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1. ELOZMENYEK ES CELKITUZES

1.1. El6zmények

Jelen doktori értekezés célja a kozel 20 éve tartd entomologiai kutatdsaim folytatdsa, a doktori
képzés elott megkezdett, hasonld témakorben végzett taxondmiai €s faunisztikai eredmények
tovabbi, folyamatos kozlése. A tobb elembdl Osszedllitott doktori értekezés a pattandbogar-
rendszertan és osztalyozas témakorén beliil kiilonféle résztémakat fed le.

A pattandbogarak az egyik legnagyobb fajszamu bogarcsalad, vilagszerte nagyjabol 10000 fajuk
ismert. Szdmos csoportjuk gazdasagi, fejlodéstorténeti és Okologiai szempontbdl is jelentds.
Véltozatos megjelenésti ¢€s ¢életmodu fajaik kozt eldfordulnak haszonndvények gyokerét
karositok, érintetlen erdokben fejlodé szaproxilofagok vagy példaul szarazfoldi csigakat
ragadozok is, benépesitve az esderdei, sivatagi ¢s magashegyi ¢lohelyeket is (BOUCHARD et al.
2017). Jelentoséglik mind vildgszinten, mind pedig hazdnkban természetvédelmi szempontbdl is
szamottevo. 1dds erdéalloméanyokhoz kotdédo, éldhelyspecialista fajaik fontos erddallapotjelzok,
jelenlétiik egyes mikrohabitatokban kulcsfontossagti (ECKELT et al. 2017). Ugyanakkor a
legtobb esetben nem ismerjilk pontos Okologiai sziikségleteiket, él6helyigényeiket, pl. a
holtfaban fejlddd fajok szdmara sziikséges holtfa mindségét, fajosszetételét, az adott tertilet
klimatikus viszonyait stb. Palearktikus fajaik kutatottsaga vilagszinten elfogadhato, jelenleg
azonban tucatnyi, még aktiv specialista dolgozik csupan a csoporton. Kutatottsaguk ellenére
rendszer- ¢és nevezéktanuk nem tisztdzott, folyamatosan valtozik, egyes fajcsoportjaik
tekintetében csak régi irodalmakra hagyatkozhatunk (STIBICK 1979). A nemzetkozi
szakirodalomban folyamatosan megjelend publikacidk ugyan részben tisztdzzak szamos csoport,
genusz vagy faj rendszertani helyzetét (MUONA 1995, LAWRENCE et al. 2007), am ez
korantsem jelenti azt, hogy ne lenne feladata a jelen és jov6 taxondmusainak.

A taxondmia a rendszerezés egységeivel, kategoridival, a rendszerezés miiveleteivel és
szabalyaival foglalkozé, alapvetden Osszehasonlité és analitikus szemléletli, leird-rendszerezo
tudomany. Tobb szaz éves multi tudomanyteriilet, mely folyamatosan fejlddik, valtozik, ezzel
egyre pontosabb képet adva a koriilottiink eléforduld allat-, ezen beliil bogarfajok rendszerérol.
Taxondmiai alapok nélkiil olyan tudomdnyteriiletek, mint az O0kologia, biogeografia vagy a
filogenetika nem 4llhat erds ldbakon (LOBL et al. 2023). Jelenlegi helyzete ugyanakkor —
kiilonféle tarsadalmi, tudomanyfinanszirozasi és szemléletmodvaltas-beli okok miatt —
elismertség és jovOkép tekintetében korantsem pozitiv (PALL-GERGELY et al. 2024). A
zootaxonomiai cikkek tobbek kozt lehetnek fajleirasok (PROSVIROV 2016), fajcsoportokat,
genuszokat érintd reviziok (MERTLIK et al. 2017) vagy katalogusok (KUNDRATA et al. 2019).
A morfologia, azaz alaktan révén egységes, lényegretord nyelvezettel megirt szoveggel és
gyakran szemléltetd abrakkal segiti a taxonomiai leirasok eredményeinek kozérthetéségét. Ezek
a cikkek gyakran tovabbi informacidt kozolnek az emlitett fajok el6forduldsardl, esetleges
természetvédelmi vonatkozasaikrol, illetve életmodjarol.

Rovartani kutatomunkdm egyik célteriilete a levantei régio, mely torténelmi foldrajzi tertilet, a
Kozel-Kelet egy része, az itt targyalt tanulmanyok célfajai jellemzden itt fordulnak eld. Az
elnevezés alatt Sziria, Libanon, Izrael, Palesztina és Jordania hatarain beliil elteriilo teriileteket
valamint a Foldkozi-tenger peremvidékeit és Torokorszag egyes részeit értjilkk. CSUZDI et al.
(2007) szerint ez a teriilet egy nagyjabol 150 km széles szakasz a Foldkozi-tenger és a szir-arab

sivatagok kozé ¢kelddve, északon a Taurosz-hegység, mig délen a Szuezi-csatorna hatarolja. Ez
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unikalis régid, melynél a palearktikus, az orientdlis és az afrotropusi fauna talalkozik,
igynevezett biogeografiai forrdo pont (MEDAIL & QUEZEL 1997, MYERS et al. 2000).
Kutathatosagat nagyban neheziti a régié geopolitikai helyzete, az évtizedek ota tartd haborus
viszonyok, ezért az innen szdrmazo természetrajzi anyagok jelentdsége felbecsiilhetetlen.

Dolgozatom a fentiek tiikrében altalanos taxonomiai kérdésekre is valaszt adhat. Ezek az
alabbiak lehetnek:

Szamithatunk-e tudomanyra uj, eddig nem ismert fajok eldkeriilésére kevéssé kutatott
tertiletekrol?

Léteznek-e olyan teriiletek, melyek hosszl éveken at tarto kutatasara érdemes berendezkedni, és
ha igen, akkor milyen tudoméanyos eredmények sziilethetnek egy ilyen, hosszitava kutatomunka
soran?

A jelen és jovo kutatoi szamara érdemes-e — és ha igen mi modon — Osszegytijteni és kozzétenni
minden korabban publikalt ismeretet egy adott fajrol, fajcsoportrdl, kiegészitve azt a friss
ismeretekkel?

1.2 Az elsé tanulmany (Elathous-kataldgus) koncepcidi és célkitlizései

Az Elathous Reitter, 1890 genusz ismert fajainak katalégusa ¢€s revizidja, kiilonos tekintettel a
nyugat-palearktikus fajokra. A nearktikus és a palearktikus régioban eléforduld, a vilag
természetrajzi gylijteményeiben ritkan reprezentalt, kevésbé kutatott, zavaros rendszertanu fajok,
leginkdbb levantei el6fordulassal. A genusz fajairdl osszefoglald munka ezidaig nem sziiletett,
foként kiilonallo fajleirasok voltak ismertek réluk. Korabbi cikkemben (NEMETH 2019), mely
Libanon pattandbogarfaundjat mutatja be, leirtam egy tudomanyra 0j Elathous-fajt. A leiras soran
kideritettem, hol talalhatoak a tipuspéldanyok, milyen ismereteink vannak az ide tartozé fajokrol,
illetve felkutattam a megjelent szakirodalmakat, igy alapvetd ismereteket szereztem a targyalt
genuszrdl. Ebben a tanulmanyban célom volt egységes informaciot szolgaltani a jelen és jovo
kutatoi szdmara az ismert fajok irodalmi emlitéseirdl, szinonimjairdl, a fajok tipuspéldanyainak
fellelhetdségérol, elterjedésérdl, valamint elsé alkalommal szines abrakon szemléltetni azokat.

1.3 A masodik tanulmany (Elathous nemeri sp. n.) koncepcidi és célkitlizései

Egy, a tudomany szamdra ismeretlen Elathous-faj leirdsa Libanonbo6l. 2015 és 2018 kozotti
libanoni gyiijtéutjaim eredményeként tobb tudoméanyra 0j pattanobogarfajt irtam le (NEMETH
2019), valamint ebben az idészakban a kornyék, azaz a levantei régid pattandbogarfaundjat is
volt lehetdségem tanulmanyozni (NEMETH et al. 2020a, NEMETH et al. 2020b). E kutatas
soran kertilt eld egy, a tudomany szamara maig nem ismert pattandbogar, célom pedig ennek a
fajnak a leirasa volt.

1.4 A harmadik tanulmany (Plastocerus angulosus) koncepcidi és célkitlizései

A Plastocerus angulosus (Germar, 1844) rendszertana, morfologidja ¢és elterjedése. A
rendszertanilag sokdig vitatott helyzetli, emblematikus bogarfaj komplex morfologia leirasa,
pontos elterjedésének kozlése €és nem ismert néstényének modern taxondmiai leirdsa, valamint
minden irodalmi emlitésének kozlése volt a cél. A tanulmany tovabba célul tizte ki, hogy a faj

2



sokaig zavaros rendszertani helyzetét tisztdzza, tételesen levezetve annak minden korabbi
valtozésat.

1.5 A negyedik tanulmany (Elathous-larvaleirasok) koncepcidi és célkitlizései

Az Elathous agilis Németh, 2019 és Elathous brucki (Candéze, 1878) larvainak dsszehasonlitd
morfologiai elemzése. E pattandbogarfajoknak sem fejlddésmenetét, sem larvaalakjanak
¢évtizeddel ezel6tt sziilettek, igy a 2015-2018 kozti libanoni, valamint a 2013-as és a 2015-0s
gordg kutatomunka soran eldkeriilt larvak hosszli idé ota az elsd olyan példanyok, melyek
lehetdvé teszik e ritka bogarcsoport larvainak tanulmanyozasat és megismerését. E tanulmany
célja tehat a fent emlitett fajok larvainak modern taxondmiai méodszerekkel torténd leirasa, mely
fényt derithet az alcsalad (Elateridae: Dendrometrinae) rokonsagi kapcsolataira, segithet jobban
megismerni a pattanobogarak egyes csoportjainak egymassal valé fejlédéstorténeti viszonyat.

1.6 Az 6todik tanulmany (Lacon-larvaleirasok) koncepcioi és célkitlzései

Az Europaban eléforduld, harom, veszélyeztetett szaproxilofag pikkelyespattand-faj (Lacon
lepidopterus, L. punctatus & L. querceus — utdbbi védett hazdnkban) larvéjanak morfoldgiai
Osszehasonlitasa. A tanulmany célja lehetdveé tenni a hdrom faj larvaalakban torténd hatarozasat,
tovabba minden ismert elterjedésbeli és 6koldgiai informaciot kozolni roluk.



2. ANYAGOK ES MODSZEREK

A doktori értekezés tanulmanyainak megvalositasahoz a klasszikus, modern taxonomiai cikkek
készitéséhez sziikséges modszertant alkalmaztam. A kikolcsonzott példanyok tanulmanyozasa
mikroszkop alatt, boncolasuk illetve ivarszervpreparatumuk elkészitése 10%-os KOH oldatos
flirdd utdn tortént. Az ivarszerveket glicerinben fényképeztem, ehhez és a prepardlt imagok
fényképezéséhez egy Nikon D5200-as digitalis fényképezdgépet, valamint egy ehhez rogzitett
Mitutoyo M Plan Apo 5X mikroszkopobjektivet hasznaltam. A fényképek rétegfotos eljarassal, a
Zerene Stacker szoftver segitségével késziiltek. A terepen késziilt fényképekhez Fuji Finepix
HS25 EXR kameréat és Raynox 150/250 eldtétlencséket hasznaltam. A nevelt példanyok esetében
a tereprdl hazaszallitott larvakat miianyag dobozban neveltem, esetenként 2 éven keresztiil. Az
egyes példanyok testhosszat a fej eliilsé szegélyétdl a szarnyfeddk végéig, mig testszélességét a
szarnyfedd legszélesebb pontjan mértem. Tudomanyra 0j faj esetén a leiras alapjaul szolgald
példanyt kozgylijteményben, a Magyar Nemzeti Mizeum Kozgyljteményi Kdzpont Magyar
Természettudomanyi Miizeumanak Allattaraban helyeztem el. A leirasok alaktani terminologiaja
GLEN (1950), COSTA et al. (2010) és ROSA et al. (2019) munkait koveti. A katalégus esetében
KUBACZKOVA & KUNDRATA (2017) cikkét kovetjiik.

A kiilonféle eurdpai koz- és magangylijteményekbdl hozzavetdlegesen 180 példanyt
kolcsondztem ki. Ezek a gylijtemények az alabbiak voltak:

Natural History Museum, London, United Kingdom; California Academy of Sciences, San
Francisco, USA; coll. of Centre de Recherche Foresti¢re, Rabat, Morocco; Florida State Coll. of
Arthropods, Museum of Entomology, Gainesville, Florida, USA; Hayek Mirzayans Insect
Museum, Tehran, Iran; Hungarian Natural History Musuem, Budapest, Hungary; Hacettepe
University Zoology Museum, Ankara, Turkey; Museo Civico di Storia Naturale, Genova, Italy;
Museo Civico di Storia Naturale, Verona, Italy; Museum of Comparative Zoology, Harvard
University, USA; Museo Nacional de Ciencias Naturales, Madrid, Spain; Museum National
d’Histoire Naturelle, Paris, France; National Museum, Prague, Czech Republic, National
Museum of Nature and Science, Tokyo, Japan; coll. of A. Guglielmi, Verona, Italy; coll. of C.
Waurst, Heilbronn, Germany; coll. of G. Kakiopoulos, Athens, Greece; coll. of G. Murzov, Stara
Zagora, Bulgaria; coll. of G. Platia, Gatteo, Italy; coll. of H. Brustel, Toulouse, France; coll. of
José Saez Bolafio, Badajoz, Spain; coll. of Josef Mertlik, Opatovice nad Labem, Czech Republic;
coll. of J. L. Zapata de la Vega, Madrid, Spain; coll. of N. Jansson, Linkdping University,
Sweden; coll. of N. Nemer, Tannourine, Lebanon; coll. of R. Preiss, Wimborne, Great Britain,
coll of D. Szaloki, Budapest, Hungary; coll. of Georgios Gastouniotis, Nemea, Greece; coll. of
George Kakiopoulos, Athens, Greece; collection of Martin Samek, Skalice, Czech Republic; coll.
of Per Kristian Solevag, Tranby, Norway; coll. of Petr Zahradnik, Jesenice u Prahy, Czech
Republic; coll. of Robin Kundrata, Olomouc, Czech Republic; coll. of Savvas Zafeiriou, Pirgoi
Thermis, Lesvos, Greece; voucher collection of the laboratory of Biodiversity and Molecular
Evolution, Palacky University, Olomouc, Czech Republic; Royal Belgian Institute of Natural
Sciences, Brussels, Belgium; Senckenberg Deutsches Entomologisches Institut, Miincheberg,
Germany; Steinhardt Museum of Natural History, Israel National Center for Biodiversity
Studies, Tel Aviv University, Israel.

A tanulmanyokban vizsgalt tovabbi példanyok jelentds részben sajat, 2013 és 2023 kozotti
gyljtéutjaimrol, Albanidbol, Gorogorszagbol, Horvatorszagbol, Macedonidbol, Libanonbdl,
Magyarorszagrol és Sziriabol szarmazo anyagokbol kertiltek ki.



3. EREDMENYEK

3.1. Az els6 tanulmany (Elathous-kataldgus) eredményei

Elkészitettiik az ismert Elathous-fajok vilagkatalogusat, tovabbd minden ismeretet kozoltiink a
fellelhet6 tipuspéldanyokrol, korabbi szinonimokrol, elterjedésiikrdl és irodalmi emlitéseikrdl. A
vilag szamos pontjardl kikolesonzott — nagyjabol 80 példany — tipusanyag segitségével egy 35
oldalas, a jovO kutatdi szamara hasznalhatd, fényképekkel is illusztralt, 0sszegzé munka
sziiletett, az alabbi tartalommal:

Minden fajrol fénykép, elsésorban tipuspéldanyokrdl; tipuspéldanyok leldhelye; elterjedés;
szinonimok; tipuspéldanyok elhelyezésének helye; elterjedés; minden irodalmi emlités.

3.2. Amasodik tanulmany (Elathous nemeri sp. n.) eredményei

A tanulmanyban egy Eszaknyugat-Libanonbol elékeriilt Gj pattandbogarfajt irtam le Elathous
nemeri Németh, 2021 néven. Az orszagbol ismert pattandbogarakat targyalé cikk (NEMETH
2019) és a 2015. majusi, 2016. juniusi, 2017. majusi és a 2018. juliusi és augusztusi gyljtoutak
eredményei vezettek oda, hogy a teriileten el6fordulod fajokat alaposan megismerhessem, és a
kordbban félrehatarozott példanyrol kideriiljon, hogy egy ©nalo, eddig még ismeretlen faj
képviseldje. Az 11j faj a regidban eléforduld rokonaitdl kdnnyen elkiilonithetd a csapizek és az
elétor formdja, valamint a himivarszerv felépitése alapjan: a csap egyértelmiien tulnyulik az
eldtor hatulso szogletén; az eldtor hosszabb, mint széles, legszélesebb annak kozépvonalanal; a
paramérak hatarozottan keskenyednek a cstics felé, oldalrdl iveltek, kiilsé szegélyiik hatarozottan
széttart.

3.3. A harmadik tanulmany (Plastocerus angulosus) eredményei

A Plastocerus genusz rendszertani helyzete sokat valtozott az elmult idok soran. A szerzok hol
0nallo csaladként (SCHWARZ 1907), hol pedig a pattandbogarak egy genuszaként (MERTLIK
& PLATIA 2008) tartottdk szamon. NOstényei az utdbbi idokig nem voltak ismertek, egyes
szerzOk azt feltételezték, hogy lagy testli, fejletlen szarnyfedelii alakok (CROWSON 1972).
rendszertani helyzetét és elterjedését. Tobb mint 80 db, 1845 ¢és 2017 kozt gyljtott, koz- és
magangytjteménybdl szarmazd példanyt tanulmanyoztunk, s a vizsgalat eredményeként az
alabbi kovetkeztetéseket vontuk le:

Fajon beliili valtozatossag: A vizsgalt példanyok valtozatossagot mutattak szinezetben és tobb
testrészlik tekintetében. Az elétor pontozdsdban és a himivarszerv felépitésében szignifikans
kiilonbségeket mértiink. Nem talaltunk Osszefiiggést a fOldrajzi elterjedés és a mérések
eredményeibdl fakado alaktani kiilonbségek kozt.

Elterjedés: Az irodalmi adatok alapjan Gorogorszagban, Izraelben, Torokorszagban €s Sziridban
eléforduld fajt elsdéként kozoltiik Libanonbol, az orszag faundjara ) bogarfajként.



3.4. A negyedik tanulmany (Elathous-larvaleirdsok) eredményei

Tanulmanyunkban elséként irjuk le az Elathous agilis Németh, 2019 és az E. brucki (Candéze,
1878) larvajat modern vizsgélati modszerek alkalmazasaval. Részletesen tanulmanyoztuk és
kozoltiik minden fontos alaktani bélyegiiket, nem csupan egymassal, de kozeli rokonaikkal is
Osszehasonlitva a két fajt. Szamos alaktani kiillonbséget talaltunk a vizsgalt larvak kozt, melyek
az alabbiak: a tori hatlemezek pontjainak mérete és sirlisége, a fej oldalszegélye, a homlok
hatulsé szegélyének formdja, a potroh mélyedésein megfigyelhetd keresztiranyli rdncok hossza
¢és a potroh 9. hatlemezének részletei. Az ismert leirasok alapjan megallapitottuk, hogy az E.
brucki a homlok lekerekitett hatsd része €s a 9. hatlemez trapéz formaji benyomata alapjan
jelentdsen kiilonbozik a genusz ismert fajaitol, tovabba az E. agilis larvaja minden ismert fajtol
kiilonbozik abban, hogy a 9. hatlemez felszine hatarozottan szegélyezett, de nem peremes, illetve
egy par benyomat talalhato rajta.

3.5. Az 6todik tanulmany (Lacon-larvaleirdsok) eredményei

A harom, Eurdpaban eléforduld pikkelyespattand-faj, a Lacon lepidopterus (Panzer, 1801), L.
punctatus (Herbst, 1779) és L. querceus (Herbst, 1784) larvdjanak 6sszehasonlitdé morfologiai
elemzését kozoljik tanulményunkban, melyet az ismert irodalmak és sajat megfigyeléseink
alapjan készitettiik el. Elkiilonitésiik nemcsak természetvédelmi szempontbol fontos feladat —
hiszen a L. querceus hazankban védett, emblematikus szaproxilofag faj —, de fontos mérfoldko is
e kevéssé kutatott fajcsoport esetében. Megallapitottuk, hogy a korabbi leirasok altal targyalt faji
bélyegek részben megfelelnek a valosdgnak: A L. querceus larvdja valdban jelentdsen eltér a
masik két targyalt fajtol a fej oldalsd részén talalhatd hossziranyu élek alapjan. Ugyanakkor a
TARNAWSKI (2000) altal emlitett hatdrozobélyegek ellendrzése kozben nem észleltiink
kiilonbséget a szklerotizalt alapi nazalis fogak felépitésében a vizsgalt fajok kozt. Terepi
tapasztalataink és az elérhet6 tudomanyos publikaciok alapjan Osszegeztik életmodjukkal
kapcsolatos informéciokat, kiilonds tekintettel a harom faj tapndvényeire, tarsfajaira,
elterjedésére és fejlédésére.



4. KOVETKEZTETESEK ES JAVASLATOK

A doktori képzés soran megjelent publikdciok jellemzden kevéssé ismert bogarfajokkal
foglalkoznak (MERTLIK & DUSANEK 2006). Ezek a fajok ritkdk a kozgytijteményekben,
kutatok szeme elé nem gyakran keriilnek, kivétel nélkiil rejtett €letmodot folytatnak (PLATIA et
al. 2018). Fontos erddallapotjelz6k (ECKELT et al. 2017), akar maradvany- vagy zaszlosfajok is
lehetnek, de — ahogyan a fenti eredmények mutatjdk — a tudomany szdmara ismeretlen fajok is
eléfordulhatnak koztik. A kozolt tanulmanyokban Gsszegyljtottiink minden fellehetd
informaciot, és kiegészitettiik azokat tobb évtizedes muzeologiai €s terepi tapasztalatunkkal, igy
Uj tuddsanyaggal is szolgéltunk velilkk kapcsolatban. Ennek ellenére minden faj esetében
megallapithatd, hogy a korlatozott szamu tanulmanyozhaté példanyon tal tovabbi anyagra van
szlikség, ahhoz, hogy megértsiik az egyes fajok, fajecsoportok hatérait, rokonsagi kapcsolatukat és
jobbara ismeretlen 0kologidjukat, jelentdségiiket a biologiai rendszerekben. Célunk volt a jelen
¢s a jovO kutatdi szaméra tudomanyos ismereteket nyujtani ezekrél a bogarcsoportokrol,
fejlodésmenetiikrol €s elterjedésiikrdl, valamint kifejlett és larva allapoti morfologidjukrol.

Mind az 6t tanulmdnyban szerepel olyan faj, amely a levantei régioban fordul eld. A térség
jelenlegi politikai €s tarsadalmi helyzete miatt nehezen kutathatd, ennek ellenére jelentek meg az
utobbi évtizedekben fajleirasok (PREISS 2003, MERTLIK & DUSANEK 2006) és katalogusok
(MERTLIK & PLATTA 2008) a régiobol. Masfél évtizede tartd6 kutatomunkam sordn szdmos
bogéarcsoporttal foglalkoztam, melyek alapjaul sziriai és libanoni utakon gytijtott anyag szolgalt
(DANILEVSKY & NEMETH 2017, HAVA & NEMETH 2016, KUNDRATA et al. 2016,
MARKUS & NEMETH 2016, NEMETH 2019, NEMETH et al. 2019, 2020a, 2020b, PLATIA &
NEMETH 2011, SZENASI & NEMETH 2019, SZENASI et al. 2019). Ez a munka azonban még
korantsem teljes. Ezért kiilondsen fontos volna a jovében a vilag koz- és magangylijteményben
tarolt bogdranyagok revizidja, elsésorban olyan bogarcsaladok példdnyainak vizsgdlata révén,
melyek a levantei régiobol szdrmaznak. Ezekhez nélkiilozhetetlen a nemzetkozi egyiittmiikddés,
a folyamatos konzultacio és a tudomanyos munkat tdmogatd programok, mint példaul a Tempus
allamkdzi 6sztondij, vagy a kutatointézetek €s muzeumok kozti Synthesys program, melyek
jelent6s outputtal birnak (KUNDRATA & NEMETH 2019).

A pattanobogarak larvastadiumainak ismerete nemcsak 6koldgiai szempontbdl fontos (ROSA et
al. 2020), hanem az egyes fajok rendszertani helyzetének megértéséhez is nagyban hozzajarul
(SCHIMMEL & TARNAWSKI 2012). Ritka alkalom, hogy rejtett életmodot folytatd bogarfajok
esetében rendelkezésre alljon tanulmanyozhatod, megbizhatéan hatarozott anyag. A két, larvakkal
foglalkoz6 publikacié az egyes alcsaladok kozti, illetve genuszon beliili kapcsolatok ismereteit
(OHIRA 1962, 1989) 1j informacidkkal timasztja ald. Frissen gytijtott anyagok tanulmanyozasa
(ROSA et al. 2019) segitheti azt, hogy egyre tisztabb képet kapjunk az egyes alcsalddok
rokonsagi kapcsolatairdl. Ezek az ismeretek genetikai eredményekkel megtdmogatva sok esetben
Uj koncepciokhoz, rendszertani elméletek megalkotdsdhoz vezethetnek. Tavlati cél lehet egy
komplex munka, melyet az Osszes pattanobogar alcsaladbol szdrmazd larva és a hozza tartozé
imagoé genetikai vizsgalata valamint morfoldgiai leirasa tenne teljessé.

A levantei régio pikkelyespattano-fajairdl szolé Gjabb munkak (MERTLIK & NEMETH 2014,
KUNDRATA et al. 2019, NEMETH et al. 2020b) ugyan bdséges ismeretanyagot kozolnek, am
ezek a cikkek is jorészt a kifejlett bogarakkal foglalkoznak, larvaikkal nem. Az itt eldforduld
fajok larvair6l szinte semmi ismeretiink nincs, igy a jovo entomoldgusai szamara fontos, hogy
tanulmanyozhaté anyag alljon rendelkezésre az ilyen tipust munkékhoz. Ez egyrészt tovabbi
terepi munka, masrészt gylijteményi anyagok tanulmanyozasa révén érhetd el, mindkét esetben

7



segitve azt, hogy megérthessiilk a targyalt fajok ¢letmodjat és elterjedését, és esetleges
természetvédelmi jelentOségiiket is. Ehhez, és altalanossagban véve taxondmiai munkak
sziiletés¢hez megfeleld képzésekre, lelkes fiatal kutatokra, jo kézben 1év0 gylijteményekre és
Osszességében a taxondmiai munka elismerésére lenne sziikség. A nemzetkozi taxondémia (LOBL
et al. 2023), csakiigy, mint a hazai (PALL-GERGELY et al. 2024), sajnos hanyatlik, pedig
»-..minden értelmetlen a biolodgidban, amennyiben a tanulmdnyozott szervezetek nincsenek
elnevezve és meghatarozva” (DUBOIS et al. 2003).



5. UJ TUDOMANYQS EREDMENYEK

5.1. Az Elathous-genusz vilagkataldgusa

Szerzétarsaimmal publikaltuk az Elathous Reitter, 1890 genusz (Coleoptera: Elateridae:
Dendrometrinae) fajainak vildgkatalogusat. A genusz 48 fajt tartalmaz, melybdl hat a
nearktikumbol, 40 Marokkotol Iranig a nyugat-palearktikumbol, ketté pedig Japanbdl ismert.
Minden fajnal felsoroltuk az ismert szinonimeket, megadtuk a fellehetd tipusanyagot,
Osszefoglaltuk elterjedésiiket, valamint listaztuk irodalmi emlitéseiket. A kikodlcsonzott
tipusokrdl és az eredeti tipuscéduldkrol fényképeket kozoltiink. A vizsgalt fajok alaktani
kiilonbségei alapjan feltételezhetd, hogy két fajesoport 1étezik a genuszon beliil. Mivel a kevés
rendelkezésiinkre 4ll6 adat alapjan gy tlinik, ezek életmodban is eltérnek egymastol, ezért nem
kizart, hogy a jOvOben szisztematikai ¢és nevezéktani helyzetiik valtozni fog. Tovabbi
kutatdbmunkéval elkészitend6 komplex genuszreviziéo segithetne abban, hogy atlassuk és
megértsiik ennek a csoportnak az evoluciojat és rendszertanat.

5.2. Uj Elathous-faj leirasa (Coleoptera: Elateridae) Libanonbdl

A tanulméanyban egy Eszaknyugat-Libanonbol elSkeriilt pattanobogarfajt irtam le Elathous
nemeri Németh, 2021 néven. A teriiletrél publikalt tudomanyra 0j faj ravilagit a levantei régiod
biodiverzitasa megismerésének fontossagara, az ismert Elathous-fajok szamat 49-re novelve. Az
orszagbél ismert pattandbogarakat targyald korabbi cikkem (NEMETH 2019) és tobb éven at
tartd gytjtéutaim eredményei vezettek oda, hogy a teriileten eléforduld fajokat alaposan
megismerhessem, €és a korabban félrehatarozott példanyrdl kideriiljon, hogy egy 6nallo, eddig
még ismeretlen faj képvisel.

5.3. A Plastocerus angulosus (Germar, 1844) (Coleoptera: Elateridae) morfoldgidja, fajon
bellli, genetikai és ivari valtozatossaga, rendszertana, irodalmi emlitései és elterjedése

A tobb mint 80 db, 1845 és 2017 kozott gyljtott, koz- és magangyiijteményekbdl szarmazo
példany tanulmanyozédsa soran vizsgaltuk a faj alaktani és nemek kozti valtozatossagat.
Megallapitottuk, hogy az egyes teriiletekr6l szarmazd egyedek eltérést mutatnak az eldtor
pontozasaban, a szinezetben €s a himivarszerv tekintetében. Tovabba ismertetjiik elterjedését és
elséként kozoljiik Libanonbol. Osszeallitottuk a faj korabbi, valtozasokkal teli nevezéktani
eloéletének teljes attekintését, valamint részletes leirdssal és azt ezt tamogatd abraanyaggal
szemléltettiik a faj alaktani felépitését.

5.4. Az Elathous agilis Németh, 2019 és E. brucki (Candeze, 1878) larvainak leirasa és
dsszehasonlitd morfolégiai elemzése

Munkénk soran tanulméanyoztuk a korabbi szerzdk altal alkalmazott diagnosztikai bélyegeket. A
larvak modern moddszertannal tortént leirdsa alapjan megdallapithatd, hogy az E. brucki
morfoldgiailag alapvetden kiilonbozik minden ismert fajtdl, az E. agilis pedig tobb stabil
karakter alapjan kiilonithetd el az ismert fajoktol.



Kiegészitve a genusz fajainak fejlddésmenetével kapcsolatos kevés korabban publikalt adatot,
informaciot kozoltiink a vizsgalt fajok larvainak o©kologidjarol, jelezve, hogy a két faj
szaproxilofag, azaz fejlodésiik holtfahoz kothetd.

5.5. Az eurdpai pikkelyespattandk (Coleoptera: Elateridae: Lacon spp.) larvai és életmaddja

A pikkelyespattandk larvainak 6sszehasonlité morfoldgiai elemzése soran kiegészitettiik az eddig
publikalt eredményeket sajat tapasztalatainkkal, ezzel lehetévé téve a harom faj larvajanak
elkiilonitését. Megallapitottuk, hogy a korabbi szerzdk altal hasznalt elkiilonitd bélyegek csak
részben alkalmazhatok a harom faj elkiilonitésére. Osszegeztiink minden eddig ismert
informaciot és altalunk Ujonnan szerzett tapasztalatot, ezzel komplex képet adva a fajok
okoldgiai igényeirdl, taplalkozasukrol, tapnovényeikrol, veliik egyiitt eléforduld bogarfajokrol.
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Halas vagyok témavezetdmnek, Sdrospataki Miklosnak, és tars-témavezetdémnek, Robin
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segitségért. Korabbi munkahelyem, a Magyar Természettudomanyi Mizeum munkatarsainak,
nevezetesen Grabant Arankanak és néhai mesteremnek, Merkl Ottonak azért, hogy bogaraszati
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Abstract

An annotated catalogue of the genus Elathous Reitter, 1890 (Coleoptera: Elateridae: Dendrometrinae) is presented. There
are 48 species classified in the genus, of which seven are from the Nearctic realm, 39 from the West Palearctic from
Morocco to Iran, and two from Japan. For each taxon we provide synonyms, information on type material, type locality,
distribution, and bibliography.

Key words: Elateroidea, diversity, Leptoschema, Nearctic realm, Palearctic realm, systematics

Introduction

Genus Elathous Reitter, 1890 (Elateridae: Dendrometrinae) contains 48 described species (Cate 2007, Etzler 2019).
The center of diversity of this genus lies in the West Palearctic in the area from Morocco to Iran but some species
also occur in North America and Japan (Cate 2007, Kabalak ez al. 2013, Nasserzadeh et al. 2018, Németh 2019,
Németh ef al. 2020). The early history of the genus was rather complicated. Elathous was first established in 1890
(Reitter 1890) as a distinct genus but was later synonymized with Leptoschema Horn, 1885 by Schwarz (1903). In
that study, he kept the name Elathous although Leptoschema was older, but it was later corrected (Schwarz 1906).
The concept of Schwarz (1906) was followed by some subsequent authors (e.g., Blatchley 1910, Jakobson 1913,
Buysson 1925, Schenkling 1927, Dolin 1964a, 1964b, Gurjeva 1965), but others considered Elathous a separate
genus (e.g., Van Dyke 1932, Fall 1934, Stibick 1970, Lane & Lanchester 1971, Becker 1974). What is more, many
species currently classified in Elathous were formerly placed in Athous Eschscholtz, 1829, Limonius Eschscholtz,
1829, Elathouina Reitter, 1905, and Melanathous Reitter, 1905, which makes the history of systematics of this ge-
nus even more chaotic.

While all North American species were described before 1935 (Say 1839, LeConte 1853, Van Dyke 1932, Fall
1934), most West Palearctic species were described in the 21st century (e.g., Preiss 2003, Mertlik & Dusanek 2006,
Platia 2010, Platia et al. 2011, Zapata de la Vega & Sanchez-Ruiz 2012a, Kabalak ez al. 2013, Németh et al. 2015,
Nasserzadeh et al. 2018, Németh 2019, Németh et al. 2020). Most studies on Elathous were either catalogues or iso-
lated species descriptions (e.g., Platia & Schimmel 1991, Platia 2010, Németh 2019), and the most comprehensive
study is the review of Turkish fauna by Kabalak ez a/. (2013). Recently, Etzler (2019) revised the genera near to Li-
monius sensu Candéze, including Elathous. He defined Elathous by the unique combination of characters including
the head with a triangular depression on the frons and well-developed frontal margin, prosternal sutures excavate
and grooved anteriorly, hypomeron with posterior edge nearly straight and not emarginate, tarsi lacking membra-
nous lobes, male genitalia usually wedge-shaped with parameres lacking apical hooks, and female internal genitalia
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with a pear-shaped uterus and an inverted pear-shaped bursa copulatrix bearing three apical accessary glands and
subtle sclerotizations. However, his study was based on limited material, and a comprehensive taxonomic revision
is necessary to better understand the limits and diversity of this genus.

In this study, we provide an up-to-date annotated catalogue of the Elathous species including information on the
type material, synonyms, distribution, and bibliography for each species currently classified in this genus.

Material and methods

This study is based primarily on detailed literature examination but the type specimens of most species were also
examined by the authors, either personally or from photographs. We present here the photographs of dorsal habitus
and label data of primary types (i.e., holotype, syntype or lectotype) for most species (Figs 1-8). The photograph of
the primary type label data was not available for E. melanarius Platia & Kakiopoulos, 2014. For E. chiarae Gug-
lielmi & Platia, 1985, E. graecus Platia, 2008, E. murzovi Platia, 2010 and E. zagrosensis Nasserzadeh & Platia in
Nasserzadeh et al., 2018, we show the paratypes. Type specimens of E. discalceatus (Say, 1839), E. cyprius (Baudi
di Selve, 1871), E. impressifrons (Hampe, 1866), E. perrisii (Desbrochers des Loges, 1873) and E. rufobasalis
Waurst, 1994 were not available, so we show reliably identified non-type specimens. We follow the general style
used by Kubaczkova & Kundrata (2017), i.e., for each species we provide all synonyms, information on the type
series and type depositories, type localities, distribution, and relevant bibliography. Additional information and
original geographic names are put in square brackets. The year and page given for the incorrect subsequent spell-
ings are the first year and page in which they are used. Incorrect subsequent spellings not in prevailing usage are
unavailable (ICZN 1999, Art. 33.3). The generic definition of Elathous follows Etzler (2019). The following col-
lection abbreviations are used:

BMNH Natural History Museum, London, The United Kingdom

CAS California Academy of Sciences, San Francisco, USA

CCRF collection of Centre de Recherche Forestiére, Rabat, Morocco

FSCA Florida State Collection of Arthropods, The Museum of Entomology, Gainesville, Florida, USA
HMIM Hayek Mirzayans Insect Museum, Tehran, Iran

HNHM Hungarian Natural History Musuem, Budapest, Hungary

HUZOM Hacettepe University Zoology Museum, Ankara, Turkey

MCNG Museo Civico di Storia Naturale, Genova, Italy

MCSN Museo Civico di Storia Naturale, Verona, Italy

MCZ Museum of Comparative Zoology, Harvard University, USA

MNCN Museo Nacional de Ciencias Naturales, Madrid, Spain

MNHN Museum National d’Histoire Naturelle, Paris, France

NMNS National Museum of Nature and Science, Tokyo, Japan

PCAG collection of A. Guglielmi, Verona, Italy

PCCW collection of C. Wurst, Heilbronn, Germany

PCGK collection of G. Kakiopoulos, Athens, Greece

PCGM collection of G. Murzov, Stara Zagora, Bulgaria

PCGP collection of G. Platia, Gatteo, Italy

PCHB collection of H. Brustel, Toulouse, France

PCJB collection of José Saez Bolafio, Badajoz, Spain

PCIM collection of Josef Mertlik, Opatovice nad Labem, Czech Republic

PCJZ collection of J. L. Zapata de la Vega, Madrid, Spain

PCNJ collection of N. Jansson, Linkdping University, Sweden

PCNN collection of N. Nemer, Tannourine, Lebanon

PCRP collection of R. Preiss, Wimborne, Great Britain

RBINS Royal Belgian Institute of Natural Sciences, Brussels, Belgium

SDEI Senckenberg Deutsches Entomologisches Institut, Miincheberg, Germany
SMNH Steinhardt Museum of Natural History, Israel National Center for Biodiversity Studies, Tel Aviv

University, Israel
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Catalogue

Family Elateridae Leach, 1815
Subfamily Dendrometrinae Gistel, 1848
Tribe Dendrometrini Gistel, 1848

Genus Elathous Reitter, 1890

Elathous Reitter, 1890: 247. Type species. Elathous buyssoni Reitter, 1890; by subsequent designation (Hyslop 1921: 644).

Elathouina Reitter, 1905: 12, 19; synonymized with Leptoschema Horn, 1885 by Cobos (1969: 15) [this synonymy is not valid
anymore since Leptoschema is a separate genus], later synonymized with Elathous by Platia (1994: 105). Type species.
Athous revelieri Mulsant & Rey, 1875 [synonym of Athous perrisii Desbrochers des Loges, 1873]; by monotypy.

Athouinus Reitter, 1905: 114 [unavailable name, incorrect original spelling of Elathouina Reitter, 1905 (see Sanchez-Ruiz 1996:
107) (ICZN 1999, Art. 19.3); First Reviser (ICZN 1999, Art. 24.2): Schwarz (1906: 197)].

Melanathous Reitter, 1905: 24; synonymized with Elathous by Platia & Gudenzi (1996: 141). Type species. Melanathous se-
quensi Reitter, 1905 [synonym of Athous brucki Candéze, 1878]; by monotypy.

Malanathous: Reitter, 1905: 115 [unavailable name, incorrect original spelling of Melanathous Reitter, 1905 (see Sanchez-Ruiz
1996: 107) (ICZN 1999, Art. 19.3); First Reviser (ICZN 1999, Art. 24.2): Reitter (1906: 399)].

Athoina Reitter, 1906: 399 [unavailable name, incorrect subsequent spelling not in prevailing usage (see Sanchez-Ruiz 1996:
107)].

Literature. Dejean (1836: 102): catalogue [as Limonius]; Say (1839: 169): species description [as Elater]; LeCon-
te (1853: 427): species description [as Athous]; Melsheimer (1853: 69): catalogue; Candeéze (1860: 379): key, spe-
cies description [as Limonius] and redescription [as Athous]; Marseul (1863: 143): catalogue [as Limonius]; Stierlin
(1864: 192): key [as Simonius sic!]; Hampe (1866: 373): species description [as Athous]; LeConte (1867: 48): cata-
logue [as Athous]; Stein (1868: 66): catalogue [as Athous, Limonius]; Gemminger & Harold (1869: 1563): catalogue
[as Athous, Limonius]; Baudi di Selve (1871: 54): species description [as Athous]; Baudi di Selve (1873: 99): review
[as Athous]; Crotch (1873: 71): catalogue [as Athous]; Desbrochers des Loges (1873: 366): species description [as
Athous]; Marseul (1873: 354): species redescription [as Athous]; Mulsant & Rey (1875a: 416): species description
[as Athous]; Mulsant & Rey (1875b: 81): species redescription [as Athous]; Perris (1875: 4): species description [as
Athous]; Stein & Weise (1877: 94): catalogue [as Athous, Limonius]; Candéze (1878: clxviii): species description
[as Athous]; Henshaw (1885: 70): catalogue; Horn (1885: 51): taxonomic note [as Leptoschemal; Jager (1883: 338):
catalogue; Marseul (1887: 259): catalogue [as Athous, Limonius]; Reitter (1890: 247): original description of
Elathous; Candeze (1891: 149): catalogue; Reitter (1891: 208): catalogue; Schwarz (1893: 191): species descrip-
tion; Schwarz (1897: 130): species description; Reitter (1898: 346): species description; Buysson (1902a: 275):
taxonomic notes; Buysson (1902b: 15): catalogue [as Athous]; Dury (1902: 143): distributional note [as Leptos-
chemal); Schwarz (1903: 207): species description; Ulke (1903: 21): distributional note [as Leptoschema]; Bertolini
(1904: 68): catalogue; Reitter (1905: 12): review, catalogue, description of Elathouina, genera Athouinus, Leptos-
chema, Melanathous; Reitter (1906: 399): catalogue, genera Athoina, Elathous [as Leptoschema), Melanathous;
Schwarz (1906: 196): catalogue, genera Elathous [as Leptoschema], Elathouina, Melanathous; Blatchley (1910:
738): generic key, catalogue [as Leptoschema]; Schaufuss (1911: 657): catalogue [as Elathouina]; Jakobson (1913:
757): catalogue, genera Elathous [as Leptoschemal, Elathouina, Melanathous; Buysson (1914: 86): generic key,
genera Elathous [as Leptoschema), Elathouina, Melanathous; Sainte-Claire-Deville (1914: 290): catalogue [as
Athous]; Pliginsky (1916: 123): catalogue [as Leptoschemal; Leng (1920: 168): catalogue, Elathous [as Leptos-
chemal); Hyslop (1921: 630): generic names; Hatch (1924: 569): distributional note [as Leptoschema]; Buysson
(1925: 598): catalogue, genera Leptoschema, Elathouina, Melanathous; Buysson (1926: 163): remark [as Leptos-
chema]; Schenkling (1927: 292): catalogue, genera Elathous [as Leptoschema), Elathouina, Melanathous; Porta
(1929: 357): generic key, catalogue, genera Elathouina, Leptoschema; Fuente (1930: 60): catalogue, Elathous [as
Leptoschema]; Van Dyke (1932: 345): review of North American species, key, species descriptions [as Limonius
and Elathous]; Leng & Mutchler (1933: 83): catalogue [as Limonius and Elathous]; Fall (1934: 30): species descrip-
tion; Miwa (1934: 104): key, catalogue; Mitsuhashi (1936: 440): remark [as L. brunnea (sic!)]; Blackwelder (1939:
39): catalogue; Seabra (1939: 226): catalogue [as Leptoschema]; Thomas (1941: 241): distributional note; Seabra
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(1943: 60): catalogue [as Leptoschema]; Dietrich (1945: 7): generic and species key, distributional note, review;
Glen (1950: 167): description and figures of larva; Lane (1952: 66): distributional note; Arnett (1955: 603): taxo-
nomic note [as Athoina]; Kocher (1956: 100): catalogue, genera Leptoschema, Elathouina; Dolin (1960: 193): de-
scription of larva [as Leptoschema]; Becker (1961: 161): review; Arnett (1962: 502): generic key, remark; Dolin
(1964a: 73): larval key, description of larva [as Leptoschema]; Dolin (1964b: 388): larval key, description of larva
[as Leptoschemal); Gurjeva (1965: 269): generic key [as Leptoschema]; Inaizumi (1965: 32): distributional note [as
Leptoschemal; (;obos (1969: 11): species description [as Leptoschema]; Gaedike (1969: 182): bibliography [as
Leptoschemal; Ohira (1970: 24): review [as Limonius]; Ruette (1970: 49): type depository; Stibick (1970: 154):
generic key, taxonomic note; Agaev (1971: 38): distributional record [as Leptoschema]; Armett (1971: 502): generic
key, remark; Lane & Lanchester (1971: 19): generic key, distributional note, review; Leseigneur (1972: 172): ge-
neric key, catalogue, revision [as Elathouina]; Becker (1974: 714): taxonomic notes; Blackwelder (1974: 27): cata-
logue [as Elathous and Leptoschema]; Smith & Enns (1977: 439): generic key; Dolin (1978: 25): larval key; Beck-
er (1979: 571): taxonomic notes; Agaev (1980: 17): key; Dolin (1982: 136): generic key, review; Guglielmi & Platia
(1985: 185): species description; Kishii (1985: 9): taxonomic note; Ohira (1985: 5): taxonomic notes; Agaev (1986:
16): remark; Pesarini (1986: 14): catalogue, generic key, review [as Elathouina]; Kishii (1987: 79): generic key,
catalogue; Mardzhanyan (1987: 65): generic key, review; Suzuki (1987: 2): taxonomic note; Watanabe (1987: 20):
distributional notes [as Limonius]; Agaev (1988a: 540): distributional note; Agaev (1988b: 15): generic key for
larva and imago, review; Keaster et al. (1988: 10): bibliography [as Elathous and Leptoschema]; Watanabe (1990:
8): distributional notes; Agaev & Dolin (1991: 309): taxonomic note; Bousquet (1991: 177): distributional note;
Platia & Schimmel (1991: 131): species description, key; Schimmel & Platia (1991: 880): remark; Ohira (1992:
350): distributional note [as Harminathous]; Platia & Schimmel (1992: 92): species description; Bousquet (1993:
9): bibliography; Johnson (1993: 5): larval key; Kishii (1993: 18): distributional note; Platia & Schimmel (1993:
52): new species description and figures, comparison with other species; Suzuki (1993: 4): distributional note; Pla-
tia (1994: 102): generic key, review; Wurst (1994: 62): species description; Gobbi & Platia (1995: 4): catalogue;
Ohira (1995: 189): species description; Platia & Gudenzi (1996: 140): taxonomic note; Sanchez-Ruiz (1996: 106):
catalogue; Kishii (1999: 26): catalogue; Suzuki (2001: 50): distributional note; Johnson (2002: 164): generic key,
review; Platia & Serrano (2002: 312): distributional note; Pyshkin et al. (2002: 104): distributional note; Preiss
(2003: 55): species description; Preiss & Platia (2003: 104): distributional note; Mertlik (2005: 168): species de-
scription; Platia & Gudenzi (2005: 113): species description; Kesdek et al. (2006: 421): distributional record; Mert-
lik & Dusanek (2006: 148): species description; Cate (2007: 164): catalogue; Thomas (2007: 24): bionomics; Toyo-
shima (2007: 43): distributional note; Zapata de la Vega & Sanchez-Ruiz (2007: 221): species description; Dusanek
(2008: 149): distributional note, bionomics; Lobl & Smetana (2008: 24): taxonomic note; Majka & Johnson (2008:
7): distributional note; Mertlik & Platia (2008: 32): distributional note; Platia (2008: 141): species description; Al
Dhafer (2009: 210): species description, key [as Limonius]; Arimoto (2010: 11): distributional note; Giilper¢in &
Tezcan (2010: 33): catalogue; Platia (2010: 27): species description; Tezcan et al. (2010: 66): distributional note;
Hiramatsu (2011: 43): distributional note; Majka et al. (2011: 139): distributional note; Platia (2011: 834): distribu-
tional notes; Platia ef al. (2011: 207): species description; Sert & Kabalak (2011: 505, 506): distributional note; Atay
et al. (2012: 110): distributional note, bionomics; Tsutsumiuchi (2012: 5): distributional note; Webster et al. (2012:
96): distributional note; Zapata de la Vega & Sanchez-Ruiz (2012a: 108): species description; Zapata de la Vega &
Sanchez-Ruiz (2012b: 166): catalogue, distributional map; Bousquet et al. (2013: 183): distributional note; Jarz-
abek-Miiller (2013: 78): distributional note; Kabalak et al. (2013: 85): species description, distributional note, spe-
cies key; Kamezawa (2013: 4): remark; Zapata de la Vega & Sanchez-Ruiz (2013: 165): catalogue, distributional
map; Leseigneur (2014: 431): catalogue; Platia & Kakiopoulos (2014: 102): species; Platia et al. (2014: 44): species
description; Séez Bolafo et al. (2014: 136): distributional note; Zapata de la Vega & Sanchez-Ruiz (2014: 138):
catalogue, distributional map; Delnatte ez al. (2015: 43): distributional note, taxonomic note; Németh et al. (2015:
92): species description; Zapata de la Vega & Sanchez-Ruiz (2015: 165): catalogue, distributional map; Benyahia et
al. (2016: 8): checklist; Giilpercin & Tezcan (2016: 134): bionomics, distributional notes; Rousette & Delnatte
(2016: 175): bionomics; Zapata de la Vega & Sanchez-Ruiz (2016: 200): catalogue; Zapata de la Vega & Séanchez-
Ruiz (2017: 279): catalogue; Kabalak & Ozbek (2018: 147): distributional and taxonomic notes; Nasserzadeh et al.
(2018: 528): species description; Platia et al. (2018: 254): distributional note, bionomics; Tarnawski et al. (2018:
116): catalogue; Zapata de la Vega & Sanchez-Ruiz (2018: 21): catalogue, distributional map; Etzler (2019: 304):
generic key, review, checklist; Németh (2019: 136): species description; Zapata de la Vega & Sanchez-Ruiz (2019:
56): catalogue, distributional map; Németh et al. (2020: 168): species descriptions.
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Species from the Nearctic realm

Elathous bicolor (LeConte)
(Fig. 1A,B)

Athous bicolor LeConte, 1853: 428.

Leptoschema bicolor: Horn, 1885: 51.

Elathous oberndorfferi Schwarz, 1903: 207; synonymized by Becker (1961: 166). Note that E. oberndorfferi was synonymized
with E. discalceatus (Say, 1839) by Van Dyke (1932). However, Becker (1961) studied the type material and provided
strong evidence that the Van Dyke’s synonymization was erroneous and E. oberndorfferi should be a synonym of E. bi-
color. Etzler (2019) omitted Becker’s paper in his study and erroneously listed E. oberndorfferi as a synonym of E. discal-
ceatus, following the earlier study by Van Dyke (1932).

Leptoschema oberndorfferi: Reitter, 1905: 22.

Leptoschema oberndorferi: Schwarz,1906: 197 [unavailable name, incorrect subsequent spelling not in prevailing usage].

Elathous bicolor: Van Dyke, 1932: 358.

Limonius kondratieffi Al Dhafer, 2009: 299; synonymized with Athous bicolor LeConte, 1853 by Etzler (2019: 306).

Type depositories. Athous bicolor. Holotype, female (MCZ). Elathous oberndorfferi: Lectotype, female (SDEI).
Limonius kondratieffi. Holotype, male (FSCA?); 1 paratype, male (FSCA?); should be in FSCA according to the
original description, however, no type material of this species has been found there (Etzler 2019: 307).

Type localities. Athous bicolor. USA: New York. Elathous oberndorfferi. USA: New York, Buffalo. Limonius
kondratieffi. USA: Ohio, Knox Co., Mt. Logan.

Distribution. Eastern parts of Canada and USA.

Literature. LeConte (1853: 428): original description of Athous bicolor; Candéze (1860: 486): redescription
[as Athous]; LeConte (1867: 48): catalogue [as Athous]; Gemminger & Harold (1869: 1564): catalogue [as Athous];
Crotch (1873: 71): catalogue [as Athous]; Henshaw (1885: 70): catalogue; Horn (1885: 51): taxonomic note [as
Leptoschemal; Candeze (1891: 201): catalogue [as Leptoschema]; Dury (1902: 143): distributional note [as Lep-
toschemal; Schwarz (1903: 207): original description of E. oberndorfferi; Ulke (1903: 21): distributional note [as
Leptoschemal; Reitter (1905: 20, 22): key, review, remark [as Leptoschema]; Schwarz (1906: 197): catalogue [as
Leptoschema]; Blatchley (1910: 761): catalogue, review [as Leptoschemal]; Leng (1920: 168): catalogue [as Lep-
toschemal; Schenkling (1927: 303): catalogue [as Leptoschema]; Leng (1928: 344): distributional note [as Lep-
toschemal; Van Dyke (1932: 356, 358, 360): key, bibliography; Leng & Mutchler (1933: 84): catalogue; Thomas
(1941: 241): distributional note; Dietrich (1945: 16): species key, distributional note, review; Glen (1950: 167,
217, 239): description of larva, figures of larval characters; Becker (1961: 161, 166): review, synonymization of
E. oberndorfferi with E. bicolor, comparison with other species, bibliography, figure of bursa copulatrix; Becker
(1979: 612): remark; Blackwelder (1974: 27): catalogue; Al Dhafer (2009: 211, 214, 218, 227, 300, 307): original
description and figures of Limonius kondratieffi, species key, comparison with other species, remarks; Bousquet
et al. (2013: 183): distributional note; Etzler (2019: 306): checklist [E. oberndorfferi under the synonymy of E.
discalceatus, see comment above].

Elathous brevicornis Fall
(Fig. 10)

Elathous brevicornis Fall, 1934: 30.

Type depository. Holotype, male (MCZ).

Type locality. USA: California, San Bernardino Mts.

Distribution. USA (California).

Literature. Fall (1934: 30): original description; Blackwelder (1939: 39): catalogue; Blackwelder (1974: 27):
catalogue; Etzler (2019: 306): checklist.
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Elathous brunnellus Fall
(Fig. 1D)

Elathous brunnellus Fall, 1934: 31.
Elathous brunellus: Etzler, 2019: 306 [unavailable name, incorrect subsequent spelling not in prevailing usage].

Type depository. Holotype, male (MCZ).

Type locality. USA: California, Sierra Madre Mountains, 7000 feet, Pine Flats [presumably Pine Flat Lake
(reservoir) east of Fresno].

Distribution. USA (California).

Literature. Fall (1934: 31): original description; Blackwelder (1939: 39): catalogue; Blackwelder (1974: 27):
catalogue; Etzler (2019: 306): checklist.
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FIGURE 1. Nearctic species of genus Elathous. A, E. bicolor (LeConte, 1853), holotype, female; B, E. oberndorfferi Schwarz,
1903, lectotype, female; C, E. brevicornis Fall, 1934, holotype, male; D, E. brunnellus Fall, 1934, holotype, male. Photographs
A & C provided by C. A. Maier (MCZ). Scale bars: 2.0 mm. Labels not to scale.
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Elathous californicus Van Dyke
(Fig. 2A)

Elathous californicus Van Dyke, 1932: 359.
Type depository. Holotype, male (CAS); allotype, female (CAS), 3 paratypes, females (CAS).

Type locality. USA: California, EI Dorado Co., Strawberry Valley.

Distribution. Western parts of Canada and USA.

Literature. Van Dyke (1932: 359): original description; Leng & Mutchler (1933: 84): catalogue; Fall (1934:
31): comparison with other species; Blackwelder (1974: 27): catalogue; Bousquet (1991: 177): distributional note;
Bousquet et al. (2013: 183): distributional note; Etzler (2019: 306): checklist.

Elathous discalceatus (Say)
(Fig. 2B)

Elater discalceatus Say, 1839: 169.

Athous discalceatus: Melsheimer, 1853: 69.

Leptoschema discalceatum: Horn, 1885: 51.

Leptoschema discalceatus: Reitter 1905: 20.
Elathous discalceatus: Van Dyke, 1932: 360.
Elathous discalceatum: Thomas, 1941: 242.

Type depository. Elater discalceatus. Syntype, female (MCZ?); should be in the collection of Dr. Harris (now in
MCZ) (LeConte 1853: 427), however, no such specimen has been found there (C. Maier, MCZ, personal commu-
nication).

Type locality. Elater discalceatus. USA: New Hampshire.

Distribution. Eastern parts of Canada and USA.

Literature. Say (1839: 169): original description of Elater discalceatus; LeConte (1853: 427): redescription;
Melsheimer (1853: 69): catalogue; Candeze (1860: 421, 455): key, redescription [as Athous]; LeConte (1867: 48):
catalogue [as Athous]; Gemminger & Harold (1869: 1566): catalogue [as Athous]; Crotch (1873: 71): catalogue [as
Athous discalceatus Lec. (sic!)]; Desbrochers des Loges (1873: 366): comparison with other species [as Athous];
Perris (1875: 4): comparison with other species [as Athous]; Henshaw (1885: 70): catalogue; Horn (1885: 51): taxo-
nomic note [as Leptoschemal; Candeze (1891: 201): catalogue [as Leptoschema]; Reitter (1905: 20, 24): review,
key, remark [as Leptoschemal; Schwarz (1906: 197): catalogue [as Leptoschemal; Blatchley (1910: 761): catalogue,
review [as Leptoschema]; Leng (1920: 168): catalogue [as Leptoschema]; Hatch (1924: 569): distributional note
[as Leptoschema]; Schenkling (1927: 304): catalogue [as Leptoschema]; Leng (1928: 344): distributional note [as
Leptoschemal; Champlain & Knull (1932: 255): bionomics, distributional note [as Leptoschema]; Van Dyke (1932:
356, 358, 360): key, [erroneous] synonymization of E. oberndorfferi with E. discalceatus, bibliography; Thomas
(1941: 242): distributional note; Dietrich (1945: 16): species key, distributional note, review; Becker, (1961: 161,
168): comparison with other species, taxonomic note; Blackwelder (1974: 27): catalogue; Bousquet (1991: 177):
distributional note; Bousquet (1993: 9): bibliography; Thomas (2007: 24, 41, 66, 120, 165, 169): bionomics; Majka
& Johnson (2008: 7): distributional note; Majka et al. (2011: 139): distributional note; Webster et al. (2012: 96, 99):
distributional note; Bousquet ez al. (2013: 183): distributional note; Etzler (2019: 306): checklist.

Elathous huguenini (Van Dyke)
(Fig. 2C)

Limonius huguenini Van Dyke, 1932: 346.
Limonius hyguenini: Blackwelder, 1974: 26 [unavailable name, incorrect subsequent spelling not in prevailing usage].
Elathous huguenini: Etzler (2019: 306).

Type depository. Holotype, female (CAS).
Type locality. USA: California, Plumas Co.
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Distribution. USA (California).

Literature. Van Dyke (1932: 346): original description [as Limonius]; Leng & Mutchler (1933: 83): catalogue
[as Limonius]; Blackwelder (1974: 26): catalogue [as Limonius]; Al Dhafer (2009: 210, 214, 219, 226, 296, 307):
redescription, species key, comparison with other species, remarks, figure of aedeagus [as Limonius]; Etzler (2019:
306): checklist.

california Academy
- of Sciences

e 3145

FIGURE 2. Nearctic species of genus Elathous. A, E. californicus Van Dyke, 1932, holotype, male; B, E discalceatus (Say,
1839), non-type specimen from Canada, sex unknown; C, E. huguenini (Van Dyke, 1932), holotype, female; D, E. nebulosus
(Van Dyke, 1932), holotype, male. Photograph A provided by C. A. Maier (MCZ), B-D provided by R. Diaz-Bastin & C. Grinter
(CAS). Scale bars: 2.0 mm. Labels not to scale.

Elathous nebulosus (Van Dyke)
(Fig. 2D)

Limonius nebulosus Van Dyke, 1932: 345.
Elathous nebulosus: Lane, 1952: 66.

Type depository. Holotype, male (CAS); 2 paratypes, sex undetermined (CAS). Although both paratypes should be
deposited in the CAS collection (coll. of E. C. Van Dyke and coll. of R. Hopping; Van Dyke 1932: 345), only one
paratype has been located there (C. Grinter, CAS, personal communication).
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Type locality. USA: Arizona, El Tovar, Grand Canyon.

Distribution. Western parts of Canada and USA.

Literature. Van Dyke (1932: 345): original description [as Limonius]; Leng & Mutchler (1933: 83): catalogue
[as Limonius]; Lane (1952: 66): distributional note; Ruette (1970: 49): type depository; Lane & Lanchester (1971:
21): distributional note, review; Blackwelder (1974: 26): catalogue [as Limonius]; Bousquet (1991: 177): distribu-
tional note; Al Dhafer (2009: 211, 214, 219, 229, 297, 300, 306): redescription, species key, comparison with other
species, remarks, figure of aedeagus [as Limonius]; Bousquet et al. (2013: 183): distributional note; Etzler (2019:
306, 308): checklist, figures of imago morphology.

Species from the Palearctic realm

Elathous agilis Németh
(Fig. 3A)

Elathous agilis Németh, 2019: 136.

Type depositories. Holotype, male (HNHM); 55 paratypes, 30 males, 25 females (all but one female HNHM, one
female PCNN).

Type locality. Lebanon: Northern gov., Ehden, Horsh Ehden Natural Reserve, 34°18°25”N, 35°59°6”E.

Distribution. Lebanon.

Literature. Németh (2019: 136, 152): original description and figures; Németh et al. (2020: 168, 172): com-
parison with other species.

Elathous brucki (Candéze)
(Fig. 3B)

Athous brucki Candéze, 1878: CLXVIII.

Melanathous sequensi Reitter, 1905: 25; synonymized by Platia & Gudenzi (1996: 141).

Malanathous sequensi: Reitter, 1905: 115 [unavailable name, incorrect subsequent spelling not in prevailing usage].
Leptoschema brucki: Reitter, 1906: 399.

Elathous brucki: Guglielmi & Platia, 1985: 192.

Type depositories. Athous brucki: Syntype, sex unknown [without abdomen] (RBINS). Melanathous sequensi:
Syntype [designated as the holotype by the former HNHM curator], male (HNHM).

Type localities. Athous brucki: Greece: Peloponnese, Mt. Taygetos. Melanathous sequensi: Greece: Pelopon-
nese, Mt. Taygetos.

Distribution. Greece.

Literature. Candéze (1878: CLXVIII): original description [as Athous]; Oertzen (1886: 248): catalogue [as
Athous]; Marseul (1887: 261): catalogue [as Athous]; Candeze (1891: 152): catalogue [as Athous]; Reitter (1891:
207): catalogue [as Athous]; Reitter (1905: 24): review, key, possible synonymy with E. niger Schwarz, 1897 [as
Athous], original description of Melanathous sequensi; Reitter (1906: 399): catalogue [as Leptoschema, E. brucki
as a possible synonym of E. niger; as Melanathous]; Schwarz (1906: 198): catalogue [as Melanathous]; Jakobson
(1913: 757): catalogue [as Leptoschema [as a possible synonym of L. nigrum], Melanathous]; Buysson (1914: 87):
catalogue [as Melanathous]; Hyslop (1921: 655): generic names [Melanathous]; Buysson (1925: 598): catalogue
[as Leptoschema, Melanathous]; Schenkling (1927: 303): catalogue [as Leptoschema, Melanathous]; Guglielmi &
Platia (1985: 192): distributional note; Platia & Schimmel (1991: 132, 141): comparison with other species, key, fig-
ures of imago morphology; Platia & Gudenzi (1996: 140): synonymization of Melanathous sequensi and E. brucki,
Mertlik (2005: 171): comparison with other species; Cate (2007: 164): catalogue; Platia (2008: 144): comparison
with other species; Platia & Kakiopoulos (2014: 102): comparison with other species; Etzler (2019: 306): checklist;
Németh (2019: 137): comparison with other species.
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Elathous brunneus (Lewis)
(Fig. 30)

Limonius brunneus Lewis, 1894: 195.
Elathous brunneus: Suzuki, 1987: 2.
Limonius brunnea: Mitsuhashi, 1936: 440.

Type depository. Two syntypes, male and ?female (BMNH).

Type locality. Japan: Honshu, Tochigi Prefecture, Nikk®o.

Distribution. Japan.

Literature. Lewis (1894: 195): original description [as Limonius]; Schwarz (1906: 194): catalogue [as Limo-
nius]; Jakobson (1913: 757): catalogue [as Limonius]; Buysson (1925: 598): catalogue [as Limonius]; Schenkling
(1927:292): catalogue [as Limonius]; Miwa (1934: 104, 106): key, catalogue; Mitsuhashi (1936: 440): remark [as L.
brunnea (sic!)]; Inaizumi (1965: 32): distributional note [as L. brunnea (sic!)]; Ohira (1970: 24): review, taxonomic
note [as Limonius]; Kishii (1985: 9): taxonomic note; Ohira (1985: 5): taxonomic notes, figure of type specimen;
Kishii (1987: 80): catalogue; Suzuki (1987: 1): taxonomic note, figures of imago morphology; Watanabe (1987: 20):
distributional notes, figures of habitus and morphology of imago [as Limonius]; Watanabe (1990: 8): distributional
notes; Ohira (1992: 350): distributional note, figure of habitus of imago [as Harminathous suturalis (nec Candéze,
1873)]; Kishii (1993: 18): distributional note; Suzuki (1993: 4): distributional note; Ohira (1995: 190): comparison
with other species; Kishii (1999: 26): catalogue; Suzuki (2001: 50): distributional note, figure of habitus of imago;
Cate (2007: 164): catalogue; Arimoto (2010: 11): distributional note, figures of habitus of imago; Tsutsumiuchi
(2012: 5): distributional note, figures of habitus of imago; Kamezawa (2013: 4): remark; Etzler (2019: 306): check-
list.

Elathous buyssoni Reitter
(Fig. 3D)

Elathous buyssoni Reitter, 1890: 248.
Leptoschema buyssoni: Reitter, 1905: 20.

Type depository. Syntype [erroneously labelled as holotype by the former HNHM curator], male (HNHM); 2 syn-
types, males (HNHM), 1 syntype, male (SDEI).

Type locality. Azerbaijan: Nakchivan, Araxesthal [valley of Arax river], Ordubad.

Distribution. Armenia [needs to be confirmed], Azerbaijan (Nakchivan), Turkey.

Literature. Reitter (1890: 248): original description; Candéze (1891: 149): catalogue; Reitter (1891: 308):
catalogue; Schwarz (1893: 191): comparison with other species; Reitter (1898: 346): comparison with other spe-
cies; Buysson (1902a: 275): comparison with other species; Reitter (1905: 20, 115): review, key, catalogue [as
Leptoschemal; Reitter (1906: 399): catalogue [as Leptoschema]; Schwarz (1906: 197): catalogue [as Leptoschemal;
Jakobson (1913: 757): catalogue [as Leptoschema]; Hyslop (1921: 644): generic names, remark; Buysson (1925:
598): catalogue [as Leptoschemal]; Schenkling (1927: 303): catalogue [as Leptoschema]; Mardzhanyan (1987: 67):
review; Agaev (1988a: 540): distributional note; Agaev (1988b: 15, 51): key, review; Cate (2007: 164): catalogue;
Mertlik & Platia (2008: 32): distributional note; Giilper¢in & Tezcan (2010: 33): catalogue; Sert & Kabalak (2011:
505): distributional note; Kabalak et al. (2013: 88): distributional map, key, bionomics; Tarnawski et al. (2018:
116): catalogue; Etzler (2019: 306): checklist; Németh et al. (2020: 168, 172): comparison with other species.

Elathous candezei Reitter
(Fig. 3E,F)

Elathous candezei Reitter, 1890: 248.
Leptoschema candezei: Reitter, 1905: 20.
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FIGURE 3. Palearctic species of genus Elathous. A, E. agilis Németh, 2019, holotype, male; B, E. brucki (Candéze, 1878), syn-
type, sex unknown; C, E. brunneus (Lewis, 1894), syntype, ?female; D, E. buyssoni Reitter, 1890, syntype [erroneously labelled
as holotype by the former HNHM curator], male; E, E. candezei Reitter, 1890, syntype [erroneously labelled as holotype by the
former HNHM curator], without abdomen; F, E. candezei Reitter, 1890, non-type specimen from Crimea, male; G, E. chiarae
Guglielmi & Platia, 1985, paratype, male; H, E. crovatoi Platia & Schimmel, 1993, holotype, male. Photograph C provided by
K. Matsumoto (BMNH). Scale bars: 3.0 mm. Labels not to scale.
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Type depository. Syntype [erroneously labelled as holotype by the former HNHM curator], sex unknown
(HNHM).

Type locality. Crimea: Theodosia.

Distribution. Russia/Ukraine (Crimea).

Literature. Reitter (1890: 248): original description; Candeze (1891: 149): catalogue; Reitter (1891: 308): cat-
alogue; Schwarz (1893: 191): comparison with other species; Reitter (1905: 20, 22, 115): review, key, catalogue [as
Leptoschemal; Reitter (1906: 399): catalogue [as Leptoschemal; Schwarz (1906: 197): catalogue [as Leptoschemal;
Jakobson (1913: 757): catalogue [as Leptoschema]; Pliginsky (1916: 123): catalogue [as Leptoschema]; Buysson
(1925: 598): catalogue [as Leptoschema]; Schenkling (1927: 303): catalogue [as Leptoschema]; Dolin (1960: 193):
redescription of imago, description of larva, figures of larval characters [as Leptoschemal]; Dolin (1964a: 79): de-
scription of larva, figures of larval characters [as Leptoschemal; Dolin (1964b: 387): description of larva, figures of
larval characters [as Leptoschemal; Gurjeva (1965: 277): key to the species [as Leptoschema]; Gaedike (1969: 182,
195, 262): bibliography [as Leptoschema]; Dolin (1978: 49): larval key, figures of larval characters; Dolin (1982:
156): redescription of imago and larva, figures of larval and imaginal characters; Keaster ez al. (1988: 53): bibliogra-
phy [as Leptoschema]; Pyshkin et al. (2002: 104): distributional note; Cate (2007: 164): catalogue; Dusanek (2008:
149, 153): distributional note, bionomics, figure of habitus of imago; Etzler (2019: 306): checklist.

Elathous chiarae Guglielmi & Platia
(Fig. 3G)

Elathous chiarae Guglielmi & Platia, 1985: 192.

Type depository. Holotype, male (PCAG?); paratype, male (MCSN).

Type locality. Greece: Peloponnese, Mt. Taygetos, 1700-1900 m.

Distribution. Greece.

Literature. Guglielmi & Platia (1985: 185, 192, 213): original description and figures; Cate (2007: 164): cata-
logue; Etzler (2019: 306): checklist.

Remark. According to the original description (Guglielmi & Platia 1985), the holotype of E. chiarae should be
deposited in MCSN, Verona, Italy, and the paratype in the collection of the collector and co-author of this species,
Alfredo Guglielmi (Verona, Italy). However, only the paratype is deposited in the MCSN (Roberta Salmaso, per-
sonal communication), and therefore, we assume that the holotype is in the collection of A. Guglielmi.

Elathous crovatoi Platia & Schimmel
(Fig. 3H)

Elathous crovatoi Platia & Schimmel, 1993: 52.

Type depository. Holotype, male (PCGP).

Type locality. Greece: Skiathos, Koukounaries [Koukunaries, Skiathos-Camping].

Distribution. Greece.

Literature. Platia & Schimmel (1993: 52): original description and figures; Cate (2007: 164): catalogue; Etzler
(2019: 306): checklist.

Elathous cyprius (Baudi di Selve)
(Fig. 4A)

Athous cyprius Baudi di Selve, 1871: 54.
Athous cypricus: Marseul, 1887: 261 [unavailable name, incorrect subsequent spelling not in prevailing usage].
Elathous cyprius: Preiss & Platia (2003: 104).
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Type depository. Described probably based on a single specimen; type depository unknown.

Type locality. Cyprus.

Distribution. Cyprus.

Literature. Baudi di Selve (1871: 54): original description [as Athous]; Baudi di Selve (1873: 99): review [as
Athous]; Marseul (1873: 380): redescription [as Athous]; Marseul (1887: 261): catalogue [as Athous]; Candeze
(1891: 153): catalogue [as Athous]; Reitter (1905: 114, 119): review, catalogue [as Athous]; Schenkling (1927: 341):
catalogue [as Athous incertae sedis]; Preiss & Platia (2003: 104): catalogue, distributional note, habitus figure; Cate
(2007: 164): catalogue; Etzler (2019: 306): checklist; Németh (2019: 137): comparison with other species.

Elathous depressus Platia & Schimmel
(Fig. 4B)

Elathous depressus Platia & Schimmel, 1991: 131.

Type depository. Holotype, male (PCGP).

Type locality. Turkey: Adiyaman, Mt. Nemrut.

Distribution. Turkey.

Literature. Platia & Schimmel (1991: 131, 141): original description and figures; Cate (2007: 164): catalogue;
Giilpergin & Tezcan (2010: 33): catalogue; Kabalak ez al. (2013: 88): distributional map, key, bionomics; Tarnawski
et al. (2018: 116): catalogue; Etzler (2019: 306): checklist.

Elathous ekaterinae Preiss
(Fig. 40)

Elathous ekaterinae Preiss, 2003: 55.

Type depositories. Holotype, male (BMNH); 4 paratypes, males (3 PCRP, 1 SMNH).

Type locality. Syria: Golan Heights, Quneitra (Area of Separation, Charlie Gate), 950 m.

Distribution. Israel, Syria.

Literature. Preiss (2003: 55): original description and figures; Mertlik & DuSanek (2006: 153): comparison
with other species; Cate (2007: 164): catalogue; Etzler (2019: 306): checklist; Németh et al. (2020: 168, 172): com-
parison with other species, figures of imago.

Elathous emgei Schwarz
(Fig. 4D)

Elathous emgei Schwarz, 1893: 191.
Leptoschema emgei: Reitter, 1905: 22.

Type depository. Holotype, male (SDEI).

Type locality. Greece: Thessaloniki [,,Salonichi”].

Distribution. Greece.

Literature. Schwarz (1893: 191): original description; Reitter (1905: 22, 115): review, key, catalogue [as Lep-
toschemal; Reitter (1906: 399): catalogue [as Leptoschema]; Schwarz (1906: 197): catalogue [as Leptoschemal;
Jakobson (1913: 757): catalogue [as Leptoschema]; Buysson (1925: 598): catalogue [as Leptoschema]; Schenkling
(1927: 303): catalogue [as Leptoschema]; Guglielmi & Platia (1985: 192): comparison with other species; Cate
(2007: 164): catalogue; Etzler (2019: 306): checklist.
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Elathous emrei Platia
(Fig. 4E)

Elathous emrei Platia in Platia et al., 2011: 208.

Type depositories. Holotype, male (PCGP); 10 paratypes: 2 males, 8 females (PCGP, PCNJ).

Type locality. Turkey: Mersin, 40 km N of Giilnar, Kosegobanli-Tasdustu.

Distribution. Turkey.

Literature. Platia ef al. (2011: 208, 211, 213): original description and figures; Kabalak et al. (2013: 88): distri-
butional map, key, bionomics; Giilper¢in & Tezcan (2016: 134, 138, 141): bionomics, distributional notes; Kabalak
& Ozbek (2018: 147, 157): distributional note; Platia et al. (2018: 254): distributional note, bionomics; Tarnawski
et al. (2018: 117): catalogue; Etzler (2019: 306): checklist.

Elathous graecus Platia
(Fig. 4F)

Elathous graecus Platia, 2008: 143.

Type depositories. Holotype, male (RBINS); 12 paratypes: 9 males, 3 females (RBINS, PCGP).

Type locality. Greece: Parnassos, Koukouvitza, 900 m.

Distribution. Greece.

Literature. Platia (2008: 141, 143, 145, 147): original description and figures; Etzler (2019: 306): checklist;
Németh (2019: 137): comparison with other species.

Remark. Although the holotype should be deposited in RBINS according to the original description (Platia
2008: 143), it has not been located there (Jérome Constant, personal communication).

Elathous impressifrons (Hampe)
(Fig. 4G)

Athous impressifrons Hampe, 1866: 373.
Elathous impressifrons: Buysson, 1902a: 275.
Leptoschema impressifrons: Reitter, 1905: 24.

Type depository. According to the original description (Hampe 1866), there should be more female syntypes.
Hampe’s specimens should be deposited in NHMW; however, no specimens of this species have been located there
(H. Schillhammer, personal communication).

Type locality. Croatia: Zagreb [Agram)].

Distribution. Croatia. Bertolini (1904: 68) recorded this species from France (Corsica) but this record was not
confirmed in subsequent studies.

Literature. Hampe (1866: 373): original description [as Athous]; Stein (1868: 66): catalogue [as Athous];
Marseul (1873: 354): redescription [as Athous]; Stein & Weise (1877: 94): catalogue [as Athous]; Marseul (1887:
259): catalogue [as Athous]; Candéze (1891: 150): catalogue [as Athous]; Reitter (1891: 206): catalogue [as Athous];
Bertolini (1904: 68): catalogue; Reitter (1905: 24, 115): review, key, catalogue [as Leptoschema]; Reitter (1906:
399): catalogue [as Leptoschema]; Schwarz (1906: 197): catalogue [as Leptoschema]; Jakobson (1913: 757): cata-
logue [as Leptoschemal]; Buysson (1914: 87): catalogue [as Leptoschema]; Hyslop (1921: 652): taxonomic note [as
Athous]; Buysson (1925: 598): catalogue [as Leptoschemal]; Schenkling (1927: 303): catalogue [as Leptoschemal;
Porta (1929: 359): catalogue, distributional note [as Leptoschema]; Mertlik (2005: 171): comparison with other
species; Cate (2007: 164): catalogue; Etzler (2019: 306): checklist; Németh (2019: 137): comparison with other
species.

244 - Zootaxa 4995 (2) © 2021 Magnolia Press KUNDRATA ET AL.



’R’f:c AiA ELATHOUS .
aman ,  depressus PLSch.
Niiu rwl Dag, | det. Platia 002
Vi-g3 Susinl

DEI

BBERSWALDE ‘ Gmgecsy

BAIVIHE)
ba3-33

Crogtia
dr. Ham3e

D e det.SzomYathy gVRIA‘ B ViI1993
ELSeNE CGEEIERY o ..., (4 AT wor
I.G. 19,308 Ty ‘ det. Platia 2010 m

Vi
E.Janssens & R. Tollet

FIGURE 4. Palearctic species of genus Elathous. A, E. cyprius (Baudi di Selve, 1871), non-type specimen from Cyprus, male;
B, E. depressus Platia & Schimmel, 1991, holotype, male; C, E. ekaterinae Preiss, 2003, holotype, male; D, E. emgei Schwarz,
1893, holotype, male; E, E. emrei Platia in Platia et al., 2011, holotype, male; F, E. graecus Platia, 2008, paratype, male; G, E.
impressifrons (Hampe, 1866), non-type specimen from Croatia, female; I, E. lizleri Mertlik, 2005, holotype, female. Scale bars:

3.0 mm. Labels not to scale.

ANNOTATED CATALOGUE OF THE CLICK-BEETLE GENUS ELATHOUS Zootaxa 4995 (2) © 2021 Magnolia Press - 245



Elathous lizleri Mertlik
(Fig. 4H)

Elathous lizleri Mertlik, 2005: 170.

Type depository. Holotype, female (PCJM); 1 paratype, female (PCIM).

Type locality. Syria: Coastal region.

Distribution. Syria.

Literature. Mertlik (2005: 168): original description and figures; Etzler (2019: 306): checklist; Németh (2019:
137): comparison with other species, figures of characters of holotype; Németh et al. (2020: 168, 172): comparison
with other species.

Elathous lizlerwerneri Mertlik & DuSanek
(Fig. 5A)

Elathous lizlerwerneri Mertlik & Du$anek, 2006: 152.

Type depository. Holotype, male (PCIJM); allotype, female (PCIM).

Type locality. Turkey: Antalya Province, 24 km NE of Alanya, Kopriilii env., 800 m.

Distribution. Turkey.

Literature. Mertlik & Dusanek (2006: 148, 151): original description and figures; Giilper¢in & Tezcan (2010:
33): catalogue; Kabalak et al. (2013: 88): distributional map, key, bionomics; Platia et al. (2014: 44): comparison
with other species; Nasserzadeh et al. (2018: 529): comparison with other species; Tarnawski et al. (2018: 117):
catalogue; Etzler (2019: 306): checklist.

Elathous maestrei Zapata de la Vega & Sanchez-Ruiz
(Fig. 5B)

Elathous maestrei Zapata de la Vega & Sanchez-Ruiz, 2012a: 108.

Type depository. Holotype, male (PCJZ).

Type locality. Spain: Teruel Province, Bronchales.

Distribution. Spain.

Literature. Zapata de la Vega & Sanchez-Ruiz (2012a: 108, 110): original description and figures; Zapata
de la Vega & Sanchez-Ruiz (2013: 165, 184): catalogue, distributional map; Zapata de la Vega & Sanchez-Ruiz
(2014: 160): catalogue; Zapata de la Vega & Sanchez-Ruiz (2015: 189): catalogue; Zapata de la Vega & Sanchez-
Ruiz (2016: 200): catalogue; Zapata de la Vega & Sanchez-Ruiz (2017: 279): catalogue; Zapata de la Vega &
Sanchez-Ruiz (2018: 35): catalogue; Etzler (2019: 306): checklist; Zapata de la Vega & Sanchez-Ruiz (2019: 77):
catalogue.

Elathous malatyanus Etzler
(Fig. 5C)

Elathous bicolor Platia, 2010: 27. Preocuppied by Elathous bicolor (LeConte, 1853: 428).
Elathous malatyanus Etzler, 2019: 306. Replacement name for Elathous bicolor Platia, 2010.

Type depository. Holotype, male (PCGP).

Type locality. Turkey: Malatya, Darende, 1570 m.

Distribution. Turkey.

Literature. Platia (2010: 27, 42, 46, 48): original description and figures; Kabalak ef al. (2013: 88): distribu-
tional map, key, bionomics; Tarnawski et al. (2018: 116): catalogue; Etzler (2019: 306): checklist.
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FIGURE 5. Palearctic species of genus Elathous. A, E. lizlerwerneri Mertlik & Dusanek, 2006, holotype, male; B, E. maestrei
Zapata de la Vega & Sanchez-Ruiz, 2012, holotype, male; C, E. malatyanus Etzler, 2019 (replacement name for E. bicolor
Platia, 2010), holotype, male; D, E. melanarius Platia & Kakiopoulos, 2014, holotype, male; E, E. mertliki Platia & Schimmel,
1992, holotype, male; F, E. murzovi Platia, 2010, paratype, male; G, E. niger Schwarz, 1897, syntype, male; H, E. nigricans
Platia & Schimmel, 1991, holotype, male. Photograph B provided by M. Paris (MNCN), photograph D provided by G. Platia
(Italy). Scale bars: 3.0 mm. Labels not to scale.
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Elathous melanarius Platia & Kakiopoulos
(Fig. 5D)

Elathous melanarius Platia & Kakiopoulos, 2014: 102.

Type depository. Holotype, male (PCGK).

Type locality. Greece: Attica, Mount Geraneia, 850 m.

Distribution. Greece.

Literature. Platia & Kakiopoulos (2014: 102, 104): original description and figures; Etzler (2019: 307): check-
list; Németh (2019: 137): comparison with other species.

Elathous mertliki Platia & Schimmel
(Fig. 5E)

Elathous mertliki Platia & Schimmel, 1992: 93.

Type depository. Holotype, male (PCIM).

Type locality. Turkey: Antalya Province, Elmali, Ak Daglar.

Distribution. Greece, Turkey.

Literature. Platia & Schimmel (1992: 92): original description and figures; Mertlik (2005: 171): comparison
with other species; Cate (2007: 164): catalogue; Giilper¢in & Tezcan (2010: 33): catalogue; Jarzabek-Miiller (2013:
78): distributional note, figures of imago morphology; Kabalak et al. (2013: 88): distributional note, key, bionom-
ics; Tarnawski et al. (2018: 117): catalogue; Etzler (2019: 307): checklist; Németh (2019: 137): comparison with
other species.

Elathous murzovi Platia
(Fig. 5F)

Elathous murzovi Platia, 2010: 27.

Type depository. Holotype, male (PCGM); 3 paratypes, males (PCGM, PCGP).
Type locality. Bulgaria: Pastren vill., Stara Zagora.
Distribution. Bulgaria.
Literature. Platia (2010: 27, 42, 46, 48): original description and figures; Etzler (2019: 307): checklist.

Elathous niger Schwarz
(Fig. 5G)

Elathous niger Schwarz, 1897: 130.
Leptoschema nigra: Reitter, 1905: 24.
Leptoschema nigrum: Reitter, 1906: 399.
Elathous nigrum: Dolin, 1978: 51.

Type depository. Syntype, male (SDEI).

Type locality. Greece: Parnassos.

Distribution. Azerbaijan [dubious], Greece.

Literature. Schwarz (1897: 130): original description; Reitter (1905: 24, 115): review, key, catalogue [as Lep-
toschema, as possible syn. of Athous brucki]; Reitter (1906: 399): catalogue [as Leptoschema, as possible synonym
of Athous brucki]; Schwarz (1906: 197): catalogue [as Leptoschemal]; Jakobson (1913: 757): catalogue [as Leptos-
chemal; Buysson (1914: 87): catalogue [as Leptoschema]; Buysson (1925: 598): catalogue [as Leptoschema, syn.
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of L. brucki Candéze, 1878]; Schenkling (1927: 303): catalogue [as Leptoschema, syn. of L. brucki]; Agaev (1971:
38, 41): distributional record [as Leptoschemal]; Dolin (1978: 49): larval key, figures of larval characters; Agaev
(1980: 17, 20): key for larva and imago; Agaev (1986: 16): remark; Agaev (1988a: 543): distributional note; Agaev
(1988b: 51): key, review; Platia & Schimmel (1991: 132): comparison with other species, key; Mertlik (2005: 171):
comparison with other species; Cate (2007: 164): catalogue; Etzler (2019: 307): checklist; Németh (2019: 137):
comparison with other species.

Elathous nigricans Platia & Schimmel
(Fig. 5H)

Elathous nigricans Platia & Schimmel, 1991: 132.

Type depository. Holotype, male (MCNG); 6 paratypes: 5 males, 1 female (1 male: BMNH, 1 female: MCNG,
2 males: PCGP, 1 male PCPC; 1 male from Crete has not been located in any of the collections mentioned in the
original description nor in the collections checked by authors).

Type locality. Turkey: Mersin prov., Camliyayla, Lampron castle (=Namrun Kalesi) env. [Umg. Namrun].

Distribution. Greece (Crete) [needs to be confirmed], Turkey.

Literature. Platia & Schimmel (1991: 132, 141): original description, key, figures; Mertlik (2005: 171): com-
parison with other species; Kesdek et al. (2006: 421): distributional record; Cate (2007: 164): catalogue; Giilper¢in
& Tezcan (2010: 34): catalogue; Sert & Kabalak (2011: 505): distributional note; Kabalak ef al. (2013: 88): dis-
tributional note, key, bionomics; Giilper¢in & Tezcan (2016: 134, 136, 138, 141): bionomics, distributional notes;
Kabalak & Ozbek (2018: 147): distributional note; Tarnawski et al. (2018: 117): catalogue; Etzler (2019: 307):
checklist; Németh (2019: 137): comparison with other species.

Elathous nurayae Platia
(Fig. 6A)

Elathous nurayae Platia in Platia et al., 2011: 207.

Type depositories. Holotype, male (PCGP); 2 paratypes, males (PCGP, PCNJ).

Type locality. Turkey: Egirdir, Yukangdkdere, Kasnak forest.

Distribution. Turkey.

Literature. Platia ef al. (2011: 207, 211, 213): original description and figures; Kabalak et al. (2013: 88): distri-
butional note, key, bionomics; Giilper¢in & Tezcan (2016: 134, 138, 141): bionomics, distributional notes; Kabalak
& Ozbek (2018: 147, 158): distributional note; Platia et al. (2018: 254): distributional note, bionomics; Tarnawski
et al. (2018: 118): catalogue; Etzler (2019: 307): checklist.

Elathous pavesii Platia & Schimmel
(Fig. 6B)

Elathous pavesii Platia & Schimmel, 1992: 94.

Type depository. Holotype, male (PCGP).

Type locality. Turkey: Mersin [I¢el] Province, Camliyayla, 1200 m.

Distribution. Turkey.

Literature. Platia & Schimmel (1992: 94): original description; Platia & Schimmel (1993: 52): comparison
with other species; Cate (2007: 164): catalogue; Giilpercin & Tezcan (2010: 34): catalogue; Kabalak et al. (2013:
87): distributional map, key, comparison with other species, figure of aedeagus; Tarnawski ez al. (2018: 118): cata-
logue; Etzler (2019: 307): checklist.
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Elathous perrisii (Desbrochers des Loges)
(Fig. 6C)

Athous perrisii Desbrochers des Loges, 1873: 366.

Athous amicus Perris, 1875: 4; synonymized with Athous revelieri Mulsant & Rey, 1875 by Reitter (1905: 20).

Athous revelieri Mulsant & Rey, 1875: 416; synonymized with Athous perrisii Desbrochers des Loges, 1873 by Reitter (1905: 20).

Athous perrisi: Marseul, 1887: 261 [unavailable name, incorrect subsequent spelling not in prevailing usage].

Elathouina revelierei: Reitter, 1905: 20 [unavailable name, incorrect subsequent spelling not in prevailing usage].

Athouinus [sic!] amictus: Reitter, 1905: 114 [unavailable name, incorrect subsequent spelling not in prevailing usage].

Athouinus [sic!] perrisi: Reitter, 1905: 114 [unavailable name, incorrect subsequent spelling not in prevailing usage].

Athouinus [sic!] revelieri: Reitter, 1905: 114.

Athoina [sic!] amica: Reitter, 1906: 399.

Athoina [sic!] perrisi: Reitter, 1906: 399 [unavailable name, incorrect subsequent spelling not in prevailing usage].

Athoina [sic!] revelierei [sic!]: Reitter, 1906: 399 [unavailable name, incorrect subsequent spelling not in prevailing usage]..

Elathouina perrisi: Jakobson, 1913: 757 [unavailable name, incorrect subsequent spelling not in prevailing usage].

Elathouina revelieri: Jakobson, 1913: 757.

Elathouina amica: Jakobson, 1913: 757.

Leptoschema perrisi: Cobos, 1969: 12 [unavailable name, incorrect subsequent spelling not in prevailing usage].

Leptoschema revelieri: Cobos, 1969: 12.

Elathous perrisii: Cate, 2007: 164.

FElathous perrisi: Zapata de la Vega & Sanchez-Ruiz, 2007: 222 [unavailable name, incorrect subsequent spelling not in prevail-
ing usage].

Elathous perisii: Lobl & Smetana, 2008: 24 [unavailable name, incorrect subsequent spelling not in prevailing usage].

Type depository. Elathous perrisii. Type, male (MNHN?). Athous amicus. Unknown number and sex (MNHN?).
Athous revelieri. Unknown number of female syntypes (MNHN?).

Type locality. Elathous perrisii. France: Corsica. Athous amicus. France: Corsica. Athous revelieri. France:
Corsica.

Distribution. France (Corsica), Italy (Sardinia).

Literature. Desbrochers des Loges (1873: 366): original description of 4. perrisii; Perris (1875: 4): original
description of A. amicus; Mulsant & Rey (1875a: 416): original description of 4. revelieri; Mulsant & Rey (1875b:
81): redescription [as description] of A. revelieri; Marseul (1887: 261): catalogue [as Athous]; Stein & Weise (1877:
95): catalogue [as Athous]; Candéze (1891: 153, 155): catalogue [as Athous]; Reitter (1891: 207): catalogue [as
Athous]; Buysson (1902b: 15): catalogue [as Athous]; Bertolini (1904: 68): catalogue [as Athous]; Reitter (1905:
20, 114): review, catalogue [as Elathouina and Athouinus]; Reitter (1906: 399): catalogue [as Athoina]; Schwarz
(1906: 197): catalogue [as Elathouina]; Jakobson (1913: 757): catalogue [as Elathouina]; Sainte-Claire-Deville
(1914: 290): catalogue [as Athous]; Hyslop (1921: 644): remark [as Elathouina]; Buysson (1925: 598): catalogue
[as Elathouina]; Schenkling (1927: 304): catalogue [as Elathouina]; Luigioni (1929: 561): catalogue [as Elath-
ouinal; Porta (1929: 359): catalogue [as Elathouina]; Sainte-Claire-Deville (1935: 220): catalogue [as Elathouinal;
Kocher (1956: 100): catalogue [doubtful identification] [as Elathouina]; Cobos (1969: 12, 14): figures of characters
of imago, key, comparison with other species [as Leptoschemal; Leseigneur (1972: 173, 183): catalogue, figures of
aedeagus [as Elathouina]; Pesarini (1986: 26, 40): catalogue, review, figure of habitus of imago [as Elathouinal;
Platia (1994: 106): review, figures of characters of imago; Gobbi & Platia (1995: 4): catalogue; Cate (2007: 164):
catalogue; Zapata de la Vega & Sanchez-Ruiz (2007: 223): comparison with other species, figures of characters of
imago; Lobl & Smetana (2008: 24): taxonomic note; Platia (2011: 834): distributional notes; Leseigneur (2014:
431): catalogue; Delnatte et al. (2015: 43): distributional and taxonomic notes; Rousette & Delnatte (2016: 175):
bionomics; Etzler (2019: 307): checklist.

Elathous platiai Zapata de la Vega & Sanchez-Ruiz
(Fig. 6D)

Elathous platiai Zapata de la Vega & Sanchez-Ruiz, 2007: 221.

Type depositories. Holotype, male (PCJZ); 35 paratypes: 6 males (PCJZ), 5 males (PCJB), 12 males (PCGP), 5
males (BMNH), 5 males, 1 female (MNCN), 1 male (HNHM).
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FIGURE 6. Palearctic species of genus Elathous. A, E. nurayae Platia in Platia et al., 2011, holotype, male; B, E. pavesii Platia
& Schimmel, 1992, holotype, male; C, E. perrisii (Desbrochers des Loges, 1873), non-type specimen, male; D, E. platiai Zapata
de la Vega & Sanchez-Ruiz, 2007, holotype, male; E, E. rufobasalis Wurst, 1994, non-type specimen from Turkey, female; F,
E. rufus (Candeze, 1860), syntype, male; G, E. schwarzi Reitter, 1898, syntype [erroneously labelled as holotype by the former
HNHM curator], male; H, E. serjillensis Németh, Prosvirov & Kundrata, 2020, holotype, male. Photograph D provided by M.
Paris (MNCN), photograph F provided by K. Matsumoto (BMNH). Scale bars: 3.0 mm. Labels not to scale.
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Type locality. Spain: Madrid, Cotorredondo.

Distribution. Spain.

Literature. Zapata de la Vega & Sanchez-Ruiz (2007: 221): original description; Zapata de la Vega & Sanchez-
Ruiz (2012a: 108): comparison with other species, figures of characters of imago; Zapata de la Vega & Sanchez-
Ruiz (2012b: 166, 260): catalogue, distributional map; Zapata de la Vega & Sanchez-Ruiz (2013: 184): catalogue;
Saez Bolafio et al. (2014: 136): distributional note, distributional map; Zapata de la Vega & Sanchez-Ruiz (2014:
160): catalogue; Zapata de la Vega & Sanchez-Ruiz (2015: 165, 189): catalogue, distributional map; Zapata de la
Vega & Sanchez-Ruiz (2016: 200): catalogue; Zapata de la Vega & Sanchez-Ruiz (2017: 279): catalogue; Zapata de
la Vega & Sanchez-Ruiz (2018: 21, 35): catalogue, distributional map; Etzler (2019: 307): checklist; Zapata de la
Vega & Sanchez-Ruiz (2019: 56, 77): catalogue, distributional map.

Elathous rufobasalis Wurst
(Fig. 6E)

Elathous rufobasalis Wurst, 1994: 62.

Type depository. Holotype, male (PCCW).

Type locality. Turkey: Isparta Province, ca. 50 km N Egirdir [misspelled as Egridir], Kovada Hes, 1100 m.

Distribution. Turkey.

Literature. Wurst (1994: 62): original description; Mertlik (2005: 171): comparison with other species; Platia
& Gudenzi (2005: 114): comparison with other species; Cate (2007: 164): catalogue; Giilpercin & Tezcan (2010:
34): catalogue; Platia et al. (2011: 207): comparison with other species; Atay et al. (2012: 110): distributional note,
bionomics; Kabalak e al. (2013: 88): distributional map, key, bionomics; Giilper¢in & Tezcan (2016: 134, 138,
141): bionomics, distributional notes; Kabalak & Ozbek (2018: 147, 159, 165): distributional note, taxonomic note,
figures of characters of imago; Tarnawski ef al. (2018: 118): catalogue; Etzler (2019: 307): checklist.

Elathous rufus (Candéze)
(Fig. 6F)

Limonius russus Dejean, 1836: 102 [unavailable name, published without description, ICZN (1999); as a synonym of L. rufus
Candéze, 1860 in Gemminger & Harold (1869: 1563)]

Limonius rufus Candéze, 1860: 384.

Simonius [sic!] rufus Dej.: Stierlin, 1864: 192.

Elathous rufus: Buysson, 1902a: 275.

Leptoschema rufa: Reitter, 1905: 23.

Elathous barrosi Reitter, 1905: 23 [unavailable name; in litteris].

Leptoschema rufum: Reitter, 1906: 399.

Type depository. Syntype, male (BMNH).

Type locality. Spain.

Distribution. Portugal, Spain.

Literature. Dejean (1836: 102): catalogue [as Limonius; unavailable name]; Candéze (1860: 379, 384): key,
original description [as Limonius]; Marseul (1863: 143): catalogue [as Limonius]; Stierlin (1864: 192): key [as Simo-
nius (sic!)]; Stein (1868: 66): catalogue [as Limonius]; Gemminger & Harold (1869: 1563): catalogue [as Limonius];
Stein & Weise (1877: 94): catalogue [as Limonius]; Jiger (1883: 338): catalogue; Marseul (1887: 259): catalogue
[as Limonius]; Candéze (1891: 146): catalogue [as Limonius]; Reitter (1891: 206): catalogue [as Limonius]; Oliveira
(1893: 193): catalogue [as Limonius]; Buysson (1902a: 275): taxonomic note, comparison with other species; Reit-
ter (1905: 23, 115): review, key, catalogue [as Leptoschema]; Reitter (1906: 399): catalogue [as Leptoschemal;
Schwarz (1906: 197): catalogue [as Leptoschemal]; Jakobson (1913: 757): catalogue [as Leptoschema]; Buysson
(1914: 87): catalogue [as Leptoschema]; Buysson (1925: 598): catalogue [as Leptoschema]; Buysson (1926: 163):
remark [as Leptoschema]; Schenkling (1927: 303): catalogue [as Leptoschema]; Fuente (1930: 60): catalogue [as
Leptoschemal; Seabra (1939: 226): catalogue [as Leptoschema]; Seabra (1943: 60): catalogue [as Leptoschemal;
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Cobos (1969: 14): key [as Leptoschema]; Sanchez-Ruiz (1996: 107, 197): catalogue; Platia & Serrano (2002: 312,
321): distributional note, figures of imaginal characters; Cate (2007: 164): catalogue; Zapata de la Vega & Sanchez-
Ruiz (2007: 223): distributional note, comparison with other species, figures of characters of imago; Zapata de la
Vega & Sanchez-Ruiz (2012a: 108): comparison with other species, figures of characters of imago; Zapata de la
Vega & Sanchez-Ruiz (2012b: 166, 260): catalogue, distributional map; Zapata de la Vega & Sanchez-Ruiz (2013:
184): catalogue; Zapata de la Vega & Sanchez-Ruiz (2014: 138, 160): catalogue, distributional map; Zapata de la
Vega & Sénchez-Ruiz (2015: 189): catalogue; Zapata de la Vega & Sanchez-Ruiz (2016: 200): catalogue; Zapata
de la Vega & Sanchez-Ruiz (2017: 279): catalogue; Zapata de la Vega & Sanchez-Ruiz (2018: 21, 35): catalogue,
distributional map; Etzler (2019: 307): checklist; Zapata de la Vega & Sanchez-Ruiz (2019: 56, 77): catalogue,
distributional map.

Elathous schwarzi Reitter
(Fig. 6G)

Elathous schwarzi Reitter, 1898: 346.
Leptoschema schwarzi: Reitter, 1905: 22.

Type depositories. Syntype [erroneously labelled as holotype by the former HNHM curator], male (HNHM); syn-
type, male (SDEI).

Type locality. Turkey: Mardin.

Distribution. Turkey.

Literature. Reitter (1898: 346): original description; Reitter (1905: 22, 115): review, key, catalogue [as Lep-
toschemal; Schwarz (1906: 197): catalogue [as Leptoschemal); Jakobson (1913: 757): catalogue [as Leptoschemal;,
Buysson (1925: 598): catalogue [as Leptoschemal; Schenkling (1927: 303): catalogue [as Leptoschemal]; Cate
(2007: 164): catalogue; Giilpercin & Tezcan (2010: 34): catalogue; Kabalak et al. (2013: 88): distributional map,
key, bionomics; Tarnawski et al. (2018: 118): catalogue; Etzler (2019: 307): checklist; Németh et al. (2020: 168,
172): comparison with other species.

Elathous serjillensis Németh, Prosvirov & Kundrata
(Fig. 6H)

Elathous serjillensis Németh, Prosvirov & Kundrata, 2020: 168.

Type depository. Holotype, male (PCIM); paratype, male (PCIM).
Type locality. Syria: Surgilia [Serjilla, 35°40°17”°N, 36°34’59”E].
Distribution. Syria.
Literature. Németh et al. (2020: 168): original description and figures.

Elathous serti Kabalak, Avel & Platia
(Fig. 7A)

Elathous serti Kabalak, Avci & Platia in Kabalak ez al., 2013: 86.

Type depositories. Holotype, male (HUZOM); 17 paratypes: 7 males, 9 females (HUZOM), 1 male (PCGP).
Type locality. Turkey: Isparta Province, Asagigokdere village.
Distribution. Turkey.
Literature. Kabalak ez al. (2013: 86): original description, bionomics; Tarnawski ez al. (2018: 119): catalogue;
Etzler (2019: 307): checklist.
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Elathous smyrnensis Schwarz
(Fig. 7B)

Elathous smyrnensis Schwarz, 1903: 207.
Leptoschema smyrnensis: Reitter, 1905: 23.
Leptoschema smyrnense: Jakobson, 1913: 757.

Type depository. Syntype, female (SDEI).

Type locality. Turkey: Izmir [Smyrna].

Distribution. Turkey.

Literature. Schwarz (1903: 207): original description; Reitter (1905: 23, 115): review, key, catalogue [as Lep-
toschemal; Schwarz (1906: 197): catalogue [as Leptoschema]; Jakobson (1913: 757): catalogue [as Leptoschemal;
Buysson (1925: 598): catalogue [as Leptoschema]; Schenkling (1927: 303): catalogue [as Leptoschema]; Wurst
(1994: 62): comparison with other species; Cate (2007: 164): catalogue; Giilper¢in & Tezcan (2010: 34): catalogue;
Tezcan et al. (2010: 66): distributional note; Kabalak er al. (2013: 88): distributional map, key, bionomics; Tar-
nawski ef al. (2018: 119): catalogue; Etzler (2019: 307): checklist.

Elathous syriacus Schwarz
(Fig. 7C)

Elathous syriacus Schwarz, 1903: 208.
Leptoschema syriaca: Reitter, 1905: 23.
Leptoschema syriacum: Jakobson, 1913: 757.

Type depository. Lectotype, male (SDEI).

Type locality. Lebanon [Syria]: Beirut.

Distribution. Lebanon, Syria [needs to be confirmed].

Literature. Schwarz (1903: 208): original description; Reitter (1905: 23, 115): review, key, catalogue [as Lep-
toschemal; Schwarz (1906: 197, pl. 5): catalogue, figure of habitus of imago [as Leptoschema]; Jakobson (1913:
757): catalogue [as Leptoschema]; Buysson (1925: 598): catalogue [as Leptoschemal]; Schenkling (1927: 303):
catalogue [as Leptoschemal; Platia & Schimmel (1992: 94): comparison with other species; Cate (2007: 164): cata-
logue; Platia (2010: 27) comparison with other species; Etzler (2019: 307): checklist; Németh (2019: 136, 146):
distributional record, figure of habitus of imago; Németh ez al. (2020: 168, 172): comparison with other species.

Elathous talassemtani Németh & Platia
(Fig. 7D)

Elathous talassemtani Németh & Platia in Németh et al., 2015: 92.

Type depositories. Holotype, male (HNHM); 8 paratypes: 1 male, 2 females (HNHM), 2 males (CCRF), 2 males
(PCHB), 1 male (PCGP).

Type locality. Morocco: 12 km SE of Chefchaouen, NP Talassemtane, N35°7°59”, W5°8°22”.

Distribution. Morocco.

Literature. Németh et al. (2015: 92, 95): original description; Benyahia ez al. (2016: 8): checklist; Etzler (2019:
307): checklist.

Elathous tezcani Platia
(Fig. 7E)

Elathous tezcani Platia in Platia et al., 2014: 44.
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FIGURE 7. Palearctic species of genus Elathous. A, E. serti Kabalak, Avcr & Platia in Kabalak ez al., 2013, holotype, male;
B, E. smyrnensis Schwarz, 1903, syntype, female; C, E. syriacus Schwarz, 1903, lectotype, male; D, E. talassemtani Németh
& Platia in Németh et al., 2015, holotype, male; E, E. tezcani Platia in Platia et al., 2014, holotype, male; F, E. transversalis
Németh, Prosvirov & Kundrata, 2020, holotype, male; G, E. turcicus Platia & Gudenzi, 2005, holotype, male; H, E. vazquezi
(Cobos, 1969), holotype, male. Photograph A provided by M. Kabalak (Turkey), photograph H provided by M. Paris (MNCN).

Scale bars: 3.0 mm. Labels not to scale.
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Type depository. Holotype, male (PCGP).

Type locality. Turkey: Balikesir, 10 km N Edremit, 39°41°17”N, 26°56°15”E.

Distribution. Turkey.

Literature. Platia ef al. (2014: 44, 47): original description; Tarnawski et al. (2018: 119): catalogue; Etzler
(2019: 307): checklist.

Elathous transversalis Németh, Prosvirov & Kundrata
(Fig. 7F)

Elathous transversalis Németh, Prosvirov & Kundrata, 2020: 171.

Type depository. Holotype, male (PCIM).
Type locality. Syria: Djebel Ansariya, Qerdaha [Jebel Ansariya, Qardaha] env.
Distribution. Syria.
Literature. Németh et al. (2020: 171): original description and figures.

Elathous turcicus Platia & Gudenzi
(Fig. 7G)

Elathous turcicus Platia & Gudenzi, 2005: 114.

Type depository. Holotype, male (PCGP).

Type locality. Turkey: Manisa, N side of pass, 800 m.

Distribution. Turkey.

Literature. Platia & Gudenzi (2005: 113, 117): original description and figures; Giilpercin & Tezcan (2010:
34): catalogue; Kabalak ef al. (2013: 87): distributional map, key, comparison with other species, figure of ae-
deagus, bionomics; Tarnawski et al. (2018: 119): catalogue; Etzler (2019: 307): checklist.

Elathous vazquezi (Cobos)
(Fig. 7H)

Leptoschema boiteli Kocher, 1956: 100 [unavailable name; attributed to Buysson, in litteris].

Leptoschema vazquezi Cobos, 1969: 11.

Elathous vasquezi: Cate, 2007: 164 [unavailable name, incorrect subsequent spelling not in prevailing usage].
Elathous vazquezi: Zapata de la Vega & Sanchez-Ruiz (2007: 222).

Type depository. Holotype, male (MNCN).

Type locality. Morocco: Moyen Atlas, J’bel Aoua.

Distribution. Morocco.

Literature. Cobos (1969: 11): original description, key [as Leptoschemal; Cate (2007: 164): catalogue; Zapata
de la Vega & Sanchez-Ruiz (2007: 223): comparison with other species, figures; Németh et al. (2015: 93, 95): com-
parison with other species, figures; Etzler (2019: 307): checklist.

Elathous yamamotoi Ohira
(Fig. 8A)
Elathous yamamotoi Ohira, 1995: 189.

Type depository. Holotype, female (NMNS).
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Type locality. Japan: Honshu, Wakayama Pref., Mt. Gomanodan.

Distribution. Japan.

Literature. Ohira (1995: 189): original description; Kishii (1999: 26): catalogue; Cate (2007: 164): catalogue;
Toyoshima (2007: 43): distributional note, figure of habitus of imago; Hiramatsu (2011: 43): distributional note,
figure of habitus of imago; Etzler (2019: 307): checklist.

Elathous zagrosensis Nasserzadeh & Platia
(Fig. 8B)

Elathous zagrosensis Nasserzadeh & Platia in Nasserzadeh et al., 2018: 528.

Type depository. Holotype, male (HMIM); 2 paratypes, males (HMIM, PCGP).
Type locality. Iran: [lam Province, 40 km NW of [lam city, Ghallajeh.
Distribution. Iran.

Literature. Nasserzadeh et al. (2018: 528): original description.
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FIGURE 8. Type specimens of Palearctic Elathous species. A, E. yamamotoi Ohira, 1995, holotype, female; B, E. zagrosensis
Nasserzadeh & Platia in Nasserzadeh et al., 2018, paratype, male. Photograph A provided by H. Arimoto (Japan). Scale bars:
3.0 mm. Labels not to scale.

Discussion
We present here the first comprehensive catalogue of the genus Elathous. Although this genus had a rather chaotic

history of its limits and classification, it is now relatively well-defined and settled in the system (e.g., Kabalak et
al. 2013, Etzler 2019). However, all studies on this genus so far were based on the limited material with regard
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to the geographic sampling, and therefore, a comprehensive alpha-taxonomic revision is needed to confirm the
limits of this genus. There are three geographically distinct groups of species, i.e., North American, Japanese and
Mediterranean. The North American species were all described quite early, in the 19th and the first half of the 20th
century, and after the revision and a key by Van Dyke (1932), species of North American Elathous were treated only
occasionally (Fall 1934, Becker 1961, Etzler 2019). Two Japanese species are currently under revisionary study
by H. Arimoto (personal communication). The Mediterranean is the center of diversity of the genus, and recently
many new species were described (e.g., Platia ef al. 2011, Kabalak et al. 2013, Nasserzadeh et al. 2018, Németh et
al. 2020), although there are many single-specimen or single-population descriptions which might be problematic
when much more material from all species and the Mediterranean subregions are examined for a revision. It is nec-
essary to understand the intra- and interspecific variability in Elathous in order to establish a natural classification.
Furthermore, based on the general habitus and shape of male genitalia, there are at least two large species groups in
the Mediterranean Elathous (Etzler 2019; personal observations of authors). From all above mentioned remarks it is
clear that a revision of Elathous is the next step to improve the systematics of the genus and closely related taxa.
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A new species of the genus Elathous Reitter, 1890 from Lebanon is described and il-
lustrated. Elathous nemeri sp. nov. is similar to other Levantine species, but can be
easily recognised from its congeners by its elongated pronotum as well as by the shape
of the male genitalia.
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Introduction

The genus Elathous Reitter, 1890 is a relatively small click-beetle lineage which con-
tains seven species from North America and 41 species from the Palaearctic region
(e.g., Cate, 2007, Nasserzadeh et al. 2018, Etzler, 2019, Kundrata et al., 2021). Alt-
hough the phylogenetic position of this genus was not assessed in any of the recent
molecular analyses (e.g., Bi et al., 2019, Kundrata et al., 2019a, Douglas et al., 2021),
its morphology suggests the close relationship with the genus Limonius Eschscholtz,
1829 and its relatives within the subfamily Dendrometrinae (Etzler, 2019). Several new
species were described in the last decades (e.g., Mertlik & Dusanek, 2006; Platia, 2010;
Kabalak et al., 2013; Nasserzadeh et al., 2018). Recently, Etzler (2019) provided an
updated diagnosis for the genus, and Kundrata et al. (2021) provided an annotated cata-
logue containing all described species. The Levantine region is one of the most im-
portant hot-spots for the click-beetle diversity in the Mediterranean region (Kundrata et
al., 2014, Kundrata et al., 2019b, Németh, 2019, Németh et al., 2020). Six species were
recorded, i.e., E. syriacus Schwarz, 1903, E. ekaterinae Preiss, 2003, E. lizleri Mertlik,
2005, E. agilis Németh, 2019, E. serjillensis Németh, Prosvirov & Kundrata, 2020 and
E. transversalis Németh, Prosvirov & Kundrata, 2020. Here, I report a new species of
Elathous found in northwestern Lebanon.

The discovery of the new species was preceded by the recent checklist of the click-
beetles of Lebanon (Németh, 2019), and my field work in North Lebanon (in May 2015,
June 2016, May 2017, and July and August 2018) during which I also studied the mate-
rial of the Tannourine Nature Reserve Entomological Collection. A specimen of
Elathous in this collection, which I assumed to be a member of E. syriacus, was listed
as such in the checklist (Németh, 2019: 136). Later, we took photographs of type spec-
imens for the catalogue of Elathous species of the World (Kundrata et al., 2021), and
after publication of the catalogue, I re-examined some specimens of Elathous from the
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Mediterranean, including the specimen from the northwestern Lebanon which I first had
misidentified as E. syriacus (Németh, 2019). However, the comparison with the type
specimen of E. syriacus revealed that the examined specimen clearly represents a new
species, which is described here.

Material and Methods

The study is based on the morphology of adults. The genitalia were dissected after a short treat-
ment in hot 10% KOH. Main diagnostic characters were photographed using a Nikon D5200 and
Nikon AF Micro Nikkor 60 mm lens and Mitutoyo M Plan Apo 5X microscope lens. Multiple
exposures were stacked in Zerene Stacker, subsequent image work was done with Photoshop
CS5. The measurements were taken with an eyepiece graticule. Body length was measured from
the anterior margin of head to the apex of the elytra, body width at about middle of elytra, prono-
tal length at midline, pronotal width at the posterior angles, scutellar shield length at midline, and
scutellar shield width at middle. I follow the definition of Elathous by Kabalak et al. (2013) and
Etzler (2019). Morphological terminology follows Németh (2019) and Kundrata et al. (2018). The
newly described species were compared to their congeners from the Levant, deposited at the
Natural History Museum, London, The United Kingdom (NHMUK), Hungarian Natural History
Musuem, Budapest, Hungary (HNHM), Senckenberg Deutsches Entomologisches Institut,
Miincheberg, Germany (SDEI), and the collections of Robin Kundrata, Olomouc, Czech Republic
(PCRK), Giuseppe Platia, Gatteo, Italy (PCGP) and Josef Mertlik, Opatovice nad Labem, Czech
Republic (PCIM).

Taxonomy
Elathous Reitter, 1890

Elathous nemeri sp. nov. (Figure 1)
Material. Holotype, male, “LE Tannourine 2016-08-20, Nabil Nemer.” (HNHM).

Differential diagnosis. Elathous nemeri sp. nov. is distinguished from its congeners by
the following combination of characters: body elongated, medium sized (9.5 mm long),
yellowish-brown; antenna long, surpassing posterior pronotal angles by about two an-
tennomeres; pronotum widest at middle, with sides convex medially and slightly nar-
rowed at posterior third; only slightly divergent posterior angles; and outer edges of
parameres slightly concave. Elathous syriacus from Syria and Lebanon (Cate, 2007;
Németh, 2019) has pronotum strongly narrowed from middle anteriorly and antennae
shorter than pronotum. Two recently described species from Syria have a similar body
colouration as E. nemeri sp. nov. (Németh et al., 2020): Elathous serjillensis has larger
and elongated body and pronotum with convex sides, only slightly longer than wide and
E. transversalis has pronotum 1.15 times wider than long and antenna about reaching
posterior angles, parameres with wider, widely rounded anterior part. Elathous ekateri-
nae described from Syria has pronotal sides almost parellel and parameres of aedeagus
with straight outer edges. Additionally, E. /izleri from Syria and E. agilis from Lebanon
clearly differ from E. nemeri sp. nov. in the blackish body colouration, shorter antenna
(not surpassing posterior angles), shorter legs, and the latter also by the strongly convex
outer edges of parameres and the body size (both E. lizleri and E. agilis are usually
more than 11 mm long).

Elathous nemeri sp. nov. can also be distinguished from its congeners in the region
by easily observable characters on antenna, pronotum and aedeagus. Antenna is long,
clearly surpassing the posterior angle of pronotum; the pronotum is longer than wide
and widest medially; and parameres are distinctly narrowed apically, curved laterally,
and with outer edges gradually roundly emarginate. Elathous lizlerwerneri Mertlik &
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Figure 1. Elathous nemeri sp. nov. Holotype, male. A—C. Habitus, dorsal, lateral and ventral view,
respectively. D. Antenna. E. Pronotum in dorsal view. F. Pronotum in dorso-lateral view. G.
Scutellar shield. H-N. Abdominal pregenital segments and genitalia. H. Abdominal tergite VIIL. 1.
Abdominal sternite VIII. J. Abdominal tergites IX—X. K. Abdominal sternites IX—X. L. Aedeagus
in dorsal view. M. Aedeagus in lateral view. N. Aedeagus in ventral view. Scale bars = 0.2 mm
(G), 0.5 mm (H-N), 1.0 mm (D-F), 3.0 mm (A—C).

Dusanek, 2006 is very similar in body size and shape, but the pronotum is as long as
wide (longer than wide in E. nemeri sp. nov.) and parameres of aedegus are with paral-
lel sides at base (curved in E. nemeri sp. nov.). Elathous pavesii Platia & Schimmel,
1992 has pronotum widest at first third, antennae shorter, and parameres with much
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more concave sides. Another three species, Elathous depressus Platia & Schimmel,
1991, Elathous emrei Platia, 2011 and Elathous nurayae Platia, 2011, have antenna
shorter and pronotum with almost parallel sides. Elathous rufobasalis Wurst, 1994 dif-
fers in its typical body colouration. It has dark reddish-brown body, with shorter and
convex pronotum, and shorter antenna. Elathous serti Kabalak, Avct & Platia, 2013 has
pronotum as long as wide, and antenna shorter than pronotum. Elathous smyrnensis
Schwarz, 1903 has antenna shorter than pronotum and aedeagus with almost parallel
sided parameres. Elathous tezcani Platia in Platia et al., 2014 has antenna not reaching
the posterior end of pronotum, and pronotum with almost parallel sides from base to
anterior third, and from there clearly narrowed. Elathous turcicus Platia & Gudenzi,
2005 has antenna shorter than pronotum and pronotum almost parallel sided from base
to anterior third, and from there clearly narrowed.

Description. Male (Figure 1). Body elongate, moderately convex; 9.50 mm long, 2.75
mm wide; yellowish-brown, with head slightly darker; pubescence yellowish-golden,
semi-erect, slightly curved. — Head (Figure 1E, F) including eyes 0.80 times as wide as
pronotum; frons with a pair of shallow depressions latero-apically, apically slightly
overhanging base of labrum; frontal carina distinct, sharp, slightly curved from from
both dorsal and apical view. Labrum transverse, convex, frontally clearly rounded,
roughly covered with large shallow punctures, with sparse, long, erect setae. Head sur-
face with shallow punctures, punctation dense, punctures separated usually more than
about half of their diameter; pubescence on head sparse, moderately long, semi-erect,
more or less directed forwards. Mandible robust, rather broad, with sparse short erect
setae. Maxillary palpus slender, pale brown, with apical palpomere twice as long as
wide. Antenna (Figure 1D) slender, surpassing posterior pronotal angles by about length
of two antennomeres, antennomeres III and IV slightly serrate, V to XI with almost
parallel sides. Scape moderately wide, antennomeres [I-X elongate, from II to V each
gradually slightly widened apically, antennomeres II and III subequal in length, anten-
nomere IV and following ones about 1.4 times longer than each of antennomeres II and
111, antennomeres IV—X subequal in length; about three times as long as wide; ultimate
antennomere narrow, elongate, slightly longer than penultimate antennomere, wirh
almost parallel sides.

Pronotum (Figure 1E, F) moderately convex, widest at middle (but at posterior an-
gles only slightly narrower than at middle), longer than wide (2.14 mm long and 2.00
mm wide, length-width ratio: 1.07). Anterior margin widely concave, gradually emar-
ginate medially; anterior angles short and rounded; lateral sides rounded, with widest
place at middle, then almost parallel toward posterior angles; posterior angles moderate-
ly long, sharp, only slightly divergent, with both outer and inner margins almost
straight. Lateral carina distinct, sinuate, not visible in dorsal view. Sublateral carina
short, distinct, located near lateral carina, meeting with lateral carina at apex of posterior
angle. Disc shiny, sparsely punctate; punctures moderately large, rounded, usually of
equal size, separated usually about 1.0-3.0 times of their diameter, interstices smooth;
surface with pubescence moderately dense and long, thin, semi-erect, directed forwards.
Hypomeron shiny, with punctation as on pronotal disc. Pronotosternal sutures almost
straight, shortly opened anteriorly. Prosternum (Figure 1C) elongate, including proster-
nal process about 1.85 times as long as wide, in front of coxal cavities (i.e., excluding
prosternal process) about 1.65 times as long as wide, with punctures as on hypomeron.
Prosternal lobe with anterior margin widely rounded, with punctures as on prosternal
disc. Prosternal process (Figures 1B, C) rather short, about 0.5 times as long as proster-
num in front of procoxal cavities, with surface punctated as on prosternal disc; from
dorsal view with almost parallel sides, widely rounded at apex; from lateral view
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straight dorsally and sharply bent toward body ventrally, narrowed toward apex. Scutel-
lar shield (Figure 1G) convex at anterior third, then flattened, about 1.18 times as long
as wide; anterior margin slightly convex, sharp; lateral margins gradually sinuate; poste-
rior margin rounded; surface almost smooth, shiny, covered with small and shallow
punctures, and sparse long, semi-erect pubescence. Mesoventrite (Figure 1C) transverse,
surface almost smooth, shiny, frontal margin medially slightly produced forward; sides
distinctly sinuate, posterior process short, with apex almost straight; procoxal rests dis-
tinct, moderately deep; mesoventral cavity large, wide, with walls more developed pos-
teriorly. Metaventrite large, wider than long, with punctures as on prosternum; dis-
crimen distinct, long. Metacoxal plate (Figure 1C) with basal portion distinct, sinuate
anteriorly, at about first third obliquely narrowed towards body edge. Elytra (Figure 1A,
B), elongate, slightly convex, together 2.5 times as long as wide (6.5 mm long, 2.6 mm
wide) and 2.9 times as long as pronotum, widest at about middle; disc slightly flattened,
with striae with shallow punctures, separated usually about their diameter; interstriae
rugose, slightly convex, with very sparse punctures which are slightly smaller than those
on striae; pubescence sparse, semi-erect, moderately long, oriented backwards. Hind
wing fully developed. Leg slender; each tibia elongate, narrow, with paired tibial spurs;
all tarsi slightly longer than tibiae; tarsomere I longest, shorter than tarsomeres II and III
combined, tarsomere II elongate, longer than tarsomere III, tarsomere III elongate,
longer than tarsomere IV, tarsomere IV shortest, longer than wide, tarsomeres [-IV
widened ventroapically, ventrally with combination of thick thorn-like setae and fine
hair-like setae, apical tarsomere elongate, slender, only sparsely covered with fine hair-
like setae; pretarsal claw elongate, narrow, gradually curved. — Abdomen (Figure 1C)
with ventrites very finely puncate and covered with short, curved, and longer, straight
semi-erect pubescence; apical ventrite rounded apically. Tergite VIII (Figure 1H) trans-
verse, sclerotized, apically sparsely covered with short setae; sternite VIII (Figure 11)
transverse, apico-medially membranous, sparsely covered with short setae. Tergite IX
wider than long, apico-medially deeply emarginate, connected by membrane to tergite
X (1J); sternite X small, longer than wide, apically roundedm connected by membrane
to sternite IX (Figure 1K) apically widely rounded, apical half covered with combina-
tion of short and moderately long setae. Aedeagus (Figure 1L—N) robust, about twice as
long as wide. Median lobe rather robust, surpassing tip of parameres, without basal
struts slightly longer than phallobase, basal third (without struts) about 2.5 times wider
than apical third, sides abruptly narrowed after basal third, then subparallel toward apex;
apex clearly curved from lateral view (Figure 1M), narrowly rounded; basal struts long,
forming about third of median lobe length. Paramere robust, wide basally, distinctly
narrowed apically, curved laterally, with outer edge gradually roundly emarginate; api-
cal portion narrowed and slightly curved. Phallobase robust, wider than long, basally
distinctly emarginate, with sides subparallel, only basally abruptly narrowed.

Female and immature stages unknown.

Etymology. The specific epithet is a patronym in honor of Dr. Nabil Nemer (Lebanon),
who collected the type specimen.
Distribution. Known only from the type locality in northwestern Lebanon.

Remark. In the study on the Lebanese fauna, Németh (2019: 136) erroneously treated
this species as Elathous syriacus Schwarz, 1903. However, after the study of the type
material of E. syriacus, it became clear that the here studied specimen represents a new
species.
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Abstract

Plastocerus angulosus (Germar, 1844) is one of the only two species of genus Plastocerus Schaum, 1852 within the
monogeneric click beetle tribe Plastocerini. It is distributed in the area comprising Greece, Turkey, Syria, Israel, and
Lebanon (first record for Lebanon published here). Due to the slightly modified morphology of P. angulosus, this taxon
has a convoluted taxonomic history and was earlier classified in various families and even superfamilies. However, recent
phylogenies place it in Elateridae: Dendrometrinae. In this study, we review the morphology, intraspecific morphological
and genetic variability, sexual dimorphism, systematics, bibliography, and distribution of P. angulosus. Our results show
rather low morphological and relatively high genetic variability in this species. Females, which are larger than males and
differ mainly in the antennae and abdominal ventrites, are not so rare as previously thought. Further field research should
focus on the discovery of immature stages to describe their morphology and understand their biology and ecology.

Key words: Asia Minor, classification, diversity, Elateroidea, Greece, Levant

Introduction

The elateroid genus Plastocerus Schaum, 1852 has a convoluted taxonomic history (Crowson 1972, Branham
2010, Hajek et al. 2020). Although it was usually classified in Elateridae (e.g., Lacordaire 1857, Candeze 1863,
Reitter 1891, Hyslop 1921, Fleutiaux 1941, Mertlik & Platia 2008), some authors placed it to a separate family
Plastoceridae, either sensu LeConte (1861; Schwarz 1907, Schenkling 1927) or Crowson (1972; Lawrence 1988,
Lawrence & Newton 1995, Branham 2010). Due to the visible protrochantins, more freely articulated abdominal
ventrites, ventrite 1 lacking intercoxal process, and female presumably with shortened elytra (which is, however, not
true), Crowson (1972) included Plastoceridae to the soft-bodied Cantharoidea rather than to the clicking and well-
sclerotized Elateroidea. Modern concept of Elateroidea also includes soft-bodied lineages previously classified in
Cantharoidea (Lawrence 1988), and molecular analyses suggested multiple origins of the less-sclerotized lineages
(Bocakova et al. 2007, Kundrata & Bocak 2011, McKenna et al. 2015, Douglas ef al. 2021). Based on the molecular
data, Plastocerus is currently classified again in Elateridae (Bocak et al. 2018, Kusy et al. 2018, Douglas et al. 2021).
Currently, Plastocerus contains two species; P. angulosus (Germar, 1844) is known from Greece, Asia Minor, and
Levant, and P. thoracicus Fleutiaux, 1918 is known from East and South East Asia (Branham 2010, Lin & Yang
2012, Hajek et al. 2020).
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Schaum (1852) erected a new genus Plastocerus in "Cebrionites" for an earlier described Callirhipis angulosa
from Turkey (Germar 1844). Unfortunately, subsequent authors thought that Schaum's taxonomic act was invalid and
that the new genus name was a nomen nudum, and so the authorship of the genus Plastocerus was usually attributed
to LeConte (1853), who described an elaterid species P. schaumii LeConte, 1853 from the USA, California. This
lead to the long-term confusion about the status and limits of Plastocerus. LeConte's broader concept included
Palaearctic P. angulosus along with several Nearctic taxa (LeConte 1861). Although some authors continued to
classify Plastocerus in Cebrionidae (Marseul 1857, Redtenbacher 1857), others placed them in Elateridae (e.g.,
Lacordaire 1857, LeConte 1861, Candéze 1863, Harold 1869). Heyden in Heyden et al. (1883) proposed a new
generic name Ceroplastus Heyden, 1883 for P. angulosus, probably considering Nearctic species as true Plastocerus.
This was followed by subsequent authors (e.g., Seidlitz 1888, Reitter 1891, Schwarz 1907, Hyslop 1923, Schenkling
1927, Fleutiaux 1941). It should be noted that Heyden et al. (1883) and Reitter (1891) placed P. angulosus (as
Ceroplastus) to Elateridae: Denticollini (currently Dendrometrini).

Reitter (1896) described new genus Pseudophyllocerus Reitter, 1896 based on a single species, Ps. atricolor
Reitter, 1896, from Turkey. Schwarz (1897) immediately recognized that it was in fact a female of P. angulosus, and
hence synonymized Ps. atricolor with P. angulosus. Schwarz (1902) erroneously attributed Plastocerus to Candéze
(1863), and because he was aware that Palaearctic and Nearctic Plastocerus sensu LeConte are not congeneric, he
proposed a replacement generic name Cladocerus Schwarz, 1902 for the Palaearctic Plastocerus. However, Heyden
(1902) immediately pointed out that his name Ceroplastus has priority over Cladocerus. For more details on the
complicated nomenclatural history of Plastocerus, see Hajek et al. (2020).

Broader concept of plastocerids (in various taxonomic ranks) sensu LeConte (1861) and Schwarz (1907), with
Plastocerus considered a New World genus and Ceroplastus an Old World genus, lasted until Crowson (1972)
redefined the group. He treated plastocerids as a separate family in Cantharoidea, and corrected the usage of
Plastocerus. He recognized the Old World genus Plastocerus Schaum (with Ceroplastus as a junior synonym)
and followed Arnett (1962) in using the name Octinodes Candeze, 1863 for all New World Plastocerus LeConte.
Although Lawrence (1988) formally merged Cantharoidea with Elateroidea, he pointed out that Plastoceridae should
belong to the cantharoids despite their elateroid-like features. Some authors then continued to classify Plastocerus
in Plastoceridae (Lawrence 1991, Lawrence & Newton 1995, Bocak 2007, Branham 2010, Bouchard et al. 2011);
however, elaterid experts recognized P. angulosus is a click-beetle and classified it again in Elateridae (e.g., Mertlik
& Platia 2008, Giilper¢in & Tezcan 2010, Platia & Németh 2011). This was repeatedly confirmed using molecular
phylogenetic and phylogenomic approaches (Bocak ef al. 2018, Kusy et al. 2018, Douglas et al. 2021).

In the 21st century, there is a great progress not only in our understanding the phylogenetic relationships of P
angulosus but also in improving our knowledge on its morphology and distribution. In the Handbook of Zoology,
Branham (2010) reviewed knowledge of that time about Plastoceridae, providing two images of P. angulosus, but
he erroneously stated that females of this group are unknown. Bocak et al. (2018) provided some images of body
details of both sexes of P. angulosus; however, they focused on its phylogenetic placement and did not redescribe it
fully. Lawrence ef al. (2021) provided the image and description of hind wing venation. Regarding the distribution,
P. angulosus was long known mainly from western and southern Turkey. Although Oertzen (1886) reported P.
angulosus from the mainland Greece, and Reitter (1910) reported it from "Palestina", those records were omitted
in later works (Schwarz 1907, Bocak 2007). Recently, P. angulosus was found in Israel, Samos Island, and Syria
(Platia 2010, Platia & Németh 2011, Platia & Kakiopoulos 2014). In this study, we review our knowledge on
morphology, intraspecific variability, sexual dimorphism, systematics, and distribution of P. angulosus, and for the
first time, we report it from Lebanon.

Material and methods
Morphological part

The study is based on the morphology of adults. We examined four males and three females from Greece, two males
from Lebanon, 68 males and 12 females from Turkey, and a single male from Syria. Additionally, we examined
several specimens from Greece and Turkey based on the photographs. The genitalia were dissected after a short
treatment in hot 10% KOH. Main diagnostic characters were photographed using a Nikon D5200 camera attached
to a Mitutoyo M Plan Apo 5X microscope lens. The measurements were taken with an eyepiece graticule. Body
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length was measured from the anterior margin of head to the apex of the elytra, body width at the widest place
across elytra, pronotal length at midline, and, if not specified, pronotal width at the posterior angles. Morphological
terminology follows Branham (2010), Costa et al. (2010), and Lawrence et al. (2010, 2021). The locality labels are
cited verbatim. The material listed in this study is deposited in the following collections:

BMNH Natural History Museum, London, The United Kingdom
HNHM Hungarian Natural History Musuem, Budapest, Hungary
MNHN Museum National d’Histoire Naturelle, Paris, France
NHMW Naturhistorisches Museum, Vienna, Austria

NMPC National museum, Prague, Czech Republic

PCDS collection of Dezsé Szaldki, Budapest, Hungary

PCGG collection of Georgios Gastouniotis, Nemea, Greece

PCGK collection of George Kakiopoulos, Athens, Greece

PCGP collection of Giuseppe Platia, Gatteo, Italy

PCIM collection of Josef Mertlik, Opatovice nad Labem, Czech Republic
PCMS collection of Martin Samek, Skalice, Czech Republic

PCPS collection of Per Kristian Solevag, Tranby, Norway

PCPZ collection of Petr Zahradnik, Jesenice u Prahy, Czech Republic
PCRK collection of Robin Kundrata, Olomouc, Czech Republic

PCSZ collection of Savvas Zafeiriou, Pirgoi Thermis, Lesvos, Greece
SDEI Senckenberg Deutsches Entomologisches Institut, Miincheberg, Germany

SMNH The Steinhardt Museum of Natural History, Tel Aviv University, Tel Aviv, Israel
UPOL voucher collection of the Laboratory of Biodiversity and Molecular Evolution, CATRIN-CRH,
Palacky University, Olomouc, Czech Republic

Molecular part

We sequenced the specimen of P. angulosus from Greece, Peloponnese, Parnon Mts. (voucher number RK1245;
for more details see "Material examined"). The voucher specimen has been stored in pure ethanol and is deposited
in PCRK. Whole genomic DNA was extracted using the E.Z.N.A Tissue Kit (Omega Bio-tek Inc. Norcross, USA)
according to the manufacturer protocol for tissue DNA. Elution was performed twice with 100ul Elution buffer each.
Two fragments of the mitochondrial genome were sequenced, i.e., cox/-3' (723 bp) and rrnL (453 bp). For cox1-3',
we used primers TL2-N-3014 (Pat) and C1-J-2183 (Jerry) originally reported by Simon et al. (1994) and modified
as in Sormova et al. (2018). For rruL, we used primers AR-L and BR-H (Palumbi ez al. 1991). Amplifications
were performed in 15ul reactions containing 7.5ul 2x Qiagen Multiplex PCR Plus Master Mix (Qiagen, Hilden,
Germany), 0.3uM of each primer, RNase-free water and 0.5ul template DNA. Amplification conditions were as
follows: initial PCR activation step at 95°C 5 min, 38 cycles of 30 s denaturing at 95°C, 90 s annealing (47°C
for coxi-3', 45°C for rrnL), 90 s extension at 72°C, followed by a final extension of 30 min at 68°C. The PCR
products were visualized on a 1.4% agarose gel stained with Gel Red (0.1, Biotium, Hayward, USA), purified with
Exonuclease I and FastAP Thermosensitive Alkaline Phosphatase (Life Technologies, Darmstadt, Germany), and
sequenced on an ABI3730XL sequencer using Big Dye v. 3.1 Terminator Kit (Thermo Fisher Scientific, Darmstadt,
Germany) by Macrogen, Netherlands.

The newly generated sequences were assembled, manually checked and edited using Sequencher 5.4.6 (Gene
Codes Corporation, Ann Arbor, MI USA; www.genecodes.com) and deposited in GenBank with accession numbers
0Q745741 (cox1-3") and OQ745740 (rrnl). We compared the newly sequenced specimen RK1245 (Greece) with
the specimen UPOL A01544 (Turkey) reported by Bocak ef al. (2018). The coxI-3" and rrnL sequences of the latter
are publicly available from GenBank under the accession numbers KX648446 and KX648440, respectively. We
aligned sequences of both specimens using default Geneious algorithm in Geneious Prime 2022.2.2 (Biomatters Ltd.
Auckland, New Zealand; www.geneious.com; Kearse et al. 2012). Basic statistics and the maximum uncorrected
pairwise genetic distances (p-distances) between both specimens were calculated using MEGA 11 (Tamura et al.
2021).
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Results
Family Elateridae Leach, 1815
Subfamily Dendrometrinae Gistel, 1848

Tribe Plastocerini Crowson, 1972 [nec LeConte, 1861; an application should be submitted to the International
Commission of Zoological Nomenclature to suppress LeConte's name to conserve Crowson's name as valid (ICZN
1999); for more information see Bouchard et al. (2011) and Hajek et al. (2020)]

Composition and distribution

Only a single genus Plastocerus with two species is included in this tribe. Plastocerus angulosus is known from
Greece, Asia Minor, and Levant, and P. thoracicus is known from East and South East Asia (Branham 2010, Lin
& Yang 2012, Hajek et al. 2020). Pseudophyllocerus atricolor was considered a separate species by Reitter (1896,
1910) but other authors followed Schwarz (1897) who synonymized it with P. angulosus. Recently, Binhon atrum
Pic, 1922 was synonymized with P. thoracicus by Hajek et al. (2020).

Genus Plastocerus Schaum, 1852

Plastocerus Schaum, 1852: 49. Type species. Callirhipis angulosa Germar, 1844: plate 5; by monotypy.

Ceroplastus Heyden in Heyden, Reitter & Weise, 1883: 111. Unnecessary replacement name for Plastocerus Schaum, 1852,
nec LeConte, 1853.

Pseudophyllocerus Reitter, 1896: 234. Type species. Pseudophyllocerus atricolor Reitter, 1896: 234; by monotypy. Synonymized
with Plastocerus Schaum, 1852 by Schwarz (1897: 64).

Pseudophillocerus: Reitter, 1902: 93 [unavailable name, incorrect subsequent spelling not in prevailing usage].

Cladocerus Schwarz, 1902: 200. Unnecessary replacement name for Plastocerus sensu Candeze (1863), i.e., Plastocerus
Schaum, 1852, nec LeConte, 1853.

Binhon Pic, 1922: 29. Type species. Binhon atrum Pic, 1922: 29; by monotypy. Synonymized with Plastocerus Schaum, 1852
by Hajek ef al. (2020: 392).

Ceroplatus: Branham & Wenzel, 2001: 580 [unavailable name, incorrect subsequent spelling not in prevailing usage].

Pseudophylocerus: Bocak, 2007: 209 [unavailable name, incorrect subsequent spelling not in prevailing usage].

Plastocerus angulosus (Germar, 1844)
(Figs 1-3)

Callirhipis angulosa Germar, 1844: plate 5.

Campylus orientalis Frivaldszky, 1845: 177 [unavailable name, nomen nudum, published without description; see Balint &
Abadjiev 2006].

Plastocerus angulosus: Schaum, 1852: 49.

Phyllocerus angulosus: Marseul, 1857: 99; see Candéze (1863: 486).

Ceroplastus angulosus: Heyden et al., 1883: 111.

Pseudophyllocerus atricolor Reitter, 1896: 234; synonymized with P. angulosus by Schwarz (1897: 64).

Cladocerus angulosus: Schwarz, 1902: 200.

Ceroplastus atricolor: Reitter, 1910: 178.

Type localities
Callirhipis angulosa: Turkey: "Smyrna" [Izmir]. Pseudophyllocerus atricolor: Turkey: "Adalia" [Antalya].

Type material

Callirhipis angulosa: Described based on an unknown number of male specimens; probably a single specimen
(collection unknown). Not found in any European museum so far, including the Museum fiir Naturkunde
Berlin, Leibniz-Institut fiir Evolutions- und Biodiversititsforschung, Berlin, Germany (MFNB) and BMNH.
Pseudophyllocerus atricolor: Holotype, female (collection unknown). Not found in any European museum so far,
including HNHM and NHMW.
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Material examined

GREECE. 1 male, "Taygetos" (MNHN); 1 male, "Greece, SE Peloponnesus, Parnon Mts, near Tsitalia village,
alt ~ 600 m, 27/VII/2017, George Kakiopoulos Igt., RK1245" (PCRK); 1 male, "Peloponnesos, Messenia, near
Langada vill., 450 m, 5.VII1.1990, G. Kakiopoulos, on grass (PCGK); 1 male, "NW Peloponnesos, Achaia, near
Kato Lousi vill.,, 650 m, 10.VII.2009, G. Kakiopoulos (PCGK); 1 female, "Olympia, 6. 1965, leg. Wewalka"
(NHMW); 1 female, "Greece, 30. 7. 1991, Mykeny, J. Slaby lgt., Peloponésos [on underside of label], Plastocerus
Q angulosus (Germ.), Det. Platia 1982" (PCIM); 1 female, "Peloponnesus, Nemea, inside the town, 20.VIL.2021,
unique individual, escaped prey from swallows nest, legit G. Gastouniotis" (PCGK). LEBANON. 1 male, "Appl.
1878 L., Beirut" (NHMW); 1 male, "Lebanon: Aley. 2,700 feet. vii—viii. 1945. (A. Sandison)., Middle East Biological
Studies Scheme, G. H. Q. M. E. F., B. M. 1947-393., Ceroplastus sp. det. R. A. Crowson" (BMNH). TURKEY.
2 males, 1 female, "Mann 1863, Brussa [Bursa], Plastocerus angulosus" (NHMW); 2 males, 1 female, "collect.
Tirk" (NHMW); 1 female, "Tirk" (NHMW); 2 males, "Brussa [Bursa], coll. E. Friv., C. angulosus Germ., coll.
E. Frivaldszky" (HNHM); 1 female, "Taurus, As. min., coll. Kaufel, Plastocerus angulosus Q" (MNHN); 1 male,
"Akbes 94, Pl angulosus 3" (MNHN); 1 male, "Akbes (Delagrange)" (MNHN); 2 males, no label data (MNHN);
1 male, "Kusadasi Torokorszag [Turkey], 1977.V1.3. leg. A. Podlussany, Plastocerus angulosus det. Platia, 2010"
(HNHM); 1 male, "Syrie, Akbés [Turkey: Hatay province], Ch. Delagrange, Eté 1890 231" (NHMW); 1 male,
"Turkey, Kemer env., 12.7.2009, Vitézslav Tomasek 1gt." (PCRK); 2 males, "Besika Bay [Canakkale: Besik Bay],
G. C. Champion, BMNH (E) 1927-409" (BMNH); 1 male, "Besika Bay [Canakkale: Besik Bay], 94-58" (BMNH); 1
male, "Sharp Coll. 1905-313" (BMNH); 1 male, "Besika Bay [Canakkale: Besik Bay], Plastocerus, Sharp Coll. 1905-
313" (BMNH); 2 males, "Turkey, Janson coll. 1903-130" (BMNH); 1 male, "Turcia, Janson coll. ex Dejean 1903-
130, Plastocerus angulosus Germar &, Orientalis (Friv.), Turcia & @ Friv." (BMNH); 1 male, "Asia Minor, Janson
coll. 1903-130, Plastocerus angulosus Germ., Schaum, Cand. 3" (BMNH); 1 male, "Brussa [Bursa], Janson coll.
1903-130, Plastocerus angulosus Germ., Schaum, Cand. 3" (BMNH); 1 male, "Turkey, 206, Campylus orientalis
Friv., Bosphorus, Plastocerus angulosus Germ. (Det. W. Janson)" (BMNH); 1 female, "Brussa [Bursa], Janson coll.
1903-130, Plastocerus angulosus Germ., Schaum, Cand. " (BMNH); 1 female, "Besika Bay [Canakkale: Begik
Bay], G. C. Champion, BMNH (E) 1927-409" (BMNH); 1 female, "Turcia, Janson coll. ex Dejean 1903-130, Friv.,
P. angulos. " (BMNH); 1 female, "Turkey - vill. Izmir, Zeytindag, 19. 6. 2002, Martin Samek 1gt." (PCIM, ex.
PCMS); 3 males, "Turcia, Coll. Kraatz" (SDEI); 1 male, "Anatolien, Ak-Chehir, coll. Kiinnemann, Ceroplastus
angulosus Germ." (SDEI); 3 males, 1 female, "Brussa [Bursa], Coll. Kraatz" (SDEI); 1 female, "Brussa [Bursa],
Coll. Kraatz, Plastocerus Q" (SDEI); 2 males, "TR. Bahramkale [Behramkale] (Assos), 19.-24. 7. 91, Vit Kuban
leg. [one with an additional label: Plastocerus & angulosus Germ., Det. Platia 1982]" (PCJM); 3 males, "S Turkey
15km W of Mersin, 1-5.vii.1992, leg. D. Hauck" (PCJM); 8 males, "TR vill. Adana, 10.—12. 7. 1997, Pozanti env.,
Ak Dagi, Josef Mertlik Igt." (PCIM); 1 male, "TR vil. Isparta, 12.—13. 7. 2000, Davraz Dagi, Yukarigdkdere env.,
R. Lizler & K. Werner Igt." (PCIM); 1 male, "Turkiye b. - occ., Porsuk Baraji Lake, Eskisehir env., 7. 7. 1993, A.
Slachta Igt." (PCIM); 4 males, "Turkey m. (Antalya), Beldibi p. Kemer, 1.—15. 7. 1998, Bey Dagl., P. Bulirsch Igt."
(PCIM); 1 male, "Turkei, 30. 6. 97, Adana, Cinarli, Igt. Jiti Hajek" (PCIJM); 1 male, "Turkei, 5. 7. 96, Alpu, Igt. Jifi
Hajek" (PCIM); 1 male, "TR - vil. Bursa, 4. 7. 2006, Uludag. 20 km S of Bursa, Caybasi env., Josef Mertlik 1gt."
(PCIM); 2 males. 1 female, "Turkey occ., Osmaniye, Karatepe, 3.—7. VII. 1994, leg. P. Kabatek" (PCJM); 2 males,
"Turkey, Turk. 2001 Expedition, Adana vil. (45km N); 24.-25. VI. 2001, 1 km Boztahta (river, springs), 37°23'N,
35°12'E; 330 m, M. Fikacek, J. Hajek & J. Straka Igt." (NMPC); 1 male, "Anatolien, Ak-Chehir, 1900. Korb."
(NMPC); 1 male, "Turcia, Plastocerus angulosus, (Germar, 1844), Jifi Hajek det. 2011" (NMPC); 1 male, "Turkey,
Nurdag Pass (Hasanbeyli env.), ex coll. S. Kadlec, National Museum Prague, Czech Republic" (NMPC); 1 male,
"Anatolien, Ak-Chehir, 1900. Korb., Ceroplastus angulosus, Det. Dr Obenberger" (NMPC); 1 male, "Nurdag, Tyr
+ Var., ex coll. S. Kadlec, National Museum Prague, Czech Republic" (NMPC); 1 male, "Turkey m., Nurdag Pass
(Hasanbeyli env.), 24. 6. 1995, Tyrner & Voftisek Igt., Collectio — Coleoptera, Stanislav Kadlec, Czech Republic,
ex coll. S. Kadlec, National Museum Prague, Czech Republic, Plastocerus angulosus (Germ), L. Bocak det. 2007"
(NMPC); 1 male, "Turcia, Ceroplastus angulosus" (NMPC); 1 male, "Turkey NW, vil. Bursa, Cagliyan env. (near
Bursa), 20.-23.vii.1998, J. Bezd¢k lgt., ex coll. V. Kuban, National Museum Prague, Czech Republic" (NMPC);
1 male, "Turkey S, vil. Adana, Cigekli env. (25 km N from Adana), 50 m, 3.-5.vii.1998, M. Riha lgt., ex coll. V.
Kuban, National Museum Prague, Czech Republic" (NMPC); 1 male, "TR. Bahramkale (Assos) 19.-24.7.91, Vit
Kuban leg, ex coll. V. Kuban, National Museum Prague, Czech Republic, Plastocerus angulosus Germ., Josef
Mertlik det. 1992" (NMPC); 1 male, "Syrie, Akbes, C.D. 1891, Coll. Delagrange., Plastocerus angulosus Germ.,
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Syrie - Akbés" (NMPC); 1 female, "Turkey, Nurdag Pass (Hasanbeyli env.), ex coll. S. Kadlec, National Museum
Prague, Czech Republic" (NMPC). SYRIA. 1 male, "Syria, muh. Hama, Al Ghab, Shatha al Dardar, 35°32.195°N,
36°15.076E, 180 m, 26.V1.2006, D. Szaloki" (PCDS).

FIGURE 1. Morphology of Plastocerus angulosus (Germar, 1844). Male habitus. A. Turkey, Kemer, dorsal view; B. Turkey,
Kusadasi, ventral view; C. Turkey, Kusadasi, dorsal view. Female habitus. D. Turkey, Taurus, dorsal view; E. Turkey, Taurus,
ventral view; F. Turkey, Zeytindag, dorsal view. Scale bars: 2.0 mm (A—C), 5.00 mm (D-F).
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FIGURE 2. Morphology of Plastocerus angulosus (Germar, 1844). A. male head, frontal view; B. female head, frontal view;
C. male antenna; D. female antenna; E. male labrum; F. male left mandible; G. male right mandible; H. male maxilla; I. male
labium; J. male pronotum, dorsal view; K. female pronotum, dorsal view; L. male prosternal process and mesoventrite; M. male
prosternum; N. male mesoventrite; O. male scutellum, lateral view; P. male scutellum, dorsal view; Q. male hind wing; R. male
metacoxal plate; S. male fore tibia and tarsus. Scale bars: 2.0 mm (C,D,Q), 1.0 mm (A,B,J,K,M,R,S), 0.5 mm (F-H,ILN,O,P,R),
0.2 mm (E).
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FIGURE 3. Morphology of Plastocerus angulosus (Germar, 1844), abdominal pregenital segments and genitalia. Male. A-E,
abdominal tergites IX—X. A. Lebanon, Beirut; B. Turkey, Kusadasi; C. Syria, Shatha al Dardar; D. Greece, Taygetos Mts.; E.
Turkey, Bursa; F—J. abdominal sternite IX; F. Lebanon, Beirut; G. Turkey, Kusadasi; H. Syria, Shatha al Dardar; I. Greece,
Taygetos Mts.; J. Turkey, Bursa; K-M. aedeagus, ventral view; K. Lebanon, Beirut; L. Turkey, Kusadasi; M. Syria, Shatha
al Dardar; N—O. aedeagus, dorsal view; N. Greece, Taygetos Mts.; O. Turkey, Bursa; P. abdominal tergite VIII; Q. abdominal
sternite VIII. Female. R. abdominal tergite VIII; S. abdominal sternite VIII; T. ovipositor; U. inner sclerites of bursa copulatrix.
Scale bars: 0.5 mm.
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Material examined from the photographs

GREECE. 1 male, "SE Peloponnesos, 10 km S Leonidion, nr. Tsitalia vill., 550 m, 28.VI1.2014, G. Kakiopoulos"
(PCGP); 1 male, "Samos Is., 1990, A. Kullberg" (PCGP); 1 male, 1 female, "Peloponnese, Nemea Korinthias,
15-28/7/2017, Leg Georgios Gastouniotis”" (PCGQG); 7 ex. (only one male photograph examined by the authors),
"Hellas [Greece], Messinia: Kardamili [36°53'18.95"N, 22°1420.26"E; P. K. Solevag, pers. comm.], 1. VII. 2009,
Leg PK Solevag" (PCPS); 1 male, "Greece, Lesvos, 39°11'22.6"N 26°26'44.4"E, collected by hand from grasses
(Poaceae) in olive grove, 08/07/2020, Savvas Zafeiriou lgt." (PCSZ). TURKEY. 1 male, "Namrun, 26.VII.1985,
Niehuis" (PCGP); 1 male, "Isparta, Davraz Dag, 25.V.2001, M. Snizek" (PCGP); 1 male, "Adana Prov., Hasanbeyli
vill., 950 m, 18-19.VIL.2006, R. Krolik" (PCGP).

Published data on P. angulosus not examined in our study

TURKEY. Frivaldszky (1845: 177) reported a specimen of Campylus orientalis (=P. angulosus) from Bithynian
Olympus (currently Uludag in Bursa Province). Mertlik & Platia (2008: 34) reported two male specimens from the
collection of Giuseppe Platia (PCGP) with the following data: "Turkey, prov. Isparta, Isparta, Davraz Dag, 25.v.2001,
M. Snizek leg." and "Turkey, prov. Igel (Mersin), Namrun, 26.vii.1985, Nichuis leg.", respectively. Additionally,
they reported two male specimens from the collection of Petr Zahradnik (PCPZ) with the following data: "Turkey,
prov. Zonguldag, Karabiik, 20 km E, 22.-23.vi.1996, P. Zahradnik leg., J. Vavra det. 2006". These specimens
could not be located by P. Zahradnik (pers. comm., 2022). Bocak et al. (2018: 2) reported a male specimen with
the following data: "Turkey, Canakkale province, Ayvacik, Behramkale env., 20 m a. s. 1., 3 Jul. 2015, 39°29'N,
26°20'E" (UPOL). GREECE. Platia & Kakiopoulos (2014: 118) reported specimens from "Peloponnesos, Arcadia,
near Leonidion town, 8.-9.VIIL.1992, 0-600 m, on various plants". Those specimens included approximately 40
males which were not collected but only observed by G. Kakiopoulos. ISRAEL. Platia (2010: 41) reported a single
male specimen from Israel (first country record) with the following data: "Israel: Beit Guvriot, 16.V1.1964, leg.
Kugler" (SMNH). A century ago, Reitter (1910: 178) reported a single female from "Palestina".

Diagnosis

Diagnostic characters for both sexes. Head (Fig. 2A,B) prognathous; mandible (Fig. 2F,G) unidentate. Pronotum
(Fig. 2],K) with short divergent posterior angles, without sublateral carinae; lateral carina separating pronotal disk
and hypomeron short, incomplete anteriorly. Prosternum (Fig. 2L,M) wider than long, anteriorly truncate, without
chin-piece; prosternal process (Fig. 2M) very narrow, blade-like. Trochantins exposed. Elytra (Fig. 1A,C,D,F)
punctate-striate, with punctures more or less organized to vaguely defined puncture rows. Hind wing (Fig. 2Q) with
wedge cell well developed. Tarsomeres (Fig. 2S) simple; pretarsal claws (Fig. 2S) simple.

Additional diagnostic characters specific for males. Antenna (Fig. 2C) reaching 2/3 of elytral length, strongly
pectinate, with rami of antennomeres III-X distinctly longer than their respective stems; antennomeres 1V—X
gradually longer toward apex. Abdomen (Fig. 1B) with seven visible sternites (III-1X), the first three of which are
connate.

Additional diagnostic characters specific for females. Antenna (Fig. 2D) reaching just after humeri, shortly
pectinate, with rami of antennomeres I1I-X shorter or about as long as their respective stems; antennomeres [V—X
about subequal in length. Abdomen (Fig. 2E) with six free visible sternites (III-VIII). Ovipositor (Fig. 3T) with
paraprocts 4.0—-4.5 times as long as gonocoxites; styli short and subapically attached to gonocoxites. Bursa copulatrix
(Fig. 3U) with two elongate small inner sclerites.

Diagnostic redescription

Male (Figs. 1A—C; 2A,C,E-],L-S; 3A—Q). Body (Fig. 1A-C) 8.9—12.5 mm long and 2.6-3.3 mm wide, 3.4-4.0
times as long as wide. Body elongate, more or less parallel-sided. Body coloration dark brown to black, femora
usually lighter, dark brown, and apices of pronotal posterior angles, tibiae, tarsi, and elytra usually light brown to
reddish brown or brown (see Intraspecific variability section below); dorsal body pubescence yellowish to light
brown.

Head (Fig. 2A) prognathous, including eyes 1.0—1.1 times as wide as anterior margin of pronotum,; its surface
rough, covered with large punctures, mostly contiguous but irregular, with smooth interstices which are mostly
reduced to wrinkles but are larger dorso-medially; each puncture with moderately long seta which is oriented
forwards. Frontoclypeal region (Fig. 2A) more or less strongly declined, with anterior margin well defined, sharp,
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more or less straight to slightly rounded. Eyes (Fig. 2A,J) moderately large and strongly protuberant, their minimum
frontal separation 1.55-1.90 times maximum eye diameter. Antennal insertions (Fig. 2A) widely separated, slightly
raised. Labrum (Fig. 2E) not visible from dorsal view, hidden under anterior margin of frontoclypeus, strongly
transverse, free, well-sclerotized, anteriorly slighly emarginate, with surface sparsely covered with large punctures
and with several long stiff setae. Mandible (Fig. 2F,G) robust, unidentate, basally broader and with long setae,
apically strongly curved, shiny; mola and prostheca absent. Maxilla (Fig. 2H) partly reduced, with galea and lacinia
short, lightly sclerotized and setose, palpus 4-segmented, with basal palpomere shortest, only slightly longer than
wide, palpomeres 2 and 3 elongate, subequal in length, apical palpomere longest, rather flattened and slightly
securiform. Labium (Fig. 21) partly reduced and membranous, with ligula highly reduced; palpus 3-segmented,
basal palpomere shortest, apical palpomere longest, rather flattened and slightly securiform. Antenna (Fig. 2C)
with 11 antennomeres, slender, long, reaching 2/3 of elytral length, pectinate from antennomere III. Length ratio
of antennomeres I-XI=3.4-3.7:1.0:1.6-2.2:2.7-3.3:3.6-4.1 :40-5.0:4.1-5.3:4.6-6.0 : 4.7-6.1 : 4.9-6.7 :
10.3-14.3. Scape elongate, slightly curved, widened apically; pedicel minute, short, about as long as wide, apically
widened; antennomeres I1I-X pectinate, with rami extending from distal portions of their respective stems, slender,
flattened, distinctly longer than their respective stems; antennomere I1I short, distinctly shorter than antennomere
IV, antennomeres [V—X elongate, each gradually longer towards apex; ultimate antennomere longest, 2.0-2.2 times
as long as preceding antennomere, simple, slightly widened toward apex, subapically abruptly narrowed at one side,
slightly emarginate or obliguely cut, apex narrowly rounded.

Pronotum (Figs. 1A,C; 2J) 1.15-1.25 times as wide as long, moderately convex, gradually narrowed toward
anterior margin, widest at posterior angles. Anterior margin somewhat rounded; anterior angles inconspicuous, not
produced forward; lateral sides very slightly rounded or almost straight; posterior margin trisinuate, posterior angles
short, prominent, divergent, apically subacute to narrowly rounded. Lateral carina slightly explanate posteriorly,
obsolete at anterior half. Disk rather smooth or only slightly rugose, sparsely and coarsely punctured; punctures
semi-circular to circular, usually larger medially and smaller near margins, usually separated by about 1-3 puncture
diameters, denser mainly near posterior margin; each puncture with moderately long semi-erect seta which is
oriented forwards except for posterior angles where setae are usually oriented dorsolaterally. Hypomeron (Fig.
1B) moderately densely punctate, pronotosternal sutures short, curved, anteriorly divergent, closed. Prosternum
(Fig. 2M) including prosternal process (Fig. 2L) slightly wider than long, in front of coxae about twice as wide as
long, anteriorly truncate, without chin-piece; punctures usually small, sparser and larger in anterior part. Prosternal
process (Fig. 2L,M) very narrow, parallel-sided in most of its length, blade-like, slightly shorter than portion of
prosternum in front of procoxae, apically slightly widened. Procoxae transverse, with trochantins broadly exposed.
Procoxal cavities transverse, narrowly separated, broadly open. Scutellar shield (Fig. 20,P) almost flat, tongue-
shaped, longer than wide, roughly on same plane as anterior portion of scutellum; sides strongly sinuate, posterior
margin more or less narrowly rounded; surface smooth, with several punctures and short pubescence. Elytra (Fig.
1A,C) 2.35-2.90 times as long as their combined width, and 3.50-4.05 times as long as pronotum, punctate-striate,
with punctures more or less organized to vaguely defined puncture rows; apico-lateral margins strenghtened, apices
almost conjointly rounded; elytral pubescence shorter than that on head and pronotum, usually straigh, semi-erect,
oriented backwards. Epipleura very narrow, wider at base. Mesoventrite (Fig. 2L,N) with anterior edge roughly
on same plane as metaventrite, procoxal rests shallow, mesoventral cavity small, shallow, with less defined walls;
surface of mesoventrite covered with small punctures and long setae. Mesocoxae (Fig. 1B) projecting, very narrowly
separated, with exposed trochantins; mesocoxal cavity (Fig. 1B) open to both mesepimeron and mesanepisternum.
Metaventrite (Fig. 1B) slightly convex, with long discrimen, sparsely punctate and covered with long semi-erect
setae. Metanepisternum (Fig. 1B) narrow, slightly wider basally, gradually narrowed toward apex. Metacoxae (Fig.
1B) contiguous, extending laterally to meet elytra; metacoxal plates (Fig. 2R) narrow. Hind wing (Fig. 2Q) well
developed, elongate, 2.7-2.8 times as long as wide, with very short apical field containing a single oblique support
sclerite; radial cell elongate; cross-vein r3 almost horizontal; RP very long; medial field with five free veins; wedge
cell well developed, almost three times as long wide, apically truncate; ano-jugal with only a single vein (AP3+4),
without distinct anal embayment. Leg (Fig. 2S) relatively long, tibia elongate, simple, with paired tibial spurs, tarsus
elongate, tarsomeres simple, apical tarsomere distinctly longest; pretarsal claws simple, slightly curved.

Abdomen (Fig. 1B) with seven visible sternites (III-1X), the first three of which are connate; surface very
finely puncate and covered with moderately long semi-erect setae. Abdominal sternite III (ventrite 1) without
intercoxal process, anteromedially only slightly raised; sternite VI (ventrite 4) free but connected to preceding
sternite by only short membrane; sternite VII (ventrite 5) with posterior margin widely rounded, apically slightly
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protruded, connected to preceding sternite by longer membrane; sternite VIII (Fig. 3Q) partly retracted to sternite
VII, transverse, approximately 1.7 times as wide as long, slightly narrowed apicad, sclerotized, sparsely covered
with moderately long setae; sternite [X (Fig. 3F-J) elongate, 2.3-2.7 times as long as wide, lateral sides subparallel
to slightly rounded, apically rounded, basal third membranous, apical two thirds covered with micropunctures
and short setae, which are denser and longer apically. Abdominal tergite VIII (Fig. 3P) slightly wider than long,
sclerotized, apically sparsely covered with short setae; Tergite IX (Fig. 3A—E) usually slightly wider than long, in
some cases approximately as wide as long (sometimes lateral sides are bent ventrally so it appears that tergite [X is
longer than wide; see Fig. 3D,E), apico-medially deeply emarginate, connected by membrane to tergite X; tergite
X (Fig. 3A-E) small, slightly longer than wide, apically widely rounded. Aedeagus (Fig. 3K—O) robust, 2.4-2.7
times as long as wide. Median lobe rather robust, slightly surpassing tip of parameres, subparallel-sided to gradually
narrowed toward apex for most of its length, more abruptly narrowed toward apex at about 3/5 or 4/5 of its length,
apex narrowly rounded; basal struts short. Paramere robust, elongate, wide basally, distinctly narrowed subapically,
with outer edge bisinuate; apical portion after subapical emargination short, with minute outward hooks. Phallobase
slightly wider than long if length measured from anterior to posterior angle, about twice as wide as long if length
measured medially, basally distinctly widely emarginate, with sides roughly rounded.

Female (Figs. 1D-F; 2B,D,K; 3R-U). Resembles male in most aspects, except following characters. Body (Fig.
1D-F) 14.0-18.0 mm long and 4.0-5.5 mm wide, 3.2-3.7 times as long as wide. Head (Fig. 2B) including eyes
0.8-1.0 times as wide as anterior margin of pronotum. Eyes with their minimum frontal separation 1.90-2.30 times
maximum eye diameter. Antenna (Fig. 2D) reaching just after humeri, shortly pectinate, with rami of antennomeres
II1I-X shorter or about as long as their respective stems. Length ratio of antennomeres [-XI =2.1-2.3 : 1.0 : 2.4 :
2.1-23:2.1-2.3:2.1-2.3:2.1-2.3:2.1-2.3: 2.1-2.3 : 2.1-2.3 : 3.6-3.9. Antennomere III slightly longer or about
as long as antennomere IV; ultimate antennomere 1.7—1.8 times as long as preceding antennomere. Pronotum (Fig.
2K)) with surface usually rough, punctation variably dense, usually separated by half to one puncture diameter but
sometimes posteriorly denser, almost contiguous, or generally sparser. Scutellar shield (Fig. 2K) only slightly longer
than wide, posteriorly widely rounded or very slightly emarginate. Elytra (Fig. 1D,F) 2.55-2.80 times as long as
their combined width, and 4.05-4.20 times as long as pronotum. Leg (Fig. 1D,F) moderately long. Abdomen (Fig.
1E) with six free visible sternites (III-VIII) which are connected by short membranes. Abdominal tergite VIII (Fig.
3R) widely subtriangular, 1.3—1.4 times as wide as long, sparsely covered with fine micropunctures and short setae,
which are denser at margins and apex; abdominal sternite VIII (Fig. 3S) roughly triangular, 1.3—1.4 times as long as
wide, apically more or less narrowly rounded, apically and medially membranous, relatively densely covered with
fine punctures and long setae; spiculum ventrale relatively short and stout, 1.0-1.5 times sternite length. Ovipositor
(Fig. 3T) relatively long; paraprocts 4.0—4.5 times as long as gonocoxites; styli present, short, subapically attached
to gonocoxites. Bursa copulatrix (Fig. 3U) membranous, sac-like, with two elongate small inner sclerites.

Immature stages. Unknown.

Sexual dimorphism

Crowson (1972) stated that the female of P. angulosus reminds that of Omalisus Geoffroy, 1762 (a genus
in Elateridae: Omalisinae, which is a soft-bodied and morphologically modified group of neotenic click-beetles)
in being larger than male, wingless, and with the elytra much shorter than the abdomen. Although females of P,
angulosus are usually really larger than their male counterparts, they are not wingless and elytra fully cover their
abdomen (Fig. 1D-F). Bocak et al. (2018) studied two female specimens from BMNH, and found out that the
sexual dimorphism in P. angulosus includes the shape of antennae, terminal abdominal ventrites, and slightly wider
pronotum in female. Our results show that females are larger than males, being 14.0—18.0 mm long (8.9-12.5 mm in
males; Fig. 1A—F), have shorter antennae which are reaching just after humeri (up to 2/3 of elytral length in males;
Fig. 1D-F), less pectinate antennae, with the rami of antennomeres I11-X shorter or about as long as their respective
stems (distinctly longer than their respective stems in males; Fig. 2C,D), relatively longer antennomere 111 which is
slightly longer or about as long as antennomere I'V (distinctly shorter than antennomere IV in males), antennomeres
IV-X about subequal in length (gradually longer toward apex in males), ultimate antennomere 1.7—1.8 times as
long as preceding antennomere (2.0-2.2 times in males), relatively wider scutellar shield with widely rounded or
slightly emarginate posterior margin (narrowly rounded in males; Fig. 2J,K), more robust and relatively shorter legs
(Fig. 1A-F), abdomen with six free visible sternites (with seven visible sternites, the first three of which are connate
in males), and abdominal sternite VII (ventrite 5) subtriangular, with posterior margin rounded (more transverse,
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with posterior margin more widely rounded in males). Additional differences are less apparent. Females have head
including eyes 0.8-1.0 times as wide as anterior margin of pronotum (1.0-1.1 times in males), eyes relatively
smaller, with their minimum frontal separation 1.90-2.30 times maximum eye diameter (1.55-1.90 times in males),
and elytra 4.05-4.20 times as long as pronotum (3.50—4.05 times in males). For some differences in coloration, see
the Intraspecific variability section below.

Intraspecific variability

Coloration and morphology

There are usually only slight differences in body coloration in P. angulosus. In males, elytral coloration ranges
from light brown to reddish brown or brown. Females have a tendency to have more or less darker elytra than males,
and have greater variability in elytral coloration than males. Two females from Turkey are completely dark brown
to black; the first one was described as Pseudophyllocerus atricolor by Reitter (1896), and the second one (Fig. 1F)
was collected in 2002 by the Czech amateur entomologist Martin Samek (currently deposited in PCIM). Posterior
angles of pronotum in males and most females are lighter than pronotal disk; however, some specimens have them
less distinctly lighter, and some females have them dark brown to black, i.e., of the same color as pronotal disk.
Scutellar shield in males is usually brown to black but some specimens have it distinctly lighter, of the same color
as elytra. All available females have their scutellar shield dark brown to black. In males, femora are always darker
than tibiae and tarsi; in some cases, tibiae (at least partly) are even lighter than tarsi. In females, legs are usually
uniformly dark brown to black (brown in a single specimen); in one specimen tibiae are partly lighter, reddish brown
to brown. Body size varies between 8.9 and 12.5 mm in males, and between 14.0 and 18.0 mm in females. The
pronotum in males is usually rather smooth and with punctures which are separated by about 1-2 (in some parts 3)
puncture diameters, with punctures being denser at margins, mainly at posterior margin. However, some specimens
have pronotal surface quite rough and punctures denser, separated by about a half of puncture diameter at least in
some parts of pronotum. The pronotum in females is usually rough and with punctures which are separated by about
0.5—-1.0 puncture diameters; only one available female has pronotum rather smooth and with sparser punctation. The
abdominal sternite IX (Fig. 3F-J) is usually 2.3-2.5 times as long as wide, with lateral sides subparallel for most
of their length (e.g., 3H); however, some specimens have this sternite relatively narrower, up to 2.7 times as long
as wide (e.g., 31), and in some other specimens, the sides are somewhat rounded (e.g., 3G). There are also some
differences in male genitalia among the studied specimens, mainly in the shape of the median lobe (Fig. 3K-O).
The median lobe is in its basal 3/5 or 4/5 usually somewhat subparallel-sided; however, some specimens has that
part of the median lobe gradually narowed toward apex. There are also slight differences in the shape of the apical
portion of median lobe (Fig. 3K-0).

DNA
The uncorrected pairwise distances between the specimens from Turkey, Behramkale and Greece, Peloponnese,
were 7.33% (cox1) and 2.43% (rrnl).

Biology and ecology

There is almost no information on the biology and ecology of P. angulosus. Adults can be found since the end
of May till August; however, most specimens with known data were collected or observed in June and July. Adults
were usually swept from the vegetation (Fig. 4A, B).

Distribution
Turkey (Germar 1844), Greece (Oertzen 1886), Israel (Platia 2010), Syria (Platia & Németh 2011). The first
record from "Palestina" was published by Reitter (1910). New record for Lebanon (Fig. 4C).

Comparison

Plastocerus angulosus differs from its only congener, P. thoracicus, in having the pronotum widest posteriorly
(widest anteriorly in P. thoracicus), the pronotal sides non-explanate (sides explanate in P. thoracicus), the acdeagal
parameres narrower, with inner side distinctly sinuate (parameres broader, with inner sides only weakly sinuate in
P. thoracicus), and the apices of parameres more strongly and narrowly protruded (shortly and roundly protruded in
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P. thoracicus). Furthermore, all known males and most females of P. angulosus have elytra light brown to reddish
brown or brown, being distinctly lighter than the head and prothorax (Fig. 1A—E) while all known specimens of
P. thoracicus are uniformly blackish (Hajek ef al. 2020). However, some females of P. angulosus also have elytra
darker, dark brown to black (Fig. 1F).

_
¥ ¥

FIGURE 4. Habitat and distributional map of Plastocerus angulosus (Germar, 1844). A-B. habitat in Syria, Al Ghab, Shatha
al Dardar; C. distributional map.

Systematics and phylogeny

The classification of P. angulosus is full of changes and different opinions by different authors. Early authors
placed it usually in Cebrionidae or Elateridae (incl. Cebrioninae) (e.g., Schaum 1852, LeConte 1853, Lacordaire
1857, Marseul 1857, Candéze 1863). LeConte (1861) erected the tribe Plastocerini in Elateridae, with two
subgroups, Aphrici for the genus Aphricus LeConte, 1853, and Plastoceri for the genera Plastocerus sensu LeConte
and Euthysanius LeConte, 1853.

Schwarz (1907) treated Plastoceridae as a separate family and classified there 11 genera, including Ceroplastus
(= Plastocerus Schaum), Plastocerus LeConte (currently Octinodes), Aphricus, Aplastus LeConte, 1859,
Cephalodendron Latreille, 1834, Diplophoenicus Candéze, 1895, Dodecacius Schwarz, 1902, Eniconyx Horn, 1884,
Euplastius Schwarz, 1903, Euthysanius, and Phyllocerus Lepeletier & Serville, 1828. Genera except Ceroplastus (=
Plastocerus Schaum) are currently classified in various elaterid subfamilies such as Cardiophorinae, Morostominae,
Elaterinae (tribe Aplastini), and also in the family Eucnemidae (e.g., Muona 1993; Dolin 2000; Johnson 2002, 2017;
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Kundrata & Bocak 2011, Douglas et al. 2018). It is worth mentioning that none of them is classified in Cebrionini
as reported by Bocak et al. (2018). The presence of the eucnemid Phyllocerus in Plastoceridae of that time was
probably the reason why Plastocerus was in some cases classified in Phylloceridae or Elateridae: Phyllocerinae
(e.g., Reitter 1905, Jakobson 1913, Winkler 1925, Fleutiaux 1941).

Crowson (1972) redefined Plastoceridae to include only Plastocerus Schaum but not the New World Plastocerus
sensu LeConte (i.e., Octinodes), and classified it in the superfamily Cantharoidea together with Drilidae, Omalisidae
(both currently also in Elateridae), Cantharidae, Lampyridae, Lycidae, Omethidae, Phengodidae, and Telegeusidae
(currently in Omethidae). His concept of a separate monogeneric family was followed by some authors even after
Cantharoidea were merged with Elateroidea (e.g., Lawrence 1988, 1991; Lawrence & Newton 1995; Branham
& Wenzel 2001, 2003; Bocak 2007; Branham 2010; Bouchard et al. 2011). Lawrence (1988) hypothesized that
Plastocerus is sister to all remaining cantharoids, and this view was adopted by Branham & Wenzel (2001, 2003).

On the other hand, the affinities of Plastocerus to Elateridae were again recognized by recent elaterid taxonomists
(Mertlik & Platia 2008, Giilper¢in & Tezcan 2010, Platia & Németh 2011) and confirmed by molecular analyses
(e.g., Bocak ef al. 2018; Kusy et al. 2018, 2021a, 2021b; Douglas ef al. 2021). In vast majority of those studies,
plastocerids were considered a separate subfamily Plastocerinae. In the analyses by Bocak et al. (2018), Plastocerus
formed a clade with Oxynopterus Hope, 1842 or with Oxynoperus and Pectocera Hope, 1842, depending on the
dataset analyzed (with or without Pectocera). Kusy et al. (2018, 2021a) did not include Oxynopterus in their
analyses, and Plastocerus formed a clade with Pectocera. Kusy et al. (2021b) included only a limited number of
elaterids in their analyses, without any Oxynopterini, and Plastocerus was recovered in Dendrometrinae, sister to
Anostirus Thomson, 1859.

Douglas et al. (2021) provided so far the largest phylogenomic analysis for Elateridae, and found P. angulosus
within the subfamily Dendrometrinae, hence lowering status of Plastocerinae to a tribal level. Plastocerus was
sister to Oxynopterus in a clade with Dimini (Douglas et al. 2021). It is worth mentioning that already Heyden et al.
(1883) and Reitter (1891) placed P. angulosus in Denticollini (currently a synonym of Dendrometrinae).
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Elateridae]; Seidlitz (1888: 41): identification key [as Ceroplastus; in Campylini]; Reitter (1891: 210): catalogue
[as Ceroplastus; in Elateridae: Denticollini]; Reitter (1896: 234): original descriptions of Pseudophyllocerus and
Ps. atricolor, habitus drawing of Ps. atricolor; Schwarz (1897: 64): synonymy of Pseudophyllocerus atricolor with
Plastocerus angulosus; Heyden (1902: 152): nomenclatural note on Plastocerus vs. Cladocerus vs. Ceroplastus;
Reitter (1902: 93): notes on a generic name for Plastocerus angulosus [also as Pseudophillocerus [sic!] atricolor];
Schwarz (1902: 199): taxonomic/nomenclatural problem Plastocerus LeConte vs Octinodes Candéze, replacement
name Cladocerus for Plastocerus sensu Candéze (1863); Reitter (1905: 4): identification key [only genus name
Ceroplastus, in Phylloceridae]; Schwarz (1907: 5): catalogue, drawings of male and female habitus [as Ceroplastus
angulosus; in Plastoceridae]; Heyne & Taschenberg (1908: 166): catalogue [only genus name mentioned; as
Ceroplastus, in Elateridae: Plastocerini]; Reitter (1910: 178): systematic notes on Ceroplastus atricolor and C.
angulosus; Jakobson (1913: 765): catalogue [as Ceroplastus; in Phylloceridae (Plastoceridae)]; Hyslop (1921: 634,
635): catalogue of genus-group names, Callirhipis angulosus as the type species for both Ceroplastus and Cladocerus
[in Rhipiceridae]; Hyslop (1923: 157): status of Plastoceridae [as P. angulosa [sic!]; in Elateridae: Cebrioninae];
Winkler (1925: 578): catalogue [as Ceroplastus; in Phylloceridae]; Schenkling (1927: 5): catalogue [as Ceroplastus;
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44): new family Plastoceridae in Cantharoidea for Plastocerus Schaum, taxonomical remarks on Plastocerus vs.
Ceroplastus vs. Octinodes problem, drawings of prothorax, metendosternite, and aedeagus; Stibick (1979: 175):
remark, notes on classification [in Elateridae: Aplastinae: Aplastini]; Lawrence (1988: 15): phylogeny [only genus
name mentioned; in Plastoceridae]; Lawrence (1991: 422): remarks [in Plastoceridac]; Lawrence & Newton
(1995: 855): catalogue, taxonomic remarks [in Plastoceridae]; Branham & Wenzel (2001: 580): morphology-based
phylogeny [also as Ceroplatus [sic!]; in Plastoceridae]; Branham & Wenzel (2003: 5): morphology-based phylogeny
[also as Ceroplatus [sic!]; in Plastoceridae]; Bocak (2007: 209): catalogue [also as Pseudophylocerus [sic!]; in
Plastoceridae]; Mertlik & Platia (2008: 27, 34): catalogue [in Elateridae: Plastocerinae]; Branham (2010: 103):
review of Plastoceridae (distribution, biology, ecology, morphology, phylogeny, classification), photographs of male
habitus and prothorax, ventral view [in Plastoceridae]; Giilper¢in & Tezcan (2010: 52): catalogue, distribution [in
Elateridae: Plastocerinae]; Platia (2010: 41): distributional record (first record from Israel) [in Elateridae: Aplastini];
Hajek (2011: 57): remark [in Plastoceridae]; Bouchard et al. (2011: 320): catalogue of family-group names, ICZN
problem [only genus name mentioned; in Plastoceridae]; Platia & Németh (2011: 104): distributional records (first
record from Syria) [in Elateridae: Aplastini]; Platia & Kakiopoulos (2014: 118): distributional record (first record
from the continental Greece), photographs of male habitus and genitalia [in Plastoceridae]; Bocak et al. (2018: 2):
molecular phylogeny, morphology, photographs of male and female habitus, and details of body parts including
genitalia [in Elateridae: Plastocerinae]; Kusy ef al. (2018: 4): genome-based phylogeny, remarks, photograph of
female habitus [in Elateridae: Plastocerinae]; Héjek e al. (2020: 392): remarks, comparison with another species
[in Elateridae: Plastocerinae]; Kusy et al. (2021a: 115): genome-based phylogeny, Plastocerus [only genus name
mentioned; P. angulosus in Supplements; in Elateridae]; Kusy et al. (2021b: 3): mitogenome-based phylogeny
[in Elateridae: Plastocerinae or Dendrometrinae], Douglas et al. (2021: 10): molecular phylogeny, Plastocerus
[only genus name mentioned; in Elateridae: Dendrometrinae: Plastocerini]; Lawrence ef al. (2021: 592): hind wing
venation description and photograph [in Elateridae].

Discussion

Plastocerus has always been an enigmatic and interesting beetle lineage from the systematic, morphological, and
evolutionary point of view. Although some mysteries and questions about Plastocerus have been, at least partly,
solved, others remain to be fully understood.

The systematic placement of Plastocerus in Elateridae seems to be no longer a question anymore. Higher
number of free abdominal ventrites, which was one of the characters used for the definition of Plastoceridae, can
be found in some other morphologically modified Elateridae, such as Elaterinae: Cebrionini, Agrypninae: Drilini,
and Omalisinae (Kundrata & Bocak 2019). It should be noted, that although some (male) or all (female) abdominal
ventrites of P. angulosus are free, they are clearly much more sclerotized than in the soft-bodied elateroids like
e.g., fireflies (Lampyridae), net-winged beetles (Lycidae) or soldier-beetles (Cantharidae). Recent molecular
phylogenetic and phylogenomic studies suggest close relationships of Plastocerus and Oxynopterini (Bocak et al.
2018, Douglas et al. 2021). Douglas et al. (2021) considered the clade "Dimini + (Plastocerini + Oxynopterini)" as
a part of the widely delimited Dendrometrinae; however, further analyses with much denser sampling are needed to
better understand their relationships. If that clade is indeed sister to all remaining dendrometrines, than it is a matter
of opinion if one consider the above-listed three groups as tribes in Dendrometrinae or three separate subfamilies.

There is also an interesting question whether all known populations of P. angulosus represent a single species.
Reitter (1896) described a unicolor dark female as a separate genus and species (i.e., Pseudophyllocerus atricolor),
and although it was immediately synonymized with P. angulosus by Schwarz (1897), Reitter (1910) later recognized
it at least as a separate species of Ceroplastus (=Plastocerus) due to its different body coloration. Here, we examined
by far the most specimens of P.angulosus ever studied in a single study (over 70 specimens from various collections,
ranging from historical specimens to freshly collected materials), and we found some variability in the body size,
coloration, protonal punctation, and the shape of pregenital segments and genitalia (Fig. 3). None of the variable
characters is correlated with geographic distribution, and there is no indication that there is some cryptic species
within P. angulosus. Dark brown to black female specimens are indeed just color morphs of P. angulosus and do
not represent a different species, as already suggested by Schwarz (1897). Such variability in the body coloration
can be found in various other Palaearctic Elateridae, such as Denticollis linearis (Linneaus, 1758), Hypoganus
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inunctus (Panzer, 1795), Calambus bipustulatus (Linnaeus, 1767), and Elater ferrugineus Linneaus, 1758 (pers.
observ. of authors). For the first time, we also compared widely used cox/ mitochondrial genetic marker between
two populations of P. angulosus. Relatively high genetic difference in the cox/ fragments (7.33%) between the
specimens from Turkey, Behramkale and Greece, Peloponnese, indicates that the intraspecific genetic variability
within P. angulosus may be even higher when we take into account geographically much more distant populations,
e.g., from the Levant. Such divergence greatly surpasses the previously widely accepted 3% threshold indicating
separate species in many insect groups (Hebert et al. 2003) but even higher intraspecific genetic distances were
reported for various beetle groups (e.g., Hendrich et al. 2015, Kundrata et al. 2015). Higher genetic differentiation
can often be found in lineages with limited dispersal propensity rather than in good dispersers (Ikeda et al. 2012).
Both sexes of P. angulosus are fully winged but we have no data how good fliers they are.

There were some confusing and misleading statements about the females of P. angulosus in the past. The
female of this species was clearly known to elaterid specialists already in the 19th century. Candéze (1863) provided
description and illustrations for a female of P. angulosus. The female was generally similar to male but was more
robust and had less pectinate antennae. Additionally, Schwarz (1897) pointed out that Pseudophyllocerus atricolor
described by Reitter (1896) from Turkey is in fact a female specimen of P. angulosus. Our current research on
Plastocerus shows that there is quite a number of historical female specimens present in various European museums.
Having this in mind, it is rather surprising that Crowson (1972) stated that female of P. angulosus resembles that
of Omalisus in having no wings and the elytra much shorter than the abdomen. This was repeated by Branham &
Wenzel (2001). What is more, Branham (2010) stated that the female of Plastocerus was unknown. However, it
has been known for more than 150 years; it is similar to male and with fully developed hind wings and elytra (Fig.
1D-E).

The immature stages of P. angulosus still remain to be discovered and described. Crowson (1972) speculated
that the yet undescribed larva of Plastocerus would be expected to resemble that of Omalisus but this was probably
based on his wrong assumption that Plastocerus is closely related to omalisids, and that also its females resemble
those of Omalisus. Because adults are often collected by sweeping in grassy areas, we can hypothesize that larvae
live in soil as many other Palaearctic dendrometrine click-beetles, such as Athous Eschscholtz, 1829, Cidnopus
Thomson, 1859, and Selatosomus Stephens, 1830. (T. Németh, pers. observ.).

We hope that our study will motivate our colleagues to collect more materials of this enigmatic click-beetle
species, and that the remaining above-mentioned questions about P. angulosus will soon be answered.
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The click-beetle genus Elathous Reitter, 1890 (Elateridae: Dendrometrinae) contains almost 50 species distributed
in the Palaearctic and Nearctic realms. Specimens of this genus are rare in collections, partly due to their largely
unknown biology and ecology. Until now, larvae were known only for three species, all of them described de-
cades ago. Due to the intensive fieldwork research by the first author, who found larvae of Elathous agilis Németh,
2019 in Lebanon and Elathous brucki (Candeze, 1878) in Greece, we have an opportunity to describe their

morphology for the first time. We compare them with each other and the remaining known larvae of Elathous and
related genera. Although we are able to differentiate larvae of all known Elathous species, our limited knowledge
on dendrometrine immature stages as well as the genus-level systematics is insufficient to propose a reliable
generic diagnosis for Elathous based on the larval morphology. Additionally, we provide updated information on
biology and ecology of Elathous species.

1. Introduction

Immature stages of click-beetles (Coleoptera: Elateridae) play an
important role in understanding not only the ecology and biology of the
given species but also their systematic placement and phylogenetic re-
lationships (e.g., Hyslop 1917; Glen 1950; Ohira 1962; Zacharuk 1962;
Dolin 1978). Regarding click-beetles, most of the approximately 11,000
described species lack information on their immature stages. What is
more, knowledge on click-beetle larvae is biased towards the Palaearctic
realm, mainly due to the efforts of Ohira (1962) and Dolin (e.g., 1960a,
1960b, 1964a, 1964b, 1978), and the Neotropical realm, mainly due to
the excellent works of the Brazilian authors (e.g., Costa 1992; Costa
et al., 1992; Casari & Bellusci 1996; Casari & Costa 1998; Casari 2002;
Casari & Biffi 2012; Rosa et al., 2015; 2019; 2020; Marinho et al., 2023).

The genus Elathous Reitter, 1890 (Elateridae: Dendrometrinae)
contains 49 described species known mostly from the West Palaearctic
(from Morocco to Iran) but also some species from North America and
Japan (Kundrata et al., 2021; Németh 2021). Specimens of this genus are
rare in collections, most probably due to their unknown biology and
ecology. Larvae are known only for three species, all of them described
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E-mail address: robin.kundrata@upol.cz (R. Kundrata).

https://doi.org/10.1016/j.jcz.2023.11.003

decades ago. Glen (1950) described the larva of the eastern North
American Elathous bicolor (LeConte, 1853). Dolin (1960b, 1964a, 1964b,
1978, 1982) provided description and illustrations of the larva of Ela-
thous candezei Reitter, 1890, and Dolin (1978) and Agaev (1980) pro-
vided the same for larva identified as Elathous niger Schwarz, 1897.
Elathous larva was also included in the generic identification keys by
Agaev (1988) and Johnson (1993).

The intensive fieldwork focused on the Elateridae species of the
Balkans by Czech and Hungarian expeditions between 2009 and 2019
led to many interesting discoveries, including descriptions of new spe-
cies (Mertlik et al., 2017; 2018) and new faunistic records for many taxa
(Kovacs et al., 2012; Németh et al., 2014; 2017; 2019). Collecting trips
in Lebanon, organized by the Hungarian Natural History Museum with
the cooperation of Holy Spirit University of Kaslik and The Committee of
Cedar Forest Friends between 2015 and 2018, aimed to increase
knowledge on the entomofauna of the country and resulted in discov-
eries of new species (Markus & Németh 2016; Szénasi & Németh 2019)
and interesting faunistic data (Hava & Németh 2016; Németh et al.,
2019; Szénasi et al., 2019). They also resulted in a huge amount of
valuable materials deposited in the collections.
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The first author, who participated in all the above-mentioned expe-
ditions, discovered Elathous larvae in Greece and Lebanon. In Greece, he
found several larvae in two expeditions to Mt. Timfristos (2013, 2015),
with some of them reared in the laboratory to adults allowing their
identification as Elathous brucki (Candéze, 1878). In Lebanon, similar
larvae were collected during the first field trip (2015) to the ancient
forest of Horsh Arz el-Rab. These larvae were also reared in laboratory
conditions and four adults of, at that time, an unknown Elathous species
emerged during the summer of 2015. The following field trips in
Lebanon between 2016 and 2018 resulted in further specimens of both
larvae and adults. Based on the adults, Németh (2019) described a new
species, Elathous agilis Németh 2019; however, the larvae remained
unstudied in detail.

The Elathous larval specimens collected during the extensive field-
work by the first author allow us to describe larval morphology of
E. brucki and E. agilis for the first time and compare those species with
each other, their known congeners, and other related genera.

Zoologischer Anzeiger 308 (2024) 25-34

2. Material and methods

This study was based on the larval specimens of E. agilis from
Lebanon (Figs. 1, 2 and 5A, E) and E. brucki from Greece (Figs. 3 and 4).
For E. agilis, 13 larvae were collected in the field (Fig. 5A, C-E): 10 of
them were reared to adults (Fig. 5B) in plastic boxes (capacity 1L) with
rotten wood at room temperature and checked every two weeks, two
were kept in absolute ethanol (one dissected; Figs. 1 and 2), and one was
kept dry, mounted on cardboard. For E. brucki, nine larvae were
collected in the field (Fig. 5G): five of them were reared to adults using
the same conditions as described above (Fig. 5F), two were kept in ab-
solute ethanol (one dissected; Figs. 3 and 4), and two were kept dry and
later mounted on a cardboard. For more details, see Material examined
under respective species. Several other larval specimens of both species
were observed in the field, collected, but were not successfully reared.
One larva of each species was first photographed and then dissected
after a short treatment in hot 10 % KOH. Dissected parts of the head
were transferred to glycerol. Diagnostic characters were photographed
using a Mitutoyo M Plan Apo 5X microscope lens and Nikon AF Micro
Nikkor 60 mm lens attached to a Nikon D5200 camera. Photographs

Fig. 1. Elathous agilis Németh, 2019, larval morphology. Habitus: (A) dorsal view; (B) lateral view; (C) ventral view. Head and prothorax: (D) dorsal view; (E) lateral
view; (F) ventral view. Terminal abdominal segments: (G) dorsal view; (H) lateral view; (I) ventral view. Scale bars: A-C = 5 mm, D-I = 2 mm.
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Fig. 2. Elathous agilis Németh, 2019, larval morphology. Maxillo-labial complex: (A) dorsal view; (B) ventral view. Antenna: (C) dorsal view; (D) ventral view.
Mandible: (E) dorsal view; (F) ventral view. Metathoracic leg: (G) dorsal view. Scale bars: A-B, G = 0.5 mm, C-D = 0.2 mm, E-F = 0.3 mm.

were combined with the Zerene Stacker image stacking software. Mea-
surements were taken with a scale bar in an eyepiece. Photographs of
habitats and living specimens were taken with a Fuji Finepix HS25 EXR
camera and Raynox 150 and 250 lens. Morphological terminology for
larval descriptions follows Glen (1950), Costa et al. (2010), and Rosa
et al. (2019). The dorsal plate of segment IX was measured as follows:
length at midline from anterior edge of carina or declivity to posterior
notch, and width at widest part between lateral edges of carina or de-
clivity, excluding teeth. The lyre-shaped frontal arms of the species
examined here (as well as in Elateridae in general) are constricted at
approximately midlength, forming two areas with very different shapes
and widths, with the anterior part being about three times wider than
the posterior part (see e.g., Lawrence et al., 1999). Here we describe
differences among Elathous species in the shape of the posterior part of
frons, which we define as the region from the abrupt constriction be-
tween frontal arms up to its base where the frontal arms meet. The lo-
cality labels are cited verbatim. The material examined in this study is
deposited in the Coleoptera Collection of the Hungarian Natural History
Museum, Budapest, Hungary (HNHM).

3. Results

Family Elateridae Leach, 1815.
Subfamily Dendrometrinae Gistel, 1848
Tribe Dendrometrini Gistel, 1848
Genus Elathous Reitter, 1890.
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Elathous Reitter, 1890: 247. Type species: Elathous buyssoni Reitter,
1890; by subsequent designation (Hyslop, 1921: 644).

For the synonyms and more information see the annotated catalogue
by Kundrata et al. (2021).

3.1. Elathous agilis Németh, 2019
(Figs. 1, 2, 5A-E)

3.1.1. Material examined

One larval specimen in absolute ethanol (dissected; Figs. 1 and 2),
with the following label data: “Lebanon, Northern gov., 2 km N Harissa,
Tannourine Cedars Nat. Reserve, from rotten Cedrus libani log,
34°12'34"N, 35°55'45"E, 1750 m, 24.VIL.2018, leg. T. Németh”. One
larval specimen in absolute ethanol, with the following label data:
“Lebanon, Northern gov., Bcharre env., Quadisha Valley, from rotten
Juglans, 34°14'57"N, 35°58'34"E, 970 m, 5.V.2017, leg. T. Németh”. One
larval specimen dry, glued to cardboard, with the following data:
“Lebanon, Northern gov., Tannourine env., 2 km N Harissa, Tannourine
Cedars Nat. Reserve, from rotten Cedar log, 34°12'34.56"N,
35°55'45.15"E, 1750 m, 23.V.2015., leg. T. Németh.”

Ten larvae from the following localities were successfully reared to
adults: 1 male, “Lebanon, Northern gov., Tannourine env., 2 km N
Harissa, Tannourine Cedars Nat. Reserve, reared from hollow oak,
34°12'34"N, 35°55'45"E, 1750 m, 6.V.-VI.2017, leg. A. Kotén, P. Nemes
& T. Németh” (Fig. 5A); 1 male, 2 females, “Lebanon, Northern gov.,
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Fig. 3. Elathous brucki (Candéze, 1878), larval morphology. Habitus: (A) dorsal view; (B) lateral view; (C) ventral view. Head and prothorax: (D) dorsal view; (E)
lateral view; (F) ventral view. Terminal abdominal segments: (G) dorsal view; (H) lateral view; (I) ventral view. Scale bars: A-C = 5 mm, D-I = 2 mm.

Bcharre env., 1 km E Ariz, Horsh Arz el-Rab, ancient Cedrus forest, larva
from Cedrus log, 34°14'33”N, 36°2'59"E, 1900 m, 20.V.-25.VIL.2015,
leg. A. Markus & T. Németh”; 1 female, “Lebanon, Northern gov., Tan-
nourine env., 2 km N Harissa, Tannourine Cedars Nat. Reserve, reared
from rotten Cedrus log, 34°12'34”N, 35°55'45"E, 1750 m, 1.V.2017, leg.
A. Kotan, P. Nemes & T. Németh”; 2 males, 3 females, “Lebanon
Northern gov., Bcharre env., 1 km E Ariz, Horsh Arz el-Rab, ancient
Cedrus forest, pupa from rotten Cedrus log, 34°14'33”N, 36°2'59"E, 1900
m, 24.V1.2016, leg. A. Kotan, P. Nemes & T. Németh”.

The photographs of live larval specimen of E. agilis were published by
Németh (2019: 152) and can also be found in Fig. 5A, E.

3.1.2. Diagnosis

The mature larva of E. agilis can be distinguished from its known
congeners by the following combination of characters: head with sides
slightly rounded in dorsal view, stemmata absent, head and thoracic
mediotergites with punctures narrower than thoracic mid-dorsal suture,
separated by a distance of 6-10 puncture diameters; posterior part of
frons with sides divergent on anterior half, subparallel on posterior half;
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abdominal mediotergites with transverse branches reaching 2/3 of the
lateral half of mediotergite width, and a transverse row of short 14-16
setae near posterior margin, with longest setae about 2/3 of segment
length; dorsal plate of segment IX bordered by declivous edge, with
three lateral teeth, a pair of paramedian impressions, a median longi-
tudinal groove and several transverse grooves; apical notch
semicircular.

3.1.3. Description

Mature larva. Body (Fig. 1A-C, 5A, E): about 14.2-18.7 mm long,
subcylindrical, parallel-sided. Tegument yellow, head and tergite IX
dark brown; pronotum and anterior part of mesonotum and metanotum
light brown, each anterolateral region of abdominal mediotergites I-VIII
with prominent impression extending mesally at approximately a 90-de-
gree angle forming longitudinal and transverse branches; transverse
branches of impressions reaching about 3/4 of distance from longitu-
dinal branches to mid-dorsal suture; claws and spine-like setae on legs
brown. Vestiture consisting of sparse, light brown setae of various
length. Live specimens slightly darker than those preserved in ethanol.
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Fig. 4. Elathous brucki (Candéze, 1878), larval morphology. Maxillo-labial complex: (A) dorsal view; (B) ventral view. Antenna: (C) dorsal view; (D) ventral view.
Mandible: (E) dorsal view; (F) ventral view. Metathoracic leg: (G) dorsal view. Scale bars: A-B, G = 0.5 mm, C-D = 0.2 mm, E-F = 0.3 mm.

Head (Fig. 1D-F): excluding mouthparts, 1.8 times wider than long,
with sides slightly rounded in dorsal view, depressed, sparsely punctate,
punctures fine, each side with one lateral seta at antennifer base, one
dorsal seta posterior to antennifer (at anterior third), one long lateral
seta at posterior third, longitudinal dorsal row of three large punctures,
most anterior one with long seta, two posterior ones with smaller setae;
dorsal epicranial ridges and stemmata absent; coronal suture and
endocarina absent. Frontal arms (Fig. 1D) lyre-shaped, frons with sparse
punctures mainly distributed at anterolateral margins, anterior corners
rounded, four setae along edge of nasal and adnasalia; posterior part of
frons with sides divergent at anterior half, parallel at posterior half;
nasale produced, tridentate, as long as wide; adnasalia twice as long as
nasale, separated by distance 0.5 times as wide as each adnasalium
width (measured at base); ventral surface (Fig. 1F) smooth except for
one long seta on posterolateral margin and row of shorter setae along
outer edge of ventral ridges.

Mandible (Fig. 2E and F) about 1.3 times as long as wide (width
measured at base), unidentate; incisor edge with retinaculum, lateral
surface of basal half concave, penicillus as long as retinaculum, two
setae dorsolaterally. Maxilla (Fig. 2A and B) with stipites about four
times as long as wide, subparallel-sided, widely separated at base (dis-
tance between stipites 1.2 times as wide as each stipes width at base),
anterior margin narrowed and membranous; lateral margin with sparse
punctures, few long setae at anterior corner; maxillary palpus four-
segmented, elongate, sparsely setose, relative length of palpomeres as
follows: I as long as II, III 0.4-0.5 times as long as II, IV as long as III;
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galea palpiform, two-segmented, with stiff setae at apex; lacinia reduced
to densely setose area; cardines somewhat triangular, wider than long.
Labium (Fig. 2A and B) with prementum 1.2 times wider than long, with
two pairs of setae near anterior margin, parasagittal one longer and
thicker, ligula produced, with 2 setae; postmentum 3.6 times as long as
wide, sides weakly convergent posteriorly, membranous anteriorly; one
pair of long setae anteriorly, few smaller punctures irregularly distrib-
uted along lateral margins, apex with pair of long thick setae; basal
palpomere 1.4 times longer than apical palpomere. Antenna (Fig. 2C and
D) with basal antennomere glabrous, with few campaniform sensilla, 1.6
times as long as median antennomere; second antennomere glabrous,
2.5 times as long as apical antennomere, with conical sensorium later-
oventrally; third antennomere with two setae apically.

Thorax (Fig. 1A-F): tergites with fine punctures (0.3-0.5 times as
wide as mid-dorsal suture), punctures weakly impressed, mostly sepa-
rated by distance of 6-10 puncture diameters; prothorax 1.5 times as
wide as long, about twice as long as mesothorax, anterior corner with 2
setae laterodorsally and 4 longer setae laterally, posterior corner with 3
setae; prosternum with one seta at each anterior angle, pair of setae
apically; mesothorax and metathorax subequal in size, each with 2-3
setae laterally, one seta dorsolaterally at midlength, and two setae
dorsolaterally near posterior margin. Leg (Fig. 2G) with lateral surfaces
with strongly sclerotized, short, spine-like setae (with rounded sides),
longer and acuter on ventral borders (up to three times longer on coxa),
densely distributed (distance between setae smaller than seta width);
ventrally with few long fine setae; claw with one seta on each basal side.
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Fig. 5. Elathous species and their habitats. (A) Larva of E. agilis Németh, 2019, live specimen collected in 2017 in the Tannourine Nature Reserve, Lebanon. (B) Adult
female of E. agilis, live specimen, reared from a larva collected in 2015 in Bcharre, Lebanon. (C) Collecting Elathous larvae from rotten Juglans regia in 2015 in
Quadisha Valley, Bcharre, Lebanon. (D) Habitat of E. agilis in the Tannourine Nature Reserve, Lebanon (2016). (E) Larva of E. agilis, live specimen in situ at Tan-
nourine Nature Reserve, Lebanon (2017). (F) Adult female of E. brucki (Candéze, 1878), live specimen reared from a larva collected in 2013 in Mt. Timfristos, Greece.

(G) Collecting Elathous larvae from rotten Abies sp. in Mt. Timfristos, Greece.

Abdomen (Fig. 1A-C): mediotergites I-VIII with punctures about 10
times larger than those of metathorax, mostly separated by distance
0.1-0.3 puncture diameter, each side near midlength with 1 seta later-
ally, transverse row of 14-16 short setae near posterior margin; later-
otergite I with two setae posteriorly; pleura with one seta; sternite with
lateral pair of setae anteriorly, two lateral pairs of setae posteriorly;
segment IX (Fig. 1G-I) with dorsal plate 1.3 times as wide as long,
bounded anterolaterally by raised edge, median surface with punctures
about 10 times smaller and sparser than those of mediotergite VIII, with
well impressed mediodorsal groove and several lateral transverse
grooves, anteriorly with pair of paramedian impressions; lateral sides
with three blunt teeth, each of them bearing one seta; apex with semi-
circular notch forming two urogomphi; each urogomphus with two
prongs, outer prong directed dorsad, longer than inner prong, inner
prong directed medially; lateral and ventral surfaces with long setae;
segment X (Fig. 1G-I) tubular, ventral, with long setae anteriorly at base
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and shorter setae along anal opening; anal hook absent.

3.2. Elathous brucki (Candeze, 1878)

(Figs. 3, 4, 5F-G)

Athous brucki Candeze, 1878: clxviii; transferred to Elathous by
Guglielmi & Platia (1985: 192).

= Melanathous sequensi Reitter, 1905: 25; synonymized by Platia &
Gudenzi (1996: 141).

3.2.1. Material examined

Four larval specimens: two in absolute ethanol (one dissected; Figs. 3
and 4), two dry glued to cardboard, all with the following label data:
“Greece, Central Gr., distr. Evrytania, Mt. Timfristos, 1,5 km NE Kar-
penissi, fir-forest, 38°55'25.07"N; 21°48'33.45"E, 1451 m, from rotten
Abies, 11.V.2013., leg. T. Németh”. Four larvae from the same locality as
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well as one larva from the locality with the following label data “Greece,
distr. Evritanfa, Timfristos Mts., Karpenissi env., Abies forest,
38°55'23.98"N, 21°48'36.43"E, 1420 m, 9.V1.2015., leg. P. Briiha, J.
Mertlik, T. Németh & B. Zbuzek” were successfully reared to adults. Four
specimens collected in 11.V.2013 emerged in 15.VI.2013, and a single
specimen collected in 9.VI.2015 emerged in 9.VIL.2015.

3.2.2. Diagnosis

The mature larva of E. brucki can be distinguished from known
congeners by the following combination of characters: head parallel-
sided, with a pair of stemmata, head and thoracic mediotergites with
punctures as wide as or wider than thoracic mid-dorsal suture, separated
by distance 2-3 puncture diameter; posterior part of frons with sides
rounded; abdominal mediotergites with transverse branches reaching
the mid-dorsal suture, and transverse row of 8-9 relatively long setae
near posterior margin, with longest setae as long as the segment; dorsal
plate of segment IX bordered by steep carina, with four lateral teeth and
five longitudinal grooves, apical notch lozenge-shaped.

3.2.3. Description

Mature larva. Body (Fig. 3A-C): about 12.0-14.5 mm long, sub-
cylindrical, subparallel-sided, with slighly widened abdominal segments
II to VI. Tegument brown, paler ventrally, head and tergite IX darker;
each anterolateral region of abdominal mediotergites I-VIII with
prominent pigmented impression extending mesally at approximately
90-degree angle forming longitudinal and transverse branches; trans-
verse branches reaching median dorsal suture; claws and spine-like setae
on legs brown. Vestiture consisting of sparse light brown setae of various
lengths. Alive specimens are slightly darker than those preserved in
ethanol.

Head (Fig. 3D-F): excluding mouthparts, 1.8 times wider than long,
with sides subparallel, depressed, with well-impressed punctures, each
side with one lateral seta at antennifer base, one dorsal seta posterior to
antennifer (in anterior third), two long lateral setae in posterior third,
longitudinal dorsal row of three large punctures, most anterior one with
long seta and flanked by smaller puncture with smaller seta, two pos-
terior ones with smaller setae; stemmata present; coronal suture and
endocarina absent. Frontal arms (Fig. 3D) lyre-shaped, frons with sparse
punctures mainly in anterolateral margins, anterior corners rounded,
four setae along edge of nasal and adnasalia; posterior part of frons with
sides rounded, widest at midlength; nasale produced, tridentate, as long
as wide; adnasalia twice as long as nasale, separated by distance 0.5
times as wide as each adnasalium width (measured at base); ventral
surface (Fig. 3F) smooth except for one long setae on posterolateral
margin and row of shorter setae along outer edge of ventral ridges.

Mandible (Fig. 4E and F) about 1.3 times as long as wide, unidentate,
incisor edge with retinaculum, lateral surface of basal half concave,
penicillus as long as retinaculum; two setae dorsolaterally. Maxilla
(Fig. 4A and B) with stipites about four times as long as wide,
subparallel-sided, widely separated at base (distance between stipites
1.2 times as wide as each stipes width at base), anterior margin nar-
rowed and membranous; lateral margin with sparse punctures, few long
setae in anterior corner; maxillary palpus four-segmented, elongate,
sparsely setose, relative length of palpomeres: I as long as IL, III 0.5 times
as long as II, IV 1.4 times as long as III; galea palpiform, two segmented,
with stiff setae at apex; lacinia reduced to densely setose area; cardines
somewhat triangular, wider than long. Labium (Fig. 4A and B) with
prementum 1.2 times as wide as long, two pairs of setae near anterior
margin, parasagittal one longer and thicker, ligula produced, with two
setae; postmentum 3.6 times as long as wide, sides weakly convergent
posterad, membranous anteriorly; one pair of long setae anteriorly, few
smaller punctures irregularly distributed along lateral margins, apex
with pair of long thick setae; basal palpomere 1.3 times as long as apical
palpomere. Antenna (Fig. 4C and D) with basal antennomere glabrous,
with few campaniform sensilla, about twice as long as median anten-
nomere; second antennomere glabrous, 1.6 times as long as apical
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antennomere, with conical sensorium lateroventrally; third anten-
nomere with two setae apically.

Thorax (Fig. 3A-F): tergites with large punctures (1.0-1.2 times as
wide as mid-dorsal suture), mostly separated by distance 2-3 puncture
diameter. Prothorax 1.3 times as wide as long, about twice as long as
mesothorax, anterior corner with two setae laterodorsally, 4-5 longer
setae laterally, posterior corner with 4-5 setae; prosternum with one
seta in anterior angle, pair of setae apically; mesothorax and metathorax
subequal in size, each with three setae laterally, two setae dorsolaterally
near anterior margin, and four setae dorsolaterally near posterior
margin. Leg (Fig. 4G) with lateral surfaces with strongly sclerotized,
short, spine-like setae (with sides rounded), longer and sharper on
ventral margins (up to three times longer on coxa), sparsely distributed
(distance between setae as long as or longer than seta width) ventrally
with few long fine setae, claw with one seta on each basal side.

Abdomen (Fig. 3A-C): mediotergites I-VIII with punctures about
1.2-1.5 times as large as those of metathorax, mostly separated by dis-
tance 0.3-0.5 puncture diameter, each side near midlength with one seta
laterally, transverse row of 8-9 relatively long setae near posterior
margin; laterotergite I with two setae posteriorly; pleura with 2-3 setae,
sternite with lateral pair of setae anteriorly, two lateral pairs of setae
posteriorly; segment IX (Fig. 3G-I) with dorsal plate as wide as long,
bounded anteriorly and laterally by steeply declivous carina, dorsal
surface mostly smooth, with few punctures about 3-5 times smaller than
those on mediotergite VIII, with five grooves: one pair anteriorly,
convergent posterad, one mediodorsal, and one pair laterally; lateral
sides of carina with four blunt teeth, each one bearing one seta; apex
with a lozenge-shaped notch forming two urogomphi; each urogomphus
with prongs, outer prong directed posterad, as long as inner prong, inner
prong directed medially; lateral and ventral surfaces with long setae;
segment X (Fig. 3G-I) tubular, ventral, with long setae anteriorly at base
and shorter setae along anal opening; anal hook absent.

3.3. Biology and ecology of Elathous

There is only limited information on the biology and ecology of
Elathous. Adult specimens in collections were usually collected at light,
rarely using pitfall traps and window traps. Specimens of smaller,
yellowish-brownish Elathous species were often collected at open areas
without deadwood, while larger, blackish species usually occur in for-
ests or groves. Regarding immature stages, Glen (1950) wrote that the
larvae of North American E. bicolor were collected from the decaying
wood; however, he did not provide any other details.

Both species examined here are clearly saproxylic and their larvae
probably feed not only on the rotten part of the logs, but very possibly on
smaller insect larvae, as observed in some other dendrometrines (T.
Németh, pers. observ.). When describing E. agilis ffrom Lebanon
(Németh 2019) wrote that the larvae develop in different kinds of rotten
wood for at least two years. Immature stages of E. agilis were found in
red-rotten wood of hollow oaks as well as in dry, white-rotten trunks
infected with fungus and in dry portions of an opened cavity of Lebanese
cedar (C. libani A. Rich., 1823). Further, E. agilis was found in a rotten
portion of a hollow in Juglans regia L., 1753 (Fig. 5C), together with
larvae of Pittonotus sp. and Haterumelater fulvago (Marseul, 1838) (both
Elateridae: Elaterinae; T. Németh, pers. observ.). Adults were collected
during the day from underneath stones near fallen cedar trunks or flying
around vegetation among solitary Pinus trees (Németh 2019). It should
be noted that the oak in which the larvae of E. agilis had been found in
Lebanon, was originally identified as Quercus pinnatifida Gmelin, 1826
(Németh 2019). However, the taxonomic and nomenclatural situation of
Quercus species in the region is rather complex, and the correct name for
the oak species with associated Elathous larvae is Quercus kotschyana O.
Schwarz, 1935 (Stephan & Teeny 2017).

In Greece, the larvae of E. brucki were found in a red-rot in the cavity
in Abies sp.; under the dead bark of the same tree there were some other
saproxylic beetles like Peltis grossa (Linnaeus, 1758) (Trogossitidae) and
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Allonyx quadrimaculatus (Schaller, 1783) (Cleridae; T. Németh, pers.
observ.).

Based on the personal observations by the Elateridae specialist Josef
Mertlik (Czech Republic), the larvae of Elathous nigricans Platia &
Schimmel, 1991 in Turkey were found in the fallen trunk of Pinus sp.,
those of Elathous mertliki Platia & Schimmel, 1992 from Turkey were
found in tree stump of Pinus sp. and in an opened cavity of Oriental thuja
(Platycladus orientalis (L.) Franco, 1949), and those of Elathous sp. from
Bulgaria were found in the fallen trunk of a chestnut tree (Castanea sativa
Mill., 1768).

4. Discussion

In our study, for the first time we report, describe and provide
photographic evidence of the larvae of E. agilis from Lebanon and
E. brucki from Greece. We examined in detail their morphology,
including all characters which were considered diagnostic by previous
authors (e.g., Glen 1950; Dolin 1960b; 1978), and compared them not
only with each other but also with their known congeners and related

Table 1

Zoologischer Anzeiger 308 (2024) 25-34

genera. Larvae of E. agilis and E. brucki can be differentiated by several
features (Table 1). The most conspicuous are the size and density of
punctation on thoracic tergites (punctures larger and denser in
E. brucki), the sides of head (slightly rounded in E. agilis; parallel in
E. brucki), the shape of the posterior part of frons (with straight sides,
divergent anteriorly and parallel posteriorly in E. agilis; with rounded
sides in E. brucki), the length of the transverse branches of abdominal
impressions (shorter in E. agilis), and several details on the dorsal plate
of abdominal tergite IX (uncarinate, with one longitudinal groove, three
lateral teeth and a pair of paramedian impressions in E. agilis; carinate,
with five longitudinal grooves, four lateral teeth and without para-
median impressions in E. brucki).

Some of the variable, species-specific, features found in those two
species have also been described and/or illustrated for E. bicolor (Glen
1950), E. candezei (Dolin 1960b; 1978), and E. niger (Dolin 1978)
(Table 1). Based on the available information, E. brucki is unique among
its congeners in having rounded sides on the posterior part of the frons
and a lozenge-shaped notch on tergite IX (that notch is semicircular in
remaining species). E. agilis can be separated from all other known

Comparison of larval features among known larvae of Elathous. Question marks indicate characters not described or illustrated in the literature.! - based on Glen

(1950),2 - based on Dolin (1960b),? - based on Dolin (1978).

Characters Elathous agilis E. brucki E. bicolor! E. candezei®® E. niger®

Head shape sides slightly rounded sides subparallel ? ? ?

Stemmata absent present present ? ?

Mandible - number of teeth 1 1 1 1 1

Head/thoracic mediotergites - size ~ fine (narrower than mid-  large (as wide as or wider fine (?) fine (?) ?
of punctation dorsal suture) than mid-dorsal suture)

Head/thoracic mediotergites - separated by distance separated by distance 2-3 sparse (?) sparse (?) ?
density of punctation 6-10 puncture diameter puncture diameter

Head, epicranium - anterior seta unpaired paired by smaller setae ? ? ?
of dorsosulcal setae

Head, epicranium - number of 1 2 2 ? ?

lateral setae on posterior third
Frons — shape of posterior part

Leg - density of spine-like setae

Abdominal mediotergites - size of
punctation

Abdominal mediotergites - density
of punctation

Abdominal mediotergites -
transverse branches of
impressions/lateral half of
mediotergite width

Abdominal mediotergites -
transverse row of setae near
posterior margin (number,
length)

Abdominal pleura - number of
setae

Segment IX — dorsal plate ratio

Tergite IX — delimitation of dorsal
plate

Tergite IX — grooves on dorsal
plate

Tergite IX - paramedian
impressions on dorsal plate

Tergite IX — number of lateral
teeth of dorsal plate

Tergite IX - shape of apical notch

Tergite IX - outer prong of
urogomphus projecting

Tergite IX - outer prong length/
inner prong length

Tergite IX - outer prong tip

sides divergent in
anterior half, subparallel
in posterior half

dense (distance between
setae shorter than seta
width)

ca. 10 times larger than
those on metathorax
dense (spaced by 0.1-0.3
puncture diameter)
reaching 2/3

14-16, short

1.3 times as wide as long
declivous, not carinate

1 medially, several
lateral transverse
grooves

present

3

semicircular, wider than
long

dorsad

longer

blunt

sides rounded

sparse (distance between
setae as long as or longer
than seta width)

1.2-1.5 times larger than
those on metathorax
dense (spaced by 0.3-0.5
puncture diameter)
reaching median suture

8-9, long

2-3
1.0 times as wide as long
steep carina

1 pair anteriorly,
convergent posterad; 1

reaching 3/4

3
1.2 times as wide
as long

steep carina

1 long mediodorsal

mediodorsal; 1 pair lateral.

absent

4
lozenge-shaped
posterad

equal

blunt

absent

3
semicircular
dorsad and
forward

subequal-shorter

acute

sides divergent in anterior
half, subparallel in posterior

half
?

sparse (spaced by 2-4
puncture diameter)
reaching median suture

3

1.1 times as wide as long
steep carina

1 pair anteriorly, convergent
posterad; 1 mediodorsal; 1
pair lateral.

absent

4

semicircular

dorsad

subequal-longer

blunt

sides divergent in anterior
half, subparallel in

posterior half
?

sparse (spaced by 2-4
puncture diameter)
reaching median suture

1.0 times as wide as long
steep carina

1 pair anteriorly,
convergent posterad; 1
mediodorsal; 1 pair lateral.
absent

4

semicircular

dorsad

subequal

blunt
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Elathous larvae by the dorsal plate of tergite IX with borders raised but
not carinate, and a pair of paramedian impressions. It should be noted,
that the pair of paramedian impressions is also present in other den-
drometrine species like e.g., Selatosomus destructor (Brown, 1935),
S. pruininus (Horn, 1873), and Limonius dubitans LeConte, 1853 (Glen,
1950: F. 7, 15, 32, labelled there as "pim").

While all those larval features provided in Table 1 are useful to
differentiate known species of Elathous, they are insufficient to propose a
generic diagnosis, which could support the monophyly of Elathous when
compared to the morphologically similar, historically associated genera
like Athous Eschscholtz, 1829 and Limonius Eschscholtz, 1829 (Candeze
1860; Etzler 2019; Kundrata et al., 2021). Most Dendrometrinae larvae,
and mainly those of Athous (e.g., Dolin 1978; 1960a; 1964a; 1964b;
1982; Glen 1950; Penev 2005), show high variability in the features
listed in Table 1. Dolin (1960b) mentioned that the larva of E. candezei
differs from Athous larvae in having the most lateral pair of setae on the
anterior margin of frons reduced while Athous species have it well
developed. However, some Athous larvae have also much smaller setae,
while E. niger has lateral setae almost as long as the inner setae. The
dorsal plate of tergite IX in Athous varies from smooth to densely
punctate, but it is always glabrous as in Elathous; the outer prong of
urogomphus varies from short and blunt (like in Limonius larvae) to long
and acute, and the grooves are quite variable, with a median groove and
a lateral region with longitudinal or transverse grooves in different
combinations, including similar patterns as in Limonius spp. (two par-
allel pairs; e.g., Athous haemorrhoidalis Fabricius, 1801 and Athous ros-
inae Reitter, 1899), in E. brucki (one pair anteriorly which is convergent
posterad, one mediodorsal, and one pair lateral; e.g., Athous circassicus
Reitter, 1888 and A. jejunus Kiesenwetter, 1858) or E. agilis (several
transverse grooves laterally; e.g., Athous lomnickii Reitter, 1905 and
A. pliginskyi Reitter, 1910, the latter currently being a synonym of
A. dilaticornis Reitter, 1905; see Cate, 2007). In Athous larvae, the
transverse branches of impressions on the abdominal mediotergites can
be almost straight (e.g., A. hirtus (Herbst, 1784)) to strongly sinuous (e.
g., A. mollis Reitter, 1889), reaching either the median dorsal suture or
3/4 of the lateral half of the mediotergite width, which represents a
similar variability as in Elathous (Table 1). Additionally, the shape of the
posterior part of the frons in Athous can have rounded or straight lateral
sides, as in most Elathous larvae. Glen (1950) separated E. bicolor from
Athous species by a combination of small caudal notch and the outer
urogomphal prong being not longer than the inner prong. However, in
Athous, the caudal notch can be small (as wide as or narrower than base
of the urogomphus) or large (at least twice as wide as the urogomphus),
and some species of Athous (and Hemicrepidius Germar, 1839, to which
many Athous species were transferred after Glen 1950), have the outer
prong about as long or even shorter than the inner prong (e.g., Hemi-
crepidius inornatus Lewis, 1894 and A. rosinae). Additionally, Elathous
species have a mediodorsal groove, while in Athous and Hemicrepidius
the mediodorsal groove may be either present or absent.

Based on morphology, Elathous belongs to the Limonius group of
genera, which additionally comprises Gambrinus LeConte, 1853, Limo-
nius, Pheletes Kiesenwetter, 1858, and Tetralimonius Etzler, 2019.
(Candeze, 1860; Etzler, 2019). Known larvae of Gambrinus differ from
Elathous by the combination of abdominal mediotergites with 5-6 long
setae near posterior margin, and the dorsal plate which is rounded,
without grooves, and with small lateral teeth, while in Elathous, the
abdominal mediotergites have 8-16 setae, and the dorsal plate has less
rounded sides, with at least a median groove and relatively longer lateral
teeth (Ohira 1962; Dolin 1978). Elathous larvae can be separated from
typical Limonius larvae (i.e., excluding the possibly mis-associated one;
see Etzler 2019) by the combination of a prominent outer prong of
urogomphus and the presence of a dorsal median groove on tergite X.
Instead, Limonius larvae have a small but not prominent outer prong,
which is tubercle-like, and tergite IX without a median groove, which
seems to be a unique combination of features among Dendrometrinae
(Glen 1950; Etzler 2019). Within the group, Pheletes larvae possess
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unique mandibles with three apical teeth and the abdominal medi-
otergites with transverse branches of impressions short, extending less
than 1/2 distance from longitudinal branches to median dorsal suture
(Glen 1950). Tetralimonius larva is unknown. The complex taxonomic
history and lack of phylogenetic studies on Elathous, Athous, and other
related genera in Dendrometrini hamper the proposal of diagnoses for
genera based on larval characters. It should be noted that Elathous has
not been included in any molecular phylogenetic study (e.g., Kundrata
et al.,, 2019; Douglas et al., 2021; Qiu 2023). Nevertheless, due to
numerous variable characters and potential phylogenetic information
the larval characters should be considered in future studies on
Dendrometrinae.
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Abstract

The saproxylic beetles play an important role in forest ecosystems; however, many of them
are nowadays rare and threatened. Since they often serve as umbrella species for forest
conservation or indicators of forest biodiversity, we should have an accurate and up-to-date
information about their morphology, biology, and distribution. Unfortunately, we often lack
detailed information on larvae of saproxylic beetles although they represent the longest stage
of ontogenetic development and therefore usually play more important ecological roles than
adults. Here, we focused on larvae of European saproxylic species of the click-beetle genus
Lacon Laporte, 1838 which develop in decayed wood and are predators of other saproxylic
insects. Larvae are only known for L. lepidopterus (Panzer, 1801), L. punctatus (Herbst,
1779) and L. querceus (Herbst, 1784), which are all considered primeval forest relicts. We
provided updated information on their morphology, biology and ecology including host trees,
and compared their diagnostic characters with all other known Holarctic congeners. Further,
we updated the larval diagnosis of Lacon, and compared the morphology of this genus with
other Agrypnini. Future research should focus on descriptions and biology of larvae of other

Lacon species as well as on the morphology of different instars.

Keywords: Agrypninae - Elateroidea - distribution - forest relicts - larva - morphology
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Introduction

Beetles, with almost 450,000 described and even more undescribed species, constitute the
largest insect order!*%. During their early evolution in the Carboniferous and the Permian, the
first beetle lineages likely occupied habitats associated with wood and bark?, and a significant
proportion of beetle groups is saproxylic even today*. Saproxylic beetles are dependent on
dead and decaying wood for at least part of their life cycle and therefore are involved in
decomposition processes and the recycling of nutrients in natural ecosystems, playing
important ecological roles mostly in forest habitats>’. They are of various feeding types like
e.g., xylophagy, mycophagy, saprophagy or predatory, being associated with wood either for
whole their lives or only in some ontogenetic stages, typically larvae, and are adapted to
various succession stages of wood decomposition, and to various microhabitats from the bark
to the interior of a dead log*°. Saproxylic beetles are generally popular because they provide
reliable data on the preservation of the environment and are often used as umbrella species or
indicators of forest biodiversity>®. Saproxylic beetles belong to numerous families, including
Cerambycidae, Staphylinidae, Curculionidae, Buprestidae, Elateridae, Eucnemidae, Ptinidae,
and Tenebrionidae, among others*>.

Elateridae, commonly known as click beetles, is a worldwide group of more than 10,000

species !

well known for their jumping ability due to the presence of pro-mesothoracic
clicking mechanism'2. They have a long evolutionary history'?, and at least some click-beetle
fossils, dated back to Mesozoic, were hypothesized to be associated with decaying wood'*.
Today, although some click-beetles develop in soil and can be severe agricultural pests',
many others develop in wood'®. In Europe, saproxylic Elateridae contain many emblematic
species like, for example, Elater ferrugineus Linnaeus, 1758, Limoniscus violaceus (Miller,
1821) (currently in Gambrinus LeConte, 1853 by some authors), and species of Ampedus
Dejean, 1833 and Lacon Laporte, 183879,

In this study, we focused on the European Lacon species, with an emphasis on their
immature stages. Lacon is a morphologically rather diverse and geographically widespread
genus belonging to the subfamily Agrypninae, traditionally classified in the tribe

Agrypnini'7-!8

although some authors place it to the separate tribe Laconini'®. This genus was
previously mixed up with Adelocera Latreille, 1829%°. The genus Lacon currently contains
approximately 150 described species, of which more than 50 species are known from the

Palearctic realm'”2%2%, Only six species are known from Europe if we do not count Cyprus
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which is geographically a part of Asia. While Lacon lepidopterus (Panzer, 1801), L. punctatus
(Herbst, 1779), and L. querceus (Herbst, 1784) are widely distributed in Europe (although
being rare; see below), L. gillerforsi Platia & Schimmel, 1994, L. graecus (Candéze, 1857),
and L. ladae Mertlik & Dusanek, 2006 are known only from Greece (all three are additionally
known from Tiirkiye, L. gillerforsi from Cyprus, and L. ladae from Syria)!”*. It should be
noted that Lacon conspersus (Gyllenhal, 1808) and L. fasciatus (Linnaeus, 1758), classified in

26,27

Lacon in older literature?®?”, are currently in a separate genus Danosoma Thomson, 18598,

and L. kapleri Platia & Schimmel, 1994, described from Greece, was recently synonymized
with L. graecus®.

Larvae are known only for three European species: L. lepidopterus, L. punctatus, and L.
querceus (Figs. 1-7, S1). All three species are considered saproxylic primeval forest relict
beetles which are the species that require primeval habitat features and continuous habitat
availability, have high requirements with regard to dead wood quality and quantity (Figs. S2—
S4), and became extinct or were severely diminished in forests managed for timber
production’. All three species are in the list of 168 Central European umbrella primeval forest
relict species of saproxylic beetles compiled in 2016 to help protect the European primeval
forest remnants®. Not surprisingly, rather rare L. lepidopterus and L. querceus are in the first
of two categories - primeval forest relict species sensu stricto, i.e., restricted today to a few
remnants of natural forests. All three species are therefore considered threatened in many

European countries®®°

, and are also listed in the European Red List of saproxylic beetles by
the International Union for Conservation of Nature (IUCN)>7-3°.

Larvae are insufficiently known in Elateridae despite the fact that they may bear important
diagnostic morphological characters useful for the separation of taxa on various levels as well
as for the phylogenetic reconstructions?6-3!32, For example, two large subfamilies of
Elateridae, i.e., Elaterinae and Dendrometrinae (=Denticollinae), are difficult to separate
based on adult morphology but are easily distinguishable based on larval characters'®.
Comparison of characters of mature larvae on a tribal level within the subfamily Agrypninae
was carried out by Rosa et al.*. In this study, we provide updated information on the
morphology, biology and ecology of larvae of European species of Lacon, compare their
diagnostic characters with all other known congeneric larvae from Asia and North America,

update the larval diagnosis of Lacon, and compare the morphology of this genus with other

Agrypnini.
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Order Coleoptera Linnaeus, 1758
Suborder Polyphaga Emery, 1886
Superfamily Elateroidea Leach, 1815
Family Elateridae Leach, 1815
Subfamily Agrypninae Candéze, 1857
Tribe Agrypnini Candéze, 1857

Genus Lacon Laporte, 1838
Lacon Laporte, 1838. Type species: Elater atomarius Fabricius, 1798 (=Elater punctatus
Herbst, 1784). For a list of synonyms and other details see Hayek?’, Cate!’, and Kundrata et

al.'8,

Larval diagnosis. Body (Figs. 1A, C, E; 2A-C, 4A-C, 6A—C; S2A-B, S4A-B) flattened,
cream-white or yellow with head, pronotum and dorsal surface of segment IX strongly
sclerotized; head (Figs. 2D-E, 4D-E, 6D-E, S1A—C) with dorsal surface medially depressed,
laterally gradually elevated or with subparallel keels; epicranial stem and coronal suture
absent; posterior part (lobe) of frontoclypeal plate 2.7—4.0 times longer than anterior part,
abruptly or gradually narrowed at apical third; nasale about 3 times wider than long,
tridentate, adnasalia moderately to widely separated (distance between them 1.0-1.5 times
adnasalium width when measured at base); thoracic and abdominal segments with several fine
setae; abdominal spiracles I-VIII large, well visible in lateral view; legs (Figs. 3G—I, 5G—I,
7G-I) with strongly sclerotized elliptic setae, denser and forming a row on anterior edge;
segment IX (Figs. 3J-L, 5J-L, 7J-L, S1D-F) strongly sclerotized, with dorsal surface
medially depressed, with parasagittal grooves, covered with 50—160 nodule-like tubercles, 1—-
2 pairs of larger tubercles with long setae; lateral margins with acute teeth, urogomphus with

two prongs, outer prong bent dorsad; anal hooks robust, as long as pygopod.

Remark. This diagnosis is based on all currently known Lacon larvae, i.e., L. altaicus
(Candéze, 1882), L. discoideus (Weber, 1801), L. funebris (Solsky, 1881), L. lepidopterus, L.
marmoratus (Fabricius, 1801), L. parallelus (Lewis, 1894), L. punctatus, and L.

26,31,33,34

querceus , and may be further updated after the future descriptions of larvae of

additional species. See Table 1 for the comparison between all known Lacon larvae.
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Lacon species from Europe

Lacon gillerforsi Platia & Schimmel, 1994

Larva. Unknown.

Biology and ecology. Unknown.

Distribution. Europe: Greece; Asia: Cyprus, Tiirkiye.

Lacon graecus (Candeze, 1857)

Larva. Unknown.

Biology and ecology. In Greece, adults of this species were collected under the bark of oaks
or in bark cracks near the ground, or were collected under stones in an area with macchia and
Euphorbia bushes?>.

Distribution. Europe: Greece; Asia: Tirkiye.

Lacon ladae Mertlik & DusSanek, 2006

Larva. Unknown.

Biology and ecology. This species probably develops in oaks and plane trees®>*°, One
specimen from Turkey was collected from the larval tunnels of Dorcus peyronis Reiche &
Saulcy, 1856 (Lucanidae) in a hollow oak?’.

Distribution. Europe: Greece; Asia: Syria, Tiirkiye.

Lacon lepidopterus (Panzer, 1801)
(Figs. 1A-B; 2-3; S1A, D; S2)
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Material examined. Nine specimens: Czech Republic, Moravia, Salajka, ex Abies alba, V1.
2019, Prochézka lgt. (1 ex.; MZM); Czech Republic, NP Ceské Svycarsko, Havrani skala, VI.
2022, Prochazka lgt. (1 ex.; MZM); Hungary, Somogy county, Sagvar, Kastély-tetd, ex Pinus,
46°47'41.52"N, 18° 326.27"E, 23.1V.2019, leg. P. Farkas, A. Kotan, T. Németh & V. Szénasi
(2 ex.; HNHM); Hungary, Somogy county, Sagvar, Kastély-teto, ex Pinus, 46°47'41.52"N,
18°326.27"E, 02.X1.2023, leg. T. Németh (5 ex.; HNHM).

Diagnosis of mature larva. Dorsal surface of head sublaterally with slight longitudinal
subparalell elevations (Fig. 2B, D); posterior part (lobe) of frontoclypeal plate abruptly
narrowed after the widened place, apically finger-like, U-shaped (Figs. 2D, S1A);
postmentum 2.5-2.6 times longer than wide (Figs. 2F, 3A—B); dorsal surface of segment IX
with about 90-130 nodule-like tubercles, medially with two pairs of distinct long setae set in
tubercles (Figs. 3J-K, S1D); urogomphus 1.2—1.4 times as long as wide; notch between
urogomphi about 0.3 times as long as whole segment IX and 1.90-2.25 times as wide as
urogomphus when urogomphus width is measured at half and notch width at the widest place,
notch always posterior to fourth lateral tooth. For the overview of diagnostic characters, see

Table 1.

Biology and ecology. This species typically develops in old dead wood (e.g., veteran trees) of
conifers, i.e., pine (Pinus brutia Ten., 1816, etc.), fir (e.g., Abies alba Mill., 1768, Abies
cephalonica Loudon, 1838), spruce, and larch®*”*. However, they can live in deciduous trees
like oak (Quercus robur L., 1753, etc.), beech and birch, even though these findings are
generally rarer?’ 8404245 [ arvae live in trunks, branches and stumps usually of larger
diameter, which are already inhabited by other saproxylic insects, on which they prey. Larvae
of L. lepidopterus can be found in the same tree together with e.g., Ampedus praeustus
(Fabricius, 1792) (Elateridae), Helops caeruleus (Linnaeus, 1758), Uloma rufa (Piller &
Mitterpacher, 1783), Prionychus ater (Fabricius, 1775), P. fairmairei (Reiche, 1860),
Tenebrio opacus Duftschmid, 1812 (all Tenebrionidae), Gnorimus variabilis (Linnaeus, 1758)
(Scarabaeidae), Peltis ferruginea (Linnaeus, 1758), P. grossa (Linnaeus, 1758), Tenebroides
mauritanicus (Linnaeus, 1758), Thymalus limbatus (Fabricius, 1787) (all Trogossitidae),
Eurythyrea quercus (Herbst, 1780) (Buprestidae), Dryophthorus corticalis (Paykull, 1792)
(Dryophthoridae), Bothrideres interstitialis Heyden, 1870 (Bothrideridae), Rhyncolus ater
(Linnaeus, 1758), R. elongatus (Gyllenhal, 1827) (both Curculionidae), Ipidia binotata
Reitter, 1875 (Nitidulidae), Aesalus scarabaeoides (Panzer, 1794) (Lucanidae), and Prostomis
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mandibularis (Fabricius, 1801) (Prostomidae)®**>%® (incl. pers. observ. by T. Németh). It is
noteworthy that in France, L. lepidopterus was found in the same fir tree together with L.
querceus and 13 other beetle species, i.e., Rhysodes sulcatus (Fabricius, 1787) (Carabidae),
Ampedus elegantulus (Schonherr, 1817), A. melanurus Mulsant & Guillebeau, 1855 (both
Elateridae), Xylophilus corticalis (Paykull, 1800) (Eucnemidae), Rhyncolus ater,
Treptoplatypus oxyurus (Dufour, 1843) (Curculionidae), Plegaderus sp. (Histeridae),
Mycetophagus quadripustulatus (Linnaeus, 1761) (Mycetophagidae), Diaperis boleti
(Linnaeus, 1758), Corticeus unicolor Piller & Mitterpacher, 1783 (both Tenebrionidae),
(Tenebrionidae), Hallomenus binotatus (Quensel, 1790) (Tetratomidae), Peltis ferruginea, P.
grossa (both Trogossitidae), and also with ants (Lasius sp.) and the polypore fungus

Pycnoporellus fulgens (Fr.) Donk, 19714

. For examples of typical habitats of L. lepidopterus
see Fig. S2C-F. The development cycle lasts at least three years. In natural conditions,
pupation usually occurs between July and August*?. Adults (Fig. 1B) overwinter in pupal
chambers or in cracks and under bark, and are usually active in May and June, although they

can be found throughout the whole year.

Distribution. Europe: Austria, Belarus, Bulgaria, Croatia, Czech Republic, Denmark (?),
Finland, France, Germany, Hungary, Greece, Italy, Latvia, Poland, Romania, Russia,
Slovakia, Slovenia, Spain, Sweden (?), Switzerland, Ukraine; Asia: Georgia, Iran, Tiirkiye.
According to the IUCN?", this species is extinct in Denmark, Sweden, and Germany (but for

the latter, see Lorenz*’).

Lacon punctatus (Herbst, 1779)
(Figs. 1C-D; 4-5; S1B, E; S3)

Material examined. 11 specimens: Croatia, 4km SE Drage, 43.867708°, 15.576883°,
11.1X.2021, leg. T. Németh (2 ex.; HNHM); Hungary, Bacs-Kiskun county, Kunfehérto,
46.356, 19.391, from rotten Pinus nigra, 20.06.2019, leg. T. Németh (1 ex.; HNHM);
Montenegro, Bar distr., Mt. Vrsouta, Sutorman, mixed forest, from rotten log, 42°9'18.32"N,
19°5'52.81"E, 2.V1.2014, leg. T. Németh et al. (1 ex.; HNHM); Albania, Vloré county, S of
Himaré, grazed Mediterranean oak forest, 100—190 m, N40.0814°, E19.7767°, 18.06.2017,
from hollow of Q. macrolepis, T. Kovacs, G. Puskas, G. Szovényi (1 ex.; MM); Greece,
Peloponnese, Zacharo env., 1.V.2013 (2 ex.); Greece, Peloponnese, distr. Arkadhia, Dirrahi,
macchia-oak grove, 37°12'42.57"N; 22°11'26.43"E, 752 m, 14.V.2013, leg. Kotan, P. Nemes,
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Gy. Németh, T. Németh & V. Szénasi (1 ex.; HNHM); Greece, Peloponnese, distr. Lakonia,
Mt. Taigetos, 1 km NW, Georgitsi, beech forest, 37°11'14.15"N; 22°17'7.68"E, 756 m, from
red rotten oak, 14.V.2013, leg. A. Kotan, P. Nemes, Gy. Németh, T. Németh & V. Szénési (2
ex.; HNHM); Macedonia, Southeastern region, Plavus hills, Valandovo, Manastir Sv. Gjorgi,
N41°19.555°, E22°32.935°, 305 m, 20.02.2014, from hollow of Platanus orientalis, D.
Angyal, L. Danyi, T. Kovacs, D. Murényi (1 ex.; MM).

Diagnosis of mature larva. Dorsal surface of head sublaterally with slight longitudinal
subparalell elevations (Fig. 4B, D); posterior part (lobe) of frontoclypeal plate abruptly
narrowed after the widened place, apically finger-like, U-shaped (Figs. 4D, S1B);
postmentum 2.4—-2.7 times longer than wide (Figs. 4F, SA—B); dorsal surface of segment IX
with about 120—-150 nodule-like tubercles, medially with two pairs of distinct long setae set in
tubercles (Figs. 5J-K, S1E); urogomphus 1.0—1.2 times as long as wide; notch between
urogomphi about 0.2 times as long as whole segment IX and 1.05-1.25 times as wide as
urogomphus when urogomphus width is measured at half and notch width at the widest place;
notch always clearly posterior to fourth lateral tooth. For the overview of diagnostic

characters, see Table 1.

Biology and ecology. The larvae live in decayed wood of trunks, stumps and under the bark
of both coniferous and deciduous trees, where they feed on larvae and pupae of other
saproxylic insects which are often associated with dead, fungus-infested wood*®. They are
often attracted to dead trees after wildfires (Fig. S3F). The prey of L. punctatus includes e.g.,
Dorcus parallelipipedus (Linnaeus, 1758) (Lucanidae) but especially Cerambycidae, for
example Stictoleptura rubra (Linnaeus, 1758), Clytus sp., and Morimus funereus Mulsant,
186334830 Lacon punctatus develops in a variety of trees, including coniferous cedar (e.g.,
Cedrus libani A. Rich., 1823), fir (Abies nordmanniana Spach, 1841) and pine (e.g., Pinus
brutia, P. halepensis Mill., 1768, P. nigra J. F. Arnold, 1785, P. pinaster Aiton, 1785), and
deciduous alder (Alnus orientalis Decne., 1835), almond (Prunus dulcis (Mill.) D. A. Webb,
1967), ash (Fraxinus angustifolia Vahl, 1804), beech (Fagus orientalis Lipsky, 1898, F.
sylvatica), birch (e.g., Betula aetnensis Raf. ex J. Presl & C. Presl, 1822), black locust
(Robinia pseudoacacia L., 1753), Christ's thorn (Paliurus sp.), elm (Ulmus sp.), hackberry
(Celtis sp.), hawthorn (Crataegus sp.), oak (e.g., Quercus cerris L., 1753, Q. faginea Lam.,
1785, Q. frainetto Ten., 1813, Q. ilex L., 1753, Q. ithaburensis Lecne., 1835, Q. pubescens
Willd., 1796, Q. pyrenaica Willd., 1805, Q. robur L., 1753, Q. suber L., 1753), olive (Olea
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europaea L., 1753), pear (Pyrus communis L., 1753), plane tree (Platanus orientalis L.,
1753), poplar (Populus alba L., 1753), sweet chestnut (Castanea sativa Mill., 1768), wild
cherry (Prunus (Cerasus) avium (L.) L., 1753), and willow?>-36:38-414951-58 1y Cyprus, they
can be found even in evergreen Eucalyptus trees®. In France, they were found in a beech
together with L. guerceus®®, and in Cyprus, they occur sympatrically with the recently
described L. cyprius Németh et al., 2020%. Specimens of L. punctatus can be found in the
same tree with e.g., Aesalus scarabaeoides (Lucanidae), Uloma rufa, Tenebroides
maroccanus Reitter, 1884 (Trogossitidae), Osmoderma barnabita Motschulsky, 1845
(Scarabaeidae), and Rhaesus serricollis (Motschulsky, 1838) (Cerambyc:idae)”’59 (incl. pers.
observ. by T. Németh). For examples of typical habitats of L. punctatus see Fig. S3A-F.
Depending on the geographic location, pupation usually occurs in either August, September
or October, adults (Fig. 1D) overwinter in pupal chambers or under the bark, and usually

34,38,44,60

emerge either in April, May or June , and in warm autumns even in October (T.

Németh, pers. observ.).

Distribution. Europe: Albania, Bosnia and Herzegovina, Bulgaria, Croatia, Czech Republic,
France, Germany, Greece, Hungary, Italy, Malta, Montenegro, North Macedonia, Portugal,
Romania, Russia, Serbia, Slovakia, Slovenia, Spain, Switzerland, Ukraine; Asia: Armenia,
Azerbaijan, Cyprus, Georgia, Iran, Israel, Jordan, Lebanon, Syria, Tiirkiye; Africa: Algeria,

Moroco, Tunisia. Records from Pakistan probably represent different species?.

Lacon querceus (Herbst, 1784)
(Figs. 1E-F; 6-7; S1C, F; S2E, S3A, S4)

Material examined. 16 specimens: Czech Republic, Moravia, Nové Mlyny, Kiivé jezero, 31.
3. 2019, Igt. Trnka (2 ex.; PCFT); Czech Republic, Moravia, Tovacov, April 2019 (2 ex.;
PCFT); Hungary, Pest county, Nagymaros, Rigo-hegy, 15.111.2020, from red rotten Quercus,
leg. T. Németh (10 ex.; HNHM); Hungary, Pest county, Perdcsény, Godovar, 15.V1.2021,
47.983, 18.891, leg. T. Németh (2 ex.; HNHM).

Diagnosis of mature larva. Dorsal surface of head sublaterally with distinct longitudinal
subparalell keels (Fig. 6B, D); posterior part (lobe) of frontoclypeal plate after the widened
place gradually narrowed and almost V-shaped (Figs. 6D, S1C); postmentum 3.1-3.4 times
longer than wide (Fig. 6F, 7A-B); dorsal surface of segment IX with about 5090 nodule-like
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tubercles, medially with one or two pairs of distinct long setae and several short setae set in
tubercles (one or both pairs of long setae may be asymmetrical; Figs. 7J-K, S1F);
urogomphus 1.1-1.2 times as long as wide; notch between urogomphi about 0.3 times as long
as whole segment IX and 1.80-2.15 times as wide as urogomphus when urogomphus width is
measured at half and notch width at the widest place; notch about at level of fourth lateral

tooth or even slightly deeper. For the overview of diagnostic characters, see Table 1.

Biology and ecology. This species typically inhabits cavities, hollows, logs and stumps of old
oaks (e.g., Quercus petraea (Matt.) Liebl., 1784, Q. robur) with red rot?7:38:39.3461.62 Kyt it can
also develop in beech (Fagus sylvatica L., 1753; found there together with L. punctatus),
maple (Acer campestre L., 1753, A. pseudoplatanus L., 1753, etc.), sweet chestnut (Castanea
sativa Mill., 1768), wild cherry (Prunus (Cerasus) avium (L.) L., 1753), birch?®3%443462 and
surprisingly also in the coniferous fir, where it was found together with L. lepidopterus®. One
adult was found on almond (Prunus amygdalus Batsch, 1801)*. Larvae live in rotting wood
infested with fungus Laetiporus sulphureus (Bull.) Murrill, 1920 which serves as food for
invertebrates on which Lacon larvae prey®'%. Larvae of L. querceus were reported to prey on
the larvae and pupae of other beetles like e.g., Mycetophagus piceus (Fabricius, 1777), M.
quadriguttatus Miiller, 1821 (Fig. S4B) (both Mycetophagidae), Pentaphyllus testaceus
(Hellwig, 1792) (Tenebrionidae), Euglenes pygmaeus (DeGeer, 1775) (Aderidae), Xestobium
rufovillosum (De Geer, 1774), Dorcatoma flavicornis (Fabricius, 1792), and D. dresdensis
Herbst, 1792 (all Ptinidae)>*¢!>%* According to some authors, they also could prey on ants
(Lasius sp.)***. Additionally, larvae of L. querceus were found in the same oak trees together
with Ampedus cardinalis (Schigdte, 1865) (Elateridae), Cerambyx cerdo Linnaeus, 1758
(Cerambycidae), Anitys rubens (Hoffmann, 1803) (Ptinidae), Gnorimus variabilis (Linnaeus,
1758) (Scarabaeidae), Trox scaber (Linnaeus, 1767) (Trogidae), Tenebrio opacus
Duftschmid, 1812 (Tenebrionidae), and Dendroleon pantherinus (Fabricius, 1787)
(Neuroptera: Myrmeleonidae), and in the same beech tree with Aesalus scarabaeoides
(Lucanidae)*-42, In France, L. querceus was found in the same fir tree together with L.
lepidopterus and 13 other beetle species (see above under the latter)**. In some rare cases,
either larvae or adults can be found in high numbers within the same log® (Fig. S4D). For
examples of typical habitats of L. querceus see Figs. S2E, S3A, S4E-F. Pupation usually
occurs between August and September/October. Adults (Figs. 1F, S4C-D) overwinter in

pupal chambers or in cracks and under bark, and emerge in May and are usually active until

August but in warm autumns even longer®3#4#3 (incl. pers. observ. by T. Németh).
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Distribution. Europe: Austria, Bulgaria, Croatia, Czech Republic, France, Germany, Great
Britain, Greece, Hungary, Italy, Lithuania (dubious; D. Telnov and V. Tamutis, pers. comm.),

Poland, Romania, Russia, Slovakia, Spain, Sweden, Switzerland, Ukraine.

General description of mature larvae of Lacon species from Europe

Body (Figs. 1A, C, E; 2A—C; 4A—-C; 6A—C; S2A-B, S4B) length up to 35 mm; thorax and
abdomen slightly flattened dorsoventrally. Dorsal surface pale yellow, except for brown head,
pronotum, anterior part of mesonotum, and posterior 2/3 of tergite IX; ventral surface mostly
pale yellow, except for brown prothorax and abdominal sternite IX; claws, elliptic setae on
legs and anal hooks dark brown. Vestiture consisting of sparse fine setae.

Head (Figs. 2D-F, 4D-F, 6D-F) prognathous, heavily sclerotized, epicranium with
punctures usually separated by 2—3 puncture diameters; frontoclypeal plate (Figs. 2D, 4D, 6D,
S1A-C) with punctures finer and sparser; dorsal surface medially depressed, gradually
declivous anterad, gradually or strongly sloping to lateral region forming a pair of
longitudinal subparalell elevations or keels. Epicranium dorsally with two long setae at
midlength and row of three larger punctures with short setae near posterior margin;
dorsolaterally with row of 5—7 setae at base of antennifer, laterally with one seta near
antennifer, two setae at midlength. Stemmata and coronal suture absent. Frontal arms
lyriform, posterior part (lobe) of frontoclypeal plate about 3.3—3.8 times longer than anterior
part, with apical third either abruptly narrowed and finger-like or gradually narrowed and
almost V-shaped; nasale tridentate, teeth subequal in size or median tooth slightly larger than
the lateral ones, two or three setae between each lateral and median teeth. Adnasalia
surpassing anterad the median nasal tooth, widely separated (distance between them 1.00—
1.35 times adnasalium width measured at base), densely fringed by setae. Ventral surface of
head mostly glabrous except lateroventral margins with one long seta at base of antennifer,
one smaller seta on anterior 1/5, two long setae at midlength, and few setae along outer edge
of ventral ridges. Antenna (Figs. 3C-D, 5C-D, 7C-D) with few setae; basal antennomere as
long as median one; median antennomere 2.3—2.7 times longer than apical one; apex of
median antennomere with conical sensorium lateroventrally; apical antennomere with few
very small setae and one thick seta twice longer than antennomere itself. Mandible (Figs. 3E—
F, SE-F, 7E-F) 1.9-2.3 times longer than wide, unidentate, incisor edge smooth, concave,
penicillus minuscule; one seta dorsolaterally at midlength, one dorsal seta near base. Maxilla

(Figs. 3A-B, 5A-B, 7A-B) with stipes about 3.0 times longer than wide, weakly narrowed
11
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posteriorly, anterior edge abruptly narrowed and membranous, lateral margin with sparse
setae, longer and thicker on anterior corner; maxillary palp 0.5 times as long as stipes, with
few setae, apical palpomere with minuscule basiconic sensilla; galea 2-segmented, palpiform,
apical segment with short thick setae; lacinia reduced, densely setose. Cardines fused to each
other. Labium (Figs. 3A-B, SA-B, 7A-B) with prementum about twice as wide as long, two
lateral long setae near anterior edge; postmentum triangular, 2.5-3.2 times as long as wide,
anterior edge membranous; one pair of long setae anteriorly, one pair of long setae at apex;
palp 0.3 times as long as prementum, apical palpomere 0.4 times as long as basal palpomere;
ligula absent.

Prothorax (Figs. 2A—C, 4A—C, 6A—C) strongly sclerotized, 1.7 times as long as
mesothorax, mesothorax 0.9 times as long as metathorax; pronotum finely punctate (punctures
narrower in diameter than mid-dorsal suture), each side with few setae. Prosternum with two
pairs of lateral setae near anterior margin, one pair of setae and other few unpaired setae on
apex. Each side of meso- and metanotum with one anterior pair of dorsolateral setae, one
posterior pair of dorsolateral setae; lateral margin with several short to long setae; mesopleura
with large biforous spiracle anteriorly. Leg (Figs. 3G—I, 5G-I, 7G-I) stout, short, with sparse
fine setae; strongly sclerotized elliptic setae along edges of trochanter, femur and tibia, denser
on anterior edge; pretarsus with two setae at inner base.

Abdominal segments I-VIII (Figs. 2A—C, 4A—C, 6A—C) with spiracles large, well visible
in lateral view; mediotergites with each side with longitudinal row of 5-7 setae laterally (last
one more dorsal) and two setae dorsoposteriorly, laterotergites with four setae, pleurae with
two setae; sterna with a pair of setae anterolaterally, two pairs of setae posterolaterally.
Segment IX (Figs. 3J-L, 5J-L, 7J-L, S1D-F) well sclerotized, with dorsal surface medially
depressed, with pair of parasagittal grooves, covered with 50—150 small nodule-like tubercles,
one or two pairs of larger tubercles with longer setae, in some cases with several short setae;
lateroventrally with few short and several longer setae; four lateral acute teeth, increasing in
size posteriorly with seta at base; each urogomphus 1.0-1.4 times as long as wide, with two
prongs subequal in length, outer prong bent dorsad; notch between urogomphi 0.2-0.3 times
as long as whole segment IX and 1.05-2.25 times as wide as urogomphus when urogomphus
width is measured at half and notch width at the widest place; anterior edge of notch variably
deep, posterior to slightly anterior to fourth lateral tooth. Segment X (Figs. 3K-L, SK-L, 7K—
L) tubular, ventral, with few setae along apicolateral margin and near anal opening, with pair

of strongly sclerotized anal hooks; anal hooks as long as pygopod.

12



408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441

Discussion

The Lacon species are mostly saproxylic; however, larvae of L. funebris from central Asia, for
example, develop in soil, often in arable lands?®%>. Adults of some Mediterranean species with
unknown larvae were collected from under the stones in places without large trees?>; however,
numerous adult specimens of clearly saproxylic species like e.g. L. punctatus or L. graceus
were also found under the stones>>*'3, Larvae of the North American species are usually
associated with conifers; L. discoideus was found in decaying wood of pine but also in
hackberry and oak, L. marmoratus in soft maple and black gum (tupelo; Nyssa sylvatica
Marsh., 1785) L. rorulentus (LeConte, 1859) in the Douglas fir (Pseudotsuga menziesii
(Mirb.) Franco, 1950), L. auroratus (Say, 1839) in the pitch pine (Pinus rigida Mill., 1768),

L. avitus (Say, 1839) in dead hickory trees, and an unspecified Lacon species in the Ponderosa
pine (Pinus ponderosa Douglas ex C. Lawson, 1836)35667 (incl. pers. comm. by Paul J.
Johnson). Larvae of the species identified as L. modestus (Boisduval, 1835) from Myanmar
develop in teak (Tectona grandis L. f., 1782)%8. Larvae of L. altaicus from central Asia
usually develop in rotten wood of coniferous trees, mainly pines®. Chinese Lacon species
were also found in decaying wood’® but there is no available information on the immature
stages of this genus from there (L. Qiu, pers. comm.). The Levantine L. candezei
(Desbrochers des Loges, 1875) and L. cyprius from Cyprus are both associated with the
kermes oak (Quercus coccifera L., 1753), and the latter also with the East Mediterranean pine
(Pinus brutia)*>?>.

Larvae of European Lacon develop in the decayed wood of both coniferous and deciduous
trees. The Mediterranean L. graecus and L. ladae are both associated with oaks, and the latter
also with the plane trees>®. Although L. lepidopterus is usually found in the coniferous trees
(usually fir, pine and spruce®®#%4?) and L. querceus in deciduous trees (usually oak34%62),

they can live in both types of trees’®4>43

, and L. punctatus inhabits even much wider range of
trees (beech, birch, cedar, chestnut, hawthorn, oak, pine, plane tree, poplar, elm, willow, and
others)*6-38-40:5253 (see the respective parts under each species above). It seems that the type
and stage of the decayed fungus-infested wood (usually red rot) is more important for them
than the tree species®.

The Lacon larvae usually feed on immature stages of other insects which are usually
wood-boring and/or associated with the decaying wood infested by fungus, like e.g., Ptinidae,
Scolytinae, and Cerambycidae*®-1:63667! (also pers. observ. by authors and colleagues; Fig.

S4B). The predatory behavior is typical for Agrypninae, which feed not only on other
13
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475 or even the sea turtle eggs’®. It should be noted that even

arthropods’>"? but also on snails
larvae of some Agrypnus, which live in soil and are considered agriculture pests, are
carnivorous/omnivorous'®'>. In the Holarctic saproxylic Lacon species, pupation usually
occurs between July and September/October; adults overwinter in pupal chambers or in
cracks or under the bark, and emerge from April to June depending on the species and
location®**842_ This kind of information is basically missing for all other Lacon species.

Larvae were at least partly described and/or illustrated for only eight out of approximately
150 Lacon species, including the West Palaearctic L. punctatus®®*"*""°_ L. querceus*®>"3*8
and L. lepidopterus*®>"-*, the North American L. discoideus (Weber, 1801) and L.
marmoratus (Fabricius, 1801)*%!, the Japanese L. parallelus (Lewis, 1894)*!, and the central
Asian L. altaicus (Candéze, 1882) and L. funebris (Solsky, 1881)%%°. Most of those
descriptions and drawings were focused on the frontoclypeal plate and the abdominal segment
IX while other characters like the details of chaetotaxy are hardly comparable with the
specimens we examined here (Table 1). Regarding the Palaearctic species, larvae of Lacon
funebris and L. parallelus differ from all other known Lacon larvae (including the Nearctic
ones) by their short and wide urogomphi which are much wider than the apical notch on
abdominal segment IX, and with the apical notch being only about 1/10 as long as the
segment IX?%3!. Lacon altaicus has the most elongate urogomphi which are about 1.8 times as
long as wide (up to 1.4 times in other species)?®.

26.27 and Tarnawski** constructed the identification

Regarding European species, Dolin
keys to separate L. lepidopterus, L. punctatus, and L. querceus, and provided the drawings of
the frontoclypeal plate and the abdominal tergite IX for each of them. The most recent key by
Tarnawski’* separated the European species by the shape of the posterior lobe of the
frontoclypeal plate, the sclerotization of the nasal teeth, the size of the apical notch on
abdominal segment IX, and the presence of short setae on small tubercles on dorsal surface of
abdominal segment IX. Here, we tested the characters used in earlier keys and added more
details. It should be noted that all mentioned features are consistent among the species (Table
1) but we avoid using the sclerotization of nasal teeth in the species diagnoses. Tarnawski*
wrote that "denticles of nasale [are] with a narrowly sclerified base" in L. punctatus, while
they are "with no sclerified base" in remaining two species. We cannot exclude the possibility
that this is a valid diagnostic character but at the moment we are not sure if the presence of a
more sclerotized part between individual nasal teeth is connected with the specific species or

with the size of the body, as we observed the sclerotized part between the nasal teeth also in

larger larvae of L. lepidopterus. We keep this open to further investigation.
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Lacon querceus is generally smaller than the remaining species and is easily
distinguishable from them by having the dorsal surface of head sublaterally with distinct
longitudinal subparalell keels (Fig. 6B, D), the posterior part of the frontoclypeal plate after
the widened place gradually narrowed and almost V-shaped (Figs. 6D, S1C), the postmentum
more elongate, being more than three times longer than wide (Fig. 7A-B), the dorsal surface
of segment IX medially not only with one or two pairs of distinct long setae (of which some
can be asymmetrical) but also with several short setae set in tubercles (Figs. 7J, S1F), and the
apical notch between urogomphi about at the level of the fourth lateral tooth. Some of these
characters are unique among all known Lacon larvae (Table 1).

Lacon lepidopterus and L. punctatus are more similar to each other, and in many aspects
also to the most of other known Lacon larvae (Table 1). They share the dorsal surface of head
sublaterally with longitudinal subparalell elevations without any distinct keels (Figs. 2B, D;
4B, D), the posterior part of the frontoclypeal plate after the widened place abruptly narrowed,
finger-like (Figs. 2D, 4D, S1A-B), the postmentum up to 2.7 times as long as wide (Figs. 3A—
B, 5A-B), the dorsal surface of segment IX medially only with two pairs of distinct long setae
(Figs. 31, 5J, S1ID-E), and the apical notch between urogomphi always posterior to the level
of the fourth lateral tooth. It should be noted that although the latter character was absolutely
clear and consistent in all our studied specimens (i.e., the apical notch never reached the level
of the fourth lateral tooth), Dolin?® made his drawing of the apical notch of L. lepidopterus
that it was deeper, reaching the level of the fourth lateral tooth. This drawing was later also
used by Tarnawski®*. Here, we corrected it (Fig. S1D). Lacon punctatus can be easily
distinguished from both L. lepidopterus and L. querceus by its relatively narrower apical
notch between urogomphi. While it has the notch maximally 1.25 times as wide as
urogomphus when urogomphus width is measured at half and notch width at the widest place
(Figs. 5J, L; S1E), the notch of both L. lepidopterus and L. querceus is usually about twice as
wide as urogomphus (Table 1; Figs. 3], L; 7J, L; S1D, F). Lacon punctatus has also relatively
larger tubercles on the abdominal tergite IX (Figs. 3J, 5J, 7J, SID-F). While examining the
diagnostic characters between the Lacon species, we thought that the number of nodule-like
tubercles medially on abdominal tergite IX could also be used to separate L. querceus from
both L. lepidopterus and L. punctatus. In most specimens of L. querceus, there were about
50-80 tubercles, while in L. lepidopterus and L. punctatus usually more than 100. However,
we found one L. querceus and one L. lepidopterus which had roughly around 90 tubercles.
Hence, although this character may help to diagnose these species using most examined

specimens, there is some variability (Table 1). Further research should answer the question if
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this character is of taxonomic importance for European Lacon species or if the larger larvae
mostly have more tubercles regardless the species.

It is undisputable that the worldwide research on Lacon larvae should be improved. So far,
the descriptions and drawings were usually based on a limited number of specimens, and also
the identity of some larvae should be confirmed by the DNA-based approach. It is advisable,
that, similar as in our study, the descriptions of important diagnostic characters are improved,
supplemented or edited in all other species based on the examination of higher numbers of
specimens from different populations. For example, Ohira! described L. parallelus based on
a larva found with adults in the same log, but did not rear them to adult stage. He provided
excellent drawings and description in which, however, he did not mention the depressed area
with parallel elevations on the head which is typical for other Lacon species (Table 1). This
character should be re-examined for L. parallelus and also for L. marmoratus in future.

Within the tribe Agrypnini, larvae are only described for several genera other than Lacon,
including Agraeus Candeze, 1857, Agrypnus Eschscholtz, 1829, Candanius Hayek, 1973,
Compsolacon Reitter, 1905, Danosoma, Dilobitarsus Latreille, 1834, and Meristhus Candeze,
185726:31:32.82-84 Based on the available larval features found in Lacon compared to the known
larvae of other genera in Agrypnini, we proposed a unique combination of characters to
distinguish this genus (see the generic larval diagnosis above). It seems that the most striking
characters of Lacon larvae are the dorsal surface of head which is laterally gradually elevated
or with subparallel keels (Figs. 2B, D; 4B, D; 6B, D), numerous nodule-like tubercles on the
dorsal surface of abdominal segment IX (Figs. 3], 5J, 7J, S1D-F), and large anal hooks on
segment X (Figs. 3K, 5K, 7K). The most similar larvae to Lacon species are those of the
genera Danosoma, earlier classified in Lacon®®, and Candanius. All other known larvae of
Agrypnini differ from Lacon in lacking the lateral elevations on dorsal head, and having the
posterior part of the frontoclypeal plate usually up to about twice as long as the anterior part
(except 2.4-2.5 times in Dilobitarsus and 2.8 times in Meristhus; in Lacon spp. 2.7-4.0 times;
Table 1), and very small anal hooks, usually about 1/10 of the pygopod length (about as long
as pygopod in Lacon spp.). Danosoma shares with Lacon the parallel elevations on dorsal
head and the large anal hooks?®** but differs in the combination of the different shape of the
posterior part of the frontoclypeal plate (2.3—2.4 times longer than anterior part and gradually
narrowed apically, being roughly similar only to L. parallelus; Table 1), the dorsal surface of
abdominal segment IX without or with at most 20 nodule-like tubercles, and the apical notch
between urogomphi very small (up to 0.1 times as long as whole segment IX, being similar

only to L. funebris and L. parallelus; Table 1). The larva of Chilean Candanius lueri Pineda,
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2020 (described based on the last larval exuvia) is even more similar to those of Lacon®*. Both
genera share the shape of the posterior part of the frontoclypeal plate (in Candanius 3.5 times
longer than anterior part, with apical third rather abruptly narrowed), the depressed dorsal
surface of head gradually elevated laterad, the shape of prongs, and the size of anal hooks.
Candanius differs in having the median antennomere twice longer than the basal one (both
subequal in Lacon; Figs. 3C-D, 5C-D, 7C-D), the distance between adnasalia up to 0.8 times
the width of adnasalium (1.0-1.5 times in Lacon), and the anterior margin of adnasalium
rounded (more or less pointed in Lacon; Figs. 2D, 4D, 6D, S1A—C), and in the lack of the
tubercles on the abdominal tergite IX®*. Hayek?® mentioned that the diagnostic characters
separating Lacon and Candanius based on adults are mostly of any importance at the generic
level in Agrypnini, and that future research may show that they should belong to a single
genus. The larval characters are helpful in separating Candanius from Lacon; however, larvae
of more species of the latter should be described and studied in order to see the real
infrageneric variability in principal diagnostic characters. Larvae of Lacon, Danosoma and

26,84

Candanius are mostly saproxylic™®*, while known larvae of other Agrypnini live in soil, leaf

litter, under bark or stones, or even in termite mounds and bromeliads?®-31-32:8283,

The European Lacon species are not only worthy of study from the systematic point of
view but they are very important for the nature protection initiatives since they can serve as
focal and umbrella species for forest conservation®’. Eckelt et al.” considered all three
species of Central European Lacon are the umbrella primeval forest relict species, placing L.
lepidopterus and L. querceus to the first category and L. punctatus to the second one. Lacon
lepidopterus and L. querceus are both assessed as Near Threatened regarding the European
regional assessment of the [IUCN Red List of Threatened Species, or even Endangered (L.
lepidopterus) and Vulnerable (L. querceus) regarding the EU 27 regional assessment*°. Both
species are dependent upon veteran trees and their populations are decreasing’. On the other
hand, L. punctatus is assessed as Least Concerned due to its wide distribution and ability to
develop in a variety of host trees. Although its population trend is officially unknown>’, based
on the observations of some colleagues, the populations of this species are decreasing at least
in some places of Europe. Lacon ladae is assessed as Least Concern in the Mediterranean
assessment, and L. gillerforsi and L. graecus currently fall within the category Data
deficient®. It should be noted that although saproxylic Lacon species are generally considered

rare and threatened, they appear only in several national Red Lists in Europe and are legally

protected only in some countries.
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Although we here summarized information on Lacon larval morphology, biology and
ecology, including the improvements of diagnoses of the whole genus as well as of the
European species, and the lists of the known host trees for all species, still there are many
important questions to be solved. Future research should focus on the number of instars and
the morphological differences between them, as well as on the morphology of pupae which
have not yet been properly described. Findings of immature stages of other species and more
populations of the already known species as well as findings of the larvae of Agrypnini genera
for which they have not yet been described will help to test the diagnoses on both species and

genus level.

Material and methods

This study was based on the larval specimens of L. lepidopterus (nine ex., 18—27 mm long;
Figs. 2, 3) from the Czech Republic and Hungary, L. punctatus (11 ex., 19-35 mm long; Figs.
4, 5) from Albania, Croatia, Greece, Hungary, Macedonia, and Montenegro, and L. querceus
(16 ex., 11-18 mm long; Figs. 6, 7) from the Czech Republic and Hungary. All specimens but
those from Albania, Czech Republic and Macedonia were collected during the field trips of
the first author between 2013 and 2023. They were collected in the field into 96% ethanol,
then photographed and some of them dissected after a short treatment in hot 10% KOH.
Dissected parts of head were transferred to glycerol. Diagnostic characters were photographed
using the Mitutoyo M Plan Apo 5X microscope lens and Nikon AF Micro Nikkor 60mm lens
attached to a Nikon D5200 camera. Photographs were combined with the Zerene Stacker
image stacking software. The measurements were taken directly from specimens with a scale
bar in an eyepiece and from photographs and illustrations using a ruler tool in Adobe
Photoshop CC 2019. For the measurements of main diagnostic characters we refer to Fig.
S1G,H. The material examined in this study is deposited in the Coleoptera Collection of the
Hungarian Natural History Museum (HNHM), Budapest, Hungary, except for two specimens
of L. punctatus from Albania and Macedonia, which were collected during the expeditions by
T. Kovacs and are deposited in Matra Museum (MM), Hungary, four specimens of L.
querceus from the Czech Republic, which were collected during the entomological surveys
under the Nature Conservation Agency of the Czech Republic and are deposited in the
collection of Filip Trnka, TrSice, Czech Republic (PCFT), and two specimens of L.
lepidopterus from the Czech Republic, which were collected by Jiti Prochdzka during the

official entomological surveys (under the official permits by the administrations of the
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Protected Landscape Area Beskydy and the Ceské Svycarsko National Park, respectively),
and are deposited in the Moravian museum, Brno, Czech Republic (MZM). All photographs
in Figs. 1 and S2-S4 were taken by the first author except for Figs. S3F and S4F, which were
taken by Boris Lau§ (Croatia; used with written permission from the author). Photographs of
live specimens (Fig. 1B, D, F; S2A-B; S4A-D) were taken with Fuji Finepix HS25 EXR
camera and Raynox 150 and 250 lens. Morphological terminology for larval descriptions
follows partly Glen®, Tarnawski*#, Costa et al.!!, and Rosa et al.”>. Distribution data were
taken from Cate!”, TUCN?’, and numerous taxonomic and faunistic studies, and were
consulted with colleagues (see Acknowledgements). Collecting permits for Hungary, Greece,
and Croatia were issued by the Budapest Government Office (PE-KTFO/329-16/2019; 2019—
2028), the Ministry of Environment and Energy (171978/1594; 2013), and the Ministry of
Environmental Protection and Energy (Class: UP/I-612-07/20-48/39; URBROJ: 517-05-1-1-
20-4; 2020-2024), respectively.

Data availability

All data needed to evaluate the conclusions in the paper are present in the paper. The high
resolution photographs of the examined specimens are available from the corresponding

author upon reasonable request.
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Figure captions

Figure 1. Larvae and adults of three European Lacon species. A-B) L. lepidopterus, Hungary:
Sagvar. C-D) L. punctatus, Hungary: Asotthalom. E-F) L. querceus, Hungary: Nagymaros.
Not to scale.

Figure 2. Larva of Lacon lepidopterus, Hungary. A) Habitus, dorsal view. B) Habitus, lateral
view. C) Habitus, ventral view. D) Head, dorsal view. E) Head, lateral view. F) Head, ventral
view. Scale bars: 5.0 mm (A—C), 1.0 mm (D-F).

Figure 3. Larva of Lacon lepidopterus, Hungary. A) Maxillolabial complex, dorsal view. B)
Maxillolabial complex, ventral view. C—D) Antenna, different views. E-F) Mandible,
different views. G—I) Pro-, meso- and metathoracic leg, different views. J) Abdominal

segment IX, dorsal view. K) Abdominal segments IX and X, lateral view. L) Abdominal

segment IX, ventral view. Scale bars: 1.0 mm (A-B, J-L), 0.2 mm (C-D), 0.5 mm (E-I).
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Figure 4. Larva of Lacon punctatus, Hungary. A) Habitus, dorsal view. B) Habitus, lateral
view. C) Habitus, ventral view. D) Head, dorsal view. E) Head, lateral view. F) Head, ventral

view. Scale bars: 5.0 mm (A—C), 1.0 mm (D-F).

Figure 5. Larva of Lacon punctatus, Hungary. A) Maxillolabial complex, dorsal view. B)
Maxillolabial complex, ventral view. C—D) Antenna, different views. E-F) Mandible,
different views. G—I) Pro-, meso- and metathoracic leg, different views. J) Abdominal
segment IX, dorsal view. K) Abdominal segments IX and X, lateral view. L) Abdominal

segment IX, ventral view. Scale bars: 0.5 mm (A-B, E-I), 0.2 mm (C-D), 1.0 mm (J-L).

Figure 6. Larva of Lacon querceus, Hungary. A) Habitus, dorsal view. B) Habitus, lateral
view. C) Habitus, ventral view. D) Head, dorsal view. E) Head, lateral view. F) Head, ventral

view. Scale bars: 2.5 mm (A-C), 0.5 mm (D-F).

Figure 7. Larva of Lacon querceus, Hungary. A) Maxillolabial complex, dorsal view. B)
Maxillolabial complex, ventral view. C—D) Antenna, different views. E-F) Mandible,
different views. G—I) Pro-, meso- and metathoracic leg, different views. J) Abdominal
segment IX, dorsal view. K) Abdominal segments IX and X, lateral view. L) Abdominal

segment IX, ventral view. Scale bars: 0.2 mm (A-B, E-I), 0.1 mm (C-D), 0.5 mm (J-L).
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Table 1. Comparative morphology of known larvae of Lacon species. Characters of non-

European species were taken from the literature. Question marks indicate characters not

described or illustrated in the literature.

tooth

L. L. L. I L. L. L. L.
Species lepidopt | punctat | querceu al tai.cus funebri | parallel | discoide | marmorat
erus us s s us us us
Geographic West West West central | central East
ycosrap Palaearct | Palaearc | Palaearc . . Palaearc | Nearctic | Nearctic
distribution . . . Asia Asia .
1C tic tic tic
Head, depressed | gradualll | graduall Z;go?ily graduall | graduall graduall
area in relation y y pine, ly ly ? ly ?
. . forming . . .
to lateral edges sloping sloping Keel sloping | sloping sloping
Frontoclypeal
plate, posterior
part (lobe) 3.6-3.8 | 29-3.0 | 3.3-34 4.0 3.7 2.7 33 ?
length/ anterior
part length
Frontoclypeal
plate, shape of abruptly | abruptly graduall abruptly graduall abruptly
. . y y abruptly
apical third of narrowe | narrowe ? narrowe narrowe
. narrowe narrowe narrowed
posterior part d d d d
d d
(lobe)
Segment [X,
number of 12
distinct long 2 pairs 2 pairs airs 2 pairs 2 pairs 2 pairs 1 pair 2 pairs
setae on median p
dorsal surface
Segment IX,
short setae on
small tubercles absent absent present absent absent absent absent ?
on median
dorsal surface
Segment [X,
approximate
number of 90-130 | 120-150 | 50-90 | 100 50 80 160 160
nodule-like
tubercles on
dorsal surface
Segment [X,
apical notch 0.30— 0.20—
length/segment 035 025 0.30 0.30 0.10 0.10 0.15 0.15
IX length
Segment IX,
apical notch 1.90- 1.05- 1.80-
width/urogomph 2.25 1.25 2.15 2.25 0.50 0.65 145 135
us width
Segment [X,
. . at the . . .
notch in relation . . posterio | posterio . posterio .
posterior | posterior | level or posterior posterior
to last lateral anterior r r r

29
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950

951  Figure 1. Larvae and adults of three European Lacon species. A-B) L. lepidopterus, Hungary:
952  Sagvar. C-D) L. punctatus, Hungary: Asotthalom. E-F) L. guerceus, Hungary: Nagymaros.
953  Not to scale.
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Figure 2. Larva of Lacon lepidopterus, Hungary. A) Habitus, dorsal view. B) Habitus, lateral
view. C) Habitus, ventral view. D) Head, dorsal view. E) Head, lateral view. F) Head, ventral

view. Scale bars: 5.0 mm (A-C), 1.0 mm (D-F).
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Figure 3. Larva of Lacon lepidopterus, Hungary. A) Maxillolabial complex, dorsal view. B)
Maxillolabial complex, ventral view. C—D) Antenna, different views. E-F) Mandible,
different views. G—I) Pro-, meso- and metathoracic leg, different views. J) Abdominal
segment IX, dorsal view. K) Abdominal segments IX and X, lateral view. L) Abdominal

segment IX, ventral view. Scale bars: 1.0 mm (A-B, J-L), 0.2 mm (C-D), 0.5 mm (E-I).
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968  Figure 4. Larva of Lacon punctatus, Hungary. A) Habitus, dorsal view. B) Habitus, lateral
969  view. C) Habitus, ventral view. D) Head, dorsal view. E) Head, lateral view. F) Head, ventral

970  view. Scale bars: 5.0 mm (A—C), 1.0 mm (D-F).

33



971
972

973
974
975
976

Figure 5. Larva of Lacon punctatus, Hungary. A) Maxillolabial complex, dorsal view. B)
Maxillolabial complex, ventral view. C—D) Antenna, different views. E-F) Mandible,
different views. G—I) Pro-, meso- and metathoracic leg, different views. J) Abdominal
segment IX, dorsal view. K) Abdominal segments IX and X, lateral view. L) Abdominal
segment IX, ventral view. Scale bars: 0.5 mm (A-B, E-I), 0.2 mm (C-D), 1.0 mm (J-L).
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Figure 6. Larva of Lacon querceus, Hungary. A) Habitus, dorsal view. B) Habitus, lateral

view. C) Habitus, ventral view. D) Head, dorsal view. E) Head, lateral view. F) Head, ventral

view. Scale bars: 2.5 mm (A-C), 0.5 mm (D-F).
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Figure 7. Larva of Lacon querceus, Hungary. A) Maxillolabial complex, dorsal view. B)
Maxillolabial complex, ventral view. C—D) Antenna, different views. E-F) Mandible,
different views. G—I) Pro-, meso- and metathoracic leg, different views. J) Abdominal
segment IX, dorsal view. K) Abdominal segments IX and X, lateral view. L) Abdominal

segment IX, ventral view. Scale bars: 0.2 mm (A-B, E-I), 0.1 mm (C-D), 0.5 mm (J-L).
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SUPPLEMENTARY INFORMATION

Emblematic European saproxylic Lacon click beetles (Coleoptera: Elateridae): what do we
know about their immature stages?

Tamas Németh, Simone Policena Rosa, David Jetelina, Miklos Sarospataki, Gabriela
Packova & Robin Kundrata

List of Supplementary Figures

Figure S1. Drawings of larval morphology of Lacon lepidopterus, L. punctatus, and L. querceus.
A) Frontoclypeal plate of L. lepidopterus. B) Frontoclypeal plate of L. punctatus. C)
Frontoclypeal plate of L. querceus. D) Abdominal tergite IX of L. lepidopterus. E) Abdominal
tergite IX of L. punctatus. F) Abdominal tergite IX of L. querceus. G) Frontoclypeal plate,
measurements; adw = adnasalium width; apfl = length of anterior part of frontoclypeal plate;
naw = width of nasale; ppfl = length of posterior part of frontoclypeal plate. H) Abdominal
tergite IX, measurements; ixl = length of abdominal segment IX; nol = length of abdominal
notch between urogomphi; now = width of abdominal notch between urogomphi; urw = width of
urogomphus. Not to scale.

Figure S2. Larval and habitat images of Lacon lepidopterus. A) Juvenile larva. B) Mature larva
in rotten Pinus nigra. C) Habitat in Katara Pass, Greece. D) Habitat in Sagvar, Hungary. E)
Habitat in Visegrad, Hungary (also habitat of L. querceus). F) Habitat in Sacel, Romania. All
photographs: T. Németh.

Figure S3. Habitat images of Lacon punctatus. A) Mt. Ossa, Greece (also habitat of L.
querceus). B) Tikves, Croatia. C) Llogara Pass, Albania. D) Mt. Vrsouta, Montenegro. E)
Kerkyra, Greece. F) Nature Park Biokovo, Croatia; credit: Boris Laus (used with permission
from the author). Unless stated otherwise, all photographs: T. Németh.

Figure S4. Larval, adult and habitat images of Lacon querceus. A) Praepupa in pupal chamber in
red rotten oak. B) Mature larva feeding on larvae of Mycetophagus quadriguttatus. C) Adult
specimens in copula. D) 23 adult specimens found in a single red rotten oak, Borzsény Mts.,
Hungary. E) Habitat in Vértes Mts., Hungary. F) Habitat in Stupnicki lug, Zagreb, Croatia;
credit: Boris Laus$ (used with permission from the author). Unless stated otherwise, all
photographs: T. Németh.
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Figure S1. Drawings of larval morphology of Lacon lepidopterus, L. punctatus, and L. querceus. A) Frontoclypeal
plate of L. lepidopterus. B) Frontoclypeal plate of L. punctatus. C) Frontoclypeal plate of L. querceus. D) Abdominal
tergite IX of L. lepidopterus. E) Abdominal tergite IX of L. punctatus. F) Abdominal tergite IX of L. querceus.

G) Frontoclypeal plate, measurements; adw = adnasalium width; apfl = length of anterior part of frontoclypeal plate;
naw = width of nasale; ppfl = length of posterior part of frontoclypeal plate. H) Abdominal tergite IX, measurements;
ixI = length of abdominal segment IX; nol = length of abdominal notch between urogomphi; now = width

of abdominal notch between urogomphi; urw = width of urogomphus. Not to scale.



Figure S2. Larval and habitat images of Lacon lepidopterus. A) Juvenile larva. B) Mature larva in rotten Pinus nigra.
C) Habitat in Katara Pass, Greece. D) Habitat in Sagvar, Hungary. E) Habitat in Visegrad, Hungary (also habitat of
L. querceus). F) Habitat in Sacel, Romania. All photographs: T. Németh.




Figure S3. Habitat images of Lacon punctatus. A) Mt. Ossa, Greece (also habitat of L. querceus). B) Tikves, Croatia.
C) Llogara Pass, Albania. D) Mt. Vrsouta, Montenegro. E) Kerkyra, Greece. F) Nature Park Biokovo, Croatia; credit:
Boris Laus (used with permission from the author). Unless stated otherwise, all photographs: T. Németh.




Figure S4. Larval, adult a

B) Mature larva feeding on larvae of Mycetophagus quadriguttatus. C) Adult specimens in copula. D) 23 adult
specimens found in a single red rotten oak, Boérzsény Mts., Hungary. E) Habitat in Vértes Mts., Hungary. F) Habitat
in Stupnicki lug, Zagreb, Croatia; credit: Boris Lau$ (used with permission from the author). Unless stated otherwise,
all photographs: T. Németh.
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