iloha 10], Kundrata & Bocak 2017 [PFiloha 11],
Sormové et al. (2018) [P¥iloha 12]) tak taxonomie Drilini zistava pomémné nepiehledna.
Kompletni revize skupiny na alfa-taxonomické Urovni by znamenala dulezity krok pro
poznani jeji celkové diverzity a také pro detailnéj$i prozkoumani piibuzenskych vztah mezi
jednotlivymi liniemi.

Rod Drilus obsahuje 45 popsanych a piiblizn¢ 15 nepopsanych druht z Palearktické
oblasti od Iberského poloostrova po Iran (Kundrata & Bocék v tisku [PFiloha 13], Kundrata,
nepublikovand data). Afrotropické druhy popsané v tomto rodu jsou momentalné revidovany
a ani jeden realné nepatii do rodu Drilus (Kundrata, nepublikovana data). Vétsina druht se
vyskytuje v oblasti Stfedozemniho moie a Malé Asie, pficemz kvili omezené vagilité samic
zde tvoii mnozstvi endemickych druht vazanych na pomérné malé izemi. Pouze dva druhy
rodu Drilus pronikly na sever od Alp, a to D. concolor Ahrens a D. flavescens (Geoffroy).
Tyto druhy jsou znamy témét z celé Evropy véetné Ceské republiky, piesto viak patii mezi
pomérné vzacné sbirané taxony. Alfa-taxonomické studie zahrnujici rod Drilus byly
publikovany pro Ibersky poloostrov a Balearské ostrovy (Bahillo de la Puebla & Lépez Colon
2005), Levant (Kundrata et al. 2014b, PetrZelkova & Kundrata 2015), Malou Asii
(Kobieluszova & Kundrata 2015), Krétu (Kundrata et al. 2015a) [Priloha 10] a Kypr
(Sormova et al. 2018) [Priloha 12]. Vétsina praci je zaméfenych na dospélé samce, aviak
Vv posledni dobé se autofi zaméfili také na imaturni stddia a larviformni samice (napf.
Baalbergen et al. 2014 [P¥iloha 8], Faucheux et al. 2016, Sormova et al. 2018 [P¥iloha 12]).
Kobieluszova & Kundrata (2015) studovali morfologii tykadel samic Drilini na zaklade¢
publikovanych dat a veSkerych dostupnych jedinci z muzejnich sbirek a zjistili, ze tykadla
jsou u této skupiny zna¢n¢ variabilnim znakem. Pocet tykadlovych ¢lanku se nelisi jen mezi

samotnymi druhy rodu Drilus, ale mnohdy i v rdmci populace jednoho druhu. Kundrata et al.
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(2015a) [Priloha 10]) zkoumali diverzitu krétskych druht rodu Drilus za pouziti integrativni
taxonomie, pficemz na zakladé vybranych usekit DNA dokdazali pfifadit u tfi druhi larvy,
samice a samce. Na tuto studii poté navézali Sormova et al. (2018) [P¥iloha 12], kteii
obdobnym zptisobem zkoumali diverzitu této skupiny na Kypru, pficemz revidovali vesSkeré
taméj$i druhy a pro nékteré z nich poprvé popsali imaturni stadia a samice.

Kundrata et al. (2015a) [P¥iloha 10]) a Sormova et al. (2018) [P¥iloha 12] také
vytvorili dosud nejobsahlejsi molekularni fylogenezi rodu Drilus. Autofi v prvni studii
navazovali na ekologicko-evoluéni praci Baalbergen et al. (2014) [Priloha 8], a proto se
zam@&fili zejména na druhy rodu Drilus z oblasti Jonskych ostrovii, Peloponésu a Kréty.
Analyza dvou mitochondridlnich markerti ukazala, ze tyto druhy nejsou monofyletickou
skupinou, nebot’ jeden druh z Peloponésu (Drilus sp. E) vytvotil spolu s druhem z Iberského
poloostrova jednu z bazalnich linii rodu Drilus, zatimco vSechny ostatni fecké druhy tvotily
statisticky robustné podpofeny terminalni kldd. Molekularni fylogeneze zde byla v souladu
nejen s morfologii, ale i s ekologii studovanych druhti, nebot’ Drilus sp. E, stejné jako jeho
pfibuzny druh z Iberského poloostrova, je predatorem vétSich plzli z celedi Achatinidae,
kdezto naprostad vétSina ostatnich feckych druhti je vice ¢i méné specializovdna na daleko
mensi zastupce Celedi Clausilidae. Autofi také zjistili, Ze diverzita rodu Drilus v oblasti
jizniho Recka tizce souvisi s geologickou historii regionu, kdy vzdy po &asteéné fragmentaci
pevniny dochéazelo ke speciacnim udalostem. Tento jev byl nejlépe zdokumentovany na
druzich Kréty, kde dnedni distribuce taméjsich druht ptiblizné kopiruje rozmisténi diivéjsich
tzv. paleoostrovi, které¢ zlstaly zachovany z pivodni plochy ostrova v obdobi zvySené
hladiny Stfedozemniho mote. Sormova et al. (2018) [P¥iloha 12] se zaméifili na diverzitu
a fylogenetické vztahy v ramci rodu Drilus z Kypru, pfi¢emz z vysledkd analyz tii
molekularnich markert a studie morfologie veskerého dostupného materialu dosli k zavéru,
7e kyperska fauna ma blizky vztah jak k oblasti Recka, tak také k Malé Asii a Levantu.

Rod Malacogaster obsahuje 11 popsanych druht z oblasti severni Afriky, Spanélska
a Italie. Taxonomickd situace tohoto rodu je chaotickd a naprosta vétSina materidlu
vV muzejnich sbirkdch je neurCend nebo urcend chybné (Kundrata, nepublikovand data).
Dospéli samci tohoto rodu maji vétSinou pomérné vyrazné zkracené krovky, Cerveny Stit
a ¢erné krovky. Nedavna studie odhalila, ze pravdépodobné proto byly jesté donedavna v rodu
Malacogaster chybné klasifikovany i nékteré takto zbarvené druhy rodu Drilus (Kundrata et
al. 2014b). Molekularni fylogeneze i alfa-taxonomickd revize rodu Malacogaster je

v ptipravé (Kundrata, nepublikovana data).
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Rod Selasia tradi¢né obsahoval druhy se siln¢ hiebenitymi tykadly z tropické Afriky,
Arabského poloostrova, Sokotry, Himalaji a Orientalni oblasti (Wittmer 1944, Geisthardt
povrchng, fadili vSechny druhy do rodu Selasia, ¢imz se tento stal druhové nejpocetnéjSim
rodem v ramci Drilini. Momentalné obsahuje 64 popsanych druhi, ale je zfejmé, ze nckteré
z nich budou dfive ¢i pozdgji prevedeny do jinych, nejspise pro védu novych, rodi (Kundrata
& Bocék v tisku [Priloha 13]). AZ dnedni vyzkum totiz pomalu odhaluje, jakd netuSend
morfologicka i geneticka diverzita tribu Drilini leZi v oblasti tropické Afriky. Kundrata &
Bocak (2017) [Priloha 11] studovali diverzitu tribu Drilini z kamerunskych destnych les,
pfi¢emz objevili pro védu zcela nezndmych 17 druhli této skupiny, které zatadili do péti
novych rodi vcetné jednoho podrodu. Tato studie jasn¢ prokazala dilezitost tropickych
destnych lest zapadni a stiedni Afriky jako horkého mista biodiverzity. Kamerunské pralesy
jsou také mistem s nejvétsi sympatrickou diverzitou suchozemskych plzi na zeméekouli (De
Winter & Gittenberger 1998). Kundrata & Bocék (2017) [P¥iloha 11] tedy piedpokladali, Ze
jelikoz tamgjsi linie Drilini maji ptebytek potravy, ziji v klimaticky dlouhodobé stabilnim
regionu a navic vSichni dostupni zéstupci byli sbirani pouze na nckolika malo lokalitach,
v budoucnosti mizeme z tropické Afriky o¢ekavat objevy desitek pro védu dosud neznamych
druhti ¢i dokonce rodii této skupiny. To také nasledné potvrdily objevy dalSich, do té doby
neznamych, rodd a druht africkych Drilini (Kundrata 2018, Kundrata & Bocék v tisku
[Piiloha 13]). Detailni znalost diverzity a rozsifeni jednotlivych linii v ramci tribu Drilini
nam muze pomoci pochopit vznik a evoluci neotenie a s tim souvisejicich morfologickych
modifikaci uvniti diive pomérné homogenni skupiny kovatikovitych broukt. Bude potieba
také detailniho studia imaturnich stadii a samic z tropickych linii, véetné jejich vazby na
taméj$i suchozemské plze, nebot’ ty mohou byt klicové pro pochopeni evoluce vztahu

predator-koftist v této zajimavé linii brouk.
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5. Zavér

Z vyse uvedené¢ho piehledu vyvoje naSich znalosti o fylogenezi, systematice, klasifikaci
a diverzit¢ Elateriformia, Elateridae a Drilini jasné vyplyva, Ze s ndstupem molekuldrnich
metod doSlo v této oblasti k mnohdy pifevratnym a z¢asti piekvapivym objevim a zjisténim.
Mnohé, velmi casto dlouhodobé pretrvavajici, problémy byly uspéSné vyteSeny, jako
naptiklad systematicka pozice nékterych morfologicky ne zcela jednoznacné zataditelnych
taxonu jako jsou Drilini (Kundrata & Bocak 2011), Artematopodidae (Kundrata et al. 2013)
[Priloha 1], Paradrilus (Kundrata et al. 2015b) [Priloha 9], Tetralobinae (Kundrata et al.
2018a) [Priloha 6] ¢i Podabrocephalinae (Kundrata et al. 2019) [Pi#iloha 4]. Nékteré otazky
vSak dosud zustavaji nezodpovézeny. V ramci Elateriformia stdle nezname fylogenetické
vztahy mezi hlavnimi skupinami a neznamé zUstavaji také vztahy mezi vétSinou linii
v komplexu Byrrhoidea-Buprestoidea (Kundrata et al. 2017b) [PFiloha 3]. Dlouhodobé
nevyjasnénou otazkou je téz pozice enigmatického rodu Cydistus, jehoz védci nedokazou na
zakladé morfologickych znakt zatfadit ani do nad¢eledi (Lawrence et al. 2010b). V ramci
Elateridae zlstava neobjasnéna bazalni radiace skupiny a také pozice nékolika menSich,
dosud nesekvenovanych skupin, jako napiiklad Eudicronychinae, Subprotelaterinae
a Physodactylinae (Kundrata et al. 2018a) [Piiloha 6]. Jak napovidaji dosavadni
molekularné-fylogenetické studie zaméfené na ¢eled’ Elateridae, bude potieba dikladna revize
stavajici interni klasifikace jednotlivych podceledi (Kundrata et al. 2016 [Priloha 5], 2018a
[Piiloha 6]; Douglas et al. 2018 [PFiloha 7]). Co se ty¢e Drilini, hlavnim problémem zustava
naSe omezena znalost diverzity této skupiny. Vzdyt teprve nedavno byla identifikovana
naprosta vétsina dosud znamych rodt tohoto tribu (Kundrata & Bocak 2017 [Piiloha 11],
Kundrata & Bocak v tisku [Piiloha 13]) a take poprvé objeven druh z jihovychodni Asie,
¢imz se podstatné rozsifila znama oblast vyskytu Drilini smérem na vychod (Kundrata &
Sormova 2018). Zaiazeni linii z Orientalniho regionu do molekularni fylogeneze ndm miize
pomoci objasnit historické procesy vedouci k dnesni distribuci skupiny. Rychly nastup nové
generace sekvenovani pfinasi moznost vyuziti naptiklad genomovych ¢i transkriptomovych
dat pro feseni fylogenetickych problému v rdmci Elateriformia (Kusy et al. 2018a, 2018b).
V blizké budoucnosti tak mizeme ocekavat vyieSeni mnoha dosud nezodpovézenych otazek

tykajicich se fylogeneze a systematiky této evolu¢né a ekologicky zajimavé skupiny brouk.
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Abstract

The Artematopodidae is a species-poor beetle family with con-
tentious relationships to byrrhoid and elateroid families. Recent
molecular phylogenetic analyses brought ambiguous results based
on a single sequenced species. We investigated the taxonomic
placement of Artematopodidae within Elateriformia using ribo-
somal (18S, 28S) and mitochondrial (rrnL, coxl) molecular mark-
ers and three artematopodid species. Our analyses placed Artem-
atopodidae close to Omethidae+Telegeusidae in a basal position
of broadly defined Elateroidea. Additionally, we described the
first artematopodid species from China — Eurypogon jaechi sp.
nov. and E. heishuiensis sp. nov. These species are reported from
mountains of Yunnan and can be easily distinguished from their
Palaearctic congeners by their large bodies and metallic green
elytra. They differ from each other by the shape of the pronotum,
puncturation of the head and pronotum, the relative lengths of the
antennomeres 3-5, and the morphology of the female genitalia.
With respect to our findings, we discussed the phylogeny, diver-
sity and distribution of the family Artematopodidae.
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Introduction

The Artematopodidae is a species-poor beetle lineage
currently classified in Elateroidea (Bouchard et al.,

2011). Altogether 66 extant species are placed in eight
genera; six species were described from amber fossils
(Hornschemeyer, 1998; Lawrence, 2010). Artematopo-
dids are characterized by the presence of paired cari-
nae on the prosternum, connate abdominal ventrites,
and an interlocking tongue-like process on the internal
part of the elytral apex (Lawrence, 1995). Three sub-
families are recognized: Artematopodinae, which
consist of Artematopodini, Ctesibiini and Macropo-
gonini, monogeneric Allopogoniinae, and Electribii-
nae (Lawrence, 2005; Table S3).

The relationships of the Artematopodidae were
contentious since their description by Lacordaire
(1857) and even recent studies did not provide a robust
phylogenetic hypothesis (Lawrence, 1995). The Ar-
tematopodidae were originally treated as a subgroup
of the Dascillidae (e.g. Horn, 1880; Pic, 1914), mainly
because of the similar general appearance and the
presence of membranous lamellae on the ventral parts
of the tarsomeres. Forbes (1926) placed them with
Cerophytidae and Brachypsectridae among the basal
Elateriformia. Using larval characters, Boving and
Craighead (1931) classified them under the name Eu-
rypogonidae into the Dryopoidea. Crowson (1955) for-
mally followed their concept, but discussed the con-
flicting signal from adult morphology which suggests
relationships to elateroid lineages. Later, he erected
the superfamily Artematopoidea for the Artematopo-
didae, Brachypsectridae and Callirhipidae and dis-
cussed the relationships of the Artematopoidea with
the Elateroidea and Cantharoidea (Crowson, 1973).
Lawrence and Newton (1982) separated the Callirhipi-
dae from the Artematopodidae. Lawrence (1988)
merged the Artematopoidea, Elateroidea and Canthar-
oidea into a single broadly defined Elateroidea and in-
ferred the Artematopodidae in variable positions: as
sister to the Elateroidea sensu stricto (Crowson, 1955)
+ Brachypsectridae, sister to the Elateroidea sensu
stricto + Brachypsectridae + some dryopoid lineages,
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Table 1. The list of newly sequenced taxa with GenBank accession and voucher numbers.

Geographical Markers Specimen

Family Genus/Species origin 18S rDNA 28SrDNA  16S mtDNA COI mtDNA  voucher
Artematopodidae  Eurypogon japonicus ~ Japan, Nara Pref. KF294761 KF294767  KF294755  KF294774  UPOL RK0091
Artematopodidae Eurypogon hisamatsui Japan, Tokushima Pref. ~ KF294762 KF294768  KF294756  KF294775 UPOL RK0128
Artematopodidae Eurypogon brevipennis Japan, Nagano Pref. KF294763 KF294769  KF294757  KF294776 ~ UPOL 001335
Omethidae Drilonius sp.b India, Kunchappanai KF294764 KF294770  KF294758  KF294777  UPOL 001273
Omethidae Drilonius sp. ¢ Philippines, Mindanao KF294765  KF294771  KF294759  KF294778  UPOL RK0134
Throscidae Trixagus meybohmi Czech Republic, Moravia KF294766 ~ KF294772  KF294760  KF294779 ~ UPOL RK0139

or as a basal lineage of the Elateroidea. Beutel (1995)
analyzed larval characters and found artematopodids
regularly in monophyletic Elateroidea sensu Lawrence
(1988) either close to the Elateridae, Cebrionidae and
Cantharidae, or sister to the remaining Elateroidea.
Lawrence et al. (1995) combined larval and adult char-
acters and artematopodids either occupied a basal po-
sition in Elateroidea, were sister to the Elateroidea
sensu stricto, formed a basal lineage in a clade con-
taining the Elateroidea and several unrelated lineages,
or were in an unresolved position within Elateriformia.
The latest morphology-based phylogeny of Coleoptera
(Lawrence et al., 2011) found Artematopodidae to be
the basalmost lineage of Elateroidea.

No artematopodids were included in most molecu-
lar phylogenetic studies (Bocakova et al., 2007, Hunt
et al.,2007; McKenna and Farrell, 2009; Kundrata and
Bocak, 2011). Only Sagegami-Oba et al. (2007) used
the artematopodid genus Eurypogon in their dataset of
18S rDNA sequences and placed Eurypogon japoni-
cus as a sister to the Heteroceridae in a wider clade of
several byrrhoid families and Buprestidae. In the latest
molecular phylogeny of the Coleoptera, Bocak et al.
(2013) analyzed over 8000 terminals and Artematopo-
didae formed one of the basal lineages in Elateroidea,
however, only two ribosomal loci (18S and 28S rDNA)
represented Eurypogon japonicus in the five-marker
dataset. Although the placement of the Artematopodi-
dae in the Elateroidea is widely accepted (Cooper,
1991; Lawrence and Newton, 1995; Young, 2002;
Lawrence, 2010; Bouchard et al., 2011), an underlying
phylogenetic hypothesis is absent.

In this study, we expand available complete four-
marker data by newly sequenced representatives of
basal elateroid lineages and three Eurypogon species
to investigate the position of Artematopodidae within
the elateriform series, and we describe two Eurypogon
species, which represent the first record of the family
in China.

Material and methods
Molecular dataset and laboratory procedures

The dataset contained 158 terminals. The newly se-
quenced 18S rDNA (~1900 bp), 28S rDNA (~700 bp),
rrnL mtDNA (~600 bp), and cox] mtDNA (723 bp)
fragments were produced for three Eurypogon species
(Artematopodidae), two species of Drilonius Kiesen-
wetter (Omethidae) and Trixagus meybohmi Lesei-
gneur, 2005 (Throscidae; Table 1). Total DNA was
extracted using the Wizard SV96 Purification System
(Promega Corp., Madison, WI, USA). Further labora-
tory procedures, sequencing and primers were report-
ed by Kundrata and Bocak (2011). The newly obtained
data were merged with the dascilloid, byrrhoid and
elateroid sequences used in recent molecular phylo-
genic studies of Elateroidea (Kundrata and Bocak,
2011; Table S1). Dascillus cervinus Linnaeus, 1758
(Dascillidae) as a member of basal Elateroidea (Bocak
et al.,2013) was used as an outgroup. Only taxa with a
complete set of four DNA markers were included in
the dataset. GenBank accession numbers of sequences
are listed in Tables 1 and S1. The classification follows
Bouchard et al. (2011), with modifications made by
Kundrata and Bocak (2011; for Elateridae and Omal-
isidae) and Janisova and Bocakova (2013; for Lampy-
ridae: Ototretinae).

Sequence handling, alignment and phylogenetic anal-
yses

Sequences were edited using Sequencher 4.7 (Gene
Codes Corp., Ann Arbor, MI, USA). Protein-coding
coxI sequences containing no indels were aligned by
ClustalX 1.81 under default settings (Thompson et
al., 1997). Additionally, for the alignment of rDNA
and rrnL mtDNA sequences we used either ClustalX
or BlastAlign, which omits parts of the length varia-
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ble loops when reliable alignment cannot be inferred
(Belshaw and Katzourakis, 2005). The concatenated
datasets were analyzed under parsimony (MP), maxi-
mum likelihood (ML) and Bayesian algorithms. The
MP analyses were carri:d out using TNT 1.0 (Golo-
boff et al. 2003, 2008) with gaps treated as missing
characters. The most parsimonious trees were found
50times and the bootstrap values were calculated
from 1000 pseudoreplicates. Consensus trees were
inferred from PAUP* 4.03b10 (Swofford, 2002). For
ML and Bayesian analyses, the datasets were parti-
tioned by genes and codon positions, yielding a total
of six partitions. The Bayesian analyses were per-
formed with Mr. Bayes 3.1.2 (Huelsenbeck and Ron-
quist, 2001). Four chains were run for 40.10° genera-
tions, with trees sampled every 1,000 generations.
The stationarity was detected in Tracer 1.5 (Rambaut
and Drummond, 2007). For each analysis, the first
15% of trees were discarded as burn-in. The posterior
probabilities were determined from the remaining
trees. The ML analyses were conducted using
RAxXML 7.3.1 (Stamatakis, 2006) via the CIPRES
web server (www.phylo.org; Miller er al., 2010).
Branch supports were calculated using the rapid
bootstrap algorithm (Stamatakis et al., 2008) with
1000 bootstrap iterations under the GTRCAT model.

Morphological taxonomy

The morphological study was based on adult sema-
phoronts. Genitalia were dissected, cleared in 10%
aqueous solution of potassium hydroxide, dyed by
chlorazol black and photographed using a digital
camera mounted on a stereoscopic microscope. The
following measurements were taken: BL-body length,
measured from the fore margin of the head to the ely-
tral apex; EL-elytral length; WHe-width of head in-
cluding eyes; WH-width at humeri; PL-pronotal
length at midline; PWA-pronotum width at anterior
angles; PWP-pronotum width at posterior angles;
Edist-minimum interocular distance in the frontal
part of the cranium; Ediam-maximum eye diameter
in lateral view; LV-length of valvifer; LC-length of
coxit. A forward slash (/) separates different lines on
a label. The species descriptions follow in general the
recommendations of Ratcliffe (2013) and the mor-
phological terminology follows those of Sakai (1982)
and Lawrence (2010). The type material is deposited
in the Naturhistorisches Museum Wien in Austria
(NHMW).

201
Results

The 158-taxa concatenated BlastAlign and ClustalX
datasets contained 4675 and 4330 homologous posi-
tions with 31.1 and 39.6% parsimony-informative
characters, respectively. The numbers of homologous
positions and constant, variable parsimony-informa-
tive and parsimony-uninformative characters for total
matrices and individual markers shows the Table S2.
The rrnL and cox] mtDNA fragments contained con-
siderably higher percentage of parsimony-informative
characters than 18S and 28S rDNA. Base frequencies
showed high AT levels in mitochondrial DNA (Table
S2). The maximum uncorrected pairwise distances
among investigated taxa varied between 8.9% for 18S
rDNA and 35.0% for cox] mtDNA (Table S2).

The phylogenetic analyses of data in the present
constellation recovered Elateroidea sensu Lawrence
and Newton (1995; i.e., including Artematopodidae) as
a monophylum (Fig. 1). The concept of Elateroidea
was supported by bootstrap values (BS) of 58-68% in
ML analyses, less than 50% in MP analyses, and 74-
88% posterior probabilities (PP) in Bayesian analyses
(Fig. 1). The Byrrhoidea was strongly supported in ML
and Bayesian analyses of ClustalX alignment and
weakly supported or paraphyletic in the remaining
analyses. Artematopodidae were recovered in a basal
position of the broadly defined FElateroidea; they
formed an independent lineage in ML analysis of
BlastAlign alignment (Fig. 1B; less than 50% BS) or
they were sister to Omethidae + Telegeusidae in all re-
maining analyses (Fig. 1A; 58 and 100% PP in Bayes-
ian analyses of BlastAlign and ClustalX alignments,
respectively, 97% BS in ML analysis of ClustalX
alignment, and less than 50% BS in MP analyses).
Elateroidea minus Artematopodidae + (Omethidae +
Telegeusidae) obtained strong support in analyses of
BlastAlign alignment (84% BS, 100% PP) and low to
moderate support in analyses of ClustalW alignment
(Fig. 1). Throscidae and Eucnemidae formed either in-
dependent lineages (4 analyses, Fig. 1B) or a single
clade (2 analyses, Fig. 1A). The strongly supported
clade consisting of two subclades Lycidae + Lampyri-
dae + Cantharidae and Omalisidae + Phengodidae +
Rhagophthalmidae + Elateridae was found in all anal-
yses. All analyses recovered elateroid families mono-
phyletic, only Bayesian analysis of BlastAlign align-
ment showed paraphyletic Elateridae including a clade
Omalisidae + Phengodidae + Rhagophthalmidae (less
than 50% BS). All families but Omalisidae (<50-92%
BS, 99-100% PP) and Elateridae (<50-75% BS, 94%
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Fig. 1. Maximum likelihood (ML) phylo-
genetic trees based on analyses of 158-
taxa concatenated datasets aligned by
ClustalX (A) and BlastAlign (B). Num-
bers at branches represent ML bootstrap
values and Bayesian posterior probabili-
ties, respectively. Selected long branches
in Lycidae, Lampyridae and Cantharidae
were manually shortened as indicated by
two vertical lines.
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PP) obtained strong support in all analyses (92-100%
BS, 100% PP). Among Artematopodidae, the sister-
group relationship between Eurypogon hisamatsui
Sakai, 1982 and E. brevipennis Sakai, 1982 obtained
strong support in 4 analyses. In ML and Bayesian anal-
yses of BlastAlign alignment, E. hisamatsui was found
sister to E. japonicus Sakai, 1982 (65% BS and 99%
PP, respectively).

Discussion
The phylogenetic position of Artematopodidae

In this study, we combined ribosomal and mitochon-
drial DNA data to investigate the position of Artem-
atopodidae. According to our analyses, Artematopodi-
dae were never recovered near byrrhoid lineages as
suggested by Sagegami-Oba er al. (2007; Fig. 1). The
position of the Callirhipidae as a part of the Byr-
rhoidea and distant from Artematopodidae rejects
Crowson’s Artematopoidea (Crowson, 1973). The re-
sults placed artematopodids as a part of deep radiation
of elateroid lineages in concordance with some recent-
ly published morphological and molecular analyses
(e.g. Lawrence et al., 2011; Bocak et al., 2013; Fig. 1).
Lawrence et al. (2011) recovered Artematopodidae as
the basamost elateroid lineage and Bocak et al. (2013)
inferred artematopodids as a sister to Elateroidea mi-
nus Telegeusidae and Omethidae. The basal position
of Artematopodidae is also indicated by the fact that
several species of Macropogonini feed on mosses
(Lawrence, 2010). In our study, five out of six analyses
revealed heretofore unknown sistergroup relationships
of Artematopodidae and Omethidae + Telegeusidae
(Fig. 1A). Only one analysis showed Artematopodidae
sister to the remaining Elateroidea, but this topology
was weakly supported (Fig. 1B). The Elateroidea ex-
cept the three above mentioned basal lineages showed
consistent support across the recent molecular analy-
ses (Bocakova et al., 2007, Kundrata & Bocak, 2011;
this study; Fig. 1). On the other hand, although we can
consider the placement of Artematopodidae in the ba-
sal radiation of the Elateroidea as well supported, their
relationships to Omethidae and Telegeusidae remain
unresolved (Bocak et al., 2013; this study; Fig. 1). The
Brachypsectridae (supposed as the close relatives of
Artematopodidae by e.g., Crowson, 1973) fixed for the
DNA isolation and more data for Omethidae and Tel-
egeusidae are needed for better understanding of the
relationships among the basal elateroid lineages.

203

The zoogeography and diversity of the Asian Artem-
atopodidae

Currently, eight extant artematopodid genera are de-
fined (Lawrence, 2010; Table S3). Artematopus Perty
is the most diverse genus (44 species), three genera
contain 2-11 species, and four genera are monotypic.
The artematopodids have the highest diversity in the
New World (all genera and most species; Table S3),
with Macropogon Motschulsky and Eurypogon dis-
tributed additionally in the Palaearctic Region. Three
species of Macropogon occur in the Russian Far East,
one Eurypogon species is known from southern Eu-
rope and seven Eurypogon species are distributed in
East Asia (Sakai, 1982; Hornschemeyer, 1998; this
study). Eurypogon had contained only Nearctic spe-
cies until Sakai (1982) described four species from Ja-
pan and one from Taiwan (Table S4), but no species
was recorded from continental Asia. Here, we de-
scribed two Eurypogon species from the geographi-
cally very distant area in Yunnan (Fig. 3; for the spe-
cies descriptions see the Appendix). Hornschemeyer
(1998) considered the pattern of Artematopodidae dis-
tribution as relict. The distant isolated ranges of Chi-
nese and Japanese species of Eurypogon suggest much
more extensive distribution of this genus in the past.
Of course, we cannot exclude further records of these
rare beetles from further localities in China, but all
Eurypogon occur in a low number of species in small
isolated ranges across the World and they have not
been reported from large regions between the known
ranges (Tables S3 and S4).
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Fig. 2. Habitus of Eurypogon spp.: (A) E. jaechi sp. nov., dorsal habitus, (B) ventral habitus, (C) E. heishuiensis sp. nov., dorsal habitus;
antenna: (D) E. jaechi sp. nov., (E) E. heishuiensis sp. nov.; pronotum: (F) E. jaechi sp. nov., (G) E. heishuiensis sp. nov.; E. jaechi sp.
nov.: (H) prosternum, (I) elytron, dorsolaterally, (J) tarsomeres, dorsally, (K) ventrally; abdominal ventrites: (L) E. jaechi sp. nov., (M)
E. heishuiensis sp. nov.; spiculum ventrale and valvifer with coxites: (N) E. jaechi sp. nov., (O) E. heishuiensis sp. nov. Scale bars: 2
mm (Figs 2-4, 10, 13-14), I mm (Figs 5-8, 15-16), 0.5 mm (Figs 9, 11-12).



Contributions to Zoology, 82 (4) — 2013
Appendix

Systematics

Eurypogon Motschulsky, 1859

Diagnosis. Within Macropogonini, Eurypogon can be
easily distinguished from Macropogon by subequal an-
tennomeres 4 and 5 which are each considerably longer
than antennomere 3 (in Macroprogon antennomere 5 is
2.5 times longer than antennomere 4 which is subequal
to antennomere 3), basal pro- and mesotarsomeres
without ctenidium and larva without distinct paired uro-
gomphi on the 9" abdominal tergite (Crowson, 1973;
Lawrence, 2005). The East Palaearctic Eurypogon spe-
cies were described in detail by Sakai (1982).

Eurypogon jaechi sp. nov.
Fig. 2A-B,D,F, H-L,N

Type material. Holotype, 1 female, “China Yunnan, 1.
19VIIL. / HEISHUI, 35 km N Lijiang / 27° 13'N 100°
19'E / E. Jendek leg. 1992” (NHMW).

Diagnosis. Eurypogon jaechi sp. nov. and E. heishu-
iensis sp. nov. are the only known artematopodids from
continental Asia and can be easily distinguished from
their Japanese and Taiwanese congeners by larger body
and metallic green coloration of elytra (species from Ja-
pan and Taiwan are uniformly black). E. jaechi sp. nov.
differs from similar E. heishuiensis sp. nov. by the fol-
lowing characters: dull metallic elytral coloration,
slightly wider body (Fig. 2A, C), pronotum with less
concave sides and less prominent hind angles, larger
and denser punctures on head and pronotum (Fig. 2F-
G), different relative lengths of antennomeres 3-5 (Fig.
2D-E), less prominent elevations near lateral sides of
abdomen (Fig. 2L-M), and higher valvifer/coxit length
ratio (Fig. 2N-O).

Description. Female. Body 6.1 mm long, 2.7 times as
long as wide at humeri (Fig. 2A-B). Body coloration
grey to black; elytra metallic dark green, moderately
shiny; legs dark brown, tarsal lamellae yellow. Entire
body densely covered by suberect or erect pubescence.
Head deflexed ( i.e., there is a deflexion point between
frons and clypeus; anterior part of cranium is declined),
cranium irregularly covered with large punctures; punc-
tures circular to oval, sparser and variable in size on
clypeus, interstices smooth, narrow, up to width of
puncture diameter on clypeus; anterior clypeal margin
slightly convex (Fig. 2F). Eyes protuberant; interocular
distance 2.0 times eye diameter in dorsal view. Maxil-
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lary palpi almost 2 times longer than labial palpi, apical
palpomere slender, widest at apex (Fig. 2F). Antennae
11-segmented, reaching second third of elytral length,
covered by suberect hairs; antennomere 1 pear-shaped,
antennomeres 2-3 simple, their combined lengths
slightly longer than length of antennomere 4; antenno-
meres 4-10 slightly serrate, subequal in length, apical
antennomere simple (Fig. 2D). Pronotum pentagonal,
moderately convex, anterior edge simple, almost
straight, lateral margins moderately straight, posterior
margin evenly rounded, slightly sinuate in middle part.
Anterior angles almost rectangular; posterior angles
acute (Fig. 2F); surface with large, ovoid, moderately
deep punctures, with smooth, very narrow interstices;
shiny, covered by erected, long setae, mainly at mar-
gins. Prosternum transverse, with paired longitudinal
ridges in front of coxae, continuing as sides of proster-
nal process; prosternal process overlapping mesoven-
trite (Fig. 2B, H). Scutellum flat, triangle-shaped. Elytra
moderately shiny, sinuate behind humeri, widest at third
fourth, finely and deeply punctate with distinct puncture
rows (Fig. 2A, I); covered by suberect pubescence; ely-
tral margins strenghtened, particularly apically. Legs
slender, femora widest mesally, tibiae elongate, bearing
spurs apically. Tarsomeres 2-4 ventrally with deeply bi-
fid lamellae; lamella of tarsomere 3 largest; penultimate
tarsomere shortest, ultimate tarsomere slender, longest;
claws slightly curved (Fig. 2], K). Abdomen short, well-
sclerotized, finely and moderately deeply punctate, with
suberect pubescence. All ventrites connate, each ven-
trite with a circular smooth elevation near lateral edges
(Fig. 2L). Spiculum ventrale long, slender (Fig. 2N). Fe-
male genitalia with long and slender valvifer; valvifer
2.5 times longer than coxit (Fig. 2N).

Measurements. BL 6.1 mm, EL 4.7 mm, WHe 1.1
mm, WHum 2.2 mm, PL 1.1 mm, PWA 1.2 mm, PWP
1.9 mm, Edist 0.8 mm, Ediam 0.4 mm, LV 1.4 mm, LC
0.6 mm.

Distribution. This species is known only from the
type locality in Yunnan, China (Fig. 3).

Etymology. The species is dedicated to Manfred
Jach (NHMW) who provided us with the type material.

Eurypogon heishuiensis sp. nov.
Fig. 2C,E,G,M, O

Type material. Holotype, 1 female, “China Yunnan, 1.-
19VII. / HEISHUI, 35 km N Lijiang / 27° 13'N 100°
19'E / E. Jendek leg. 1992” (NHMW).
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1 E. brevipennis Sakai, 1982
2 E. hisamatsui Sakai, 1982
3 E. japonicus Sakai, 1982

4 E. ocularis Sakai, 1982

TAIWAN
5 E. granulatus Sakai, 1982

CHINA
6 E. jaechi sp. nov. Fig. 3. The distribution of the genus

aEeRh e somnoy Eurypogon in East Palaearctic Region.

Diagnosis. E. heishuiensis sp. nov. differs from E.
Jjaechi sp. nov. by more metallic elytral coloration, nar-
rower body (Fig. 2A, C), more concave pronotal sides
and more prominent pronotal hind angles, smaller and
sparser punctures on head and pronotum (Fig. 2F-G),
different relative lengths of antennomeres 3-5 (Fig.
2D-E), more prominent elevations near lateral sides of
abdomen (Fig. 2L.-M), and lower valvifer/coxit length
ratio (Fig. 2N-0).

Description. Body 6.1 mm long, 2.9 times as long as
wide at humeri (Fig. 2C). Body coloration grey to
black; elytra strongly metallic green, shiny; legs dark
brown, tarsal lamellae yellow. Head irregularly and
sparsely covered with moderately large punctures. Eyes
protuberant; interocular distance 1.9 times eye diame-
ter. Antennae with antennomere 1 pear-shaped, anten-
nomeres 2-3 simple, minute, their combined lengths
subequal to length of antennomere 4; antennomeres
4-10 slightly serrate; antennomere 5 slightly longer
than antennomere 4; antennomeres 6-10 slightly short-

er than antennomere 5, subequal in length; apical an-
tennomere simple (Fig. 2E). Pronotum with anterior
edge almost straight, lateral margins slightly concave,
posterior margin evenly rounded, slightly sinuate in
middle part. Anterior angles deflexed, almost rectangu-
lar; posterior angles acute (Fig. 2G); surface of disc
shiny, with moderately large, ovoid punctures. Elytra
shiny, finely and deeply punctate with distinct puncture
rows (Fig. 2C). Abdominal ventrites with apparent cir-
cular smooth elevation near lateral edges (Fig. 2M).
Spiculum ventrale moderately long, slender (Fig. 20;
valvifer 2.0 times longer than coxit (Fig. 20).

Measurements. BL 6.1 mm, EL 4.7 mm, WHe 1.2
mm, WHum 2.1 mm, PL 1.0 mm, PWA 1.2 mm, PWP
1.8 mm, Edist 0.8 mm, Ediam 0.4 mm,LV 1.2 mm, LC
0.6 mm.

Distribution. This species is known only from the
type locality in Yunnan, China (Fig. 3).

Etymology. The species name heishuiensis refers to
the type locality of the species.









Table S1. The list of previously published sequences used in the dataset (Bocakova et al., 2007; Kundrata and Bocak 2011).

Markers
Superfamily/Family Subfamily Genus/Species Geographic origin 18S rDNA 28S rDNA 16S mtDNA COI mtDNA
DASCILLOIDEA
Dascillidae Dascillinae Dascillus cervinus United Kingdom AYT745558 DQ198700 DQ198621 DQ198543
BYRRHOIDEA
Byrrhidae Byrrhinae Byrrhus pilula United Kingdom AF427604 DQ198705 DQ198625 DQ198548
Limnichidae Limnichinae Limnichus pygmaeus United Kingdom AF451923 DQ198719 DQ198631 DQ198554
Chelonariidae Chelonarium sp. Indonesia DQ100488 DQ198724 DQ198635 DQ198558
Heteroceridae Heterocerus sp. Slovakia AF451928 DQ198718 DQ198630 DQ198553
Dryopidae Pomatinus substriatus ~ United Kingdom AF451924 DQ198708 DQ198626 DQ198549
Psephenidae Eubrianacinae Eubrianax sp. Indonesia DQ100485 DQ198721 DQ198632 DQ198555
Elmidae Elminae Limnius volckmari Spain AF451914 DQ198712 DQ198627 DQ198550
Elmidae Elminae Oulimnius rivularis Portugal AF451913 DQ198714 DQ198628 DQ198551
Elmidae Larainae Potamodytes sp. South Africa AF451912 DQ198715 DQ198629 DQ198552
Callirhipidae gen. sp. Malaysia DQ100490 DQ198726 DQ198637 DQ198560
Ptilodactylidae Ptilodactylinae Ptilodactyla serricornis  Japan AF451932 DQ198723 DQ198634 DQ198557
Ptilodactylidae Cladotominae Paralichas pectinatus Japan DQ100486 DQ198722 DQ198633 DQ198556
Eulichadidae Eulichas sp. Malaysia DQ100489 DQ198725 DQ198636 DQ198559
ELATEROIDEA
Telegeusidae Telegeusis nubifer USA DQ100503 DQ198751 DQ198660 DQ198582
Omethidae Driloniinae Drilonius sp. a Indonesia DQ100502 DQ198750 DQ198659 DQ198581
Throscidae Trixagus dermestoides  United Kingdom AF451950 DQ198747 DQ198656 DQ198578
Eucnemidae gen. sp. a Indonesia HQ333807 HQ333902 HQ333716 HQ333988
Eucnemidae gen.sp.b Indonesia HQ333829 HQ333923 HQ333736 HQ334009



Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae

Macraulacinae
Macraulacinae
Eucneminae
Libnetinae
Dictyopterinae
Dictyopterinae
Dictyopterinae
Dictyopterinae
Dictyopterinae
Lyropaeinae
Lyropaeinae
Lyropaeinae
Lyropaeinae
Lyropaeinae
Lyropaeinae
Lyropaeinae
Lyropaeinae
Ateliinae
Ateliinae
Lycinae
Lycinae
Lycinae
Lycinae
Lycinae

Lycinae

gen. sp.c
Fornax sp.
Nematodes sp.

Idiotarsus sp.

Libnetis granicollis
Lycoprogenthes sp.
Taphes brevicollis
Dictyoptera elegans
Benibotarus nigripennis
Pyropterus nigroruber

Alyculus kurbatovi

Lyropaeus sp.

Antennolycus constrictus
Microlyrop. dembickyi
Platerodrilus sp.

Macrolibnetis sp.

Pendola sp.

Horakiella emasensis

Dilophotes sp.

Scarelus sp.

Dihammatus sp.

Eurrhacus sp.

Macrolycus sp
Thonalmus hubbardi

Lyponia quadricollis

Lycus sp.

Indonesia
Bolivia
Bolivia
Bolivia
Japan
Indonesia
Laos
Japan
Japan
Japan
Indonesia
Malaysia
Malaysia
Indonesia
Malaysia
Malaysia
Indonesia
Malaysia
Malaysia
Malaysia
Malaysia
Ecuador
China
Montserrat
Korea
South Africa

HQ333830
DQ100492
DQ100495
DQ100493
DQ181107
DQ181070
DQ181098
DQ181073
DQ181075
DQ181077
DQ181072
DQ181042
DQ181051
DQ181071
DQ181037
DQ181050
DQ181058
DQ181110
DQ181066
DQ181085
DQ181043
DQ181056
DQ181049
DQ181094
DQ181101
DQ181039

HQ333924
DQ198729
DQ198731
DQ198730
DQ181181
DQ181144
DQ181172
DQ181147
DQ181149
DQ181151
DQ181146
DQ181116
DQ181125
DQ181145
DQ181111
DQ181124
DQ181132
DQ181184
DQ181140
DQ181159
DQ181117
DQ181130
DQ181123
DQ181168
DQ181175
DQ181113

HQ333737
DQ198640
DQ198642
DQ198641
DQ181033
DQ180996
DQ181024
DQ180999
DQ181001
DQ181003
DQ180998
DQ180968
DQ180977
DQ180997
DQ180963
DQ180976
DQ180984
DQ181036
DQ180992
DQ181011
DQ180969
DQ180982
DQ180975
DQ181020
DQ181027
DQ180965

HQ334010
DQ198562
DQ198564
DQ198563
DQ181255
DQ181218
DQ181246
DQ181221
DQ181223
DQ181225
DQ181220
DQ181190
DQ181199
DQ181219
DQ181185
DQ181198
DQ181206
DQ181258
DQ181214
DQ181233
DQ181191
DQ181204
DQ181197
DQ181242
DQ181249
DQ181187



Lycidae
Lycidae
Lycidae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Omalisidae
Omalisidae
Phengodidae
Rhagophthalmidae

Lycinae
Lycinae
Lycinae
Lampyrinae
Lampyrinae
Luciolinae
Luciolinae
Ototretinae
Ototretinae
Ototretinae
Ototretinae
Malthininae
Malthininae
Malthininae
Malthininae
Chauliognathinae
Cantharinae
Cantharinae
Cantharinae
Silinae

Silinae

Phengodinae

Idiopteron biplagiatum
Metriorrhynchus lineatus
Platycis minutus

Vesta sp.

gen. sp.

Curtos sp.

gen. sp.
Mimophaeopterus sp.
Flabellotreta sp.
Ototretadrilus sp. a
Ototretadrilus sp. b
Malthinus flaveolus
Malthodes sp.
Maltypus sp.
Inmalthodes sp.
Ichthyurus sp.
Cantharis decipiens
Rhagonycha lignosa
Rhagonycha nigriceps
Asiosilis sp.
Laemoglyptus sp.

gen. sp.

Omalisus fontisbellaquei
Pseudeuanoma sp.
Phengodes sp.

Bicladodrilus sp.

Ecuador
Malaysia
Czech Republic
Indonesia
Indonesia
Indonesia
Indonesia
Indonesia
Indonesia

India

India

United Kingdom
France
Indonesia
Indonesia
Indonesia
Czech Republic
United Kingdom
France
Indonesia
Indonesia
Indonesia
Czech Republic
Greece

USA

China

DQ181057
DQ181040
DQ181069
DQ100511
DQ100509
DQ100513
DQ100514
DQ100521
DQ100520
DQ100524
DQ100525
AF451938
DQ100532
DQ100533
DQ100534
DQ100531
DQ100526
AF451939
DQ100527
DQ100530
DQ100528
DQ100529
AF451948
HQ333832
DQ100504
DQ100507

DQ181131
DQ181114
DQ181143
DQ198760
DQ198759
DQ198761
DQ198762
DQ198764
DQ198763
DQ198765
DQ198766
DQ198775
DQ198776
DQ198777
DQ198778
DQ198774
DQ198768
DQ198770
DQ198769
DQ198773
DQ198771
DQ198772
DQ198749
KF294773
DQ198752
DQ198755

DQ180983
DQ180966
DQ180995
DQ198669
DQ198667
DQ198671
DQ198672
DQ198679
DQ198678
DQ198682
DQ198683
DQ198692
DQ198693
DQ198694
DQ198695
DQ198691
DQ198685
DQ198687
DQ198686
DQ198690
DQ198688
DQ198689
DQ198658
HQ333738
DQ198661
DQ198664

DQ181205
DQ181188
DQ181217
DQ198592
DQ198590
DQ198594
DQ198595
DQ198602
DQ198601
DQ198605
DQ198606
DQ198615
DQ198616
DQ198617
DQ198618
DQ198614
DQ198608
DQ198610
DQ198609
DQ198613
DQ198611
DQ198612
DQ198580
HQ334011
DQ198583
DQ198586



Rhagophthalmidae
Rhagophthalmidae
Rhagophthalmidae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae

Elateridae

Agrypninae
Agrypninae
Agrypninae
Agrypninae
Agrypninae
Agrypninae
Agrypninae
Agrypninae
Agrypninae
Agrypninae
Agrypninae
Agrypninae
Agrypninae
Agrypninae
Agrypninae
Agrypninae
Agrypninae
Agrypninae
Agrypninae
Agrypninae
Agrypninae
Agrypninae
Agrypninae

Mimoochotyra sp.
Ochotyra sp.
gen. sp.
Agrypnus sp. a
Agrypnus sp. b
Agrypnus sp. ¢
Agrypnus sp. d
Adelocera sp. a
Adelocera sp. a
Adelocera sp. a
Adelocera sp. b
Adelocera sp. ¢
Conoderus sp. a

Conoderus sp. b

Drasterius bimaculatus

Drasterius sp.

gen. sp.
Platycrepidius sp.
Pyrophorus sp.
Chalcolepidius sp.
Cryptalaus sp. a
Cryptalaus sp. b
Selasia sp.
Selasia sp.

Drilus sp.

Drilus mauritanicus

Malaysia
India
Indonesia
Japan
Indonesia
Japan
Indonesia
Japan
Japan
Japan
Indonesia
Malaysia
Panama
Panama
Slovakia
Morocco
Malaysia
Panama
Panama
Panama
Japan
Malaysia
SouthAfrica
SouthAfrica
Greece

Spain

DQ100505
DQ100508
DQ100506
HQ333757
HQ333783
HQ333810
HQ333820
HQ333772
HQ333778
HQ333817
HQ333806
HQ333818
HQ333746
HQ333747
HQ333793
HQ333816
HQ333798
HQ333748
HQ333751
HQ333752
HQ333768
HQ333834
HQ333824
HQ333825
HQ333826
HQ333836

DQ198753
DQ198756
DQ198754
HQ333852
HQ333878
HQ333905
HQ333915
HQ333867
HQ333873
HQ333912
HQ333901
HQ333913
HQ333841
HQ333842
HQ333888
HQ333911
HQ333893
HQ333843
HQ333846
HQ333847
HQ333863
HQ333926
HQ333919
HQ333920
HQ333921
HQ333927

DQ198662
DQ198665
DQ198663
HQ333676
HQ333697
HQ333719
HQ333727
HQ333689
HQ333694
HQ333724
HQ333715
HQ333725
HQ333665
HQ333666
HQ333704
HQ333723
HQ333708
HQ333667
HQ333670
HQ333671
HQ333685
HQ333740
HQ333731
HQ333732
HQ333733
HQ333742

DQ198584
DQ198587
DQ198585
HQ333941
HQ333965
HQ333991
HQ334000
HQ333955
HQ333961
HQ333997
HQ333987
HQ333998
HQ333931
HQ333932
HQ333975
HQ333996
HQ333980
HQ333933
HQ333936
HQ333937
HQ333951
HQ334014
HQ334004
HQ334005
HQ334006
HQ334015



Elateridae Agrypninae Drilus mauritanicus Spain HQ333837 HQ333928 HQ333743 HQ334016
Elateridae Agrypninae Agrypnus murinus Slovakia AF451943 DQ198735 DQ198645 DQ198567
Elateridae Agrypninae Drilus flavescens Malta DQ100501 DQ198748 DQ198657 DQ198579
Elateridae Cardiophorinae gen. sp. Namibia AF451942 DQ198739 DQ198649 DQ198571
Elateridae Cardiophorinae Cardiophorus erichsoni  Slovakia HQ333790 HQ333885 HQ333701 HQ333972
Elateridae Denticollinae Athous vittatus Czech Republic HQ333755 HQ333850 HQ333674 HQ333939
Elateridae Denticollinae Limonius quercus Czech Republic HQ333775 HQ333870 HQ333692 HQ333958
Elateridae Denticollinae Cidnopus pilosus Slovakia HQ333792 HQ333887 HQ333703 HQ333974
Elateridae Denticollinae Anostirus purpureus Slovakia HQ333761 HQ333856 HQ333679 HQ333945
Elateridae Denticollinae Neopristilophus serrifer Japan HQ333765 HQ333860 HQ333682 HQ333948
Elateridae Denticollinae Selatosomus gravidus Czech Republic HQ333774 HQ333869 HQ333691 HQ333957
Elateridae Denticollinae gen. sp. Japan HQ333787 HQ333882 HQ333700 HQ333969
Elateridae Denticollinae Platiana sp. Indonesia HQ333782 HQ333877 HQ333696 HQ333964
Elateridae Denticollinae Hypolithus sp. Japan HQ333795 HQ333890 HQ333705 HQ333977
Elateridae Denticollinae Semiotus sp. Chile HQ333799 HQ333894 HQ333709 HQ333981
Elateridae Denticollinae Oxynopterus sp. Philippines HQ333800 HQ333895 HQ333710 HQ333982
Elateridae Denticollinae Panspaeus guttatus United Kingdom DQ100499 DQ198742 DQ198652 DQ198574
Elateridae Denticollinae Stenagostus rhombeus  United Kingdom AF451945 DQ198744 DQ198653 DQ198576
Elateridae Denticollinae Denticollis linearis Czech Republic DQ100498 DQ198741 DQ198651 DQ198573
Elateridae Denticollinae Athous haemorrhoidalis  United Kingdom AF451944 DQ198738 DQ198648 DQ198570
Elateridae Elaterinae Octinodes sp. Panama HQ333749 HQ333844 HQ333668 HQ333934
Elateridae Elaterinae Elater sp. Japan HQ333766 HQ333861 HQ333683 HQ333949
Elateridae Elaterinae Tomicephalus sp. Panama HQ333750 HQ333845 HQ333669 HQ333935
Elateridae Elaterinae Elaterini gen. sp. a Indonesia HQ333773 HQ333868 HQ333690 HQ333956
Elateridae Elaterinae Elaterini gen. sp. b Indonesia HQ333819 HQ333914 HQ333726 HQ333999
Elateridae Elaterinae Ludioschema sp. Japan HQ333777 HQ333872 HQ333693 HQ333960



Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae

Elateridae

Elaterinae
Elaterinae
Elaterinae
Elaterinae
Elaterinae
Elaterinae
Elaterinae
Elaterinae
Elaterinae
Elaterinae
Elaterinae
Elaterinae
Elaterinae
Elaterinae
Elaterinae
Elaterinae
Elaterinae
Elaterinae
Elaterinae
Elaterinae
Elaterinae
Elaterinae
Elaterinae
Elaterinae
Lissominae

Negastriinae

Anoplischius sp.

Ampedus sp. a

Ampedus sanguinolentus

Ampedus rufipennis

Ampedus sp. b

Ampedus sinuatus
Ampedus sinuatus
Agriotes acuminatus
Agriotes ustulatus
Megapenthini gen. sp.
Adrastini gen. sp. a
Adrastini gen. sp. a
Adrastini gen. sp. b
Adrastini gen. sp. ¢
Adrastini gen. sp. d

Melanotus villosus

Priopus ornatus

Priopus humeralis

Anchastus sp. a
Anchastus sp. b
Anchastus sp. ¢
Anchastus sp. d
Cebrio sp.

Ampedus balteatus

Drapetes sp.

Zorochros sp.

Panama

Japan

Slovakia
Slovakia

Japan

Slovakia

Czech Republic
Czech Republic
Czech Republic
Japan

Japan

Japan

Japan

Malaysia
Malaysia
Czech Republic
Laos

Indonesia
Indonesia
Indonesia
Indonesia
Indonesia
Spain

United Kingdom
Czech Republic
Malaysia

HQ333745
HQ333758
HQ333760
HQ333762
HQ333771
HQ333791
HQ333822
HQ333756
HQ333786
HQ333767
HQ333769
HQ333770
HQ333779
HQ333801
HQ333812
HQ333754
HQ333785
HQ333821
HQ333804
HQ333809
HQ333813
HQ333814
DQ100497
AF427605
HQ333828
HQ333796

HQ333840
HQ333853
HQ333855
HQ333857
HQ333866
HQ333886
HQ333917
HQ333851
HQ333881
HQ333862
HQ333864
HQ333865
HQ333874
HQ333896
HQ333907
HQ333849
HQ333880
HQ333916
HQ333899
HQ333904
HQ333908
HQ333909
DQ198740
DQ198736
HQ333922
HQ333891

HQ333664
HQ333677
HQ333678
HQ333680
HQ333688
HQ333702
HQ333729
HQ333675
HQ333699
HQ333684
HQ333686
HQ333687
HQ333695
HQ333711
HQ333720
HQ333673
HQ333698
HQ333728
HQ333714
HQ333718
HQ333721
HQ333722
DQ198650
DQ198646
HQ333735
HQ333706

HQ333930
HQ333942
HQ333944
HQ333946
HQ333954
HQ333973
HQ334002
HQ333940
HQ333968
HQ333950
HQ333952
HQ333953
HQ333962
HQ333983
HQ333993
HQ333938
HQ333967
HQ334001
HQ333986
HQ333990
HQ333994
HQ333995
DQ198572
DQ198568
HQ334008
HQ333978



Elateridae Negastriinae Zorochros sp. Malaysia HQ333797 HQ333892 HQ333707 HQ333979
Elateridae Negastriinae Quasimus sp. a Malaysia HQ333802 HQ333897 HQ333712 HQ333984
Elateridae Negastriinae Quasimus sp. b Malaysia HQ333803 HQ333898 HQ333713 HQ333985
References for Table S1

Bocakova M, Bocak L, Hunt T, VVogler AP. 2007. Molecular phylogenetics of Elateriformia (Coleoptera): evolution of bioluminescence and neoteny. Cladistics 23: 477-496.

Kundrata R, Bocak L. 2011. The phylogeny and limits of Elateridae (Insecta, Coleoptera): is there a common tendency of click beetles to soft-bodiedness and neoteny?
Zoologica Scripta 40: 364-378.



Table S2. Numbers of characters, base frequencies and maximum uncorrected pairwise distances. * cox1 mtDNA aligned only by ClustalX..

Alignment/ Number of Constant Variable Parsimony Base frequencies (%) Max. uncorrec.
Partition characters characters uninformative  informative A C G T pairw. dist. (%)
BlastAlign

Total dataset 4675 2781 441 1453 27.17 21.08 24.38 27.38 15.41

18S rDNA 2186 1587 163 436 24.03 24.44 27.94 23.59 08.90

28S rDNA 1001 635 128 238 25.49 23.46 30.93 20.12 16.74

rrnl mtDNA 765 334 104 327 32.28 09.73 17.13 40.87 26.58

coxl mtDNA* 723 225 046 452 33.25 17.86 14.51 34.39 35.00

ClustalX

Total dataset 4330 2245 372 1713 27.12 20.99 24.37 27.53 19.07

18S rDNA 2130 1449 160 521 23.94 24.52 27.97 23.57 12.40

28S rDNA 910 396 123 391 25.33 23.57 30.97 20.13 30.47

rrnl mtDNA 567 175 43 349 32.18 09.47 17.01 41.33 32.28

coxl mtDNA* 723 225 046 452 33.25 17.86 14.51 34.39 35.00



Table S3. The list of the artematopodid genera, with geographical distribution.

Subfamily Nr. of Recent Fossil Geographical
Tribe  Genus species species species distribution
Artematopodinae Lacordaire, 1857
Artematopodini Lacordaire, 1857
Artematopus Perty, 1830 44 44 0 South and Central America (from Bolivia to Nicaragua)
Carcinognathus Kirsch, 1873 1 1 0 Peru
Protartematopus Crowson, 1973 1 0 1 -
Ctesibiini Crowson, 1973
Brevipogon Lawrence, 2005 1 1 0 USA
Ctesibius Champion, 1897 1 1 0 Mexico
Macropogonini LeConte, 1861
Eurypogon Motschulsky, 1859 11 11 0 USA, Canada, Italy, China, Taiwan, Japan
Macropogon Motschulsky, 1845 7 7 0 USA, Canada, Eastern Siberia, Far East
Allopogoniinae Crowson, 1973
Allopogonia Cockerell, 1906 1 1 0 USA
Electribiinae Crowson, 1975
Electribius Crowson, 1973 6 2 4 Salvador, Mexico
Incertae sedis*
Electrapatini Cobos, 1963
Electrapate lablokoff-Khnzorian, 1962 1 0 1 -



* — The genus Electrapate lablokoff-Khnzorian was placed in Artematopodidae by Lawrence (2010) without mentioning a reason, although previous authors classified this

taxon in Buprestoidea (e.g., Bellamy, 1995; Bouchard et al., 2011).

References for Table S3

Bellamy CL. 1995. Buprestidae (Coleoptera) from Amber deposits: A brief review and family switch. The Coleopterists Bulletin 49: 175-177.

Bouchard P, Bousquet Y, Davies AE, Alonso-Zarazaga MA, Lawrence JF, Lyal CHC, Newton AF, Reid CAM, Schmitt M, Slipifiski SA, Smith ABT. 2011. Family-Group
names in Coleoptera (Insecta). ZooKeys 88: 1-972.

Champion GC. 1897. Elateridae-Dascillidae. Biologia Centrali-Americana. Insecta. Coleoptera. Vol. 3. Part 1: 258-662.

Cobos A. 1963. Comentarios criticos sobre algunos Sternoxia fosiles del ambar del Baltico recientemente descritos (Coleoptera). Eos 39: 345-355.

Cockerell TDA. 1906. Preoccupied generic names of Coleoptera. Entomological News and Proceedings of the Entomological Section Academy of Natural Sciences 17: 240-
244.
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Table S4. The list of described species of the genus Eurypogon Motschulsky, with geographical distribution.

Spp. of Eurypogon Motschulsky, 1859 Geographical distribution

Nearctic Region

E. californicus Horn, 1880 USA, Canada
E. harrisi (Westwood, 1862) USA
E. niger (Melsheimer, 1846) USA, Canada

Palaearctic Region

E. cribratus (Hampe, 1866) Italy

E. brevipennis Sakai, 1982 Japan (Honshu, Shikoku)

E. hisamatsui Sakai, 1982 Japan (Honshu, Shikoku)

E. japonicus Sakai, 1982 Japan (Honshu, Shikoku, Kyushu)
E. ocularis Sakai, 1982 Japan (Honshu)

E. granulatus Sakai, 1982 Taiwan

E. jaechi sp. nov. China (Yunnan)

E. heishuiensis sp. nov. China (Yunnan)
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The ongoing exploration of biodiversity and the implementation of new mol-
ecular tools continue to unveil hitherto unknown lineages. Here, we report
the discovery of three species of neotenic beetles for which we propose the
new family Iberobaeniidae. Complete mitochondrial genomes and rRNA
genes recovered Iberobaeniidae as a deep branch in Elateroidea, as sister
to Lycidae (net-winged beetles). Two species of the new genus Iberobaenia,
Iberobaenia minuta sp. nov. and Iberobaenia lencinai sp. nov. were found in
the adult stage. In a separate incidence, a related sequence was identified
in bulk samples of soil invertebrates subjected to shotgun sequencing and
mitogenome assembly, which was traced to a larval voucher specimen of
a third species of Iberobaenia. Iberobaenia shows characters shared with
other elateroid neotenic lineages, including soft-bodiedness, the hypog-
nathous head, reduced mouthparts with reduced labial palpomeres, and
extremely small-bodied males without strengthening structures due to min-
iaturization. Molecular dating shows that Iberobaeniidae represents an
ancient relict lineage originating in the Lower Jurassic, which possibly
indicates a long history of neoteny, usually considered to be evolutionarily
short-lived. The apparent endemism of Iberobaeniidae in the Mediterranean
region highlights the importance of this biodiversity hotspot and the need
for further species exploration even in the well-studied European continent.

1. Introduction

In the beetles (Coleoptera), the most diverse order of insects, several thousand new
species are described every year. Yet new high-level taxa are rarely discovered and
most of the main lineages had already been described by the end of the nineteenth
century. Altogether, 36 of the 179 extant families were proposed since 1950. Most
of them have been elevated to the status of family as their divergent phylogenetic
position became clear, whereas only a few were based on newly discovered speci-
mens (see the electronic supplementary material). Not surprisingly, only one of
the newly described families (Crowsoniellidae Iablokoff-Khnzorian, 1983) was col-
lected in Europe, which can be considered the best-explored region worldwide.
Here, three decades after the last discovery of a beetle family in Europe, we
report a unique new lineage within the superfamily Elateroidea from Spain, for
which we propose the taxonomic rank of family.

Despite the proverbial evolutionary success of the beetles [1], evident from
enormous species richness and great morphological and ecological diversifica-
tion, some lineages of Coleoptera are very species-poor. This includes some
groups that are fairly common in the fossil record, such as the Archostemata,
which today consists of approximately 40 species grouped in four highly

© 2016 The Author(s) Published by the Royal Society. Al rights reserved.
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divergent families. Other ancient, but species-poor and
rare lineages are exemplified by the families Aspidytidae,
Meruidae, Crowsoniellidae, Jurodidae, Decliniidae, Lymexyli-
dae, Rhinorhipidae and others, all represented by one or a few
species only, which mostly occur in unique habitats or exhibit
localized distributions [2]. Similarly, the Elateroidea (click
beetles, fireflies, soldier beetles and allies) includes seve-
ral deep routed families such as Omethidae including
Telegeusinae, Omalisidae, Plastoceridae, Brachypsectridae
and Rhagophthalmidae, which are species-poor (less than
100 known species worldwide, each) and generally rare in eco-
systems (e.g. [3]). These groups, with few exceptions, exhibit
females that are neotenic (retaining juvenile traits) to various
degrees, and are either completely larviform, show a metamor-
phosed head but with the rest of the body larviform, or retain
larval traits only in the abdomen. Soft-bodiedness and loosely
connected abdominal sclerites resembling larval morphology
possibly represent an initial stage of ontogenetic modifica-
tions [4]. Owing to the morphological similarities, families
with these characteristics were traditionally grouped into a
separate superfamily of soft-bodied lineages, the Cantharoidea
([5]; figure 1b) or as a monophylum within Elateroidea [7].
However, molecular data have shown the polyphyly of
soft-bodied lineages, indicating the parallel evolution of
soft-bodiedness and neoteny ([8], figure 1b—c).

Recently, when searching for neotenics for DNA analyses
in the Iberian Peninsula, we encountered a series of elateroid
specimens that could not be assigned to any known family.
Independently, metagenomic sequencing of assemblages of
beetles from soil biodiversity surveys in southern Spain
recovered several partial and complete mitochondrial
genome sequences that formed deep independent lineages
in Elateroidea [9]. These sequences, obtained from mixtures
of adult and larval specimens, indicated the existence of
evolutionarily divergent taxa in the soil samples, which,
however, could not be identified any further based on morpho-
logical characters. DNA sequences enabled us to link the adult
males with the independently obtained metagenomic samples.
Extensive phylogenetic analyses combined with the thorough
study of adult and larval morphology confirmed the presence
of a new family of Elateroidea. These findings confirm the
Mediterranean basin as a reservoir of ancient lineages and a
hotspot of diversity [10,11].

2. Material and methods

A total of 11 adult male specimens from several localities in the
Murcia and Jaén provinces of southern Spain were studied. DNA
from one specimen was extracted and deposited in the collection
of Palacky University, Olomouc (UPOL) and the larvae and dry
mounted specimens were deposited in the collections of the
Natural History Museum, London (BMNH) and the collections
of J. L. Lencina (JLC), A. Allen (AAC) and M. Baena (MBC).
The full addresses of collections are given in authors” affiliations.

(a) Molecular phylogenetics

(i) Four-marker dataset

Existing sequences for the four most widely used mtDNA (cox1
and rrnL) and nuclear (SSU and LSU rRNA) genes were compiled
for the taxonomically most extensive dataset of Elateroidea to date
(557 taxa, approx. 5300 bp), representing the main elateroid
lineages and outgroup taxa [8,12]. Sequence data for two represen-
tatives of the newly discovered taxon were added to this matrix,

generating two versions of the four-marker dataset: (i) v1 a chimer-
aical terminal was assembled from the sequences of cox1, SSU and
LSU for an adult specimen, sequenced using procedures reported
by Bocakova et al. [13] (GenBank accession nos. KT339296-98; elec-
tronic supplementary material, table S1), and rrnL sequence for the
larval specimen BMNH1042541 of Anddjar et al. [14] obtained from
a full mitogenome sequence (see Mitogenome dataset paragraph);
and (ii) v2 two terminals were added including an adult (fragments
as listed above) and the larva (coxI and rrnL sequences of [14]).
Sequences were edited using SEQUENCHER 4.9 (Gene Codes Corp.,
Ann Arbor, MI, USA). The length invariable cox1 sequences were
aligned using TRANSALIGN [15] and the rRNA fragments using
default parameters of Marrt 7.2 [16] and BrasTtALIGN 1.2 [17].
Maximum-likelihood (ML) phylogenetic analyses using
RAXML 7.3.1 [18,19] were conducted on the CIPRES web
server to analyse individual gene alignments for SSU, LSU and
cox1 and the four-marker concatenated dataset (SSU, LSU, rrnL
and cox1), the latter partitioned by genes and by codon positions.
All analyses were duplicated, with the ribosomal genes aligned
using either Marrr (Q-INS-I algorithm [16]) or BrastALiGN. All
ML tree searches were performed using 100 replicates for the
best tree under a GTR+G+I model proposed by MODELTEST2
[20], with bootstrap values calculated using the rapid algorithm
[21] with 1000 bootstrap iterations under the GTRCAT model.

(i) Mitogenome dataset

The full mitogenome sequence of the larval specimen
BMNH1042541 was re-sequenced (accession number KT825140;
[14] for details) to complement the partial mitogenome available
from Andujar et al. [9]. Additional mitochondrial genomes were
retrieved from GenBank (electronic supplementary material,
table S2), and the 13 protein coding genes (PCGs) were extracted
using GENEOUs and individually aligned with TRANSALIGN. SSU
and LSU rRNA sequences were retrieved from GenBank for the
same species or, in a few cases, for the same genus (electronic sup-
plementary material, table S3). The rRNA fragments were aligned
using MAFrrT (Q-INS-I algorithm) and concatenated with the PCGs.
The final mitogenome dataset (mtDNA, SSU, and LSU genes; 64
taxa) additionally included the sequences obtained from the
adult specimen. This dataset was used for phylogenetic inference
using ML, as described above. Analyses were repeated applying:
(i) a 3-partition scheme (SSU+LSU+mtDNA); (ii) an 8-partition
scheme (six partitions by plus/minus strand and 1st, 2nd and
3rd codon position+SSU+LSU); (iii) a 15-partition scheme (par-
titions by genes); and (iv) a 38-partition scheme (partitions by
gene and by codon position). Bayesian analyses on the concate-
nated matrix were performed using BEAST v. 1.81 [22] to
estimate a phylogenetic tree and ages of diversification simul-
taneously. The best ML tree was used as a starting tree. Analyses
were repeated using the four partition schemes as before, applying
a GTR+G+I substitution model as above and an uncorrelated log-
normal clock to each partition [23]. Polyphaga were designated as
sister to the remaining clades [24-26]. A Yule speciation prior
was applied and analyses were run for 150 million generations
sampling one tree every 5000 generations. Consensus trees were
estimated with TREEANNOTATOR [22] discarding the required frac-
tion as a burn-in after checking the ESS of the tree likelihood and
ensuring that values had reached a plateau in TrRacER v. 1.6
(http://beast.bio.ed.ac.uk/Tracer).

Fossils relevant to the origin of Elateriformia and Scarabaeifor-
mia [27,28] were used as calibration priors. The earliest fossils
of Elateriformia date back to the Hettangian and Sinemurian depos-
its (190.8—-201 Ma; Elateridae, Elaterophanes [29]) and the fossil of
Scarabaeiformia to the Jurassic Formation of Switzerland (196.5—
201.6 Ma; Aphodiites [30]). We applied a lognormal distribution as
recommended for fossil calibration [31] with a minimum age hard
bound at 190.8 Ma and with a 95% range of 190.8-228.5 Ma
(offset: 190.8; log(mean): 0.01; log(s.d.): 2.2) as a prior for the node
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Figure 1. (a) Phylogenetic hypothesis of Elateroidea inferred from the four-gene BiastAuen dataset using maximum-likelihood optimality criterion. Iberobaenia
represented by a four-gene chimera. (b) Relative species diversity of soft-bodied and completely sclerotized elateroid lineages. (c) Phylogenetic position and relative
species diversity of neotenic and completely metamorphosing lineages. The numbers of species are taken from Bocak et al. [2,6]. (d) Maximum clade credibility
ultrametric tree resulting from the Bayesian analysis of 13 mtDNA genes, LSU and SSU rRNA in the program Beast (8-partitions applied). (Online version in colour.)

representing the split of Elateridae from other Elateroidea and a log-
normal distribution with a minimum age hard bound at 196 Ma and
a 95% range of 196-233 Ma (offset: 196; log(mean): 0.01; log(s.d.):
2.2) for the split between Scarabaeoidea and Staphylinoidea.

3. Results

(a) Molecular phylogenetic relationships of Iberobaenia
The well-resolved tree produced by the analyses of the
four-marker dataset showed the clade of Omalisidae,

Phengodidae, Rhagophthalmidae and Elateridae, deeply
rooted Lycidae in an independent position and the newly
discovered individuals were placed as the sister group of
Lycidae with 62-85% bootstrap support (figure 1a, electronic
supplementary material, figure S3). The relationships inferred
from single-gene matrices varied, but the new lineage was
never placed within any clade representing the existing families.
When Lycidae were excluded, the new taxon was recovered
as the sister to elaterid subfamilies Thylacosterninae +
Lissominae, which have been difficult to place in molecular ana-
lyses (although placed in Elateridae based on morphology) and
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Figure 2. Morphology of Iberobaenia minuta sp. nov. (a—e, adult) and Iberobaenia sp. (f—h, larva). (a) General appearance, (b) thorax ventrally, (c) pronotum,
(d) terminal abdominal segments, (e) male genitalia, (f) thorax and head ventrally, (g) abdomen ventrally, (h) head ventrally. Scale bars: 1.0 mm (a,b), 0.5 mm

(9), 0.25 mm (c—£,h). (Online version in colour.)

have a tendency to group with Lycidae using rRNA markers
(e.g. [25]). The ML analyses of the mitogenome dataset
recovered Iberobaenia in a clade containing besides Lycidae
also Mastinocerus (Phengodidae) and Throscidae (electronic
supplementary material, figure S4).

The mitogenome sequence (GenBank accession number
KT339298) had a perfect match (100% similarity) with the
cox1 of the sequence from the same larval specimen (voucher
BMNH 1042541). A second larval specimen (BMNH
1042563) differed by 1 of the 651 bp of the cox1 gene (GenBank
accession numbers AB123456-7). Both specimens were 92%
similar to the adult specimen from Jaén, indicating they are
different species, but closely related. The mitogenome
showed a gene order unique among the Coleoptera, as gene
rearrangement affected several PCGs, tRNAs and the control
region [14]. This rearrangement explained the failure of the
PCR amplifying the rrnL—-nadl region using primers 16Sa
and ND1A. Combined with 62 other mitogenomes of Elateri-
formia (14 697 positions), the analyses of two rRNA genes and
13 PCGs resulted in the well-supported sister relationship
of Iberobaenia and Lycidae for the Bayesian analyses in
BEAST (posterior probability of 1 with any data partitioning
scheme applied; figure 1d). The calibration analyses with
BEAST dated the split between these two lineages to the
Jurassic at 170.7-176.6 Ma depending on the partitioning
scheme (146.5-194.8, maximum 95% highest posterior density
(HPD)). The ML analyses of the mitogenome dataset recovered
the clade (Throscidae (Lycidae(Mastinocerus, Iberobaenia))) (elec-
tronic supplementary material, figure S4a). As the ML analyses
of the mitogenome dataset merged Mastinocerus and Iberobaenia
(electronic supplementary material, figure S4a), we constrained
such topology in an additional dating analysis with eight
partitions and parameters as above. The similarly deep split
of Iberobaenia and its sister groups was inferred at 171.0 Ma
(149.7-190.3, 95% HPD).

(b) Morphology and taxonomy
Iberobaenia gen. nov.
Type species: Iberobaenia minuta sp. nov.

Diagnosis. Iberobaenia are small-bodied beetles (1.9-2.5 mm)
and similar to Thilmanus Gemminger, 1869 and Paradrilus
Kiesenwetter, 1865 (Omalisidae) in general appearance
(figure 2a), but have a hypognathous head and two-segmented
labial palpi (electronic supplementary material, figure Slc).
The prosternum is slightly transverse (figure 1b), with apical
processes directed upwards, the pronotum and elytra do not
bear any ridges or costae and the pronotum has rounded lateral
margins (figure 1c). Legs are short, robust and non-compressed
(figure 1b). The phallus is trilobate with slender pointed apexes
of parameres; its phallobase is plate-like and v-shaped
(figure 1e). All similar small-bodied neotenic beetles in Lycidae
have developed apparent pronotal lateral edges, costae or at
least papillae on the elytra, have a very short prosternum
with two diverging processes at the apex, and compressed
legs [32]. The full description is available in the electronic
supplementary material.

The larva of Iberobaenia has two-segmented antennae with a
finger-like process at the apex of the terminal antennomere
similar to net-winged beetles (figure 1/; [33]). The larval mand-
ibles of Iberobaenia are in opposite position, short, robust and
with a sucking groove (figure 1f,i). Conversely, the larvae of
Lycidae have slender, divergent mandibles consisting of two
blades. The terminal abdominal segment of Iberobaenia is
rounded with a deep notch (figure 1g); all net-winged beetle
larvae have fixed urogomphi with variable length.

Etymology. The name Iberobaenia is derived from ‘Iberia’
referring to geographical origin of the taxon and in honour of
M. Baena, the collector of the type species. Gender: feminine.

Iberobaenia minuta sp. nov.

Type material. Holotype, male. SPAIN. Sierra de la
Pandera, Valdepenhas de Jaén, 9.vi.2012, M. Baena leg.
(UPOL). Paratypes, 2 males, same data (UPOL, MBC).

Diagnosis. Iberobaenia minuta is very similar to I. lencinai in
size and general appearance, however, they differ in the more
transverse prosternum in I. lencinai sp. nov. and in the male
genitalia (electronic supplementary material, figure Sla,b).

Description. Male adult as in the diagnosis of the genus
Iberobaenia and description of I. minuta in the electronic
supplementary material.
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Etymology. The specific epithet refers to the very small
body of the male.

Iberobaenia lencinai sp. nov.

Material studied. Holotype, male. SPAIN, Molina de
Segura, El Rellano, P. E. "Vicente Blanes", 15.iv—1.vi.2009,
J. L. Lencina leg. (JLC). Paratypes: see the electronic
supplementary material.

Diagnosis. See the differential diagnosis under I. minuta
sp. nov. and description in the electronic supplementary
material.

Etymology. The species name is a patronym in honour of
the collector J. L. Lencina.

Iberobaenia sp.

Material studied. Larva, SPAIN, Camino Viejo a la
Ermita, Sierra de Cabra, 37.481117N, 4.388536 W, 970 m,
6.xii.2012, grassland, C. Anddjar & P. Arribas leg.; larva,
SPAIN, Ermita Nta. Sra. de la Sierra, Sierra de Cabra,
37.490527N, 4.381292 W, 1145 m, 6.xii.2012, C. Andujar &
P. Arribas leg. (BMNH).

(0) Iberobaeniidae fam. nov.
The phylogenetic relationships, ancient divergence and mor-
phology justified the establishment of a new taxon at the rank
of family and we thus define monogeneric Iberobaeniidae
fam. nov. The diagnosis of the family is the same as that of
the genus Iberobaenia gen. nov.

4. Discussion

(a) Relationships and morphological traits
of Iberobaeniidae

The trees inferred from the four-marker dataset consistently sup-
ported Iberobaenia as a sister group to the Lycidae (figure 1a,
electronic supplementary material, figure S3). The same relation-
ships were recovered by the BEAST analysis of the mitogenome
data (figure 1d) and the morphology of adult males and larvae
supports this hypothesis. The only analyses inconsistent with
this placement were obtained after removing the Lycidae,
which grouped Iberobaeniidae with the elaterid subfamily
Lissominae in the four-marker dataset, and in the ML analysis
of the IRNA/mtDNA with (Lycidae(Mastinocerus, Iberobaenia))
clade (electronic supplementary material, figure S4). However,
these spurious relationships are a problem associated with the
other sequences, not with Iberobaenia. Lissominae has a tendency
to group with Lycidae [25], and close relatives of Mastinocerus
(e.g. Rhagophthalmus) were never found with Lycidae in all
previous analyses [8,13,25]. No morphological character of
Lissominae or Mastinocerus supports a close relationship to
Lycidae and Iberobaenia. Iberobaeniidae share the trilobate phal-
lus and mouthparts adapted for sucking liquids with other
Elateroidea [3,33]. Adult Iberobaenia differs from Lycidae by the
filiform male antennae with a long antennomere 2, the absence
of the sharp lateral edge and strengthening structures in the
pronotum, the elytra without costae or tubercles, and the uncom-
pressed legs (figure 1a,b). Yet, some characters are shared
between both families, such as the v-shaped phallobase that is
similar to those in some Lyropaeini [34] and the short proster-
num with two apical processes (although these are directed
upwards; figure 1b). Females are absent in our sample and we
suppose that they remain larviform or at least incompletely
metamorphosed when sexually mature, with a short lifespan

and cryptic lifestyle. Lycidae contain several lineages with
completely larviform females and small-bodied males, although
in many cases (e.g. Alyculus Kazantsev, 1999, Antennolycus
Bocakova & Bocak, 1999) the supposedly neotenic females
have never been encountered, similarly to the Iberobaeniidae.
The larvae of Iberobaenia differ from Lycidae in the uncom-
pressed body, mandibles in opposing positions and able to
bite (unlike Lycidae exhibiting mandibles with closely posi-
tioned bases and divergent tips that are not able to bite), fully
sclerotized cranium and absent urogomphi (figure 1f-h). Both
families share two-segmented larval antennae with a unique
dorsal slender peg of the apical antennomere (figure 2/). The
two-blade mandibles remain a synapomorphy of Lycidae, to
the exclusion of Iberobaeniidae. All diagnostic morphological
characters of Iberobaeniidae are summarized in the electronic
supplementary material.

Iberobaenia males resemble various neotenic small-bodied
elateroid genera (e.g. Antennolycus, Paradrilus, Thilmanus),
including taxa with vestigial or absent elytra (Alyculus, Cautires
apterus [2,6]). Additional morphological traits shared among
neotenic elateroid lineages are found in the mouthparts, includ-
ing a rounded, small mouth opening (electronic supplementary
material, figure Slc), vestigial mandibles, reduced maxillae and
labium and a lowered number of palpomeres, as these have
been found in Iberobaenia. Our phylogenetic analyses confirm
that shared morphological traits encountered in neotenic elater-
oids developed independently multiple times (figure 1c).
Convergences in these traits have to be seen in the context of
miniaturization of males, i.e. sexually linked body size differen-
tiation [34,35] and hypothesized to be a result of the K- and
r-strategy of the respective sexes [4]. Miniaturization is linked
to the absence of the pronotal carinae and elytral costae as
strengthening structures. Similarly, the patterns of four or
nine longitudinal elytral costae are widespread in Elateroidea
(e.g. Omalisidae, Lycidae, Omethidae) and the substantial
reduction of costae is characteristic for neotenic forms with an
extremely small body [32,36].

(b) Evolutionary biology and distribution

The split between Iberobaeniidae and Lycidae was dated
with elateriform and scarabaeiform fossils [27-29], using a
conservative approach by applying minimum ages to the
stem clades of these taxa. The time-calibrated phylogeny
placed the radiation of most families of Elateroidea to the
Jurassic and the origin of Iberobaeniidae at 170.7-176.6 Ma
depending on partitioning scheme (figure 1d). The inferred
dates agree with the supposed early origins of beetle families
proposed by Hunt et al. [37] and Misof et al. [24], but the age
of Elateroidea (approx. 217 Ma) is slightly older than those
inferred by McKenna et al. [25]. Their dating of Elateroidea
was based on click beetles in the Karatau deposits (152 Ma)
when Elateridae were already a diversified lineage (greater
than 100 species; [38]), and in agreement with our date for
the origin of FElateridae. Despite these differences, either
dating approach infers Iberobaeniidae as a very ancient
lineage. This supports the taxonomic rank of family.

The deep separation of Iberobaeniidae and the shallow
separation of the two species of Iberobaenia near the tip
make it impossible to date the origin of neotenic development
along the terminal branch with any degree of precision. How-
ever, neotenic lineages in Lycidae and other early branches of
Elateroidea (Omalisidae, Phengodidae, Rhagophthalmidae)
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are placed deeply in the tree and have undergone diversifica-
tion, albeit at a low rate [4]. Thus, the Iberobaeniidae may
represent another example of an ancient neotenic lineage,
despite being species-poor. Equally, various neotenic lineages
of Lycidae and Omalisidae exhibit high endemism and
relict occurrence [4,36], as found in Iberobaeniidae. Neotenic
females are apterous and short-lived during the adult stage,
and thus due to their limited dispersal, population persistence
is predicted to require geological and climatic stability [35,39].
Additionally, the discovery of a new beetle family in Europe,
only the second since the nineteenth century, emphasizes the
need for the protection of natural habitats and, in combination
with the high level of threat from human activities, justifies the
designation of the western Mediterranean as a biodiversity hot-
spot [11]. Further morphological and palaeontological studies
are needed for understanding of the evolutionary history of
neotenic lineages.

Finally, novel molecular tools provide new approaches for
recognizing these divergent lineages. Most neotenic lineages of
Lycidae, Omalisidae and also Iberobaeniidae have been col-
lected either by sweeping the lowest strata of the vegetation
or by sifting ([6,32]; M. Baena and M. Geiser 2012, personal
communication). This presumably targets the males during
short mating flights, while we detected the larvae in the deep
soil that presumably identifies their main ecological affinities.

Assemblages of soil arthropods composed of different life
stages and usually minute individuals constitute a huge
challenge for taxonomists. Therefore, both knowledge of
deep soil species diversity as well as life history of many
known taxa remains incomplete. Shotgun sequencing of bulk
specimen samples, followed by assembly of mitochondrial
genomes and phylogenetic analysis against a set of reference
sequences [9,40], now provides a new approach to search for
these undiscovered lineages, for a more complete knowledge
of the major branches of the tree of life and for the identification
of regions of exceptional high phylogenetic diversity.
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Table S1. The list of taxa and GenBank accession numbers for the four-gene dataset.

Markers
Superfamily/family Subfamily Genus/Species 18S 28S rrnL coxl Specimen voucher
SCIRTOIDEA
Decliniidae Declinia versicolor AY745556 AJR62791 N N BMNH 693609
Eucinetidae Eucinetus sp. AF427609 DQ198697 N DQ198541 BMNH 679351
Eucinetidae Eucinetus haemorrhoidalis KF625496 KF626097 KF625806 KF625198 UPOL 001319
Scirtidae Cyphon hilaris AF201419 DQ198698 DQ198620 DQ198542 BMNH 679123
Scirtidae Scirtes hemisphericus AF451937 DQ198699 N N BMNH 679275
Clambidae Clambus pubescens EF362951 N AMS884186 DQ155704 BMNH 673260
Clambidae gen. sp. KF625497 KF626105 KF625804 KF625196 UPOL 001320
Scirtidae gen. sp. KF625505 KF626106 KF625813 KF625206 UPOL 001321
Scirtidae gen. sp. KF625498 KF626098 KF625807 KF625199 UPOL RKO0147
Scirtidae gen. sp. KF625499 KF626099 N KF625200 UPOL RKO0159
Scirtidae Scirtes sp. KF625500 KF626100 KF625808 KF625201 UPOL RKO0160
Scirtidae Cyphon sp. KF625501 KF626101 KF625809 KF625202 UPOL RKO0161
Scirtidae gen. sp. KF625502 KF626102 KF625810 KF625203 UPOL RKO0162
Scirtidae gen. sp. KF625504 KF626104 KF625812 KF625205 UPOL RKO0165
Scirtidae gen. sp. KF625512 KF626113 KF625819 KF625212 UPOL RKO0166
Scirtidae gen. sp. KF625513 KF626114 N KF625213 UPOL RKO0167
Scirtidae Prionocyphon sexmaculatus KF625516 KF626117 KF625822 KF625216 UPOL RKO0170
HYDROPHILOIDEA
Sphaeritidae Sphaerites glabratus AJ810728 DQ202650 AM287077 DQ222001 BMNH 679280
Hydrophilidae Georissinae Georissus crenulatus AY745584 DQ202637 DQ202580 DQ221983 BMNH 679200
Hydrophilidae Sphaeridiinae  Cercyon ustulatus AM287129 N AM287071 AM287093 -
Hydrophilidae Chaetarthriinae  Anacaena globulus AM287125 N AM287064 AM287086 -
Hydrophilidae Hydrophilinae  Hydrobius fuscipes AJg10720 N AM287070 AM287092 -
STAPHYLINOIDEA
Staphylinidae Pseudopsinae  Pseudopsis sulcata AY 745630 DQ202651 DQ202587 DQ221990 BMNH 679246
Staphylinidae Scaphidiinae Scaphidium quadrimaculatum AY745631 DQ202643 DQ202582 DQ221985 BMNH 679234
Staphylinidae Oxytelinae Bledius femoralis AY 745627 DQ202681 DQ202608 DQ222015 BMNH 679369
Silphidae Silphinae Thanatophilus rugosus EF213790 EF213811 AB285546 AB606434 BMNH 673311
Silphidae Silphinae Oiceoptoma thoracicum AJ810736 AB285581 AB285549 AB606436 -
Leiodidae Cholevinae Catops picipes AJ810734 N FM209287 FM209288 -
Leiodidae Cholevinae Nargus velox AJ810735 N GU356766 HQ164624 BMNH 833811
Hydraenidae Ochthebiinae Ochthebius melanescens AJg10732 AJg10767 N HE970900 MNCN AI344
Hydraenidae Ochthebiinae  Ochthebius minimus AJ810731 DQ202624 FM209291 FM209292 BMNH 679120

SCARABAEOIDEA
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Byrrhidae
Dryopidae
Dryopidae
Elmidae
Elmidae
Elmidae
Elmidae
Elmidae
Elmidae
Elmidae
Elmidae
Elmidae
Heteroceridae
Heteroceridae
Limnichidae
Limnichidae
Psephenidae
Psephenidae
Psephenidae
Psephenidae

Scarabaeinae
Scarabaeinae
Aphodiinae
Aphodiinae
Melolonthinae
Dynastinae
Cetoniinae
Melolonthinae
Sericinae
Sericinae
Sericinae

Agrilinae
Buprestinae
Julodinae
Agrilinae

Byrrhinae
Syncalyptinae
Syncalyptinae

Elminae
Elminae
Elminae
Elminae
Elminae
Elminae
Elminae
Larainae
Larainae
Heterocerinae
Heterocerinae
Limnichinae

Eubrianacinae
Eubrianacinae

Cheironitis hoplosternus
Onthophagus crinitis

Australammoecius occidentalis

Podotenus storeyi
Lepidiota stradbrokensis
gen. sp.

Oxythyrea cinctella
Holotrichia seticollis
Omaloplia nigromarginata
Serica brunnea
Gynaecoserica variipennis

Agrilus sp.
Anthaxia hungarica

gen. sp.
Trachys minutus

Byrrhus pilula
Chaetophora spinosa
Curimopsis setigera
Dryops algiricus
Pomatinus substriatus
Elmis maugetti
Homalosolus hospitalis
Limnius volckmari

Macronychus quadrituberculatus

Oulimnius rivularis
Limnius perrisi
Stenelmis canaliculata
Potamophilus acuminatus
Potamodytes sp.
Augyles maritimus
Heterocerus sp.
Limnichus pygmaeus
gen. sp.

gen. sp.

Eubrianax edwardsi
Eubrianax sp.

gen. sp.

AYS821528
AYS821535
EF487639
EF487648
EF487696
EF487663
EF487653
EF487687
EF487705
EF487712
EF487683

AF451934
DQ100484
AF451935
AF451936

AF427604
AF451929
AF451930
AF451926
AF451924
AF451916
AF451921
AF451914
AF451920
AF451913
AF451915
AF451919
AF451911
AF451912
AF451927
AF451928
AF451923
KF625495
KF625503
AF451933
DQ100485
KF625514

AY 131781
AY 131759
AY 132457
AY 132494
EU084209
AY 132488
EU084149
DQ524596
EU084255
EU084263
EU084189

DQ198701
DQ198702
DQ198703
DQ198704

DQ198705
DQ198706
DQ198707
N

DQ198708
DQ198709
DQ198710
DQ198712
DQ198713
DQ198714
DQ198711
DQ198716
N

DQ198715
DQ198717
DQ198718
DQ198719
KF626096
KF626103
DQ198720
DQ198721
KF626115

AY 131597
AY 131574
EF487822
EF487788
EF487881
EF487817
EF487962
DQ680877
EF487791
EF487872
EF487968

DQ198622
DQ198623
DQ198624
N

DQ198625
N

N
AJ862734
DQ198626
N

N
DQ198627
EF209458
DQ198628
AJ862736
N
EF209464
DQ198629
N
Q198630
DQ198631
KF625805
KF625811
N
DQ198632
KF625820

AY 131940
AY131924
EF656781
AY132432
EF487763
AY132397
EF487733
DQ524528
EF487770
EF487776
EF487752

DQ198544
DQ198545
DQ198546
DQ198547

DQ198548
N

N

N
DQ198549
N

N
DQ198550
EF209578
DQ198551
AJ862800
N
EF209584
DQ198552
N
DQ198553
DQ198554
KF625197
KF625204
N
DQ198555
KF625214

BMNH 679878
BMNH 679858
BMNH 703639
BMNH 703575
BMNH 671319
BMNH 703635
BMNH 678461
BMNH 677874
BMNH 747063
BMNH 703005
BMNH 678396

UPOL 001047

UPOL 000M24
BMNH 679324
BMNH 679281

BMNH 679172
BMNH 679203
BMNH 679204
BMNH 693620
BMNH 693616
BMNH 693612
BMNH 693626
BMNH 679263
BMNH 693611
BMNH 679264
BMNH 693613
BMNH 693614
EC_E07
BMNH 679360
BMNH 693618
UPOL 001048
BMNH 679196
UPOL 001318
UPOL RK0163
BMNH 679347
UPOL 000M33
UPOL RKO0168



Psephenidae
Chelonariidae
Chelonariidae
Chelonariidae
Eulichadidae
Callirhipidae
Callirhipidae
Callirhipidae
Ptilodactylidae
Ptilodactylidae
Ptilodactylidae
Ptilodactylidae
Ptilodactylidae
Ptilodactylidae
Ptilodactylidae
Ptilodactylidae

ELATEROIDEA
Artematopodidae
Artematopodidae
Artematopodidae

Omethidae
Omethidae
Omethidae
Omethidae
Omethidae
Omethidae
Omethidae
Omethidae
Omethidae
Omethidae
Omethidae
Omethidae
Omethidae
Omethidae
Cerophytidae
Throscidae
Throscidae
Throscidae
Throscidae

Cladotominae
Ptilodactylinae

gen. sp.

gen. sp.

gen. sp.

gen. sp.

Eulichas sp.
Horatocera nipponica
gen. sp.

gen. sp.

Paralichas pectinatus
Ptilodactyla serricornis
gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

Artematopodinae Eurypogon brevipennis
Artematopodinae Eurypogon japonicus
Artematopodinae Eurypogon hisamatsui

Telegeusinae
Telegeusinae
Telegeusinae
Driloniinae
Driloniinae
Driloniinae
Driloniinae
Driloniinae
Driloniinae
Driloniinae
Driloniinae
Driloniinae
Omethinae
Matheteinae

Telegeusis nubifer
gen. sp.

gen. sp.

Drilonius sp.
Drilonius sp.
Drilonius sp.
Drilonius striatulus
Drilonius sp.
Drilonius sp.
Drilonius sp.
Drilonius sp.
Drilonius sp.
Troglomethes leechi
Ginglymocladus sp.
Cerophytum elateroides
Trixagus meybohmi
Trixagus dermestoides
gen. sp.

gen. sp.

KF625515
KF625508
KF625509
DQ100488
DQ100489
KF625510
KF625511
DQ100490
DQ100486
AF451932
KF625517
KF625518
KF625519
KF625520
KF625521
KF625522

KF294763
KF294761
KF294762
DQ100503
KF625531
N
DQ100502
KF294764
KF294765
KF625527
KF625528
KF625523
KF625524
KF625525
KF625526
KF625529
KF625530
KF625714
KF294766
AF451950
KF625543
KF625544

KF626116
KF626109
KF626110
DQ198724
DQ198725
KF626111
KF626112
DQ198726
DQ198722
DQ198723
KF626118
KF626119
KF626120
KF626121
KF626122
KF626123

KF294769
KF294767
KF294768
DQ198751
KF626132
KF626318
DQ198750
KF294770
KF294771
KF626128
KF626129
KF626124
KF626125
KF626126
KF626127
KF626130
KF626131
KF626302
KF294772
DQ198747
KF626143
KF626144

KF625821
KF625816
KF625817
DQ198635
DQ198636
N

KF625818
DQ198637
DQ198633
DQ198634
KF625823
KF625824
N

KF625825
KF625826
KF625827

KF294757
KF294755
KF294756
DQ198660
N

N
DQ198659
KF294758
KF294759
KF625830
KF625831
KF625832
KF625833
KF625834
KF625835
KF625828
KF625829
KF626002
KF294760
DQ198656
KF625842
N

KF625215
KF625209
KF625210
DQ198558
DQ198559
N
KF625211
DQ198560
DQ198556
DQ198557
KF625222
KF625217
KF625218
KF625219
KF625220
KF625221

KF294776
KF294774
KF294775

DQ198582
KF625231

KF625425

DQ198581
KF294777
KF294778
KF625227
KF625228
KF625223

KF625224
KF625225

KF625226
KF625229
KF625230
KF625407
KF294779
DQ198578
KF625243

KF625244

UPOL RKO0169
UPOL 001323

UPOL 001324

UPOL 000M06
UPOL 000M22
UPOL 001248

UPOL 001249

UPOL 000M23
UPOL 000M41
BMNH 693606
UPOL RKO0131
UPOL RKO0149
UPOL RKO0150
UPOL RKO151
UPOL RKO0152
UPOL RKO0153

UPOL 001335
UPOL RK0091
UPOL RKO0128
UPOL 000321
UPOL RK0360
UPOL 001345
UPOL 000M26
UPOL 001273
UPOL RKO0134
UPOL 001272
UPOL 001274
UPOL RKO0132
UPOL RKO0135
UPOL RKO0136
UPOL RK0362
UPOL 001340
UPOL 001341
UPOL RKO0129
UPOL RKO0139
BMNH 679235
UPOL 001326
UPOL 001327



Throscidae
Throscidae
Throscidae
Throscidae
Throscidae
Throscidae
Throscidae
Throscidae
Throscidae
Throscidae
Throscidae
Throscidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae

Anischiinae
Anischiinae
Eucneminae
Macraulacinae
Macraulacinae
Macraulacinae
Macraulacinae
Macraulacinae
Macraulacinae
Melasinae
Melasinae
Melasinae
Melasinae
Melasinae
Melasinae
Melasinae

gen. sp.
gen. sp.
gen. sp.
gen. sp.
gen. sp.
gen. sp.
gen. sp.
gen. sp.
gen. sp.
gen. sp.
gen. sp.
gen. sp.

Anischia kuscheli

Anischia bicolor
Idiotarsus sp.
gen. sp.

gen. sp.

gen. sp.

gen. sp.
Nematodes sp.
Fornax sp.

Entomophthalmus americanus

Protofarsus sp.
Arrhipis sp.
Microrhagus sp.

Micorhagus pygmaeus
Isorhipis marmottani
Melasis buprestoides

gen. sp.
gen. sp.
gen. sp.
gen. sp.
gen. sp.
gen. sp.
gen. sp.
gen. sp.
gen. sp.
gen. sp.
gen. sp.

KF625532
KF625533
KF625534
KF625535
KF625536
KF625537
KF625538
KF625539
KF625540
KF625541
KF625542
HQ333838
KF625545
KF625546
DQ100493
KF625578
KF625553
KF625580
KF625583
DQ100495
DQ100492
DQ100491
DQ100496
N
KF625569
KF625570
N
KF625558
HQ333807
HQ333829
HQ333830
HQ333831
KF625571
KF625572
KF625573
KF625574
KF625575
KF625576
KF625577

KF626133
KF626134
KF626135
KF626136
KF626137
KF626138
N
KF626139
KF626140
KF626141
KF626142
N
KF626145
KF626146
DQ198730
KF626178
KF626152
KF626180
KF626184
DQ198731
DQ198729
DQ198727
DQ198732
DQ198745
KF626169
KF626170
KF626183
KF626158
HQ333902
HQ333923
HQ333924
HQ333925
KF626171
KF626172
KF626173
KF626174
KF626175
KF626176
KF626177

N
KF625836
N
KF625837
KF625838
N

N
KF625839
N
KF625840
KF625841
KF625844
KF625845
KF625846
DQ198641
KF625873
KF625852
KF625875
KF625879
DQ198642
DQ198640
DQ198638
N
DQ198654
KF625866
KF625867
KF625878
KF625858
HQ333716
HQ333736
HQ333737
KF625843
KF625868
KF625869
KF625870
N
KF625871
KF625872
N

KF625232
KF625233
KF625234
KF625235
KF625236
KF625237
KF625238
KF625239
KF625240
KF625241
KF625242
HQ334017
KF625246
KF625247
DQ198563
KF625276
KF625253
KF625278
KF625282
DQ198564
DQ198562
N
DQ198565
DQ198577
KF625270
KF625271
KF625281
KF625259
HQ333988
HQ334009
HQ334010
KF625245
KF625272
KF625273
KF625274
N

N
KF625275
N

UPOL RKO0137
UPOL RKO0138
UPOL RKO0140
UPOL RKO0141
UPOL RKO0175
UPOL RKO0330
UPOL RKO0331
UPOL RKO0333
UPOL RKO0336
UPOL RKO0337
UPOL RKO0338
UPOL RK0086
UPOL RKO119
UPOL RKO0120
BMNH 703097
UPOL 001233
UPOL RKO0126
UPOL 001235
UPOL 001330
BMNH 703107
BMNH 703106
BMNH 703104
BMNH 703095
BMNH 703101
UPOL 001223
UPOL 001224
UPOL 001329
UPOL RKO0344
UPOL RK0054
UPOL RK0076
UPOL RK0077
UPOL RKO0078
UPOL 001225
UPOL 001226
UPOL 001227
UPOL 001228
UPOL 001229
UPOL 001230
UPOL 001231



Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Iberobaeniidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae

Libnetinae
Libnetinae
Libnetinae
Libnetinae
Dictyopterinae
Dictyopterinae
Dictyopterinae
Dictyopterinae
Dictyopterinae
Dictyopterinae
Dictyopterinae

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.
Iberobaenia minuta sp. nov.
Libnetis sp.
Libnetis sp.
Libnetis sp.
Libnetis granicollis
Lycoprogenthes sp.
Lycoprogenthes sp.
Lycoprogenthes sp.
Taphes brevicollis
Dictyoptera elegans
Dictyoptera speciosa
Benibotarus nigripennis

KF625579
KF625581
KF625582
KF625584
KF625585
KF625586
N
KF625547
KF625548
KF625549
KF625550
KF625552
KF625551
KF625554
KF625555
KF625556
KF625557
KF625559
KF625560
KF625561
KF625562
KF625563
KF625564
KF625565
KF625566
KF625567
KF625568
KT339296
DQ181038
DQ181104
DQI181105
DQI181107
DQ181070
DQ181095
DQ181096
DQ181098
DQI181073
DQ181074
DQI181075

KF626179
KF626181
KF626182
KF626185
KF626186
KF626187
KF626188
KF626147
KF626148
KF626149
KF626150
KF626151
KF626153
KF626154
KF626155
KF626156
KF626157
KF626159
KF626160
KF626161
KF626162
KF626163
KF626164
KF626165
KF626166
KF626167
KF626168
KT339297
DQI81112
DQI81178
DQI81179
DQI181181
DQI181144
DQI181169
DQI181170
DQI81172
DQI181147
DQ181148
DQ181149

KF625874
KF625876
KF625877
N
KF625880
KF625881
N
KF625847
KF625848
KF625849
KF625850
KF625851
KF625853
KF625854
KF625855
KF625856
KF625857
KF625859
KF625860
KF625861
N

N
KF625862
KF625863
KF625864
N
KF625865
N
DQ180964
DQI181030
DQI181031
DQ181033
DQ180996
DQI181021
DQ181022
DQ181024
DQ180999
DQ181000
DQI181001

KF625277
KF625279
KF625280
KF625283

KF625284
KF625285

KF625286
KF625248
KF625249
KF625250
KF625251

KF625252

KF625254
KF625255

KF625256
KF625257
KF625258

KF625260
KF625261

KF625262

KF625263

KF625264
KF625265

KF625266
KF625267
KF625268

KF625269
KT339298
DQI181186
DQI181252
DQI181253
DQI181255
DQI81218
DQ181243
DQ181244
DQ181246
DQI181221
DQI181222
DQI181223

UPOL 001234
UPOL 001236
UPOL 001328
UPOL 001331
UPOL 001332
UPOL 001333
UPOL 001334
UPOL RKO0121
UPOL RKO0122
UPOL RKO0123
UPOL RKO0124
UPOL RKO0125
UPOL RKO0171
UPOL RK0303
UPOL RK0340
UPOL RKO0341
UPOL RKO0343
UPOL RKO0345
UPOL RKO0346
UPOL RK0347
UPOL RKO0348
UPOL RK0349
UPOL RKO0350
UPOL RKO0351
UPOL RKO0355
UPOL RKO0356
UPOL RKO0357
UPOL RK0790
UPOL 000L02
UPOL 001002
UPOL 001008
UPOL 001012
UPOL 000358
UPOL 000801
UPOL 000802
UPOL 000812
UPOL 000570
UPOL 000571
UPOL 000572



Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae

Dictyopterinae
Dictyopterinae
Dictyopterinae
Dictyopterinae
Dictyopterinae
Dictyopterinae
Dictyopterinae
Dictyopterinae
Dictyopterinae
Dictyopterinae
Dictyopterinae
Dictyopterinae
Dictyopterinae
Lyropaeinae
Lyropaeinae
Lyropaeinae
Lyropaeinae
Lyropaeinae
Lyropaeinae
Lyropaeinae
Lyropaeinae
Lyropaeinae
Lyropaeinae
Lyropaeinae
Lyropaeinae
Lyropaeinae
Lyropaeinae
Lyropaeinae
Lyropaeinae
Lyropaeinae
Lyropaeinae
Lyropaeinae
Lyropaeinae
Lyropaeinae
Lyropaeinae
Lyropaeinae
Lyropaeinae
Lyropaeinae
Lyropaeinae

Benibotarus spinicoxis
Pyropterus nigroruber
Dictyoptera sp.
Dictyoptera aurora
Pyropterus nigroruber
Dictyopterini gen. sp.
Dictyopterini gen. sp.
Dictyopterini gen. sp.
Dictyopterini gen. sp.
Lopheros sp.
Benibotarus taygetanus
Benibotarus sp.
Helcophorus sp.
Alyculus kurbatovi
Lyropaeus sp.
Lyropaeus sp.
Lyropaeus sp.
Antennolycus constrictus
Microlyropaeus dembickyi
Platerodrilus sp.
Platerodrilus sp.
Platerodrilini gen. sp.
Platerodrilini gen. sp.
Macrolibnetis sp.
Pendola sp.
Horakiella emasensis
Platerodrilini gen. sp.
Platerodrilini gen. sp.
Platerodrilini gen. sp.
Platerodrilini gen. sp.
Platerodrilini gen. sp.
Platerodrilini gen. sp.
Platerodrilini gen. sp.
Platerodrilini gen. sp.
Platerodrilus sp.
Platerodrilini gen. sp.
Platerodrilini gen. sp.
Platerodrilini gen. sp.
Platerodrilini gen. sp.

DQI181076
DQI181077
KF625686
KF625687
KF625688

KF625689
KF625690
KF625691

KF625692

KF625693

KF625694
KF625698
KF625699
DQI181072
DQ181042
DQ181087
DQ181088
DQI181051
DQI181071
DQ181037
DQI181091
DQ181089
DQ181090
DQ181050
DQ181058
DQI81110
KF625700
KF625701

KF625702
KF625703
KF625704
KF625705
KF625706
KF625707
KF625708
KF625709
KF625710
KF625711

KF625712

DQI181150
DQI181151
KF626272
KF626273
KF626274
KF626275
KF626276
KF626277
KF626278
KF626279
KF626280
KF626284
KF626285
DQI181146
DQI81116
DQI181161
DQI81162
DQI181125
DQI181145
DQI81111
DQI181165
DQI181163
DQI81164
DQI81124
DQI81132
DQ181184
KF626286
KF626287
KF626288
KF626289
KF626290
KF626291
KF626292
KF626293
KF626294
KF626295
KF626296
KF626297
KF626298

DQ181002
DQ181003
KF625976
KF625977
KF625978
KF625979
KF625980
KF625981
KF625982
N
KF625983
KF625987
KF625988
DQ180998
DQ180968
DQI181013
DQI181014
DQ180977
DQ180997
DQ180963
DQI181017
DQI81015
DQI181016
DQ180976
DQ180984
DQI181036
KF625989
KF625990
KF625991
KF625992
KF625993
KF625994
KF625995
KF625996
KF625997
KF625998
N
KF625999
KF626000

DQ181224
DQI181225
KF625385
KF625386
KF625387
KF625388
KF625389
KF625390
KF625391
N
KF625392
KF625396
KF625397
DQ181220
DQ181190
DQI181235
DQ181236
DQ181199
DQI81219
DQI181185
DQ181239
DQI181237
DQ181238
DQ181198
DQ181206
DQI181258
KF625398
KF625399
KF625400
KF625401
KF625402
N

N
KF625403
KF625404
N

N
KF625405
N

UPOL 000573
UPOL 000574
UPOL 001275
UPOL 001276
UPOL 001277
UPOL 001278
UPOL 001280
UPOL 001282
UPOL 001283
UPOL 001284
UPOL 001285
UPOL 001367
UPOL 001369
UPOL 000543
UPOL 000L11
UPOL 000584
UPOL 000585
UPOL 000L22
UPOL 000542
UPOL 000L01
UPOL 000588
UPOL 000586
UPOL 000587
UPOL 000L21
UPOL 000M45
UPOL 001043
UPOL 001371
UPOL 001372
UPOL 001373
UPOL 001374
UPOL 001376
UPOL 001377
UPOL 001378
UPOL 001379
UPOL 001380
UPOL 001382
UPOL 001384
UPOL 001385
UPOL 001387



Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae

Lyropaeinae
Ateliinae
Ateliinae
Ateliinae
Ateliinae
Lycinae
Lycinae
Lycinae
Lycinae
Lycinae
Lycinae
Lycinae
Lycinae
Lycinae
Lycinae
Lycinae
Lycinae
Lycinae
Lycinae
Lycinae
Lycinae
Lycinae
Lycinae
Lycinae
Lycinae
Lycinae
Lycinae
Lycinae
Lycinae
Lycinae
Lycinae
Lycinae
Lycinae
Lycinae
Lycinae
Lycinae
Lycinae
Lycinae
Lycinae

Platerodrilini gen. sp.
Dilophotes sp.

Scarelus sp.

Scarelus sp.

Scarelus sp.
Dihammatus sp.
Dihammatus sp.
Dihammatus sp.
Dihammatus sp.
Eurrhacus sp.

Conderis signicollis
Conderis rufohumeralis
Conderis sp.

Plateros sp.

Plateros sp.

Plateros sp.

Plateros sp.

Plateros sp.
Macrolycus sp.
Macrolycus sp.
Thonalmus sinuaticostis
Thonalmus hubbardi
Lyponia nigrohumeralis
Lyponia delicatula
Lyponia sp.

Lyponia quadricollis
Lycus sp.

Lycostomus sp.
Calopteron sp.
Idiopteron biplagiatum
gen. sp.

Metapteron sp.
Cautires sp.

Cautires sp.
Metriorrhynchus lineatus
Microtrichalus sp.
Leptotrichalus sp.
Calochromus sp.
Calochromus sp.

KF625713
DQ181066
DQ181046
DQI181085
DQ181086
DQ181043
DQI181103
DQI181106
DQI181108
DQ181056
DQ181062
DQ181084
DQ350139
DQ181044
DQ181059
DQI181065
DQ181067
DQ181109
DQ181049
DQI181102
DQ181093
DQ181094
DQ181048
DQ181099
DQ181100
DQI181101
DQ181039
DQ181055
DQ181053
DQ181057
DQ181092
AF451946
DQ181045
DQ181041
DQ181040
DQ181052
DQ181064
DQ181047
DQ181060

KF626299
DQI181140
DQI181120
DQI181159
DQI181160
DQI81117
DQI81177
DQ181180
DQI81182
DQI181130
DQI181136
DQI181158
DQ350138
DQI81118
DQI181133
DQI181139
DQI181141
DQI181183
DQI181123
DQI81176
DQI81167
DQI81168
DQI81122
DQI181173
DQI81174
DQI181175
DQI81113
DQI181129
DQI181127
DQI181131
DQI181166
DQ198757
DQI81119
DQI81115
DQI81114
DQI81126
DQI181138
DQI81121
DQI81134

KF626001
DQ180992
DQ180972
DQI81011
DQI181012
DQ180969
DQ181029
DQ181032
DQ181034
DQ180982
DQ180988
DQI181010
DQ350141
DQ180970
DQ180985
DQ180991
DQ180993
DQ181035
DQ180975
DQ181028
DQI181019
DQ181020
DQ180974
DQ181025
DQI181026
DQ181027
DQ180965
DQ180981
DQ180979
DQ180983
DQI181018
N

DQ180971
DQ180967
DQ180966
DQ180978
DQ180990
DQ180973
DQ180986

KF625406
DQI81214
DQ181194
DQI181233
DQ181234
DQI181191
DQI181251
DQI181254
DQI181256
DQ181204
DQI81210
DQI181232
DQ350140
DQI81192
DQ181207
DQI181213
DQI181215
DQI181257
DQI181197
DQ181250
DQI181241
DQ181242
DQI181196
DQ181247
DQ181248
DQ181249
DQI181187
DQ181203
DQI181201
DQ181205
DQ181240
DQ198588
DQI181193
DQ181189
DQI181188
DQ181200
DQI81212
DQI181195
DQ181208

UPOL 001388
UPOL 000244
UPOL 000L15
UPOL 000582
UPOL 000583
UPOL 000L12
UPOL 001001
UPOL 001009
UPOL 001017
UPOL 000M43
UPOL 000194
UPOL 000581
UPOL 000M42
UPOL 000L13
UPOL 000031
UPOL 000243
UPOL 000303
UPOL 001031
UPOL 000L18
UPOL 000828
UPOL 000594
UPOL 000595
UPOL 000L17
UPOL 000815
UPOL 000816
UPOL 000817
UPOL 000L03
UPOL 000L27
UPOL 000L25
UPOL 000M44
UPOL 000592
BMNH 679218
UPOL 000L14
UPOL 000L06
UPOL 000LO05
UPOL 000L23
UPOL 000208
UPOL 000L16
UPOL 000033



Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae

Lycinae
Lycinae
Lycinae
Lycinae
Lycinae
Lycinae
Lycinae
Lycinae
Lycinae
Lycinae
Lycinae
Lycinae
Lycinae
Lampyrinae
Lampyrinae
Lampyrinae
Cyphonocerinae
Luciolinae
Luciolinae
Luciolinae
Luciolinae
Ototretinae
Ototretinae
Ototretinae
Ototretinae
Ototretinae
Ototretinae
Ototretinae
Ototretinae

Calochromus sp.
Platycis minutus
Platycis nasutus
Konoplatycis otome
Lopheros sp.

Lopheros sp.

Eropterus nothus
Eropterus sp.

Flagrax sp.

Plateros sp.

Platycis cosnardi
Platycis sp.

Platycis sp.

gen. sp.

gen. sp.

Vesta sp.

Cyphonocerus ruficollis
Curtos sp.

gen. sp.

Bourgeoisia sp.

gen. sp.

gen. sp.

Flabellotreta obscuricollis
Flabellotreta sp.

gen. sp.

Drilaster borneensis subvittatus
gen. sp.

Lamellipalpus pacholatkoi
gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

DQ181068
DQ181069
DQ181079
DQI181078
DQ181080
DQI181081
DQ181082
DQ181083
DQ181054
KF625685
KF625695
KF625696
KF625697
DQ100509
DQ100510
DQ100511
DQ100512
DQ100513
DQ100514
DQ100515
DQ100516
DQ100518
DQ100519
DQ100520
DQ100521
DQ100522
DQ100523
KF625664
DQ100524
KF625636
KF625637
KF625638
KF625639
KF625640
KF625641
KF625642
KF625643
KF625644
KF625645

DQI81142
DQI181143
DQI181153
DQI81152
DQI81154
DQI181155
DQI181156
DQI181157
DQI181128
KF626271
KF626281
KF626282
KF626283
DQ198759
N
DQ198760
N
DQ198761
DQ198762
N

N

N

N
DQ198763
DQ198764
N

N
KF626254
N

N
KF626238
KF626239
N
KF626240
KF626241
N
KF626242
KF626243
N

DQ180994
DQ180995
DQ181005
DQ181004
DQ181006
DQ181007
DQ181008
DQ181009
DQ180980
KF625975
KF625984
KF625985
KF625986
DQ198667
DQ198668
DQ198669
DQ198670
DQ198671
DQ198672
DQ198673
DQ198674
DQ198676
DQ198677
DQ198678
DQ198679
DQ198680
DQ198681
KF625955
DQ198682
KF625928
N

KF625929
KF625930
KF625931
KF625932
KF625933
KF625934
KF625935
KF625936

DQI81216
DQI81217
DQ181227
DQ181226
DQ181228
DQ181229
DQ181230
DQI181231
DQ181202
KF625384
KF625393
KF625394
KF625395
DQ198590
DQ198591
DQ198592
DQ198593
DQ198594
DQ198595
DQ198596
DQ198597
DQ198599
DQ198600
DQ198601
DQ198602
DQ198603
DQ198604
KF625363
DQ198605
KF625335
KF625336
KF625337
KF625338
KF625339
KF625340
KF625341
KF625342
KF625343
KF625344

UPOL 000347
UPOL 000348
UPOL 000576
UPOL 000575
UPOL 000577
UPOL 000578
UPOL 000579
UPOL 000580
UPOL 000L26
UPOL RK0377
UPOL 001286
UPOL 001365
UPOL 001366
UPOL 000M19
UPOL 000M04
UPOL 000M17
UPOL 000191
UPOL 000M16
UPOL 000M03
UPOL 000MO07
UPOL 000M18
UPOL 000M38
UPOL 000MO05
UPOL 000M34
UPOL 000M37
UPOL 000M39
UPOL 000M32
UPOL RK0379
UPOL 000156
UPOL RKO0087
UPOL RK0089
UPOL RKO0093
UPOL RKO0095
UPOL RK0096
UPOL RK0097
UPOL RKO0098
UPOL RK0099
UPOL RKO0101
UPOL RK0102



Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Cantharidae

Cantharinae

gen. sp.
gen. sp.
gen. sp.
gen. sp.
gen. sp.
gen. sp.
gen. sp.
gen. sp.
gen. sp.
gen. sp.
gen. sp.
gen. sp.
gen. sp.
gen. sp.
gen. sp.
gen. sp.
gen. sp.
gen. sp.
gen. sp.
gen. sp.
gen. sp.
gen. sp.
gen. sp.
gen. sp.
gen. sp.
gen. sp.
gen. sp.
gen. sp.
gen. sp.
gen. sp.
gen. sp.
gen. sp.
gen. sp.
gen. sp.
gen. sp.
gen. sp.
gen. sp.
gen. sp.
Cantharis rufa

KF625646
KF625647
KF625648
KF625649
KF625650
KF625651
KF625652
KF625653
KF625654
KF625655
KF625656
KF625657
KF625658
KF625659
KF625660
KF625661
KF625662
KF625663
KF625665
KF625666
KF625667
KF625668
KF625669
KF625670
KF625671
KF625672
KF625673
KF625674
KF625675
KF625676
KF625677
KF625678
KF625679
KF625680
KF625681
KF625682
KF625683
KF625684
N

N
N

KF626244
KF626245
KF626246
N

KF626247
KF626248
N

N

KF626249
KF626250
N

N

KF626251
KF626252
N

KF626253
KF626255
KF626256
N

KF626257
KF626258
KF626259
KF626260
KF626261
N

N

KF626262
KF626263
KF626264
KF626265
KF626266
KF626267
KF626268
N

KF626269
KF626270
DQ198767

KF625937
KF625938
KF625939
KF625940
KF625941
KF625942
KF625943
KF625944
KF625945
KF625946
KF625947
KF625948
KF625949
KF625950
KF625951
KF625952
KF625953
KF625954
KF625956
KF625957
KF625958
KF625959
KF625960
KF625961
KF625962
KF625963
KF625964
KF625965
KF625966
KF625967
KF625968
KF625969
KF625970
KF625971
KF625972
KF625973
KF625974
N
DQ198684

KF625345
KF625346
KF625347
KF625348
KF625349
KF625350
KF625351
KF625352
KF625353
KF625354
KF625355
KF625356
KF625357
KF625358
KF625359
KF625360
KF625361
KF625362
KF625364
KF625365
KF625366
KF625367
KF625368
KF625369
KF625370
KF625371
KF625372
KF625373
KF625374
KF625375
KF625376
KF625377
KF625378
KF625379
KF625380
KF625381
KF625382
KF625383
DQ198607

UPOL RKO0103
UPOL RKO0104
UPOL RKO0106
UPOL RKO0107
UPOL RKO0108
UPOL RKO0109
UPOL RKO110
UPOL RKO111
UPOL RKO112
UPOL RKO113
UPOL RKO118
UPOL RKO0173
UPOL RKO0372
UPOL RKO0373
UPOL RKO0374
UPOL RKO0375
UPOL RKO0376
UPOL RKO0378
UPOL RKO0380
UPOL RKO0381
UPOL RKO0382
UPOL RKO0383
UPOL RKO0384
UPOL RKO0385
UPOL RKO0386
UPOL RKO0387
UPOL RKO0388
UPOL RKO0389
UPOL RK0390
UPOL RKO0391
UPOL RKO0392
UPOL RK0393
UPOL RKO0394
UPOL RKO0395
UPOL RK0396
UPOL RK0397
UPOL RKO0398
UPOL RK0399
BMNH 703089



Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae

Cantharinae gen. sp.

Cantharinae Rhagonycha nigriceps
Cantharinae Rhagonycha lignosa
Cantharinae gen. sp.

Cantharinae Athemus sp.
Cantharinae Themus sp.
Cantharinae Prothemus sp.
Cantharinae Habronychus sp.
Cantharinae Cratosilis sicula
Cantharinae Athemellus insulsus
Cantharinae Cantharis rustica
Cantharinae Podabrus temporalis
Cantharinae Rhagonycha sp.
Cantharinae gen. sp.

Cantharinae Cantharis sp.
Cantharinae Lycocerus sp.

Chauliognathinae Chauliognathus opacus
Chauliognathinaelchthyurus sp.
Chauliognathinae Chauliognathus sp.
Chauliognathinaelchthyurus sp.
Chauliognathinaegen. sp.
Chauliognathinae Chauliognathus sp.
ChauliognathinaeMicroichthyurus sp.
Chauliognathinae Trypherus mutilatus
Chauliognathinaegen. sp.
Chauliognathinaegen. sp.
Chauliognathinaegen. sp.
Chauliognathinaegen. sp.
Chauliognathinaegen. sp.
Chauliognathinaegen. sp.
Chauliognathinaegen. sp.
Malthininae Malthodes sp.

Malthininae gen. sp.
Malthininae Inmalthodes sp.
Malthininae gen. sp.
Malthininae Inmalthodes sp.

Malthininae Inmalthodes sp.
Malthininae gen. sp.
Malthininae gen. sp.

DQ100526
DQ100527
AF451939
KF625614
KF625615
KF625616
KF625617
KF625625
KF625587
KF625620
AF451940
KF625621
KF625628
KF625629
KF625631
KF625591
HM156710
DQ100531
KF625600
KF625605
KF625612
KF625613
KF625619
KF625622
KF625623
KF625634
KF625635
KF625589
KF625592
KF625594
KF625599
DQ100532
DQ100533
DQ100534
KF625602
KF625603
KF625604
KF625624
KF625626

DQ198768
DQ198769
DQ198770
KF626216
KF626217
KF626218
KF626219
KF626227
KF626189
KF626222
N
KF626223
KF626230
KF626231
KF626233
KF626193
HM156702
DQ198774
KF626202
KF626207
KF626214
KF626215
KF626221
KF626224
KF626225
KF626236
KF626237
KF626191
KF626194
KF626196
KF626201
DQ198776
DQ198777
DQ198778
KF626204
KF626205
KF626206
KF626226
KF626228

DQ198685
DQ198686
DQ198687
KF625906
KF625907
KF625908
KF625909
KF625917
KF625882
KF625912
EU301849
KF625913
KF625920
KF625921
KF625923
KF625886
FI613418
DQ198691
KF625892
KF625897
KF625904
KF625905
KF625911
KF625914
KF625915
KF625926
KF625927
KF625884
N
KF625888
N
DQ198693
DQ198694
DQ198695
KF625894
KF625895
KF625896
KF625916
KF625918

DQ198608
DQ198609
DQ198610
KF625313
KF625314
KF625315
KF625316
KF625324
KF625287
KF625319
DQ156062
KF625320
KF625327
KF625328
KF625330
KF625291
FI613418
DQ198614
KF625300
KF625304
KF625311
KF625312
KF625318
KF625321
KF625322
KF625333
KF625334
KF625289
KF625292
KF625294
KF625299
DQ198616
DQ198617
DQ198618
KF625302
KF625303
N
KF625323
KF625325

UPOL 000M 14
UPOL 000M15
BMNH 679176
UPOL 001300
UPOL 001301
UPOL 001302
UPOL 001303
UPOL 001311
UPOL RK0094
UPOL 001306
BMNH 676948
UPOL 001307
UPOL 001314
UPOL 001315
UPOL 001317
UPOL RKO0176
BTO0055

UPOL 000M 12
UPOL 001250
UPOL 001291
UPOL 001298
UPOL 001299
UPOL 001305
UPOL 001308
UPOL 001309
UPOL 001393
UPOL 001394
UPOL RKO0155
UPOL RKO0177
UPOL RKO0179
UPOL RK0200
UPOL 000M20
UPOL 000M21
UPOL 000M27
UPOL 001288
UPOL 001289
UPOL 001290
UPOL 001310
UPOL 001312



Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Omalisidae
Omalisidae
Omalisidae
Omalisidae
Omalisidae
Omalisidae
Rhagophthalmidae
Rhagophthalmidae
Rhagophthalmidae
Rhagophthalmidae
Rhagophthalmidae
Rhagophthalmidae
Rhagophthalmidae
Rhagophthalmidae
Rhagophthalmidae
Phengodidae
Phengodidae

Malthininae
Malthininae
Malthininae
Malthininae
Malthininae
Malthininae
Silinae
Silinae
Silinae
Silinae
Silinae
Silinae
Silinae
Silinae
Silinae
Silinae

gen. sp.
gen. sp.
gen. sp.
gen. sp.
gen. sp.
gen. sp.
Omalisinae
Omalisinae
Omalisinae
Thilmaninae
Thilmaninae
Paradrilinae

Phengodinae
Phengodinae

Malthinus sp.
gen. sp.

gen. sp.

gen. sp.

gen. sp.
Malthinus sp.
Laemoglyptus sp.
Asiosilis sp.
Laemoglyptus sp.
gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.
Micropodabrus sp.
gen. sp.

gen. sp.

gen. sp.

Omalisus sanguinipennis

Omalisus fontisbellaquei
Phaeopterus unicolor
Pseudeuanoma sp.
Pseudeuanoma sp.
Paradrilus opacus
gen. sp.

gen. sp.

gen. sp.

gen. sp.

Mimoochotyra sp.

gen. sp.

Bicladodrilus sp.
Rhagophthalmus sp.
Rhagophthalmus ohbai
Phengodes sp.
Phengodes sp.

KF625627
KF625630
KF625590
KF625593
KF625595
KF625596
DQ100528
DQ100530
KF625601
KF625606
KF625607
KF625608
KF625609
KF625610
KF625588
KF625597
KF625611
DQ100529
KF625618
KF625632
KF625633
KF625598
HQ333835
AF451948
N
HQ333832
HQ333833
KJ909284
KF625717
KF625718
KF625715
KF625716
DQ100505
DQ100506
DQ100507
DQ100508
AB298864
DQ100504
KF625725

KF626229
KF626232
KF626192
KF626195
KF626197
KF626198
DQ198771
DQ198773
KF626203
KF626208
KF626209
KF626210
KF626211
KF626212
KF626190
KF626199
KF626213
DQ198772
KF626220
KF626234
KF626235
KF626200
N
DQ198749
N
KF626300
KF626301
KJ909285
KF626305
N
KF626303
KF626304
DQ198753
DQ198754
DQ198755
DQ198756
N
DQ198752
KF626312

KF625919
KF625922
KF625885
KF625887
KF625889
KF625890
DQ198688
DQ198690
KF625893
KF625898
KF625899
KF625900
KF625901
KF625902
KF625883
N
KF625903
DQ198689
KF625910
KF625924
KF625925
KF625891
HQ333741
DQ198658
N
HQ333738
N

N
KF626005
KF626006
KF626003
KF626004
DQ198662
DQ198663
DQ198664
DQ198665
NC 010964
DQ198661
KF626011

KF625326
KF625329
KF625290
KF625293
KF625295
KF625296
DQ198611
DQ198613
KF625301
KF625305
KF625306
KF625307
KF625308
KF625309
KF625288
KF625297
KF625310
DQ198612
KF625317
KF625331
KF625332
KF625298
N
DQ198580
KJ909286
HQ334011
HQ334012
KJ909287
KF625410
KF625411
KF625408
KF625409
DQ198584
DQ198585
DQ198586
DQ198587
NC_010964
DQ198583
KF625418

UPOL 001313
UPOL 001316
UPOL RKO0157
UPOL RKO0178
UPOL RKO0180
UPOL RKO0181
UPOL 000M10
UPOL 000M13
UPOL 001287
UPOL 001292
UPOL 001293
UPOL 001294
UPOL 001295
UPOL 001296
UPOL RKO0154
UPOL RKO0182
UPOL 001297
UPOL 000M11
UPOL 001304
UPOL 001391
UPOL 001392
UPOL RKO0199
UPOL RKO0083
UPOL 000377
UPOL RK0092
UPOL RK0079
UPOL RK0080
UPOL RK0626
UPOL 001359
UPOL 001363
UPOL RKO0088
UPOL RKO0370
UPOL 000M30
UPOL 000M31
UPOL 000M35
UPOL 000155
71225

UPOL 000M29
UPOL 001238



Phengodidae
Phengodidae
Phengodidae
Phengodidae
Phengodidae
Phengodidae
Phengodidae
Phengodidae
Phengodidae
Phengodidae
Phengodidae
Phengodidae
Phengodidae
Phengodidae
Phengodidae
Phengodidae
Phengodidae
Phengodidae
Phengodidae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae

Phengodinae
Phengodinae

Agrypninae
Agrypninae
Agrypninae
Agrypninae
Agrypninae
Agrypninae
Agrypninae
Agrypninae
Agrypninae
Agrypninae
Agrypninae
Agrypninae
Agrypninae
Agrypninae
Agrypninae
Agrypninae
Agrypninae
Agrypninae
Agrypninae
Agrypninae

Phengodes sp.
Phengodes sp.
gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.
Adelocera sp.
Adelocera sp.
Lacon sp.
Pyrophorus sp.
Tetrigus cyprius
Cryptalaus sp.
Pyrophorus sp.

Chalcolepidius sp.

Drilus concolor

Malacogaster passerinii

Selasia sp.
Selasia sp.

Anaissini gen. sp.
Agrypnus murinus

Agrypnus sp.
Agrypnus sp.
Agrypnus sp.
Agrypnus sp.
Adelocera sp.
Adelocera sp.

KF625726
KF625723
KF625727
KF625728
KF625729
KF625730
KF625731

KF625732
KF625733
KF625734
KF625735

KF625736
KF625737
KF625738
KF625719
KF625720
KF625721

KF625722
KF625724
HQ333794
HQ333815
HQ333789
HQ333753
KF625744
HQ333781
KF625742
KF625743

HQ333827
KF625741

KF625739
KF625740
KF625761

AF451943

HQ333757
HQ333783
HQ333810
HQ333820
HQ333778
HQ333806

KF626313
KF626310
KF626314
KF626315
KF626316
KF626317
N
KF626319
N

N

N
KF626320
N

N
KF626306
KF626307
KF626308
KF626309
KF626311
HQ333889
HQ333910
HQ333884
HQ333848
KF626327
HQ333876
KF626325
KF626326
KF626322
KF626321
KF626323
KF626324
KF626341
DQ198735
HQ333852
HQ333878
HQ333905
HQ333915
HQ333873
HQ333901

KF626012
KF626009
KF626013
KF626014
KF626015
KF626016
KF626017
N
KF626018
N
KF626019
KF626020
KF626021
KF626022
KF626007
N
KF626008
N
KF626010
KF626035
KF626033
KF626036
HQ333672
KF626032
KF626034
KF626030
KF626031
HQ333734
KF626029
KF626027
KF626028
KF626055
DQ198645
HQ333676
HQ333697
HQ333719
HQ333727
HQ333694
HQ333715

KF625419
KF625416
KF625420
KF625421
KF625422
KF625423
KF625424
KF625426
KF625427
KF625428
KF625429
KF625430
N
KF625431
KF625412
KF625413
KF625414
KF625415
KF625417
HQ333976
KF625439
HQ333971
KF625435
KF625438
N
KF625436
KF625437
HQ334007
KF625432
KF625433
KF625434
KF625452
DQ198567
HQ333941
HQ333965
HQ333991
HQ334000
HQ333961
HQ333987

UPOL 001241
UPOL RK0366
UPOL 001243
UPOL 001245
UPOL 001246
UPOL 001247
UPOL 001343
UPOL 001346
UPOL 001348
UPOL 001349
UPOL 001350
UPOL 001351
UPOL 001353
UPOL 001354
UPOL RKO0361
UPOL RKO0363
UPOL RK0364
UPOL RKO0365
UPOL RKO0368
UPOL RKO0041
UPOL RK0062
UPOL RK0036
UPOL 001423
UPOL RKO0228
UPOL RK0028
UPOL RKO0213
UPOL RKO0219
UPOL RK0074
UPOL RK0369
UPOL RKO0158
UPOL RKO0172
UPOL RK0301
UPOL 001049
UPOL RK0004
UPOL RK0030
UPOL RKO0057
UPOL RK0067
UPOL RKO0025
UPOL RKO0053



Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae

Agrypninae
Agrypninae
Agrypninae
Agrypninae
Agrypninae
Agrypninae
Agrypninae
Agrypninae
Agrypninae
Agrypninae
Agrypninae
Agrypninae
Agrypninae
Agrypninae
Agrypninae
Agrypninae
Agrypninae
Cardiophorinae
Cardiophorinae
Cardiophorinae
Cardiophorinae
Cardiophorinae
Cardiophorinae
Cardiophorinae
Dendrometrinae
Dendrometrinae
Dendrometrinae
Dendrometrinae
Dendrometrinae
Dendrometrinae
Dendrometrinae
Dendrometrinae
Dendrometrinae
Dendrometrinae
Dendrometrinae
Dendrometrinae
Dendrometrinae
Dendrometrinae
Dendrometrinae

Adelocera sp.
Adelocera sp.
Conoderus sp.
Conoderus sp
Drasterius bimaculatus
Drasterius sp.

gen. sp.

Platycrepidius sp.
Pyrophorus sp.
Chalcolepidius sp.
Cryptalaus sp.
Cryptalaus sp.

Selasia sp.

Drilus flavescens
Drilus sp.

Drilus sp.

Drilus mauritanicus
Cardiophorus erichsoni
gen. sp.

gen. sp.

Dicronychus rubripes
Dicronychus cinereus
gen. sp.

gen. sp.

Athous vittatus
Pheletes quercus
Cidnopus pilosus
Anostirus purpureus
Neopristilophus serrifer
Selatosomus latus

gen. sp.

Platiana sp.
Hypolithus sp.
Semiotus sp.
Oxynopterus sp.
Aplotarsus incanus
Athous haemorrhoidalis
Denticollis linearis
Panspaeus guttatus

HQ333817
HQ333818
HQ333746
HQ333747
HQ333793
HQ333816
HQ333798
HQ333748
HQ333751
HQ333752
HQ333768
HQ333834
HQ333824
DQ100501
HQ333826
N

HQ333837
HQ333790
HQ333823
AF451942
HQ333764
HQ333776
HQ333784
HQ333788
HQ333755
HQ333775
HQ333792
HQ333761
HQ333765
HQ333774
HQ333787
HQ333782
HQ333795
HQ333799
HQ333800
N

AF451944
DQ100498
DQ100499

HQ333912
HQ333913
HQ333841
HQ333842
HQ333888
HQ333911
HQ333893
HQ333843
HQ333846
HQ333847
HQ333863
HQ333926
HQ333919
DQ198748
HQ333921
N

HQ333928
HQ333885
HQ333918
DQ198739
HQ333859
HQ333871
HQ333879
HQ333883
HQ333850
HQ333870
HQ333887
HQ333856
HQ333860
HQ333869
HQ333882
HQ333877
HQ333890
HQ333894
HQ333895
DQ198737
DQ198738
DQ198741
DQ198742

HQ333724
HQ333725
HQ333665
HQ333666
HQ333704
HQ333723
HQ333708
HQ333667
HQ333670
HQ333671
HQ333685
HQ333740
HQ333731
DQ198657
HQ333733
HQ333739
HQ333743
HQ333701
HQ333730
DQ198649
KF626023
KF626024
KF626025
KF626026
HQ333674
HQ333692
HQ333703
HQ333679
HQ333682
HQ333691
HQ333700
HQ333696
HQ333705
HQ333709
HQ333710
DQ198647
DQ198648
DQ198651
DQ198652

HQ333997
HQ333998
HQ333931
HQ333932
HQ333975
HQ333996
HQ333980
HQ333933
HQ333936
HQ333937
HQ333951
HQ334014
HQ334004
DQ198579
HQ334006
HQ334013
HQ334016
HQ333972
HQ334003
DQ198571
HQ333947
HQ333959
HQ333966
HQ333970
HQ333939
HQ333958
HQ333974
HQ333945
HQ333948
HQ333957
HQ333969
HQ333964
HQ333977
HQ333981
HQ333982
DQ198569
DQ198570
DQ198573
DQ198574

UPOL RK0064
UPOL RKO0065
UPOL 001416

UPOL 001417

UPOL RK0040
UPOL RK0063
UPOL RK0045
UPOL 001418

UPOL 001421

UPOL 001422

UPOL RKO0015
UPOL RK0082
UPOL RK0071
UPOL 001046

UPOL RKO0073
UPOL RK0081
UPOL RKO0085
UPOL RK0037
UPOL RK0070
BMNH 679341
UPOL RKO0011
UPOL RK0023
UPOL RK0031
UPOL RKO0035
UPOL RK0002
UPOL RKO0022
UPOL RK0039
UPOL RKO0008
UPOL RKO0012
UPOL RKO0021
UPOL RK0034
UPOL RK0029
UPOL RKO0042
UPOL RK0046
UPOL RK0047
BMNH703088
BMNH 679174
UPOL 000M25
BMNH 703090



Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae

Dendrometrinae
Dendrometrinae
Dendrometrinae
Dendrometrinae
Dendrometrinae
Elaterinae
Elaterinae
Elaterinae
Elaterinae
Elaterinae
Elaterinae
Elaterinae
Elaterinae
Elaterinae
Elaterinae
Elaterinae
Elaterinae
Elaterinae
Elaterinae
Elaterinae
Elaterinae
Elaterinae
Elaterinae
Elaterinae
Elaterinae
Elaterinae
Elaterinae
Elaterinae
Elaterinae
Elaterinae
Elaterinae
Elaterinae
Elaterinae
Elaterinae
Elaterinae
Elaterinae
Elaterinae
Elaterinae

Stenagostus rhombeus
Denticollis sp.
Nothodes parvulus
gen. sp.
Hemicrepidius hirtus
gen. sp.

Octinodes sp.
Elater sp.
Tomicephalus sp.
gen. sp.

gen. sp.
Ludioschema sp.
Ludioschema sp.
Anoplischius sp.
Ampedus sp.
Ampedus sanguinolentus
Ampedus rufipennis
Ampedus sp.
Ampedus sinuatus
Ampedus sp.
Ampedus balteatus
Agriotes acuminatus
Agriotes ustulatus
Agriotes lineatus
Cebrio sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

Melanotus villosus
Priopus ornatus
Priopus humeralis
Anchastus sp.
Anchastus sp.
Anchastus sp.
Anchastus sp.
Mulsanteus sp.
Agriotes obscurus

AF451945
HQ333759
HQ333763
KF625751
KF625754
KF625762
HQ333749
HQ333766
HQ333750
HQ333773
HQ333819
HQ333777
HQ333808
HQ333745
HQ333758
HQ333760
HQ333762
HQ333771
HQ333791
HQ333822
AF427605
HQ333756
HQ333786
N
DQ100497
HQ333767
HQ333769
HQ333770
HQ333801
HQ333812
HQ333754
HQ333785
HQ333821
HQ333804
HQ333809
HQ333813
HQ333814
HQ333744
HQ333805

DQ198744
HQ333854
HQ333858
KF626338
KF626340
KF626346
HQ333844
HQ333861
HQ333845
HQ333868
HQ333914
HQ333872
HQ333903
HQ333840
HQ333853
HQ333855
HQ333857
HQ333866
HQ333886
HQ333917
DQ198736
HQ333851
HQ333881
DQ198733
DQ198740
HQ333862
HQ333864
HQ333865
HQ333896
HQ333907
HQ333849
HQ333880
HQ333916
HQ333899
HQ333904
HQ333908
HQ333909
HQ333839
HQ333900

DQ198653
KF626041

HQ333681
KF626053

KF626054
KF626057
HQ333668
HQ333683
HQ333669
HQ333690
HQ333726
HQ333693
HQ333717
HQ333664
HQ333677
HQ333678
HQ333680
HQ333688
HQ333702
HQ333729
DQ198646
HQ333675
HQ333699
DQ198643
DQ198650
HQ333684
HQ333686
HQ333687
HQ333711
HQ333720
HQ333673
HQ333698
HQ333728
HQ333714
HQ333718
HQ333721
HQ333722
KF626037
KF626039

DQ198576
HQ333943
KF625443
KF625451
KF625448
N
HQ333934
HQ333949
HQ333935
HQ333956
HQ333999
HQ333960
HQ333989
HQ333930
HQ333942
HQ333944
HQ333946
HQ333954
HQ333973
HQ334002
DQ198568
HQ333940
HQ333968
DQ198566
DQ198572
HQ333950
HQ333952
HQ333953
HQ333983
HQ333993
HQ333938
HQ333967
HQ334001
HQ333986
HQ333990
HQ333994
HQ333995
HQ333929
KF625441

BMNH 679144
UPOL RK0006
UPOL RKO0010
UPOL RKO0251
UPOL RK0297
UPOL 001237

UPOL 001419

UPOL RKO0013
UPOL 001420

UPOL RK0020
UPOL RK0066
UPOL RK0024
UPOL RKO0055
UPOL 001415

UPOL RKO0005
UPOL RK0007
UPOL RK0009
UPOL RKO0018
UPOL RKO0038
UPOL RK0069
BMNH 679173
UPOL RK0003
UPOL RKO0033
BMNH 703086
BMNH 679376
UPOL RKO0014
UPOL RKO0016
UPOL RKO0017
UPOL RK0048
UPOL RK0059
UPOL RK0001
UPOL RK0032
UPOL RKO0068
UPOL RKO0051
UPOL RK0056
UPOL RK0060
UPOL RK0061
UPOL 001414

UPOL RK0052



Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae

Elaterinae
Elaterinae
Elaterinae
Elaterinae
Elaterinae
Elaterinae
Elaterinae
Elaterinae
Elaterinae
Hemiopinae
Lissominae
Lissominae
Lissominae
Lissominae
Lissominae
Lissominae
Morostomatinae
Negastriinae
Negastriinae
Negastriinae
Negastriinae

Adrastini gen. sp.
Cebrio sp.
Octinodes sp.

gen. sp.
Physorhinini gen. sp.
gen. sp.

gen. sp.

gen. sp.

Agriotini gen. sp.
gen. sp.

Drapetes mordelloides
gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.
Diplophoenicus sp.
Zorochros sp.
Quasimus sp.
Quasimus sp.

gen. sp.

Thylacosterninae Balgus sp.

Thylacosterninae Pterotarsus bimaculatus

HQ333780
KF625745
KF625746
KF625752
KF625758
KF625755
KF625757
KF625759
KF625763
KF625756
HQ333828
KF625747
KF625748
KF625749
KF625750
KF625760
KF625753
HQ333796
HQ333802
HQ333803
HQ333811
DQ100500
N

HQ333875
KF626329
KF626328
KF626337
KF626334
KF626339
KF626343
KF626344
KF626345
KF626342
HQ333922
KF626330
KF626331
KF626332
KF626333
KF626336
KF626335
HQ333891
HQ333897
HQ333898
HQ333906
DQ198746
DQ198743

KF626038
KF626040
N
KF626052
KF626056
KF626046
KF626048
KF626049
N
KF626047
HQ333735
KF626042
KF626043
KF626044
KF626045
KF626051
KF626050
HQ333706
HQ333712
HQ333713
N
DQ198655
N

HQ333963
KF625440
KF625442
KF625449
KF625453
KF625455
KF625457
KF625458
KF625459
KF625456
HQ334008
KF625444
KF625445
KF625446
KF625447
KF625450
KF625454
HQ333978
HQ333984
HQ333985
HQ333992
N

DQ198575

UPOL RKO0027
UPOL RKO0142
UPOL RK0306
UPOL RK0203
UPOL RKO0310
UPOL RK0400
UPOL RK0404
UPOL RK0406
UPOL 001413

UPOL RK0403
UPOL RKO0075
UPOL RKO0334
UPOL RKO0335
UPOL RKO0353
UPOL RKO0354
UPOL RKO0174
UPOL RKO0145
UPOL RK0043
UPOL RK0049
UPOL RK0050
UPOL RKO0058
BMNH 669202
BMNH 703093



Table S3. The list of taxa included in the SSU, LSU rRNA and mitochondrial protein coding genes dataset.

Mitochondrial genomes LSUTRNA  SSUrRNA
Suborder/Series Superfamily Family Genus GenBank #  Voucher # (28S) (18S)
Archostemata Cupedidae Priacma JX412806 BMNH 842702 GUS591995 EU797411
Myxophaga Sphaeriusidae Sphaerius EU877950 BT0074 GU591993 EU797414
Hydroscaphidae  Hydroscapha AM493667 - n.a. AF012525
Adephaga Gyrinoidea Gyrinidae Macrogyrus FJ859901 - n.a. AJ318664
Caraboidea Trachypachidae Trachypachus EU877954 - n.a. EU797418
Carabidae Trechini gen. sp.  HQ232802 - n.a. GU556140
Carabidae Agonum JX412835 BMNH 832916 FJ173098 AF002775
Carabidae Brachinus JX412826 BMNH 844234 GQ503347  JN170213
Polyphaga
Scirtiformia Scirtoidea Scirtidae Prionocyphon JX412728 BMNH 842693 KF626117 KF625516
Scirtidae Cyphon EU877949 BT0012 DQ198698  AF201419
Clambidae Clambus IX412725 BMNH 840362 KF626105 EU797403
Staphyliniformia  Staphylinoidea Staphylinidae Omalium IX412759 BMNH 844244 EF213819 IN619067
Staphylinidae Oxypoda JX412751 BMNH 844246 KC132598 IN619024
Staphylinidae Oxytelus JX412796 BMNH 844247 JX878729 IN619332
Staphylinidae Habrocerus JX412795 BMNH 844248 KJ844961 AY745613
Silphidae Necrophila GU176343 - KJ845066 AY 745606
Hydrophiloidea Hydrophilidae Amphiops JX412726 BMNH 838127 KJ845086 AM287129
Histeroidea Histeridae Abraeus JX313690 BMNH®844242 KJ844924 AY028338
Scarabaeoidea Scarabaeidae Aphodius 1X412729 BMNH 843252 EF656701 EF487600
Glaresidae Glaresis JX412819 BMNH 843266 IN969219 IN969154
Bostrichiformia Bostrichoidea Bostrichidae Sinoxylon IX412742 BMNH 838164 DQ202653 AY748107
Dermestidae Dermestes JX313683 BMNH 835562 EF213923 EF213893
Cucujiformia Cucujoidea Cucujidae Cucujus GU176341 - AY310660  AF423767
Erotylidae Tritoma HQ232822 - DQ202652  AY748163
Tenebrionoidea Tenebrionidae Tribolium NC003081 - HM156703  HMI156711
Scraptiidae Anaspis JX412814 BMNH 840490 DQ202632  AY748208
Coccinelloidea Cerylonidae Cerylon HQ232821 - EU145661 EF209832



Elateriformia

Chrysomeloidea
Curculionoidea

Dascilloidea
Buprestoidea

Byrrhoidea

Elateroidea

Coccinellidae
Cerambycidae
Chrysomelidae
Curculionidae
Curculionidae
Dascillidae
Buprestidae
Buprestidae
Buprestidae
Buprestidae
Buprestidae
Byrrhidae
Heteroceridae
Eulichadidae
Elmidae
Elmidae
Ptilodactylidae
Limnichidae
Artematopodidae
Omethidae
Throscidae
Eucnemidae
Lampyridae
Lampyridae
Cantharidae
Cantharidae
Iberobaeniidae
Iberobaeniidae
Lycidae
Lycidae
Phengodidae

Rhagophthalmidae

Coccinella
Stenurella
Laccoptera
Sitona
Larinus
Dascillus
Agrilus
Acmaeodera
Anthaxia
Perotis
Chrysochroa
Byrrhus
Heterocerus
Eulichas
Limnius
Elmis
Ptilodactyla
Byrrhinus
Eurypogon
Drilonius
Trixagus
Fornax
Pyrocoelia
Drilaster
Chauliognathus
Cantharis
Iberobaenia sp.

Iberobaenia minuta

Dictyoptera
Lycus
Mastinocerus
Rhagophthalmus

JQ321839
7X220998
JX412753
JN163948
JN163952
JQ034414
JX412786
JX412781
JX412831
JX412762
EU826485
JQ034419
HQ232811
HQ232812
JX412747
JX412821
JX412727
JX412827
JX412809
JX412822
JX412793
JX412858
AF452048
HQ232816
FJ613418
HQ232817
KT339298
KT339298
JX412733
HQ232814
JX412758
AB267275

BMNH 704360
BMNH 838107

BMNH 833027
BMNH 838158
BMNH 840209
BMNH 840447

BMNH 843148
BMNH 843150
BMNH 840214
BMNH 838097
BMNH 842698
BMNH 840464
BMNH 840455
BMNH 899821

BMNH 1042541
UPOL RKO0790
BMNH 844238

BMNH 900076

DQ202668
AJ841662
AJ841638
FI867710
HQ883541
AJ862777
KM364165
KM364226
KM364242
KM364265
KM364261
DQ198705
AJ862773
DQ198725
DQ198712
AJ862764
AJ862776
DQ198719
KF294769
KF626126
KF294772
DQ198729
DQ198759
DQ198764
HM156702
KF626233
n.a.
KT339297
KF626273
DQI81113
KF626313
n.a.

AY748147
AJ841533
AJ841509
AF250087
AJ850013
AJ810748
KM364043
KM364099
KM364110
KM364128
KM364165
AF427604
AF451928
DQ100489
AF451914
AF451916
AF451932
AF451923
KF294763
KF625525
KF294766
DQ100492
AB298846
AB298853
HM156710
KF625631
n.a.
KT339296
KF625687
DQ181039
KF625726
DQ100508



Omalisidae
Elateridae
Elateridae
Elateridae
Elateridae

Omalisus
Drilus
Pyrophorus
Agriotes
Dicronychus

JX412744
HQ232815
EF398270
JX412737
JX412848

BMNH 840456
BMNH 840459

BMNH 842673
BMNH 844235

DQ198749
HQ333921
HQ333848
DQ198734
HQ333871

AF451948
HQ333826
HQ333753
HQ333805
HQ333776



Table S2. Primers used for PCR amplifications* of the studied genes

Gene Code -mer Sequence (5’ >>3”)

18S rRNA fragment A

18S 5’ 24 GACAACCTGGTTGATCCTGCCAGT
18Sb5.0 19 TAACCGCAACAACTTTAAT

fragment B

18S ai 22 CCTGAGAAACGGCTACCACATC

18Sb2.5 20 TCTTTGGCAAATGCTTTCGC

fragment C

18Sal.0 20 GGTGAAATTCTTGGACCGTC

18S bi 20 GAGTCTCGTTCGTTATCGGA

fragment D

18S a2.0 19 ATGGTTGCAAAGCTGAAAC

18S 3’1 24 CACCTACGGAAACCTTGTTACGAC
28S rRNA 28S ff 20 TTACACACTCCTTAGCGGAT

28S dd 19 GGGACCCGTCTTGAAACAC
rrnL mtDNA

16a 20 CGCCTGTTTAACAAAAACAT

16b 22 CCGGTCTGAACTCAGATCATGT
cox] mtDNA

JerM 23 CAACAYYTATTTTGRTTYTTTGG

Pat 25 TCCATTGCACTAATCTGCCATATTA

Marilyn 21 TCATAAGTTCAGTATCATTG

* PCR was performed using 0.5-0.6 U Taq polymerase, ]| mM MgCl,, 50 mM each dNTP,
0.2 mM primer, and typically 0.03 mg of template in 50 ml reaction volume. Cycle
conditions were generally 2 min at 94°C, 30-60 sec at 94°C, 30-60 sec at 45-52°C
(depending on the melting temperatures of primer pairs used), 1-2 min at 72°C (repeated
for 30-40 cycles), and 10 min at 72°C. ABI technology was used for DNA sequencing and
sequences were edited using Sequencher 4.0.5 software (Gene Codes Corp.).



Supplementary Text. The list of beetle families proposed after 1950 with
taxonomic authorities and the year of description given.

JURODIDAE Ponomarenko, 1985
CROWSONIELLIDAE Iablokoff-Khnzorian, 1983
TORRIDINCOLIDAE Steffan, 1964

MERUIDAE Spangler and Steiner, 2005
ASPIDYTIDAE Ribera, Beutel, Balke and Vogler, 2002
BELOHINIDAE Paulian, 1959
DIPHYLLOSTOMATIDAE Holloway, 1972
DECLINIIDAE Nikitsky, Lawrence, Kirejtshuk and Gratshev, 1994
LUTROCHIDAE Kasap and Crowson, 1975
RHINORHIPIDAE Lawrence, 1988

PLASTOCERIDAE Crowson, 1972
CHAETOSOMATIDAE Crowson, 1952

METAXINIDAE Kolibac, 2004

PHYCOSECIDAE Crowson, 1952

MAURONISCIDAE Majer, 1995

BOGANIIDAE Sen Gupta and Crowson, 1966
PROTOCUCUJIDAE Crowson, 1954

HOBARTIIDAE Sen Gupta and Crowson, 1966
AGAPYTHIDAE Sen Gupta and Crowson, 1969
PRIASILPHIDAE Crowson, 1973

MYRABOLIIDAE Lawrence and Britton, 1991
CAVOGNATHIDAE Sen Gupta and Crowson, 1966
LAMINGTONIIDAE Sen Gupta and Crowson, 1969
PROPALTICIDAE Crowson, 1952
TASMOSALPINGIDAE Lawrence and Britton, 1991
MURMIDIIDAE Robertson et al,, 2015

TEREDIDAE Robertson et al., 2015

EUXESTIDAE Robertson et al,, 2015
ANAMORPHIDAE Robertson et al., 2015
EUPSILOBIIDAE Robertson et al., 2015
MYCETAEIDAE Robertson et al., 2015
CYCLAXYRIDAE Gimmel, Leschen and Slipir’lski, 2009
AKALYPTOISCHIIDAE Lord, Hartley, Lawrence, McHugh and Miller, 2010
ARCHEOCRYPTICIDAE Kaszab, 1964
CHALCODRYIDAE Watt, 1974

CARIDAE Thompson, 1992
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Supplementary Text. The list of family-group names mentioned in the text with
taxonomic authorities and the year of the description given

ELATERIDAE Leach, 1815
PLASTOCERIDAE Crowson, 1972
DRILINI Blanchard, 1845
OMALISIDAE Lacordaire, 1857
LYCIDAE Laporte, 1836
TELEGEUSINAE Leng, 1920
PHENGODIDAE LeConte, 1861
RHAGOPHTHALMIDAE Olivier, 1907
LAMPYRIDAE Rafinesque, 1815
OMETHIDAE LeConte, 1861
CANTHARIDAE Imhoff, 1856
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Supplementary text. Morphological descriptions of the genus Iberobaenia and
species placed in the genus

Iberobaenia gen. nov.

Type species. Iberobaenia minuta sp. nov.

Differential diagnosis. The genus /berobaenia is the only genus placed in
Iberobaeniidae and it differs from other elateroid genera in the diagnostic characters
used for the definition of the family Iberobaeniidae fam. nov. as described in the main
text and supplementary materials.

Iberobaenia minuta sp. nov.

Type material. Holotype, male. SPAIN. Jaén, Sierra de la Pandera, Valdepenas de
Jaén, 9. Jun 2012, M. Baena leg. (UPOL). Paratypes, 2 males. The same locality data
(UPOL, MBC).

Diagnosis. Iberobaenia minuta sp. nov. is very similar to /. lencinai in size and
general appearance, however these species differ in the shape of the prosternum (more
transverse in /. lencinai sp. nov.) and in the shape of male genitalia (Fig. 1B, E).
Iberobaenia lencinai has more slender body (Figs 2A, S1A).

Description. Adult, male. Body very slender, 2.3-2.5 mm long, about 4.5 as long as
wide at humeri, slightly dorso-ventrally flattened, but slightly more convex below,
parallel-sided (Fig. 1); whole body weakly sclerotized, cuticle on elytra and abdomen
very soft, flexible; dark brown to black, only tarsi and bases of trochanters testaceous.
Surface mat, finely punctured, with sparse, long, decumbent vestiture.

Head small, slightly narrower than anterior margin of prothorax; slightly
longer than wide behind eyes, apparently narrowed and prolonged anteriorly, cranium
fully exposed from prothorax, hypognathous, with well developed but tiny
mouthparts; without antennal sockets and any groove, surface of cranium mat, with
fine microstructure. Tentorium vestigial, corpotentorial bridge absent. Eyes lateral,
quite small, only slightly protuberant, more or less circular, eye diameter distinctly
smaller than frontal interocular distance. Antennal insertions exposed, located
frontally, antennal cavities rounded, separated by bridge about 0.6 width of maximum
diameter of antennal cavity, Antennae with 11 antennomeres, round in cross section
(Fig. 1A). Scape robust, parallel-sided, slightly asymmetrical; pedicel almost parallel-
sided, cylindrical, robust, its length about half of antennomere 3, rounded apically;
antennomere 3 cup-shaped, shorter than pedicel, narrowly attached to preceding
antennomere, gradually widened to apex; antennomere 4 twice longer than
antennomere 3, slender at base, gradually widened to basal fourth then almost
parallel-sided, cylindrical; antennomeres 5-9 sub-equal, gradually shortened, the
basal part always slender, forming short, slender tube at base of subterminal
antennomeres (Fig. 2A), terminal antennomere oval, 1.7 times longer than



antennomere 10, with similar slender basal part as preceding antennomeres. All
antennomeres with moderately dense, erect pubescence. Fronto-clypeal suture absent;
anterior edge of frontoclypeus concave, mouth cavity rounded with slightly longer
fronto-posterior axis, labrum plate-shaped, without any internal processes, transverse,
fully sclerotized, widely rounded apically, without any long setae, only short sparse
pubescence present at frontal margin, hypopharynx long, relatively slender, well
sclerotized, without any lateral processes, with robust sclerotized suboesophaginal
ring. Mandibles slender apically, robust at base, slightly curved; incisor edge simple,
without any teeth. Maxilla with reduced cardo and stipes, galea and lacinia absent,
palpifer transverse, vestigial; maxillary palpi four-segmented, palpomere 1 transverse,
palpomere 2 long, apical palpomere short, with slender apical process (Fig. S1C).
Labium small, short and wide, reduced to double-ring in which palpi are attached,
without ligula, no setae present in apical part of mentum, labial palpi tiny, two-
segmented, apical palpomere slender, pointed at apex.

Prothorax about as wide as elytra in humeral part, flat, pronotum width 1.16—
1.18 times length, pronotal disc flat, without any carinae forming pronotal areolae or
longitudinal keel; disc mat, finely structured, with more apparent punctures at frontal
and posterior corners (Fig. 1C). Anterior margin of prothorax widely concave,
anterior angles unapparent, posterior angles well marked, obtuse; posterior edge
simple, widely convex, lateral margins rounded. Prosternum projected before anterior
margin of pronotum (visible in lateral view), relatively robust, about 0.3 times long
transverse, pentagonal, with flat, rather short and widely rounded prosternal process,
two slender internal processes present subapically at posterior part of prosternum
(Fig. 1B), these processes directed upwards. Procoxal cavities widely open,
prothoracic trochantins triangular in general shape, plate-like, well-sclerotized, with
slender process attached to coxae, prothoracic trochantins bare, without any setae.
Scutellum flat, small, parallel-sided, shallowly emarginate apically, sparsely
pubescent. Mesoventrite flat, slightly wider than long, transverse, frontal margin
straight, weakly sclerotized, with very short longitudinal keel in posterior part, disc
mat, finely structured, with punctures at frontal and posterior corners, coxae attached
in deep excavations laterally; mesotrochantins slender, small, only slightly curved,
without any setae, attached to mesothoracic costae in middle of frontal coxal margin
(Fig. 1B) with longitudinal keel. Metaventrite long, large, with longitudinal keel
reaching approximately to mid of mesothoracic coxae, slender pleural parts connected
to metaventrite with membrane, sparse setae present only in posterior two thirds of
metaventrite (Fig. 1B). Metendosternite reduced, small, with simple, slender stalk,
lateral arms absent (Figs 1B, S1E). Elytra only weakly sclerotized, sometimes shorter
than abdomen, very slender, tapering to apex, without pleurae, flat (Fig. S1D), no
longitudinal elytral costae present, some punctures at humeri arranged in lines
(apparent when elytron observed at angle); apexes separately rounded, dark colored
(Fig. S1D). Hind winds fully developed, relatively wide, about 2.3 times longer than
wide in widest part, slightly surpassing apex of elytra even when folded (Figs 1A,
S1A), apical field of the hind wing about one third of wing length, praecosta, costa
and subcosta merged, very short, reaching less than one third of length of frontal
margin, most of frontal margin strengthened by radia running from wing base to two
third of wing length, radial cell vestigial, open due to absence of cross vein r3 closing
radial cell in related families, vestiges of radial cell present, but much weaker than
radia RA, cross vein r4 absent, wide triangular area between RA and MP .,
membranous, without any clear strengthening structures, RP vestigial, extremely



short, R-M loop vestigial, very slender and short; only MP3 and MP4 present,
unconnected with MP;,, only single cubital vein merged at base with median vein
complex, basal part of hind wing narrow, anal lobe absent, as well as anal and cubital
veins; apical part of wing without distinct veins, even transverse or oblique linear
sclerites absent, only pigmented oblique patch present in apical part of hind wing
(Fig. S1G).

Legs slender, very weakly compressed (Fig. 1B). Coxae separated, located in
open prothoracic cavities, all coxae only slightly elongate, robust; trochanters slender,
obliquely attached to femora, femora robust, about three times longer than wide in
middle part, with membranous area reaching deeply in femur, in case of hind coxae
membrane reaching almost mid of coxal length; tibiae slender basally, widest at apex,
slightly compressed, densely pubescent especially in apical part, with pair of spines
apically, tarsi with five tarsomeres in all legs, tarsomeres 1-4 subequal, only
tarsomere 4 with pulvilla, tarsomere 5 slender, long (Fig. 1B); claws simple.

Abdomen with eight visible, very weakly sclerotized sclerites, all sclerites
small, none of them connate, all free and connected with extensive non-pigmented
membranes, basal ventrite partly membranous in middle part, without any intercoxal
process or longitudinal carinae, terminal male ventrite very narrow, with long, well
sclerotized lateral rods, these merge in Y-shaped structure in apical fifth, terminal
tergite partly membranous, with long sparse setae, subapical tergite with very slender
lateral rods attached to basal part of terminal sternite, apical margin v-shaped, short
median longitudinal keel present at anterior margin (Figs 1D, S1F). Male genitalia
symmetrical, trilobate type, with relatively short phallobase, its length less than one
third of male genitalia length, phallobase plate-like, v-shaped, without bent margins,
only with inconspicuous longitudinal keel; parameres relatively long (Figs 1E, S1B);
firmly connected with basal part of phallus, widest at basal two fifths, apices of
parameres simple, without any thorns or membranous parts; phallus slender, fully
sclerotized, very wide, triangular at base, parallel-sided in most of its length,
gradually widened in apical fifth and widely rounded apically, widely open in apical
third of its length; internal sac inconspicuous, membranous.

Measurements. Body length 2.3-2.5 mm, width at humeri 0.5 mm, width of
pronotum 0.47—0.50 mm, length of pronotum 0.40—0.43 mm, frontal eye distance
0.26—0.27 mm, maximum eye diameter 0.12—0.13 mm, length of phallus 0.78 mm.

Adult, female. Unknown.



Iberobaenia lencinai sp. nov.

Material studied. Holotype, male. SPAIN, Molina de Segura (MU), pitfall trap TC VB
03/1, El Rellano P. E. "Vicente Blanes", 15. Apr — 1. Jun 2009, J. L. Lencina leg.
Paratypes. male, E. Molina de Segura (MU), TC VB 06/2, El Rellano P. E. "Vicente
Blanes", 15. Apr — 1. Jun 2009, J. L. Lencina leg.; male, E. Jumilla (MU), Sierra del
Carche, TIV C2-, 15. —30. Jun 2007, Lencina & Gallego leg.; male, Jumilla (MU),
Sierra del Carche, TC C5 38°25'N, 1°19'W, 1278 m, 2. Apr. — 25. Jun 2011, J. L.
Lencina leg.; male, E. Jumilla (MU), Diapiro de la Rosa, TC DR1, 29. Apr — 18. Jun
2010, J. L. Lencina leg.; 3 males, E. Jumilla (MU), Diapiro de la Rosa, TC DR3, 29.
Apr — 18. Jun 2010, J. L. Lencina leg. (JLC, UPOL, A. Allen Collection).

Diagnosis. Iberobaenia lencinai sp. nov. differs from /. minuta sp. nov. in a smaller
body, more transverse pronotum (Fig. S1A) and prosternum, and in the shape of male
genitalia (Fig. S1B).

Description. Adult, male. Body very slender, 6.4 times longer than wide at humeri,
1.9-2.3 mm long, elytra slender, weakly dorso-ventrally flattened, parallel-sided (Fig.
S1A); dark brown to black, tarsi lighter. Surface finely punctured, with sparse,
moderately long vestiture. Head small, prolonged anteriorly, slightly narrower than
prothorax. Eyes small; antennomeres as in Fig. S1A; mandibles slender, slightly
curved; maxillary palpi four-segmented; labial palpi tiny, two-segmented. Pronotum
flat, 1.26—1.28 times as wide as long (Fig. SIA). Prosternum transverse, with very
short and widely rounded prosternal process bearing two upward directed internal
processes in posterior part. Scutellum small, shallowly emarginate apically. Elytra
weakly sclerotized, very slender, tapering to apex (Fig. S1A). Legs slender; coxae
slightly elongate; trochanters slender, obliquely attached to femora; femora robust;
tibiae with pair of spines apically; tarsomeres 1—4 robust, subequal, tarsomere 4 with
pulvilla, tarsomere 5 slender, longest; claws simple. Abdomen long, slender. Male
genitalia with long phallus, slender, gradually slightly widened apically; parameres
long, with sharp apices; phallobase plate-like, v-shaped (Fig. S1B).

Remark. The characters not mentioned in the description above are the same in both
species of Iberobaenia available in adults.

Etymology. The species name is a patronym in honor of the collector of the type
series, J. L. Lencina (Murcia, Spain).

Measurements. Body length 1.9-2.3 mm, width at humeri 0.4 mm, width of pronotum
0.37-0.43 mm, length of pronotum 0.29-0.34 mm, frontal eye distance 0.19-0.23
mm, maximum eye diameter 0.10—0.11 mm, length of phallus 0.56 mm.



Iberobaenia sp.

Material studied. Larvae. Spain, Voucher BMNH 1042563, Camino Viejo a la Ermita,
Cabra, Sierra de Cabra, Cordoba (SP), 37.481117N, 4.388536W, 970 m, 6. Dec.
2012, grassland, C. Andugjar & P. Arribas leg.; Spain, Voucher BMNH 1042541:
Ermita Nta. Sra. de la Sierra, Cabra, Sierra de Cabra, Cordoba (SP), 37.490527N,
4.381292W, 1145 m, 6. Dec. 2012, Pinus halepensis forest, C. Andjar & P. Arribas
leg. (BMNH).

Diagnosis. Body cylindrical (Figs 3K-L), lateral part of cranium fully sclerotized,
stemmata absent, antennae 2-segmented (Fig. 3M), apical antennomere membranous
apically, with finger-like dorsal sclerotized peg, mandibles robust, triangular in shape
and in opposite position; tergites without processes, terminal abdominal segment
widely rounded with deep narrow notch apically. The net-winged beetle larvae share
with Iberobaenia the unique shape of the terminal antennomere, but differ in the split
mandibles which are not able to chew and are used for sucking in an open position.
Additionally, all Lycidae have at least short fixed urogomphi (Bocak & Matsuda
2003).

Description. Larva. Body campodeiform, cylindrical, sub-parallel in whole length,
weakly sclerotized; sclerites large, intersegmental and pleural membranes reduced.

Head prognathous, wide, relatively large, only partly retracted into pronotum;
dorso-ventrally flattened, transverse. Stemmata absent. Frons, clypeus and labrum
fused; sutures absent. Lateral part of cranium fully sclerotized. Antennae 2-
segmented, with large basal articulatory membrane, fully exposed, antennomere 1
strongly transverse, ring-like, simple in shape; antennomere 2 cylindrical, with
membranous apex; sclerotized part with dorsal peg (Fig. 1H). Mandibles robust,
falciform, triangular in shape, without mola; bases distant and mandibles able to bite;
with sucking groove. Mouthparts very tiny, forming maxillolabial complex, without
lateral movability of maxilla. Maxillae with 3-segmented slender and short palpi.
Labium reduced, consisting from single sclerite and bearing 2-segmented labial palpi,
ligula absent.

Thorax cylindrical with slightly convex tergum. General shape of all thoracic
segments similar, parallel-sided, prothorax more sclerotized and slightly wider than
meso-, metathorax and abdominal segments. Thoracic terga consisting of one large
undivided plate; prosternum triangular, well-developed, meso and metasternum
smaller, weakly sclerotized and pigmented. Lateral portions of thoracic segments with
unclear, weakly sclerotized sclerites, Legs 5-segmented, fairly short and robust, coxa
ring-like large, femora and tibiae fairly short; pretarsus simple, slender (Fig. 1F).

Abdomen 10-segmented, with uniform segments 1-8. Tergites consisting of
single median plate, all sclerites weakly sclerotized, without any processes, bearing
only long setae; segment 9 widely rounded at apex, with deep notch at apex; segment
10 forms short pygopodium (Fig. 1G).



Supplementary Text. An overview of the synapomorphies of Elateroidea and the
shared characters of the cantharoid clade (both as identified by Lawrence et al.
2011) and the diagnostic characters of the clade Iberobaeniidae + Lycidae and of
the family Iberobaeniidae fam. nov.

The diagnostic characters of the superfamily Elateroidea, which were identified in
Iberobaeniidae:

—_

. Adult corpotentorial bridge incomplete or absent

. The apical field of the hind wing without distinct veins, only with transverse patches
which are not obvious veinal remnants (Fig. S1G).

. Larval labral tormae absent.

. Larval maxillolabial complex present (Fig. 1H).

. Larval stipes more than 2 times as long as wide.

. Larval maxillary articulating area absent.

. Larval oral cavity blocked (evolved due to liquid feeding) (Fig. 1H).

. Larval tentorial bridge absent.
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The diagnostic characters shared by Iberobaeniidae and other soft-bodied
Elateroidea as defined by Lawrence et al. 2011 (i.e. a grouping corresponding with
the historical concept of Cantharoidea; these lineages represent a polyphyletic
assemblage according to all recent DNA-based studies):

1. Adult procoxal cavities reduced (Fig. 2B).

2. Lateral portion of the adult prosternum in the front of the procoxal cavity or procoxal
base less than 0.5 times as long as mid length of the cavity or coxal base at that point

(Fig. 2B).

3. Anterior edge of the adult scutellar shield not or only slightly or gradually elevated
(Fig. 2A).

4. Adult mesotrochantin glabrous (Fig. 2B).
5. Adult mesocoxal cavities secondarily reduced, not or only barely impressed (Fig. 2B).

6. Adult mesoventral and metaventral processes distinctly separated from one another
or absent (Fig. 2B).

7. The anterior process of the metendosternite at least as long as wide (Figs 2B).
8. Eight male abdominal ventrites (sternites 2-9).
9. Male sternite 8 ventrally not concealed by sternite 7.

Note. The morphological diagnostic characters referring to females cannot be evaluated
as female of Iberobaenia remains unknown.



Unique characters shared by the clade Lycidae + Iberobainiidae and characters
discriminating these families

ADULT
Adult antennae

Adult trochanters with
femoral attachment

Lateral margin of
the pronotum

Terminal sternite

LARVA

Larval antennae
Fingers-shaped terminal
process of the larval

antennomere 2

Larval mandibles

Larval mandibles

Cranium (larvae)

Iberobaeniidae

filiform

strongly oblique (Fig. 1B)

rounded, with
inconspicuous edge

compact, spoon-like

2-segmented (Fig. 1H)

present

compact (Fig. 1H)

in opposite position,
able to bite (Fig. 1H)

compact

Lycidae

compressed, serrate

moderately oblique

with sharp edge

with sclerotized rods
(Fig. 1D)

2-segmented
present or modified
in multi-process type

in Lyropaeinae

each mandible split
in two blades

divergent,
unable to bite

laterally with membrane



Figure S1. Morphology of Iberobaenia lencinai sp. nov. A—general appearance,
B—male genitalia. Iberobaenia minuta sp. nov. C—head ventrally, D—elytron,
E—-metafurca and coxae, F—abdominal sternum, G-wing.
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dataset using the maximum likelihood optimality criterion. Iberobaeniidae represented
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cox? mtDNA).
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from analyses set to 3, 8 and 15 partitions were similar. For partition details see Methods.
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Introduction

Kundrata, R., Jich, M. A. & Bocak, L. (2016). Molecular phylogeny of the Byrrhoidea—
Buprestoidea complex (Coleoptera, Elateriformia). — Zoologica Scripta, 46, 150-164.

The superfamilies of Elateriformia have been in a state of flux since their establishment.
The recent classifications recognize Dascilloidea, Buprestoidea, Byrrhoidea and Elateroidea.
The most problematic part of the elateriform phylogeny is the monophyly of Byrrhoidea
and the relationships of its families. To investigate these issues, we merged more than 500
newly produced sequences of 18S rRNA, 28S rRNA, /72l mtDNA and cox] mtDNA for
140 elateriform taxa with data from GenBank. We assembled an all-taxa (488 terminals) and
a pruned data set, which included taxa with full fragment representation (251 terminals);
both were aligned in various programs and analysed using maximum-likelihood criterion
and Bayesian inference. Most analyses recovered monophyletic superfamilies and broadly
similar relationships; however, we obtained limited statistical support for the backbone of
trees. Dascilloidea were sister to the remaining Elateriformia, and Elateroidea were sister to
the clade of byrrhoid lineages including Buprestoidea. This clade mostly consisted of four
major lineages, that is (i) Byrrhidae, (ii) Dryopidae + Lutrochidae, (iii) Buprestoidea
(Schizopodidae sister to Buprestidae) and (iv) a clade formed by the remaining byrrhoid
families. Buprestoidea and byrrhoid lineages, with the exception of Byrrhidae and Dryopi-
dae + Lutrochidae, were usually merged into a single clade. Most byrrhoid families were
recovered as monophyletic. Callirhipidae and Eulichadidae formed independent terminal
lineages within the Byrrhoidea—Buprestoidea clade. Paraphyletic Limnichidae were found in
a clade with Heteroceridae and often also with Chelonariidae. Psephenidae, represented by
Eubriinae and Eubrianacinae, never formed a monophylum. Ptilodactylidae were mono-
phyletic only when Paralichas (Cladotominae) was excluded. Elmidae regularly formed a
clade with a bulk of Ptilodactylidae; however, elmid subfamilies (Elminae and Larainae)
were not recovered. Despite the densest sampling of Byrrhoidea diversity up to date, the
results are not statistically supported and resolved only a limited number of relatonships.
Furthermore, questions arose which should be considered in the future studies on byrrhoid
phylogeny.
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2011) and several DNA-based studies convincingly demon-

The series Elateriformia contains over 42 500 species
placed within 34 families and represents more than 10% of
beetle diversity (Beutel & Leschen 2005; Bocak er al. 2014;
Table S1). The limits of this series stabilized when scirtoid
lineages were excluded (Hunt er 2/ 2007; Lawrence et al.
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strated the monophyly of the current concept of Elateri-
formia consisting of Dascilloidea, Buprestoidea, Byrrhoidea
and Elateroidea (Bocakova ez 4. 2007; Kundrata & Bocak
2011; Kundrata er al. 2014; McKenna et al. 2015). At pre-
sent, the weakest part of the elateriform phylogeny is the

© 2016 Royal Swedish Academy of Sciences, 46, 2, March 2017, pp 150164



monophyly of Byrrhoidea and the relationships of families
as they are currently delimited (Beutel & Leschen 2005).
In contrast with other elateriform superfamilies, current
Byrrhoidea remain poorly studied and they were previously
only included in whole-order phylogenies (Hunt ez al.
2007; Bocak er al. 2014; McKenna et al. 2015) and as an
outgroup in analyses of related elateriform lineages (Kun-
drata et al. 2014). Only a single analysis, based on a limited
number of the mitochondrial genomes, focused on
Byrrhoidea (Timmermans & Vogler 2012). The acute
problem of all previous studies of byrrhoid and buprestoid
lineages was the inclusion of a low number of taxa with
high fragment representation in analyses (33 spp., Bocakova
et al. 2007; 18 spp., Hunt et /. 2007; 16 spp., Timmermans
& Vogler 2012; 22 spp., McKenna et al. 2015).

The latest formal classifications follow the wide con-
cept of Byrrhoidea (Lawrence & Newton 1995; Beutel &
Leschen 2005), but the support for monophyly remains
contentious and the constituent families have been vari-
ously grouped in earlier studies (Fig. 1, Table S2).
Crowson (1955, 1960) split the byrrhoid families into
three lineages represented by Byrrhoidea, Dryopoidea
and Rhipiceroidea. Later, Rhipiceroidea were dissolved
by the transfer of Rhipiceridae to Dascilloidea (Crowson
1971) and Callirhipidae to the newly introduced Artem-
atopoidea (Crowson 1973). Lawrence (1988) merged
byrrhoid families and Buprestoidea into the widely
defined Byrrhoidea (incl. Buprestidae and a part of Dry-
opoidea) and along with these he proposed Psephenoidea
(= another part of Dryopoidea). Lawrence & Newton
(1995) established the current wide concept of Byrrhoi-
dea (incl. Dryopoidea) and the independent Buprestoidea.
However, a recent morphological phylogenetic analysis
provided no support for such an arrangement (Lawrence
et al. 2011). Morphology of the byrrhoid lineages is very
diverse (Fig. 2C-J) and some characters might be affected
by similar life history strategies in putatively unrelated
lineages, eventually by miniaturization (Grebennikov &
Beutel 2002).

Recent morphological and molecular phylogenetic analy-
ses found the byrrhoid families to be either a monophyletic
or a paraphyletic assemblage in a close relationship to Ela-
teroidea (Beutel 1995; Lawrence et al. 1995, 2011; Bocak
et al. 2014; Kundrata et 4. 2014; McKenna et al. 2015;
Timmermans et 4. 2016) and confirmed close affinities
between byrrhoids and Buprestoidea, but without their
reciprocal monophyly being demonstrated. Buprestidae
were recovered either as a sister group or as a terminal
lineage within Byrrhoidea (Crowson 1982; Lawrence 1988;
Costa et al. 1999; Bocakova et al. 2007; Lawrence et al.
2011; Timmermans & Vogler 2012; Bocak et al. 2014
Kundrata eral. 2014; McKenna et al. 2015). The
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monophyly of current Byrrhoidea (i.e. Byrrhidae + Dry-
opoidea) and/or Dryopoidea was seriously questioned (e.g.
Lawrence 1988; Timmermans & Vogler 2012).

Fourteen families are included in the latest concept of
Byrrhoidea (Beutel & Leschen 2005; Jich er al. 2016).
This group contains various ecologically specialized terres-
trial, riparian and aquatic lineages. Among the predomi-
nantly aquatic ones, there are true water beetles (Elmidae)
and false water beetles (Eulichadidae, Psephenidae) (Jach
1998; Beutel & Leschen 2005). The diversity of life
strategies and miniaturization are factors, which affect
morphological evolution, and therefore, molecular data are
used here to provide an insight into the evolution of these
lineages.

We present the most extensive four-marker DNA data
set for byrrhoid lineages with over 500 new sequences
compiled with data available from Genbank (e.g.
F. Ciampor & L. Ribera, unpublished data; Bocakova er 4.
2007; Kundrata et #l. 2014). This data set represents 210
byrrhoid taxa, that is about 5.5% of the superfamily’s
species diversity. The aims of this study are (i) to investi-
gate the phylogenetic position of the byrrhoid-buprestoid
complex within Elateriformia, (i) to study internal
relationships within the byrrhoid—buprestoid clade, ¢) to
test monophyly of the families and (iii) to assess the suit-
ability of commonly used genes to resolve the Byrrhoidea

phylogeny.

Materials and methods

Taxon sampling and laboratory procedures

The previously published data were expanded by 140 speci-
mens belonging to Byrrhoidea (99 spec.) and the outgroup
lineages (Scirtoidea, five spec., Dascilloidea, three spec.,
Buprestoidea, 33 spec.; Table S3). Specimens were fixed in
96% alcohol and subsequently stored in —20°C.
Whole-genomic DNA was extracted using Wizard SV96
Purification System kit (Promega Corp., Madison, WI,
USA) following standard protocols. The voucher specimens
are deposited in the collection of the Laboratory of Molec-
ular Systematics, UP Olomouc (Table S3). The PCR and
cycle sequencing conditions followed Bocakova et al. (2007)
and Kundrata & Bocak (2011); the details are listed in
Table S4. Four molecular markers were amplified: 18S
rRNA (~1830 bp; 139 terminals), the D2 loop of 28S
rRNA (~640 bp; 125 terminals) and the fragments of 77nL
(~520 bp; 115 terminals) and coxI-3" mtDNA (723 bp; 136
terminals). PCR products were purified using PCRu96
plates (Millipore Corp., Bedford, MA, USA) and sequenced
by the ABI 3130 Genetic Analyzer using Big Dye Termi-
nator 1.1 Cycle Sequencing kit. GenBank accession num-
bers of the newly produced sequences are listed in
Table S3.
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Fig. 1 Overview of the previous hypotheses on the Elateriformia phylogeny. —A. Lawrence et /. (2011): analysis of morphological
characters; —B. Bocak er al. (2014): analysis of combined rRNA and mtDNA; —C. McKenna et 4/. (2015): analysis of combined rRNA and
NPC genes; —D. Timmermans ez /. (2016): analysis of mitochondrial genomes.

Data set assembling and alignment methods

Sequences were edited using GENElOUs 7.1.7 (Biomatters
Ltd.; www.geneious.com). We merged newly produced data
with the Elateriformia sequences deposited in GenBank
(Table S3; F. Ciampor & I. Ribera, unpublished; Bocakova
et al. 2007; Hunt et al. 2007; Bocak et al. 2008, 2016; King
et al. 2011; Kundrata & Bocak 2011; Kundrata et 4/. 2014;
Evans er al. 2015). The data set included Byrrhoidea (11 of
14 extant families, 210 specimens) and representatives of
other Elateriformia (Dascilloidea: two families, seven speci-
mens; Elateroidea: 13 families, 160 specimens; Buprestoi-
dea: two families, 89 specimens; Table S3). The Scirtoidea
(four families, 22 terminals) represents non-elateriform out-
group (Hunt et al. 2007; Bocak et al. 2014). We assembled
the all-taxa data set containing terminals for which at least
two markers were available (except Emmita serricornis (Esca-
lera, 1913) for which only cox! mtDNA was available; 488
specimens) and the pruned data set with terminals repre-
sented by all four fragments (except several taxonomically
important lineages, which were kept despite incomplete
marker representation: e.g. Dascillidae: Emmita Escalera,
Schizopodidae, some Byrrhidae, Lutrochus Erichson, Cer-
adryops Hinton, Limnichidae: Cephalobyrrbus Pic, some Pse-
phenidae: Eubriinae; 251 specimens, Table S3).

Length invariable protein-coding cox! sequences were
aligned by Mafft 7.157 (default parameters; Katoh ez al.
2002; Katoh & Standley 2013) and checked by amino acid
translation. Length variable sequences were aligned sepa-
rately using MAFFT and MuscLE 3.7 (Edgar 2004) under the
default parameters. Alignments were manually edited where
apparent misalignments were observed. Pruned data sets
were aligned using BLASTALIGN 1.2 (Belshaw & Katzourakis
2005), which omits parts of the length variable regions
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when reliable alignment cannot be inferred. The edited
Mafft alignment omitting all positions with indels was anal-
ysed to test the impact of the alignment methods on topol-
ogy. Alternatively, we aligned 18S, 28S and 77nL sequences
using the MAFFT Q-INs-I algorithm considering the RNA
secondary structure (Katoh & Toh 2008). The impact of
the variable 3rd codon position in the coxI fragment was
tested by the analysis of a Ist and 2nd position data set.
The distant position of the psephenid subfamilies Eubriinae
and Eubrianacinae was tested using the 236-taxa data
set aligned by Mafft. In this analysis, sister groups to both
Eubriinae and Eubrianacinae identified by previous analy-
ses were removed (Eulichadidae, seven taxa; Callirhipidae,
six taxa; Ptilodactylidae: Paralichas pectinatus (Kiesenwetter,
1874) and Limnichidae: Cephalobyrrbus sp.; Figs 2 and S3).

NeighbourNet networks and substitution saturation test

The phylogenetic networks calculated in SPLITSTREE 4.13.1
(Huson & Bryant 2006) were used to visualize the signal
content in the data set. We used the NEIGHBOURNET algo-
rithm (Bryant & Moulton 2004) and uncorrected p-dis-
tances to generate NeighbourNet graphs. If these graphs
have tree-like structures (i.e. more distinct split patterns),
there is more signal-like information than contradicting
evidence in the corresponding alignment. On the other
hand, star-like graphs and cobweb structures indicate the
lack of phylogenetic signal and conflicting signal, respec-
tively. The NeighbourNet networks were calculated for
each gene separately, with 18S sequences divided into two
fragments of the same length to minimize the effect of the
sequence length on the estimation of distances between the
taxa (see Gunter et 4. 2014). To examine the split decom-
position pattern in the concatenated data set, we used the
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Fig. 2 —A. Phylogenetic hypothesis for the Elateriformia based on the RAXML maximum-likelihood analysis of 251 taxa represented by
four fragments (18S and 28S rDNA, szl and cox] mtDNA) and aligned in Mafft. Branches are collapsed. —B. The same tree, but
uncollapsed and with only the Byrrhoidea-Buprestoidea complex kept. Numbers at the branches are likelihood and bayesian frequencies,
respectively. (C-J) Habitus images of various byrrhoid and buprestoid taxa. —C. Helichus ussuriensis Lafer (Dryopidae). —D. Byrrhus pilula
(L.) (Byrrhidae). —E. Agrilus laticornis (Iliger) (Buprestidae). —F. Buprestis haemorrhoidalis Herbst (Buprestidae). —G. Heterocerus parallelus
Gebler (Heteroceridae). —H. Pseudoepilichas niponicus (Lewis) (Ptilodactylidae). —I. Limmius volckmari (Panzer) (Elmidae). —J. Macronychus

quadrituberculatus Miller (Elmidae).
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reduced Mafft alignments (209 taxa for Elateriformia, 116
taxa for Byrrhoidea + Buprestoidea) to avoid the effect of
the missing data on the resulting network.

To test the presence of the phylogenetic signal in our
data, we performed an entropy-based Xia’s nucleotide sub-
stitution saturation test (Xia et 4/ 2003) implemented in
DAMBE 5.6.14 (Xia & Lemey 2009; Xia 2013) for each non-
coding gene and each position of the protein-coding coxI.
This test is based on the Iss (index of substitution satura-
tion) statistic compared to Iss.c (critical substitution satura-
tion index, assuming either a symmetrical or extremely
asymmetrical tree topology). For this method, if Iss is sig-
nificantly lower than Iss.c, the sequences have experienced
little substitution saturation. Similarly, if Iss is higher than
Iss.c, the sequences have experienced high level of satura-
tion and have limited use in the phylogenetic reconstruc-
ton (Xia & Lemey 2009). We estimated the empirical
proportion of invariant sites from the data and used 10 000
replicates on both all sites and fully resolved sites to per-
form the analyses.

Model selection, phylogenetic analyses and rogue taxa
identification

The best-fit partitioning schemes and partition-specific
substitution models were tested using a greedy algorithm
in PARTITIONFINDER 1.1.1 (Lanfear ez /. 2012) under Baye-
sian (BIC) and corrected Akaike information criteria
(AICc). We identified six partitions (18S, 28S, mnuL and
three cox! codon positions) as the optimal scheme, with
nucleotide substitution model GTR+I+G for most parti-
tions and SYM+I+G for 28S rRNA or both 18S and 28S
rRNAs (Table S5). In cases, when AICc and BIC suggested
different model schemes, we ran two analyses, each with one
of the suggested model schemes. The resulting trees did not
differ in topology so we further discuss only the results of
analyses using the preferred AICc model schemes.

Maximum-likelihood (ML) analyses were conducted
using RAXML 8.1.24 (Stamatakis 2006) via the cPres Web
server (www.phylo.org; Miller ez /. 2010). We applied the
GTR+I+G model and the partitioning scheme of six parti-
tions as defined by PartitionFinder. Branch supports were
calculated using the RAPID BOOTSTRAP algorithm (Stamatakis
et al. 2008) with 1000 bootstrap replicates.

Data sets of 251 taxa and those with rogue taxa and taxa
with incomplete fragment representation excluded were
additionally analysed under Bayesian inference (BI) using
MRBAYES 3.1.2 (Huelsenbeck & Ronquist 2001) via the
crpres web server (Miller er a/. 2010), with the partitioning
schemes and nucleotide substitution models as identified in
PartitionFinder. Four chains were run for 4 x 107 genera-
tions using the Markov chain Monte Carlo method and
stationary phase and convergence were detected in TRACER
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1.5 (Rambaut & Drummond 2007). The 10% generations
were discarded as burn-in, and a 50% majority-rule con-
sensus was constructed to determine the posterior probabil-
ities (PP) from the remaining trees.

We used the ROGUENAROK algorithm to search for rogue
taxa (Aberer er al. 2012; http://exelixis-lab.org/roguenar-
ok.html). The RAxML-inferred bootstrap trees from the
251-taxa data sets aligned by Mafft and Muscle were used
as input, with the majority-rule consensus threshold, opti-
mizing support and using the maximum drop set size = 1.
Rogue taxa with a raw improvement (i.e. the fraction of
overall improvement in bootstrap values across the tree
when the taxa of a particular drop set are removed) of at
least 0.1 (Table S7) together with taxa with incomplete
fragment representation were excluded from data sets and
newly assembled matrices of 208 (Muscle) and 209 taxa
(Mafft) were re-aligned.

Results

Data set/alignment parameters

The four gene 488-taxa data sets comprised 5210 (Mafft),
5536 (Muscle) and 4972 (BlastAlign) homologous positions.
Pruned data sets (251 taxa) included 4749 (Mafft), 4914
(Muscle) and 4704 (BlastAlign) homologous positions.
Numbers of constant, variable and parsimony informative
characters in various data sets are summarized in Table S6.
Noucleotide composition was almost unbiased in the nuclear
genes (18S: A =24.1, C=244, T =237, G=27.9; 28S:
A =253 C=235 T=202, G=31.0, whereas the
mitochondrial genes showed a higher AT content (r7nL:
A=329, C=94, T=406, G=17.0; coxl: A =322,
C=174,T =35.6, G = 14.8).

Molecular phylogeny analyses

Most analyses recovered broadly similar relationships; how-
ever, we obtained limited statistical support along the back-
bone of the trees (Figs 2 and S3). The ML phylogenetic
trees obtained from the 251 and 488-taxa data sets are
shown in Figs 2 and S3, respectively, and the recovery of
selected clades is given in Tables 1 and 2.

Dascilloidea were sister to the remaining elateriform lin-
eages in majority of analyses and their monophyly was well
supported in all analyses. However, the interrelationships
within Dascillidae were equivocal and varied in different
analyses. Dascillinae and Karumiinae were often a para-
phyletic assemblage due to the unexpected position of
Emmita (only coxl sequence available) in a clade with
Rhipiceridae (Figs 2 and S3). Elateroidea were sister to the
clade consisting of byrrhoid lineages and Buprestoidea
(Figs 2 and S3). Their monophyly was recovered (although
with low support) except for three analyses when Dascil-
loidea were inferred within the elateroid clade (Table 1).
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The superfamilies Byrrhoidea and Buprestoidea were not
recovered as reciprocal monophyla. Buprestoidea, although
regularly a monophylum, were found among byrrhoid lin-
eages. The combined Byrrhoidea + Buprestoidea mostly
consisted of four major lineages, that is (i) Byrrhidae, (ii)
Dryopidae + Lutrochidae (referred further as the ‘dryopid
clade’), (iii) Buprestoidea (Schizopodidae sister to Bupresti-
dae) and (iv) the clade formed by the remaining byrrhoid
families (Figs 2 and S3). The interrelationships within the
Byrrhoidea + Buprestoidea lineage were equivocal and not
well supported; however, the position of Buprestoidea was
inferred usually in a clade with byrrhoid lineages except
Byrrhidae and dryopid clade (Figs 2 and S3; Table 1).

Byrrhidae were monophyletic in all analyses, mostly with
well-supported monophyletic Syncalyptinae inside the para-
phyletic Byrrhinae (Table 2). Syncalyptinae were consis-
tently recovered as a sister to Simplocaria Stephens, and
Byrrhus L. formed a clade with Curimus Erichson.

Dryopoidea (i.e. Byrrhoidea minus Byrrhidae) were
always recovered as a paraphylum, similarly to the Byrrhoi-
dea and Psephenoidea sensu Lawrence (1988). Lutrochidae
and Dryopidae formed a well-supported clade (85-100%
BS, 100% PP; Table 1). Monophyletic Dryopidae includ-
ing Ceradryops (always sister to remaining dryopids)
obtained BS 40-72% and PP 75-99% values; Dryopidae
without Ceradryops obtained higher support (96-100% BS,
100% PP; Table 2).

The clade of Heteroceridae + Limnichidae + Chelonari-
idae was found in most analyses, often as sister to the
remaining byrrhoid (or byrrhoid-buprestoid) lineages
except the dryopid clade and Byrrhidae (Fig. 2, Table 1).
Within this clade, Limnichidae were often paraphyletic due
to Chelonariidae being in the terminal position and/or
Cephalobyrrbus, Eulimnichus Casey, Paralimnichus Deleve
and Pseudeucinetus Heller (either some or all of them) being
sister to Heteroceridae (Fig. 2, Tables 1 and 2). In some
cases, Cephalobyrrbus was recovered in a clade with Cal-
lirhipidae and  Psephenidae:  Eubrianacinae. ~ When
Chelonariidae did not form a clade with Limnichidae and
Heteroceridae, they either occupied one of the basal posi-
tions in Elateriformia phylogeny (some Bayesian analyses;
Table 1) or were placed in various positions within the
clade containing Buprestoidea and byrrhoid lineages except
Byrrhidae and the dryopid clade (Fig. S3). Callirhipidae
and Eulichadidae formed independent and highly sup-
ported lineages, the former always in a deeper position
than the latter (Figs 2 and S3; Table 2).

Psephenidae (represented in our analyses by Eubriinae
and Eubrianacinae) never formed a monophylum; Eubri-
inae were constantly recovered in a clade with Paralichas
White (Ptilodactylidae: Cladotominae) (with variable sup-
port; Table 2), and Eubrianacinae were sister either to
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Eulichadidae (45-62% BS, 98-100% PP; most analyses of
Muscle alignments) or Callirhipidae (<23% BS, 52-65%
PP; Figs 2 and S3). When all possible sister groups of
Eubriinae and Eubrianacinae (i.e. Callirhipidae, Eulichadi-
dae, Paralichas and Cephalobyrrbus) were removed to test
their impact on the psephenid non-monophyly, Eubriinae
were sister to Heteroceridae, and Eubrianacinae were sister
to Chelonariidae (both weakly supported).

Ptilodactylidae were never monophyletic, with Paralichas
(Cladotominae) in a distant position to the remaining
ptilodactylids. Ptilodactylinae + Anchytarsinae consistently
formed a terminal clade with Elmidae (Figs 2 and S3;
Table 1). Elmidae were monophyletic, with maximal sup-
port from BI (100% PP) and lower support from ML anal-
(<74% BS).
paraphyletic and with unstable positions; the latter subfam-

yses Both FElminae and Larainae were
ily was monophyletic and well supported when Dryopomor-
phus was excluded (Table 2). Macronychus, Limnius and
Dryopomorphus formed a clade sister to the remaining
FElmidae in most analyses, but always with low support

(Fig. 2).

Rogue taxa, NeighbourNet networks and saturation test
We identified 18 rogue taxa in the pruned data sets aligned
by Mafft and Muscle (Table S7). Raw improvement and
relative bipartition information criterion values are given in
Table S7. The analyses of data sets with removed rogue
taxa resulted in broadly similar tree topologies as the origi-
nal analyses (Tables 1 and 2); however, in three of four
analyses, Limnichidae were monophyletic unlike the all-
taxa analyses (Table 2).
Split networks, which
ambiguous signals in the data sets, were calculated for each
gene fragment as well as for the concatenated 116-taxa
(Byrrhoidea + Buprestoidea) and 209-taxa (Elateriformia)
matrices aligned in Mafft. Using the NeighbourNet algo-
rithm and uncorrected p-distances in Splitstree, we

represent incompatible and

obtained graphs with indistinct internal and long terminal
branches for both analysed matrices and to various extents
for all genes included (Figs S1 and S2). The presence of
the star-like graphs with internal net-like structures without
distinct split patterns indicate the limited and conflicting
phylogenetic signal.

The substitution saturation index values for all gene
fragments and the Ist and 2nd codon positions in cox! were
significantly lower than the critical values in analyses on
fully resolved sites for both symmetrical and extremely
asymmetrical topologies. The substantial to very high levels
of saturation was present in the non-coding genes in analy-
ses performed on all sites. The 3rd codon positions in cox!
were highly saturated in all analyses. The detailed results
of the saturation tests are provided in Table S8.
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Discussion

Main lineages of Elateriformia

The monophyly of Elateriformia after the exclusion of
Scirtiformia is widely accepted (Bocak et /. 2014), and the
only taxon unexpectedly recovered in recent studies in the
Elateriformia clade is Nosodendridae (McKenna & Farrell
2009; Kundrata et a/. 2014; McKenna et al. 2015). Due to
the incomplete fragment representation for the available
Nosodendridae, we could not address this problem. We
regularly found Dascilloidea as sister to the remaining
Elateriformia, and Elateroidea as sister to the Byrrhoidea—
Buprestoidea clade, which is in agreement with recent stud-
ies (Bocak et al. 2014; Kundrata et 4. 2014; McKenna et ai.
2015). Unlike the morphological analysis by Lawrence
et al. (2011), in which Dascillidae were sister to Scarabaeoi-
dea and Rhipiceridae formed a clade with Rhinorhipidae,
we recovered Dascilloidea (Dascillidae + Rhipiceridae) as a
monophylum with high support (Fig. 2; Table 1). Better
sampling will be needed for the inference of lower-level
relationships within Dascilloidea (Fig. S3).

Position of the Buprestoidea clade

The close relationships of Buprestoidea and Dryopoidea
have been proposed by several authors based on similar
morphology (Crowson 1955, 1982; Kasap & Crowson
1975; Lawrence 1988; Lawrence et /. 2011). Conversely,
the independent position of Buprestoidea has been sup-
ported by some DNA analyses, mostly by studies based on
mitogenomes (Timmermans & Vogler 2012; Timmermans
et al. 2016) and a combined eight-gene Coleoptera data set
of rRNA and nuclear protein-coding genes (NPC,
McKenna et al. 2015). In contrast with these, the analyses
of the combination of rRNA and mtDNA recovered
Buprestoidea as a terminal branch within the broadly
defined Byrrhoidea (Caterino er 4l 2005; Bocakova et al.
2007; Bocak et al. 2014; Kundrata et 4. 2014). Herein, hav-
ing similar markers in our data sets, we constantly recov-
ered a similar topology placing Buprestoidea within the
paraphyletic Byrrhoidea. Expanded sampling for both
Buprestoidea and Byrrhoidea did not improve the robust-
ness of the deep branches of the tree and the topology
remains weakly supported. The superfamily Buprestoidea is
formed by two families, Buprestidae and Schizopodidae
(e.g. Nelson & Bellamy 1991), the latter always considered
as sister to the remaining lineages (Lawrence & Newton
1982; Bellamy & Volkovitsh 2005). This relationship was
based on morphology (Nelson & Bellamy 1991; Lawrence
et al. 2011) and is confirmed by recent molecular phyloge-
nies (Evans et 2. 2015; McKenna et al. 2015; this study;
Fig. S3, Table 1). Almost all buprestid subfamilies are non-
monophyletic (Fig. S3) as reported by Evans er al. (2015)
who analysed a different data set.
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Family level relationships within Byrrboidea

The families currently placed in Byrrhoidea (Lawrence &
Newton 1995; Lawrence et 4/. 2011; Table S1) were histor-
ically split into several superfamilies (Table S2), and still,
there is no consensus on the classification and limits of the
lineage (Fig. 1). Originally, Byrrhoidea included only a sin-
gle family Byrrhidae, whereas the remaining families were
placed in Dryopoidea (Crowson 1955; Lawrence & New-
ton 1982). Lawrence (1988) expanded the Byrrhoidea by
including Buprestidae, Dryopidae, Lutrochidae, Elmidae,
Limnichidae and Heteroceridae and proposed a new super-
family, Psephenoidea, for the remaining dryopoid families.
The current concept of Byrrhoidea (i.e. Byrrhidae + Dry-
opoidea) was established by Lawrence & Newton (1995)
and has been followed by most recent authors (e.g. Beutel
& Leschen 2005; Lobl & Smetana 2006).

However, neither of the previously defined superfamilies
get any support from our analyses, similar to the results of
the morphology-based phylogenies (e.g. Kasap & Crowson
1975; Crowson 1978; Beutel 1995; Lawrence et al. 1995;
Costa et al. 1999). Dryopoidea was monophyletic in Hunt
et al. (2007), but with negligible support and only limited
taxon sampling, similarly to that found in the analyses of
mitogenomes (Timmermans & Vogler 2012; Timmermans
et al. 2016). However, there were no representatives of
Dryopidae and Lutrochidae, which do not cluster with the
remaining dryopoids in our analyses (Figs 2 and S3;
Table 1). Byrrhoidea sensu Lawrence & Newton (1995) was
monophyletic only in the study by McKenna ez a/. (2015),
but again with a very low support. Additionally, the recent
support for Byrrhoidea and Psephenoidea sensu Lawrence
(1988) is limited to the morphological analysis by Lawrence
et al. (2011). Despite the generally low support for the
basal splits, we identified several consistently recovered
relationships, which are discussed in the following section.

Overview of the families of Byrrboidea
Byrrhidae are morphologically different in several aspects
from the remaining lineages in the superfamily (for details
see Crowson 1955, 1978; Kasap & Crowson 1975; Lawr-
ence & Newton 1982; Lawrence 1991; Beutel 1995). Most
of the DNA-based studies published to date confirmed the
independent position of Byrrhidae, with various lineages
(incl. Dryopoidea) proposed as potential sister groups.
Herein, Byrrhidae regularly represented one of the deepest
splits of the Byrrhoidea-Buprestoidea clade along with the
dryopid clade (i.e. Dryopidae + Lutrochidae) (Figs 2 and S3).
Dryopidae were placed in relationships to Lutrochidae,
Limnichidae and Heteroceridae (Crowson 1978; Lawrence
& Newton 1982; Lawrence 1988; Lawrence et al. 1995;
Costa et al. 1999). A sister-group relationship of Dryopidae
and Lutrochidae was hypothesized in many morphological
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studies and confirmed by the recent DNA-based analyses,
in which these families regularly occupied one of the deep
positions within the Byrrhoidea—Buprestoidea clade (pre-
sent study, Bocak et al. 2014; McKenna er al. 2015; Figs 2
and S3; Table 1). Additionally, such relationships are sup-
ported by morphology as Lutrochidae and some Dryopidae
share the free abdominal sternite 5 and functional ventral
longitudinal muscles in sternite 4 (Crowson 1978; Lawr-
ence & Newton 1982). Within Dryopidae, Ceradryops dif-
fers morphologically from other dryopids and its placement
has been questioned (Kodada et a/. 2016b). Ceradryops was
regularly recovered as sister to the remaining Dryopidae in
the current analyses (Figs 2 and S3). Dryopidae obtained
substantially higher support when Ceradryops was excluded
(Table 2); however, this might have been affected by the
incomplete  fragment representation for  Ceradryops
(Table S3). We found two major clades within Dryopidae,
the first represented by the aquatic genera and the second
by the terrestrial Sostez Pascoe (Figs 2 and S3), which is in
agreement with Kodada er 4. (2016b).

The systematic position of the highly specialized terres-
trial Chelonariidae remains unclear (Beutel & Leschen
2005). This family appeared in variable relationships in the
Dryopoidea phylogenies including the molecular analyses
(Bocakova et al. 2007; Hunt et al. 2007; Bocak et al. 2014;
Kundrata er al. 2014). We did not find any support for the
close relationship between Chelonariidae and Ptlodactyli-
dae as proposed by Lawrence (1988) and Costa ez al.
(1999). Instead, we found Chelonariidae in some analyses
in a clade with Limnichidae and Heteroceridae, similarly to
Timmermans & Vogler (2012) and McKenna ez a/l. (2015).
These three studies are based on different sets of markers.

The relationship between Limnichidae and Heteroceri-
dae was suggested in morphology-based studies (Crowson
1978; Beutel 1995; Lawrence er al. 1995), and later by the
analyses of ribosomal and mitochondrial markers (Bocakova
et al. 2007), a set of two ribosomal and six NPC genes
(McKenna ez al. 2015), and mitogenomes (Timmermans
et al. 2016). Our analyses confirm these relationships
(Figs 2 and S3; Table 1). The monophyly of Limnichidae
was challenged by morphological (e.g. Hinton 1939; Crow-
son 1978; Beutel 1995; Costa et al. 1999) and recent
molecular studies (present study, Bocak ez l. 2014; Fig. 2;
Table 2). The current analyses inferred Limnichidae (in-
cluding Limnichinae, Cephalobyrrhinae and Thaumastodi-
nae) as paraphyletic with Chelonariidae in a terminal
position (Fig. 2; Tables 1 and 2) and/or with several limni-
chid genera (Pseudeucinetus, Eulimnichus, eventually Paral-
imnichus) found in a sister relationship to Heteroceridae
(Figs 2 and S3). The uncertainties in the delimitation of
Limnichidae persist, and more data are needed for defini-
tive conclusions (Hernando & Ribera 2005).
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Callirhipidae is a monophyletic family with an uncertain
position in the Elateriformia classification in the past. We
found Callirhipidae as one of the terminal lineages
[although with unstable positions in different analyses,
similarly as in McKenna ez al (2015)] within the
Byrrhoidea—Buprestoidea clade, and the historical concepts
of Rhipiceroidea (Crowson 1955), widely defined Artem-
atopoidea (Crowson 1973) and proposed relationships with
Eulichadidae as FElateriformia incertae sedis (Costa et al.
1999) are rejected. This finding agrees with the majority of
recent DNA-based studies (Hunt ez /. 2007; Timmermans
& Vogler 2012; Bocak ez al. 2014; McKenna ez al. 2015).

Eulichadidae is another family with a controversial phy-
logenetic placement in the past (Kasap & Crowson 1975).
Based on the metendosternite and wing morphology,
Eulichadidae were hypothesized to be related to Callirhipi-
dae (Forbes 1926; Lawrence & Newton 1982; Lawrence
1988; Costa et al. 1999); molecular studies
showed their affinities to Ptilodactylidae, Psephenidae and
Elmidae (either all or some of them; Hunt et 4. 2007,
Bocak et al. 2014; Kundrata et 2. 2014; McKenna et al.
2015; this study; Fig. 2) or Eulichadidae formed a clade
with Ptilodactylidae and Elmidae if Psephenidae were miss-

however,

ing in the analysis (Timmermans & Vogler 2012; Timmer-
mans et al. 2016).

Psephenidae were thought to be related to Cneoglossidae
based on the morphology (Lawrence 1988; Lawrence ez al.
1995, 2011; Costa et al. 1999), but this is contradicted by
the recent molecular study of McKenna et 4/. (2015), which
as the first included Cneoglossidae. Beutel (1995) men-
tioned the resemblance of psephenid and elmid larvae;
however, this might have been based on homoplasies
evolved due to similar ecology and habitats as no DNA-
based support has been found for such relationships. In
molecular studies, Psephenidae were recovered in a clade
with Eulichadidae (Bocakova ez /. 2007; Hunt et l. 2007,
Bocak et al. 2014) or Eulichadidae + Elmidae (McKenna
et al. 2015). Unfortunately, no Psephenidae were included
in the study of an Elateriformia phylogeny based on the
mitogenomes by Timmermans & Vogler (2012). The
monophyly of Psephenidaec was recovered by Lee et i
(2007), who defined several morphological apomorphies for
the family, but their outgroup contained only three repre-
sentatives of Elmidae and Cneoglossidae. Here, we found
Psephenidae (represented by Eubriinae and Eubrianacinae;
Table S3) to be non-monophyletic, forming two distantly
related lineages, similar to that found in Kundrata et 4l
(2014). In all other previous DNA-based studies, Psepheni-
dae were only represented by Eubrianacinae (Bocakova
et al. 2007; Hunt et al. 2007; Bocak et al. 2014) or Eubri-
anacinae and Psepheninae (McKenna er /. 2015). Eubri-
inae were related to Paralichas, both often in a clade with
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Eulichadidae, whereas Eubrianacinae formed a clade with
either Callirhipidae (most cases) or Eulichadidae (Figs 2
and S3). We additionally tested the monophyly of Psephe-
nidae by analysis of a data set where sister groups to both
Eubriinae and Eubrianacinae identified by previous analy-
removed (i.e. FEulichadidae, Callirhipidae,
Paralichas pectinatus and Cephalobyrrbus). Surprisingly, nei-
ther analysis recovered Psephenidae as monophyletic. Due

ses were

to the unstable tree topology, we refrain from any formal
changes in the classification, although some psephenid sub-
families were treated as independent families by previous
authors (see Brown 1991 and Lee et 2l 2007 for more
details). The phylogeny of Psephenidae should be revisited
with representatives of all five currently recognized sub-
families.

The mitogenome-based relationship of Elmidae and
Pdlodactylidae (Timmermans & Vogler 2012) was con-
firmed here (Figs 2 and S3; Table 1). Elmidae contain two
morphologically and ecologically different subfamilies,
Elminae and Larainae (Lawrence & Newton 1995; but see
Jach et al. 2016). Although several authors hypothesized
that both subfamilies are only distantly related (e.g. Beutel
1995; Costa et al. 1999), we confirm the predominant con-
cept of Elmidae (Lawrence & Newton 1995), similar to
McKenna et al. (2015). The investigation of the intrafamil-
ial relationship is beyond the scope of our study, but it is
worth pointing out that neither Elminae nor Larainae seem
to be monophyletic (see also Kodada et al. 2016a). Dryopo-
morphus (Larainae) forms a separate lineage within deep
splits in the tree (Figs 2 and S3; Table 2), which was sug-
gested by Crowson (1978) and Kodada et 4. (2016a).

Ptilodactylidae is one of the most taxonomically over-
looked beetle families, and its classification remains chaotic
(Lawrence 2005). Monophyly of Ptilodactylidae was dis-
puted by several authors (e.g. Lawrence & Newton 1982;
Beutel 1995; Lawrence et al. 1995; Costa et al. 1999). Cur-
rently, there are several morphologically different lineages
classified in the family (Stribling 1986; Lawrence & Strib-
ling 1992). Ptlodactylinae and Anchytarsinae formed a
monophylum in the morphology-based analyses (Beutel
1995; Lawrence et al. 2011), which was confirmed by the
current analyses (Figs 2 and S3). McKenna et al. (2015)
sampled only one representative for each Ptlodactylinae
and Anchytarsinae and found Ptilodactylinae sister to
Podabrocephalidae, and Anchytarsinae sister to Cneoglossi-
dae, together forming a clade. Araeopidiinae, when present
in analyses, never formed a monophylum with any of the
ptilodactylid lineages (Beutel 1995; Lawrence et al. 1995).
Similarly, Cladotominae were recovered outside the bulk of
Ptilodactylidae by both morphological and molecular stud-
ies (Beutel 1995; Bocakova et al. 2007; Hunt er al. 2007;
Bocak er al. 2014; Kundrata et al. 2014), or sister to
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Chelonariidae or Callirhipidae within paraphyletic Ptilo-
dactylidae (Costa er al. 1999; Hunt et al. 2007; respec-
tively). We found the cladotomine genus Paralichas in a
clade with Psephenidae: Eubriinae in most analyses, always
only distantly related to the remaining Ptlodactylidae
(Figs 2 and S3; Tables 1 and 2). The Cladotominae status
remains open and can be solved only when all morphologi-
cally distinct ptilodactylid lineages are included in the data
set.

The families of Byrrhoidea, which have not been
included in this study, that is Cneoglossidae (one genus,
species), (one species) and
Protelmidae (four genera, six species), represent only a

eight Podabrocephalidae
small fraction of the total byrrhoid diversity. Cneoglossidae
were hypothesized to be related to Psephenidae based on
the morphology by many authors (see, e.g. Costa ez al.
1999; Lawrence et al. 2011), but McKenna et al. (2015)
found it embedded within Ptilodactylidae along with
The
Podabrocephalidae and Ptilodactylidae is in agreement with

Podabrocephalidae. close relationship between
previous hypothesis (e.g. Lawrence e a/. 2010; but not with
Lawrence et 4. 2011). Protelmidae were until recently
regarded as a tribe of Elmidae, with which it is probably

not closely related (Jich et al. 2016).

Suitability of the mtDNA/rRNA molecular markers

The RNA and mtDNA markers (here 18S and 28S rRNA,
rrnL and cox] mtDNA) are commonly used for phylogeny
reconstruction. Whereas ribosomal genes have been used
for the investigation of the basal relationships, mitochon-
drial genes are more suitable for the lower taxonomic
levels. These markers were used for studies dealing with
the whole order (Hunt et @l 2007; Bocak et al. 2014),
superfamilies (Dytiscoidea, Balke er a/. 2005; Bostrichoidea,
Bell & Phillips 2012; Cleroidea, Bocakova er al. 2012,
2016; Cucujoidea, Robertson er al. 2015; McElrath ez al.
2015; Buprestoidea, Evans et /. 2015; Elateroidea, Boca-
kova et al. 2007; Kundrata et al. 2014; Tenebrionoidea,
Gunter et al. 2014; Curculionoidea, Gunter et /. 2016) and
the lower taxonomic ranks such as families, subfamilies,
tribes and genera. Additionally, numerous sequences in
publicly available databases (Bocak et /. 2014) simplify a
compilation of outgroups for individual analyses.

Despite wide usage, the signal provided is limited in
some cases, for example Tenebrionoidea (Gunter ez al.
2014; Kergoat et al. 2014), Bostrichoidea (Bell & Phillips
2012) or Curculionoidea (Gunter et 4/ 2016). We identi-
fied conflicting support for the basal splits within Elateri-
formia as well as for the byrrhoid-buprestoid lineages. The
NeighbourNet networks calculated in Splitstree revealed
conflict in the phylogenetic signal within all genes (Figs S1
and S2). It means that the increased taxon sampling will
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probably not help resolve the deep elateriform and
byrrhoid phylogeny and that further markers are needed.
The recovery of some generally accepted lineages within
Elateroidea in the Elateriformia was independent from
alignment algorithm, but instability was observed in
numerous parts of the tree (Figs 2 and S3).

Conclusions

Despite a large amount of data and the densest sampling of
Byrrhoidea diversity up to date, the results solved a limited
number of relationships and posed further questions that
should be considered in the future. Further markers, such
as NPC genes (McKenna ez 4/. 2015), mitogenomes (Tim-
mermans et /. 2016) or transcriptomes (Misof ez al. 2014),
testable hypotheses for the
Byrrhoidea—Buprestoidea complex. The problems with low
robustness of the Byrrhoidea phylogeny are not limited to
the analyses of ribosomal and mitochondrial genes (Boca-
kova et al. 2007; Hunt et al. 2007, McKenna & Farrell
2009; Bocak et al. 2014; Kundrata et /. 2014; this study),
ribosomal and NPC genes (McKenna ez a/. 2015) or mito-
chondrial genomes (Timmermans & Vogler 2012; Tim-
et al. 2016) but also to those based on
morphological characters (Crowson 1978; Lawrence et al.
1995, 2011; Costa et al. 1999). Therefore, searching for the
consensual signal from various analyses and accumulation

should provide

new

mermans

of independent data is needed to resolve further clades in
the higher phylogeny of Byrrhoidea and investigate pro-
cesses leading to the evolution of the water and riparian
lifestyles.
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Fig. S1. NeighbourNets showing conflicting splits for
the concatenated 209-taxa Mafft alignment (A) and for each
gene separately — 285 rRINA (B), 18S rRNA (divided into
two parts; C, D), 77nL. mtDNA (E), and cox] mtDNA (F).

Fig. S2. NeighbourNets showing conflicting splits for
the concatenated 116-taxa  Mafft  alignment of
Buprestoidea + Byrrhoidea (A) and for each gene sepa-
rately — 28S rRINA (B), 18S rRNA (divided into two parts;
C, D), r7ul. mtDNA (E), and coxI mtDNA (F).
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Fig. S3. Maximum-likelihood phylogenetic tree for Ela-
teriformia based on the RAxML analysis of the 488-taxa
data set aligned in Mafft.

Table S1. List of families and superfamilies currently
included in Elateriformia.

Table S2. The historical overview of the classifications
of the byrrhoid lineages.

Table S3. List of 488 terminals used in the analyses,
with voucher and GenBank accession numbers.

Table S4. Primers used for the PCR amplifications of
the studied genes.

Table S5. Summary of the PartitionFinder results.

Table S6. Numbers and types of characters in the anal-
ysed data sets.

Table S7. Summary of the RogueNaRok results from
the RAxML-inferred bootstrap trees (251 taxa aligned by
Mafft and Muscle algorithms).

Table S8. Results of the Xia’s nucleotide substitution
saturation test in DAMBE, based on simulations with 32
operational taxonomic units (10 000 replicates).

© 2016 Royal Swedish Academy of Sciences, 46, 2, March 2017, pp 150-164



——o0.01
———o0.01

F—o0.01
—o.01



.
10.01

|

h

/)
VRN '/’ ) ~ /i
\\‘Q‘!\‘\\ 7

—0.01

7 s

— =
/4 y
//
/)

N\
—
— /;Z;) 7

———

+—10.001

——o0.01



QUTGROUP
SCIRTOIDEA

DASCILLIDAE
RHIPICERIDAE

OMETHIDAE

EUCNEMIDAE

T
— °
THROSCIDAE

o= CEROPHYTIDAE
IBERGBAENIIDAE

CANTHARIDAE

it T
e Cantharinae

] R St
o Silinge
ooy

photy
T ——
=

RHAGOPHTHALMIDAE

ELATERIDAE
Dendrometrinae pars

Marostomatinae

LUTROCHIDAE

DRYOFIDAE

BYRRHIDAE

SCHIZOPODIDAE
pars

pars

BUPRESTIDAE

LIMNICHIDAE

HETEROQCERIDAE

CALLIRHIPIDAE

PSEPHENIDAE: Eubrianacinae

EULICHADIDAE

CHELONARIDAE

PTILODACTYLIDAE: Cladotominae
PSEPHENIDAE: Eubriinae

PTILODACTYLIDAE

ELMIDAE




Table S1. List of families and superfamilies currently included in Elateriformia.

Elateroidea Leach, 1815

Byrrhoidea Latreille, 1804 Buprestoidea Leach, 1815

Dascilloidea Guérin-Méneville, 1843

extant

Artematopodidae Lacordaire, 1857
Brachypsectridae LeConte & Horn, 1883
Cantharidae Imhoff, 1856
Cerophytidae Latreille, 1834
Elateridae Leach, 1815
Eucnemidae Eschscholtz, 1829
Iberobaeniidae Bocak et al. 2016
Lampyridae Rafinesque, 1815
Lycidae Laporte, 1836
Omalisidae Lacordaire, 1857
Omethidae LeConte, 1861
Phengodidae LeConte, 1861
Plastoceridae Crowson, 1972
Rhagophthalmidae Olivier, 1907
Rhinorhipidae Lawrence, 1988
Throscidae Laporte, 1840

extinct

Berendtmiridae Winkler, 1987
Lebanophytidae Kirejtshuk, 2013
Praelateriidae Dolin, 1973

Byrrhidae Latreille, 1804
Callirhipidae Emden, 1924
Chelonariidae Blanchard, 1845
Cneoglossidae Champion, 1897
Dryopidae Billberg, 1820
Elmidae Curtis, 1830
Eulichadidae Crowson, 1973
Heteroceridae MacLeay, 1825
Limnichidae Erichson, 1846
Lutrochidae Kasap & Crowson, 1975
Podabrocephalidae Pic, 1930
Protelmidae Jeannel, 1851
Psephenidae Lacordaire, 1854
Ptilodactylidae Laporte, 1836

Buprestidae Leach, 1815
Schizopodidae LeConte, 1859

Lasiosynidae Kirejtshuk et al. 2010

Dascillidae Guérin-Méneville, 1843
Rhipiceridae Latreille, 1834



Table S2. The historical overview of the classifications of the byrrhoid lineages. * - families not included in the current Byrrhoidea.
Crowson (1960)

Byrrhoidea Byrrhidae
Dryopoidea Dryopidae, EImidae, Psephenidae, Limnichidae (incl. Lutrochidae), Heteroceridae, Chelonariidae, Ptilodactylidae
(incl. Cneoglossidae and Eulichadidae), Artematopodidae*
Rhipiceroidea Rhipiceridae*, Callirhipidae
Crowson (1981)
Byrrhoidea Byrrhidae
Dryopoidea Dryopidae, EImidae, Psephenidae, Limnichidae, Lutrochidae, Heteroceridae, Chelonariidae, Ptilodactylidae, Eulichadidae
Artematopoidea Artematopodidae*, Brachypsectridae*, Callirhipidae
Cantharoidea Cneoglossidae, part of elateroid families*

Lawrence & Newton (1982)

Byrrhoidea Byrrhidae

Dryopoidea Dryopidae, EImidae, Psephenidae, Limnichidae, Lutrochidae, Heteroceridae, Chelonariidae, Ptilodactylidae, Eulichadidae,
Callirhipidae

Cantharoidea Cneoglossidae, part of elateroid families*

Lawrence (1988)
Byrrhoidea Byrrhidae, Buprestidae*, Dryopidae, Lutrochidae, EImidae, Limnichidae, Heteroceridae
Psephenoidea Psephenidae, Ptilodactylidae, Cneoglossidae, Chelonariidae, Eulichadidae, Callirhipidae

Lawrence & Newton (1995), Leschen & Beutel (2005)

Byrrhoidea Byrrhidae, Dryopidae, Lutrochidae, EImidae, Limnichidae, Heteroceridae, Psephenidae, Ptilodactylidae, Cneoglossidae,
Chelonariidae, Eulichadidae, Callirhipidae
Incertae sedis Podabrocephalidae, Rhinorhipidae*

Costa et al. (1999)

Byrrhoidea Byrrhidae, Dryopidae, Lutrochidae, EImidae, Limnichidae, Heteroceridae, Psephenidae, Ptilodactylidae, Cneoglossidae,
Chelonariidae

Incertae sedis Eulichadidae, Callirhipidae



Table S3. List of 488 terminals used in the analyses, with voucher and GenBank accession numbers. The sequences with KX accession number were produced in the current study. The chimeric taxa are marked with an asterisk (*).

Markers
Superfamily/family Subfamily Genus/Species Geographic origin 18S 28S rrnL coxl Specimen voucher Matrix voucher Source
SCIRTOIDEA
Clambidae Clambus pubescens United Kingdom EF362951 N AMB884186 DQ155704 BMNH 673260 SCICICla Hunt et al. 2007
Clambidae gen. sp. Indonesia KF625497 KF626105 KF625804 KF625196 UPOL 001320 1320CLA Kundrata et al. 2014
Decliniidae Declinia versicolor Japan AY745556 AJ862791 N N 295520 SCIDeDec Bocakova et al. 2007
Eucinetidae Eucinetus haemorrhoidalis Czech Republic KF625496 KF626097 KF625806 KF625198 UPOL 001319 1319EUT Kundrata et al. 2014
Eucinetidae Eucinetus sp. USA AF427609 AJ862793 AJ862756 AJB62822 APV-2001 SCIEuEuc Bocakova et al. 2007
Scirtidae Prionocyphon sexmaculatus Japan KF625516 KF626117 KF625822 KF625216 UPOL RKO0170 R170SClI Kundrata et al. 2014
Scirtidae Scirtes hemisphaericus United Kingdom AF451937 DQ198699 DQ202592 DQ221997 BMNH 679275 SCIScSci Bocakova et al. 2007
Scirtidae Scirtes sp. Japan KF625500 KF626100 KF625808 KF625201 UPOL RK0160 R160SCI Kundrata et al. 2014
Scirtidae Cyphon hilaris United Kingdom AF201419 DQ198698 DQ198620 DQ198542 BMNH 679123 SCIScCyp Bocakova et al. 2007
Scirtidae Cyphon sp. Cameroon KF625501 KF626101 KF625809 KF625202 UPOL RK0161 R161SCI Kundrata et al. 2014
Scirtidae gen. sp. Malaysia KF625505 KF626106 KF625813 KF625206 UPOL 001321 1321SCI Kundrata et al. 2014
Scirtidae gen. sp. Ethiopia KF625498 KF626098 KF625807 KF625199 UPOL RKO0147 R147SCI Kundrata et al. 2014
Scirtidae gen. sp. Cameroon KF625499 KF626099 N KF625200 UPOL RK0159 R159SClI Kundrata et al. 2014
Scirtidae gen. sp. Indonesia KF625502 KF626102 KF625810 KF625203 UPOL RK0162 R162SClI Kundrata et al. 2014
Scirtidae gen. sp. Philippines KF625504 KF626104 KF625812 KF625205 UPOL RK0165 R165SCI Kundrata et al. 2014
Scirtidae gen. sp. Indonesia KF625512 KF626113 KF625819 KF625212 UPOL RK0166 R166SCI Kundrata et al. 2014
Scirtidae gen. sp. Japan KF625513 KF626114 N KF625213 UPOL RK0167 R167SCI Kundrata et al. 2014
indet. gen. sp. Cameroon KX092896 KX093035 KX092644 KX092758 UPOL RK0641 R641SClI present study
indet. gen. sp. Cameroon KX092897 KX093036 KX092645 KX092759 UPOL RK0642 R642SCI present study
indet. gen. sp. Cameroon KX092898 KX093037 N KX092762 UPOL RKO0767 R767SClI present study
indet. gen. sp. Japan KX092894 KX093033 N KX092760 UPOL RKO0695 R695SCI present study
indet. gen. sp. Indonesia KX092895 KX093034 KX092643 KX092761 UPOL RK0698 R698SCI present study
DASCILLOIDEA
Dascillidae Dascillinae Dascillus cervinus United Kingdom AY745558 DQ198700 DQ198621 DQ198543 BMNH 679199 DASDaDas Bocakova et al. 2007
Dascillidae Dascillinae Petalon sp. Laos KX092899 N KX092646 KX092763 UPOL RK0639 R639DAS present study
Dascillidae Karumiinae Anorus piceus USA KM364159 KM364302 N N MSC1281 DASAnNPic Evans et al. 2014
Dascillidae Karumiinae Genecerus cf. cervinus Oman KX092900 KX093038 KX092647 KX092764 UPOL RKO0793 R793DAS present study
Dascillidae Karumiinae Emmita serricornis Morocco N N N KX092765 UPOL RKO0791 R791DAS present study
Rhipiceridae Sandalinae Sandalus sp. South Africa KF625506 KF626108 KF625814 KF625208 UPOL RKO0144 R144RHI Kundrata et al. 2014
Rhipiceridae Sandalinae Sandalus sp. Zambia KF625507 KF626107 KF625815 KF625207 UPOL 001322 1322RHI Kundrata et al. 2014
BUPRESTOIDEA
Schizopodidae Schizopodinae Dystaxia elegans USA KM364155 KM364299 N KM364417 BUP0025 SCHdyst Evans et al. 2014
Schizopodidae Schizopodinae Glyptoscelimorpha marmorata USA KM364156 KM364300 N KM364418 BUP0298 SCHglyp Evans et al. 2014
Schizopodidae Schizopodinae Schizopus laetus USA KM364083 KM364209 N KM364343 BUP0272 SCHschl Evans et al. 2014
Buprestidae Agrilinae Agrilus sp. UK/Czech Rep. AF451934 DQ198701 DQ198622 DQ198544 UPOL 001047 BUPBuUAgr Bocakova et al. 2007
Buprestidae Agrilinae Trachys minutus Russia AF451936 DQ198704 N DQ198547 BMNH 679281 BUPBuTra Bocakova et al. 2007
Buprestidae Agrilinae Paragrilus aeraticollis Costa Rica KM364075 KM364199 N KM364333 BUP0179 BUP0179 Evans et al. 2014
Buprestidae Agrilinae Aphanisticus sp. - KM364048 KM364171 N KM364311 BUP0277 BUP0277 Evans et al. 2014
Buprestidae Agrilinae Cylindromorphus filum - KM364053 KM364176 N KM364316 BUP0286 BUP0286 Evans et al. 2014
Buprestidae Agrilinae Meliboeus sp. Armenia KM364068 KM364191 N KM364327 BUP0175 BUP0175 Evans et al. 2014
Buprestidae Agrilinae Taphrocerus fasciatus Costa Rica KM364080 KM364205 N KM364339 BUP0188 BUP0188 Evans et al. 2014
Buprestidae Agrilinae Leiopleura sp. Costa Rica KM364064 KM364187 N KM364324 BUP0197 BUP0197 Evans et al. 2014
Buprestidae Agrilinae Hylaeogena sp. Costa Rica KM364061 KM364184 N KM364321 BUP0200 BUP0200 Evans et al. 2014
Buprestidae Agrilinae Pachyschelus cupricauda Costa Rica KM364071 KM364194 N KM364329 BUP0202 BUP0202 Evans et al. 2014
Buprestidae Agrilinae Habroloma sp. - KM364060 KM364183 N KM364320 BUP0282 BUP0282 Evans et al. 2014
Buprestidae Agrilinae Neotrachys estebana Costa Rica KM364069 KM364192 N KM364328 BUP0184 BUP0184 Evans et al. 2014
Buprestidae Agrilinae Germarica sp. Australia KM364056 KM364179 N KM364317 BUP0003 BUP0003 Evans et al. 2014
Buprestidae Agrilinae Mychommatus violaceus Cameroon KX092902 KX093039 KX092648 KX092767 UPOL RKO777 R777BUP present study
Buprestidae Agrilinae Sibuyanella bakeri Philippines KX092903 KX093040 KX092649 KX092768 UPOL RKO0778 R778BUP present study
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Agrilus sp.

Pseudagrilus granulosus
Aphanisticus sp.
Pseudagrilus alutaceus
Aphanisticus elongatus
Habroloma subbicorne
Meliboeus fulgidicollis
Trachys saundersi
Coraebus diminutus
Agrilus sp.

Meliboeus parvulus
Meliboeus sp.

Meliboeus burgeoni
Agrilus sp.

Endelus gyoerfii
Anthaxia hungarica
Anthaxia sp.
Chrysobothris sp.
Anthaxia corinthia
Anthaxia tenella
Bilyaxia cordillerae
Chalcogenia sp.
Pseudhyperantha jucunda
Trachykele blondeli
Knowltonia calida
Coomaniella purpurascens
Anilara sp.

Selagis caloptera
Neocuris sp.
Julodimorpha bakewelli
Maoraxia littoralis
Melobasis vittatus
Spectralia gracilipes
Castiarina simulata
Lasionota bivittata
Augrabies schotiaphaga
Thomasettia crassa
Trigonogenium angulosum
Megactenodes levior
Chrysobothris affinis
Chalcophora mariana
Chalcophora angulicollis
Cyphosoma lawsoniae
Ectinogonia intermedia
Evides gambiensis
Nanularia brunneata
Dicerca corrugata
Sphenoptera tappesi
Sphenoptera coracina
Capnodis tenebricosa
Chalcophorella stigmatica
Galbella hantamensis
gen. sp.

Julodis recenta
Neojulodis sp.

Julodis ehrenbergii

Cameroon
Ethiopia
Cameroon
Ethiopia
Italy

China
Turkey
China

China

China
Turkey
Ethiopia
Cameroon
China

China
France
South Africa
Malaysia
Cyprus
Greece
Chile

South Africa
Malaysia
USA

USA
Thailand
Australia
Australia
Awustralia
Australia
Awustralia
Australia
USA
Australia
Chile

South Africa
South Africa
Chile
Cameroon
Slovakia
Slovakia
USA

Spain

Chile

South Africa
USA

China
Turkey
Turkey
Greece
Turkey
South Africa
South Africa
South Africa
South Africa
Greece

KX092904
KX092907
KX092908
KX092909
KX092914
KX092915
KX092916
KX092917
KX092923
KX092918
KX092929
KX092930
KX092931
KX092932
KX092913
DQ100484
KM364089
KX092926
KX092919
KX092933
KM364087
KM364095
KM364129
KM364117
KM364096
KM364099
KM364086
KM364111
KM364109
KM364103
KM364104
KM364106
KM364113
KM364094
KM364100
KM364091
KM364115
KM364119
KX092921
KX092927
KX092901
KM364122
KM364123
KM364124
KM364127
KM364128
KX092912
KX092925
KX092928
KX092920
KX092922
KM364132
AF451935

KM364133
KM364134
KX092906

KX093041
KX093043
KX093044
KX093045
KX093048
KX093049
KX093050
KX093051
KX093057
KX093052
KX093063
KX093064
KX093065
KX093066
KX093047
DQ198702
KM364216
KX093060
KX093053
KX093067
KM364213
KM364222
KM364266
KM364249
KM364223
KM364226
KM364212
KM364243
KM364240
KM364233
KM364234
KM364236
KM364245
KM364221
KM364227
KM364218
KM364247
KM364251
KX093055
KX093061
N
KM364255
KM364257
KM364258
KM364262
KM364265
N
KX093059
KX093062
KX093054
KX093056
KM364269
DQ198703
KM364272
KM364274
KX093042

KX092650
KX092652
KX092653
KX092654
KX092657
KX092658
KX092659
KX092660
KX092666
KX092661
KX092672
KX092673
KX092674
KX092675
N

DQ198623
N

KX092669
KX092662

Z2Z2z22z2222222222Z2222Z22

KX092664
KX092670

zzzz2z

N
KX092656
KX092668
KX092671
KX092663
KX092665
N
DQ198624
N
N
N

KX092769

KX092772

KX092773
KX092774
KX092779
KX092780
KX092781
KX092782
KX092788
KX092783
KX092794
KX092795
KX092796
KX092797

KX092778

DQ198545
KM364350
KX092791

KX092784
KX092798
KM364347
KM364356
KM364391
KM364379
KM364357
KM364360
KM364346
KM364373
KM364371
KM364365
KM364366
KM364368
KM364375
KM364355
KM364361
KM364352
KM364377
KM364381
KX092786

KX092792

KX092766

KM364384
KM364385
KM364386
KM364389
KM364390
KX092777

KX092790

KX092793

KX092785

KX092787

KM364393
DQ198546

KM364396
KM364398
KX092771

UPOL RKO0783
UPOL RKO0784
UPOL RKO0785
UPOL RKO0786
UPOL RK0801
UPOL RK0802
UPOL RKO0803
UPOL RK0804
UPOL RKO0805
UPOL RKO0806
UPOL RK0808
UPOL RKO0814
UPOL RKO0815
UPOL RK0823
UPOL RK0800
UPOL 000M24
BUP0088
UPOL RK0813
UPOL RK0807
UPOL RK0825
BUP0148
BUP0241
BUP0300
BUP0143
BUP0039
BUP0290
BUP0209
BUP0289
BUP0019
BUP0257
BUP0017
BUP0001
BUP0206
BUP0006
BUP0254
BUP0073
BUP0086
BUP0250
UPOL RKO0779
UPOL RK0817
UPOL RKO0776
BUP0054
BUP0264
BUP0251
BUP0139
BUP0027
UPOL RKO0799
UPOL RK0812
UPOL RK0824
UPOL RKO0781
UPOL RKO0797
BUP0074
BMNH 679324
BUP0075
BUP0077
UPOL RKO0780

R783BUP
R784BUP
R785BUP
R786BUP
R801BUP
R802BUP
R803BUP
R804BUP
R805BUP
R806BUP
R808BUP
R814BUP
R815BUP
R823BUP
R800BUP
BUPBuUANt
BUP0088
R813BUP
R807BUP
R825BUP
BUP0148
BUP0241
BUP0300
BUP0143
BUP0039
BUP0290
BUP0209
BUP0289
BUP0019
BUP0257
BUP0017
BUP0001
BUP0206
BUP0006
BUP0254
BUP0073
BUP0086
BUP0250
R779BUP
R817BUP
R776BUP
BUP0054
BUP0264
BUP0251
BUP0139
BUP0027
R799BUP
R812BUP
R824BUP
R781BUP
R797BUP
BUP0074
BUPBuJul
BUP0075
BUP0077
R780BUP
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Buprestidae
Buprestidae
Buprestidae
Buprestidae
Buprestidae
Buprestidae
Buprestidae
Buprestidae
Buprestidae
Buprestidae
Buprestidae
Buprestidae
Buprestidae
Buprestidae
Buprestidae
ELATEROIDEA
Artematopodidae
Omethidae
Omethidae
Omethidae
Omethidae
Cerophytidae
Throscidae
Throscidae
Throscidae
Throscidae
Throscidae
Throscidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Eucnemidae
Iberobaeniidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae
Lycidae

Julodinae

Polycestinae
Polycestinae
Polycestinae
Polycestinae
Polycestinae
Polycestinae
Polycestinae
Polycestinae
Polycestinae
Polycestinae
Polycestinae
Polycestinae
Polycestinae
Polycestinae

Artematopodinae
Telegeusinae
Driloniinae
Omethinae
Matheteinae

Anischiinae
Eucneminae
Eucneminae
Eucneminae
Macraulacinae
Macraulacinae
Macraulacinae
Melasinae
Melasinae
Melasinae
Melasinae
Melasinae
Melasinae
indet.

Libnetinae
Dictyopterinae
Dictyopterinae
Dictyopterinae
Dictyopterinae
Dictyopterinae
Lyropaeinae
Lyropaeinae
Lyropaeinae
Lyropaeinae
Lyropaeinae
Lyropaeinae
Lyropaeinae

Julodis pubescens
Acmaeodera sp.
Astraeus irregularis
Helferella manningensis
Mastogenius robustus
Paratrachys australius
Polycesta aruensis
Ptosima gibbicollis
Chrysophana placida
Thrincopyge ambiens
Paratyndaris olneyae
Xyroscelis crocata
Acmaeodera pilosellae
Acmaeodera lugubris
Acmaeoderella despecta

Eurypogon japonicus
Telegeusis nubifer
Drilonius striatulus
Troglomethes leechi
Ginglymocladus sp.
Cerophytum elateroides
Trixagus dermestoides
gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

Anischia bicolor
Idiotarsus sp.

gen. sp.

gen. sp.

Fornax sp.

Nematodes sp.

gen. sp.

Melasis buprestoides
Micorhagus pygmaeus
gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

Iberobaenia sp.
Libnetis sp.
Lycoprogenthes sp.
Taphes brevicollis
Dictyoptera elegans
Benibotarus nigripennis
Pyropterus nigroruber
Lyropaeus sp.
Antennolycus constrictus
Microlyropaeus dembickyi
Platerodrilus sp.
Macrolibnetis sp.
Pendola sp.

Horakiella emasensis

Greece, Crete
South Africa
Australia
Australia
USA
Australia
USA

USA

USA

USA

USA
Auwustralia
Greece
Spain
Cyprus

Japan
USA
Japan
USA

USA
Slovakia
United Kingdom
Indonesia
Japan
Cameroon
Indonesia
Malaysia
New Caledonia
Bolivia
Indonesia
Indonesia
Bolivia
Bolivia
Japan
Greece
Czech Republic
Philippines
Indonesia
Japan
Cameroon
Panama
Spain
Malaysia
Indonesia
Laos
Japan
Japan
Japan
Malaysia
Malaysia
Indonesia
Malaysia
Malaysia
Indonesia
Malaysia

KX092911
KM364138
KM364139
KM364141
KM364143
KM364146
KM364149
KM364150
KM364140
KM364151
KM364148
KM364154
KX092910
KX092924
KX092905

KF294761
DQ100503
KF625527
KF625529
KF625530
KF625714
AF451950
KF625533
KF625535
KF625536
KF625541
KF625542
KF625546
DQ100493
HQ333829
HQ333830
DQ100492
DQ100495
KF625564
KF625558
KF625570
KF625559
KF625549
KF625565
KF625566
KF625554
KT339296
DQ181038
DQ181070
DQ181098
DQ181073
DQ181075
DQ181077
DQ181042
DQ181051
DQ181071
DQ181037
DQ181050
DQ181058
DQ181110

KX093046
KM364281
KM364283
KM364285
KM364287
KM364290
KM364293
KM364294
KM364284
KM364295
KM364292
KM364298
N

KX093058
N

KF294767
DQ198751
KF626128
KF626130
KF626131
KF626302
DQ198747
KF626134
KF626136
KF626137
KF626141
KF626142
KF626146
DQ198730
HQ333923
HQ333924
DQ198729
DQ198731
KF626164
KF626158
KF626170
KF626159
KF626149
KF626165
KF626166
KF626154
KT339297
DQ181112
DQ181144
DQ181172
DQ181147
DQ181149
DQ181151
DQ181116
DQ181125
DQ181145
DQ181111
DQ181124
DQ181132
DQ181184

KX092655

z2zzzzzz2z2z2z222

KX092667
KX092651

KF294755
DQ198660
KF625830
KF625828
KF625829
KF626002
DQ198656
KF625836
KF625837
KF625838
KF625840
KF625841
KF625846
DQ198641
HQ333736
HQ333737
DQ198640
DQ198642
KF625862
KF625858
KF625867
KF625859
KF625849
KF625863
KF625864
KF625854
KT825140
DQ180964
DQ180996
DQ181024
DQ180999
DQ181001
DQ181003
DQ180968
DQ180977
DQ180997
DQ180963
DQ180976
DQ180984
DQ181036

KX092776
KM364403
KM364404
KM364406
KM364408
KM364410
KM364413
KM364414
KM364405
KM364415
KM364412
KM364416
KX092775
KX092789
KX092770

KF294774
DQ198582
KF625227
KF625229
KF625230
KF625407
DQ198578
KF625233
KF625235
KF625236
KF625241
KF625242
KF625247
DQ198563
HQ334009
HQ334010
DQ198562
DQ198564
KF625265
KF625259
KF625271
KF625260
KF625250
KF625266
KF625267
KF625255
KT339298
DQ181186
DQ181218
DQ181246
DQ181221
DQ181223
DQ181225
DQ181190
DQ181199
DQ181219
DQ181185
DQ181198
DQ181206
DQ181258

UPOL RKO0798
BUP0093
BUP0008
BUP0012
BUP0064
BUP0014
BUP0060
BUP0205
BUP0058
BUP0024
BUP0029
BUP0004
UPOL RKO0787
UPOL RK0809
UPOL RKO0811

UPOL RK0091
UPOL 000321
UPOL 001272
UPOL 001340
UPOL 001341
UPOL RK0129
BMNH 679235
UPOL RK0138
UPOL RK0141
UPOL RKO0175
UPOL RKO0337
UPOL RKO0338
UPOL RK0120
BMNH 703097
UPOL RKO0076
UPOL RKO0077
BMNH 703106
BMNH 703107
UPOL RKO0350
UPOL RKO0344
UPOL 001224
UPOL RK0345
UPOL RK0123
UPOL RKO0351
UPOL RK0355
UPOL RK0303
UPOL RKO0790*
UPOL 000L02
UPOL 000358
UPOL 000812
UPOL 000570
UPOL 000572
UPOL 000574
UPOL 000L11
UPOL 000L22
UPOL 000542
UPOL 000LO01
UPOL 000L21
UPOL 000M45
UPOL 001043

R798BUP
BUP0093
BUP0008
BUP0012
BUP0064
BUP0014
BUP0060
BUP0205
BUP0058
BUP0024
BUP0029
BUP0004
R787BUP
R809BUP
R811BUP

RO91ART
telTele
omeDril
13400MEo
13410MEm
R129CER
thrTrid
R138THR
R141THR
R175THR
R337THR
R338THR
R120EUCa
eucldio
RO76EUC
RO77EUC
eucFor2
eucNema
R350EUC
R344EUC
1224EUC
R345EUC
R123EUC
R351EUC
R355EUC
R303EUC
IBEsp
LLibl1
LDiclyl
LDictap
LDicdie
LDichen
LDicpyr
LLyrlyl
LLyrana
LLyranm
LLyrmdl
LLyrmma
LLyrmpe
LLyrmho
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Lycidae

Lycidae

Lycidae

Lycidae

Lycidae

Lycidae

Lycidae

Lycidae

Lycidae

Lycidae

Lycidae

Lycidae

Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Lampyridae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae

Ateliinae
Lycinae
Lycinae
Lycinae
Lycinae
Lycinae
Lycinae
Lycinae
Lycinae
Lycinae
Lycinae
Lycinae
Lampyrinae
Luciolinae
Ototretinae
Ototretinae

indet.
Cantharinae
Cantharinae
Cantharinae
Cantharinae
Cantharinae
Cantharinae
Silinae

Silinae

Silinae

Silinae

Silinae

Silinae
Chauliognathinae
Chauliognathinae
Chauliognathinae
Chauliognathinae
Chauliognathinae
Chauliognathinae

Scarelus sp.
Dihammatus sp.
Conderis signicollis
Plateros sp.
Macrolycus sp.
Thonalmus sinuaticostis
Lyponia nigrohumeralis
Lycus sp.

Idiopteron biplagiatum
Metriorrhynchus lineatus
Calochromus sp.
Eropterus nothus
Vesta sp.

Curtos sp.

gen. sp.
Lamellipalpus pacholatkoi
gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

Rhagonycha lignosa
Athemus sp.

Themus sp.
Podabrus temporalis
Habronychus sp.
Lycocerus sp.
Laemoglyptus sp.
Asiosilis sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.
Chauliognathus sp.
Ichthyurus sp.
Microichthyurus sp.
Trypherus mutilatus
gen. sp.

gen. sp.

Malaysia
Malaysia
Malaysia
French Guyana
China
Montserrat
China

South Africa
Ecuador
Malaysia
China

Japan
Indonesia
Indonesia
Indonesia
India

South Africa
Indonesia
Philippines
Malaysia
Indonesia
Indonesia
Malaysia
Indonesia
Cameroon
French Guyana
French Guyana
Japan

South Africa
Philippines
Panama
Panama
Indonesia
Indonesia
Indonesia
Indonesia
Malaysia
Papua New Guinea
United Kingdom
USA

Japan

Japan

Japan

Laos
Indonesia
Indonesia
Indonesia
Indonesia
Indonesia
Ethiopia
USA
Indonesia
Japan

Japan
Ethiopia
Philippines

DQ181046
DQ181043
DQ181062
KF625685
DQ181049
DQ181093
DQ181048
DQ181039
DQ181057
DQ181040
DQ181047
DQ181082
DQ100511
DQ100513
DQ100521
KF625664
KF625638
KF625640
KF625643
KF625644
KF625648
KF625649
KF625653
KF625656
KF625657
KF625660
KF625661
KF625663
KF625665
KF625670
KF625671
KF625672
KF625675
KF625678
KF625679
KF625680
KF625683
KF625508
AF451939
KF625615
KF625616
KF625621
KF625625
KF625591
KF625601
DQ100530
KF625607
KF625608
KF625609
KF625588
KF625600
DQ100531
KF625619
KF625622
KF625589
KF625594

DQ181120
DQ181117
DQ181136
KF626271
DQ181123
DQ181167
DQ181122
DQ181113
DQ181131
DQ181114
DQ181121
DQ181156
DQ198760
DQ198761
DQ198764
KF626254
KF626239
KF626240
KF626242
KF626243
KF626244
KF626245
KF626248
KF626249
KF626250
KF626251
KF626252
KF626253
KF626255
KF626259
KF626260
KF626261
KF626262
KF626265
KF626266
KF626267
KF626269
KF626200
DQ198770
KF626217
KF626218
KF626223
KF626227
KF626193
KF626203
DQ198773
KF626209
KF626210
KF626211
KF626190
KF626202
DQ198774
KF626221
KF626224
KF626191
KF626196

DQ180972
DQ180969
DQ180988
KF625975
DQ180975
DQ181019
DQ180974
DQ180965
DQ180983
DQ180966
DQ180973
DQ181008
DQ198669
DQ198671
DQ198679
KF625955
KF625929
KF625931
KF625934
KF625935
KF625939
KF625940
KF625944
KF625947
KF625948
KF625951
KF625952
KF625954
KF625956
KF625961
KF625962
KF625963
KF625966
KF625969
KF625970
KF625971
KF625974
KF625891
DQ198687
KF625907
KF625908
KF625913
KF625917
KF625886
KF625893
DQ198690
KF625899
KF625900
KF625901
KF625883
KF625892
DQ198691
KF625911
KF625914
KF625884
KF625888

DQ181194
DQ181191
DQ181210
KF625384
DQ181197
DQ181241
DQ181196
DQ181187
DQ181205
DQ181188
DQ181195
DQ181230
DQ198592
DQ198594
DQ198602
KF625363
KF625337
KF625339
KF625342
KF625343
KF625347
KF625348
KF625352
KF625355
KF625356
KF625359
KF625360
KF625362
KF625364
KF625369
KF625370
KF625371
KF625374
KF625377
KF625378
KF625379
KF625382
KF625298
DQ198610
KF625314
KF625315
KF625320
KF625324
KF625291
KF625301
DQ198613
KF625306
KF625307
KF625308
KF625288
KF625300
DQ198614
KF625318
KF625321
KF625289
KF625294

UPOL 000L15
UPOL 000L12
UPOL 000194
UPOL RKO0377
UPOL 000L18
UPOL 000594
UPOL 000L17
UPOL 000L03
UPOL 000M44
UPOL 000L05
UPOL 000L16
UPOL 000579
UPOL 000M17
UPOL 000M16
UPOL 000M37
UPOL RK0379
UPOL RK0093
UPOL RKO0096
UPOL RKO0099
UPOL RKO0101
UPOL RK0106
UPOL RKO0107
UPOL RKO111
UPOL RKO0118
UPOL RKO0173
UPOL RK0374
UPOL RK0375
UPOL RKO0378
UPOL RKO0380
UPOL RK0385
UPOL RKO0386
UPOL RK0387
UPOL RK0390
UPOL RK0393
UPOL RK0394
UPOL RK0395
UPOL RK0398
UPOL RKO0199
BMNH 679176
UPOL 001301
UPOL 001302
UPOL 001307
UPOL 001311
UPOL RKO0176
UPOL 001287
UPOL 000M13
UPOL 001293
UPOL 001294
UPOL 001295
UPOL RKO0154
UPOL 001250
UPOL 000M12
UPOL 001305
UPOL 001308
UPOL RKO0155
UPOL RKO0179

LAtescl
LLyDih1
LLyCons
R377LYC
LLyMacl
LLyThos
LLyLypl
LLyLycu
LLyLepi
LLyMet3
LlyCall
LLyErel
lamVest
lamCurs
lamOti2
R379LAM
RO93LAM
RO96LAM
RO99LAM
R101LAM
R106LAM
R107LAM
R111LAM
R118LAM
R173LAM
R374LAM
R375LAM
R378LAM
R380LAM
R385LAM
R386LAM
R387LAM
R390LAM
R393LAM
R394LAM
R395LAM
R398LAM
R199CAN
canRhLi
1301CAN
1302CAN
1307CAN
1311CAN
R176CAN
1287CAN
canAsis
1293CAN
1294CAN
1295CAN
R154CAN
1250CAN
canlchs
1305CAN
1308CAN
R155CAN
R179CAN

Bocak et al. 2008

Bocak et al. 2008

Bocak et al. 2008

Kundrata et al. 2014
Bocak et al. 2008

Bocak et al. 2008

Bocak et al. 2008

Bocak et al. 2008

Bocak et al. 2008

Bocak et al. 2008

Bocak et al. 2008
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Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Cantharidae
Omalisidae
Omalisidae
Omalisidae
Rhagophthalmidae
Rhagophthalmidae
Rhagophthalmidae
Rhagophthalmidae
Rhagophthalmidae
Rhagophthalmidae
Phengodidae
Phengodidae
Phengodidae
Phengodidae
Phengodidae
Phengodidae
Phengodidae
Phengodidae
Phengodidae
Phengodidae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae

Malthininae
Malthininae
Malthininae
Malthininae
Malthininae
Malthininae
Thilmaninae
Omalisinae

Paradrilinae

Agrypninae
Agrypninae
Agrypninae
Agrypninae
Agrypninae
Agrypninae
Agrypninae
Agrypninae
Agrypninae
Agrypninae
Cardiophorinae
Cardiophorinae
Cardiophorinae
Cardiophorinae
Dendrometrinae
Dendrometrinae
Dendrometrinae
Dendrometrinae
Dendrometrinae
Dendrometrinae
Dendrometrinae
Dendrometrinae
Dendrometrinae
Dendrometrinae
Dendrometrinae
Dendrometrinae
Elaterinae
Elaterinae
Elaterinae
Elaterinae
Elaterinae

Malthinus sp.
Malthodes sp.
Inmalthodes sp.
gen. sp.

gen. sp.

gen. sp.
Pseudeuanoma sp.
Omalisus fontisbellaquei
Paradrilus opacus
Rhagophthalmus sp.
Mimoochotyra sp.
Bicladodrilus sp.
gen. sp.

gen. sp.

gen. sp.

Phengodes sp.
Phengodes sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

Agrypnus murinus
Adelocera sp.
Conoderus sp
Drasterius bimaculatus
Platycrepidius sp.
Pyrophorus sp.
Chalcolepidius sp.
Cryptalaus sp.
Selasia sp.

Drilus flavescens
Dicronychus rubripes
gen. sp.
Cardiophorus erichsoni
gen. sp.

Nothodes parvulus
Athous vittatus
Pheletes quercus
Cidnopus pilosus
Anostirus purpureus
Neopristilophus serrifer
Selatosomus latus
Platiana sp.
Hypolithus sp.
Semiotus sp.
Oxynopterus sp.
Denticollis linearis
Cebrio sp.
Octinodes sp.

Elater sp.
Tomicephalus sp.
Anoplischius sp.

Czech Republic
France
Indonesia
Japan

Ethiopia
Cameroon
Greece

Czech Republic
Spain

India

Malaysia
China
Indonesia
Thailand
Indonesia

USA

Panama
Panama

Belize

Panama
Panama
Panama
Panama
Panama
Panama
Slovakia

Japan

Panama
Slovakia
Panama

French Guyana
French Guyana
Malaysia
South Africa
Malta

Slovakia
Indonesia
Slovakia
Namibia
Slovakia
Czech Republic
Czech Republic
Slovakia
Slovakia

Japan

Czech Republic
Indonesia
Japan

Chile
Philippines
Czech Republic
Italy

Panama

Japan

Panama
Panama

KF625627
DQ100532
KF625603
KF625626
KF625590
KF625595
HQ333832
AF451948
KJ909284

DQ100508
DQ100505
DQ100507
KF625717
KF625716
DQ100506
DQ100504
KF625726
KF625723
KF625719
KF625721
KF625727
KF625728
KF625729
KF625730
KF625736
AF451943
HQ333778
HQ333747
HQ333793
HQ333748
KF625742
KF625743
HQ333834
HQ333824
DQ100501
HQ333764
HQ333784
HQ333790
AF451942
HQ333763
HQ333755
HQ333775
HQ333792
HQ333761
HQ333765
HQ333774
HQ333782
HQ333795
HQ333799
HQ333800
DQ100498
KF625745
HQ333749
HQ333766
HQ333750
HQ333745

KF626229
DQ198776
KF626205
KF626228
KF626192
KF626197
KF626300
DQ198749
KJ909285

DQ198756
DQ198753
DQ198755
KF626305
KF626304
DQ198754
DQ198752
KF626313
KF626310
KF626306
KF626308
KF626314
KF626315
KF626316
KF626317
KF626320
DQ198735
HQ333873
HQ333842
HQ333888
HQ333843
KF626325
KF626326
HQ333926
HQ333919
DQ198748
HQ333859
HQ333879
HQ333885
DQ198739
HQ333858
HQ333850
HQ333870
HQ333887
HQ333856
HQ333860
HQ333869
HQ333877
HQ333890
HQ333894
HQ333895
DQ198741
KF626329
HQ333844
HQ333861
HQ333845
HQ333840

KF625919
DQ198693
KF625895
KF625918
KF625885
KF625889
HQ333738
DQ198658
N

DQ198665
DQ198662
DQ198664
KF626005
KF626004
DQ198663
DQ198661
KF626012
KF626009
KF626007
KF626008
KF626013
KF626014
KF626015
KF626016
KF626020
DQ198645
HQ333694
HQ333666
HQ333704
HQ333667
KF626030
KF626031
HQ333740
HQ333731
DQ198657
KF626023
KF626025
HQ333701
DQ198649
HQ333681
HQ333674
HQ333692
HQ333703
HQ333679
HQ333682
HQ333691
HQ333696
HQ333705
HQ333709
HQ333710
DQ198651
KF626040
HQ333668
HQ333683
HQ333669
HQ333664

KF625326
DQ198616
KF625303
KF625325
KF625290
KF625295
HQ334011
DQ198580
KJ909287

DQ198587
DQ198584
DQ198586
KF625410
KF625409
DQ198585
DQ198583
KF625419
KF625416
KF625412
KF625414
KF625420
KF625421
KF625422
KF625423
KF625430
DQ198567
HQ333961
HQ333932
HQ333975
HQ333933
KF625436
KF625437
HQ334014
HQ334004
DQ198579
HQ333947
HQ333966
HQ333972
DQ198571
KF625443
HQ333939
HQ333958
HQ333974
HQ333945
HQ333948
HQ333957
HQ333964
HQ333977
HQ333981
HQ333982
DQ198573
KF625440
HQ333934
HQ333949
HQ333935
HQ333930

UPOL 001313
UPOL 000M20
UPOL 001289
UPOL 001312
UPOL RKO0157
UPOL RK0180
UPOL RKO0079
UPOL 000377
UPOL RKO0626
UPOL 000155
UPOL 000M30
UPOL 000M35
UPOL 001359
UPOL RK0370
UPOL 000M31
UPOL 000M29
UPOL 001241
UPOL RK0366
UPOL RK0361
UPOL RKO0364
UPOL 001243
UPOL 001245
UPOL 001246
UPOL 001247
UPOL 001351
UPOL 001049
UPOL RKO0025
UPOL 001417
UPOL RKO0040
UPOL 001418
UPOL RK0213
UPOL RK0219
UPOL RK0082
UPOL RKO0071
UPOL 001046
UPOL RKO0011
UPOL RK0031
UPOL RKO0037
BMNH 679341
UPOL RKO0010
UPOL RK0002
UPOL RK0022
UPOL RK0039
UPOL RKO0008
UPOL RK0012
UPOL RKO0021
UPOL RK0029
UPOL RKO0042
UPOL RKO0046
UPOL RK0047
UPOL 000M25
UPOL RKO0142
UPOL 001419
UPOL RK0013
UPOL 001420
UPOL 001415

1313CAN
canMasl
1289CAN
1312CAN
R157CAN
R180CAN
R0O790MAp
omaOmal
R6260MA
pheRhal
pheMimo
pheBicl
1359PHE
R370RHA
pheRha2
phePhel
1241PHE
R366PHE
R361PHE
R364PHE
1243PHE
1245PHE
1246PHE
1247PHE
1351PHE
elaAGRam
RO25EAgr
1417EAgr
RO40EAgr
1418EAgr
R213EAgr
R219EAgr
RO82EAgr
RO71DRIs
driDril
RO11ECar
RO31ECar
RO37ECar
elaCARid
RO10EDen
RO02EDen
R022EDen
RO39EDen
ROO8EDen
RO12EDen
R021EDen
RO29EDIm
RO42EHyp
RO46ESem
RO47EOxy
elaDENdI
R142ECeb
1419EEla
RO13EEla
1420EEla
1415EEla

Kundrata et al. 2014
Bocakova et al. 2007
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Kundrata et al. 2014
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Kundrata Bocak 2011
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Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae
Elateridae

BYRRHOIDEA

Byrrhidae
Byrrhidae
Byrrhidae
Byrrhidae
Byrrhidae
Byrrhidae
Byrrhidae
Byrrhidae
Byrrhidae
Callirhipidae
Callirhipidae
Callirhipidae
Callirhipidae
Callirhipidae
Callirhipidae
Callirhipidae
Callirhipidae
Callirhipidae
Callirhipidae
Callirhipidae
Chelonariidae
Chelonariidae
Chelonariidae
Chelonariidae
Chelonariidae
Chelonariidae
Chelonariidae
Chelonariidae
Dryopidae
Dryopidae
Dryopidae
Dryopidae
Dryopidae
Dryopidae
Dryopidae
Dryopidae
Dryopidae
Dryopidae
Dryopidae
Dryopidae
Dryopidae
Dryopidae
Dryopidae
Dryopidae
Dryopidae

Elaterinae
Elaterinae
Elaterinae
Elaterinae
Elaterinae
Morostomatinae
Negastriinae
Negastriinae

Byrrhinae
Byrrhinae
Byrrhinae
Byrrhinae
Byrrhinae

Syncalyptinae

Syncalyptinae
Syncalyptinae

incertae sedis

Ampedus sinuatus
Agriotes acuminatus
Melanotus villosus
Priopus ornatus
Anchastus sp.
Diplophoenicus sp.
Zorochros sp.
Quasimus sp.

Byrrhus pilula
Byrrhus sp.

Curimus erichsoni
gen. sp.

Simplocaria sp.
Chalcosphaerium sp.
Chaetophora spinosa
Curimopsis setigera
gen. sp.

Callirhipis sp.
Calliriphis sp.
Callirhipis dissimilis
Callirhipis suturalis
Callirhipis sp.
Ennometes sp.
Ennometes cf. testaceicornis
Horatocera nipponica
Simianides laportei
gen. sp.

gen. sp.
Chelonarium sp.
Chelonarium sp.
gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

Ceradryops matei
gen. sp.

Dryops costae
Pomatinus substriatus
gen. sp.

Helichus sp.
Pachyparnus sp.
Sostea sp.

Dryops sp.

Sostea sp.

Sostea sp.

Sostea sp.

Sostea sp.

Sostea sp.

Sostea sp.

Sostea sp.

Sostea sp.

Slovakia

Czech Republic
Czech Republic
Laos

Indonesia
Madagascar
Malaysia
Malaysia

United Kingdom
France
Czech Republic

United Kingdom
United Kingdom

Malaysia
Malaysia
Indonesia
Malaysia
Japan
Panama
Malaysia
Malaysia

Indonesia
Indonesia
China
China
China
Malaysia

United Kingdom

Madagascar
Cambodia
Malaysia
Malaysia
Malaysia
Indonesia
Indonesia
Indonesia
Indonesia

HQ333791
HQ333756
HQ333754
HQ333785
HQ333804
KF625753
HQ333796
HQ333802

AF427604
KX092934
KX092935
EF209486
KM364160
EF214158
AF451929
AF451930
EF209488
KM364162
EF209489
KX092944
KX092942
KX092943
EF209490
KX092946
KF625510
KX092945
DQ100490
KF625511
EF209493
EF209492
DQ100488
KF625509
KX092996
KX092997
KX092998
KX092999
EF209494
EF209497
EF209496
AF451924
EF209495
EF209498
EF209499
EF209500
KX092971
KX092983
KX092984
KX092989
KX092985
KX092986
KX092987
KX092988
KX092977

HQ333886
HQ333851
HQ333849
HQ333880
HQ333899
KF626335
HQ333891
HQ333897

DQ198705
KX093068
KX093069
N
KM364303
N
DQ198706
DQ198707
N

KM364305
N

KX093078
KX093076
KX093077
N

KX093080
KF626111
KX093079
DQ198726
KF626112
N

N

DQ198724
KF626110
KX093124
KX093125
KX093126
KX093127
N

N
N
DQ198708
N
N
N
N
KX093101
KX093112
KX093113
KX093118
KX093114
KX093115
KX093116
KX093117
KX093107

HQ333702
HQ333675
HQ333673
HQ333698
HQ333714
KF626050
HQ333706
HQ333712

DQ198625
N
KX092676
EF209426
N

EF214030
N

N
EF209428
N
EF209429
KX092685
KX092683
KX092684
EF209430
KX092686
N

N
DQ198637
KF625818
EF209433
EF209432
DQ198635
KF625817
KX092731
KX092732
KX092733
N
EF209434
EF209437
EF209436
DQ198626
EF209435
EF209438
EF209439
EF209440
KX092709
KX092721
KX092722
KX092725
KX092723
N
KX092724
N

KX092715

HQ333973
HQ333940
HQ333938
HQ333967
HQ333986
KF625454
HQ333978
HQ333984

DQ198548
KX092799
KX092800
EF209546
N

EF214233
N

N
EF209548
N
EF209549
KX092809
KX092807
KX092808
EF209550
KX092810
N

N
DQ198560
KF625211
EF209553
EF209552
DQ198558
KF625210
KX092857
KX092858
KX092859
KX092860
EF209554
EF209557
EF209556
DQ198549
EF209555
EF209558
EF209559
EF209560
KX092835
KX092846
N
KX092851
KX092847
KX092848
KX092849
KX092850
KX092841

UPOL RK0038
UPOL RK0003
UPOL RK0001
UPOL RK0032
UPOL RKO0051
UPOL RK0145
UPOL RK0043
UPOL RKO0049

BMNH 679172
UPOL RK0651
UPOL RK0652
FC_Cl1
BT0017
BMNH 668332
BMNH 679203
BMNH 679204
FC_F01
C0129
FC_222

UPOL RK0643
UPOL RK0644
UPOL RK0655
FC_223

UPOL RK0645
UPOL 001248
UPOL RK0654
UPOL 000M23
UPOL 001249
FC_E16
FC_A19
UPOL 000M06
UPOL 001324
UPOL RK0704
UPOL RK0705
UPOL RK0706
UPOL RK0707
FC_C12
FC_D17
FC_B14
BMNH 693616
FC_E02
FC_B20
FC_A17
FC_405

UPOL RK0672
UPOL RK0674
UPOL RK0675
UPOL RK0676
UPOL RK0677
UPOL RK0678
UPOL RK0679
UPOL RK0680
UPOL RK0681

RO38EEIa
ROO3EEla
ROO1EEIa
RO32EEla
RO51EEla
R145E
RO43ENeg
RO49ENeg

BYRByByr
R651BYR
R652BYR
BYRsp01
BYRsimp
BYRch02
BYRByCha
BYRByCur
BYRsp02
CALca0l
CALca02
R643CAL
R644CAL
R655CAL
CALenno
R645CAL
1248CAL
R654CAL
BYRCacCal
1249CAL
CHEch01
CHEch02
BYRChChe
1324CHE
R704CHE
R705CHE
R706CHE
R707CHE
DRYCema
DRYDrys
DRYDryc
BYRDrPom
DRYspec
DRYHeli
DRYPach
DRYSost
R672DRY
R674DRY
R675DRY
R676DRY
R677DRY
R678DRY
R679DRY
R680DRY
R681DRY

Kundrata Bocak 2011
Kundrata Bocak 2011
Kundrata Bocak 2011
Kundrata Bocak 2011
Kundrata Bocak 2011
Kundrata et al. 2014

Kundrata Bocak 2011
Kundrata Bocak 2011

Bocakova et al. 2007
present study
present study
Ciampor & Ribera
Evans et al. 2014
Hunt et al. 2007
Bocakova et al. 2007
Bocakova et al. 2007
Ciampor & Ribera
Evans et al. 2014
Ciampor & Ribera
present study
present study
present study
Ciampor & Ribera
present study
Kundrata et al. 2014
present study
Bocakova et al. 2007
Kundrata et al. 2014
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Ciampor & Ribera
Bocakova et al. 2007
Kundrata et al. 2014
present study

present study
present study

present study
Ciampor & Ribera
Ciampor & Ribera
Ciampor & Ribera
Bocakova et al. 2007
Ciampor & Ribera
Ciampor & Ribera
Ciampor & Ribera
Ciampor & Ribera
present study

present study

present study

present study
present study
present study
present study
present study

present study



Dryopidae
Dryopidae
Dryopidae
Dryopidae
Dryopidae
Dryopidae
Dryopidae
Dryopidae
Dryopidae
Dryopidae
Dryopidae
Dryopidae
Dryopidae
Dryopidae
Dryopidae
Dryopidae
Elmidae
Elmidae
Elmidae
Elmidae
Elmidae
Elmidae
Elmidae
Elmidae
Elmidae
Elmidae
Elmidae
Elmidae
Elmidae
Elmidae
Elmidae
Elmidae
Elmidae
Elmidae
Elmidae
Elmidae
Elmidae
Elmidae
Elmidae
Elmidae
Elmidae
Elmidae
Elmidae
Elmidae
Elmidae
Elmidae
Elmidae
Elmidae
Elmidae
Elmidae
Elmidae
Elmidae
Elmidae
Elmidae
Elmidae
Elmidae

Elminae
Elminae
Elminae
Elminae
Elminae
Elminae
Elminae
Elminae
Elminae
Elminae
Elminae
Elminae
Elminae
Elminae
Elminae
Elminae
Elminae
Elminae
Elminae
Elminae
Elminae
Elminae
Elminae
Elminae
Elminae
Elminae
Elminae
Elminae
Elminae
Elminae
Elminae
Elminae
Elminae
Elminae
Elminae
Elminae
Elminae
Elminae
Elminae
Elminae

Sostea sp.

Sostea sp.

Sostea sp.

Sostea sp.

Sostea sp.

Sostea sp.

Sostea sp.

Sostea sp.

Sostea sp.

Sostea sp.

Dryops lutulentus
gen. sp.

gen. sp. (nov.)
Pachyparnus sp.

gen. sp.

Pachyparnus sp.
Ancyronyx procerus
Austrolimnius sp.
Cleptelmis sp.
Dupophilus sp.

Elmis latreillei

Elmis maugetii
Esolus angustatus
Graphelmis clermonti
Graphelmis obesa
Graphelmis picea
Hedyselmis sp.
Hedyselmis opis
Heterlimnius sp.
Homalosolus hospitalis
Leptelmis sp.

Limnius intermedius
Limnius perrisi
Luchoelmis sp.
Macrelmis leonilae
Macrelmis scutellaris
Macrelmis striata
Macronevia simplex
Macronychus quadrituberculatus
Neocylloepus sp.
Normandia sp.
Optioservus sp.
Oulimnius rivularis
Oulimnius bertrandi
Oulimnius fuscipes
Oulimnius troglodytes
Rhopalonychus levatorponderis
Riolus subviolaceus
Stenelmis canaliculata
Vietelmis sp.
Zaitzevia sp.
Stenelmis sp.
Stenelmis sp.
Stenelmis sp.
Stenelmis sp.
Graphelmis philemoni

Indonesia
Indonesia
Indonesia
Indonesia
Philippines
Philippines
Philippines
China
Malaysia
Malaysia
France
Indonesia
Cameroon
Indonesia
Indonesia
Malaysia

Malaysia

Mexico
Mexico
Mexico

Hungary

Portugal
Spain

Morocco
Portugal

France

China

Malaysia
Malaysia
Malaysia
Malaysia

KX092978
KX092980
KX092981
KX092982
KX092990
KX092992
KX092991
KX092979
KX092993
KX092994
KX092976
KX092972
KX092995
KX092973
KX092974
KX092975
DQ266489
EF209503
EF209504
EF209506
EF209509
AF451916
EF209510
DQ266483
DQ266481
DQ266482
EU311733
DQO05517
EF209511
AF451921
EF209513
DQ266485
AF451915
EF209515
Q292972
1Q292977
1Q292969
EF209516
AF451920
EF209519
EF209520
EF209521
AF451913
GU935698
GU935702
GU935703
DQ266488
EF209525
AF451919
EF209527
EF209528
KX093003
KX093004
KX093005
KX093006
KX093007

KX093108
KX093110
N

KX093111
KX093119
KX093120
N

KX093109
KX093121
KX093122
KX093106
KX093102
KX093123
KX093103
KX093104
KX093105

Q198709

Q198710

J862767

Q198713

Q198714

2Z22Z2Z29z22209222Z2Z2p»p2209222222292z22Z22

DQ198716
N
N
KX093131
KX093132
KX093133

KX093134
N

KX092716
KX092718
KX092719
KX092720
KX092726
KX092728
KX092727
KX092717
N
KX092729
KX092714
KX092710
KX092730
KX092711
KX092712
KX092713
DQ266478
EF209443
EF209444
EF209446
EF209449
N

EF209450
DQ266473
DQ266471
DQ266472
EU311732
DQ005519
EF209451
N
EF209453
DQ266475
AJB62736
EF209455
N

N

N
EF209456
EF209458
EF209459
EF209460
EF209461
DQ198628
GU935677
GU935680
GU935682
DQ266477
EF209465

N
EF209467
EF209468
N
KX092737
N

N
KX092738

N

KX092843
KX092844
KX092845
KX092852
KX092854
KX092853
KX092842
KX092855

N
KX092840
KX092836
KX092856
KX092837
KX092838
KX092839
DQ266500
EF209563
N
EF209566
EF209569
N

EF209570
DQ266494
DQ266492
DQ266493
EU311731
DQO05515
EF209571
N
EF209573

AJ862800
EF209575
JQ479013
JQ479018
JQ479010
EF209576
EF209578
EF209579
EF209580
EF209581
DQ198551
GU935722
GU935726
GU935729
DQ266499
EF209585

N
EF209587
EF209588
KX092864
KX092865
KX092866
KX092867
KX092868

UPOL RK0682
UPOL RK0683
UPOL RK0685
UPOL RK0686
UPOL RK0687
UPOL RK0688
UPOL RK0689
UPOL RK0692
UPOL RK0715
UPOL RK0716
UPOL RK0718
UPOL RK0733
UPOL RK0738
UPOL RK0740
UPOL RK0742
UPOL RK0745
MNCN-FC-BO05
FC_E14
FC_E13
FC_D04
FC_A13
BMNH 693612
FC_B12
MNCN-FC-D14
MNCN-FC-D16
MNCN-FC-B09
FC2008

FC_D18

BMNH 693626
FC_A10
MNCN-FC-B10
BMNH 693613
FC_D19

MZFC Macle-11
MZFC Macsc-11
MZFC Macst-1a
FC_A02

BMNH 693611
FC_E01
FC_B08
FC_E12

BMNH 679264
Fz313

FZ126

Fz114
MNCN-FC-B01
FC_BO07

BMNH 693614
FC_A03
FC_E08

UPOL RKO0713
UPOL RKO0720
UPOL RKO0721
UPOL RKO0722
UPOL RKO0723

R682DRY
R683DRY
R685DRY
R686DRY
R687DRY
R688DRY
R689DRY
R692DRY
R715DRY
R716DRY
R718DRY
R733DRY
R738DRY
R740DRY
R742DRY
R745DRY
ELMAnpr
ELMAust
ELMClep
ELMDupo
ELMElla
BYREIEIm
ELMEsan
ELMGrecl
ELMGrob
ELMGrpi
ELMHeds
ELMHedo
ELMHete
BYREIHom
ELMLept
ELMLimn
BYREILip
ELMLuch
ELMMele
ELMMesc
ELMMest
ELMMasi
BYREIMac
ELMNeoc
ELMNorm
ELMOpti
BYREIOul
ELMOube
ELMOufu
ELMOutr
ELMRhop
ELMRiol
BYREISte
ELMViet
ELMZait
R713ELM
R720ELM
R721ELM
R722ELM
R723ELM

present study
present study
present study
present study
present study
present study
present study
present study
present study
present study
present study
present study
present study
present study
present study
present study
Ciampor & Ribera
Ciampor & Ribera
Ciampor & Ribera
Ciampor & Ribera
Ciampor & Ribera
Bocakova et al. 2007
Ciampor & Ribera
Ciampor & Ribera
Ciampor & Ribera
Ciampor & Ribera
Ciampor & C.-Z.
Ciampor & Ribera
Ciampor & Ribera
Bocakova et al. 2007
Ciampor & Ribera
Ciampor & Ribera
Bocakova et al. 2007
Ciampor & Ribera
Curiel-Alvarez & M.
Curiel-Alvarez & M.
Curiel-Alvarez & M.
Ciampor & Ribera
Ciampor & Ribera
Ciampor & Ribera
Ciampor & Ribera
Ciampor & Ribera
Bocakova et al. 2007
Ciampor & Kodada
Ciampor & Kodada
Ciampor & Kodada
Ciampor & Ribera
Ciampor & Ribera
Bocakova et al. 2007
Ciampor & Ribera
Ciampor & Ribera
present study
present study
present study
present study
present study



Elmidae
Elmidae
Elmidae
Elmidae
Elmidae
Elmidae
Elmidae
Elmidae
Elmidae
Elmidae
Elmidae
Elmidae
Elmidae
Elmidae
Elmidae
Elmidae
Elmidae
Elmidae
Elmidae
Elmidae
Elmidae
Elmidae
Elmidae
Elmidae
Elmidae
Eulichadidae
Eulichadidae
Eulichadidae
Eulichadidae
Eulichadidae
Eulichadidae
Eulichadidae
Eulichadidae
Heteroceridae
Heteroceridae
Heteroceridae
Heteroceridae
Heteroceridae
Heteroceridae
Heteroceridae
Heteroceridae
Heteroceridae
Heteroceridae
Heteroceridae
Heteroceridae
Heteroceridae
Heteroceridae
Limnichidae
Limnichidae
Limnichidae
Limnichidae
Limnichidae
Limnichidae
Limnichidae
Limnichidae
Limnichidae

Elminae
Elminae
Elminae
Elminae
Elminae
Elminae
Elminae
Elminae
Elminae
Elminae
Elminae
Elminae
Elminae
Larainae
Larainae
Larainae
Larainae
Larainae
Larainae
Larainae
Larainae
Larainae
Larainae
Larainae
Larainae

Heterocerinae
Heterocerinae
Heterocerinae
Heterocerinae
Heterocerinae
Heterocerinae
Heterocerinae
Heterocerinae
Heterocerinae
Heterocerinae
Heterocerinae
Heterocerinae
Heterocerinae
Heterocerinae
Cephalobyrrhinae
Thaumastodinae
Limnichinae
Limnichinae
Limnichinae
Limnichinae
Limnichinae
Limnichinae
Limnichinae

Stenelmis sp.
Stenelmis sp.
Rhopalonychus sp.
Nesonychus sp.
Stenelmis sp.
Graphelmis sp.
Ancyronyx raffaelacatharina
Stenelmis sp.
Stenelmis sp.
Stenelmis sp.

Elminae sp.

Elminae sp.

Elminae sp.
Dryopomorphus sp.
Dryopomorphus sp.
Dryopomorphus sp.
Potamodytes sp.
Potamodytes sp.
Potamodytes sp.
Potamodytes sp.
Potamodytes sp.
Potamophilus acuminatus
Larainae sp.
Potamophilinus sp.
Potamophilinus sp.
Eulichas sp.

Eulichas sp.

Eulichas cf. fasciolata
Eulichas dudgeoni
Eulichas funebris
Eulichas funebris
Eulichas sp.

Eulichas baeri

gen. sp.

gen. sp.

Augyles maritimus
Augyles auromicans
Augyles weigeli
Heterocerus sp.
Heterocerus sp.
Heterocerus angolensis
Heterocerus boliviensis
Heterocerus brunneus
Heterocerus debilipes
Heterocerus texanus
Tropicus pusillus

gen. sp.
Cephalobyrrhus sp.
Pseudeucinetus sp.
Limnichus pygmaeus
Limnichus sp.
Limnichus sp.
Limnichus sp.
Eulimnichus sp.
Platypelochares sp.
Byrrhinus sp.

Malaysia
Laos

Indonesia
Indonesia
Indonesia
Indonesia
Indonesia
Indonesia
Malaysia
Malaysia

Indonesia
Malaysia
South Africa
Madagascar
Madagascar
Zambia

Malaysia

Malaysia
China
China
China
China
Philippines
Indonesia
Malaysia
Morocco
USA
India
Slovakia
Namibia
Bolivia
USA
Australia
USA
USA

Malaysia
United Kingdom
Indonesia
Malaysia

KX093008
KX093009
KX093011
KX093012
KX093013
KX093015
KX093016
KX093017
KX093018
KX093019
EF209508
EF209507
EF209514
EF209505
KX093010
KX093000
AF451912
EF209522
KX093001
KX093002
KX093014
AF451911
EF209512
EF209523
DQ266490
DQ100489
EF209529
KX092937
KX092936
KX092938
KX092939
KX092941
KX092940
KX093031
KX093032
AF451927
N

N
AF451928
EF209532

zzzzz

N
EF209530
EF209534
KF625495
AF451923
EF209535
KX093022
KX093025
AF451922
EF209538
EF209533

KX093135
KX093136
N
KX093138
KX093139
N
KX093141
KX093142
KX093143
KX093144
N
N
N
N
KX093137
KX093128
DQ198715
N

KX093129
KX093130
KX093140
N

N
N
N
DQ198725

N
KX093071
KX093070
KX093072
KX093073
KX093075
KX093074
KX093156
KX093157
DQ198717
HQ446916
HQ446917
DQ198718

N
HQ446914
HQ446896
HQ446892
HQ446913
HQ446900
HQ446883
N
N
KF626096
DQ198719
N

KX093147
KX093150
HQ634240
N

N

EF209466
KX092739
N
KX092741
N

KX092743
KX092744
N

KX092745

N
EF209448
EF209447
EF209454
EF209445
KX092740
KX092734
DQ198629
EF209462
KX092735
KX092736
KX092742
EF209464
EF209452
EF209463
DQ266479
DQ198636
EF209469
KX092678
KX092677
KX092679
KX092680
KX092682
KX092681
KX092756
KX092757
N
HQB05027
HQ629786
DQ198630
EF209472
HQ629795
HQ629791
HQ629787
HQ629796
HQ629793
HQ629797
EF209470
EF209474
KF625805
DQ198631
EF209475
KX092748
KX092751
N
EF209478
EF209473

KX092869
KX092870
KX092872
KX092873
KX092874
KX092876
KX092877
KX092878
KX092879
KX092880
EF209568
EF209567
EF209574
EF209565
KX092871
KX092861
DQ198552
EF209582
KX092862
KX092863
KX092875
EF209584
EF209572
EF209583
DQ266501
DQ198559
EF209589
KX092802
KX092801
KX092803
KX092804
KX092806
KX092805
KX092892
KX092893
N

N

N
DQ198553
EF209592

zzzzz2

N
EF209590
EF209594
KF625197
DQ198554
EF209595
KX092883
KX092886
N
EF209598
EF209593

UPOL RKO0724/FC19* R724ELM

UPOL RK0731
UPOL RK0735
UPOL RK0736
UPOL RKO0737
UPOL RK0741
UPOL RK0743
UPOL RK0744
UPOL RK0746
UPOL RK0747
FC_E04
FC_E03
FC_D20
FC_C16

UPOL RK0732
UPOL RKO717
BMNH 679360
FC_DO01
UPOL RK0659
UPOL RK0660
UPOL RK0739
EC_EO07
FC_E15
FC_C13
MNCNFCA16
UPOL 000M22
FC_E06

UPOL RK0646
UPOL RK0647
UPOL RK0648
UPOL RK0649
UPOL RK0650
UPOL RK0653
UPOL RK0661
UPOL RK0662
BMNH 693618
UMIC:KS
UMIC:K59
UPOL 001048*
FC_F06
UMIC:K54
UMIC:KT75
UMIC:K11
UMIC:K64
UMIC:K6
UMIC:K5
FC_B18
FC_396

UPOL 001318
BMNH 679196
FC_290

UPOL RK0666
UPOL RK0725
IR2002/979750*
FC_D15
FC_E05

R731ELM
R735ELM
R736ELM
R737ELM
R741ELM
R743ELM
R744ELM
R746ELM
R747ELM
ELMEO4
ELMEO3
ELMD20
ELMDryo
R732ELM
R717ELM
BYREIPos
ELMPotm
R659ELM
R660ELM
R739ELM
BYREIPot
ELMLars
ELMPo13
ELMPo16
BYREUEuUI
EULeuli
R646EUL
R647EUL
R648EUL
R649EUL
R650EUL
R653EUL
R661HET
R662HET
BYRHeAug
HETAuau
HETAuwe
BYRHeHet
HETHO06
HETHean
HETHebo
HETHebr
HETHede
HETHete
HETTrpu
HETB18
LIMceph
1318LIM
BYRLiLim
LIMIims
R666LIM
R725LIM
LIMeuli
LIMplat
LIMbyrr

present study
present study
present study
present study
present study
present study
present study
present study
present study
present study
Ciampor & Ribera
Ciampor & Ribera
Ciampor & Ribera
Ciampor & Ribera
present study
present study
Bocakova et al. 2007
Ciampor & Ribera
present study
present study
present study
Ciampor & Ribera
Ciampor & Ribera
Ciampor & Ribera
Ciampor & Ribera
Bocakova et al. 2007
Ciampor & Ribera
present study
present study
present study
present study
present study
present study
present study
present study
Bocakova et al. 2007
King et al. 2011
King et al. 2011
Bocakova et al. 2007
Ciampor & Ribera
King et al. 2011
King et al. 2011
King et al. 2011
King et al. 2011
King et al. 2011
King et al. 2011
Ciampor & Ribera
Ciampor & Ribera
Kundrata et al. 2014
Bocakova et al. 2007
Ciampor & Ribera
present study
present study
Ribera et al.
Ciampor & Ribera
Ciampor & Ribera



Limnichidae
Limnichidae
Limnichidae
Limnichidae
Limnichidae
Limnichidae
Limnichidae
Limnichidae
Limnichidae
Limnichidae
Lutrochidae
Psephenidae
Psephenidae
Psephenidae
Psephenidae
Psephenidae
Psephenidae
Psephenidae
Psephenidae
Psephenidae
Psephenidae
Psephenidae
Psephenidae
Ptilodactylidae
Ptilodactylidae
Ptilodactylidae
Ptilodactylidae
Ptilodactylidae
Ptilodactylidae
Ptilodactylidae
Ptilodactylidae
Ptilodactylidae
Ptilodactylidae
Ptilodactylidae
Ptilodactylidae
Ptilodactylidae
Ptilodactylidae
Ptilodactylidae
Ptilodactylidae
Ptilodactylidae
Ptilodactylidae
Ptilodactylidae
Ptilodactylidae
Ptilodactylidae
Ptilodactylidae
Ptilodactylidae
Ptilodactylidae
Ptilodactylidae
Ptilodactylidae
Ptilodactylidae
Ptilodactylidae
Ptilodactylidae
Ptilodactylidae

Limnichinae
Limnichinae
Limnichinae
Limnichinae
Limnichinae
Limnichinae
Limnichinae
Limnichinae
Limnichinae
Limnichinae

Eubrianacinae
Eubrianacinae
Eubrianacinae

Eubriinae
Eubriinae
Eubriinae
Eubriinae
Eubriinae
Eubriinae
Eubriinae
Cladotominae
Anchytarsinae
Anchytarsinae
Anchytarsinae
Anchytarsinae
Ptilodactylinae
Ptilodactylinae
Ptilodactylinae
Ptilodactylinae
Ptilodactylinae
Ptilodactylinae
Ptilodactylinae
Ptilodactylinae
Ptilodactylinae
Ptilodactylinae
Ptilodactylinae
Ptilodactylinae
Ptilodactylinae
Ptilodactylinae
Ptilodactylinae
Ptilodactylinae
Ptilodactylinae
Ptilodactylinae

Pelochares sp.
Pelochares sp.
Pelochares sp.
Byrrhinus sp.
Byrrhinus sp.
Byrrhinus sp.
Mandersia sp.
Mandersia sp.
Tricholimnichus sp.
Paralimnichus sp.
Lutrochus sp.
Eubrianax edwardsii
Eubrianax sp.

gen. sp.

gen. sp.

gen. sp.
Dicranopselaphus sp.
Dicranopselaphus sp.
Dicranopselaphus sp.
Dicranopselaphus sp.
gen. sp.
Schinostethus brevis
gen. sp.

Paralichas pectinatus
gen. sp.

Epilichas sp.
Epilichas sp.
Anchycteis monticola
Ptilodactyla serricornis
Ptilodactyla sp.
Ptilodactyla sp.
Ptilodactyla sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

gen. sp.

China
Indonesia
Cameroon
Indonesia
Malaysia
Indonesia
China
Malaysia
Philippines

USA
Indonesia
Cambodia

Malaysia
Indonesia
China
Indonesia
Indonesia
Japan
Indonesia
Japan
Cameroon
Japan
Japan
Japan
Japan
China
China
Japan
Indonesia
Indonesia
Indonesia
Malaysia
China
Malaysia
Indonesia
Malaysia
Malaysia
Cameroon
Philippines
Cameroon
Madagascar
Indonesia
Indonesia
Malaysia
Philippines
Philippines

EF209537
KX093024
KX093023
KX093021
KX093028
KX093027
KX093029
KX093030
KX093026
KX093020
EF209539

AF451933
DQ100485
KF625503

EF209540

EF209541

KF625514
KF625515

KX092951
KX092949
KX092947
KX092950
KX092948
DQ100486
KX092963
KX092967
KX092968
KX092970
AF451931

KX092954
KX092956
KX092969
KF625518

KF625520

KF625522

EF209542

EF209543

EF209544

KX092953
KX092955
KX092957
KX092958
KX092959
KX092960
KX092952
KX092966
KX092962
KF625517

KF625519

KF625521

KX092961
KX092964
KX092965

N

KX093149
KX093148
KX093146
KX093153
KX093152
KX093154
KX093155
KX093151
KX093145
HQ634239
DQ198720
DQ198721
KF626103
N

N
KF626115
KF626116
KX093082
N
N
KX093081

N

DQ198722
KX093094
KX093098
KX093099
N

DQ198723
KX093085
KX093087
KX093100
KF626119
KF626121
KF626123
N

N

N

KX093084
KX093086
KX093088
KX093089
KX093090
KX093091
KX093083
KX093097
KX093093
KF626118
KF626120
KF626122
KX093092
KX093095
KX093096

EF209477
KX092750
KX092749
KX092747
KX092753
KX092752
KX092754
KX092755
N
KX092746
EF209479
N

DQ198632
KF625811
EF209480

EF209481

KF625820
KF625821
KX092691
KX092689
KX092687
KX092690
KX092688
DQ198633
KX092702
KX092705
KX092706
KX092708
DQ198634
KX092694
KX092696
KX092707
KF625824
KF625825
KF625827

EF209482

EF209483

EF209484

KX092693
KX092695
KX092697
KX092698
KX092699
N

KX092692
N

KX092701
KF625823

N

KF625826
KX092700
KX092703
KX092704

EF209597
KX092885
KX092884
KX092882
KX092889
KX092888
KX092890
KX092891
KX092887
KX092881
EF209599
N

DQ198555
KF625204
EF209600

EF209601

KF625214
KF625215
KX092811
KX092812
KX092813
KX092814
KX092815
DQ198556
KX092827
KX092831
KX092832
KX092834
DQ198557
KX092818
KX092820
KX092833
KF625217
KF625219
KF625221
EF209602

EF209603

EF209604

KX092817
KX092819
KX092821
KX092822
KX092823
KX092824
KX092816
KX092830
KX092826
KF625222
KF625218
KF625220
KX092825
KX092828
KX092829

FC_444
UPOL RK0708
UPOL RK0665
UPOL RK0663
UPOL RK0664
UPOL RK0727
UPOL RK0667
UPOL RK0670
UPOL RK0748
UPOL RK0691
FC_C14/JK-2011*
BMNH 679347
UPOL 000M33
UPOL RK0163
FC_B16
FC_B17

UPOL RK0168
UPOL RK0169
UPOL RK0671
UPOL RK0699
UPOL RK0693
UPOL RK0694
UPOL RK0700
UPOL 000M41
UPOL RKO773
UPOL RK0829
UPOL RK0830
UPOL RK0832
BMNH 693606
UPOL RK0673
UPOL RK0756
UPOL RK0831
UPOL RK0149
UPOL RK0151
UPOL RK0153
FC_E18
FC_E19
FC_E20

UPOL RK0714
UPOL RKO755
UPOL RK0759
UPOL RK0760
UPOL RK0761
UPOL RK0763
UPOL RK0775
UPOL RK0828
UPOL RK0771
UPOL RK0131
UPOL RK0150
UPOL RK0152
UPOL RK0764
UPOL RK0826
UPOL RK0827

LIMpelo
R708LIM
R665LIM
R663LIM
R664LIM
R727LIM
R667LIM
R670LIM
R748LIM
R691LIM
LUTlutr
BYRPsEue
BYRPsEus
R163PSE
PSEsp01
PSEsp02
R168PSE
R169PSE
R671PSE
R699PSE
R693PSE
R694PSE
R700PSE
BYRPtPar
R773PTI
R829PTI
R830PTI
R832PTI
BYRPtPti
R673PTI
R756PTI
R831PTI
R149PTI
R151PTI
R153PTI
PTIspO1
PTlsp02
PTIsp03
R714PTI
R755PTI
R759PTI
R760PTI
R761PTI
R763PTI
R775PTI
R828PTI
R771PTI
R131PTI
R150PTI
R152PTI
R764PTI
R826PTI
R827PTI

Ciampor & Ribera
present study
present study
present study
present study
present study
present study
present study
present study
present study
Ciampor & Ribera
Bocakova et al. 2007
Bocakova et al. 2007
Kundrata et al. 2014
Ciampor & Ribera
Ciampor & Ribera
Kundrata et al. 2014
Kundrata et al. 2014
present study
present study
present study
present study
present study
Bocakova et al. 2007
present study
present study
present study
present study
Bocakova et al. 2007
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Table S4. Primers used for the PCR amplifications* of the studied genes.

Gene Code -mer Sequence (5’ >> 37)
18SrRNA  fragment A
18S &' 24 GACAACCTGGTTGATCCTGCCAGT
18S b5.0 19 TAACCGCAACAACTTTAAT
fragment B
18S ai 22 CCTGAGAAACGGCTACCACATC
18S b2.5.1 22 CGTTTTTGGCAAATGCTTTCGC
fragment C
18Sal.0.1 20 GGTGAAATTCTTGGATCGTC
18S bi 20 GAGTCTCGTTCGTTATCGGA
fragment D
18S a2.0 19 ATGGTTGCAAAGCTGAAAC
18S 3'Irk1 20 TACGACTTTTACTTCCTCTA
28SrRNA  28S ff 20 TTACACACTCCTTAGCGGAT
28S dd 19 GGGACCCGTCTTGAAACAC
rrnL mtDNA 16a 20 CGCCTGTTTAACAAAAACAT
16b 22 CCGGTCTGAACTCAGATCATGT
ND1-A 27 GGTCCCTTACGAATTTGAATATATCCT
coxl mtDNA S-Pat 21 GCACTAWTCTGCCATATTAGA
S-Jerry 23 CAACATYTATTYTGATTYTTTGG

* PCR conditions included an initial denaturation step of 1-2 min at 94-96°C, followed by 40
cycles as follows: 30-60 sec at 94°C, 30-60 sec at 41-50°C (depending on the melting
temperatures of primer pairs used), 1-2 min at 72°C, and a final step of 10 min at 72°C. ABI
technology was used for the DNA sequencing.



Table S5. Summary of the PartitionFinder results. Settings: branchlengths = linked, models of evolution = mrbayes, search algorithm = greedy.
Q-INS-i - dataset aligned by the Q-INS-i algorithm in Mafft; gaps_out - all positions with at least one gap character discarded; 3rd_out - the third
codon positions in the cox1 sequences discarded. * - Partition scheme in PartitionFinder format = (Genel_posl) (Gene2_posl) (Gene3 posl)
(Gene4_posl) (Gened _pos2) (Gene4_pos3).

Dataset (taxa/aln) Criterion AlICc (BIC) InL #parameters #subsets* Best Model

488/Mafft AlCc 531572.65503 -264494.43724 1035 6 GTR+I+G, SYM+I+G (28S)
488/Mafft BIC 537846.75134 -264494.43724 1035 6 GTR+I+G, SYM+I+G (28S)
488/Muscle AlCc 542099.34686 -269776.39343 1035 6 GTR+I+G, SYM+I+G (28S)
488/Muscle BIC 548473.48032 -269776.39343 1035 6 GTR+I+G, SYM+I+G (28S)
251/Mafft AlCc 322420.57255 -160574.02201 561 6 GTR+I+G, SYM+I+G (28S)
251/Mafft BIC 326021.82413 -160635.04857 561 6 GTR+I+G, SYM+I+G (28S)
251/Muscle AlCc 324694.00390 -161786.00195 561 6 GTR+I+G, SYM+I+G (28S)
251/Muscle BIC 328330.14950 -161793.61840 558 6 GTR+I+G, SYM+I+G (18S, 28S)
209/Mafft AlCc 284023.72908 -141481.47985 477 6 GTR+I+G, SYM+I+G (28S)
209/Mafft BIC 287001.09352 -141481.47985 477 6 GTR+I+G, SYM+I+G (28S)
208/Muscle AlCc 284044.77581 -141496.37256 475 6 GTR+I+G, SYM+I+G (28S)
208/Muscle BIC 287017.85153 -141503.25102 472 6 GTR+I+G, SYM+I+G (18S, 28S)
251/Mafft Q-INS-i  AlCc 318998.25647 -158864.80684 561 6 GTR+I+G, SYM+I+G (28S)
251/Mafft Q-INS-i  BIC 322484.35840 -158873.69096 558 6 GTR+I+G, SYM+I+G (18S, 28S)
251/Mafft gaps_out AICc 236155.27966 -117406.51688 561 6 GTR+1+G, SYM+1+G (28S)
251/Mafft gaps_out BIC 239370.06209 -117414.29001 558 6 GTR+I+G, SYM+I+G (18S, 28S)
251/Mafft 3rd_out  AICc 226036.19490 -112391.51165 550 5 GTR+I+G, SYM+I+G (28S)
251/Mafft 3rd_out BIC 229410.50818 -112391.51165 550 5 GTR+I+G, SYM+I+G (28S)
251/BlastAlign AlCc 277325.33948 -138025.55144 561 6 GTR+I+G, SYM+I+G (28S)
251/BlastAlign BIC 280781.58322 -138031.52060 558 6 GTR+I+G, SYM+I+G (18S, 28S)



Table S6. Numbers and types of characters in the analyzed datasets. * - cox1 mtDNA aligned only by Mafft; 3rd_out - the third codon positions in the cox1
sequences discarded; gaps_out - all positions with at least one gap character discarded.

Number of taxa/ Characters parsimony
Alignment type total 18S rRNA 28S rRNA rrnL mtDNA  cox1 mtDNA* constant variable informative
488/Mafft 5210 2495 1352 640 723 1904 2873 2235
488/Muscle 5536 2668 1460 685 723 1928 3288 2460
251/Mafft 4749 2324 1112 590 723 2133 2381 1860
251/Muscle 4914 2382 1180 629 723 2121 2654 1969
251/BlastAlign 4704 2182 1030 769 723 2182 2082 1579
251/Mafft Q-INS-i 4862 2398 1118 623 723 2212 2339 1809
251/Mafft 3rd_out 4508 2324 1112 590 482 2133 2140 1619
251/Mafft gaps_out 3425 1729 576 397 723 1918 1507 1250
209/Mafft 4744 2320 1111 590 723 2185 2318 1830

208/Muscle 4908 2377 1180 628 723 2183 2586 1926



Table S7. Summary of the RogueNaRok results from the RAXML-inferred bootstrap trees (251 taxa
aligned by Mafft and Muscle algorithms). Maximum dropset size = 1. Raw improvement = overall
fraction of improvement in bootstrap values. RIBC = relative bipartition information criterion.

Voucher Family Genus/Species raw improvement ~ RBIC
251-taxa Mafft alignment

R748LIM Limnichidae Tricholimnichus sp. 1.107143 0.677971
ROO1EEla Elateridae Melanotus villosus 0.843254 0.645429
RO21EDen  Elateridae Selatosomus latus 0.691468 0.648217
BYREIMac Elmidae Macronychus 4-tuberculatus 0.605159 0.650658
RO13EEla  Elateridae Elater sp. 0.603175 0.653090
RO25EAgr  Elateridae Adelocera sp. 0.595238 0.655490
LLyrmd1 Lycidae Platerodrilus sp. 0.591270 0.660246
LLyThos Lycidae Thonalmus sinuaticostis 0.588294 0.657862
LIMceph Limnichidae Cephalobyrrhus sp. 0.566468 0.662530
R805BUP Buprestidae Coraebus diminutus 0.548611 0.680676
R674DRY  Dryopidae Sostea sp. 0.526786 0.664655
R691LIM Limnichidae Paralimnichus sp. 0.515873 0.666735
R791DAS  Dascillidae Emmita serricornis 0.237103 0.668635
RO91ART  Artematopodidae Eurypogon japonicus 0.234127 0.667679
LLibl1 Lycidae Libnetis sp. 0.164683 0.670931
R686DRY  Dryopidae Sostea sp. 0.145833 0.669223
LDiclyl Lycidae Lycoprogenthes sp. 0.138889 0.669783
R377LYC Lycidae Plateros sp. 0.120040 0.670267
251-taxa Muscle alignment

R129CER Cerophytidae Cerophytum elateroides 1.614087 0.647777
1415EEla Elateridae Anoplischius sp. 1.143849 0.652390
R686DRY  Dryopidae Sostea sp. 0.721230 0.655298
R377LYC  Lycidae Plateros sp. 0.710317 0.668031
RO82EAgr  Elateridae Cryptalaus sp. 0.637897 0.657870
LAtescl Lycidae Scarelus sp. 0.624008 0.660386
LLibl1 Lycidae Libnetis sp. 0.593254 0.665167
LDiclyl Lycidae Lycoprogenthes sp. 0.592262 0.662774
LLyrmd1 Lycidae Platerodrilus sp. 0.590278 0.670411
BYRPtPar  Ptilodactylidae Paralichas pectinatus 0.565476 0.672691
LIMceph Limnichidae Cephalobyrrhus sp. 0.564484 0.674967
BYREILip  Elmidae Limnius perrisi 0.553571 0.684200
RO25EAgr  Elateridae Adelocera sp. 0.342262 0.677699
R791DAS  Dascillidae Emmita serricornis 0.335317 0.676319
R145E Elateridae Diplophoenicus sp. 0.301587 0.678915
1247PHE Phengodidae gen. sp. 0.238095 0.679876
R691LIM Limnichidae Paralimnichus sp. 0.129960 0.680400
telTele Omethidae Telegeusis nubifer 0.106151 0.680828



Table S8. Results of the Xia's nucleotide substitution saturation test in DAMBE, based on
simulations with 32 operational taxonomic units (10 000 replicates). Iss - index of substitution
saturation; Iss.c® - critical value for symmetrical tree topology; Iss.c” - critical value for
extremely assymetrical tree topology; T - T value; DF - degrees of freedom; P®, P* -
probability that Iss is significantly different from the critical value (Iss.c® or Iss.c”,
respectively); Pinv - proportion of invariable sites.

Marker/codon pos. Iss  Iss.c® T DF  P°  Issc® T DF P*  Pinv
All sites

18S rRNA 0.813 0.796 0.332 1753 0.740 0.529 5.616 1753 0,000 0.245
28S rRNA 1.425 0.755 8.749 937 0.000 0.456 12.661937 0.000 0.157
rrnL mtDNA 0.679 0.711 0.525 560 0.600 0.383 4.776 560 0.000 0.049

cox1 mtDNA/1 0.250 0.683 11.441226 0.000 0.360 2.902 226 0.004 0.057
cox1 mtDNA/2"™ 0.116 0.683 22.525205 0.000 0.360 9.668 205 0.000 0.145
cox1 mtDNA/3" 0.699 0.683 0.578 240 0.564 0.360 12.546240 0.000 0.000
Fully resolved sites

18S rRNA 0.054 0.764 94.058960 0.000 0.473 55.404960 0.000 0.245
28S rRNA 0.079 0.692 38.439342 0.000 0.363 17.833342 0.000 0.157
rrnL mtDNA 0.243 0.689 12.373194 0.000 0.373 3.615 194 0.000 0.049

cox1 mtDNA/1% 0.226 0.689 11.679195 0.000 0.372 3.67/8 195 0.000 0.057
coxl mtDNA/2™ 0.088 0.689 26.627177 0.000 0.372 12.589177 0.000 0.145
cox1 mtDNA/3" 0.700 0.689 0.384 207 0.702 0.372 11.451207 0.000 0.000



Priloha 4

Kundrata, R., lvie, M.A. & Bocék, L. (2019) Podabrocephalus Pic is the morphologically
modified lineage of Ptilodactylinae (Coleoptera: Elateriformia: Ptilodactylidae). Insect
Systematics & Evolution, doi: 10.1163/1876312X-00002190 [publikovano online, ¢eka na
zatazeni do Cisla].

[IF 0,763; jesté neni na WoS; celkem 1 citace bez autorovych autocitaci]

[korespondujici autor; autorsky podil: 40 %]



NEG/
D€

A s
CALEN
’

[SETTY

T68

BRILL Insect Systematics & Evolution (2018) DOI 10.1163/1876312X-00002190 brill.com/ise

Podabrocephalus Pic is the morphologically modified lineage of
Ptilodactylinae (Coleoptera: Elateriformia: Ptilodactylidae)

Robin Kundrata®*, Michael A. Ivie® and Ladislav Bocak?®

*Department of Zoology, Faculty of Science, Palacky University, 17. listopadu 50,
771 46, Olomouc, Czech Republic
"Montana Entomology Collection, Montana State University, Bozeman, MT 59717, USA
*Corresponding author, e-mail: robin.kundrata@upol.cz

Abstract

A molecular phylogeny of Ptilodactylidae shows that Podabrocephalus Pic, 1913, the type genus of Poda-
brocephalidae Pic, 1930 is closely related to Prilodactyla Illiger, 1807 and other genera of Ptilodactylinae.
Consequently, Podabrocephalidae Pic, 1930 syn. n. is proposed as a junior synonym of Ptilodactylidae
Laporte, 1836. Earlier authors used the highly modified morphology of the male to justify a high rank for
Podabrocephalus. The molecular phylogeny of Ptilodactylidae further indicates that Paralichas White, 1859
(Cladotominae) does not form a monophylum with remaining ptilodactylids. Ptilodactylinae and an
undescribed lineage from Indonesia are sister to the broadly delimited Anchytarsinae. Within Ptilodactyli-
nae, Pherocladus Fairmaire, 1881 s sister to a clade formed by Prilodactyla spp. and Podabrocephalus. We
remove Falsotherius Pic, 1913 from Ptilodactylinae to Ptilodactylidae incertae sedis, and return Daemon
Laporte, 1836 from Ptilodactylinae to Anchytarsinae. Cross validation of morphology- and DNA-based
phylogenies is needed for interpreting phylogenetic inference in morphologically modified lineages.

Keywords
Byrrhoidea; classification; molecular phylogeny; morphology; Oriental Region

Introduction

The enigmatic Podabrocephalus Pic, 1913 from southern India has an obscure history.
The genus was originally based on a single damaged specimen without an explicit
family placement and compared only with the cantharid Chauliognathus Hentz, 1830
(Pic 1913). In the Zoological Record (Sharp 1916), Podabrocephalus was placed in the
Malacodermidae, at that time an amalgamation of the cantharids, lampyrids, lycids,
melyrids and other distantly related elateroid and cleroid lineages sharing a soft-bodied
morphology. This was the first explicit familial placement of this morphologically dis-
tinct beetle. Later, Pic (1930) claimed he had described it in the Cantharidae, but felt it

© Koninklijke Brill NV, Leiden, 2018 DOI 10.1163/1876312X-00002190
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was closer to Drilidae, and proposed a separate family Podabrocephalidae. His descrip-
tion is a short paragraph at the end of a paper on other topics. This taxon seemingly
languished for the next several decades, and was later treated by Wittmer (1969), who
discussed the placement a few dozen of Pic’s Cantharidae names. Unfortunately, this
paper has been mostly overlooked, leading to the continued misplacement of the taxon
(e.g., Lawrence & Newton 1995). Apparently unaware of Pic’s 1930 paper erecting a
family for the genus, Wittmer (1969), citing advice from Crowson, in litteris, suggest-
ed that Podabrocephalus might be related to Ptilodactylidae. Stribling (1986) treated
this genus as incertae sedis in his generic revision of Ptilodactylidae, and Lawrence &
Newton (1995) and Lawrence et al. (2010) classified it as Podabrocephalidae under
Elateriformia incertae sedis. Bouchard et al. (2011) placed Podabrocephalidae in Byr-
rhoidea. Lawrence et al. (2011) provided a phylogenetic hypothesis for Coleoptera
based on morphological characters and found Podabrocephalus within Elateroidea as
a sister to all soft-bodied lineages (i.e., former Cantharoidea). McKenna et al. (2015)
used molecular markers to reveal the phylogenetic relationships within Coleoptera and
found Podabrocephalus sister to Ptilodactyla 1lliger, 1807, both forming a clade with
Anchycteis Horn, 1880 + Cneoglossa Guérin-Méneville, 1849 (Cneoglossidae). Prob-
ably, based on these results, Lawrence (2016a, b) classified Podabrocephalus in Ptilodac-
tylidae using the subfamily Podabrocephalinae Pic, 1930, in fact a new status but not
explicitly designated as such. A time-line of Podabrocephalus placement is summarized
in Table 1.

There are numerous beetle families and their relationships are mostly well under-
stood (Hunt et al. 2007; McKenna et al. 2015). A few, such as Podabrocephalidae,
are cited in various classifications, but their detailed positions have remained unclear.
In this study, we merge the Podabrocephalus sequences published by McKenna et al.
(2015) with other sequences of the Ptilodactylidae and their relatives used in the mo-
lecular phylogeny of Byrrhoidea by Kundrata et al. (2017). We infer the molecular
phylogeny of Ptilodactylidae to determine the position of Podabrocephalus within the

Table 1. Time-line of familial placement of Podabrocephalus Pic, 1913.

Year Author(s) Placement of Podabrocephalus Pic, 1913

1913 Pic not formally placed, compared with Cantharidae

1916 Sharp Malacodermidae

1930  Pic Podabrocephalidae, close to Drilidae

1969  Wittmer Ptilodactylidae

1986  Stribling incertae sedis [unpublished study]

1995  Lawrence & Newton Podabrocephalidae in Elateriformia incertae sedis

1999  Lawrence et al. Podabrocephalidae in Elateriformia incertae sedis

2002  Ivie Podabrocephalidae

2010  Lawrence et al. Podabrocephalidae in Elateriformia incertae sedis

2011 Lawrence et al. Podabrocephalidae in Elateroidea, sister to "Cantharoidea”
2011  Bouchard etal. Podabrocephalidae in Byrrhoidea

2015 McKenna et al. Pilodactylidae (Podabrocephalus+ Prilodactyla) + (Anchycteis+ Cneoglossa)

2016  Lawrence Ptilodactylidae: Podabrocephalinae
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family and question the validity of recognizing Podabrocephalus at the family-group
level. Additionally, we discuss the parallel evolution of some characters repeatedly lead-
ing to a mistakenly high rank for the morphologically modified soft-bodied lineages.

Material and Methods
Dataset, alignment and phylogenetic methods

To test the phylogenetic placement of Podabrocephalus, we used the sequences of this
genus and available Ptilodactylidae deposited in GenBank (Table 2; Bocakova et al.
2007; Kundrata et al. 2014, 2017; McKenna et al. 2015). The outgroup selection and
markers used for the phylogenetic analyses were based on the molecular phylogeny of
Byrrhoidea by Kundrata et al. (2017). The representatives of Callirhipidae, Eulichadi-
dae, Psephenidae, and Elmidae were used as outgroups, and the trees were rooted with
Anthaxia corinthia Reiche & Saulcy, 1856 (Buprestidae). Fragments of two nuclear
(18S rRNA, 28S rRNA) and two mitochondrial (772L mtDNA, cox! mtDNA) genes
were used for the phylogenetic analyses. Our dataset contained 38 terminals; 32 of
them were represented by all four markers (Table 2). Mitochondrial markers were not
available for Podabrocephalus (McKenna et al. 2015). The sequences were aligned using
Mafft (default parameters; Katoh et al. 2002; Katoh & Standley 2013) and Muscle
(default parameters; Edgar 2004) algorithms in Geneious 7.1.7 (Kearse et al. 2012;
http://www.geneious.com). Alignment of the length invariable protein-coding cox/
sequences was checked by amino acid translation. The best-fit partitioning schemes
and partition-specific substitution models were tested in PartitionFinder 1.1.1 (greedy
algorithm; Lanfear et al. 2012) using the corrected Akaike information criterion.

Maximum likelihood (ML) analysis was conducted using RAxML 8.2.10 (Stama-
takis 2006) on the CIPRES web server (www.phylo.org; Miller et al. 2010). We ap-
plied the GTR+I+G model and the partitioning scheme by genes and codon positions
as defined by PartitionFinder. The confidence of the branches of the best ML tree
was assessed based on 1000 thorough bootstrap replicates (BS). Bayesian inference
(BI) analysis was performed in MrBayes 3.2.6 (Huelsenbeck & Ronquist 2001) via
the CIPRES portal (Miller et al. 2010), with partitioning schemes and nucleotide
substitution models identified in PartitionFinder. Four chains as described in the
MrBayes manual were run for 4x107 generations using the Markov chain Monte Carlo
method. Stationary phase and convergence were detected in Tracer 1.5 (Rambaut &
Drummond 2007) and the first 8x10° of generations were discarded as burn-in. The
majority-rule consensus tree was constructed to determine the posterior probabilities
(PP) from the remaining trees. The resulting trees were visualized and edited in FigTree
1.3.1 (Rambaut 2009).

Morphology

Both type and non-type material of Ptilodactylidae from the following collections
was morphologically examined for the purpose of this study: the Muséum National

d'histoire Naturelle, Paris, France (MNHN), the Natural History Museum, London,


http://www.geneious.com
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United Kingdom (BMNH), the Naturhistorisches Museum, Vienna, Austria
(NHMW), the Senckenberg Deutsches Entomologisches Institut, Miincheberg, Ger-
many (SDEI), the collection of author MAI (MAIC, Bozeman, Montana, USA), and
the voucher collection of the Laboratory of Molecular Systematics, Palacky University,
Olomouc, Czech Republic. Morphological study of Podabrocephalus was based on the
holotype of Podabrocephalus sinuaticollis Pic, 1913 and one additional specimen of that
species from the BMNH, as well as 15 specimens of a still undescribed species from
MAIC, including the specimen used by McKenna et al. (2015) (MAI, unpublished
information).

Results

Dataset/Alignment parameters

The 38-taxa Mafft alignment included 3808 homologous positions (1872, 670, 543,
and 723 positions for 18S, 28S, r7nL, and cox1, respectively), from which 2866 were
conserved, 896 variable, and 653 parsimony-informative. The Muscle alignment in-
cluded 3817 homologous positions (1866, 671, 557, and 723 positions for 18S, 288,
rrnL, and cox1, respectively), from which 2883 were conserved, 902 variable, and 649
parsimony-informative.

Both ML and BI analyses from Mafft and Muscle alignments yielded similar re-
lationships and support for major clades (Fig. 1). The relationships within outgroup
taxa varied to some extent, but Psephenidae (Eubriinae and Eubrianacinae) were never
monophyletic, and Elmidae were regularly recovered as sister to the bulk of Ptilodac-
tylidae. Ptilodactylidae were split between Paralichas White, 1859 (Cladotominae),
which was among outgroups in a distant position to the remaining ptilodactylids. The
Ptilodactylidae clade, i.e., Ptilodactylidae without Paralichas, was moderately to strong-
ly supported in all analyses (86-94% BS, 100% PP). The clade containing Epilichas
White, 1859, Anchycteis Horn, 1880, Daemon Laporte, 1836, and a still undescribed
genus from Cameroon (= Anchytarsinae in further text) was moderately to strongly
supported, and was recovered as a sister to the clade containing Ptilodactylinae, includ-
ing Podabrocephalus, and a genus from Sumatra (RK0150; Fig. 1). Podabrocephalus was
recovered nested within Ptilodactylinae and the clade obtained strong support in all
analyses (98-99% BS, 100% PP). Pherocladus Fairmaire, 1881 was always recovered as
sister to the Prilodactyla clade, i.e., Ptilodactyla including Podabrocephalus. The mono-
phyly of the Prilodactyla clade did not obtain reasonable support in the ML analyses.
However, no alternative topology was indicated by any analysis. The internal topology
of the clade was variable; however, species BMNH 693606 from Japan was always
recovered as sister to the remaining species (Fig. 1). Podabrocephalus is nested within
the clade of the current broadly defined Prilodactyla (Fig. 1). The immediate sister-
relationships of Podabrocephalus obtained low bootstrap support, probably due to the
presence of only 18S and 28S markers for this taxon in the dataset. However, robust
support was inferred in the molecular analysis for the placement of Podabrocephalus
within Ptilodactylinae.
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878 RK0152 Pherocladus sp.
e RK0826 Pherocladus sp.
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Ptilodactylidae: undescribed
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RKO0759 Ptilodactyla sp.
RKO763 Ptilodactyla sp.
RKO0828 Ptilodactyla sp.
RKO0831 Ptilodactyla sp.
RKO0153 Ptilodactyla sp.
RKO755 Ptilodactyla sp.
RKO0673 Ptilodactyla sp.

Ptilodactylidae: Ptilodactylinae

MSC1355 Podabrocephalus sp.
RKO775 Ptilodactyla sp.
RKO756 Ptilodactyla sp.
RKO760 Ptilodactyla sp.
RKO761 Ptilodactyla sp.
RKO714 Ptilodactyla sp.

Fig. 1. Phylogenetic hypothesis for Ptilodactylidae inferred from the ML analysis of the Mafft alignment.
Numbers at the branches indicate bootstrap values for ML analyses of the Mafft and Muscle alignments,
and posterior probabilities for BI analyses of the Mafft and Muscle alignments, respectively.

Systematics

Family Ptilodactylidae Laporte, 1836
Subfamily Ptilodactylinae Laporte, 1836
Ptilodactylidae Laporte, 1836: 21.
Type genus: Prilodactyla liger, 1807: 342.
=Podabrocephalidae Pic, 1930, syn. n.
Podabrocephalidae Pic, 1930: 314.
Type genus: Podabrocephalus Pic, 1913: 118.

Diagnosis, redescription and composition of the subfamily Ptilodactylinae

Diagnosis. Eyes strongly protuberant (Figs. 3—6); antennal insertions widely separated;
subantennal groove absent; antenna 11-segmented; gular sutures narrowly separated
(Figs. 3, 6); cervical sclerites present. Pronotum wider than long, widest posteriorly, nar-
rowed anteriorly (Fig. 2); procoxal cavities slightly transverse, internally open (Figs. 3, 7);
protrochantin not exposed, concealed by posterolateral extension of prosternum which
meet hypomeral projection. Elytra without scutellary striole; epipleuron complete.
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5 i ' 6

Figs. 2-7. Piilodactylinae. Podabrocephalus sinuaticollis Pic, 1913, holotype. (2) habitus, dorsally; (3)
habitus, ventrally; (4) prosternal process, laterally. Ptilodactyla sp. (5) head, dorsally; (6) head, ventrally;
(7) thorax, ventrally. Scale bars = 1.0 mm (Figs. 2-3), 0.5 mm (Figs. 4-7). Credit for Figs. 2-3: A. Mantil-
leri (MNHN).

Mesocoxal cavities narrowly separated, open laterally (Figs. 3, 7). Metacoxae contigu-
ous or narrowly separated. Hind wing with elongate radial cell; cross-vein r3 very
short; wedge cell absent. Tibial spurs double on all pairs of legs. Tarsi pseudotetramer-
ous, tarsomere III lobate ventrally, tarsomere IV reduced, pretarsal claws toothed or
bifid. Abdomen with five ventrites, basal three connate.

Redescription. Adult (Figs. 2-8). Body medium-sized, 3-7 mm long, rarely
longer. Head subquadrate, declined (most genera; Figs. 5-6) or elongate, not de-
clined (Podabrocephalus; Figs. 2—4, 8); frontal region declined apically to strongly
deflexed and vertical only at apex. Eyes entire, strongly protuberant, finely facetted
(Figs. 3—6). Antennal insertions widely separated; subantennal groove absent. Anten-
na 11-segmented; male antenna with articulated rami on antennomeres 4-10 (most
genera) or filiform (Podabrocephalus; Figs. 2-3, 8), female antenna filiform to serrate;
labrum subquadrate (most genera) or more transverse (Podabrocephalus). Gular sutures
narrowly separated (Figs. 3, 6). Cervical sclerites present. Mandible relatively short,
broad, bidentate, with prostheca (most genera; Figs. 5-6) or long, falcate, unidentate,
pointing posteroventrally, without prostheca (Podabrocephalus; Figs. 3—4, 8). Maxilla
with distinct acute galea and lacinia forming spore brush (most genera) or with only
a single apical lobe (Podabrocephalus), terminal maxillary palpomere variously shaped,
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Fig. 8. Podabrocephalus sp.; habitus, laterally.

sometimes sexually dimorphic. Labium with simple ligula, terminal labial palpomere
variously shaped. Pronotum wider than long, widest posteriorly, narrowed anterior-
ly, lateral carinae incomplete anteriorly (most genera) or complete (Podabrocephalus;
Figs. 4, 8), anterior angles not produced, posterior angles not produced (most genera)
or produced posterolaterally (Podabrocephalus; Figs. 2, 8), posterior margin distinct-
ly sinuate, crenulate (most genera) or simple (Podabrocephalus, Chelonariomorphus).
Prosternal process complete (most genera; Fig. 7) or incomplete, strongly produced
ventrally (Podabrocephalus; Figs. 3—4, 8). Procoxal cavities slightly transverse, contigu-
ous or narrowly separated, internally open. Protrochantin not exposed, concealed by
posterolateral extension of prosternum which meet hypomeral projection. Scutellar
shield abruptly elevated, with anterior margin simple, notched or crenulate. Elytra
1.5-2.3 times as long as wide, irregularly punctate, without scutellary striole; epipleu-
ron complete. Mesoventrite shallowly depressed medially, anteriorly on same plane
as metaventrite. Mesocoxal cavities narrowly separated, open laterally. Metaventrite
with discrimen moderately to very long. Metacoxae contiguous or narrowly separated.
Hind wing with radial cell elongate, with inner posterobasal angle acute, cross-vein r3
very short, wedge cell absent. Leg long, slender; tibial spurs double on all pairs of legs;
tarsi pseudotetramerous, tarsomere I1I lobate ventrally, tarsomere IV reduced; pretarsal
claws toothed or bifid. Abdomen with five ventrites, basal three connate; ventrite 1
without (Podabrocephalus) or with slender intercoxal process (most genera); ventrite 5
more or less emarginate. Functional spiracles on segment VIII absent. Aedeagus trilo-
bate, phallobase without struts, paramere and phallus of different shapes. Ovipositor
long, gonocoxites not divided, gonostyli absent.

Composition. Ptilodactylinae as here defined corresponds mostly with the Pti-
lodactylini or Ptilodactylinae of Pic (1914), Crowson (1955), Stribling (1986, un-

published dissertation, summarized by Ivie [2002]) and the most recent summary by
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Chatzimanolis et al. (2012). With the changes proposed here, the subfamily contains
eight genera and about 400 described species: Prilodactylallliger, 1807 (about 370 spp.);
Chelonariomorphus Pic, 1916 (1 sp.); Lachnodactyla Champion, 1897 (4 spp.); Lome-
chon (1 sp.); Microdrupeus (1 sp.); Pherocladus Fairmaire, 1881 (9 spp.); Podabrocephalus
(1 sp.); Stirophora Champion, 1897 (= Chaetodactyla Champion, 1897) (2 spp.).

The genus Daemon, placed in Ptilodactylinae by Stribling (1986) and Chatzimanolis
et al. (2012), is here moved to Anchytarsinae based on the results of molecular phy-
logeny (Fig. 1). Such placement was already proposed by Lawrence & Newton (1995),
and it is additionally supported by the morphology (e.g., visible protrochantins and
simple claws in Daemon spp.). Falsotherius Pic, 1913, although classified in Ptilodactyl-
inae by Stribling (1986), Lawrence & Newton (1995) and Chatzimanolis et al. (2012),
does not fit the definition of this subfamily as it has partly visible protrochantins (con-
cealed in Ptilodactylinae), lobate tarsomere II (simple in Ptilodactylinae), and simple
claws (toothed or bifid in Ptilodactylinae). Because this genus cannot be placed to any
other existing ptilodactylid subfamily, we place Falsotherius in Ptilodactylidae incertae
sedis until the family revision is carried out.

Genus Podabrocephalus Pic, 1913
Podabrocephalus Pic, 1913: 118.

Type species. Podabrocephalus sinuaticollis Pic, 1913; by monotypy.
Type locality. India: Travancore: Wallardi.

Diagnosis. Members of the genus Podabrocephalus share particular characters with
some non-ptilodactyline lineages, such as the prolonged head with Octoglossa (which
has also longer mandibles than most other ptilodactylids) or the transverse labrum and
complete lateral pronotal margins with Cladotominae, but it can be clearly recognized
by the characters typical for the Ptilodactylinae, i.e., concealed protrochantins, pseu-
dotetramerous tarsi, and toothed claws. Within Ptilodactylinae, Podabrocephalus can
be recognized by its less sclerotized, subparallel-sided, more elongate body (Figs. 2-3,
8), elongate head, long, narrow, falcate mandibles (Figs. 4, 8), reduced maxilla, prono-
tal posterior angles strongly produced posterolaterally (Figs. 2-3, 8), lateral pronotal
carinae complete (Figs. 4, 8), and prosternal process strongly produced ventrally (Figs.
3—4, 8). Female and immature stages are unknown.

Composition. Only P. sinuaticollis Pic, 1913 is described.

Discussion
Monophyly, phylogeny and classification of Ptilodactylidae

The monophyly of Ptilodactylidae has been questioned in many studies (e.g., Beutel
1995, Lawrence et al. 1995; Costa et al. 1999; Kundrata et al. 2017) and the cur-
rent results corroborate the hypothesis on the non-monophyly of this family (Fig. 1).
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Cladotominae, represented here only by Paralichas, are inferred as not related to re-
maining ptilodactylids and more data is needed for their well-supported placement.
Their position outside the Ptilodactylidae has already been suggested using morphology
and molecular data (Beutel 1995; Bocakova et al. 2007; Kundrata et al. 2017). Clad-
otominae are characterized by the strongly transverse labrum, inflated pronotal disc,
complete pronotal lateral carinae, reduced wedge cell, absence of gonostyli, and the
distinctive larva with a spiracular siphon.

The here provided molecular phylogeny shows the monophyly of Anchytarsinae +
a yet undescribed lineage + Ptilodactylinae. However, many lineages are not yet rep-
resented in our molecular dataset. For instance, a majority of described genera of
both subfamilies are missing, and all Prilodactyla studied were Old World species, al-
though this very heterogeneous group contains hundreds of species in the New World.
The close relationship of Anchytarsinae and Ptilodactylinae was suggested previous-
ly by both morphology (Costa et al. 1999; Lawrence et al. 2011) and DNA studies
(McKenna et al. 2015; Kundrata et al. 2017). In our study, Anchytarsinae were rep-
resented by Anchycteis, Daemon, Epilichas and two unidentified Afrotropical taxa, and
their monophyly was well supported (Fig. 1). Stribling (1986) created a tribe within
Ptilodactylinae for Daemon and an undescribed African genus. The latter is most prob-
ably congeneric with the RK0771 and RK0773 from Cameroon in our study. Daemon
was placed in Anchytarsinae by Lawrence & Newton (1995), but it was returned to the
Ptilodactylinae by Chatzimanolis et al. (2012). Here, we recover a relationship of Dae-
mon and the undescribed African genus with Epilichas and Anchycteis (Fig. 1), and we
combine this well-supported clade as Anchytarsinae sensu lato. Further investigation
is needed to determine whether morphological synapomorphies exist for this group.

Another undescribed ptilodactylid lineage is represented here by a male specimen
from Indonesia: Sumatra coded as RK0150. We keep this lineage as undescribed until
more material is available for more detailed morphological investigation.

Podabrocephalus was consistently recovered within Prilodactyla despite the morpho-
logical divergence (Fig. 1). The genus differs from “typical” Ptilodactylinae in the gen-
eral appearance, weaker sclerotization, the prolonged head, strongly produced pronotal
posterior angles, and straight base of the pronotum (a character shared with Chelon-
ariomorphus only). The configuration of the protrochantins, tarsi, genitalia and claws
are characters supporting Podabrocephalus placement in Ptilodactylinae sensu stricto.
Based on the current results, we synonymize the family Podabrocephalidae Pic, 1930
syn. n. with the Ptilodactylidae Laporte, 1836. We recovered Podabrocephalus within
the widely defined Prilodactyla, but the genus has been used as a collective taxon for
morphologically diverse taxa and is in a need of taxonomic revision.

Parallel evolution of morphological modifications in sofi-bodied lineages

The monophyly and morphology-based relationships among the majority of beetle fam-
ilies have been mostly confirmed by molecular analyses (Hunt et al. 2007; Bocak et al.
2014; McKenna et al. 2015). Unlike many other groups, conflicting relationships were
recovered for the incompletely sclerotized beetle lineages. Lawrence et al. (2011) recov-
ered Podabrocephalus in the Elateroidea as a sister to a “clade” of soft-bodied lineages
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using a formal morphological phylogenetic analysis. The close relationship of
Prilodactyla and Podabrocephalus was recovered by McKenna et al. (2015), but both
taxa were represented only by a single terminal and Podabrocephalus was kept as a
representative of the monotypic subfamily Podabrocephalinae (Lawrence et al. 2016a).
Our molecular analysis places Podabrocephalus within the widely defined Prilodactyla
of the Ptilodactylinae (Fig. 1).

Molecular analyses of Elateroidea that include taxonomic groups defined by the
soft-bodied adults repeatedly recovered them as a polyphyletic assemblage of inde-
pendently rooted clades related to Artematopodidae (Omethidae and Telegeusidae) or
Elateridae (Phengodidae, Rhagophthalmidae, Omalisidae), deeply rooted in the Elat-
eroidea tree (Cantharidae, Lycidae and Lampyridae; Bocakova et al. 2007; Kundrata et
al. 2014; McKenna et al. 2015), or even forming a terminal lineage within Elateridae
(Drilidae; Kundrata & Bocak 2011). This conflict in molecular and morphological
signal is, therefore, commonly encountered in beetles with what has been called the
“malacoderm facies”.

Podabrocephalus was originally compared with Cantharidae (Pic 1913) or Drilidae
(Pic 1930) and conversely, the position of Podabrocephalus within Ptilodactylinae is
now robustly inferred from molecular data (Fig. 1). This taxon becomes a further ex-
ample of an inappropriately high rank for a morphologically modified elateriform line-
age. The female of Podabrocephalus remains unknown and we cannot exclude that it
is wingless. Until the female is collected the question on the level of modification of
Podabrocephalus females remains open.

The adult male of Podabrocephalus sinuaticollis differs from other Ptilodactylinae
in numerous characters, but in contrast with the soft-bodied elateroids, with which
it was formerly associated, it is quite well sclerotized and does not substantially differ
in this trait from other Prilodactyla sensu lato. The male differs in having a long head,
specifically a long occipital region, long sickle-shaped mandibles, pronotal posterior
angles strongly produced, promesothoracic interlocking mechanism absent, proster-
nal process incomplete and strongly produced ventrally, and a shorter and narrower
abdomen without co-adapted abdominal and elytral margins (Figs. 2—4, 8). Some of
these modifications, e.g., non-coadapted margins of elytra and abdomen, resemble
those of soft-bodied elateroid lineages. Similarly, the modified shape of the cranium
is a variable character and modifications are common in some elateroid beetles, e.g.
the males of Dexoris Waterhouse, 1878 and Lyropaeus Waterhouse, 1878 (Bocak &
Bocakova 2008). The absent promesothoracic interlocking mechanism is characteristic
for weakly sclerotized click beetles (Elateridae), e.g., Agrypninae: Drilini (Kundrata
& Bocak 2017) and Elaterinae: Cebrionini (Kundrata & Bocak 2011). Similarly, the
close co-adaptation of pro- and mesothorax was lost in males of the modified dermestid
Thylodrias contractus Motschulsky, 1839 (Lawrence & Slipiﬁski 2010). The long, sick-
le-shaped mandibles are characteristic for Podabrocephalus and unknown from other
Ptilodactylidae. We know only a single case when a taxon with modified morphology
differs from its close relatives in the long, slender mandibles, i.e., Platerodrilus Pic,
1921 (Lycidae: Lyropaeinae: Platerodrilini; Masek & Bocak 2014). The function of the
prosternal process and long mandibles remains unknown.
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The modified morphology provided a false morphological signal and based on the
morphological divergence an inappropriately high rank was assigned to Podabrocephalus.
These cases are common and the relationship of Podabrocephalus with other Ptilodac-
tylinae genera demonstrates the importance of cross-validation of the morphological
and molecular signal.
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