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Abstrakt:

Lycidae jsou druhové pocetnou celedi terestrickych broukt (Coleoptera), ktera obsahuje
asi 150 rodli svice nez 4000 popsanymi druhy po celém svété. Nejvétsi diverzita je
dokumentovana v oblastech tropického destného lesa. Lycidae jsou vyznamni jak z hlediska
poctu druhii, tak evoluci mimetickych komplexid nebo neotennich forem. Tato celed’ je
Vv soucasnosti klasifikovana v nadceledi Elateroidea (Polyphaga: Elateriformia). Tato skupina
je charakteristickd predev§im mékkym, nekompletné sklerotizovanym télem a snizenou
schopnosti letu. VSechny druhy jsou schopny produkovat zapachajici, slabé jedovaté latky,
které jsou emitovany pii vyruSeni ¢i podrazdéni ve formé kapek hemolymfy na krovkach nebo
intersegmentalnich membranach. Chemicka ochrana ¢eledi Lycidae vede k evoluci pestrého,
aposematického zbarveni.

Tato studie je omezena na tribus Metriorrthynchini, ktery je z hlediska druhové
rozmanitosti nejvyznamnéj$i linii celedi Lycidae. Metriorrhynchini jsou morfologicky
definovani kruhovou phallobazi samc¢ich kopula¢nich organti, plochou nidpadnou neparovou
zlazou v kopulacnich organech samic, stfedni areolou kopinatého tvaru na pronotu
a vétSinovou piitomnosti dalSich zeber na pronotu, které vytvareji postranni areoly.
Metriorrhynchini jsou velmi vhodnou modelovou skupinou pro studium vzniku diverzity
vzhledem k jejich omezené dispersni schopnosti, uniformni biologii a mimofadné vysokému
poctu druhti (pfes 1200 druhii ve 41 rodech). Nejvétsi pocet druhl tribu Metriorrhynchini
pochéazi z kontinentdlni jihovychodni Asie, Velkych Sund, Filipin, Moluk, Nové Guinee
a severni Australie. Dalsi druhy se vyskytuji v Subsaharské Africe, na Madagaskaru, na Sri
Lance a v Indii. Dosavadni znalosti o zoogeografii této skupiny byly velmi omezené
a k dispozici nebyla zadna hypotéza o pravdépodobnych oblastech vzniku této skupiny nebo
0 smérech disperze a jejich datovani.

Studie je zaloZena pfedevsim na molekularnich datech a na jejich zaklad¢ vytvotenych

fylogenetickych hypotéz. Cilem prace je rekonstrukce ancestralnich tzemi Vv oblasti



Gondwany a sifeni tribu Metriorrhynchini do jihovychodni Asie, do Afriky a na Madagaskar
a jejich srovnani s dosavadnimi znalostmi o rozpadu Gondwany. Metriorrhynchini se skladaji
ze dvou linii: afro/orientdlni a australské. Ancestralni tzemi pro bazalni linii celého tribu
nelze s jistotou ur€it vzhledem k topologické nejistoté a tato linie pochazi bud’ z Australie,
nebo Indie a kjejich rozstépeni doslo v dob¢, kdy se Gondwana zacala rozdélovat.
Afrotropicka fauna a fauna Madagaskaru vznikla disperzi z Indie driftujici na sever pied 65 az
62 miliony lety. Orientdlni fauna se diverzifikovala po srazce Indie s Asii a teprve pozdéji
byla doplnéna o linie migrujici z australské oblasti, ktera se dostala do kontaktu s asijskym
Selfem pfed asi 25 miliony lety. Orientalni fauna obsahuje rody indické i1 australské linie,
pfiCemz analyzy datovani prokazaly star§i ptivod indickych roda.

Dalsim cilem této studie je kriticka revize vyssi Klasifikace vSech taxont tohoto tribu
prostfednictvim fylogenetické analyzy zaloZzené na kompletni sadé¢ morfologickych znaki.
Studie rekonstruuje evoluci vybranych morfologickych struktur, na kterych byla zaloZena
predesla morfologicka klasifikace. Potvrdila jsem nékolikanasobny vznik podobnych struktur
Zeber na pronotu, zkracenych zeber na krovkach, sekundarnich zeber na krovkach u vice linii
a jejich opakovanou ztratu a mnohonasobny vznik flabelatnich tykadel. Na zakladé
molekularni fylogeneze skupiny, zhodnoceni morfologie larev a dospélcti jsme navrhli novou
klasifikaci, kdy né€které taxony jsou jednozna¢né podporovany piedevsim larvalnimi znaky
a jiné znaky adultnich stadii. Byly nov¢ ustanoveny subtriby Metriorrthynchina, Metanoeina
a Cautirina asubtriby Trichalina a Hemiconderina byly synonymizovany se subtribem

Metriorrhynchina.
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Abstract:

Lycidae, net-winged beetles, are an abundant family of terrestrial beetles (Coleoptera),
which contains about 150 genera with more than formally described 4,000 species worldwide.
The greatest diversity is documented in tropical rain forests, while moderate diversity is also
known from temperate zones; these beetles do not occur in arid regions. Lycidae are
a prominent lineage concerning species richness, evolution mimetic complexes or neotenic
modifications of development. This family is currently classified in the superfamily
Elateroidea (Polyphaga: Elateriformia). Lycidae is characterized by soft-bodiedness and
limited an ability to fly resulting from this trait. As compensation of this limitation they have
developed the ability to produce repellent and slightly poisonous compounds, which are
released as droplets of hemolymph on the elytra and around inter-segmental joints when the
animals are disturbed. Chemical protection of the family Lycidae led to evolution of bright,
aposematic coloration patterns.

This study is restricted to the tribe Metriorrhynchini, which are morphologically defined
by circular phallobase, flat conspicuous unpaired vaginal gland, pronotum with lanceolate
median areola and with carinae which form up to seven areolae in the pronotum. This tribe is
the most species rich lineage of Lycidae. Due to their species-richness (over 1200 species in
41 genera), large geographic range, limited ability to disperse and uniform life strategy,
Metriorrhynchini can be a suitable model group for studies on diversity, dispersal history and
evolution of mimicry. Highest specific and generic diversity of Metriorrhynchini species is
known from continental Southeast Asia, the Great Sundas, Philippines, Moluccas, New
Guinea and northern Australia. Other species and a few endemic genera, occur in Sub-
Saharan Africa, Madagascar, Sri Lanka and India. The previous knowledge of zoogeography
of this group has been very limited and no phylogeographic hypothesis has been available for
the identification of putative areas of origin or directions of dispersal. We used nuclear and

mitochondrial DNA markers to propose phylogenetic and phylogeographic hypotheses.



The principal aim of this thesis was to reconstruct the putative area and time of origin of
the tribe Metriorrhynchini and to recover the dispersal routes from the ancestral region around
the Indian Ocean rim, e. g., Australia, Southeast Asia, Africa and Madagascar. Here, the
phylogenetic hypothesis was considered in the light of the reconstructed break-up of
Gondwana. Metriorrhynchini consist of two lineages: the Afro/Oriental and Australian ones.
The basal lineage originated from Australia and India, from the time when Gondwana started
to break-up. The Afrotropical fauna and fauna of Madagascar came from India drifting to the
north about 65 to 62 million years ago. The Oriental fauna diversified from lineages from
Indian subcontinent after the collision of India and Asia. Later the Oriental fauna was
enriched by migrating lineages from the Australian region about 25 million years ago.
Although the Oriental fauna includes the genera from both the Indian and Australian clades,
the Indian lineages are more abundant and the analyses showed their older diversification
history in the Asian continent.

The secondary aim of this study is the critical revision of classification of all taxa of this
tribe. We used the same phylogenetic hypothesis to map the evolution of morphological
characters on the tree and we inferred their origin and subsequent modifications. The previous
morphological classification was based on the structure of pronotal carinae, elytral costae and
the form of antennae. All these characters were mapped with multiple origins of structures
and some of them multiple reversals. We hypothesized that evolution of some of these
characters is affected by their selective value (the strengthening function of carinae and
costae), they originated multiple times when their evolution is correlated with stenoptery (the
shortened elytral costa 1) or they evolve when the opposite sex is located using olfactory
organs (the flabellate antennae). Using the molecular phylogeny, we evaluated the
morphology of larvae and adults; we proposed a new classification, with some taxa defined
predominantly with either larval or adult characters. We delimited the subtribes
Metriorrhynchina, Metanoeina and Cautirina and we synonymized the subtribes Trichalina
and Hemiconderina with the subtribe Metriorrhynchina.

Keywords: Coleoptera, Lycidae, Metriorrhynchini, Gondwana, phylogeny, classification,

mtDNA, new subtribes, new genera, dispersal history
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1. Uvod

1.1 Klasifikace a biologie celedi Lycidae

Lycidae jsou jednou z vyznamnych celedi broukt (Coleoptera), jak z hlediska poctu
druhi, tak evoluci zivotnich strategii, jako jsou evoluce mimetickych komplexti nebo evoluce
neotennich forem. Tato Celed je v soucasnosti klasifikovana v nadceledi Elateroidea
(Polyphaga: Elateriformia). V minulosti vSak Lycidae tvofili samostatnou nadceled’
Cantharoidea spole¢né s Celedémi patetfickoviti (Cantharidae), svétluskoviti (Lampyridae)
anckolika mensimi celedémi (Omethidae, Rhagophthalmidae, Phengodidae, Drilidae,
Omalisidae a Telegeusidae). VSechny tyto Celedi jsou dnes soucasti nad¢eledi Elateroidea
a jejich spolecné znaky, které diive definovaly Cantharoidea, se vyvinuly mnohondsobné
(Lawrence & Newton 1995, Bocakova et al. 2007).

Lycidae, v Ceské literatuie ob¢as nazyvani dlouhotstcoviti nebo zafivkoviti, jsou
druhové pocetnou Celedi terestrickych brouki, kterd obsahuje asi 150 rodi s vice nez 4000
popsanymi druhy po celém svété. Podobné jako v jinych skupinach vSak bude skutecnd
diverzita pravdépodobné¢ mnohonasobné vyssi (Erwin 1982, Dvorak & Bocak 2007, 2009).
Pres témér kosmopolitni rozSiteni je vyskyt této skupiny velmi nerovnomérny. Nejvétsi
diverzita je dokumentovana v oblastech tropického destného lesa (Kleine 1933, Lawrence
1982, Bocak & Bocakova 1990). Naproti tomu se nevyskytuji v aridnich oblastech a pouze ve
velmi malém poctu druhti v temperatnich oblastech s vyraznou sezonalitou srazek. Napf.
pouze 17 druhti je znamo ze zapadni Casti palearktické oblasti (Bocak & Bocakova 2008).

Rozsifeni této celedi je diisledkem silné vazby piedev§im larev na stinné, celoro¢né
vlhké lesni biotopy. Larvy se vyvijeji ve dievé v rizném stupni rozkladu, v lesni hrabance
nebo vpudé sveétsim mnozstvim organického materialu, v susSich oblastech obvykle
Vv kofenech hluboko v pudé (Bocak & Matsuda 2003). Podminkou vhodnosti substratu pro
vyvoj larev je dostatek tekutin, které obsahuji mikrobialni Zivot, v rozkladajicim se materialu.
V dospélosti nepiijimaji potravu a pouze nékteré druhy navstévuji kvéty a saji nektar. VEtsina
dospé€lct zije velmi kratce, pravdépodobné v disledku neschopnosti nahrazovat ztratu
télesnych tekutin. Ob¢& pohlavi jsou ve vétsiné piipadi v dospé€losti oktidlena, jen omezeny
pocet druhti ma larviformni samice, u kterych se sexualni zralost projevuje pouze otevienim
kopulacnich organti a zménou struktury kutikuly (Bocak & Bocakova 1990, Wong 1996,
Bocakova et al. 2007, Levkanicova & Bocak 2009). Lycidae jsou skupinou velmi obtizné

klasifikovatelnou pouze na zakladé morfologickych znakt, protoze mnoho struktur dosud
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pouzivanych pro konstrukci fylogeneze a klasifikaci, napf. zebra na pronotu nebo krovkach,
ma pravdépodobné adaptivni hodnotu pro zpevnéni struktury slabé sklerotizovaného téla,
a proto podléha rychlé a ¢asto paralelni evoluci (Sklenarova et al. 2014).

Celed” Lycidae je charakteristickd, podobné jako ostatni tzv. cantharoidni &eledi,
pfedevSim mekkym, nekompletné sklerotizovanym télem a snizenou schopnosti letu.
Diusledkem této morfologické modifikace je omezena schopnost uniku pied predatory. Jako
kompenzace tohoto omezeni se vyvinula u vSech druhd ¢eledi Lycidae schopnost produkce
zapachajicich, slabé jedovatych latek. Pii vyruSeni ¢i podrazdéni jsou schopni vylucovat
hemolymfu obsahujici tyto latky (Moore & Brown 1981; Bocak et al. 2008). Chemicka
ochrana odrazuje jejich predatory od tutoku, Vv tomto ptipad¢ predevsim pavouky a ptaky
(Bocak et al. 2008). Kapky hemolymfy se mohou objevovat na okrajich a Zzebrech krovek, na
tykadlech nebo na kloubech mezi femurem a tibii, kde dochazi k prasknuti
mezisegmentovych membran. Chemicka ochrana celedi Lycidae vede k evoluci pestrého
zbarveni, které poskytuje rovnéz urCity stupen ochrany, nebot’ slouzi jako varovani pro
ptipadné predatory (Alatalo & Mappes 1996). Aposematické zbarveni zahrnuje celou Skalu
kombinaci pestrych barev a ¢erné, pfedevsim kombinace zluté/Cervené a Cerné zbarvenych
Casti pronota a krovek (Obr. 3). Aposematicky zbarvené druhy maji tendenci vytvaret
agregace, které posiluji reakci pouceného predatora a prodluzuji dobu pted opakovanim utoku
(Linsley et al. 1961).

Lycidae byli v poslednich letech pouZiti jako modelova skupina pro studium evoluce
neotenie a studium evoluce aposematickych vzorii ve spojeni se speciaci po rozsifeni arealu
(Bocak et al. 2008, Bocak & Yagi 2010, Malohlava & Bocak 2010). Tyto studie jsou prvnimi,
kdy Lycidae, jako taxonomicky velmi opomijena skupina, byli pouziti pro studium obecnych
evolu¢nich otazek. Pfitom se ukézalo, jak nedostatecné jsou znalosti o evoluci této skupiny,

jejich historické biogeografii a jak slabé je podporovana soucasna klasifikace této celedi.

1.2 Modelova skupina: tribus Metriorrhynchini (Lycidae: Lycinae)

Tato studie je omezena na tribus Metriorrhynchini (Lycidae: Lycinae; Bocak
& Bocakova 2008), ktery je ovSem z hlediska druhové rozmanitosti nejvyznamnéjsi linii
¢eledi Lycidae. Ackoliv se jedna o velmi uzce vymezenou ¢ast celkové genetické diverzity
celedi Lycidae, Metriorrhynchini jsou velmi vhodnou modelovou skupinou pro studium
vzniku diverzity vzhledem k jejich omezené dispersni schopnosti, uniformni biologii

a mimotradné vysokému poctu druhid. Kleine (1933) uvadi v katalogu ptes 1000 druhi ve 41
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rodech a dalSich ~200 druhti bylo popsano pozdéji (Bocak 2002). Nejvétsi pocet druht tribu
Metriorrhynchini pochazi z kontinentalni jihovychodni Asie, Velkych Sund, Filipin, Moluk,
Nové Guinee aseverni Austrdlie. Dalsi druhy se vyskytuji v Subsaharské Africe, na
Madagaskaru, na Sri Lance a v Indii (Bocak 2002, Kazantsev 2007, Kubecek et al. 2011).
Dosavadni znalosti o zoogeografii této skupiny byly omezeny na deskriptivni delimitace
areali (Bocak 2002, Kazantsev 2012), avsak zadné informace nebyly k dispozici
0 pravdépodobnych oblastech vzniku této skupiny nebo o smérech disperze a jejich datovani.
Pfitom 1 udaje o rozsifeni jednotlivych rodi bylo nutno posuzovat velmi kriticky, protoze
velka ¢ast rodl byla dosud definovana pouze na zakladé typického druhu a pouze velmi vagné

byly definovany limity jednotlivych rodi.

2. Prehled dosavadnich znalosti o modelové skupiné a metodologické pristupy

v soucasné fylogenetické systematice a fylogeografii

2.1 Klasifikace tribu Metriorrhynchini - historie a sou¢asny stav poznani

Tropickd fauna hmyzu je obecné velmi mdalo poznand (Erwin 1982) a znalosti
0 skupindch bez hospodaiského nebo medicindlniho vyznamu jsou obvykle omezeny na
primarni popisy alfa-taxonomické diverzity, rodovou a tribalni klasifikaci zalozenou pouze na
ad hoc vybranych diagnostickych znacich, bez odvozeni klasifikace od robustni fylogenetické
hypotézy. Pouze omezené mnozstvi skupin bylo taxonomicky revidovdno s pouzitim

soucasnych metod fylogenetické systematiky.

2.2 Druhova diverzita tribu Metriorrhynchini

Znalosti druhové diverzity tribu Metriorrhynchini jsou velmi fragmentarni a delimitace
mnoha druhii a vyssich taxonl neni zalozena na podrobném studiu evoluce, ale vyhradné na
diagnostickych znacich bez jejich evolu¢ni interpretace. Pfikladem mohou byt prace Maurice
Pica z prvni poloviny 20. stoleti, které neodpovidaly dobré taxonomické praxi ani v dobé
svého vzniku (Obr. 1). Jedna se o podobnou situaci jako ve vét$iné tropickych skupin hmyzu,
kdy suma naseho pozndni vznikla kumulaci informaci velmi rozdilné kvality. V soucasnosti
znamych ~1200 druht je vétSinou popsano pouze na zéklad¢ zbarveni a vnéjSich znakd, ve
vétsin€ pripadi bez jakychkoliv doprovodnych ilustraci, a formalni popisy ¢asto neobsahuji

ani pouzitelné diagnostické znaky. Vzhledem k této situaci, byla identifikace taxond
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zminénych v této studii provadéna do druhové urovné pouze ve vyjimecnych ptipadech, kdy
bylo napftiklad nutno stanovit typové druhy nové popisovanych rodti nebo popsat novy taxon
vyznamny z evolu¢niho pohledu (Bocak et al. 2014).

Jednotlivé taxony byly v této studii identifikovany vesmés pouze do uUrovné rodu
a odhady poctu druht jsou odvozeny z divergence sekvenci DNA. Pfitom je nutno zminit, ze
diverzita tropickych oblasti je omezené poznana i z hlediska genetické diverzity a piedlozena
studie je prvnim rozsahlejSim datovym souborem v cCeledi Lycidae. Obr. 2 ukazuje pocty
sekvenci DNA fadu Coleoptera ulozenych v databazi Genbank a pochazejicich z jednotlivych
center biodiverzity, jak je definoval Myers et al. (2000). Pres koncentraci diverzity v téchto
centrech, je nejvice dat k dispozici z Evropy, USA a Japonska.

2.3 Rodova a tribalni klasifikace tribu Metriorrhynchini

V tribu Metriorrhynchini (sensu Bocak & Bocakova 2008, Sklenarova et al. 2014) je
V soucasnosti definovano 49 roda. Prvni rody byly popsany na zacatku 19. stoleti z Australie
a Wallaceovy linie a bylo v nich dlouho klasifikovano pouze n€kolik druhd. Dalsi rody, dnes
tvorici kostru rodové klasifikace, byly popsany na konci 19. stoleti Waterhousem
(Waterhouse 1878, 1879). Rodova klasifikace byla dlouho velmi chaoticka a limity roda
nebyly zteteln¢ definovany. Napt. rod Cladophorus Guérin Ménéville, 1830 obsahoval druhy
z celého aredlu tribu Metriorrhynchini a teprve Bocak (2002) omezil tento rod na jedinou
termindlni linii australskych Metriorrhynchini. Podobné chaotickd byla klasifikace
australskych rodu Porrostoma Castelnau, 1838 a Metriorrhynchus Geminger & Harold, 1869
(Calder 1998, Bocak 1998). Casto byly popisovany monotypické rody velmi nejistého
fylogenetického postaveni, lisici se pouze unikatni apomorfii, ¢asto redukéniho charakteru.
Kazantsev (2006, 2012) navrhl samostatné rody pro taxony liSici se pouze redukci zeber na
pronotu a krovkach, ptestoze jejich plasticita byla jiz diive prokazana (Bocak 2002).

Klasifikace tribu Metriorrhynchini prodélala v poslednich dekaddach nékolik zmén.
Dtive byla tato skupina klasifikovana v samostatnych tribech nebo podéeledich (Kleine
1933), pozdgji byly tyto taxony spojeny do jediného taxonu Metriorrhynchinae/ini (Bocak
& Bocakova 1990, Bocak 2002). Podle ptedchozich studii byl tribus Metriorrhynchini
rozdélen na subtriby: Trichalina Kleine, 1928, Hemiconderina Bocak & Bocakova, 1990
a Metriorrhynchina Kleine, 1926 (Bocak 2002). Klasifikace Vv jednotlivych obdobich je

shrnuta v Tab. 1.
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Curtodrilus costatus n. sp. Oblongus, niger, tho-
yace pro parte, pedibus pro parte elytrisque testaceis,
his apice nigro notatis. Long. 5 mill. Sumatra.

Ototretadrilus n. gen. Anfennis depressis, pro parte
excavatis; thorace semicirculare, parum marginato,
ad angulos posticos impresso; elytris postice attenua-
tis; pedivus paulo compressis. — Voisin de Baolacus

Pic.

Ototretadrilus atritarsis n. sp. Opacus, testaceus,
antennis, tarsis et elytris postice late nigris. Long.
6 mill. Indes: Malabar.

0. notaticollis n. sp. Minutus, robustus, niger, tho-
race testaceo, in disco piceo notato, scutello rufo lim-
bato: antennis validis. Tong. 4 mill. Indes Or.

Platerodrilus n. gen. Antennis pilosis, subfiliformi-
bus, apice attenuatis, articulis 2 et 3 brevibus; tho-
race semicirculare, pro parte excavato; elytris de-
pressis, costulatis; pedibus sat elongatis, paulo depres-
sis. — (e nouveau genre a un faciés de Plateros Brg.,
mais serait plutot a classer dans les Drilides par les
hanches rapprochées et l'articulation oblique des fé-
murs avec les trochanters.

Platerodrilus sinuatus n. sp. Satis elongatus, niger,
pro parte rufescens, elytris dd humeros rufomacula-
tis, sinuatis, multi costulatis. Long. 7 mill. Ma-

lacea.

Obr. 1. Historické popisy druhti: typologicka taxonomie (Pic, 1921)

Falkland Isl
8468

B 5ocersty otspors cconsng o Myers st 2000, - /

L ~

Obr. 2. Poéty sekvenci DNA ftadu Coleoptera znamé z jednotlivych center diverzity

definovanych Myersem (Myers et al. 2000). Pfevzato z Bocak et al. (2014); © Blackwell Inc.
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Tab. 1 Historie klasifikace skupin taxonti dnes klasifikovanych v tribu Metriorrhynchini

Kleine 1933 Bocak & Bocakova 1990  Sklenarova et al. 2014
Bocak 2002
Lycidae Lycidae Lycidae
Homalisinae Lycinae
Lycinae Metriorrhynchinae Metriorrhynchini
Conderini Cautirina
Metriorrhynchina Metriorrhynchini Metanoeina
Trichalini Metriorrhynchina Metriorrhynchina
Cladophorini Trichalina =Dilolycini
Dilolycini Hemiconderina =Cladophorini
=Trichalini

=Hemiconderini

2.4 Metriorrhynchini: morfologicka diverzita

Metriorthynchini  jsou morfologicky definovani kruhovou phallob4dzi samdcich
kopula¢nich organti, plochou napadnou neparovou zlazou v kopula¢nich organech samic,
sttedni areolou kopinatého tvaru na pronotu a vétSinovou pfitomnosti dalSich Zeber na
pronotu, které vytvaieji postranni areoly (Obr. 3; Bocak 2002). Mnozstvi klasifika¢nich znakt
je v ¢eledi Lycidac omezeno pomérné znacnou variabilitou ve tvaru téla vzhledem k jeho
slabé sklerotizaci a nékteré struktury mohou byt vyznamné ovlivnény selek¢nim tlakem, napf.
zpeviujici Zebra. Podobné pohlavni organy jsou cCasto vystaveny silné¢ sexudlni selekci
a nemizeme vyloucit rychly vznik velmi odliSnych struktur. Proto preferujeme vyuZiti vSech
dostupnych zdroji informaci v souladu s dnes$ni taxonomickou praxi (Lee et al. 2007,

Winterton et al. 2007).
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Obr. 3 Typovy rod Metriorrhynchus sp.; A — celkovy pohled, B — sam¢i kopulaéni organ, C —

pronotum se 7 aerolami, D — sami¢i pohlavni organ.

2.5 Kilasifikace na zakladé fylogenetické hypotézy: integrace morfologickych,

molekularnich a zoogeografickych dat

Aplikace DNA dat v systematické biologii se bouflivé rozviji od konce 90. let 20.
stoleti. Jednd se pfedev§im o modifikaci klasifikace mnoha skupin na zikladé¢ molekuldrné
fylogenetickych hypotéz. V pocateénim stadiu byl pouzivan pouze jediny molekularni
marker, ¢asto coxX1 mtDNA nebo 18S rRNA (napf. fylogeneze Coleoptera zalozena na
nékolika desitkach sekvenci coxl mtDNA o délce 400 bp, Howland & Hewitt 1995).
Postupné byly analyzy zaloZeny na vétSim poctu taxonll a vétSim po¢tu markert s rozdilnou
rychlosti evoluce a posledni prace zabyvajici se fylogenezi Coleoptera jsou jiz zaloZeny na
tisicich taxont, eventudlné na kompletnich mitochondridlnich genomech reprezentujicich
zakladni linie na urovni ¢eledi (Timmermans et al. 2010, Bocak et al. 2014). Dalsim oborem
aplikace DNA sekvenci v systematické biologii je pouziti sekvenci pro identifikaci druht -
barcoding (Hebert et al. 2003). Tento ve své podstaté jednoduchy pfistup pro zachyceni
a identifikaci diverzity i mimo taxonomicky prozkoumané oblasti ov§em vyvolal velky odpor
pro nejasnosti v postupu stanoveni hranic druhid a celkové problematicky filozoficky zaklad
tohoto pfistupu. Pravé omezend vazba barcodingu na dosavadni taxonomicky vyzkum na
zaklad¢ kritického posouzeni morfologickych znakli vyvolala zasadni nesouhlas nékterych
systematickych biologt (Lipscomb et al. 2003, Wheeler 2004, Will & Rubinoff 2004). Dalsi

aplikaci molekularnich dat v systematické biologii je algoritmické stanoveni hranic druht na
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zakladé prechodu mezi koalescentni a diverzifikacni fazi evoluce (GMYC metoda, Pons
2006) nebo identifikace linii jako biologickych druht na zéklad¢ identifikace diagnostickych
mutaci (DeSalle et al. 2005).

Analyza mtDNA poskytuje téméf neomezené mnozstvi informaci pro robustni
identifikaci druht v taxonomicky opomijenych skupinach a klasifikaci zaloZzenou na striktni
monofylii definovanych taxond. To podporuje Sirokou pouzitelnost molekularnich dat ve
fylogenetické systematice. Vedle moznosti vytvoieni molekularni fylogenetické hypotézy pro
taxonomickou klasifikaci, poskytuje molekularni fylogeneze informace umoznujici hodnoceni
evolu¢ni historie dané skupiny. Zaroven zpfistupiiuje taxonomické informace bez nutnosti
hlubsich odbornych znalosti dané skupiny (Monaghan et al. 2006) a predstavuje
nezanedbatelny zdroj informaci pro evolu¢ni biologii, populaéni genetiku a studie celosvétové
biologické diverzity. Katalogizace velkého poctu nepopsanych druhtt hmyzu mize byt
vyrazné urychlena pomoci piistupi zalozenych na analyzach DNA (Vogler & Monaghan
2007).

2.6 Distribuce diverzity tribu Metriorrhynchini

Rozsiteni tribu Metriorrhynchini je omezeno na oblasti v minulosti tvofici prakontinent
Gondwana a ¢ast vychodni Asie. Areal tak zahrnuje afrotropickou, orientalni, australskou
oblast a vychodni ¢ast palearktické oblasti. Diverzita Metriorrhynchini je rozlozena v ramci
celého arealu velmi nerovnomérné. VétSina rodi se vyskytuje v australské oblasti, fauna
ostatnich oblasti je klasifikovana pouze v omezeném poctu rodd, piedev§im v rodech Cautires
a Xylobanus.

Australska oblast je druhové i rodové nejbohatsi a mnoho morfologicky velmi zietelné
definovanych skupin se vyskytuje pouze v Austrdlii a na Nové Guinee. Napf. rody
Synchonnus a Achras jsou endemity australského kontinentu a dalsi pfibuzné rody jsou znamé
zNové Guinee (Hemiconderis) a ostrovii vychodné¢ od Wallaceovy hranice (Sulawesi,
Moluky; Wakarumbia, Sulabanus; Dvorak & Bocak 2007). Morfologicky podobni Trichalus
a pribuzné rody (dfive hodnoceni jako samostatna podceled’” Trichalina, nyni soucasti
Metriorrhynchina) jsou dalsi skupinou s australskym pivodem a témét vylucné se vyskytuji
v Australii a oblasti Wallaceovy linie (pouze rody Diatrichalus a Microtrichalus se vyskytu;ji
I mimo australskou oblast — nékolik druhd v orientalni oblasti a jeden v Yunnanu; Bocak
2002). Nejvetsi diverzitu vykazuji tropické oblasti australského regionu: napi. 40 druht
Diatrichalus na Nové Guinee (Bocak 2001), 5 druhu Diatrichalus z Filipin, 1 druh z asijského
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kontinentu a Velkych Sund. Rod Microtrichalus se vyskytuje v desitkach druhi v australské
oblasti, v n¢kolika druzich na Filipinach (Bocak 1998d), ale jeho areal rozsiteni zasahuje dale
na sever (pouze 1 druh v Yunnanu). Metriorrhynchus je dalsi rod v Metriorrhynchina, ktery
ma centrum své distribuce v australské oblasti, ale rozSifenim zasahuje az na kontinentalni
Asii. Dalsi endemické linie typické pro oblast Australie jsou Pseudodontocerus, Stadenus,
Ditua, Cladophorus, Cautiromimus, Broxylus, Kassemia, Porrostoma a Metriorrhynchoides.
Naopak vétsina druhti rodu Leptotrichalus je hlasena z Filipin, nékolik ze Sulawesi, Malych
Sund, Javy, Sumatry a Bornea a né€kolik malo z asijského kontinentu (Bocak 2000b). Rod
Lobatang, blizce pfibuzny krodu Leptotrichalus, ma rovnéz vétsinu svych zastupci
Vv australském regionu, predev$im v Papuanském subregionu, ale velmi mala ¢ast z nich
ptekrocila Wallaceovu linii a ptesla na Filipiny. Rod Ditua je zaznamenan predev§im z Nové
Guinee a ptilehlych ostrovii. Metriorrhynchini tvoii nejbohatsi australskou skupinu ¢eledi
Lycidae a ostatni podceledi a triby jsou v této oblasti zastoupeny pouze nékolika druhy
(Calder 1998).

Faunu Indie reprezentuji rody Cautires, Xylobanus a Prometaneus (Bocak & Bocakova
1992). Podobné v afrotropické oblasti jsou znamy rody Cautires (asi 190 druht, oblast
rozSifeni od zapadni Afriky az po Filipiny a Japonsko; Dudkova & Bocak 2010),
Caenioxylobanus (2 endemické druhy z Madagaskaru) a tfi rody neur¢itého postaveni
popsané Kazantsevem (Kazantsev 2012), které mohou byt synonymy rodu Cautires (typové
exemplafe jsou nedostupné pro studium). Celkovy pocet druhil afrotropické oblasti se
pohybuje kolem 200 druhti. Rozsifeni rodu Xylobanus kopiruje rod Cautires, pouze
nedosahuje do afrotropické oblasti (Sklenarova et al. 2014), a dokazal piekro¢it Wallaceovu
linii smérem na vychod (Kubecek et al. 2010). Metriorrhynchina z vychodni ¢asti Orientalni
oblasti jsou daleko rozmanitéj$i. Ve vychodni €asti orientdlni oblasti se mimo tyto rody
vyskytuji v omezeném poctu druhti i rody Metriorrhynchus, Microtrichalus, Diatrichalus
a Leptotrichalus, na Filipinach i rody Cautiromimus a Xylometanoues (Bocak 1998d). Kromé
roda Cautires a Xylobanus, se zde vyskytuje rod Metanoeus typicky pro oblast Velkych Sund.

Rodové i druhové je nejchudsi Palearkticka oblast: Matsudanoeus je zde endemicky,
dalsi rody zasahuji do palearktické oblasti pouze ¢astecné z jihu. Rody Cautires, Xylobanus
a Xylometanoeus nalezneme v Cing, Japonsku a na ruském Dalném vychodé. Celkové je
po€et druht Metriorrhynchini v tomto regionu velmi nizky a sniZzuje se S nartstajici

vzdalenosti od orientalni oblasti a kontinentalnim charakterem klimatu.
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2.7 Fylogeografie tribu Metriorrhynchini na zékladé molekularni fylogeneze

Biogeografie se zabyva studiem distribuce a evoluce organismii v prostoru a Case (Ball
1976). Fylogeografie spojuje geografické informace a idaje o jednotlivych liniich zalozené na
analyzach DNA k odvozeni evolu¢ni historie modernich taxont (Avise 2000).
biogeografickych hypotéz (Smedmark 2010). Soucasné biogeografické analyzy zkoumajici
regionalni vztahy jsou obvykle zalozené na molekularné fylogenetické ptibuznosti mezi
taxony (Avise 2000, van Welzen et al. 2003), poskytuji informace o distribu¢nich
a speciacnich udalostech (Wiens & Donoghue 2004). Molekularni fylogenetické metody jsou
nezavislym zdrojem informaci pro konstrukci fylogenetickych hypotéz (Amédégnato et al.
2003). Pocet kompletnich mitochondrialnich genomu se stale zvySuje diky technologickému
pokroku, ktery umoznuje jejich sekvenovani v celém rozsahu (Hwang et al. 2001, Yamauchi
et al. 2004). Diky tomu se mohou molekularni data vice uplatiiovat ve srovnavacich studiich a
ve studiu fylogenetickych vztahl na Grovni bazalnich linii (Gray et al. 1999, Nardi et al.
2003, Cameron et al. 2004, Cameron et al. 2006, Cameron et al. 2007).

Cilem prace bylo rekonstruovat historii vzniku a Sifeni tribu Metriorrthynchini po
jihovychodni Asii, Africe a Madagaskaru v zavislosti na sekvenci rozpadu Gondwany. Pouzili
jsme fylogeneticky ptistup k feSeni historie disperze a speciace Metriorrhynchini po srazce
indickém subkontinentu a Asijské pevninské kry (Hall & Blundell 1996). Vysledky datovani
vzniku jednotlivych linii na zdkladé molekuldrnich dat jsme srovnali s dostupnymi ¢asovymi
udaji o pohybu vznikajicich kontinenta.

V ptipadé¢ Lycidae chybi fosilni zdznamy, a proto byla problematicka kalibrace
vyprodukovanych normalizovanych stromd. Pro testovani konkuren¢nich hypotéz jsme
uvazovali nasledujici kalibra¢ni body:

1) Stépeni uvnitt tribu Metriorrhynchini v dobé pfed cca 78 miliony lety odvozené
z kalibrované fylogeneze celé celedi (Bocak et al. 2008);

2) kalibra¢ni bod byl stanoven na 100 mil., tj. na dobu, kdy jesté existovala Kerguelenska
platforma, ktera potencidlné¢ umoZznovala migraci mezi odd¢lujici se Indii a Australii;

3) stanoveni prumérné evolucni rychlostti mtDNA na 0.0115 substituci na danou linii za
milion let (Brower 1994, aplikovano v rodu Metriorrhynchus, Bocak & Yagi 2010). Praimérna
rychlost je slozena z kombinace rychlosti pomalu a rychle se vyvijejicich genii (Papadopoulou

et al. 2010).
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3. Cile prace

1. Kriticky revidovat klasifikaci tribu na zaklad¢ fylogenetické hypotézy zalozené na studiu

morfologické a molekuldrni diverzity této linie.

2. Vytvorit na zakladé fylogeneze a soucasného rozsireni skupiny fylogeografickou hypotézu

popisujici pravdépodobné oblasti vzniku tribu Metriorrhynchini a datovat vyznamné disperzni

udalosti.
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4. Material a metody: konstrukce fylogenetickych stromii, analyza ancestralnich stavii

znaki, hodnoceni morfologie

Podrobny popis metod je uveden v piilozenych publikacich a nasledujici shrnuti
obsahuje pouze zédkladni popis pouzitych metod bez piimé vazby k jednotlivym projektim

studie.

4. 1 Material

Pro tuto studii byl k dispozici materidl fixovany pro izolaci DNA zahrnujici vsechny
zakladni linie tribu Metriorrhynchini. Celkem bylo sekvenovdno ~175 druhti. Druhové silné
diverzifikované rody byly zastoupeny v analyze maximalné moznym poc¢tem druhti. Do

analyzy se nepodafilo zatadit vétsi pocet endemickych rodii z Nové Guinee.

4.2 Studovana oblast a jeji tektonicka historie

Studovana oblast zahrnuje byvaly superkontinent Gondwana, ktery dal vzniknout
souCasn¢ Africe, Jizni Americe, Antarktidé, Australii, Indii a Madagaskaru. Do
fylogenetickych analyz byly zahrnuty vSechny druhové pocetné rody reprezentujici rozsiteni
tribu  Metriorrhynchini a pochazejici z pevninské Asie (Indie, Cina, Laos, Malajsky
poloostrov), ostrovni JV Asie (Velké a Malé Sundy), Japonska, Filipin, Afriky, Madagaskaru,
Australie a Nové Guinee.

Rozpad Gondwany, nasledny posun na sever a kolize indického subkontinentu s Asii,
predstavoval nejvyznamnéjsi udéalost v historii Sifeni tribu Metriorrthynchini. Pocatek kolize
mezi Indii a Asii neni zcela piesné datovan, pfedpoklada se v obdobi spodniho eocénu, cca

pied 55 az 35 miliony lety (Aitchison et al. 2007).

4.3 Molekularni markery, metody laboratorni prace

Studie je zaloZena pfedevSim na molekularnich datech a na jejich zakladé vytvofenych
fylogenetickych hypotéz. Cilem soucasné studie bylo ptezkoumat klasifikaci pro vSechny

taxony spadajici do tribu Metriorrhynchini prostfednictvim fylogenetické analyzy zalozené na

kompletni sadé morfologickych znak?.
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Pro studium tribu Metriorrhynchini jsme pouzili fylogenetické analyzy zaloZené na
sekvencich jaderné DNA (geny 18s, 28s rRNA) a mitochondridlni DNA (geny rrnL, cox1,
nad5; Boore 1999).

Pro izolaci DNA byla pouzita metathorakalni svalovina a zadni par nohou. Svalova tkan
byla pfed samotnou izolaci vysuSena pomoci vakuového koncentratoru, dale
zhomogenizovana a inkubovana se pii 60 - 65°C, dokud nedosSlo k rozlozeni svaloviny.
Vzorky se nasledné né€kolikrat piecist'uji a promichavaji (Vogler et al. 1993). U vy¢isténého
roztoku probéhne jesté méfeni koncentrace DNA na spektrofotometru (nanodrop ND-1000).
Poté se DNA nechd v termocykleru amplifikovat. Po ukonc¢eni PCR replikace se provadi
elektroforéza jako kontrola Gspésné amplifikace cilového produktu a jeho replikace.

Templat DNA byl pouzit pro sekvenaéni reakce, které byly pfipraveny podle protokolu
ABI Applied Biosystems. Kazda mikrozkumavka obsahujici vysledny produkt Cycle
sequencingu byla znovu precisténa 75ul 95% etanolu a 3ul 3M acetatu sodného a promyta
70% ethanolem. Mikrodesticka byla nakonec vysusena ve vakuu. Vycistény sekvenacni

produkt byl rozpustén ve formamidu a analyzovan na sekvenatoru ABI 3130.

4.4 Alignmenty, fylogenetické analyzy

Chromatogramy byly analyzovany programem Sequencing Analysis (ABI Applied
Biosystems, Inc.). Editace sekvenci byla provadéna programem Sequencher 4.10.1 (Gene
Codes Corp.). Editované sekvence byly véetné outgroup alignovany nasledujicimi programy:
ClustalW 1.83, ClustalX 2.1, T-coffee 8.95, Mafft v. 7, BlastAlign 1.2 a Muscle 3.6. V dalsim
kroku byly ze sekvenci sestaveny kompletni matice, které byly znovu odkontrolovany
v programu Se-Al. K fylogenetické analyze byly pouZity optimaliza¢ni kritéria: metoda
maximalni parsimonie (MP, program TNT 1.1), metoda maximalni pravdépodobnosti
(maximum likelihood, ML, program RAXML 7.2.5) a bayesianska interference (BI, program
MrBayes 3.2.1.). Pro kontrolu a vizualizaci vyslednych kladogramti a fylogramti byly pouzity
programy Tracer 1.5, FigTree v. 1.3.1 a PAUP*. Za ucelem datovani vzniku jednotlivych linii
jsme pouzili program Beast 1.6.1. Analyza geografickych dat probéhla v programu
BayesTraits 2.0. Program RASP 2.1 umoZnil mapovani rozSifeni ancestralnich znak

a rekonstrukci vyvoje vybranych morfologickych znaki.
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4.5 Studium morfologickych dat

V ramci této prace byla studovana 1 morfologie sekvenovanych exemplari. Dokladové
exemplare byly po odebrani svalové tkané pro izolaci DNA preparovany tradi¢nim zptisobem
a ulozeny ve sbirce laboratoie molekularni systematiky na katedie zoologie, PiF UP
Olomouc. Vybrané exemplafe byly zmékcéeny v nizko koncentrovaném alkoholu, mékké
tkdn¢ obalujici kopulacni organy a orgény v hlavové schrance byly odstranény v horkém
roztoku hydroxidu draselném. Jednotlivé ¢asti byly oddéleny pod prepara¢nim mikroskopem
a byla pofizena fotodokumentace, ktera se stala zdkladem pro vytvofeni perovych ilustraci,

nebo byly fotografie po upraveni pouzity ptimo v publikacich.
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5. Shrnuti hlavnich vysledkii studie

Tento prehled shrnuje zdkladni zavéry prezentované v této praci. Podrobny popis

vysledki a diskuse jsou uvedeny v jednotlivych publikacich.

5.1 Klasifikace tribu Metriorrhynchini

Sklenarova K., Kubecek V. & Bocak L. (2014) Subtribal classification of Metriorrhynchini
(Insecta: Coleoptera: Lycidae): an integrative approach using molecular phylogeny and
morphology of adults and larvae. Arthropod Systematics and Phylogeny 72 (1): 37-54.

Klasifikace tribu Metriorrthynchini je navrZzena na zakladé molekularni fylogeneze
skupiny a je podrobn¢ diskutovana evoluce vybranych morfologickych struktur, na kterych
byla zalozena ptredesla morfologické klasifikace. Vysledky ukazuji na né€kolikandsobny vznik
podobnych struktur Zeber na pronotu, zkricenych zeber na krovkach, poctu Zzeber
a flabelatnich tykadel. Na zakladé¢ zhodnoceni morfologie larev, dospélci a molekularni
fylogeneze je navrzena nova klasifikace. Byly nové ustanoveny subtriby Metriorrhynchina,

Metanoeina a Cautirina a subtriby Trichalina a Hemiconderina byly synonymizovany

se subtribem Metriorrhynchina.

Seznam rodovych a vyssich taxont je uveden v Tab. 2

Tab. 2. Seznam rodi v¢etné synonymie

Metriorrhynchini Kleine, 1926

Type genus: Metriorrhynchus Gemminger & Harold, 1869

Metriorrhynchina Kleine, 1926
Type genus: Metriorrhynchus Gemminger &
Harold, 1869
Achras Waterhouse, 1879
Broxylus Waterhouse, 1878
= Samanga Pic, 1921
Cautiromimus Pic, 1926
Cladophorus Guerin Meneville, 1830
= Odontocerus Guerin Meneville, 1838
= Spacekia Strand, 1936

= Pseudodontocerus Pic, 1921
= Cladophorinus Kleine, 1926
= Carathrix Kleine, 1926
= Cautiromimus Pic, 1926
Diatrichalus Kleine, 1926
= Mimotrichalus Pic, 1930
Ditua Waterhouse, 1879
Eniclases Waterhouse, 1879
Enylus Waterhouse, 1879
Falsoenylus Pic, 1926
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Falsolucidota Pic, 1921

= Hemiconderis Kleine, 1926
Flabellotrichalus Pic, 1921

= Villosotrichalus Pic, 1921

= Stereotrichalus Kleine, 1926
Kassemia Bocak, 1998
Leptotrichalus Kleine, 1925
Lobatang Bocak, 1998
Malacolycus Kleine, 1943
Mangkutanus Kubecek, Dvorak & Bocak,
2011
Marena Kazantsev, 2007
Metriorrhynchoides Kleine, 1926
Metriorrhynchus Gemminger & Harold, 1869

= Metriorhynchus Guérin-Méneville,
1838

= Dilolycus Kleine, 1926

= Flabelloporrostoma Pic, 1923
Mimoxylobanus Pic, 1921
Microtrichalus Pic, 1921

= Falsoenylus Pic, 1926
Oriomum Bocak, 1999
Porrostoma Castelnau, 1838
Procautires Kleine, 1925
Pseudodontocerus Pic, 1921
Schizotrichalus Kleine, 1926
Spinotrichalus Kazantsev, 2010
Stadenus Waterhouse, 1879

Stereotrichalus Kleine, 1926
Sulabanus Dvorak & Bocak, 2007
Synchonnus Waterhouse, 1879
Trichalolus Pic, 1923

Trichalus Waterhouse, 1877
Wakarumbia Bocak, 1999
Xantheros Fairmaire, 1877
Xylobanomimus Kleine, 1926
Xylobanomorphus Kleine, 1935

Cautirina Sklenarova et al. 2014
Type genus: Cautires Waterhouse, 1879
Caenioxylobanus Pic, 1922
Cautires Waterhouse, 1879

= Bulenides Waterhouse, 1879
Paracautires Kazantsev, 2012
Prometanoeus Kleine, 1925a

= Tapromenoeus Bocak & Bocakova,
1989
Strophicus Waterhouse, 1879
Spartoides Kazantsev, 2012
Tricautires Kazantsev, 2006

Metanoeina Sklenarova et al. 2014

Type genus: Metanoeus Waterhouse, 1879
Metanoeus Waterhouse, 1879
Xylometanoeus gen. nov

Matsudanoeus gen. nov

5.2 Fylogeografie tribu Metriorrhynchini

Sklenarova K., Chesters D. & Bocak L. (2013) Phylogeography of Poorly Dispersing Net-
Winged Beetles: A Role of Drifting India in the Origin of Afrotropical and Oriental Fauna.
PLoS ONE 8(6): e67957. doi:10.1371/journal.pone.0067957.

Soucasné rozlozeni tribu Metriorrhynchini je vysledkem pohybu kontinentalnich
fragmentt po rozpadu Gondwany. Metriorrhynchini se skladaji ze dvou linii: afro/orientalni
a australské. Bazalni linie pochazi z Australie a Indie, tedy ¢asti Gondwany definovanych
v dobé separace Australie a Indie. Afrotropicka fauna a fauna Madagaskaru vznikla disperzi
Indie driftujici na sever pred 65 az 62 miliony lety. Orientalni fauna se diverzifikovala po
srazce Indie s Asii (rody Cautires, Xylobanus, Metanoeus) a pozdé¢ji byla doplnéna o linie
migrujici z australské oblasti, kterda se dostala do kontaktu s asijskym Selfem pied asi 25
miliony lety. Orientalni fauna obsahuje rody indické i australské linie, pficemz analyzy
datovani prokazaly starsi ptivod indickych roda.
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5.3 Vznik neotennich linii v Metriorrhynchini

Bocak L., Grebennikov V.V. & Sklenarova K. (2014) Cautires apterus, a new species and the
first record of winless male Lycidae (Coleoptera) discovered in the north Pare Mountains,

Tanzania. Annales Zoologici (Warszawa) 64(1): 1-7.
V této studii je popsan novy druh Cautires apterus Bocak et al. 2014, ktery je unikatni

svou bezkiidlosti, zivotem v hrabance a faktem, ze samice tohoto druhu jsou pravdépodobn¢

larviformni. Jedna se o prvni potvrzeny piipad evoluce neotenie Vv tribu Metriorrhynchini.
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Abstract

Ancient dispersal history may be obscured by subsequent dispersal events. Therefore, we intend to investigate the
biogeography of metriorrhynchine net-winged beetles, a group characterized by limited dispersal propensity. We used DNA
data to construct phylogenies and the BayesTraits and RASP programs to identify putative ancestral areas. Further, we
inferred ultrametric trees to estimate the ages of selected nodes. The time frame is inferred from tectonic calibrations and
the general mutation rate of the mitochondrial genes. Metriorrhynchini consists of two lineages with Afro/Oriental and
Australian distributions. The basal lineages originated in Eastern Gondwana after the split of Australia, India and
Madagascar; the Afrotropical and Madagascar Metriorrhynchini separated from the Oriental clades 65 and 62 mya. Several
already diversified lineages colonized continental Asia 55-35 mya. A few genera of the Australian clade dispersed to the
Oriental region 5-15 mya and reached Eastern India and Southern China. Only Xylobanus crossed the Makassar Strait to
Sulawesi and does not occur further to the east. The current distribution of Metriorrhynchini is a result of drifting on
continental fragments and over-sea dispersal events limited to a few hundreds of kilometers. We conclude that: (1)
Afrotropical and Madagascar lineages originated independently from dispersal events during India’s drift to the north and
the Mozambique Channel completely isolates the respective faunas since then; (2) Oriental fauna is a recently established
mixture of the Indian and Australian lineages, with predominance of the older Indian clades; (3) The fauna of islands located
north of Australia colonized Sulawesi after collision with the Sundaland margin and the species rich Australian lineages did
not reach Western Wallacea or the Philippines. Our results suggest an impact of subtle differences in biological
characteristics on biogeographic history of individual lineages, when mostly lowland and flower-visiting lineages were able
to disperse across sea channels.
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Introduction

The structure of biotas of the continents that rim the Indian
Ocean are the result of the break-up of Gondwana, connectivity
between India, Madagascar and Africa, the collision of the Indian
subcontinent with Asia, and the formation of the islands of
Wallacea [1,2,3,4,5,6]. Studies on dispersal and vicariance history
often bring conflicting conclusions depending on the biology of the
studied groups as recent dispersals and extinctions can easily
obscure older patterns [7,8]. Here, we use poorly dispersing net-
winged beetles to study the biotic connectivity among Gondwanan
continents and Asia.

The dispersal propensity determines the evolution and distri-
bution of many animal lineages. Some groups are well known as
wide dispersers, e.g. diving beetles [9], and are often uninformative
in phylogeographic studies addressing ancient zoogeographical
patterns. Such studies require widespread and species rich model
groups with limited dispersal ability. Further, lineages with an
uninterrupted long-term diversification are preferable to avoid
confounding impacts of extinctions. The metriorrhynchine beetles
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are a highly diverse Palacotropical lineage with ~ 1400 species and
their origin was hypothesized in the Late Cretaceous [10,11]. Low
dispersal ability of net-winged beetles is due to strong dependence
on rain forest habitats, weak short-distance flight, short adult life
span, and the presence of geographically limited aposematic
patterns [12,13]. Their diversity and small ranges make Metrior-
rhynchini a promising model group with a potential to elucidate
ancient dispersal histories.

The morphology-based phylogeny of Metriorrhynchini was
presented by Bocak [10] and since then information has been
accumulating on the diversity of the lineage [14,15]. An apparent
trait of the lineage is high morphological diversity in the Australian
region, namely in New Guinea and humid areas of Australia
where 22 endemic genera occur; some of them, e.g. Porrostoma and
Cladophorus, are represented by hundreds of species [10]. In
contrast, only three genera Cautires, Xylobanus, and Metanoeus
represent almost complete species-level richness of the Oriental
and Afrotropical fauna (altogether ~600 spp., Fig. 1). A few
genera occur on both sides of the Wallace line and in all cases the
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number of species is highly asymmetrical, with the majority of
species known from either region (Fig. 1).

The wide distribution of Metriorrhynchini raises the question of
how they came to occupy such a range. We expect that drifting on
continental fragments beside dispersal played an important role, as
their origin is placed well after the breakup of Gondwana [11].
There are several aims of this study: (1) Reconstruct phylogenetic
relationships; (2) Identify the areas of origin and present the first
worldwide biogeographical analysis of the dispersal routes of
Metriorrhynchini in conjunction with plate tectonics [1,5,6]; and
(3) Investigate the phylogenetic structure of the hyperdiverse
Oriental fauna. The impact of ecological characteristics on
biogeographic history is discussed.

Materials and Methods

Sampling, DNA Extraction, PCR Amplification, and
Sequencing

Altogether 226 samples of Metriorrhynchini representing ~170
species from all regions from their range were sampled (Fig. 1) with
Genbank accession numbers listed in Tab. S1. DNA was extracted
using the Wizard SV96 Purification System (Promega Inc.).
Extraction yield was measured using a NanoDrop-1000 Spectro-
photometer. The PCR settings and cycle sequencing conditions
used were as reported by Malohlava & Bocak [16]. Five fragments
were sequenced: the 18S rRNA (~1900 base pairs, bp), the D2
region of the 28S rRNA (~630 bp), rmnl mtDNA, tRNA-Leu with
partial nadl (~780 bp), coxl, tRNA-Le« and cox2 mtDNA
(1100 bp), and 1180 bp of nad5 mtDNA with adjacent tRNA-Phe,
tRNA-Glu, and tRNA-Ser (multiple gene fragments are referred as
rmL, coxl, and nad5 further). The primers used are listed in Tab.
S2. The PCR products were purified using PCRu96 Plates
(Millipore Inc.) and sequenced by an ABI 3130 automated
sequencer using the Big Dye Sequencing Kit 1.1.

Sequence Handling and Phylogenetic Analyses

Sequences were edited using Sequencher 4.10.1 (Gene Codes
Corp.). Protein-coding genes contained few indels and were
aligned by ClustalW 1.83 [17]. Length variable loci were
separately aligned using four methods: ClustalW 1.83 using
penalties 22.5 for gap opening and 0.83 for extension, T-coffee
8.95 [18], Mafft v. 7 [19] and BlastAlign 1.2 [20], all under default
parameters, and Muscle 3.6 [21] under the gap opening
parameter —600 and gap extension parameter —40. The
concatenated supermatrices combined the length variable frag-
ments aligned using various methods and protein coding mtDNA
fragments aligned using ClustalW. The alignments were deposited
to the Dryad database.

Phylogenies were inferred using Parsimony (MP), Maximum
Likelihood (ML) and Bayesian Inference (BI) algorithms. The MP
analysis was carried out using TNT 1.1 [22]. For ML trees we
used RAXxML 7.2.5 [23], with separate parameters applied to the
18 partitions (Tab. S3). Confidence was determined with 100
bootstrap replicates utilizing the rapid bootstrap option under the
GTRCAT substitution model as given by the AICc criterion in
jModelTest 3.7 [24]. Additionally, the dataset was analyzed using
MrBayes 3.2.1 [25]. The MCMC was set with independent
parameters for 18 partitions under the general time reversible
model with a category of invariant sites and gamma distributed
rates (GTR+I+G). Four chains were run for 40.10° generations,
with trees sampled every 1,000 generations. The stationary phase
was detected using Tracer 1.5 [26], pre-stationary trees were
discarded as the burn-in phase and posterior probabilities
determined from the remaining trees.
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A likelihood ratio test was used to test the molecular clock
hypothesis. Under the null hypothesis Ly, the molecular clock
holds, while hypothesis L; imposes no clock constraint. The chi-
square value is given by 2logL. = 2(logLy-logL,;) where Ly and L,
are likelihoods of the tree under the given model, and the p-value
is calculated for s-2 degrees of freedom where s is number of
terminal branches on the tree [27].

Historical Biogeography Analyses

The absence of the net-winged beetle fossils makes any
calibration difficult, and therefore two calibrating points and
substitution rate were employed to date splits of interest: (i) The
basal split in Metriorrhynchini at ~78 mya inferred from the
divergence of Lycini and Calopterini in the dated phylogeny of
Lycidae [11]; (ii) Alternatively, we used the arbitrary point
100 mya, when the latest presence of the Kerguelen Plateau [5]
could support connection between India and Australia (Fig. 2A);
(ii1) Finally, the mean substitution rate of mtDNA was fixed to
0.0115 substitutions/lineage/my, which appeared to be satisfac-
tory in Metriorrhynchus [13]. The mean rate is a composite rate of
rapidly and slowly evolving genes [28].

We estimated the time to the most recent common ancestor for
selected clades using a Bayesian approach implemented in Beast
1.6.1 [29]. All analyses were performed using a GTR+I+G model
as given by the AICc criterion in jModelTest 3.7 [24], using a
relaxed molecular clock and an uncorrelated lognormal model of
rate variation among branches. The data were partitioned (Tab.
S3), with each partition allowed independent parameters. In all
analyses 12.107 generations were run and trees sampled every
1,000 generations. Convergence was assessed in Tracer 1.5 [26].
The mtDNA dataset was run four times and results combined.

Using the BI trees, we were interested in the reconstruction of
ancestral geographical states at key internal nodes. In total, nine
geographic regions were defined: Australia, Sulawesi, the Philip-
pines, Palawan, Madagascar, Africa, the Western Malay Archi-
pelago (Sumatra, Borneo, Java and the Malay Peninsula; referred
as Sundas further), continental Asia north of the Kra Isthmus, and
an external region for the outgroup, as the sister-group of
Metriorrhynchini is unknown. The geographic states at each
terminal were input into BayesTraits [30] and the likelihood of
each alternative geographic state inferred for nodes of interest.
Nodes to be reconstructed were defined on the Bayesian consensus
topology. Due to the time consuming nature of defining internal
nodes for reconstruction, a Perl script was developed to read
newick format trees and prepare the appropriate BayesTraits input
commands. The script is made freely available online (https://
sourceforge.net/projects/bayestraitswrap/). In order to account
for phylogenetic uncertainty, ancestral reconstruction was per-
formed for a number of trees sampled during the stationary phase
of the Bayesian search. The likelihoods of each state were
calculated where a node of the consensus tree was present in the
given sampled tree (BayesTraits command: AddNode), then the
average likelihoods calculated over each of 30 sampled trees. We
used the MP-based statistical dispersal-vicariance analysis imple-
mented in RASP 2.1 [31] for an alternative ancestral state
reconstruction. We randomly selected 1000 Bayesian trees inferred
from the Muscle alignment after burning the non-stationary phase;
the geographical regions were coded as above.

Results

DNA Sequencing and Estimation of Phylogeny
DNA sequences were obtained for five fragments (Tab. S2). The
rRNA fragments varied in length, with four alignment algorithms
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Figure 1. Distribution of Metriorrhynchini. All genera of the Australian clade occurring in the Philippines are also present in Sulawesi.

doi:10.1371/journal.pone.0067957.g001

producing datasets of 5792-5963 characters. The numbers of
characters and their informativeness are given in Tab. S3.

The phylogenetic reconstruction inferred by MP, ML, and BI
resulted in similar topologies for the concatenated datasets inferred
under the five alignment algorithms (Figs. 3, S1). The trees had
fully resolved basal branches, although the arrangement of some
clades varied across analyses (Tab. 1).

All trees indicate that Metriorrhynchini represent a monophy-
letic clade. Three clades were consistently found as basal splits:
Xylobanus(A)+Metanoeus, the Australian clade (Sulabanus, Wakarum-
bia, Porrostoma, Metriorhynchus, Microtrichalus, etc.) and the Afro/
Oriental clade (Xylobanus(B)+Cautires; both genera inferred as a
paraphyletic assemblage). The first clade was found as a sister

group of either the Australian or Afro/Oriental clade (Tab. 1
Figs. 3-4, Figs. S1-S2). The unconstrained Beast analysis
suggested the first topology (Fig. 4). The clade designations refer
to their ancestral ranges and are discussed under their respective
names further.

Divergence Times and Ancestral Areas

The presence of a molecular clock was tested for using a
likelihood ratio test with the ClustalW alignment. The likelihood
under a model with no clock constraint was —212138, and
—213384 with a clock constraint, giving a likelihood ratio of 1246
(2%(213384-212138)), a significant rejection of the molecular clock
at d.f. of 249 and significance cutoff of 0.05.

Figure 2. Schematic positions of the Gondwanan continents (A) before the origin of Metriorrhynchini, (B) at the time of the basal
split, (C) at the time of dispersal to Africa and Madagascar and (D) at the time of dispersal to continental Asia. Position of continents
redrawn from Ali & Aitchison (2008), position of India in Fig. 2D from [47]. Colored areas depict hypothesized ranges of the Afro/Asian and Australian
clade; arrows indicate presumed dispersal events.

doi:10.1371/journal.pone.0067957.g002
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Therefore, speciation events were dated using a relaxed
molecular clock as implemented in Beast 1.6.1. Due to uncertain-
ties in molecular dating, we used two tectonic-based calibrations
and a general molecular rate as described in the Methods. The
normalized tree calibrated by the age of the Metriorrhynchini
(~78 mya) sets a time of dispersal to Africa at ~65 mya, and to
Madagascar ~62 mya (Fig. 4, Tab. 2). The dispersal events across
the Wallace line and to the Philippines are inferred in the
congruence with the tectonic history (Fig. 4). The alternative
calibrations proposed deeper (when calibrated by the latest
presence of the subaerial Kerguelen Plateau) or slightly shallower
(calibrated by mutation rate) dating. The complete results are
given in Tab. 2.

The program BayesTraits was used to reconstruct the ancestral
area states of key nodes in the Metriorrhynchini phylogeny. The
analyses gave strong support for the basal split of the Australian
and Afro/Oriental lineages (Fig. 3, Tab. 3, S4). High likelihoods
were assigned to separate dispersals to Africa and Madagascar. A
limited number of lineages crossed the Wallace’s line from
Sulawesi to Borneo or the Philippines, or the Huxley’s line from
Asia to the Philippines. The Makassar Strait proved to be an
effective barrier to dispersal, as only Metriorhynchus and Micro-
trichalus crossed the line in the westward direction, and Xylobanus in
the eastward direction. Similar results were inferred from the
statistical dispersal-vicariance analysis (Fig. S2).

Discussion

Phylogeny

Here, we propose the first molecular phylogeny of Metrior-
rhynchini. We confirm their monophyly and basal split into the
Afro/Oriental and Australian clade (Figs. 1, 3-4). In contrast to
the morphology based study [10], molecular data better resolve
the phylogenetic structure of the major clades, with just the
position of Metanoeus remaining unresolved. Both inferred topol-
ogies obtained low support for the position of this clade (Fig. S1).
Xylobanus and Cautires form a monophylum with high support, but
both genera were inferred as reciprocically paraphyletic due to
multiple origins of the strengthening elytral costae used for the
definition of these genera.

Dispersal Propensity

A critical point for further discussion is dispersal propensity of
Metriorrhynchini. The earlier studies shoved their limited ability

PLOS ONE | www.plosone.org

Table 1. Nodes recovered by analyses of the datasets produced by five alignment procedures using parsimony (MP), maximum
likelihood (ML) and Bayesian (BI) algorithms.

Alignment BlastAlign Clustal Muscle Tcoffee Mafft

Algorithm 14 ML BY MP ML BY mpP ML BY MP ML BY mpP ML BY
Metriorrhynchini M M M M M M M M M M M M M M M
Metanoeus(Xylobanus,Cautires) P M M P M M P P P P M M P P M
(Metanoeus Xylobanus partA) M M M M M M M M M M M M M M M
(Xylobanus partB, Cautires) M M M M M M M M M M M M M M M
(Australian Metriorrhynchini) M - M M - M M M M M M M M M M
(Sulab.(Austr. Metriorh.part) - M - M M - - M M M M M M - -
(Synch., Leptotr.,, Wakarumbia) M M M - M M - M M - M M M M M
(Porrostoma, Metriorrhynchus) - M M M M - - M M - M M P M M
(Trichalus, Microtrichalus) M M M M M M - - M - M M M M M
doi:10.1371/journal.pone.0067957.t001

to cross open sea. Bocak & Yagi [13] identified a single dispersal
event across the Makassar Strait at the end of mid-Miocene. The
strait is now ~115 km wide in the narrowest point, but was less
than 100 km wide repeatedly during glacial low stands [32].
Surprisingly, a few metriorrhynchines crossed this strait (Fig. 3)
[15]. On the other hand, the ~460 km wide Mozambique
Channel was never crossed by any net-winged beetle and the only
Lycidae shared between Africa and Madagascar are Cautires and
Xylobanus, which are hypothesized a result of independent dispersal
events further (Fig. 3) [33]. This finding is in contrast with frequent
dispersal events across the Mozambique Channel in other animal
lineages [4]. The low dispersal propensity is additionally supported
by very species high turn over between close islands [34] or
mountain systems [35,36].

The present differences between faunas of neighboring land-
s enable an estimation of the open-sea distances, which the
metriorrhynchines can cross. Therefore, we conservatively accept

masse:

in further discussion dispersal events across sea channels narrower
than 500 kilometers when the geographical proximity lasts over a
long time span. Long-distance dispersals across between continents
are not considered.

Biogeography and Dating

The analyses indicate that (i) Metriorrhynchini are of eastern
Gondwanan origin and the geographical structure of its two
principal lineages, the Afro/Oriental and Australian clades, has
been preserved until present (Figs. 1, 3); (i) Rafting on continental
fragments played an important role, with dispersal limited to
crossing sea channels a few hundreds kilometers in width; and that
(iti) The direction of dispersal was most likely from drifting India to
Africa, Madagascar, and continental Asia, and from Australia to
Asia (Figs. 2, 4). Due to low dispersal propensity, the Metrior-
rhynchini missed dispersal opportunities commonly exploited by
other animals. They are absent from New Zealand in contrast with
diversity in Australia [10]. Despite presence in the Far East
Metriorrhynchini did not disperse to North America via the
Transberingian route [37]. Similarly, the connection between
Australia and South America effective until the late Eocene [38]
was not traversed by Metriorrhynchini. Concerning the very high
diversity of Metriorrhynchini in all parts of their range we suggest
that these patterns are not the result of extinctions, but
demonstrate deep dispersal history.
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Three approaches were employed to set the sequence of splits
inferred from tree topology into a time frame. We used two
tectonic events as calibration points: (i) The age of Metrior-
rhynchini fixed at 78 mya [11] resulted in the dates in Fig. 4, and
the inferred time frame is consistent with tectonics of the East
Gondwanan region. (ii) The alternative calibration based on the
latest presence of the Kerguelen Plateau at 100 mya suggested an
unrealistically early dispersal to the Oriental region and Wallacea
(Tab. 2) [5]. (ili) The fixed mean substitution rate provided the
shallowest estimations amongst the calibrations used, but not
substantially different from the preferred dating (Tab. 2). The
‘universal’ mean clock is prone to error [28] and was applied here
to provide another age limit for estimations. Although the inferred
dating based on Lycidae phylogeny is congruent with the known
sequence of tectonic events resulting in dispersal opportunities, the
exact dating remains open for further investigation and we rely
herein only on the information inferred from topology, i.e.
sequence of events, combined with maximum time limits.

The Early Evolution of Metriorrhynchini: the Split of the
Australian and Afro/Asian Clades

Metriorrhynchini is a Palacotropical clade, which began
diversification in Eastern Gondwana (Fig. 2A). The absence of
Metriorrhynchini in the Neotropics and the delayed presence in
Africa and Madagascar as well as the age inferred from the
mutation rate refutes Gondwanan vicariance. Therefore, ancient
over-sea dispersal after Gondwanan fragmentation is considered.
The basal split between the Metanoeus, Australian and Afrotropi-
cal/Oriental clade is set in time when Indian was much closer to
Australia than the other parts of the present Asia (75-100 mya,
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Table 2. Estimation of the age of selected nodes inferred from the Bayesian.
Clade number in Fig. 4 Root fixed at 77.7. =3.02 my Rate 0.0015% my ' Root fixed at 100 mya
Taxon/node mean (my) 95% HPD mean (my) 95% HPD mean (my) 95% HPD
1 Metriorrhychini (root) 77:35% 71.44-83.22 73.57 63.88-82.81 99.74* 93.86-105.73
2 Austr.(Xylob.+Metan.) 73.26 66.55-79.97 68.03 61.15-75.32 94.37 86.23-102.93
3 Xylobanus(2)+Metanoeus 65.04 55.54-75.76 61.92 50.70-72.50 83.34 74.17-92.46
4 Xylobanus (clade 1) 4317 34.70-51.56 41.28 31.06-50.30 55.49 45.12-65.78
5 Metanoeus 28.48 21.07-35.71 27.36 20.84-34.14 37.30 28.89-46.57
6 Metriorrhynchini (austr.) 58.36 47.57-67.78 55.90 48.28-62.25 77.37 67.92-86.36
v Cautiromimus+Broxylus 50.83 37.50-67.09 49.03 37.65-61.20 65.97 50.83-84.45
8 Broxylus 39.67 28.82-51.12 38.73 28.82-47.80 51.95 39.23-68.81
9 Porrost.+Sulab.+Metr. 53.08 42.69-63.70 50.52 43.80-57.34 68.98 59.16-79.19
10 Sulabanus 37.15 28.22-45.77 35.78 29.01-42.56 48.25 38.79-58.12
1 Metriorrhynchus 42.79 32.74-52.89 40.71 33.25-48.58 55.42 43.87-66.51
12 Porrostoma 38.18 28.56-47.46 36.34 28.80-44.05 49.82 39.03-60.14
13 Metriorrhychus (Sulaw.) 2267 15.19-30.46 21.58 15.56-28.09 29.77 21.18-39.12
14 Leptotrich.+Wakarumbia 48.13 38.41-58.59 45.90 38.61-53.57 62.97 52.60-73.84
15 Trichalus 31.95 22.23-41.49 31.11 22.51-40.15 4212 30.23-54.58
16 Leptotrichalus 26.75 19.44-34.38 2545 19.22-31.75 35.12 26.04-43.78
17 Wakarumbia 22.67 17.36-28.38 21.34 17.33-25.88 29.02 23.03-35.20
18 Xylobanus+Cautires 69.73 59.56-79.40 66.43 60.42-72.73 90.99 83.14-98.60
19 Cautires (Afrotropical) 59.96 49.58-69.71 57.11 50.59-63.79 78.06 68.75-87.17
20 Cautires (Madagascar) 34.53 24.02-44.99 32.46 24.04-41.45 45.01 33.06-58.23
*Asterisk designates the nodes used for calibration.
doi:10.1371/journal.pone.0067957.t002

Fig. 2A-B). Considering the limited dispersal ability, the over-sea
dispersal between Australia and India starting its drift to the north
(definitively <1000 km) [39] is preferred to the dispersal event
between Australia and Asia (>2500 km, Figs. 2A-B). Deeper
dating within confidence intervals or the presence of the remnants
of the subaerial Kerguelen Plateau allow assumption of the
dispersal at the distance <500 km. The phylogenetic reconstruc-
tions suggest origin of Metriorrhynchini either in Australia or
India (Figs. 34, S1-S2) taken the ambiguity of the phylogenetic
inference in consideration. The Australian origin is supported by
the higher morphological diversity of the Australian clade (Fig.
S1). The second hypothesis is more parsimonious assuming the
topology in Fig. S2. The direction of dispersal will have to be
based on a more extensive data set.

Late Cretaceous Connectivity between India, Madagascar
and Africa

Assuming presence of Metriorrhynchini on the drifting India
(Fig. 2), we infer independent Lower Tertiary migrations to Africa
(~65 mya) and Madagascar (~62 mya) at the early stage of the
differentiation of the Afro/Oriental clade. The topologies and
dating of the splits between the Indian and Afrotropical/
Madagascar clades refute the vicariance hypothesis, as these
Gondwanan fragments lost connectivity 100 mya [4,40], well
before the origin of the African and Malagasy clades (Figs. 2, 4).
The connectivity of these landmasses between the Maastrichtian
and Lower Eocene remains contentious, and an island chain
connection [5] or a modified position of India [3], were proposed
as alternatives to India’s isolation during rifting to the north [2].
The present results support biotic connectivity between India and
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Africa in this period, across sea channels whose effective width
might be lowered by the presence of the islands of the Amirante
Ridge (Fig. 2C) [5]. The sampling of Afrotropical metriorrhynch-
ines is limited in the present study and we cannot exclude that
further dispersal events from India to Africa may be identified with
more comprehensive sampling. Colonization via the migration
corridor connecting Asia and Africa through the Arabian
Peninsula in the Early Miocene (17-20 mya), which led to faunal
and floristic exchanges in other groups [41,42], did not get any
support from our data.

Yoder & Novak [4] demonstrated that most of the Malagasy
biota is a result of dispersal events originating from the African
coast. Metriorrhynchini, although rejected as an old Gondwanan
element in Madagascar, suggest a role of India during its rifting to
the north as an ancient source of immigrants. The ecological
characteristics prevented lycids from the gradual build up of
Madagascar biota across the >400 km wide Mozambique
Channel and they remained isolated in Madagascar since the
colonization of the island.

Origin and Phylogenetic Structure of the Oriental Fauna

Our data imply that Southeast Asian Metriorrhynchini are a
phylogenetically heterogeneous assemblage and are formed of two
groups: (i) Cautires, Xylobanus, and Met s, which colonized the
Oriental Region in Eocene (Fig. 2D, Tab. 2) and (ii), the lineages
of the Australian clade (Fig. 5), as recent colonists.

The position of deeply nested lineages which gave an origin to
the Madagascar and African fauna supports the India ferry
hypothesis as an explanation of the origin of the Cautires/
Xylobanus/ Metanoeus group in the Oriental region, and refutes
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Table 3. Reconstructed probabilities of nine geographic areas at each of selected nodes of the Bayesian phylogeny.
Node# Node code Defined range:
node #
Continental in
Sundas Sulawesi  Asia outside Africa A lia Madag Philippii Pal Tab.S4

1 Cautires1 0.48098 0.00626 0.11454 0 0.00006  0.00757  0.03428 0.21455 0.14177 20
2 Cameroon 0 0.00387 0 0 0.98903 0 0.00481 0.00011 0.00209 55
3 Madagascarl 0.00022 0.00381 0.00284 0 0 0.02506  0.96792 0 0 63
4 Madagascar 2 0.08706 0.02045 0.06322 0 0.00219  0.00962  0.66407 0.09364 0.05975 64
5 Cautires2 0.16606 0.00004 0.76362 0 0 0.00006  0.01782 0.01323 0.03917 124
6 Cautires3 0.07343 0.00026 0.82507 0.00001 0 0.00030  0.02258 0.03902 0.03932 125
7 CautiresMadagasc. 0.05744 0.00032 0.37550 0 0.00303  0.00024  0.36568 0.08801 0.10978 127
8 XylobCautires1 0.05814 0.01505 0.61849 0 0 0.01863  0.04806 0.09906 0.14257 140
9 XylobCautires2 0.02893 0.06566 0.50941 0 0.00004 0.00053  0.20388 0.08926 0.10228 141
10 Cautires4 0.07070 0.00157 0.36993 0 0.01400 0.00132  0.15853 0.17732 0.20662 142
n MetriorrhSulabanus 0 0.03997 0.00012 0 0 0.93317  0.01446 0.00139 0.01085 184
12 TrichalusWakarumb  0.00008 0.06730 0.00025 0.00001 0.00001 0.90288  0.01954 0.00823 0.00170 225
13 TrichWakSul 0.00053 0.00029 0 0 0.00013  0.99138  0.00074 0.00629 0.00064 226
14 TrichMetr 0.00004 0.00004 0.00002 0.00002  0.00017  0.94138  0.00008 0.01453 0.04373 227
15 MetanoeusXylobanus 0.25720 0.03002 0.33029 0.00026  0.00204  0.03302  0.07744 0.11255 0.15719 239
16 MetanoeusMetr-ini 0.00615 0.00216 0.10669 0 0 0.75762  0.02838 0.03024 0.06877 240
17 Metriorhynchini 0.05665 0.01317 0.15450 0.00007  0.00016  0.57861 0.01155 0.14325 0.04203 241
18 Cautires Cameroon 0.04622 0.00002 0.54908 0 0.05274  0.00086  0.24338 0.03006 0.07766 425
19 Trichalus Broxylus 0 0.00023 0 0 0 0.92463  0.00094 0.07371 0.00039 426
Selected nodes are designated in Fig. 3. For further clades see Tab. S4.
doi:10.1371/journal.pone.0067957.t003

later, transoceanic dispersal known in some other animals (the
Ninety Ridge hypothesis) [42,43]. This pattern is congruent with
the role of India in the plant dispersal [44]. The clade was well
diversified at the moment of dispersal to Asia and we identified 11
(at 55 mya) to 31 (35 mya) lineages in this clade at the time of the
collision between India and Asia (Figs. 2D, 4) [5,45]. The mid
Eocene ever-wet rain forest corridor [46] might enable rapid
dispersal to east and subsequent diversification (estimated ~800
species at present). Although Indian plants readily colonized
Sulawesi [47], Oriental Metriorrhynchini dispersed there much
later and in low numbers (Figs. 3-4), probably during episodes of
lower sea levels, which enabled dispersal in the opposite direction

[3l.

The Role of Wallacea in Dispersal of Australian Fauna to
the North

Wallacea in the present form is a relatively young configuration
of islands and the Australian and Oriental lineages could use this
dispersal route since the Australian plate approached Asia 15—
20 mya (Fig. 5, Tab. 2) [6]. All dispersal events in the region
require the assumption of the over-sea dispersal and the distances
to cross might have been a few hundreds kilometers as various
islands formed and were eroded in the region [1,6]. Due to
rareness of dispersal across such barriers, we still observe
substantial differences between the biotas of Wallacea, New
Guinea and Northern Australia (Fig. 5). Although effectively used
by other organisms [42], these islands provided limited dispersal
opportunities for Metriorrhynchini.

Several factors may affect the structure of Metriorrhynchini
fauna in Wallacea. The islands at the northern margin of New
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Figure 5. Hypothesized ranges of Metriorrhynchini (A) before the contact of the Australian and Asian continental plates; (B) at time
of the dispersal between Sulawesi, Borneo and the Philippines.
doi:10.1371/journal.pone.0067957.g005
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Guinea moved westward in the last 20 my (Fig. 5); [6,48] and this
might support the dispersal of Australian Metriorrhynchini to west
and limit dispersal in the opposite direction. Another important
factor are ecological differences: taxa adapted to seasonally
semidry habitats and capable of flight outside the rain forest
canopy (e.g. flower-visiting Microtrichalus and Metriorrhynchus) are
more widespread. In contrary, the taxa preferring the shaded,
moist, under-canopy situations, e.g. Wakarumbia, Sulabanus, did not
disperse across the Makassar Strait. The net-winged beetles exhibit
a very conservative life history and even these minor differences in
biology have a profound impact on the dispersal success.

Within Wallacea, only the Sulawesi fauna contains representa-
tives of both basal clades (Fig. 1), but the apparent Australian bias
in the Sulawesi biota is in contrast with the narrowness of the
Makassar Strait (~100 km depending on the sea levels) [31].
Besides isolation by distance it can be supported by the
pronounced seasonality of Sulawesi climate. Although almost
completely of Australian origin, the Sulawesi fauna consists mainly
of genera, which do not occur in Australia and New Guinea, and
are either Wallacea endemics (Wakarumbia, Broxylus, Mangkutanus,
and Lobatang) or occur additionally in the Philippines (Sulabanus)
(Fig. 1). The origins of these endemic lincages were dated to 23—
40 mya (Fig. 5) and we suppose that they might have a long
diversification history in the fragmented Sula Spur [6]. We found
that several species rich Australian lineages did not reach Sulawesi
and the Philippines (e.g. Porrostoma, Cladophorus), reached only
Sulawesi and the Philippines (Cautiromimus) and a few colonized
additionally continental Asia (Metriorrhynchus, Microtrichalus). When
present in Sulawesi, these genera are species poor [14,15] and we
suppose their delayed colonization of Wallacea.

Conclusions

Biological characteristics of the metriorrhynchines have a
substantial impact on their evolution. Low dispersal propensity
limits Metriorrhynchini to small ranges and even a few hundreds
kilometers wide sea channels can limit dispersal between
neighboring landmasses. The long-distance dispersal events
(>500 km) are absent and repeated expansion of ranges over
sea channels were seldom identified. Such immobile organisms
provide a distribution pattern that has been historically preserved,
and gives a different view on the dispersal history to that of highly
mobile animals.

The Indian subcontinent played a central role in the dispersal
history of Metriorrhynchini and served as a Noah’s Ark, bringing
South Gondwanan fauna to Africa (65 mya), Madagascar
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Supplementary Table S1. Taxa included in the analysis with collecting information, voucher, and
GenBank accession numbers.

Species

Outgroup
Libnetis sp.
Dilophotes sp.
Plateros sp.
Platycis minutus

Lycoprogenthes sp.

Calochromus sp.
Duliticola sp.
Libnetis sp.
Lycus sp.
Calopteron sp.
Lyropaeus sp.
Dihammatus sp.
Plateros sp.
Scarelus sp.
Calochromus sp.

Lyponia nigrohumeralis
Macrolycus bocakorum
Dictyoptera elegans
Pyropterus nigroruber

Lopheros sp.

Lycoprogenthes sp.

Plateros sp.
Dilophotes sp.

Ingroup

Metriorrhynchus lineatus
Metriorrhynchus sp.
Metriorrhynchus sp.
Metriorrhynchus lobatus

Metanoeus sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Xylobanus sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.

Voucher
number

UPOL 001002
UPOL 000244
UPOL 000243
UPOL 000348
UPOL 000358
UPOL 000400
UPOL 000LO1
UPOL 000L02
UPOL 000L03
UPOL 000L25
UPOL 000L 11
UPOL 000L12
UPOL 000L13
UPOL 000L15
UPOL 000L16
UPOL 000L17
UPOL 000L18
UPOL 000570
UPOL 000574
UPOL 000578
UPOL 000801
UPOL A00047
UPOL A00060

UPOL 000009
UPOL 000010
UPOL 000011
UPOL 000017
UPOL 000026
UPOL 000030
UPOL 000037
UPOL 000040
UPOL 000043
UPOL 000044
UPOL 000047
UPOL 000048
UPOL 000050
UPOL 000052
UPOL 000056
UPOL 000060
UPOL 000064
UPOL 000066
UPOL 000068
UPOL 000069
UPOL 000070
UPOL 000071
UPOL 000074
UPOL 000075
UPOL 000079
UPOL 000080

Geographic
origin

Indonesia
Sabah
Sabah
Czech Republic
Java
Palawan
Sabah
Sabah
South Africa
Ecuador
Sabah
Sabah
Sabah
Sabah
China
China
China
Japan
Japan
Japan
Sumatra
Malaysia
Philippines

Sumatra
Sulawesi
Sulawesi
Sulawesi
Borneo
Borneo
Borneo
Borneo
Borneo
Borneo
Sumatra
Sumatra
Sumatra
Sumatra
Sumatra
Sumatra
Laos
Laos
Borneo
Borneo
Malaysia
Borneo
Borneo
Laos
Borneo
Borneo

18S 28S 16S cox| nad5

DQI81104 DQ181178 DQ181030 DQI181252 DQ181406
DQ181066 DQ181140 DQ180992 DQ181214 DQ181368
DQI181065 DQ181139 DQ180991 DQ181213 DQ181367
DQ181069 DQ181143 DQ180995 DQ181217 DQ181371
DQI181070 DQ181144 DQ180996 DQ181218 DQ181372
K(C538321 KC538512
DQI181037 DQI81111 DQ180963 DQ181185 DQ181339
DQI181038 DQI81112 DQ180964 DQ181186 DQ181340
DQ181039 DQ181113 DQ180965 DQ181187 DQ181341
DQ181053 DQ181127 DQ180979 DQ181201 DQ181355
DQ181042 DQ181116 DQ180968 DQ181190 DQ181344
DQI81043 DQI181117 DQ180969 DQI181191 DQ181345
DQI181044 DQ181118 DQ180970 DQ181192 DQ181346
DQ181046 DQ181120 KC538782 DQ181194 DQ181348
DQI181047 DQ181121 DQ180973 DQ181195 DQ181349
DQ181048 DQ181122 DQ180974 DQ181196 DQ181350
DQI81049 DQ181123 DQ180975 DQ181197 DQ181351
DQI81073 DQ181147 DQ180999 DQ181221 DQI81375
DQI181077 DQ181151 DQ181003 DQ181225 DQ181379
DQI181081 DQ181155 DQ181007 DQ181229 DQ181383
DQI181095 DQ181169 DQ181021 DQ181243 DQ181397
KC538062 KC537854 - KC538353 KC538544
KC538072 KC537863 KC538740 KC538359 KC538552

KC538123 KC537913 KC538628 DQY904297 DQ904259
KC538124 KC537914 - DQ144659 DQ144685
KC538125 KC537915 KC538629 DQ144660 DQ144686
KC538126 KC537916 KC538630 DQ144662 DQ144688
KC538127 KC537917 KC538631 KC538244 KC538436
K(C538128 KC537918 KC538632 KC538245 KC538437
KC538129 KC537919 KC538633 KC538246 KC538438
KC538130 KC537920 KC538634 KC538247 KC538439
KC538131 KC537921 KC538635 KC538248 KC538440
KC538132 KC537922 KC538636 KC538249 KC538441
KC538133 KC537923 KC538637 KC538250 KC538442
KC538134 KC537924 KC538638 KC538251 KC538443
KC538135 KC537925 KC538639 KC538252 KC538444
KC538136 KC537926 KC538640 KC538253 KC538445
KC538137 KC537927 KC538641 KC538254 KC538446
KC538138 KC537928 KC538642 KC538255 KC538447
KC538139 KC537929 KC538643 KC538256 KC538448
KC538140 KC537930 KC538644 KC538257 KC538449
KC538141 KC537931 KC538645 KC538258 KC538450
KC538142 KC537932 KC538646 KC538259 KC538451
KC538143 KC537933 KC538647 KC538260 KC538452
KC538144 KC537934 KC538648 KC538261 KC538453
KC538145 KC537935 KC538649 KC538262 KC538454
KC538146 KC537936 - KC538263 KC538455
KC538147 KC537937 KC538650 KC538264 KC538456
KC538148 KC537938 KC538651 KC538265 KC538457



Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Metanoeus sp.
Cautires sp.
Xylobanus sp-
Metanoeus sp.
Cautires sp.
Cautires sp.
Metanoeus sp.
Xvlobanus sp.
Cautires sp.
Xylobanus sp.
Xylobanus sp.
Xvlobanus sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Xylobanus sp.
Cautires sp.
Cautires sp.
Cautires sp.

Microtrichalus sp.

Cautires sp.
Cautires sp.

Leptotrichalus sp.

Cautires sp.
Cautires sp.
Cautires sp.
Xylobanus sp.
Xvlobanus sp.
Cautires sp.
Metanoeus sp.
Xylobanus sp.
Xylobanus sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Xylobanus sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.

Metriorrh. palawensis
Porrostoma rhipidum
Microtrichalus sp.
Metriorrhynchus sp.
Microtrichalus sp.
Microtrichalus sp.
Porrost. haemorrhoidalis

Xylobanus sp.

Cautiromimus sp.

UPOL 000081
UPOL 000084
UPOL 000088
UPOL 000090
UPOL 000104
UPOL 000105
UPOL 000109
UPOL 000120
UPOL 000121
UPOL 000122
UPOL 000123
UPOL 000125
UPOL 000132
UPOL 000147
UPOL 000152
UPOL 000153
UPOL 000154
UPOL 000164
UPOL 000174
UPOL 000177
UPOL 000178
UPOL 000184
UPOL 000188
UPOL 000189
UPOL 000195
UPOL 000199
UPOL 000205
UPOL 000206
UPOL 000208
UPOL 000217
UPOL 000219
UPOL 000220
UPOL 000221
UPOL 000224
UPOL 000246
UPOL 000248
UPOL 000262
UPOL 000274
UPOL 000290
UPOL 000294
UPOL 000295
UPOL 000297
UPOL 000314
UPOL 000315
UPOL 000335
UPOL 000339
UPOL 000342
UPOL 000346
UPOL 000355
UPOL 000366
UPOL 000372
UPOL 000373
UPOL 000374
UPOL 000375
UPOL 000376
UPOL 000378
UPOL 000379
UPOL 000388

Borneo
Borneo
Malaysia
Borneo
Borneo
Borneo
Borneo
Laos
Sumatra
Borneo
Java
Sumatra
Sumatra
India
Laos
Laos
Laos
Laos
Malaysia
Malaysia
Malaysia
Borneo
Laos
Laos
South Africa
Sulawesi
Sumatra
Sumatra
Borneo
Japan
Japan
Japan
Japan
Japan
Sumatra
Sumatra
Borneo
Borneo
Laos
Sumatra
Sumatra
Sumatra
Sumatra
Sumatra
Borneo
Borneo
Borneo
Borneo
Jawa
Palawan
Australia
Australia
Australia
Australia
Australia
Australia
Palawan
Palawan

KC538149 KC537939 KC538652 KC538266 KC538458
KC538150 KC537940 KC538653 KC538267 KC538459
KC538151 KC537941 KC538654 KC538268 KC538460
KC538152 KC537942 KC538655 KC538269 KC538461
KC538153 KC537943 KC538656 KC538270 KC538462
KC538154 KC537944 KC538657 KC538271 KC538463
- KC537945 KC538658 KC538272 KC538464
KC538155 KC537946 KC538659 KC538273 KC538465
KC538156 KC537947 KC538660 KC538274 KC538466
KC538157 KC537948 KC538661 KC538275 KC538467
KC538158 KC537949 - KC538276 -

KC538159 KC537950 KC538662 KC538277 KC538468
KC538160 KC537951 KC538663 HQ456987 HQ457009
KC538161 KC537952 KC538664 KC538278 KC538470
KC538162 KC537953 KC538665 KC538279 KC538471
KC538163 KC537954 KC538666 KC538280 KC538472
KC538164 KC537955 - KC538281 -

KC538165 KC537956 KC538667 KC538282 KC538473
KC538166 KC537957 - KC538283 KC538474
KC538167 - KC538668 KC538284 KC538475
KC538168 KC537958 KC538669 KC538285 KC538476
KC538169 KC537959 KC538670 KC538286 KC538477
KC538170 KC537960 KC538671 KC538287 KC538478
KC538171 KC537961 KC538672 KC538288 KC538479
KC538172 KC537962 KC538673 KC538289 KC538480
KC538173 KC537963 KC538674 KC538290 KC538481
KC538174 KC537964 KC538675 KC538291 KC538482
KC538175 KC537965 KC538676 KC538292 KC538483
DQI81064 DQ181138 KC538677 DQ181212 DQ181366
KC538176 KC537966 KC538678 KC538293 KC538484
KC538177 KC537967 KC538679 KC538294 KC538485
KC538178 KC537968 KC538680 KC538295 KC538486
KC538179 - KC538681 KC538296 KC538487
KC538180 KC537969 KC538682 KC538297 KC538488
KC538181 KC537970 KC538683 KC538298 KC538489
KC538182 KC537971 KC538684 KC538299 KC538490
- KC537972 KC538685 KC538300 KC538491
KC538183 KC537973 KC538686 KC538301 KC538492
KC538184 KC537974 KC538687 KC538302 KC538493
KC538185 KC537975 KC538688 KC538303 KC538494
KC538186 KC537976 KC538689 KC538304 KC538495
KC538187 KC537977 KC538690 KC538305 KC538496
KC538188 KC537978 KC538691 KC538306 KC538497
KC538189 KC537979 KC538692 KC538307 KC538498
KC538693 KC538308 KC538499
KC538190 KC537980 KC538694 KC538309 KC538500
KC538191 KC537981 KC538695 KC538310 KC538501
KC538192 KC537982 KC538696 KC538311 KC538502
- KC537983 KC538697 KC538312 KC538503
K(C538698 DQ144665 DQ144691
KC538193 KC537984 KC538699 DQ144678 DQ144702
KC538194 KC537985 KC538700 KC538313 KC538504
KC538195 KC537986 KC538701 KC538314 KC538505
KC538196 KC537987 KC538702 KC538315 KC538506
KC538197 KC537988 KC538703 KC538316 KC538507
KC538198 KC537989 KC538704 DQ144679 DQ144703
KC538199 - KC538705 KC538317 KC538508
" . . KC538318 KC538509



Cautires sp.
Leptotrichalus sp.
Xylobanus sp.
Cautires sp.
Cautires sp.

Microtrichalus sp.

Leptotrichalus sp.
Cautires sp.
Metanoeus sp.
Cautires sp.
Xylobanus sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Synchonnus sp.
Trichalus sp.
Ditua sp.

Metriorrhynchus sp.

Porrostoma sp.
Porrostoma sp.
Porrostoma sp.

Metriorrhynchus sp.
Metriorrhynchus sp.

Porrostoma sp.
Porrostoma sp.
Porrostoma sp.

Metriorrhynchus sp.

Porrostoma sp.
Porrostoma sp.

Metriorrhynchus sp.

Cautires sp.

Metriorrhynchus sp.

Cautires sp.
Leptotrichalus sp.
Xylobanus sp.
Xylobanus sp.
Cautires sp.
Cautires sp.
Leptotrichalus sp.
Leptotrichalus sp.
Cautires sp.
Metanoeus sp.
Metanoeus sp.
Metanoeus sp.
Sulabanus sp.
Sulabanus sp.

Microtrichalus sp.
Microtrichalus sp.

Sulabanus sp.

UPOL 000395
UPOL 000396
UPOL 000402
UPOL 000403
UPOL 000411
UPOL 000412
UPOL 000419
UPOL 000425
UPOL 000434
UPOL A00017
UPOL A00018
UPOL A00019
UPOL A00020
UPOL A00021
UPOL A00022
UPOL A00023
UPOL A00024
UPOL A00025
UPOL A00026
UPOL A00027
UPOL A00028
UPOL A00029
UPOL A00030
UPOL A00031
UPOL A00032
UPOL A00033
UPOL A00034
UPOL A00035
UPOL A00036
UPOL A00037
UPOL A00038
UPOL A00039
UPOL A00040
UPOL A00041
UPOL A00042
UPOL A00043
UPOL A00044
UPOL A00045
UPOL A00046
UPOL A00048
UPOL A00049
UPOL A00050
UPOL A00052
UPOL A00053
UPOL A00054
UPOL A00057
UPOL A00058
UPOL A00059
UPOL A00061
UPOL A00062
UPOL A00063
UPOL A00064
UPOL A00065
UPOL A00066
UPOL A00067
UPOL A00068
UPOL A00069
UPOL A00070

Palawan
Palawan
Palawan
Palawan
Palawan
Palawan
Palawan
Palawan
Palawan
Taiwan
Taiwan
Taiwan
Taiwan
Taiwan
Madagascar
Madagascar
Madagascar
Madagascar
Madagascar
Madagascar
Madagascar
Madagascar
Madagascar
Australia
Australia
Australia
Australia
Australia
Australia
Australia
Australia
Australia
Australia
Australia
Australia
Australia
Australia
Australia
Australia
Malaysia
Malaysia
Malaysia
Philippines
Palawan
Palawan
Philippines
Philippines
Philippines
Philippines
Philippines
Philippines
Philippines
Philippines
Philippines
Philippines
Philippines
Philippines
Philippines

KC538706 KC538319 KC538510
- - KC538707 KC538320 KC538511
KC538200 - KC538708 KC538322 KC538513
- KC537990 KC538709 KC538323 KC538514
KC538201 - KC538710 KC538324 KC538515
K(C538202 KC537991 KC538711 KC538325 KC538516
K(C538203 KC537992 KC538712 KC538326 KC538517
KC538713 KC538327 KC538518
KC538714 KC538328 KC538519
- KC537824 - - -

KC538033 KC537825 HQ456946 HQ456964 HQ456988
KC538034 KC537826 KC538715 KC538329 KC538520
KC538035 KC537827 - - -

KC538036 KC537828 HQ456947 HQ456965 -

KC538037 KC537829 KC538716 HQ456966 HQ456986
KC538038 KC537830 KC538717 KC538330 KC538521
K(C538039 KC537831 KC538718 KC538331 KC538522
KC538040 KC537832 KC538719 KC538332 KC538523
KC538041 KC537833 - KC538333 KC538524
KC538042 KC537834 - KC538334 KC538525
KC538043 KC537835 - KC538335 -

KC538044 KC537836 - KC538336 KC538526
KC538045 KC537837 KC538720 KC538337 KC538527
KC538046 KC537838 KC538721 KC538338 KC538528
KC538047 KC537839 KC538722 KC538339 KC538529
KC538048 KC537840 KC538723 - KC538530
KC538049 KC537841 KC538724 KC538340 KC538531
KC538050 KC537842 KC538725 KC538341 KC538532
KC538051 KC537843 KC538726 KC538342 KC538533
KC538052 KC537844 KC538727 KC538343 KC538534
KC538053 KC537845 KC538728 KC538344 KC538535
KC538054 KC537846 KC538729 KC538345 KC538536
KC538055 KC537847 KC538730 KC538346 KC538537
KC538056 KC537848 KC538731 KC538347 KC538538
KC538057 KC537849 - KC538348 KC538539
KC538058 KC537850 KC538732 KC538349 KC538540
KC538059 KC537851 KC538733 KC538350 KC538541
KC538060 KC537852 KC538734 KC538351 KC538542
KC538061 KC537853 KC538735 KC538352 KC538543
KC538063 KC537855 HQ456948 HQ456967 HQ456990
KC538064 KC537856 KC538736 KC538354 KC538545
KC538065 KC537857 - - KC538546
KC538066 KC537858 HQ456949 HQ456968 HQ456991
KC538067 KC537859 KC538737 KC538355 KC538547
KC538068 - KC538738 - KC538548
KC538069 KC537860 - KC538356 KC538549
KC538070 KC537861 - KC538357 KC538550
KC538071 KC537862 KC538739 KC538358 KC538551
KC538073 KC537864 KC538741 KC538360 KC538553
KC538074 KC537865 KC538742 KC538361 KC538554
KC538075 KC537866 - KC538362 KC538555
KC538076 KC537867 - KC538363 KC538556
KC538077 KC537868 - KC538364 KC538557
KC538078 KC537869 KC538743 KC538365 KC538558
KC538079 KC537870 KC538744 KC538366 KC538559
K(C538080 KC537871 KC538745 KC538367 KC538560
KC538081 KC537872 KC538746 KC538368 KC538561
KC538082 KC537873 KC538747 KC538369 KC538562



Sulabanus sp.
Microtrichalus sp.
Xylobanus sp.
Sulabanus sp.
Xylobanus sp.
Sulabanus sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Xvlobanus sp.
Cautires sp.
Cautires sp.
Xylobanus sp.
Xvlobanus sp.
Xylobanus sp.
Xvlobanus sp.
Xylobanus sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Xylobanus sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Metriorrhynchus lineatus
Cautires sp.
Cautires sp.
Microtrichalus sp.
Xylobanus kundratai
Sulabanus lalui
Sulabanus katarinae
Sulabanus lineatus
Xylobanus kundratai
Sulabanus mamasensis
Sulabanus gracilis
Sulabanus similis
Sulabanus gracilis
Sulabanus cordatus
Sulabanus gracilis
Sulabanus cordatus
Microtrichalus sp.
Microtrichalus sp.

UPOL A00071
UPOL A00073
UPOL A00074
UPOL A00075
UPOL 00A076
UPOL A00077
UPOL A00078
UPOL A00079
UPOL A00080
UPOL A00081
UPOL A00082
UPOL A00083
UPOL A00084
UPOL 00A085
UPOL A00086
UPOL A00087
UPOL A00088
UPOL A00089
UPOL A00090
UPOL A00091
UPOL A00092
UPOL A00093
UPOL A00094
UPOL A00095
UPOL A00096
UPOL A00097
UPOL A00098
UPOL A00099
UPOL A00100
UPOL A00101
UPOL A00102
UPOL A00103
UPOL A00104
UPOL A00105
UPOL A00106
UPOL A00107
UPOL A00109
UPOL A00110
UPOL A00111
UPOL A00112
UPOL 000L05
UPOL 000L06
UPOL 000L 14
UPOL 000L23
UPOL MD0029
UPOL MD0030
UPOL MD0033
UPOL MD0034
UPOL MD0036
UPOL MD0044
UPOL MD0064
UPOL MD0065
UPOL MD0067
UPOL MD0069
UPOL MD0071
UPOL MDO0081
UPOL MD0097
UPOL MD0098

Philippines
Philippines
Philippines
Philippines
Philippines
Philippines
Cameroon
Cameroon
Cameroon
Cameroon
Cameroon
Cameroon
Cameroon
Cameroon
Cameroon
Cameroon
Cameroon
Cameroon
Cameroon
Cameroon
Cameroon
Cameroon
Cameroon
Cameroon
Cameroon
Cameroon
Cameroon
Cameroon
Cameroon
Cameroon
Cameroon
Cameroon
Cameroon
Cameroon
Cameroon
Cameroon
Cameroon
Cameroon
Cameroon
Cameroon
Malaysia
Malaysia
South Africa
Malaysia
Sulawesi
Sulawesi
Sulawesi
Sulawesi
Sulawesi
Sulawesi
Sulawesi
Sulawesi
Sulawesi
Sulawesi
Sulawesi
Sulawesi
Sulawesi
Sulawesi

K(C538083 KC537874 KC538748 KC538370 KC538563
K(C538084 KC537875 KC538749 KC538371 -

KC538085 KC537876 KC538750 - .

K (538086 KC537877 KC538751 KC538372 KC538564
KC538087 KC537878 KC538752 KC538373 KC538565
K(C538088 KC537879 KC538753 KC538374 KC538566
KC538089 KC537880 KC538754 KC538375 KC538567
KC538090 KC537881 KC538755 KC538376 KC538568
K(C538091 KC537882 HQ456950 HQ456969 HQ456992
KC538093 KC537884 KC538756 KC538377 KC538569
KC538092 KC537883 KC538757 KC538378 -

KC538094 KC537885 KC538758 KC538379 KC538570
KC538095 KC537886 KC538759 KC538380 KC538571
KC538096 KC537887 KC538760 KC538381 KC538572
K(C538097 KC537888 KC538761 KC538382 KC538573
K(C538098 KC537889 KC538762 KC538383 KC538574
K(C538099 KC537890 KC538763 KC538384 KC538575
K(C538100 KC537891 KC538764 KC538385 KC538576
KC538101 KC537892 KC538765 KC538386 KC538577
KC538102 KC537893 - KC538387 KC538578
K(C538103 KC537894 KC538766 KC538388 KC538579
K(C538104 KC537895 KC538767 KC538389 KC538580
KC538105 KC537896 KC538768 KC538390 KC538581
KC538106 KC537897 KC538769 - KC538582
KC538107 KC537898 KC538770 - KC538583
K(C538108 KC537899 KC538771 KC538391 KC538584
KC538109 KC537900 KC538772 KC538392 KC538585
KC538110 KC537901 KC538773 KC538393 KC538586
KC538111 - K (538774 KC538394 KC538587
KC538112 KC537902 - KC538395 -

KC538113 KC537903 - KC538396 KC538588
KC538114 KC537904 - KC538397 -

KC538115 KC537905 KC538775 - KC538589
KC538116 KC537906 KC538776 - KC538590
KC538117 KC537907 KC538777 KC538398 KC538591
KC538118 KC537908 - KC538399 -

KC538119 KC537909 KC538778 KC538400 KC538592
KC538120 KC537910 KC538779 - KC538593
KC538121 KC537911 KC538780 KC538401 KC538594
K(C538122 KC537912 KC538781 KC538402 KC538595
DQI81040 DQ181114 DQ180966 DQ181188 DQ181342
DQI81041 DQI81115 DQ180967 DQ181189 DQ181343
DQI81045 DQI81119 DQ180971 DQ181193 DQ181347
DQ181052 DQ181126 DQ180978 DQ181200 DQ181354
KC538204 KC537993 - HQ456972 HQ456994
K (538205 KC537994 - K (538403 KC538596
K(C538206 KC537995 KC538783 KC538404 KC538597
K(C538207 KC537996 KC538784 KC538405 KC538598
K (538208 KC537997 - HQ456973 HQ456995
K (538209 KC537998 KC538785 KC538406 KC538599
K(C538210 KC537999 KC538786 KC538407 KC538600
KC538211 KC538000 - KC538408 KC538601
KC538212 KC538001 KC538787 KC538409 KC538602
K(C538213 KC538002 KC538788 KC538410 KC538603
KC538214 KC538003 KC538789 KC538411 KC538604
KC538215 KC538004 KC538790 KC538412 KC538605
KC538216 KC538005 KC538791 HQ456978 HQ457000
K(C538217 KC538006 HQ456956 HQ456979 HQ457001



Broxylus pfeifferi
Broxylus malinensis
Broxylus pendolensis
Broxylus kalamensis
Wakarumbia pendolensis
Wakarumbia monacha
Wakarumbia petri
Wakarumbia montana
Wakarumbia fasciata
Wakarumbia sp.
Wakarumbia grisea
Wakarumbia nepeensis
Wakarumbia kundratai
Wakarumbia sp.
Wakarumbia kalamensis
Wakarumbia linearis
Wakarumbia nepeensis
Wakarumbia aurea
Wakarumbia aurea
Wakarumbia fascicularis
Wakarumbia pendolensis
Wakarumbia fascicularis
Wakarumbia mamasensis
Wakarumbia grisea
Wakarumbia mamasensis
Wakarumbia kalamensis

Remark. DQ and HQ sequences were published in the previous studies on net-winged beetles (Bocak et al., 2008, Bocak & Yagi 2010;

UPOL MD0099
UPOL MDO0101
UPOL MDO0106
UPOL MDO0107
UPOL MDO0109
UPOL MDO111
UPOL MDO118
UPOL MDO119
UPOL MDO121
UPOL MDO0126
UPOL MDO0127
UPOL MDO0129
UPOL MDO0130
UPOL MDO0132
UPOL MDO0133
UPOL MDO0134
UPOL MDO0135
UPOL MDO0136
UPOL MDO0137
UPOL MDO0140
UPOL MDO0143
UPOL MDO0145
UPOL MDO0155
UPOL MDO0156
UPOL MDO0157
UPOL MDO0169

Sulawesi
Sulawesi
Sulawesi
Sulawesi
Sulawesi
Sulawesi
Sulawesi
Sulawesi
Sulawesi
Sulawesi
Sulawesi
Sulawesi
Sulawesi
Sulawesi
Sulawesi
Sulawesi
Sulawesi
Sulawesi
Sulawesi
Sulawesi
Sulawesi
Sulawesi
Sulawesi
Sulawesi
Sulawesi
Sulawesi

KC538218 KC538007 HQ456957 HQ456980 HQ457002
KC538219 KC538008 HQ456958 HQ456981 HQ457003
KC538220 KC538009 KC538792 KC538413 KC538606
KC538221 KC538010 KC538793 KC538414 KC538607
K(C538222 KC538011 KC538794 KC538415 KC538608
K(C538223 KC538012 KC538795 KC538416 KC538609
KC538224 KC538013 HQ456960 HQ456983 HQ457005
KC538225 KC538014 HQ456961 HQ456984 HQ457006
KC538226 KC538015 KC538796 KC538418 KC538610
KC538227 KC538016 KC538797 KC538419 KC538611
K(C538228 KC538017 - K(C538420 KC538612
K(C538229 KC538018 KC538798 KC538421 KC538613
KC538230 KC538019 KC538799 KC538422 KC538614
K(C538231 KC538020 KC538800 KC538423 KC538615
K(C538232 KC538021 KC538801 KC538424 KC538616
K(C538233 KC538022 KC538802 KC538425 KC538617
K(C538234 KC538023 KC538803 KC538426 KC538618
KC538235 KC538024 KC538804 KC538427 KC538619
K(C538236 KC538025 KC538805 KC538428 KC538620
KC538237 KC538026 KC538806 KC538429 KC538621
K(C538238 KC538027 KC538807 KC538430 KC538622
K(C538239 KC538028 KC538808 KC538431 KC538623
KC538240 KC538029 KC538809 KC538432 KC538624
K(C538241 KC538030 KC538810 KC538433 KC538625
KC538242 KC538031 KC538811 KC538434 KC538626
K(C538243 KC538032 KC538812 KC538435 KC538627

Kubecek et al. 2011). The KC sequences are published here for the first time.

The voucher specimens are deposited in the Laboratory of Molecular Systematics, Department of Zoology, Palacky University,

Olomouc, Czech Republic.



Supplementary Table S2. Primers and conditions used for PCR amplifications

Fragment  Code

18S rRNA 5!
b5.0
ai
b2.5
al.0
bi
3’1
a2.0

28S rRNA ff
dd

16S rDNA 16a
16b
ND1A

cox] mtDNA JerM
Pat
Marilyn
Marcy

nad5 mtDNA OF1
R6

-mer Sequence (5’ >>3’)

24
19
22
20
20
20
24
19

20
19

20
22
27

23
25
21
27

29
29

GACAACCTGGTTGATCCTGCCAGT
TAACCGCAACAACTTTAAT
CCTGAGAAACGGCTACCACATC
TCTTTGGCAAATGCTTTCGC
GGTGAAATTCTTGGACCGTC
GAGTCTCGTTCGTTATCGGA
CACCTACGGAAACCTTGTTACGAC
ATGGTTGCAAAGCTGAAAC

TTACACACTCCTTAGCGGAT
GGGACCCGTCTTGAAACAC

CGCCTGTTTAACAAAAACAT
CCGGTCTGAACTCAGATCATGT
GGTCCCTTACGAATTTGAATATATCCT

CAACAYYTATTTTGRTTYTTTGG
TCCATTGCACTAATCTGCCATATTA
TCATAAGTTCAGTATCATTG
TARTTCRTATGWTCAATAYCAYTGRTG

CCTACTCCTGTTTCTGCTTTAGTTCATTC
GAAACGAAAAATCGTATTTAATTTCGACT



Table 3. The length of DNA fragments and the numbers of informative characters in datasets (gaps as 5th character).

Datasets All data 18SrDNA  28SrDNA  rrnl-tRNA-nad1 coi-tRNAcoii nad5-tRNAs
# of specimens 249 244 240 227 241 242
Clustal W # of characters 5792 1913 655 840 1100 1284
parsimony informative 2233 212 95 416 621 889
BlastAlign  # of characters 5963 1947 668 947 1101 1300
parsimony informative 2163 205 92 397 621 848
Muscle # of characters 5827 1921 657 858 1099 1292
parsimony informative 2220 207 95 411 622 885
T-Coffee # of characters 5881 1936 669 866 1101 1309
parsimony informative 2216 208 92 413 621 882
Mafft # of characters 5822 1909 659 858 1099 1297
parsimony informative =~ 2243 221 96 418 622 886

Table S4. Results of the BayesTrait analysis (all analyzed clades)

Node Defined range:

# Sundas Sulawesi Contin. Asia outside Africa Australia Madagascar _Philippines _Palawan
18 0,32807 0,02622 0,08885 0 0,00079 0,02615 0,02385 0,32955 0,17649
20 0,48098 0,00626 0,11454 0 0,00006 0,00757 0,03428 0,21455 0,14177
55 0 0,00387 0 0 0,98903 0 0,00481 0,00011 0,00209
63 0,00022 0,00381 0,00284 0 0 0,02506 0,96792 0 0

64 0,08706 0,02045 0,06322 0 0,00219 0,00962 0,66407 0,09364 0,05975
67 0,21414 0,00106 0,00903 0 0 0,00164 0,01456 0,09429 0,66526
68 0,51419 0,00202 0,02937 0 0 0,00268 0,00925 0,10771 0,33477
69 0,77092 0,00086 0,02434 0 0 0,00188 0,00984 0,07595 0,11620
70 0,22706 0,00199 0,55502 0 0,00011 0,00124 0,03854 0,07972 0,09630
76 0,09651 0,00057 0,83519 0 0 0,00009 0,00489 0,02192 0,04084
77 0,19072 0,00199 0,63056 0 0,00040 0,00222 0,04846 0,05009 0,07553
78 0,13407 0 0,78690 0 0,00017 0,00047 0,01920 0,01637 0,04276
79 0,20077 0,00190 0,71169 0 0 0,00264 0,02640 0,03205 0,02453
80 0,17154 0,00314 0,64603 0 0,00015 0,00685 0,05849 0,05146 0,06231
81 0,12858 0,00226 0,67799 0 0 0,00091 0,03355 0,08261 0,07406
82 0,17365 0,00181 0,64440 0 0,00057 0,00189 0,02065 0,08317 0,07384
83 0,07133 0,00078 0,79451 0 0,00021 0,00236 0,05306 0,03991 0,03780
84 0,10204 0,00164 0,77232 0 0 0,01275 0,02762 0,03595 0,04760
86 0,28323 0,00086 0,53106 0 0 0,00166 0,05054 0,06350 0,06909
87 0,09733 0,00013 0,81795 0 0,00025 0,00077 0,02967 0,01744 0,03644
90 0,24255 0,00143 0,55269 0 0 0,00168 0,03407 0,06318 0,10433
91 0,40033 0,00117 0,40022 0 0,00029 0,00092 0,03768 0,06553 0,09384
93 0,64606 0,00456 0,23739 0 0 0,00048 0,01242 0,05356 0,04553
94 0,30633 0,00142 0,50025 0 0,00598 0,00226 0,03225 0,07021 0,08125
103 0,68382 0,00214 0,04240 0 0 0,00723 0,01594 0,09352 0,15494
105 0,22618 0,00243 0,02942 0 0 0,01007 0,00692 0,20295 0,52185
106 0,08102 0,00708 0,01548 0 0 0,00659 0,03948 0,40616 0,44410



110
111
112
118
119
120
121
122
123
124
125
127
130
131
132
134
135
137
139
140
141
142
143
146
153
154
155
160
172
178
179
183
184
206

207
208
209
210
211
212
213
217
218
219
220
223
224
225
226

0,26134
0,53239
0,36663
0,46716
0,62822
0,52113
0,34379
0,20496
0,22740
0,16606
0,07343
0,05744
0,12499
0,11955
0,00044
0,05943
0,14776
0,03404
0,06002
0,05814
0,02893
0,07070
0,00840
0,00129
0,03697
0,00702
0,01464
0,00037
0,00358
0

0,00055
0,00011
0

0

0,01163
0,17242
0,02165
0,01358
0,01821
0,00587
0,00099
0,00063
0,23456
0,01306
0,00020
0

0,00018
0,00008
0,00053
0,00004
0,30559
0,26207
0,22765
0,46743
0,72397
0,76160
0,49536
0,25720
0,00615
0,05665
0,04622
0

0,00250
0,00112
0,00086
0,00220
0,00404
0,00013
0,00718
0,00075
0,00064
0,00004
0,00026
0,00032
0,00867
0,03122
0,00008
0,01111
0,00407
0,28229
0,01562
0,01505
0,06566
0,00157
0,00219
0,86213
0,59083
0,83416
0,54652
0,00704
0,74455
0,99159
0,89868
0,89517
0,03997
0,99198

0,00291
0,00227
0,01357
0,00608
0,00179
0,53613
0,05712
0,00015
0,00065
0,00012
0,55103
0,00289
0,00168
0,06730
0,00029
0,00003
0,01200
0,00924
0,00795
0,00369
0,00093
0,00073
0,00256
0,03002
0,00216
0,01317
0,00002
0,00023

0,01838
0,02711
0,34155
0,21820
0,16709
0,37383
0,45107
0,70341
0,62138
0,76362
0,82507
0,37550
0,39791
0,25048
0,00012
0,66261
0,64523
0,32691
0,69908
0,61849
0,50941
0,36993
0,02768
0,00217
0,04589
0,03789
0,00389
0,00047
0,00472
0

0,00242
0,00042
0,00012
0

0,01103
0,02063
0,01630
0,01447
0,04295
0,00795
0,00170
0,00002
0,00454
0,00062
0,00288
0,00019
0,00190
0,00025
0

0,00002
0,06945
0,44753
0,02062
0,04002
0,03026
0,03055
0,03253
0,33029
0,10669
0,15450
0,54908
0

0
0
0
0
0
0
0

,00007
0
0,00001
0
0,00001
0
0,00010
0,00001
0
0,00002
0,00004
0,00016
0,00002
0
0
0
0,00037
0,00008
0,00001
0
0
0,00002
0,00001
0

S o oo

0,00001
0,00042

0,00029
0,00001
0

0,00002
0,00002
0,00003
0

00026

,00007

cooococoo0 oo

0,00010
0
0
0,00008
0
0
0
0,00020
0,00001
0
0
0,00303
0,00114
0,00049
0
0,00007
0,00011
0,00003
0,00001
0
0,00004
0,01400
0,00022
0,00166
0,00016
0,00027
0
0
0,00063
0
0,00001
0,00001
0
0

0,00003
0,00007
0,00005
0,00006
0,00001
0,00117
0,00019
0

0

0

0,00011
0

0

0,00001
0,00013
0,00017
0,00085
0,00030
0,00001
0,00001
0

0,00036
0,00002
0,00204
0

0,00016
0,05274
0

0,00250
0,00077
0,00160
0,00280
0,00036
0,00059
0,00313
0,00212
0,00533
0,00006
0,00030
0,00024
0,03012
0,03260
0,00098
0,01264
0,00348
0,10239
0,02758
0,01863
0,00053
0,00132
0,84651
0,06784
0,04965
0,01710
0,04770
0,94944
0,06641
0,00378
0,02639
0,01407
0,93317
0,00178

0,00536
0,00379
0,01228
0,00686
0,00161
0,08395
0,84897
0,00013
0,00046
0,00004
0,00818
0,96642
0,97036
0,90288
0,99138
0,94138
0,00907
0,01237
0,00413
0,00384
0,00054
0,00019
0,00480
0,03302
0,75762
0,57861
0,00086
0,92463

0,03788
0,01590
0,01535
0,03732
0,01782
0,01297
0,03360
0,01728
0,01681
0,01782
0,02258
0,36568
0,12532
0,06076
0,00131
0,05847
0,04870
0,06841
0,01034
0,04806
0,20388
0,15853
0,01111
0,00586
0,01823
0,00324
0,01044
0,00034
0,00850
0,00023
0,01446
0,00314
0,01446
0,00379

0,01503
0,01377
0,02532
0,00919
0,01503
0,01566
0,01586
0,00321
0,00270
0,00380
0,01045
0,00388
0,00238
0,01954
0,00074
0,00008
0,04290
0,05743
0,01604
0,01294
0,03204
0,00868
0,01057
0,07744
0,02838
0,01155
0,24338
0,00094

0,33747
0,16576
0,12090
0,12201
0,09419
0,03624
0,07088
0,03938
0,05439
0,01323
0,03902
0,08801
0,12240
0,24317
0,24421
0,08921
0,06977
0,05246
0,06700
0,09906
0,08926
0,17732
0,04060
0,03172
0,13174
0,04239
0,10646
0,02348
0,08855
0,00063
0,03295
0,05800
0,00139
0,001676

0,44108
0,37242
0,42832
0,70429
0,48930
0,20606
0,04423
0,49732
0,37956
0,82981
0,27679
0,01271
0,01971
0,00823
0,00629
0,01453
0,33928
0,09634
0,52249
0,32298
0,12209
0,10000
0,12257
0,11255
0,03024
0,14325
0,03006
0,07371

0,33982
0,25693
0,15309
0,15021
0,08827
0,05510
0,09028
0,03191
0,07403
0,03917
0,03932
0,10978
0,18934
0,26172
0,75287
0,10644
0,08085
0,13332
0,12033
0,14257
0,10228
0,20662
0,06292
0,02726
0,12652
0,05794
0,27035
0,01883
0,08304
0,00371
0,02454
0,02909
0,01085
0,00072

0,51294
0,41463
0,48250
0,24546
0,43111
0,14320
0,03052
0,49853
0,37752
0,15255
0,15036
0,01386
0,00349
0,00170
0,00064
0,04373
0,22083
0,11468
0,20110
0,14908
0,09017
0,09790
0,33158
0,15719
0,06877
0,04203
0,07766
0,00039



NODEI8 000069, A00058, A00057

NODE20 000069, A00058, A00057, 000205, 000335

NODES5  A00090, A00080, A00099, A00105, A00082, A00101, A00103, A00081, A00107, 000195, 000L14, A00078, A0008S, A00100, AOOIT1,
A00112, A00110, A00109, A00088, A00087, A00106, A00102, A00093, A00089, A00079, A00084, A00083, A00086, A00092, A00094, A00097, A0009S,
A00091, A00096, A00104, A00095

NODE63  A00023, A00022, A00030, A00026, A00027, A00025, A00029, A00028, A00024

NODE64 000132, A00023, A00022, A00030, A00026, A00027, A00025, A00029, A00028, A00024

NODE67 000043, 000403

NODE68 000052, 000056, 000043, 000403

NODE69  000L06, 000052, 000056, 000043, 000403

NODE70 000066, 000L06, 000052, 000056, 000043, 000403

NODE76 000109, 000047, 000178, 000123, A00021, 000219, 000217

NODE77 000122, 000290

NODE78 000109, 000047, 000178, 000123, A00021, 000219, 000217, 000122, 000290

NODE79 000066, 000L06, 000052, 000056, 000043, 000403, 000109, 000047, 000178, 000123, A00021, 000219, 000217, 000122, 000290
NODES0 000068, 000030, 000066, 000L06, 000052, 000056, 000043, 000403, 000109, 000047, 000178, 000123, A00021, 000219, 000217, 000122,
000290

NODES1 000220, 000068, 000030, 000066, 000L06, 000052, 000056, 000043, 000403, 000109, 000047, 000178, 000123, A00021, 000219, 000217,
000122, 000290

NODES2 000147, 000174

NODES3 000189, 000147, 000174

NODES84 000188, 000189, 000147, 000174

NODES86 000075, A00050, A00048

NODES7 000064, 000075, A00050, A00048

NODE90 000044, 000104, A00017, 000164

NODE91 000044, 000104, A00017, 000164, 000048

NODE93 000044, 000104, A00017, 000164, 000048, 000050, 000060

NODE9%4 000064, 000075, A00050, A00048, 000044, 000104, A00017, 000164, 000048, 000050, 000060

NODEI103 000411, 000355, 000262, 000297, 000294, 000342, 000339

NODE105 000074, 000425, 000395

NODE106 000074, 000425, 000395, A00062

NODE110 000074, 000425, 000395, A00062, 000346, 000088, 000315, 000206

NODEI111 000411, 000355, 000262, 000297, 000294, 000342, 000339, 000074, 000425, 000395, A00062, 000346, 000088, 000315, 000206
NODEI112  A00019, 000411, 000355, 000262, 000297, 000294, 000342, 000339, 000074, 000425, 000395, A00062, 000346, 000088, 000315, 000206

NODE118  A00019, 000411, 000355, 000262, 000297, 000294, 000342, 000339, 000074, 000425, 000395, A00062, 000346, 000088, 000315, 000206,
000040, 000037, 000177, 000314, 000295, 000246

NODE119 000084, 000080, 000081, 000090, A00019, 000411, 000355, 000262, 000297, 000294, 000342, 000339, 000074, 000425, 000395, A00062,
000346, 000088, 000315, 000206, 000040, 000037, 000177, 000314, 000295, 000246

NODEI20 000064, 000075, A00050, A00048, 000044, 000104, A00017, 000164, 000048, 000050, 000060, 000084, 000080, 000081, 000090, A00019,
000411, 000355, 000262, 000297, 000294, 000342, 000339, 000074, 000425, 000395, A00062, 000346, 000088, 000315, 000206, 000040, 000037, 000177,
000314, 000295, 000246

NODEI21 000079, 000064, 000075, A00050, A00048, 000044, 000104, A00017, 000164, 000048, 000050, 000060, 000084, 000080, 000081, 000090,
A00019, 000411, 000355, 000262, 000297, 000294, 000342, 000339, 000074, 000425, 000395, A00062, 000346, 000088, 000315, 000206, 000040, 000037,
000177, 000314, 000295, 000246

NODEI22 000188, 000189, 000147, 000174, 000079, 000064, 000075, A00050, A00048, 000044, 000104, A00017, 000164, 000048, 000050, 000060,
000084, 000080, 000081, 000090, A00019, 000411, 000355, 000262, 000297, 000294, 000342, 000339, 000074, 000425, 000395, A00062, 000346, 000088,
000315, 000206, 000040, 000037, 000177, 000314, 000295, 000246

NODEI23 000188, 000189, 000147, 000174, 000079, 000064, 000075, A00050, A00048, 000044, 000104, A00017, 000164, 000048, 000050, 000060,
000084, 000080, 000081, 000090, A00019, 000411, 000355, 000262, 000297, 000294, 000342, 000339, 000074, 000425, 000395, A00062, 000346, 000088,
000315, 000206, 000040, 000037, 000177, 000314, 000295, 000246, 000070

NODEI24 000220, 000068, 000030, 000066, 000L06, 000052, 000056, 000043, 000403, 000109, 000047, 000178, 000123, A00021, 000219, 000217,
000122, 000290, 000188, 000189, 000147, 000174, 000079, 000064, 000075, A00050, A00048, 000044, 000104, A00017, 000164, 000048, 000050, 000060,
000084, 000080, 000081, 000090, A00019, 000411, 000355, 000262, 000297, 000294, 000342, 000339, 000074, 000425, 000395, A00062, 000346, 000088,
000315, 000206, 000040, 000037, 000177, 000314, 000295, 000246, 000070

NODEI25 000220, 000068, 000030, 000066, 000L06, 000052, 000056, 000043, 000403, 000109, 000047, 000178, 000123, A00021, 000219, 000217,
000122, 000290, 000188, 000189, 000147, 000174, 000079, 000064, 000075, A00050, A00048, 000044, 000104, A00017, 000164, 000048, 000050, 000060,
000084, 000080, 000081, 000090, A00019, 000411, 000355, 000262, 000297, 000294, 000342, 000339, 000074, 000425, 000395, A00062, 000346, 000088,
000315, 000206, 000040, 000037, 000177, 000314, 000295, 000246, 000070, A00020

NODEI127  A00090, A00080, A00099, A00105, A00082, A00101, A00103, A00081, A00107, 000195, 000L14, A00078, A0008S5, A00100, A0OT11,
A00112, A00110, A00109, A00088, A00087, A00106, A00102, A00093, A00089, A00079, A00084, A00083, A00086, A00092, A00094, A00097, A000IS,
A00091, A00096, A00104, A00095, 000132, A00023, A00022, A00030, A00026, A00027, A00025, A00029, A00028, A00024, 000220, 000068, 000030,
000066, 000L06, 000052, 000056, 000043, 000403, 000109, 000047, 000178, 000123, A00021, 000219, 000217, 000122, 000290, 000188, 000189, 000147,
000174, 000079, 000064, 000075, A00050, A00048, 000044, 000104, A00017, 000164, 000048, 000050, 000060, 000084, 000080, 000081, 000090, A00019,
000411, 000355, 000262, 000297, 000294, 000342, 000339, 000074, 000425, 000395, A00062, 000346, 000088, 000315, 000206, 000040, 000037, 000177,
000314, 000295, 000246, 000070, A00020

NODEI130 000152, 000120, 000379

NODEI31  A00074, A00053, 000152, 000120, 000379

NODEI132 000402, A00054

NODE134 000402, A00054, 000154, A00018



NODEI35 000274, 000224

NODEI137 000153, MD0029, MD0036

NODEI38 000274, 000224, 000153, MD0029, MD0036

NODEI139 000402, A00054, 000154, A00018, 000274, 000224, 000153, MD0029, MD0036

NODE140  A00074, A00053, 000152, 000120, 000379, 000402, A00054, 000154, A00018, 000274, 000224, 000153, MD0029, MD0036

NODEI141  A00090, A00080, A00099, A00105, A00082, A00101, A00103, A00081, A00107, 000195, 000L 14, A00078, A0008S, A00100, AOOT11,
A00112, A00110, A00109, A00088, A00087, A00106, A00102, A00093, A00089, A00079, A00084, A00083, A00086, A00092, A00094, A00097, A0009S,
A00091, A00096, A00104, A00095, 000132, A00023, A00022, A00030, A00026, A00027, A00025, A00029, A00028, A00024, 000220, 000068, 000030,
000066, 000L06, 000052, 000056, 000043, 000403, 000109, 000047, 000178, 000123, A00021, 000219, 000217, 000122, 000290, 000188, 000189, 000147,
000174, 000079, 000064, 000075, A00050, A00048, 000044, 000104, A00017, 000164, 000048, 000050, 000060, 000084, 000080, 000081, 000090, A00019,
000411, 000355, 000262, 000297, 000294, 000342, 000339, 000074, 000425, 000395, A00062, 000346, 000088, 000315, 000206, 000040, 000037, 000177,
000314, 000295, 000246, 000070, A00020, A00074, A00053, 000152, 000120, 000379, 000402, A00054, 000154, A00018, 000274, 000224, 000153,
MD0029, MD0036

NODEI142 000069, A00058, A00057, 000205, 000335, A00090, A00080, A00099, A00105, A00082, A00101, A00103, A00081, A00107, 000195, 000L 14,
A00078, A00085, A00100, A0O0111, A00112, A0O0110, A00109, A0008S, A00087, A00106, A00102, A00093, A00089, A00079, A00084, A00083, A00086,
A00092, A00094, A00097, A00098, A00091, A00096, A00104, A00095, 000132, A00023, A00022, A00030, A00026, A00027, A00025, A00029, A00028,
A00024, 000220, 000068, 000030, 000066, 000L06, 000052, 000056, 000043, 000403, 000109, 000047, 000178, 000123, A00021, 000219, 000217, 000122,
000290, 000188, 000189, 000147, 000174, 000079, 000064, 000075, A00050, A00048, 000044, 000104, A00017, 000164, 000048, 000050, 000060, 000084,
000080, 000081, 000090, A00019, 000411, 000355, 000262, 000297, 000294, 000342, 000339, 000074, 000425, 000395, A00062, 000346, 000088, 000315,
000206, 000040, 000037, 000177, 000314, 000295, 000246, 000070, A00020, A00074, A00053, 000152, 000120, 000379, 000402, A00054, 000154, A00018,
000274, 000224, 000153, MD0029, MD0036

NODEI43  A00046, 000388

NODEI146 MDO0099, MD0107, MD0106, MD0101

NODEI53 000011, 000017, A00049, 000009, 000L05

NODEI154 000011, 000017, A00049, 000009, 000L05, 000010

NODEI155 000366, 000011, 000017, A00049, 000009, 000L05, 000010

NODEI160 000366, 000011, 000017, A00049, 000009, 000L0S5, 000010, 000374, A00043, A00034, A00036, A00037

NODE162  A00044, A00035, 000372

NODE163  A00040, A00044, A00035, 000372

NODEI167 A00040, A00044, A00035, 000372, A00041, A00042, A00045, 000378

NODEI168 000366, 000011, 000017, A00049, 000009, 000L05, 000010, 000374, A00043, A00034, A00036, A00037, A00040, A00044, A00035, 000372,
A00041, A00042, A00045, 000378

NODEI172  A00067, A00066, A00077, A00075, MD0065

NODE178 MD0081, MD0069, MD0034, MD0044, MD0064, MD0071, MD0067

NODE179  A00067, A00066, A00077, A00075, MD0065, MD0081, MD0069, MD0034, MD0044, MD0064, MD0071, MD0067

NODEI182 MD0033, MD0030, A00071, A00070

NODEI83 A00067, A00066, A00077, A00075, MD0065, MD0081, MD0069, MD0034, MD0044, MD0064, MD0071, MD0067, MD0033, MD0030,
A00071, A00070

NODEI184 000366, 000011, 000017, A00049, 000009, 000LO05, 000010, 000374, A00043, A00034, A00036, A00037, A00040, A00044, A00035, 000372,
A00041, A00042, A00045, 000378, A00067, A00066, A00077, A00075, MD0065, MD0081, MD0069, MD0034, MD0044, MD0064, MD0071, MD0067,
MD0033, MD0030, A00071, A00070

NODE206 MD0127, MD0156, MDO111, MD0126, MD0136, MD0137, MD0109, MD0143, MD0121, MD0145, MD0140, MD0132, MD0135, MD0129,
MDO0134, MD0130, MD0119, MD0118, MD0169, MD0133, MD0157, MD0155

NODE207 000396, A00052

NODE208 000208, 000396, A00052

NODE209 000419, A00059

NODE210 000419, A00059, A00061

NODE211 000208, 000396, A00052, 000419, A00059, A00061

NODE212 MD0127, MD0156, MDO111, MD0126, MD0136, MD0137, MD0109, MD0143, MDO0121, MD0145, MD0140, MD0132, MD0135, MD0129,
MDO0134, MD0130, MD0119, MD0118, MD0169, MD0133, MD0157, MD0155, 000208, 000396, A00052, 000419, A00059, A00061

NODE213  A00031, A00039, MD0127, MD0156, MDO111, MD0126, MD0136, MD0137, MD0109, MD0143, MD0121, MD0145, MD0140, MD0132,
MDO0135, MD0129, MD0134, MD0130, MDO119, MDO0118, MD0169, MD0133, MD0157, MDO0155, 000208, 000396, A00052, 000419, A00059, A00061
NODE217 000412, A00073

NODE218 000412, A00073, 000L23

NODE219  A00069, A00068, 000412, A00073, 000L23Microtrichalus

NODE220 MD0097, 000199, MD0098, A00069, A00068, 000412, A00073, 000L23

NODE223 MD0097, 000199, MD0098, A00069, A00068, 000412, A00073, 000L23, 000375, 000376, 000373

NODE224 A00032, MD0097, 000199, MD0098, A00069, A00068, 000412, A00073, 000L23, 000375, 000376, 000373

NODE225 A00031, A00039, MD0127, MD0156, MDO111, MD0126, MD0136, MD0137, MD0109, MD0143, MD0121, MD0145, MD0140, MDO0132,
MDO0135, MD0129, MD0134, MD0130, MDO0119, MDO0118, MD0169, MD0133, MD0157, MDO0155, 000208, 000396, A00052, 000419, A00059, A00061,
A00032, MD0097, 000199, MD0098, A00069, A00068, 000412, A00073, 000L23, 000375, 000376, 000373

NODE226 000366, 000011, 000017, A00049, 000009, 000L05, 000010, 000374, A00043, A00034, A00036, A00037, A00040, A00044, A00035, 000372,
A00041, A00042, A00045, 000378, A00067, A00066, A00077, A0007S, MD0065, MD0081, MD0069, MD0034, MD0044, MD0064, MD0071, MD0067,
MD0033, MD0030, A00071, A00070, A00031, A00039, MD0127, MD0156, MDO0111, MD0126, MD0136, MD0137, MD0109, MD0143, MDO0121,
MDO0145, MD0140, MD0132, MD0135, MD0129, MD0134, MD0130, MD0119, MDO0118, MD0169, MD0133, MD0157, MD0155, 000208, 000396,
A00052, 000419, A00059, A00061, A00032, MD0097, 000199, MD0098, A00069, A00068, 000412, A00073, 000L23, 000375, 000376, 000373
NODE227 A00046, 000388, A00038, A00033, MD0099, MD0107, MD0106, MD0101, 000366, 000011, 000017, A00049, 000009, 000L05, 000010,
000374, A00043, A00034, A00036, A00037, A00040, A00044, A00035, 000372, A00041, A00042, A00045, 000378, A00067, A00066, A00077, A00075,
MD0065, MD0081, MD0069, MD0034, MD0044, MD0064, MD0071, MD0067, MD0033, MD0030, A00071, A00070, A00031, A00039, MDO0127,
MDO0156, MDO111, MD0126, MD0136, MD0137, MD0109, MD0143, MD0121, MD0145, MD0140, MD0132, MDO0135, MD0129, MD0134, MD0130,



MDO119, MDO118, MD0169, MD0133, MD0157, MDO0155, 000208, 000396, A00052, 000419, A00059, A00061, A00032, MD0097, 000199, MD0098,
A00069, A00068, 000412, A00073, 000123, 000375, 000376, 000373

NODE228  A00076, 000071

NODE230 000221, A00076, 000071, 000184

NODE234 000026, A00065, A00063, A00064

NODE235 000121, 000026, A00065, A00063, A00064

NODE238 000125, 000105, 000248, 000121, 000026, A00065, A00063, A00064, 000434

NODE239 000221, A00076, 000071, 000184, 000125, 000105, 000248, 000121, 000026, A00065, A00063, A00064, 000434

NODE240  A00046, 000388, A00038, A00033, MD0099, MD0107, MD0106, MDO0101, 000366, 000011, 000017, A00049, 000009, 000L05, 000010,
000374, A00043, A00034, A00036, A00037, A00040, A00044, A00035, 000372, A00041, A00042, A00045, 000378, A00067, A00066, A00077, A0007S,
MD0065, MD0081, MD0069, MD0034, MD0044, MD0064, MD0071, MD0067, MD0033, MD0030, A00071, A00070, A00031, A00039, MD0127,
MDO0156, MDO111, MD0126, MD0136, MD0137, MD0109, MD0143, MD0121, MD0145, MD0140, MD0132, MD0135, MD0129, MD0134, MDO0130,
MDO0119, MDO118, MD0169, MD0133, MD0157, MD0155, 000208, 000396, A00052, 000419, A00059, A00061, A00032, MD0097, 000199, MD0098,
A00069, A00068, 000412, A00073, 000L23, 000375, 000376, 000373, 000221, A00076, 000071, 000184, 000125, 000105, 000248, 000121, 000026,
A00065, A00063, A00064, 000434

NODE241 000069, A00058, A00057, 000205, 000335, A00090, A00080, A00099, A00105, A00082, A00101, A00103, A00081, A00107, 000195, 000L 14,
A00078, A00085, A00100, AOO111, A00112, A0O0110, A0O0109, A0008S, A00087, A00106, A00102, A00093, A00089, A00079, A00084, A00083, A00086,
A00092, A00094, A00097, A00098, A00091, A00096, A00104, A00095, 000132, A00023, A00022, A00030, A00026, A00027, A00025, A00029, A00028,
A00024, 000220, 000068, 000030, 000066, 000L06, 000052, 000056, 000043, 000403, 000109, 000047, 000178, 000123, A00021, 000219, 000217, 000122,
000290, 000188, 000189, 000147, 000174, 000079, 000064, 000075, A00050, A00048, 000044, 000104, A00017, 000164, 000048, 000050, 000060, 000084,
000080, 000081, 000090, A00019, 000411, 000355, 000262, 000297, 000294, 000342, 000339, 000074, 000425, 000395, A00062, 000346, 000088, 000315,
000206, 000040, 000037, 000177, 000314, 000295, 000246, 000070, A00020, A00074, A00053, 000152, 000120, 000379, 000402, A00054, 000154, A00018,
000274, 000224, 000153, MD0029, MD0036, A00046, 000388, A00038, A00033, MD0099, MD0107, MD0106, MD0101, 000366, 000011, 000017, A00049,
000009, 000L05, 000010, 000374, A00043, A00034, A00036, A00037, A00040, A00044, A00035, 000372, A00041, A00042, A00045, 000378, A00067,
A00066, A00077, A00075, MD0065, MD0081, MD0069, MD0034, MD0044, MD0064, MD0071, MD0067, MD0033, MD0030, A00071, A00070, A00031,
A00039, MD0127, MD0156, MDO111, MD0126, MD0136, MD0137, MD0109, MD0143, MD0121, MD0145, MD0140, MD0132, MD0135, MD0129,
MDO0134, MD0130, MDO0119, MDO0118, MD0169, MD0133, MD0157, MDO0155, 000208, 000396, A00052, 000419, A00059, A00061, A00032, MD0097,
000199, MD0098, A00069, A00068, 000412, A00073, 000L.23, 000375, 000376, 000373, 000221, A00076, 000071, 000184, 000125, 000105, 000248,
000121, 000026, A00065, A00063, A00064, 000434



Supplementary Figure S1. Phylogenetic hypothesis on Metriorrhynchini inferred from BlastAlign and ML analysis
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Abstract

The classification of Metriorrhynchini, the most diverse lineage of net-winged beetles (Lycidae) containing ~ 1400 species, is revised on the
basis of three-marker molecular phylogeny of 175 ingroup taxa, and the adult and larval morphology. The study uses the molecular phylo-
geny for identification of major lineages and critically considers morphology when adult morphology and sparse information of immature
stages alone did not provide enough information for building a robust classification. Reconstruction of the ancestral states of morphologi-
cal characters on the phylogenetic tree recovered from DNA data presents evidence for multiple origins of the four-costae pattern on the
elytra, shortened elytral costa 1, patterns of pronotal areolae and flabellate antennae. As a consequence, revised morphological delineations
of the subtribes and genera are proposed: three major lineages are defined as Metriorrhynchina Kleine, 1926, Metanoeina subtrib. nov.
and Cautirina subtrib. nov. The subtribes Trichalina Kleine, 1928 and Hemiconderina Bocak & Bocakova, 1990 are synonymized with
Metriorrhynchina Kleine, 1926. Metanoeina are studied in detail and three genera are placed in the subtribe: Metanoeus Waterhouse, 1879,
Xvlometanoeus gen. nov., and Matsudanoeus gen. nov., with Xvlometanoeus japonicus (Bourgeois, 1902) comb. nov. and Matsudanoeus
yuasai (Nakane, 1969), comb. nov. as type species, respectively. Xvlobanus basivittatus Nakane, 1970 is transferred to Xylometanoeus.
The concepts of genera Cautires and Xvlobanus are based on male and female genitalia. Additionally, the molecular hypothesis is supported
by morphology of larvae, when newly proposed Cautirina are characterized by entire tergites in contrast to the longitudinally divided meso-
and metathoracic tergites of Metanoeina and Metriorrhynchina. Larval characters support the pl 1t of Xyl in Metanoeina
and the close relationships of Matsudanoeus and Metanoeus. The simultaneous consideration of DNA-based phylogeny and morphology
of adults and larvae rejects taxa based on diagnostically usable but strongly homoplastic characters and provides a framework for a robust
classification of Metriorrhynchini.

Key words

Metriorrhynchina, Cautirina, Metanoeina, classification, new subtribes, new genera, new synonyms, mtDNA.

1.  Introduction

Classification based on phylogenetic relationships is an  rhynchini (Lycidae: Lycinae). This is based on the re-
ultimate goal of systematics, which needs integration  cently published molecular phylogeny used for an inves-
of extensive data from various sources (HENNING 1966;  tigation of phylogeography (SKLENAROVA et al. 2013), the
WHEELER et al. 2013). Here, we revise the subtribal clas-  present knowledge on metriorrhynchine larvae (Bocak
sification of the net-winged beetles of the tribe Metrior- & Marsuba 2003; Levkanicova & Bocak 2009; Zaitsev,
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unpublished data) and the morphology of adults (e.g. Bo-
cAK 2002; Dupkova & Bocak 2010). Neither larval nor
adult morphological data have produced a robust phylog-
eny alone. The previous studies recovered conflicts in the
phylogenetic signal provided by adult morphology and
additionally, they were limited by scarcity of information
on larvae. The molecular data produced a robust phylo-
genetic hypothesis, which we compare with morphology
to test the traditionally held morphological concepts of
the subtribes and genera.

The Metriorrhynchini are an Old World lineage of
net-winged beetles with ~1400 valid species-group
names (Bocak 2002). The recent studies have confirmed
their extraordinary diversity in Southeast Asia, Walla-
cea, and New Guinea (e.g. Bocak 2000, 2007; DvORAK
& Bocak 2009; WEISZENSTEIN & Bocak 2011); 223 spe-
cies occur in the Afrotropical region (Kazantsev 2012);
and 203 species in continental Australia (CALDER 1998).
Metriorrhynchinae/-ini were given subfamily or tribe
rank (KLemNe 1926, 1933), and later were merged with
Trichalini and Cladophorini in a wider concept of Metri-
orrhynchinae (Bocak & Bocakova 1990). Recently, this
Metriorrhynchinae were downranked to Metriorrhyn-
chini, combined with several other lineages, e.g. Plat-
erodini, Calochromini and Erotini, in the redefined Ly-
cinae (Bocak & Bocakova 2008). The latest concept of
Metriorrhynchini recognized subtribes Hemiconderina,
Trichalina and Metriorrhynchina. The generic classifi-
cation was morphology-based and used 72 characters in
the mouthparts, thorax and genitalia of both sexes along
with the pronotal and elytral structures and shape of an-
tennae (Bocak 2002). Despite the relatively high number
of characters and dense sampling, the support for deep
relationships in Metriorrhynchini was low. Therefore, we
intend to compare the phylogenetic hypothesis inferred
from the three-gene dataset (the mtDNA fragments from
the dataset by SKkLENAROVA et al. 2013 expanded by criti-
cal taxa) with morphological data (Bocak 2002; Bocak &
Matsupa 2003; Levkanicova & Bocak 2009) to update
the classification of the lineage and to investigate in detail
the limits of several species-rich taxa. We demonstrate
the power of a densely sampled molecular dataset to pro-
duce a topology which corresponds with some morpho-
logical traits and strongly rejects the previous approach
using strongly homoplastic morphological structures.

2. Material and methods

2.1. Sampling

The dataset of rrnl + tRNA-Leu + nadl, coxI + tRNA-
Leu + cox2 and nad5 + tRNA-Phe + tRNA-Glu + tRNA-
Ser mitochondrial DNA (further referred as rruL, coxl
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and nad5) used for the analysis of Metriorrhynchini by
SKLENAROVA et al. (2013) was expanded by newly pro-
duced sequences for Xylometanoeus gen. nov. and Mat-
sudanoeus gen. nov. (Table 1) and by previously obtained
sequences from four unidentified larvae (LEvKANICOVA &
Bocak 2009). The list of previously published sequences,
geographical origins and accession numbers are given in
Table ES1 (Electronic Supplement).

Altogether, 17 genera and about 175 species of Met-
riorrhynchini were represented by 227 terminals. The
number of species is estimated for systematic subsets
of the sample where assignment of species names is im-
possible due to the lack of revisionary taxonomic work
(mainly concerning genera Microtrichalus, Leptotricha-
lus, Xylobanus and Cautires). In these parts we consider
a clade as a species when terminals show low genetic dis-
tance and are morphologically different in some charac-
ter from their closest relatives. Many other taxa included
in the analysis were also identified only to the generic
level due to poorly known species level taxonomy. The
terminals originate from the whole geographic range of
the tribe, but the Oriental region, in particular regarding
the genera Metanoeus Waterhouse, 1879, Cautires Wa-
terhouse, 1879, and Xylobanus Waterhouse, 1879 was
more densely sampled. In addition, 23 species-level taxa
(from 9 genera) representing all lycid subfamilies except
Dexorinae and all major tribes of Lycinae were sampled
as outgroup taxa. The collections of the Natural History
Museums in London, Warsaw and Paris were used for the
study of the type material and distributions.

2.2. Laboratory methods

The procedures for DNA extraction, PCR amplification,
and sequencing were described in detail by SKLENARO-
va et al. (2013). The morphological part of the study is
based on adult and larval semaphoronts. Adult bodies
were softened in water, the male genitalia dissected, ex-
amined and deposited in glycerol, the female genitalia
were treated with hot 10% KOH, dissected and subse-
quently stained in chlorazol black. Larvae were kept in
70% alcohol and observed without any prior treatment.
Illustrations were taken by a digital camera attached to a
binocular microscope.

2.3. Phylogenetic analysis

The dataset, without the sequences newly added herein
but including 18S and 28S rRNA fragments, was thor-
oughly analyzed by SkLENAROVA et al. (2013) and there-
fore the present analysis is limited to a single alignment
procedure (Mafft 7.0; Katon & StanpLEy 2013) and the
maximum likelihood analysis as implemented in RAXML

SENCKENBERG



ARTHROPOD SYSTEMATICS & PHYLOGENY — 72 (1) 2014

Table 1. List of newly produced sequences.

Species Voucher number Genbank accesion numbers
rnl cox1 nad5
Xylometanoeus basivittatus UPOL VK0075 KF652135 KF652115 KF652123
UPOL LB0222 — — KF652128
UPOL LB0223 — — KF652129
Xylometanoeus japonicus UPOL VK0038 = KF652116 KF652124
UPOL VK0039 — KF652117 KF652125
UPOL VK0090 — KF652118 KF652126
UPOL VK0093 — KF652119 KF652127
Matsudanoeus yuasai UPOL VK0248 KF652136 — KF652130
UPOL VK0249 KF652137 KF652120 KF652131
UPOL VK0395 - - KF652132

7.2.5. (BeLsHaw & Karzourakis 2005). The methods of
the analysis follow those reported in SKLENAROVA et al.
(2013).

2.4. Evolutionary analysis of morphologi-

cal characters

The ancestral states and the further evolution of selected
morphological characters in Metriorrhynchini were re-
constructed using the parsimony criterion and the current
molecular phylogeny. Four characters were analyzed:

(A) the shape of male antennae (assessed based on
antennomere 6): (1) serrate, (2) flabellate (Figs. 11—14).
The serrate antennae are similar in shape to the female
antennae illustrated in Fig. 15. We consider the antenna
as serrate if the apical process is at most 0.5 x the length
of the corresponding stem of the antennomere; with a
higher value the antenna is scored as flabellate. Although
arbitrary, the value 0.5 x lies between commonly encoun-
tered types of antenna and values close to it occur in low
frequency. Although antennae with greatly lengthened
apical processes are commonly designated as pectinate,
we do not discriminate between flabellate and pectinate
antennae due to continuous variability in the length of
processes. The character states are coded as seen on the
specimens, e.g. the type-species of Metriorrhynchus has
flabellate antennae similar to those of M. doleschali (Fig.
13), but Metriorrhynchus species included in the analysis
have serrate male antennae (Fig. 2).

(B) the number of longitudinal elytral costae (as-
sessed for the humeral part of the elytron): (1) four cos-
tae, all similar in strength (Figs. 48—49); (2) nine costae,
four strong ones, and five weaker ones located between
the former and the elytral margins (Figs. 69, 47). The
strong costae present in both character states are further
called primary costae, the weaker ones only present in
state 2 are called secondary costae.

(C) the posterior extension of the elytral primary cos-
ta 1 (the one closest to the elytral suture) from the elytral
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base: (1) reaching the apex of the elytron; (2) reaching at
most one third of the elytral length.

(D) the pattern of pronotal areolae: the pronotal cari-
nae delimit a maximum of seven areolae; four areolae are
present at the anterior margin of the pronotum and they
are separated from each other by a midline carina and a
pair of fronto-lateral carinae (FLC); a single lanceolate
areola is located along midline in the posterior part of
the pronotum, bordered laterally by the postero-lateral
areolae; the postero-lateral areolae are separated from
the fronto-lateral areolae by the postero-lateral carinae
(PLC, Figs. 33, 41, 45-46). We distinguish four char-
acter states: (1) the complete pattern of seven areolae is
present; (2) five areolae are present due to absence of the
postero-lateral carinae; (3) three areolae are present due
to absence of the lateral carinae (both FLC and PLC) (i.e.
slender areola in the middle part of the pronotum and two
lateral areolae are present; Figs. 3638, 42—-43); (4) five
areolae are present due to absence of the fronto-lateral
carinae (FLC) (Fig. 39; Wakarumbia type). (5) No are-
olae are present due to the absence of all carinae, or of
all but the frontal part of midline carina. The categoriza-
tion can be ambiguous as some carinae can be consider-
ably weakened, but they are still present (Fig. 35); or all
carinae are inconspicuous, but the pattern of seven are-
olae is recognizable (Metanoeus, Fig. 40). Nevertheless,
most cases can be clearly categorized. The Wakarumbia
type (state 4) is characterized additionally by sharp and
straight carinae and differs from superficially similar ar-
rangements found in some outgroup taxa, e.g. some Dic-
tyopterinae or Lycinae: Conderini and Slipinskiini (Bo-
cAK & Bocakova 2008).

The above listed characters have been tradition-
ally used in the taxonomy of Lycidae for delineation of
genera and tribes, and therefore they were coded for all
taxa included in the molecular analysis (Tables 1, ES1;
including outgroup taxa), their ancestral states for Met-
riorrhynchini were reconstructed using the parsimony
approach implemented in the Mesquite 2.7.5 software
(Mappison & Mabpison 2011) and evaluated using
the consistency index counted in PAUP 4.8 (SwOFFORD
2002). Additionally, we used the Bayesian estimation
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as implemented in the BayesTraits 2.0 software for an
alternative ancestral state reconstruction of the patterns
of pronotal areolae (Fig. ES1). Nodes to be reconstruct-
ed were defined on the best ML topology (Fig. 1) and
the same distribution of character states at terminals
was used as in the MP analysis. The likelihood of each
character state was inferred for nodes of interest using
the script published by SkLENAROVA et al. (2013; freely
available at https://sourceforge.net/projects/bayestraits-
wrap/).

3. Results

3.1. Sequence variation

The aligned and concatenated rrnL, cox!, and nad5 mt-
DNA fragments for 262 terminals formed an alignment
of 3143 homologous positions; 1886/1814 characters
were parsimony informative including/excluding out-
group taxa. The aligned rrnL fragment had 831 positions
(407 parsimony informative characters), cox/ 1099 posi-
tions (623 informative), and nad5 1213 positions (856
informative).

3.2. Phylogeny and character evolution

The Metriorrhynchini clade was represented in the cur-
rent analysis as a monophylum with robust support
(bootstrap value = BS 99%). The basal splits consisted
of the Metanoeus clade (Xylometanoeus + (Matsuda-
noeus + Metanoeus); orange in Fig. 1), Cautires clade
(Xylobanus + Cautires; red in Fig. 1) and Metriorrhyn-
chus clade (Metriorrhynchus, Trichalus, Wakarumbia
and many other genera; green in Fig. 1). The Cautires
clade and the Metanoeus clade were well supported (BS
98 and 91%, respectively), but the Metriorrhynchus
clade, although recovered by all analyses here and pre-
viously (SkLENAROVA et al. 2013), had low support (BS
17-68%) and formed an unresolved polytomy with the
Metanoeus clade in the majority consensus recovered
from bootstrap trees.

The evolution of the four characters (A)—(D) (see
section 2.4.), which have been commonly used for de-
lineation of genera, was optimized under the MP cri-
terion using the tree in Fig. 1. Altogether 7 steps were
needed to explain the distribution of flabellate and ser-
rate antennae (CI 0.167, RI 0.944; Fig. 2); 19 steps for
the patterns of pronotal areolae (a five-state character, CI
0.158, R10.835; Fig. 5); 7 steps for the presence/absence
of the secondary costae on the elytra (CI 0.143, R1 0.920;
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Fig. 3); and 2 steps for the extension of elytral costa 1
(C1 0.5, RI 0.944; Fig. 4). The ancestral character states
recovered by parsimony reconstruction in Mesquite are
illustrated in Figs. 2—5 and the calculated likelihoods for
origins of pronotal patterns are graphically presented in
the supplementary Fig. ES1.

Sequences from four metriorrhynchine larvae pub-
lished by LEvkanicova & Bocak (2009) were included in
the dataset and these taxa were identified as Leptotricha-
lus atricollis Pic, 1921 (Voucher UPOL ZL.2002) and Su-
labanus lalui Dvorak & Bocak, 2007 (UPOL ZL2010);
the sample UPOL ZL2015 was identified as Cautires sp.
(Metriorrhynchini gen. spec. by LEvkanicova & Bocak
2009) and relationships were inferred more precisely for
another sample of Cautires sp. (UPOL ZL2009) with the
current DNA dataset (Fig. 1).

4. Discussion

The older morphology-based classification of metrior-
rhynchine net-winged beetles recognized several fami-
ly-group taxa of subfamily or tribe ranks (KLEINE 1926,
1933). The comparison of morphology (Bocak & Boca-
kova 1990) and subsequent morphology-based cladistic
analysis by Bocak (2002) suggested monophyly of Met-
riorrhynchini consisting of Hemiconderina, Trichalina,
and Metriorrhynchina, the latter containing also the Ori-
ental and Afrotropical genera Cautires and Xylobanus.

The current molecular phylogeny (Fig. 1) is incon-
gruent with morphological analyses, with three lineages
inferred at the basal split; these are here defined as sub-
tribes of Metriorrhynchini (see Taxonomy section):

(1) The Cautires + Xylobanus clade (subtribe Cauti-
rina) includes all Afrotropical and most Oriental and East
Palearctic Metriorrhynchini.

(2) The Sulabanus + Metriorrhynchus + Trichalus +
Wakarumbia clade (including all related genera as shown
in Fig. 1; subtribe Metriorrhynchina) includes Australian
lineages, many of them endemic to Australia and New
Guinea, but some dispersed in a low number of species to
the Oriental region (e.g. Bocak & Yaar 2010).

(3) The Xylometanoeus + Matsudanoeus + Metano-
eus clade (subtribe Metanoeina) includes a limited num-
ber of Oriental Metriorrhynchini. The enigmatic position
of Metanoeus (the only genus of this clade defined prior
to the present paper) was discussed by Bocak (2002)
when the morphological characters did not provide a
clear indication of its relationships to Metriorrhynchus or
Cautires, and even the current molecular dataset does not
give a robust support for a sister to the Metanoeus + Xy-
lometanoeus + Matsudanoeus clade. Surprisingly, the Ja-
panese species Xylobanus basivittatus and X. japonicus
and several unidentified Xylobanus spp. (their classifica-
tion in Xylometanoeus is discussed in the taxonomical
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part below) are sister to the clade of Matsudanoeus yua-
sai + Metanoeus spp. (Fig. 1). The position of these spe-
cies compromises monophyly of Cautires and Xylobanus
in the traditional sense (KLeNE 1933; Bocak 2002; Ka-
zANTSEV 2012). Therefore, we defined two new genera in
Metanoeina for these species (Matsudanoeus and Xylo-
metanoeus), studied their morphology in detail and com-
pared it with the morphology of Cautires and Xylobanus
(see Taxonomy section for details).

The subtribe Metriorrhynchina, when Cautirina and
Metanoeina are defined and excluded from the subtribe,
contains several Australian genera (e.g. Metriorrhyn-
chus, Porrostoma, Sulabanus, Fig. 1). These three gen-
era form a clade with Trichalus + Microtrichalus (former
subtribe Trichalina), Synchonnus + Wakarumbia (former
Hemiconderina) and Leptotrichalus (classified in Met-
riorrhynchina by Bocak 2002) The monophyly of these
clades is weakly supported or compromised by presence
of Leptotrichalus in the clade of Synchonnus + Wakarum-
bia (Hemiconderina). Therefore, Metriorrhynchina are
redefined and include the genera previously classified in
Trichalina and Hemiconderina.

We found that the character states used previously for
definition of genera (characters (A)—(D) in section 2.4.)
are either plesiomorphies, or apomorphies that evolved
several times in distantly related lineages. Xviobanus
and Cautires have been defined by having four and nine
elytral costae, respectively (Figs. 3, 47—49). The ori-
gin of the nine-costae pattern in the cautirine ancestor
was followed either by three independent origins of the
four-costae pattern or the four-costae pattern was pre-
sent at the root of Cautirina and was followed by a sin-
gle origin of nine-costae pattern and two reversals (Fig.
3). The Metanoeus clade contains two branches: Xylo-
metanoeus with the four-costae pattern and the Matsuda-
noeus + Metanoeus branch with the nine-costae pattern
(Fig. 2).

Similarly, the distribution of flabellate antennae sug-
gests multiple origins and our optimization was ambigu-
ous regarding the root of Metriorrhynchini. Therefore,
the character should be used with caution in delineation
of monophyletic lineages (Fig. 2). We found that Xy-
lobanus splits in two sister-clades with flabellate ver-
sus serrate antennae; similarly some Australian Metri-
orrhynchus, including the type species, have flabellate
antennae but the other, e.g. all species in the Oriental
region and Sulawesi, have serrate antennae (Fig. 2). Al-
though the definition of character states “serrate” and
“flabellate” by an arbitrary ratio (see Methods) suggests
that the changes might be gradual, very few individuals
have antennae with a shape of antennomeres close to
the given value. We suppose that the flabellate antennae
play a role in pheromone communication and therefore,
the distribution peaks in serrate and flabellate antenno-
meres might correspond to the presence/absence of se-
lection for large surface of antennae housing olfactory
receptors.

The number of pronotal carinae has been commonly
used in systematics of net-winged beetles and the taxa
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defined based on this character have been accepted since
the end of 19th century till recently (e.g. Bulenides Wa-
terhouse, 1879, see Dubkova & Bocak 2010). Addition-
ally, new taxa have been based on the number of pronotal
areolae recently (e.g. Kazantsev 2012). High likelihood
was calculated for the seven-areolae pattern (i.e. for the
maximum set of carinae) at the root of Metriorrhynchini
(Fig. ES1). Among Lycidae, the seven-areolae pattern
only occurs in Metriorrhynchini and it is an autapomor-
phy of this tribe (while all carinae forming this pattern
can also occur in other Lycidae, but not the full set).
Subsequently, the various types of reduction of pronotal
carinae are recovered in unrelated lineages, and some
of them resemble patterns known in other net-winged
beetle lineages (Figs. 5, ES1; Dupkova & Bocak 2010).
The pattern of absent fronto-lateral carinae (Wakarum-
bia type, state 4; Fig. 39) is similar to those of Dicty-
opterinae or Conderini and Slipinskiini among Lycinae
(Bocak et al. 2008). This pattern of areolae was coded
as a single character state also in Conderini (i.e. homo-
logy assumption at primary level) in the morphological
analysis by Bocak (2002) and as a result Hemiconderini
(Falsolucidota, Wakarumbia and related genera) were
recovered as the sister group of all other Metriorrhyn-
chini.

Although with sparse sampling at this moment, we
tested the proposal by Bocak (2002) to exclude Lep-
totrichalus from Trichalina and we found that Leptotrich-
alus is closely related to the Synchonnus + Wakarumbia
clade and does not belong to the 7richalus + Microtricha-
lus clade (Fig. 1) despite possessing a similarly shortened
elytral costa 1 (Fig. 4). Trichalina sensu Bocak (2002) is
thus obtained herein as a monophyletic subclade of Met-
riorrhynchina.

The current analysis provides putative identification
for the samples of unknown larvae of Metriorrhynchini
reported by Levkanicova & Bocak (2009) and shows
the importance of the multi-marker reference database
for placement of unidentified samples in the phyloge-
netic framework as discussed by Bocak et al. (2014).
The current sampling enables more precise identification
of all four previously unidentified taxa (BS 100%, Fig.
1), although formal identification is unavailable due to
the chaotic species-level taxonomy of the group in two
cases.

Further, we compared the morphology of larvae of
Matsudanoeus yuasai, Metanoeus pendleburyi (Bocak
& Matsupa 2003) and Xylometanoeus japonicus (A.A.
Zaitsev, unpublished data; Fig. 18) with other Metrior-
rhynchini. When only morphology was considered, the
similarity of larvae of these taxa was noted, but no con-
clusion on relationships was made (Bocak & Matsupa
2003). The DNA-based association of the Metanoeina
(Metanoeus + Xylometanoeus + Matsudanoeus  clade)
and Metriorrhynchina (Fig. 1) suggests that a midline
division of terga is a synapomorphy of these two clades.
Similarly, the presence of branched urogomphi supports
the relationships of Matsudanoeus + Metanoeus. Spines
at the frontal margin of pronotal hemitergites are ob-
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Cautirina

Fig. 1. Phylogenetic tree of Metriorrhynchini inferred from
MAFFT alignment using the maximum likelihood optimality
criterion; basal part of outgroups omitted. Tree divided in two
parts at squares. Larvae, general appearance of A: Matsuda-
noeus yuasai (Nakane); B: Leptotrichalus atricollis Kleine; C:
Metriorrhynchus thoracicus (F.); D—F: Cautires spp. A—C and
E~F from Bocak & Marsupa (2002), © Taylor & Francis Inc.
Basingstoke; D from Levkanicova & Bocak (2009), © Wiley
& Sons, Inc. Chichester.
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Figs. 2—5. Parsimony reconstruction of ancestral character states: 2: the structure of antennae; 3: the number of elytral costae; 4: the length
of the elytral costa 1; 5: the structure of the pronotal areolae.

served in several Metriorrhynchus and Xylometanoeus 5. Taxonomy
and have not been found in any Xylobanus or Cautires.
All these characters support the position of Metanoeina
as sister to Metriorrhynchina. The molecular phylogeny
supported by some larval and adult morphological char-  5.1.  Tribe Metriorrhynchini Kleine, 1926
acters provides evidence for the newly defined principal
lineages. Metriorrhynchini Kleine, 1926: 97.
The consequences of current findings for the tax-
onomy of Metriorrhynchini are discussed in the taxon-
omy section below. We show that integration of densely ~ Type genus. Metriorrhynchus Gemminger & Harold,

sampled molecular phylogeny with adult and larval 1869.

morphology provides a strong framework for revised

classification with strong explanatory and predictive = Cladophorini Kleine, 1928: 222; Bocak & Bocakova 1990:
power. On the other hand, when typologically defined 641.

polyphyletic taxa are rejected, and the revised generic Type genus. Cladophorus Guérin-Méneville, 1930, pl. 2,
and subtribal concepts are defined based on morpho- fig. 9.

logy of genitalia or larvae, eventually a combination = Dilolycinae Kleine, 1926: 186; Bocak & Bocakova 1990: 641.
of several characters must be used for definition of = Dilolycini: Kleine, 1933: 84.

taxa. Type genus. Dilolycus Kleine, 1926: 186.
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Description. Adults: Body length 2.5-30 mm. Body
weakly sclerotized, dorso-ventrally flattened (Figs. 6—-9);
most species aposematically colored.

Head small (Figs. 6-9), prognathous to hypogna-
thous, partly covered by pronotum; most species without
rostrum, flower visiting species rostrate (e.g. Porrostoma,
Leptotrichalus, Figs. 7, 19-21); mouthparts well devel-
oped (Figs. 22—-32), tiny if head rostrate. Labrum trans-
verse, anterior margin rounded to slightly emarginate
(Fig. 26). Mandibles long, slender to robust, shortened in
species with rostrum, incisor without teeth (Figs. 23-25).
Maxilla with small cardo, stipes plate-like, mala setose.
Maxillary palpi 4-segmented. Labium small, without
ligula, praementum large, mentum tiny, transverse; labial
palpi 3-segmented (Figs. 27—-32). Eyes hemispherically
prominent. Antennal insertions narrowly separated, an-
tennae 11-segmented, scapus stout, pedicel small, trans-
verse; antennomeres 3— 10 serrate to flabellate in males,
serrate to shortly flabellate in females (Figs. 10—15).
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Pronotum slightly narrower than elytra, flat, with
pronotal carinae (Figs. 33—46). Anterior margin convex,
anterior angles obtuse, posterior angles projecting. Pros-
ternum transverse (Fig. 44). Mesoscutellum parallel-sid-
ed, weakly to deeply emarginate at apex (Figs. 16—-17).
Metendosternite with simple, robust stalk; arms absent.
Elytra subparallel-sided, seldom globular (Broxylus);
always with longitudinal and regular transverse costae
(Figs. 6-9); longitudinal ones in two patterns: (1) four
stronger (primary costae) and five weaker ones (second-
ary costae) (Figs. 6-9, 47, e.g. Cautires, Porrostoma,
Metriorrhynchus); (2) only four primary costae present
(e.g. Xylobanus, Xylometanoeus, Figs. 48—49), second-
ary costae absent; sometimes individual costae reduced
in length (Diatrichalus, Leptotrichalus, etc.). Legs slen-
der, flattened, coxae globular to slightly elongate; tro-
chanters and femora slender; five tarsomeres, tarsomeres
2-4 often with membranous pads. Claws simple (Fig.
84).
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Figs. 6-18. General appearance of 6: Metriorrhynchus doleschali Redtenbacher; 7: Porrostoma rhipidium W. M’Leay: 8: Metanoeus

bakeri Kleine; 9: Cautires sp. Antennae of 10: Cautires sp., female; 11: ditto, male; 12: P. rhipidium, male; 13: M. doleschali, male;

14: M. bakeri, male; 15: ditto, female. Mesoscutellum of 16: M. bakeri; 17: Cautires sp. Larva, general appearance, of 18: Xylometanoeus

Japonicus. Scale bars: 2 mm (Figs. 6—15, 18), 0.5 mm (Figs. 16—17).

Abdomen short and much narrower than elytra in
most species. Female spiculum gastrale absent. Male
genitalia with tubular or partly membranous phallus, cir-
cular phallobase, parameres absent (Figs. 50—72). Inter-
nal sac regularly with thorns and lamellae (Figs. 50—51,
58-72), seldom completely membranous (Porrostoma,
Figs. 52—53). Ovipositor with plate-like coxites, either
with freely attached rod-like valvifers (Fig. 81) or valvi-
fers reduced (Metanoeus, Figs. 73, 79). Styli short, mov-
able (Figs. 73—82). Vagina simple, sac-like, membra-
nous (Figs. 73—82), seldom sclerotized (Fig. 83), with
median gland and two lateral accessory glands attached
distally. Spermathecal duct short (Figs. 74—75) to very
long (Metanoeus, Fig. 73). Spermatheca simple, apically
bearing y-shaped gland (Figs. 73-83).

Larvae: Only a few genera are known in immature
stages (Bocak & Marsuba 2003; LEvkanicova & Bocak
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2009). The larvae share reduced mala and movable or
fixed tergal and pleural processes of variable length. Uro-
gomphi variable in length and shape, long, movable and
branched to short and membranous (Figs. 1A,C,D,E, 18).

Diagnosis. The Metriorrhynchini are characterized by
several unique characters: Pronotum with carinae usually
forming a pattern of four areolae at the anterior margin,
single median lanceolate areola in middle and two poste-
ro-lateral areolae (unique pattern in Lycidae). However,
frequently this set is reduced, in the extreme to a single
median areola or only the anterior part of the median ca-
rina is present (Caenioxylobanus) (Figs. 33—46). Male
genitalia with a straight phallus and a circular phallobase,
parameres absent (Figs. 50—72). Female genitalia with
vagina bearing an unpaired median gland (Figs. 73, 80,
83). Additionally, the Metriorrhynchini are characterized
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Figs. 19-32. Head of 19: Metanoeus bakeri; 20: Metriorrhynchus doleschaliy 21: Cautires sp. 22: Labrum and hypopharynx of M. dole-
schali. Mandible of 23: M. bakeri; 24: M. doleschali; 25: Cautires sp. 26: Labrum of M. bakeri. Maxilla of 27: M. bakeri; 28: M. doleschali;
29: Cautires sp. Labium of 30: M. bakeri; 31: M. doleschali; 32: Cautires sp. Scale bars: 0.5 mm (Figs. 19-21), 0.1 mm (Figs. 22-32).

by a pedicel at least four times shorter than antennomere
3 (Figs. 10—15, similar in Lycini and Calopterini) and
elytra with longitudinal and transverse costae (similar in
Dictyopterini and others, but absent in several lineages
such as Lycini, Calochromini etc., Figs. 69, 47—49).

Distribution. Afrotropical region including Madagascar,
southern part of Arab Peninsula; Oriental region, Austral-
ian region including islands of western Pacific (but absent
in New Zealand except one introduced species), eastern
part of Palearctic region. The dispersal and vicariance
history was discussed by SKLENAROVA et al. (2013).

5.2. Subtribe Metriorrhynchina Kleine,
1926

Metriorrhynchini Kleine, 1926: 97.

Type genus. Metriorrhynchus Gemminger & Harold,
1869.
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= Hemiconderina Bocak & Bocakova, 1990: 645 — syn. nov.
Type genus. Hemiconderis Kleine, 1926: 162.

= Trichalinae Kleine, 1928: 222 — syn. nov.

= Trichalini: Kleine, 1933: 69.

= Trichalina: Bocak & Bocakova, 1990: 646.
Type genus. Trichalus Waterhouse, 1877: 82.

Description. Adults: Body length 3—30 mm, most spe-
cies brightly colored, few uniformly black or metallic
blue (Diatrichalus, Figs. 6—7, 38). Head with rostrum
(Porrostoma) or without rostrum (Figs. 67, 20), anten-
nae flabellate or serrate in males (Figs. 12—13), some-
times pectinate with lamellae extremely long (Carathrix),
serrate in females. Mandibles moderately long (Fig. 24),
very short when rostrum present; palpomeres variable in
shape (Figs. 28, 31). Pronotum usually with seven are-
olae, sometimes lateral carinae weaker to absent (Figs.
33-39). Mesoscutellum parallel-sided, deeply emargi-
nate at apex. Elytra parallel-sided, seldom globular (Bro-
xylus), with four or nine longitudinal costae (Figs. 6—7,
47). Male genitalia with tubular, sometimes apically
membranous phallus, internal sac armed with thorns
(Metriorrhynchus) or membranous (e.g., Porrostoma,
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Figs. 33—49. Pronotum of 33: Metriorrhynchus sp.; 34: Cladophorus sp.; 35: Porrostoma rhipidium; 36: Leptotrichalus sp.; 37: Micro-

trichalus sp.; 38: Diatrichalus sp.; 39: Wakarumbia sp.; 40: Metanoeus sp.; 41—-44: Cautires spp.; 45: Matsudanoeus yuasai; 46: Xylo-

metanoeus japonicus. Structure of elytral costae of 47: Cautires sp. (Cameroon); 48: Xylometanoeus basivittatus; 49: Xylometanoeus sp.

(Borneo). Scale bars: 0.5 mm.

Trichalus, Figs. 50—53). Vagina membranous to heavily
sclerotized (some Papuan Metriorrhynchus), lateral ac-
cessory glands attached directly or via partly sclerotized
ducts; spermaduct short to moderately long (Fig. 83).

Larvae: Several genera of Metriorrhynchina are
known in immature stages: Porrostoma spp. from Aus-
tralia, Metriorrhynchus spp. (the Philippines and Great
Sundas), Leptotrichalus (Java) and Sulabanus (Sulawe-
si). All known larvae share the longitudinally divided
meso- and metathoracic terga and many have the spines
at the frontal margin of the pronotum. Urogomphi vari-
able in shape, movable or fixed, seldom absent (e.g. Me-
triorrhynchus; Bocak & Martsupa 2003; LEVKANICOVA &
Bocak 2009).

Diagnosis. The Metriorrhynchina consist of morpho-
logically diverse genera, which are difficult to collec-
tively define by a unique feature. Most taxa have seven
distinct pronotal areolae. Although these are similar to
those of Cautirina, many genera have a slightly different
shape of the pronotum and areolae: commonly posterior
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angles of pronotum are rectangular (Figs. 33—-34) or lat-
eral areolae are shallow (Fig. 33). Several genera have
areolae modified in a way unknown from other sub-
tribes, e.g. Leptotrichalus, Trichalus, Synchonnus and
related genera have a long median areola and the lateral
carinae are absent (Figs. 36—-38), sometimes patterns of
areolae resemble those of Conderini or Dictyopterinae
(Falsolucidota, Wakarumbia, Fig. 39). Additionally,
some groups of genera have a shortened primary elytral
costa 1 (the genera previously placed in Trichalinae/ini
by KLeINE 1928, 1933). The male genitalia of Metrior-
rhynchina are very diverse in the shape of the phallus
and sclerotization of the internal sac (Figs. 50—53), but
they have never a slender, lanceolate phallus and their
internal sac does not have a pair of sclerotized thorns
as known in Cautirina (Figs. 66—70). Some Metrior-
rhynchina have the phallobasal membrane modified in a
sclerotized structure (e.g. some Metriorrhynchus, Figs.
50-51). Morphologically based identification is possi-
ble only using a set of various characters and detailed
comparison to other taxa.
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List of Metriorrhynchina genera. Achras Waterhouse, 1879;
Broxylus Waterhouse, 1878 (= Samanga Pic, 1921); Cautiromimus
Pic, 1926; Cladophorus Guérin-Méneville, 1830 (= Odontocerus
Guérin-Méneville, 1838; = Spacekia Strand, 1936); Cladophori-
nus Kleine, 1926; Diatrichalus Kleine, 1926 (= Mimotrichalus
Pic, 1930); Ditua Waterhouse, 1879; Eniclases Waterhouse, 1879;
Enylus Waterhouse, 1879; Falsolucidota Pic, 1921 (= Hemicond-
eris Kleine, 1926); Flabellotrichalus Pic, 1921 (= Villosotricha-
lus Pic, 1921; = Stereotrichalus Kleine, 1926); Kassemia Bocak,
1998; Leptotrichalus Kleine, 1925; Lobatang Bocak, 1998; Mala-
colycus Kleine, 1943; Mangkutanus Kubecek, Dvorak & Bocak,
2011; Marena Kazantsev, 2007; Metriorrhynchoides Kleine, 1926;
Metriorrhynchus Gemminger & Harold, 1869 (= Metriorhynchus
Guérin-Méneville, 1838; = Dilolycus Kleine, 1926; = Flabellopor-
rostoma Pic, 1923); Mimoxylobanus Pic, 1921; Microtrichalus
Pic, 1921 (= Falsoenylus Pic, 1926); Oriomum Bocak, 1999; Por-
rostoma Castelnau, 1838; Procautires Kleine, 1925; Pseudodon-
tocerus Pic, 1921; Schizotrichalus Kleine, 1926; Spinotrichalus
Kazantsev, 2010; Stadenus Waterhouse, 1879; Sulabanus Dvorak
& Bocak, 2007; Synchonnus Waterhouse, 1879; Trichalus Water-
house, 1877; Wakarumbia Bocak, 1999; Xvlobanomimus Kleine,
1926; Xylobanomorphus Kleine, 1935.

Distribution. Australian region including islands of
Western Pacific and eastern part of Oriental region (only
Metriorrhynchus distributed from southeast Asia to East-
ern India and Laos, Microtrichalus to southernmost Yun-
nan, Leptotrichalus to Vietnam, Diatrichalus recorded
from the Philippines, Peninsular Malaysia and the Great
Sundas, Cautiromimus from the Philippines including
Palawan and Sulabanus from the Philippines, but not
from Palawan). Metriorrhynchina are the only subtribe
occurring east of the Wallace line except a few species of
Cautires and Xylobanus on Sulawesi.

Remarks. Most morphological diversity of Metrior-
rhynchini is known from this subtribe and it resulted in a
long list of described genera and definitions of subfami-
lies and tribes (KLEINE 1933; Bocak & Bocakova 1990;
Bocak 2002). The previously defined tribes were based
on clear, diagnostically highly usable characters, which,
however, revealed to be either features evolved multiple
times or to define just a restricted terminal branch. The
taxa based on these characters are unacceptable in a phy-
logenetic classification.

The former subtribe Trichalina was recovered as
a subordinate branch: the Trichalus + Microtrichalus
clade (Fig. 1); therefore Trichalina Kleine, 1928 is syn-
onymized with Metriorrhynchina Kleine, 1926.

Hemiconderina was described as a subtribe of Metri-
orrhynchini by Bocak & Bocakova (1990) on the basis
of the unique pattern of pronotal carinae, shape of geni-
talia, and weaker elytral primary costae 1 and 3 (Bocak
2002). The morphology-based analysis recovered these
genera as one of principal lineages in Metriorrhynchini
due to resemblance of their pronotal areolae pattern to
that in the outgroup, but molecular data place them in
a terminal position within Metriorrhynchina and suggest
an independent origin of the hemiconderine rhomboidal
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areola. Therefore, we propose to synonymize the subtribe
Hemiconderina Bocak & Bocakova, 1990 with Metrior-
rhynchina Kleine, 1926.

5.3.  Subtribe Metanoeina subtrib. nov.

Type genus. Metanoeus Waterhouse, 1879.

Description. Adults: Body length 7—16 mm, most spe-
cies brightly colored, seldom uniformly black (Fig. 8).
Head without rostrum (Fig. 19), antennae flabellate to
pectinate in males, serrate in females (Figs. 12—13).
Mandibles variable in length (Fig. 23); apical palpomeres
slender to pointed (Figs. 27, 30). Pronotum with seven
areolae, sometimes carinae obtuse (Figs. 40, 45-46). Me-
soscutellum parallel-sided, deeply emarginate at apex.
Elytra parallel-sided, with four or nine longitudinal cos-
tae (Figs. 48—49). Phallus variable in shape, internal sac
armed with thorns and sclerotized lamellae (Figs. 54-55,
58-65). Valvifers vestigial (Metanoeus, Matsudanoeus:;
Figs. 73, 79, 80) or slender, branched at base (Xylometa-
noeus; Figs. 74, 77); vagina membranous to partly sclero-
tized, basal parts of lateral glands often sclerotized (Figs.
73-175, 80), spermaduct very long (Metanoeus) or about as
long as coxites and valvifers combined (Figs. 7475, 80).

Larvae: The known larvae share the longitudinally
divided meso- and metathoracic terga, the spines at the
frontal margin of the pronotum (Bocak & Marsupa 2003).
The urogomphi are movable and branched (Metanoeus,
Matsudanoeus, Fig. 1A) or vestigial (Xylometanoeus).

The larva of Xylometanoeus japonicus (Fig. 18) was
illustrated in detail by A.A. Zaitsev on flicker (http://
farm4.staticflickr.com/3515/4026462633_96{f6ebb02_z.
ipg?zz=1, visited on Aug. 21, 2013).

List of Met: genera. M v Waterhouse, 1879; Xylo-
metanoeus gen. nov.; Matsudanoeus gen. nov.

Diagnosis. The lineage was inferred as a principal met-
riorrhynchine lineage by SKLENAROVA et al. (2013) and a
re-analysis here (BS 91%, Fig. 1). The only adult mor-
phological synapomorphy supporting their relationships
are the short valvifers and wide, short coxites (Figs.
73-75, 79-80). Further, only a combination of char-
acters can be used for diagnosing Metanoeina: the lar-
vae have longitudinally divided meso- and metathoracic
terga (unlike Cautirina but shared with Metriorrhynchi-
na), the pronotal carinae are obtuse and frontal areolae
smaller (pronounced in Metanoeus, less evident in Mat-
sudanoeus, absent in Xylometanoeus, Figs. 40, 45-46),
the lateral margins of the pronotum are not elevated and
the frontal margin is simple; the spermathecal duct is ex-
tremely long (Metanoeus) to moderately long, bases of
ducts to lateral glands of vagina sclerotized in most spe-
cies (Figs. 73—75, 80). The male genitalia are variable in
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Figs. 50—72. Male genitalia, in lateral and dorsal views, of 50—51: Metriorrhynchus doleschali; 52—53: Porrostoma rhipidium; 54—55:
Metanoeus bakeri; 56 —57: Cautires sp.; 58—59: Matsudanoeus yuasai; 60—61: Xylometanoeus japonicus; 62—63: X. basivittatus; 64— 65:
Xylometanoeus sp.; 66— 67: Cautires sp. (Madagascar, terminal A00030 in Fig. 1); 68—-69: Cautires sp. (Cameroon, terminal A00096, pre-
viously classified as Xylobanus); 70: Cautires sp. (Cameroon, Voucher A00086); 71—72: Xylobanus costifer (Walker). Scale bars: 0.5 mm.

shape (Figs. 54—55, 58—65), but never lanceolate as in
Xylobanus and Cautires (Figs. 56—57, 66—72).

Distribution. Eastern Oriental region (Laos, the Great
Sundas, Peninsular Malaysia, Palawan, the Philippines)
and eastern Palearctic Region (China, Japan, Russian Far
East).

Remark. The analysis supports a deep position of the
clade formed by Metanoeus, Matsudanoeus, and Xy-
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lometanoeus (Fig. 1). The larval morphology points
strongly to relationships of Metanoeina and Metrior-
rhynchinae by the shared longitudinally divided tho-
racic terga and presence of thorns at frontal margin of
pronotum in Xylometanoeus (Fig. 18). Concerning the
morphological and molecular disparity of the lineage we
propose a new subtribe Metanoeina for these three gen-
era. Metanoeus was thoroughly redescribed by WEIszen-
sTEIN & Bocak (2012) and two new genera are described
below.
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5.3.1. Xylometanoeus gen. nov.
Type species. Xvlobanus japonicus Bourgeois, 1902.

Description. Adults: Body length 8—15 mm, dark red-
dish brown or brightly colored. Head without rostrum;
antennae flabellate in males, serrate in females. Mandi-
bles robust; apical palpomeres parallel-sided. Pronotum
with seven areolae (Fig. 46). Elytra parallel-sided, with
four longitudinal costae (Figs. 48—49). Phallus tubular,
short, internal sac with lamellae (Figs. 60—65). Oviposi-
tor short and wide, valvifers branched at base, about as
long as coxites, vagina membranous (Figs. 7475, 77).

Larvae: Xylometanoeus japonicus, Fig. 18 (previ-
ously unpublished information provided by A.A. Zait-
sev): Body parallel-sided, 16 mm long, slightly wider
in basal part of abdomen, sclerites brown, small, mem-
branes extensive, yellowish-white. Lateral part of epicra-
nium membranous. Eyes small. Mandibles slender, long,
slightly curved. Pronotum T1 extensive, with apparent
median longitudinal suture, terga T2—T3 and A1-AS8 di-
vided in a pair of small hemitergites connected by whitish
membrane. Pronotum with small anterior processes; ter-
gites T2 and T3 simple, subquadrate; prosternum small,
subtriangular. Sterna T2 and T3 small, less sclerotized.
Spiracular plate T2 located in pleural part of mesotho-
rax, small, simple, with spiracular opening in middle of
sclerite. Posterior thoracic pleurites present, similar in
shape to anterior ones. Abdominal hemi-tergites A1—-AS8
transverse, weakly sclerotized, each abdominal segment
with long, finger-like, lateral membranous process; up-
per pleurites with spiracular opening at dorsal margin,
lower pleurites much smaller. Segment A9 with pair of
narrowly divided tergal sclerites and short membranous
urogomphi below their apices.

Included species. Due to chaotic species level classifi-
cation of the Oriental Metriorrhynchini we are not able
to identify the Oriental species to the species level (Fig.
1) and only two Japanese species X. japonicus and X.
basivittatus are formally classified in Xylometanoeus at
present.

Material examined. | larva, Russia, South Kurils, Kunashir is-
land, Cape Alekhino, 19. Aug. 2009, in rotten wood of Acer. Det.
& leg. A.A. Zaitsev, deposited in Zaitsev coll.

Diagnosis. Adult Xylometanoeus differ from other
Metanoeina in four elytral costae. The larvae of Xylo-
metanoeus resemble other Metanoeina in divided meso-,
metathoracic terga and prothoracic spines, but they differ
from in short, simple urogomphi, undivided pronotal ter-
gum and divided tergum A9 (Fig. 18).

Distribution. Xylometanoeus is widely distributed in
the Oriental and the eastern part of the Palearctic region.
Confirmed records are available from Japan, Laos, Bor-
neo, and the Philippines.
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Name derivation. The generic name is derived from the
names Xylobanus and Metanoeus and points to the pres-
ence of the Xylobanus-like pattern of elytral costae. Gen-
der masculine.

Remark. The species Xylometanoeus basivittatus (Na-
kane, 1970), comb. nov. and X. japonicus (Bourgeois,
1902), comb. nov. are transferred from Xylobanus Wa-
terhouse, 1879.

5.3.2. Matsudanoeus gen. nov.
Type species. Cautires yuasai Nakane, 1969.

Description. Adults: Body length 8—11 mm, dark red-
dish brown. Head without rostrum; antennae flabellate in
males, serrate in females. Mandibles robust; apical pal-
pomeres parallel-sided, obliquely rounded at apex. Pro-
notum with seven areolae (Fig. 45). Elytra parallel-sided,
with nine longitudinal costae. Phallus tubular, short,
internal sac with one long and one short thorn (Figs.
58-59). Ovipositor short and wide, valvifers short, al-
most perpendicular to coxites, vagina short and wide,
membranous (Figs. 74-75, 77).

Larvae: The larva of Matsudanoeus yuasai was de-
scribed by Bocak & Matsupa (2002) as Cautires yuasai.
All thoracic and abdominal terga A1—A8 are divided in
two hemitergites, tergite A9 entire, urogomphi movable,
branched (Fig. 1A).

Included species. Only the type-species Matsudanoeus
yuasai (Nakane, 1969), comb. nov. is classified in the
genus. It is transferred here from Cautires Waterhouse,
1879.

Diagnosis. Matsudanoeus gen. nov. resembles in the gen-
eral appearance Cautires, with which it shares the pattern
of pronotal areolae and the presence of secondary costae
on the elytra. Unlike most Cautires, Matsudanoeus has a
simple frontal margin of the pronotum. Further, the genus
differs in the tubular, well sclerotized phallus and unique
thorns of the internal sac (Figs. 58—59). Female genitalia
are characteristic in the very short, laterally directed val-
vifers, which resemble those of Metanoeus (Figs. 79—80).
Larvae of M. yuasai are similar to those of Metanoeus
and have very long branched urogomphi in contrast to the
larvae of Cautires (Bocak & Matsupa 2003).

Name derivation. The genus is named in honour of Dr.
Kiyoshi Matsuda, Takarazuka, a specialist in Lycidae ta-
xonomy. The name merges his family name and “noeus”,
a part of the name Metanoeus. Gender masculine.

Distribution. Matsudanoeus yuasai is endemic to Japan.
Despite a relatively high number of sequenced species,
none species has been recorded from the Oriental Re-
gion, where Metanoeus occur.
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Figs. 73—84. Female genitalia of 73: Metanoeus bakeri; 74: Xylometanoeus basivittatus; 75, 77: X. japonicus; 76: Cautires sp. (Cameroon,
terminal A00104 in Fig. 1); 78: Xylobanus sp.; 79—80: Matsudanoeus yuasai; 81: Cautires sp.; 82: Xylobanus costifer (Walker); 83: Met-
riorrhynchus doleschali. Hind leg of 84: Cautires sp. Scale bars: 0.5 mm.

5.3.3. Key to identification of Metanoeina

1
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genera

Each elytron with only four longitudinal costae (Figs.
48-49), male genitalia with short, robust phallus
(Figs. 60—65); larva with longitudinally divided
hemitergites A1-A9 and very short, membranous
urogomphi, abdominal segments A1-A8 with a pair
of membranous lateral processes (Fig. 18)

3 Xylomet gen. nov.
Each elytron with four strong and five weak longitu-
dinal costae; larva with entire, transverse tergum A9
and long, branched and sclerotized urogomphi (Fig.
1A), each abdominal segment A1—A8 with two pairs
of movable sclerotized processes (Fig. 1A) 2
Pronotal carinae obtuse, male antennae flabellate,
branch of antennomere 3 very slender, basally at-
tached, at least 2x as long as stem of antennomere
(Fig. 14), male genitalia with more than two thorns
in internal sac (Figs. 54—55); movable processes
attached to abdominal terga A1-A8 shorter than
width of corresponding tergite
. Metanoeus Waterhouse

2’ Pronotal carinae sharper and more distinct, male an-
tennae flabellate, antennomere 3 with robust branch,
which is at most 1.5 x as long as stem of antennomere
(Fig. 11), male genitalia with internal sac bearing
two sclerotized thorns, one of them twice as long as
the other (Figs. 58—59); movable processes attached
to abdominal terga A1—-AS8 longer than width of
corresponding tergite (Fig. 1)

........ Matsud. gen. nov.

5.4. Subtribe Cautirina subtrib. nov.

Type genus. Cautires Waterhouse, 1879.

Description. Adults: Body length 2.5—21 mm, most spe-
cies brightly colored, few uniformly black or brown (Fig.
9). Head without rostrum (Figs. 9, 21), antennae flabel-
late in males, serrate to shortly flabellate in females (Fig.
10). Mandibles moderately long (Fig. 25), palpomeres
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variable in shape, securiform to pointed at apex (Figs.
29, 32). Pronotum usually with seven areolae, some-
times lateral carinae weaker to absent (Figs. 41-43).
Mesoscutellum shallowly emarginate at apex (Fig. 17).
Elytra parallel-sided, with four or nine longitudinal cos-
tae (Figs. 9, 47). Male genitalia with lanceolate or api-
cally rounded phallus, internal sac armed with two thorns
(Figs. 66—72). Valvifers simple, parallel-sided (Fig. 81)
seldom fused basally (Fig. 76), short with small scler-
ite between their bases (Xylobanus; Figs. 78, 82); vagina
membranous, spermaduct short to moderately long (Figs.
76-717, 81-82).

Larvae: Only several larvae of Cautires have been
collected and they were described and illustrated by
Bocak & Marsupa (2003) and Levkanicova & Bocak
(2009). All thoracic terga entire (Fig. 1D,E,F).

Diagnosis. Despite strong support for this clade from
molecular data (BS 98%, Fig. 1), the Cautirina are dif-
ficult to characterize by the presence of clearly defined
morphological characters in the adult stage; only the lar-
vae differ from Metanoeina and Metriorrhynchina in the
entire thoracic terga (Fig. 1). Adults share a characteristic
shape of the pronotum with elevated lateral margins and
seven areolae, but the latter might be reduced to a promi-
nent frontal keel and an obsolete median areola (Figs.
41-44, Dupkova & Bocak 2010). Some Metriorrhynchi-
na have a similar pronotum and then male genitalia must
be used for identification. Cautirina have a simple, lan-
ceolate phallus, pointed apically (Figs. 56—57, 66—71)
or widely rounded (Figs. 71 —72), regularly with a pair of
sickle-shaped sclerotized structures in the internal sac or
apical lamellae. The Metriorrhynchina and Metanoeina
have very variable forms of female genitalia, but never
with a similarly slender, finely membranous vagina as
found in Cautirina (Figs. 76, 78, 81).

List of Cautirina genera: Caenioxylobanus Pic, 1922; Cautires
Waterhouse, 1879 (= Bulenides Waterhouse, 1879); Paracautires
Kazantsev, 2012; Prometanoeus Kleine, 1925 (= Tapromenoeus
Bocak & Bocakova, 1989); Spartoides Kazantsev, 2012; Tricau-
tires Kazantsev, 2006; Xylobanus Waterhouse, 1879.

Distribution. Afrotropical region including Madagascar
and the southernmost part of the Arab Peninsula (Yem-
en); Oriental region; the eastern part of the Palearctic
region (the Himalayas, the eastern slope of the Tibetan
Plateau and forest habitats of northeastern China, Japan
and Russian Far East), Australian Region: Sulawesi. The
ranges of Metriorrhynchina and Cautirina overlap only in
a small part of their combined ranges (SKLENAROVA et al.
2013). A few Cautirina occur in Sulawesi (KUBECEK et al.
2011) and none is known east of the Weber’s line.

Remarks. The shape of pronotal carinae and elytral
costae has been used for definition of genera and higher
taxa, both in Cautirina and other Lycidae. The hypo-
thesized phylogeny (Fig. 1) suggests that these struc-
tures were often independently modified in unrelated
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lineages (Figs. 2—5). We suppose that pronotal carinae
as well as elytral costae have a strengthening function in
the soft-bodied elateroid lineages and are easily modi-
fied when the body becomes slender or miniaturized. We
hypothesize a multiple origin of the four-costae pattern
in Cautirina, which explains the morphological diver-
sity of genitalia in typologically delineated Xylobanus
as noted by Bocak (2002). The type species, Xylobanus
costifer (Walker, 1858) was identified as a member of
the Xylobanus clade in Fig. 1. Other taxa, all with four
costae and therefore until now classified as Xylobanus,
were found in Metanoeina (X. basivittatus and X. japoni-
cus, Figs. 60—65, herein transferred to Xylometanoeus),
and in the Afrotropical Cautires clade (see distribution
of characters in Fig. 3). Further Cautirina species with
four-costae pattern are known from Madagascar (e.g.
Caenioxylobanus Pic, 1922). These species differ from
Xylobanus in female genitalia and shape of phallus (Figs.
68—72). Xylobanus is now defined by the unique shape
of the phallus with a rounded apical part, the internal
sac bearing lamellae (Figs. 71—72), the female genita-
lia with valvifers shorter than coxites and a sclerite pre-
sent between the bases of valvifers (Figs. 78, 82). Males
of Xylobanus have either serrate or flabellate antennae
(Fig. 2). The revised concept of Cautires includes taxa
with either four or nine elytral costae and most species
have flabellate antennae (Figs. 2—3). The male genita-
lia of Cautires have usually a slender, lanceolate phallus
(Figs. 5657, 66—70) and the female genitalia have long
slender valvifers without any sclerite between their bases
(compare Figs. 81 and 82) or seldom valvifers are short
and their bases are connected by a sclerotized bridge
(Fig. 76).

Another frequently used character for delineation of
genera is the presence of flabellate antennae in males.
Similarly to elytral costae or pronotal carinae these
evolved frequently in unrelated lineages, e.g. both forms
are present in Xylobanus and Cautires (Fig. 2). The ol-
factory organs are present on antennae and the expanded
surface of antennae might be correlated with more inten-
sive pheromone communication.

Kazantsev (2006, 2012) described three genera: 7ri-
cautires Kazantsev, 2006, Paracautires Kazantsev, 2012
and Spartoides Kazantsev, 2012 and based them mostly
on the reduction of the number of pronotal areolae and
on the shortened elytral costa 3. Additionally, he noted
the pointed apical palpomeres in contrast with Cautires.
The types are deposited in the private collection and un-
available for study (therefore no formal changes are pro-
posed), but we have sequenced a relatively high number
of taxa from Cameroon and found that morphologically
similar taxa are members of the African Cautires clade
(Fig. 1) and that this clade has a very diverse shape of
apical palpomeres, patterns of pronotal areolae (Fig. 5)
and number of elytral costae (Fig. 3). Kazantsev (2012)
hypothesized a very old history of Metriorrhynchini in
Africa and their restriction to refugia in the African part
of the South American-African continent in the Jurassic
and Cretaceous, both proposals in deep contrast with the
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phylogeographic reconstruction by SKLENAROVA et al.
(2013). The supposed ancient origins of African Metrior-
rhynchini lead him to the proposal of new genera.
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Supplementary Table S1. Previously published taxa included in the analysis with collecting information,
voucher, and GenBank accession numbers.

Species

Outgroup

Libnetis sp.
Dilophotes sp.
Plateros sp.

Platycis minutus
Lycoprogenthes sp.
Calochromus sp.
Duliticola sp.

Libnetis sp.

Lycus sp.

Calopteron sp.
Lyropaeus sp.
Dihammatus sp.
Plateros sp.

Scarelus sp.
Calochromus sp.
Lyponia nigrohumeralis
Macrolycus bocakorum
Dictyoptera elegans
Pyropterus nigroruber
Lopheros sp.
Lycoprogenthes sp.
Plateros sp.
Dilophotes sp.

Ingroup
Metriorrhynchus lineatus
Metriorrhynchus sp.
Metriorrhynchus sp.
Metriorrhynchus lobatus
Metanoeus sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Xylometanoeus sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.

Voucher
number

UPOL 001002
UPOL 000244
UPOL 000243

UPOL 000348
UPOL 000358
UPOL 000400
UPOL 000LO01
UPOL 000L02
UPOL 000L03
UPOL 000L25
UPOL 000L11
UPOL 000L12
UPOL 000L13
UPOL 000L15
UPOL 000L16
UPOL 000L17
UPOL 000L18
UPOL 000570
UPOL 000574
UPOL 000578
UPOL 000801

UPOL A00047
UPOL A00060

UPOL 000009
UPOL 000010
UPOL 000011
UPOL 000017
UPOL 000026
UPOL 000030
UPOL 000037
UPOL 000040
UPOL 000043
UPOL 000044
UPOL 000047
UPOL 000048
UPOL 000050
UPOL 000052
UPOL 000056
UPOL 000060
UPOL 000064
UPOL 000066
UPOL 000068
UPOL 000069
UPOL 000070
UPOL 000071
UPOL 000074
UPOL 000075
UPOL 000079
UPOL 000080
UPOL 000081

Geographic
origin

Indonesia
Sabah
Sabah
Czechia
Java
Palawan
Sabah
Sabah

S. Africa
Ecuador
Sabah
Sabah
Sabah
Sabah
China
China
China
Japan
Japan
Japan
Sumatra
Malaysia
Philippines

Sumatra
Sulawesi
Sulawesi
Sulawesi
Borneo
Borneo
Borneo
Borneo
Borneo
Borneo
Sumatra
Sumatra
Sumatra
Sumatra
Sumatra
Sumatra
Laos
Laos
Borneo
Borneo
Malaysia
Borneo
Borneo
Laos
Borneo
Borneo
Borneo

rrnl coxl nad5

DQ181030 DQ181252 DQ181406
DQ180992 DQ181214 DQ181368
DQ180991 DQ181213 DQ181367
DQ180995 DQ181217 DQ181371
DQ180996 DQ181218 DQ181372
. K(C538321 KC538512
DQ180963 DQ181185 DQ181339
DQ180964 DQ181186 DQ181340
DQ180965 DQ181187 DQ181341
DQ180979 DQ181201 DQ181355
DQ180968 DQ181190 DQ181344
DQ180969 DQ181191 DQ181345
DQ180970 DQ181192 DQ181346
K(C538782 DQ181194 DQ181348
DQ180973 DQ181195 DQ181349
DQ180974 DQ181196 DQ181350
DQ180975 DQ181197 DQ181351
DQ180999 DQ181221 DQ181375
DQ181003 DQ181225 DQ181379
DQ181007 DQ181229 DQ181383
DQI81021 DQ181243 DQ181397
. KC538353 KC538544
KC538740 KC538359 KC538552

KC538628 DQ904297 DQ904259
- DQ144659 DQ144685
KC538629 DQ144660 DQ144686
KC538630 DQ144662 DQ144688
KC538631 KC538244 KC538436
KC538632 KC538245 KC538437
KC538633 KC538246 KC538438
KC538634 KC538247 KC538439
KC538635 KC538248 KC538440
KC538636 KC538249 KC538441
KC538637 KC538250 KC538442
KC538638 KC538251 KC538443
KC538639 KC538252 KC538444
KC538640 KC538253 KC538445
KC538641 KC538254 KC538446
KC538642 KC538255 KC538447
KC538643 KC538256 KC538448
KC538644 KC538257 KC538449
KC538645 KC538258 KC538450
KC538646 KC538259 KC538451
KC538647 KC538260 KC538452
KC538648 KC538261 KC538453
KC538649 KC538262 KC538454
- KC538263 KC538455
KC538650 KC538264 KC538456
KC538651 KC538265 KC538457
K(C538652 KC538266 KC538458



Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Metanoeus sp.
Cautires sp.
Xylobanus sp.
Metanoeus sp.
Cautires sp.
Cautires sp.
Metanoeus sp.
Xylobanus sp.
Cautires sp.
Xylobanus sp.
Xylobanus sp.
Xylobanus sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Xylometanoeus sp.
Cautires sp.
Cautires sp.
Cautires sp.
Microtrichalus sp.
Cautires sp.
Cautires sp.
Leptotrichalus sp.
Cautires sp.
Cautires sp.
Cautires sp.
Xvlobanus basivittatus
Xylobanus niger
Cautires sp.
Metanoeus sp.
Cautires sp.
Xvlobanus sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Metriorrh. palawensis
Porrostoma rhipidum
Microtrichalus sp.
Metriorrhynchus sp.
Microtrichalus sp.
Microtrichalus sp.
Porrost. haemorrhoidalis
Xylobanus sp.
Cautiromimus sp.
Cautires sp.

UPOL 000084
UPOL 000088
UPOL 000090
UPOL 000104
UPOL 000105
UPOL 000109
UPOL 000120
UPOL 000121
UPOL 000122
UPOL 000123
UPOL 000125
UPOL 000132
UPOL 000147
UPOL 000152
UPOL 000153
UPOL 000154
UPOL 000164
UPOL 000174
UPOL 000177
UPOL 000178
UPOL 000184
UPOL 000188
UPOL 000189
UPOL 000195
UPOL 000199
UPOL 000205
UPOL 000206
UPOL 000208
UPOL 000217
UPOL 000219
UPOL 000220
UPOL 000221
UPOL 000224
UPOL 000246
UPOL 000248
UPOL 000262
UPOL 000274
UPOL 000290
UPOL 000294
UPOL 000295
UPOL 000297
UPOL 000314
UPOL 000315
UPOL 000335
UPOL 000339
UPOL 000342
UPOL 000346
UPOL 000355
UPOL 000366
UPOL 000372
UPOL 000373
UPOL 000374
UPOL 000375
UPOL 000376
UPOL 000378
UPOL 000379
UPOL 000388
UPOL 000395

Borneo
Malaysia
Borneo
Borneo
Borneo
Borneo
Laos
Sumatra
Borneo
Java
Sumatra
Sumatra
India
Laos
Laos
Laos
Laos
Malaysia
Malaysia
Malaysia
Borneo
Laos
Laos
South Africa
Sulawesi
Sumatra
Sumatra
Borneo
Japan
Japan
Japan
Japan
Japan
Sumatra
Sumatra
Borneo
Borneo
Laos
Sumatra
Sumatra
Sumatra
Sumatra
Sumatra
Borneo
Borneo
Borneo
Borneo
Jawa
Palawan
Australia
Australia
Australia
Australia
Australia
Australia
Palawan
Palawan
Palawan

KC538653 KC538267 KC538459
KC538654 KC538268 KC538460
KC538655 KC538269 KC538461
KC538656 KC538270 KC538462
KC538657 KC538271 KC538463
KC538658 KC538272 KC538464
KC538659 KC538273 KC538465
KC538660 KC538274 KC538466
KC538661 KC538275 KC538467
- K(C538276 -

KC538662 KC538277 KC538468
KC538663 HQ456987 HQ457009
KC538664 KC538278 KC538470
KC538665 KC538279 KC538471
KC538666 KC538280 KC538472
- KC538281 -

KC538667 KC538282 K(C538473
- K(C538283 KC538474
KC538668 KC538284 KC538475
KC538669 KC538285 KC538476
KC538670 KC538286 KC538477
KC538671 KC538287 KC538478
KC538672 KC538288 KC538479
KC538673 KC538289 KC538480
KC538674 KC538290 KC538481
KC538675 KC538291 KC538482
KC538676 KC538292 KC538483
KC538677 DQ181212 DQ181366
K(C538678 KC538293 KC538484
KC538679 KC538294 KC538485
KC538680 KC538295 KC538486
KC538681 KC538296 KC538487
K(C538682 KC538297 KC538488
KC538683 K(C538298 KC538489
K(C538684 KC538299 KC538490
K(C538685 KC538300 KC538491
KC538686 KC538301 KC538492
KC538687 KC538302 KC538493
KC538688 KC538303 KC538494
KC538689 KC538304 KC538495
KC538690 KC538305 KC538496
KC538691 KC538306 KC538497
KC538692 KC538307 KC538498
KC538693 KC538308 KC538499
KC538694 KC538309 KC538500
KC538695 KC538310 KC538501
KC538696 KC538311 KC538502
KC538697 KC538312 KC538503
KC538698 DQ144665 DQ144691
KC538699 DQ144678 DQ144702
KC538700 KC538313 KC538504
KC538701 KC538314 KC538505
K(C538702 KC538315 KC538506
KC538703 KC538316 KC538507
KC538704 DQ144679 DQ144703
KC538705 KC538317 KC538508
- KC538318 KC538509
KC538706 KC538319 KC538510



Leptotrichalus sp.
Xylobanus sp.
Cautires sp.
Cautires sp.
Microtrichalus sp.
Leptotrichalus sp.
Cautires sp.
Metanoeus sp.
Xylobanus sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Synchonnus sp.
Trichalus sp.
Ditua sp.

Metriorrhynchus sp.

Porrostoma sp.
Porrostoma sp.
Porrostoma sp.

Metriorrhynchus sp.
Metriorrhynchus sp.

Porrostoma sp.
Porrostoma sp.
Porrostoma sp.

Metriorrhynchus sp.

Porrostoma sp.
Porrostoma sp.

Metriorrhynchus sp.

Cautires sp.

Metriorrhynchus sp.

Cautires sp.
Leptotrichalus sp.
Xylobanus sp.
Xvlobanus sp.
Cautires sp.
Cautires sp.
Leptotrichalus sp.
Leptotrichalus sp.
Cautires sp.
Metanoeus sp.
Metanoeus sp.
Metanoeus sp.
Sulabanus sp.
Sulabanus sp.
Microtrichalus sp.
Microtrichalus sp.
Sulabanus sp.
Sulabanus sp.
Microtrichalus sp.
Xyvlobanus sp.

UPOL 000396
UPOL 000402
UPOL 000403
UPOL 000411
UPOL 000412
UPOL 000419
UPOL 000425
UPOL 000434
UPOL A00018
UPOL A00019
UPOL A00021
UPOL A00022
UPOL A00023
UPOL A00024
UPOL A00025
UPOL A00026
UPOL A00027
UPOL A00028
UPOL A00029
UPOL A00030
UPOL A00031
UPOL A00032
UPOL A00033
UPOL A00034
UPOL A00035
UPOL A00036
UPOL A00037
UPOL A00038
UPOL A00039
UPOL A00040
UPOL A00041
UPOL A00042
UPOL A00043
UPOL A00044
UPOL A00045
UPOL A00046
UPOL A00048
UPOL A00049
UPOL A00050
UPOL A00052
UPOL A00053
UPOL A00054
UPOL A00057
UPOL A00058
UPOL A00059
UPOL A00061
UPOL A00062
UPOL A00063
UPOL A00064
UPOL A00065
UPOL A00066
UPOL A00067
UPOL A00068
UPOL A00069
UPOL A00070
UPOL A00071
UPOL A00073
UPOL A00074

Palawan
Palawan
Palawan
Palawan
Palawan
Palawan
Palawan
Palawan
Taiwan
Taiwan
Taiwan
Madagascar
Madagascar
Madagascar
Madagascar
Madagascar
Madagascar
Madagascar
Madagascar
Madagascar
Australia
Australia
Australia
Australia
Australia
Australia
Australia
Australia
Australia
Australia
Australia
Australia
Australia
Australia
Australia
Australia
Malaysia
Malaysia
Malaysia
Philippines
Palawan
Palawan
Philippines
Philippines
Philippines
Philippines
Philippines
Philippines
Philippines
Philippines
Philippines
Philippines
Philippines
Philippines
Philippines
Philippines
Philippines
Philippines

KC538707 KC538320 KC538511
KC538708 KC538322 KC538513
KC538709 KC538323 KC538514
KC538710 KC538324 KC538515
KC538711 KC538325 KC538516
KC538712 KC538326 KC538517
KC538713 KC538327 KC538518
KC538714 KC538328 KC538519
HQ456946 HQ456964 HQ456988
KC538715 KC538329 KC538520
HQ456947 HQ456965 -

KC538716 HQ456966 HQ456986
KC538717 KC538330 KC538521
KC538718 KC538331 KC538522
KC538719 KC538332 KC538523
- K(C538333 KC538524
- K(C538334 KC538525
- KC538335 -

- KC538336 KC538526
K(C538720 KC538337 KC538527
K(C538721 KC538338 KC538528
K(C538722 KC538339 KC538529
KC538723 - KC538530
KC538724 KC538340 KC538531
K(C538725 KC538341 KC538532
K(C538726 KC538342 KC538533
K(C538727 KC538343 KC538534
KC538728 KC538344 KC538535
K(C538729 KC538345 KC538536
KC538730 KC538346 KC538537
KC538731 KC538347 KC538538
- K(C538348 KC538539
K(C538732 KC538349 KC538540
KC538733 KC538350 KC538541
KC538734 KC538351 KC538542
K(C538735 KC538352 KC538543
HQ456948 HQ456967 HQ456990
KC538736 KC538354 KC538545
KC538546
HQ456949 HQ456968 HQ456991
KC538737 KC538355 KC538547
KC538738 - KC538548
- KC538356 KC538549
- KC538357 KC538550
KC538739 KC538358 KC538551
KC538741 KC538360 KC538553
K(C538742 KC538361 KC538554
- KC538362 KC538555
- K(C538363 KC538556
- KC538364 KC538557
KC538743 KC538365 KC538558
KC538744 KC538366 KC538559
K(C538745 KC538367 KC538560
KC538746 KC538368 KC538561
KC538747 KC538369 KC538562
K(C538748 KC538370 KC538563
KC538749 KC538371 -

KC538750 - -



Sulabanus sp.
Xylometanoeus sp.
Sulabanus sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.
Cautires sp.

Metriorrhynchus lineatus

Cautires sp.

Cautires sp.
Microtrichalus sp.
Xvlobanus kundratai
Sulabanus lalui
Sulabanus katarinae
Sulabanus lineatus
Xylobanus kundratai
Sulabanus mamasensis
Sulabanus gracilis
Sulabanus similis
Sulabanus gracilis
Sulabanus cordatus
Sulabanus gracilis
Sulabanus cordatus
Microtrichalus sp.
Microtrichalus sp.
Broxylus pfeifferi
Broxylus malinensis
Broxylus pendolensis

UPOL A00075
UPOL 00A076
UPOL A00077
UPOL A00078
UPOL A00079
UPOL A00080
UPOL A00081
UPOL A00082
UPOL A00083
UPOL A00084
UPOL 00A085
UPOL A00086
UPOL A00087
UPOL A00088
UPOL A00089
UPOL A00090
UPOL A00091
UPOL A00092
UPOL A00093
UPOL A00094
UPOL A00095
UPOL A00096
UPOL A00097
UPOL A00098
UPOL A00099
UPOL A00100
UPOL A00101
UPOL A00102
UPOL A00103
UPOL A00104
UPOL A00105
UPOL A00106
UPOL A00107
UPOL A00109
UPOL A00110
UPOL A00111
UPOL A00112
UPOL 000L05
UPOL 000L06
UPOL 000L14
UPOL 000L23
UPOL MD0029
UPOL MD0030
UPOL MD0033
UPOL MD0034
UPOL MD0036
UPOL MD0044
UPOL MD0064
UPOL MD0065
UPOL MD0067
UPOL MD0069
UPOL MD0071
UPOL MD0081
UPOL MD0097
UPOL MD0098
UPOL MD0099
UPOL MDO0101
UPOL MD0106

Philippines
Philippines
Philippines
Cameroon
Cameroon
Cameroon
Cameroon
Cameroon
Cameroon
Cameroon
Cameroon
Cameroon
Cameroon
Cameroon
Cameroon
Cameroon
Cameroon
Cameroon
Cameroon
Cameroon
Cameroon
Cameroon
Cameroon
Cameroon
Cameroon
Cameroon
Cameroon
Cameroon
Cameroon
Cameroon
Cameroon
Cameroon
Cameroon
Cameroon
Cameroon
Cameroon
Cameroon
Malaysia
Malaysia
South Africa
Malaysia
Sulawesi
Sulawesi
Sulawesi
Sulawesi
Sulawesi
Sulawesi
Sulawesi
Sulawesi
Sulawesi
Sulawesi
Sulawesi
Sulawesi
Sulawesi
Sulawesi
Sulawesi
Sulawesi
Sulawesi

K(C538751 KC538372 KC538564
K (538752 KC538373 KC538565
K (538753 KC538374 KC538566
K(C538754 KC538375 KC538567
K(C538755 KC538376 KC538568
HQ456950 HQ456969 HQ456992
K (538756 KC538377 KC538569
K(C538757 KC538378 -

K (538758 KC538379 KC538570
K (538759 KC538380 KC538571
K(C538760 KC538381 KC538572
K(C538761 KC538382 KC538573
K(C538762 KC538383 KC538574
K (538763 KC538384 KC538575
K (538764 KC538385 KC538576
K (538765 KC538386 KC538577
= K(C538387 KC538578
K (538766 KC538388 KC538579
K (538767 KC538389 KC538580
K (538768 KC538390 KC538581
KC538769 - K (538582
K(C538770 - K (538583
K(C538771 KC538391 KC538584
K(C538772 KC538392 KC538585
K(C538773 KC538393 KC538586
K(C538774 KC538394 KC538587
. K(C538395 -

- K (538396 KC538588
- K(C538397 -

KC538775 - K(C538589
KC538776 - K(C538590
KC538777 KC538398 KC538591
. K(C538399 -

KC538778 KC538400 KC538592
K(C538779 - K (538593
K (538780 KC538401 KC538594
K(C538781 KC538402 KC538595
DQ180966 DQ181188 DQ181342
DQ180967 DQ181189 DQ181343
DQ180971 DQ181193 DQ181347
DQ180978 DQ181200 DQ181354
- HQ456972 HQ456994
. K (538403 KC538596
K(C538783 KC538404 KC538597
K (538784 KC538405 KC538598
. HQ456973 HQ456995
K(C538785 KC538406 KC538599
K(C538786 KC538407 KC538600
s K(C538408 KC538601
K(C538787 KC538409 KC538602
K(C538788 KC538410 KC538603
K(C538789 KC538411 KC538604
K(C538790 KC538412 KC538605
KC538791 HQ456978 HQ457000
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CAUTIRES APTERUS, A NEW SPECIES AND THE
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Abstract.— We report the first know case of male hind-wing aptery among the net-winged
beetles (Lycidae). Five male specimens of Cautires apterus sp. nov. were discovered by
sifting forest litter in a very small (approximately 300 meters by 50 meters) Kamwala
Forest within the North Pare Mountains, Tanzania. Besides being wingless, males of
C. apterus sp. nov. have remarkably small body, shortened elytra and reduced pronotal
and elytral costae. Generic assignment of this externally unusual new species is based on
the molecular phylogenetic analysis, the structure of the male genitalia and the shape of the
pronotum. We discuss biological and evolutionary significance of the discovery and suggest
that the winglessness of male lycid beetles correlates with the female neoteny.

W4
o\

Key words.— male aptery, East Arc Mountains, East Africa, neoteny, Kamwala Forest,

Pleistocene refugium.

INTRODUCTION

The net-winged beetles (Lycidae) belong to a group
of the elateroid families with incomplete body scleroti-
zation in both sexes and with neotenic modifications in
some females (Kundrata and Bocak 2011a). Females in
the soft-bodied elateroid lineages often have only ves-
tigial elytra and the hind wings are completely absent,
as exemplified in the genera Omalisus Geoffrey, 1762
of Omalisidae and Lamprorhiza Mulsant, 1862 of
Lampyridae (Bocak and Brlik 2008, Branham 2010).
Even more dramatic, in some cases mature females are
larviform and barely distinguishable externally from the

PL ISSN 0003-4541 © Fundacja Natura optima dux
doi: 10.3161/000345414X680500

fully grown larvae (Bocak et al. 2008). The female
winglessness and male brachelytry appear to corre-
late, since no reduction of male wings has been observ-
ed when females are fully winged (Bocak and Bocako-
va 2008). Two other male morphological characters
also appear to correlate with the presence of larviform
females: males are much smaller than females and
males have reduced hypognathous mouthparts (Bocak
and Bocakova 2008). When females do not fly, male
flight ability is also limited so males remain in the low-
est strata of the forest (personal observation) and are
collected in the leaf litter (Kazantsev 1999). Such
peculiar life history of these low-dispersing beetles, as
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opposed to the overwhelming majority of other actively
flying species, is probably the reason why they are
rarely seen and, therefore, relatively understudied.

In this paper we report a remarkable discovery of
five male specimens of a new Lycidae beetle obtained
by one of us in the East African mountain forests by
extensive use of a sifter to sift litter with subsequent
specimen extraction by Winkler funnels. These male
beetles have markedly shortened elytra and entirely
lack hind wings, the latter phenomenon being the first
record for males in this family.

MATERIAL AND METHODS

Morphological methods. The species description
and diagnosis are based on the male adult sema-
phoronts, as females are unavailable. Terminal seg-
ments of the abdomen were removed and briefly placed
in hot 10% KOH to clear them of muscle tissue and fat
bodies when male genitalia were studied. Photographs
of diagnostic characters and measurements were tak-
en using an Olympus SZX-16 microscope and then
traced from the original photographs.

Molecular phylogenetics. The sequences of rrnl,
coxl and nad5 mtDNA from four paratypes of C. apte-
7us sp. nov. were produced using methods as described
by Malohlava and Bocak (2010) and combined with
a part of the previously published datasets represent-
ing all tribes of Lycini and African Metriorrhynchini
(Bocak et al. 2008, Sklenarova et al. 2013). The se-
quences were submitted to Genbank (Tab. 1). Each
fragment was aligned separately using ClustalW 1.83
under default settings and concatenated dataset was
analyzed using maximum likelihood in RAXML 7.2.5 and
the GTRCAT model (Stamatakis et al. 2005). One hun-
dred replicates were produced for bootstrap analysis.

RESuULTS

Molecular phylogenetics. Four paratypes of
C. apterus sp. nov. (Tab. 1) were sequenced for rrnl,
cox1 and nad5 mtDNA fragments. The inferred tree is

shown in Fig. 1. The clade represented by C. apterus
sp. nov. and other African Cautires spp. obtained the
high support in the bootstrap analysis.

TAXoNOMY

Cautires apterus sp. nov.
(Figs 2-8)

Type material. Holotype, male. Tanzania, North
Pare Mts., Kamwala For., S3.68565°, E37.63665°,
1844m, 26. Dec. 2012, sift 31, V. Grebennikov leg. (Ca-
nadian National Collection of Insect, Arachnids and
Nematodes, Ottawa; CNC). Paratypes. 4 males, same
data as the holotype (2. spec. in CNC and 2 spec. in
Department of Zoology, Palacky University, Olomouc,
Czech Republic; LMBC).

Diagnosis. Cautires apterus sp. nov. is the only
Afrotropical metriorrhynchine net-winged beetle with
shortened elytra (Figs 2-3). The very small body meas-
uring only 2.50-3.15 mm distinguishes the species from
hundreds other species of African Metriorrhynchini. The
new species has an unusually dull brown coloration,
small eyes and distinctive male genitalia (Fig. 4).

Description. Male (Fig. 2). Body length 2.50-3.15
mm, pronotal length 0.52 mm, pronotal width 0.55 mm,
length of elytra 1.4 mm, minimum frontal eye distance
0.37 mm, maximum eye diameter in lateral view 0.21
mm. Body dark testaceous to brown, lacking any
brightly coloration, pronotal margins and elytra testa-
ceous, lighter than thorax and abdomen; antennae with
dark colored scapus and pedicel, antennomeres 3-4(6)
testaceous, antennomeres 5(7)-9 dark brown, two api-
cal antennomeres light testaceous. Head small, hypo-
gnathous, partly covered by pronotum; cranium with
prominent frontal part, shortly, densely pubescent.
Antennae inserted on tubercles, slender, serrate; sca-
pus robust, pear-like, pedicel small, shorter than wide,
antennomeres 3-11 flattened, antennomere 3 triangu-
lar, 1.05x longer than antennomere 4 (Fig. 2), subse-
quent antennomeres becoming gradually more slender
and parallel-sided, antennomere 11 parallel-sided,
longest. Eyes small, hemispherically prominent, eye

Table 1. The list of sequenced specimens of C. aplerus sp. nov. (all sequenced specimens are paratypes).

‘ Gen/Genbank
Voucher # L
'UPOL A00652 KF588381
UPOL A00653 KF588382
'UPOL A00655 -
\UPOL A00656 KF588383

Accession Numbers
cox1 nadb

- KF588386

- KF588387

KF588384 KF588388

KF588385 KF588389
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diameter 0.57 times interocular distance. Mouthparts
with long, slender mandibles (Fig. 5); labrum trans-
verse, with widely rounded apex; hypopharynx plate-
like, 1.5 times longer than wide; maxillae with setose
mala, maxillary palpi 4-segmented, basal palpomere
slightly longer than width, ring-like, palpomere 2 twice

Libnetis
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Figure 1. The phylogenetic hypothesis inferred from the maximum
likelihood analysis with bootstrap values indication support for
recovered relationships.

longer, palpomere 3 robust, as long as wide, palpomere
4 slender, prolonged apically, pointed at tip (Fig. 7).
Labium 2-segmented, ligula inconspicuous, setose,
palpi 3-segmented, basal palpomere short, palpomere 2
robust, 1.5 times longer than palpomere 1, apical
palpomere very slender, pear-like at base, apical two
thirds almost parallel-sided, apex pointed (Fig. 6).
Pronotum parallel-sided, only slightly wider at basal
angles, basal angles well marked and not prominent,
lateral margins almost straight, frontal angles obtuse,
anterior margin widely rounded; pronotum with single
areola attached to posterior margin, frontal and later-
al keels absent, surface at anterior margin with irregu-
lar punctures (Fig. 8), rest of disc without any mi-
crostructure, covered with sparse pubescence. Scutel-
lum bilobed apically, distal processes slender (Fig. 2).
Elytra shortened, narrow, separate along midline, each
narrowed towards apex; each elytron with 2 robust lon-
gitudinal costae and irregular weak transverse costae
between them. Internal costa long, almost reaching
elytral apex, external costa fused with internal one in
apical third, transverse costae inconspicuous in some
part of the elytron, elytral costae bearing sparse, erect-
ed pubescence (Fig. 3), surface covered with dense
microsetae. Hind wings absent. Abdomen large, flat,
wide, much longer than elytra, weakly sclerotized. Legs
slender, tarsomeres similar in width, slender. Male
genitalia with phallus and ring-like phallobase (Fig. 4).
Phallus 4.3 times longer than wide in apical third,
slightly constricted in middle, widely rounded apically;
internal sac with 2 slender sickle-like thorns, para-
meres absent (Fig. 4).

Distribution. This species is known from a single
sifting sample of the forest leaf litter taken on approx-
imately 100 square meters in the tiny Kamwala Forest
in the North Pare Mountains, Tanzania (Figs 9-11).
This is a remarkably small patch of likely original and
almost undisturbed moist forest growing on slopes of
a minor stream and measuring not more than 300
meters along the stream and some 50 meters across it.
A minor trail cuts through the forest. The forest is hid-
den in the poorly accessible highlands of the otherwise
very densely populated North Pare Mountains in north-
eastern Tanzania and requires at least a kilometre
hike from the nearest point accessible by motorbike.
Apparently only a few local residents are even aware of
its existence. This obscurity, along with some sacred
associations, likely contribute to the continuous exis-
tence of such a small patch of original forest vegeta-
tion. The total volume of this sample with the litter sift-
ed through a 7 mm mesh was 47 individual bags sus-
pended overnight in the Winkler funnels, with each bag
containing slightly less than a handful of the sifted
substrate. Remarkably, no other male specimens of
C. apterus sp. nov. were discovered in another similar-
ly-sized sample taken on the same day in Kamwala
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forest about 100 meters away, nor in about tenfold
extensive sampling done in two more North Pare
forests: Kindoroko (south of Kamwala Forest) and Min-
ja (morth of Kamwala forest); Fig. 10.

Etymology. The specific epithet refers to lack of
hind wings in males.

DISCUSSION

Biology and distribution. Adult males of net-
winged beetles occur regularly on leaves and usually
avoid visiting organic detritus on the soil surface. Lar-
vae and larviform females, on the other hand, develop
in the detritus-rich soil or rotten wood (Wong 1996).
Collecting all five male specimens of C. apterus sp.
nov. by sifting suggests that the males of this species
remain in the litter, which is unusual for the family.
The morphological modifications of C. apterus sp.

nov., particularly the entire lack of hind wings, suggest
limited male dispersal capacity, which in turn would
require very stable habitats for continuous species
existence. Records of such low-dispersing species nor-
mally indicate refugia with uninterrupted presence of
stable wet forest habitat during the Pleistocene climate
fluctuation (Malohlava and Bocak 2010), such as the
North Pare Mountains, a part of the more extensive
chain on geologically old East Arc Mountains (Lovett
and Wasser 1993). The range of C. apterus corre-
sponds with the supposed refugia of East African
mountain rain forests and the biodiversity hotspot
(Hamilton 1992, Myers et al. 2000). Similar range is
known for species from the genus Dexoris Water-
house, 1878 (Dexorinae), another Afrotropical net-
winged beetle with supposed female neoteny (Bocak
and Bocakova 2008).

Classification. The new remarkable species,
C. apterus, differs markedly in general appearance

Figures 2-8. Cautires apterus sp. nov., male: (2) habitus, dorsal view; (3) elytron, dorsal view; (4) male genitalia; (5) mandible; (6) labium;
(7) maxilla; (8) pronotum. Scale bar: 0.5 mm (Figs 1-2), 0.1 mm (Figs 3-7).



THE FIRST LYCID BEETLE WITH MALES LACKING HIND WINGS 5
Kenya
Tanzania
L
-
Eldoret
e Kenya
But Klsgmu y Dadaab
" Nolury Mg
ma Nature
Reserve Thika 8
o
Nairobi
v
2
P, X
Mpanda
Sumbawasgs
3
)
Ishiba Ng'andu
Nature Reserve
Kaningin
Fofest Resetve
j Lichiga 2km
'I»wr§l¢ Malawi 10

Minja Forest

Figures 9-11. Maps (Figs 9, 10) and landscape image (Fig. 11) showing distribution and approximate habitat of Cautires apterus sp. nov.

in the North Pare Mountains, Tanzania: (9) East Africa; (10) North Pare Mountains with three sampled forests indicated; (11) view along the

longer axis of the North Pare Mountains from the northern end of Kindoroko Forest towards Minja Forest (corresponding in length to the arrow
on Fig. 10).

from all Afrotropical net-winged beetles, including
those in the genus Cautires Waterhouse, 1879. There-
fore, we used both molecular and morphological data to
infer the relationships of this new taxon. The molecu-
lar analysis placed C. apterus sp. nov. in the clade of

African Metriorrhynchini represented by genera Cau-
tires and Xylobanus. The results show that the major-
ity of the observed differences correlate with the wing-
lessness and, perhaps, relatively minute body size.
Normally Cautires and Xylobanus males are about
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6-17 mm in body length, fully winged and flight capa-
ble, with fully developed elytra possessing longitudinal
and transverse costae and with seven pronotal areolae
(Bocak 2002). The reduction of elytral costae is likely
a result of brachelytry. Although two costae of C. apte-
rus sp. nov. are more similar to the simple pattern
known in the typical Xylobanus, we classify the new
species in Cautires which comprises forms with four
and nine costae. Sklenarova el al. (2013) showed that
Xylobanus needs redefinition and that the forms with
simple pattern of costae occurring in Africa are not
related to Xylobanus from South East Asia. We sup-
pose that the winglessness and small body are factors
lowering the requirement for rigid body sclerotiza-
tion. The typical pronotal carinae of Cautires form the
middle areola, four anterior and two postero-lateral
areoles. Although the pronotal carinae might be simi-
larly and occasionally reduced in winged species, the
reduction of pronotal keels and elytral costae are more
frequently recorded in the small-bodied species such as
C. apterus sp. nov., as these structures likely have
a strengthening function, which is not used when body
is miniaturized. The classification of the newly discov-
ered species as a Caulires is further based on the
shape of male genitalia, which resemble Cautires in
the following characters: (a.) absence of paramerae,
(b.) annuliform phallobase, (c.) internal sac armed
with two sickle-like thorns (Fig. 4). C. apterus has
irregular rough surface in the anterior part of prono-
tum similarly to Cautires and several other Metrior-
rhynchinae genera such as Xylobanus Waterhouse,
1879 (Bocak 2002). The delineation of Cautires and
Xylobanus is complex and needs further study. Most
species of Cautires are brightly colored and they have
usually much larger eyes. The dull coloration and rela-
tively small eyes of C. apterus sp. nov. likely result
from the cryptic lifestyle of a non-flying forest floor
inhabitant.

Correlation of male hind wing aplery and
female neoteny. Cautires apterus sp. nov. is the first
known lycid beetle with hind wings completely lacking.
Males of all four recently discovered species of the
genus Alyculus Kazantsev, 1999 are similar to those of
C. apterus sp. nov. in having shortened elytra, but the
former possess fully developed hind wings and are
capable of a weak, slow flight. Although only five spec-
imens of the new species were collected and the
females are entirely unknown, their neoteny still can
be hypothesized on the basis of repeated correlation
between wingless males and larviform females ob-
served in Lycidae and other elateroid beetle families.
Lycid males in lineages with neotenic females are reg-
ularly smaller similarly to other neotenic lineages (e.g.
Platerodrilus Pic, 1921 and Lyropaeus Waterhouse,
1878; see Wong 1996; Palata and Bocak 2012, or Pseu-
dothilmanus Pic, 1918; Kundrata and Bocak 2011b).

Furthermore, the genus Alyculus, the only previously
known Lycid beetle with shortened elytra, is also sup-
posed to have neotenic females (Palata and Bocak
2012). The newly described Cautires species also re-
sembles other forms with proven neoteny by having
a small, slender body and apparently hypognath-
ous mouthparts. All these correlations strongly point to
a hypothesis that the females of C. apterus, when
eventually discovered, will be neotenic.

It should be noted that Lea (1909) described a large-
bodied female of Metriorrhynchus apterus Lea, 1909
with shortened elytra. The degree of female neotenic
modification in this species is much lower and the
males are very probably fully winged. The large-bodied
neotenic females follow K-strategy and small-bodied
males follow r-strategy (Bocak et al. 2008). With the
larviform females being relatively immobile, the natu-
ral selection probably favors the reduction of the flight
apparatus of males as well. We observed that males
from neotenic lineages, even when capable to flight,
remain in the lowest strata of the forest (personal
observation on Lycidae: Lyropaeinae in Asia). There-
fore, we suppose, that evolution of neoteny in females
might also lead to the limited flying ability in males and
to the eventual loss of flight capability in some cases,
as documented here.
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Uvod

Lycidae jsou druhové pocetnou celedi broukd (Coleoptera) z hlediska evoluce
mimetickych komplexti nebo evoluce neotennich forem (Bocak et al. 2008, Bocak & Yagi
2010). Tato Celed, v Ceské literatufe obcCas nazyvana dlouhoustcoviti nebo zafivkoviti,
obsahuje asi 150 rodu s vice nez 4000 popsanymi druhy po celém svété (Kleine 1933, Bocak
& Bocakova 1990, Bocak & Bocakova 2008). Nejvétsi diverzita je dokumentovana v
oblastech tropického destného lesa (Lawrence 1982, Erwin 1982). Naproti tomu se
nevyskytuji v aridnich oblastech a pouze ve velmi malém poctu druhlt v temperatnich
oblastech s vyraznou sezonalitou srazek (Bocak & Bocakova 2008). Tato celed je v
soucasnosti klasifikovana v nadceledi Elateroidea (Polyphaga: Elateriformia; Lawrence &
Newton 1995, Bocakova et al. 2007). Lycidae jsou charakteristiéti pfedev§im mékkym,
nekompletné sklerotizovanym télem, snizenou schopnosti letu a omezenou schopnosti tniku
pted predatory. Jako kompenzace tohoto omezeni se vyvinula u vSech druhi celedi Lycidae
schopnost produkce zapachajicich, slabé jedovatych latek (Moore & Brown 1981). Pii
vyruseni ¢i podrazdéni jsou jedinci schopni vylu€ovat hemolymfu obsahujici tyto latky na
okrajich a Zebrech krovek, na tykadlech nebo na kloubech mezi femurem a tibii, kde dochazi
k prasknuti mezisegmentovych membran (Bocak et al. 2008). Chemicka ochrana odrazuje
predatory od utoku, rovnéz vede k evoluci pestrého aposematického zbarveni (Alatalo &
Mappes 1996), které také slouzi také varovani pro piipadné predatory (v tomto piipadé
predevsim pavouky a ptaky; Bocak et al. 2008). Aposematicky zbarvené druhy maji tendenci
vytvaret agregace, které posiluji reakci poucen¢ho predatora a prodluzuji dobu pied
opakovanim utoku (Linsley et al. 1961).

Lycidae byli v poslednich letech pouziti jako modelova skupina pro studium evoluce
neotenie a evoluce aposematickych vzorli ve spojeni se speciaci po rozSifeni aredlu
(Malohlava & Bocak 2010). Tyto studie jsou prvnimi, kdy Lycidae, jako taxonomicky velmi
opomijena skupina, byli pouziti pro studium obecnych evolucnich otazek. Pfitom se ukazalo,
jak nedostatecné byly dosavadni znalosti o evoluci této skupiny, jejich historické biogeografii
a jak slabé byla podporovana soucasna klasifikace této celedi. Mnozstvi klasifika¢nich znaka
je zde omezeno pomérné znacnou variabilitou ve tvaru téla vzhledem k jeho slabé sklerotizaci
- nékteré struktury mohou byt vyznamné ovlivnény selekénim tlakem, napt. zpeviiujici Zebra.
Podobné pohlavni orany jsou Casto vystaveny silné sexudlni selekci a nemizeme vyloucit
rychly vznik velmi odliSnych struktur. Proto preferujeme vyuziti vSech dostupnych zdroji

informaci v souladu s dnesni taxonomickou praxi (Lee et al. 2007, Winterton et al. 2007).



Tato studie je omezena na tribus Metriorrhynchini, ktery je z hlediska druhové
rozmanitosti nejvyznamnéjsi linii Celedi Lycidae (Lycidae: Lycinae; Bocak & Bocakova
2008). Metriorrhynchini jsou morfologicky definovani kruhovou phallobazi samcich
kopula¢nich organii, plochou napadnou neparovou zldzou v kopula¢nich organech samic,
sttedni areolou kopinatého tvaru na pronotu a vétSinovou piitomnosti dalSich Zeber na
pronotu, které vytvareji postranni areoly. Metriorrhynchini jsou velmi vhodnou modelovou
skupinou pro studium vzniku diverzity vzhledem k jejich omezené dispersni schopnosti,
uniformni biologii a mimoiadné vysokému poctu druht. Kleine (1933) uvadi v katalogu pies
1000 druhti ve 41 rodech a dalSich ~200 druha bylo popsano pozdéji (Bocak 2002). Nejvetsi
pocet druht tribu Metriorrhynchini pochazi z kontinentéalni jihovychodni Asie, Velkych Sund,
Filipin, Moluk, Nové Guinee a severni Australie (Calder 1998). Dalsi druhy se vyskytuji v
Subsaharské Africe, na Madagaskaru, na Sri Lance a v Indii (Bocak 2002, Kazantsev 2007,
Kazantsev 2012, Kubecek et al. 2011).

Do fylogenetickych analyz byly zahrnuty vSechny zékladni linie a druhové pocetné
rody reprezentujici rozsifeni tribu Metriorrthynchini Celkem bylo sekvenovano ~175 druhi
pochazejicich z pevninské Asie (Indie, Cina, Laos, Malajsky poloostrov), z ostrovni JV Asie
(Velké a Malé Sundy), Japonska, Filipin, Afriky, Madagaskaru, Australie a Nové Guinee.
Studovana oblast zahrnuje byvaly superkontinent Gondwana, ktery dal vzniknout soucasné
Africe, Jizni Americe, Antarktidé, Australii, Indii a Madagaskaru.

Pro izolaci DNA byla pouZita metathorakalni svalovina a zadni par nohou. Svalova
tkan byla pfed izolaci vysuSena ve vakuovém koncentratoru, homogenizovana a inkubovéana
pii1 60 - 65°C, dokud nedoslo k rozlozeni svaloviny. Vzorky se nasledné n¢kolikrat precistuji
a promichavaji (Vogler et al. 1993). U vycisténého roztoku DNA probéhne méfeni
koncentrace  DNA na spektrofotometru (nanodrop ND-1000). Pot¢é se DNA necha
v termocykleru amplifikovat. Po ukonfeni PCR replikace se provadi elektroforéza jako
kontrola GspéSné amplifikace cilového produktu a jeho replikace. Sekvenaéni reakce byly
pfipraveny podle protokolu ABI Applied Biosystems. Vy¢€istény sekvenacni produkt byl
rozpu$tén ve formamidu a analyzovdn na sekvenitoru ABI 3130. Pro studium tribu
Metriorrhynchini jsme pouzili fylogenetické analyzy zalozené na sekvencich jaderné DNA
(geny 18s, 28s rRNA) a mitochondrialni DNA (geny rrnL, cox1, nadb).

Chromatogramy byly analyzovany programem Sequencing Analysis. Editace sekvenci
byla provadéna programem Sequencher 4.10.1. Editované sekvence byly vcetné outgroup
alignovany programy: ClustalW 1.83, ClustalX 2.1, T-coffee 8.95, Mafft v. 7, BlastAlign 1.2

a Muscle 3.6. Ze sekvenci byly sestaveny kompletni matice, které byly znovu kontrolovany
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v programu Se-Al. K fylogenetické analyze byly pouzity optimaliza¢ni kritéria: metoda
maximalni parsimonie (MP, program TNT 1.1), metoda maximalni pravdépodobnosti
(maximum likelihood, ML, program RAXML 7.2.5) a bayesianska analyza (BA, program
MrBayes 3.2.1.). Pro kontrolu a vizualizaci vyslednych kladogramu a fylogramti byly pouzity
programy Tracer 1.5, FigTree v. 1.3.1 a PAUP*. Za ucelem datovani vzniku jednotlivych linii
jsme pouzili program Beast 1.6.1. Analyza geografickych dat probcéhla v programu
BayesTraits 2.0. Program RASP 2.1 umoznil mapovani rozsifeni ancestralnich znakt
a rekonstrukci vyvoje vybranych morfologickych znak.

V ramci této prace byla studovana také morfologie sekvenovanych exemplait.
Dokladové exemplare byly po odebrani svalové tkané pro izolaci DNA preparovany tradi¢nim
zpisobem a ulozeny ve sbirce laboratoife molekularni systematiky katedry zoologie, PfF UP
vV Olomouci. Vybrané exemplare byly zmékceny v nizko koncentrovaném alkoholu, mékkeé
tkané obalujici kopulacni organy a organy v hlavové schrance byly odstranény v horkém
hydroxidu draselném. Jednotlivé casti byly odd€leny pod preparaénim mikroskopem. Byla
potfizena fotodokumentace, fotografie se staly zakladem pro vytvofeni perovych ilustraci,

nebo byly po upraveni pouzity piimo v publikacich.

Cile prace

Studie je zaloZena predevSim na molekularnich datech a na jejich zaklad€ vytvorenych
fylogenetickych hypotéz.

Cilem prace je rekonstrukce ancestralnich uzemi v oblasti Gondwany a Siteni tribu
Metriorrhynchini do jihovychodni Asie, Afriky a na Madagaskar a jejich srovnani
s dosavadnimi znalostmi o rozpadu Gondwany.

Klasifikace tribu Metriorrhynchini prodé€lala v poslednich dekddach nékolik zmén.
Dftive byla tato skupina klasifikovana v samostatnych tribech nebo podceledich (Kleine
1933), pozdéji byly tyto taxony spojeny do jediného taxonu Metriorrhynchinae/ini (Bocak &
Bocakova 1990, Bocak 2002). Podle ptedchozich studii byl tribus Metriorrhynchini rozdélen
na subtriby: Trichalina Kleine, 1928, Hemiconderina Bocak & Bocakova, 1990
a Metriorrhynchina Kleine, 1926 (Bocak, 2002). Dalsim cilem této studie je proto také
kriticka revize vysSi klasifikace vSech taxonl tohoto tribu prostfednictvim fylogenetické

analyzy zaloZené na kompletni sadé¢ morfologickych znaki.



Shrnuti hlavnich vysledku

Soucasné rozlozeni tribu Metriorrhynchini je vysledkem pohybu kontinentalnich
fragmentl po rozpadu Gondwany. Metriorrhynchini se skladaji ze dvou linii: afro/orientalni
a australské. Ancestralni tzemi pro bazalni linii celého tribu pochazi bud’ z Australie, nebo
Indie, ale nelze jej s jistotou urcit, protoze k rozstépeni linie doslo v dobé, kdy se Gondwana
zacCala rozd¢lovat. Afrotropicka fauna a fauna Madagaskaru vznikla disperzi z Indie driftujici
na sever pred 65 az 62 miliony lety. Orientalni fauna se diverzifikovala po srazce Indie s Asii
ateprve pozdé¢ji byla doplnéna o linie migrujici z australské oblasti, ktera se dostala do
kontaktu s asijskym Selfem pted asi 25 miliony lety. Orientalni fauna obsahuje rody indické i
australské linie, pficemz analyzy datovani prokazaly star$i pavod indickych rodu.

Klasifikace tribu Metriorrhynchini je navrZzena na zdkladé¢ molekularni fylogeneze
skupiny a je podrobné diskutovdna evoluce vybranych morfologickych struktur, na kterych
byla zalozena ptedeslda morfologicka klasifikace. Vysledky potvrzuji nékolikanasobny vznik
podobnych struktur Zeber na pronotu, zkracenych zeber na krovkach, sekundarnich Zeber na
krovkach u vice linii a jejich opakovanou ztratu a mnohondsobny vznik flabelatnich tykadel.
Na zaklad¢ zhodnoceni morfologie larev, dospélcti a molekulérni fylogeneze je navrzena nova
klasifikace. Byly nové ustanoveny subtriby Metriorrhynchina, Metanoeina a Cautirina
a subtriby Trichalina a Hemiconderina byly synonymizovany se subtribem Metriorrhynchina.

V posledni studii je popsan novy druh Cautires apterus Bocak et al. 2014, ktery je
unikatni svou bezkiidlosti, Zivotem v hrabance a faktem, Ze samice tohoto druhu jsou
pravdépodobné larviformni. Jednd se o prvni potvrzeny piipad evoluce neotenie v tribu

Metriorrhynchini.

Abstrakty praci

Sklenarova K., Chesters D. & Bocak L. (2013) Phylogeography of Poorly Dispersing
Net-Winged Beetles: A Role of Drifting India in the Origin of Afrotropical and Oriental
Fauna. PLoS ONE 8(6): e67957. doi:10.1371/journal.pone.0067957.

Ancient dispersal history may be obscured by subsequent dispersal events. Therefore, we
intend to investigate the biogeography of metriorrhynchine net-winged beetles, a group

characterized by limited dispersal propensity. We used DNA data to construct phylogenies
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and the BayesTraits and RASP programs to identify putative ancestral areas. Further, we
inferred ultrametric trees to estimate the ages of selected nodes. The time frame is inferred
from tectonic calibrations and the general mutation rate of the mitochondrial genes.
Metriorrhynchini consists of two lineages with Afro/Oriental and Australian distributions. The
basal lineages originated in Eastern Gondwana after the split of Australia, India and
Madagascar; the Afrotropical and Madagascar Metriorrhynchini separated from the Oriental
clades 65 and 62 mya. Several already diversified lineages colonized continental Asia 55-35
mya. A few genera of the Australian clade dispersed to the Oriental region 5-15 mya and
reached Eastern India and Southern China. Only Xylobanus crossed the Makassar Strait to
Sulawesi and does not occur further to the east. The current distribution of Metriorrhynchini is
a result of drifting on continental fragments and over-sea dispersal events limited to a few
hundreds of kilometers. We conclude that: (1) Afrotropical and Madagascar lineages
originated independently from dispersal events during India’s drift to the north and the
Mozambique Channel completely isolates the respective faunas since then; (2) Oriental fauna
is a recently established mixture of the Indian and Australian lineages, with predominance of
the older Indian clades; (3) The fauna of islands located north of Australia colonized Sulawesi
after collision with the Sundaland margin and the species rich Australian lineages did not
reach Western Wallacea or the Philippines. Our results suggest an impact of subtle differences
in biological characteristics on biogeographic history of individual lineages, when mostly

lowland and flower-visiting lineages were able to disperse across sea channels.

Sklenarova K., Kubecek V. & Bocak L. (2014) Subtribal classification of
Metriorrhynchini (Insecta: Coleoptera: Lycidae): an integrative approach using
molecular phylogeny and morphology of adults and larvae. Arthropod Systematics and
Phylogeny 72 (1): 37-54.

The classification of Metriorrhynchini, the most diverse lineage of net-winged beetles
(Lycidae) containing ~ 1400 species, is revised on the basis of three-marker molecular
phylogeny of 175 ingroup taxa, and the adult and larval morphology. The study uses the
molecular phylogeny for identification of major lineages and critically considers morphology
when adult morphology and sparse information of immature stages alone did not provide
enough information for building a robust classification. Reconstruction of the ancestral states
of morphological characters on the phylogenetic tree recovered from DNA data presents

evidence for multiple origins of the four-costae pattern on the elytra, shortened elytral costa 1,
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patterns of pronotal areolae and flabellate antennae. As a consequence, revised morphological
delineations of the subtribes and genera are proposed: three major lineages are defined as
Metriorrhynchina Kleine, 1926, Metanoeina subtrib. nov. and Cautirina subtrib. nov. The
subtribes Trichalina Kleine, 1928 and Hemiconderina Bocak & Bocakova, 1990 are
synonymized with Metriorrhynchina Kleine, 1926. Metanoeina are studied in detail and three
genera are placed in the subtribe: Metanoeus Waterhouse, 1879, Xylometanoeus gen. nov.,
and Matsudanoeus gen. nov., with Xylometanoeus japonicus (Bourgeois, 1902) comb. nov.
and Matsudanoeus yuasai (Nakane, 1969), comb. nov. as type species, respectively.
Xylobanus basivittatus Nakane, 1970 is transferred to Xylometanoeus. The concepts of genera
Cautires and Xylobanus are based on male and female genitalia. Additionally, the molecular
hypothesis is supported by morphology of larvae, when newly proposed Cautirina are
characterized by entire tergites in contrast to the longitudinally divided mesoand metathoracic
tergites of Metanoeina and Metriorrhynchina. Larval characters support the placement of
Xylometanoeus in Metanoeina and the close relationships of Matsudanoeus and Metanoeus.
The simultaneous consideration of DNA-based phylogeny and morphology of adults and
larvae rejects taxa based on diagnostically usable but strongly homoplastic characters and

provides a framework for a robust classification of Metriorrhynchini.

Bocak L., Grebennikov V.V. & Sklenarova K. (2014) Cautires apterus, a new species and
the first record of winless male Lycidae (Coleoptera) discovered in the north Pare

Mountains, Tanzania. Annales Zoologici (Warszawa) 64(1): 1-7.

We report the first know case of male hind-wing aptery among the net-winged beetles
(Lycidae). Five male specimens of Cautires apterus sp. nov. were discovered by sifting forest
litter in a very small (approximately 300 meters by 50 meters) Kamwala Forest within the
North Pare Mountains, Tanzania. Besides being wingless, males of C. apterus sp. nov. have
remarkably small body, shortened elytra and reduced pronotal and elytral costae. Generic
assignment of this externally unusual new species is based on the molecular phylogenetic
analysis, the structure of the male genitalia and the shape of the pronotum. We discuss
biological and evolutionary significance of the discovery and suggest that the winglessness of
male lycid beetles correlates with the female neoteny.
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Summary

Lycidae, net-winged beetles, are an abundant family of terrestrial beetles (Coleoptera),
which contains about 150 genera with more than formally described 4,000 species worldwide.
The greatest diversity is documented in tropical rain forests, while moderate diversity is also
known from temperate zones; these beetles do not occur in arid regions. Lycidae are
a prominent lineage concerning species richness, evolution mimetic complexes or neotenic
modifications of development. This family is currently classified in the superfamily
Elateroidea (Polyphaga: Elateriformia). Lycidae is characterized by soft-bodiedness and
limited an ability to fly resulting from this trait. As compensation of this limitation they have
developed the ability to produce repellent and slightly poisonous compounds, which are
released as droplets of hemolymph on the elytra and around inter-segmental joints when the
animals are disturbed. Chemical protection of the family Lycidae led to evolution of bright,
aposematic coloration patterns.

This study is restricted to the tribe Metriorrhynchini, which are morphologically
defined by circular phallobase, flat conspicuous unpaired vaginal gland, pronotum with
lanceolate median areola and with carinae which form up to seven areolae in the pronotum.
This tribe is the most species rich lineage of Lycidae. Due to their species-richness (over 1200
species in 41 genera), large geographic range, limited ability to disperse and uniform life
strategy, Metriorrhynchini can be a suitable model group for studies on diversity, dispersal
history and evolution of mimicry. Highest specific and generic diversity of Metriorrhynchini
species is known from continental Southeast Asia, the Great Sundas, Philippines, Moluccas,
New Guinea and northern Australia. Other species and a few endemic genera, occur in Sub-
Saharan Africa, Madagascar, Sri Lanka and India. The previous knowledge of zoogeography
of this group has been very limited and no phylogeographic hypothesis has been available for
the identification of putative areas of origin or directions of dispersal. We used nuclear and
mitochondrial DNA markers to propose phylogenetic and phylogeographic hypotheses.

The principal aim of this thesis was to reconstruct the putative area and time of origin
of the tribe Metriorrhynchini and to recover the dispersal routes from the ancestral region
around the Indian Ocean rim, i.e., Australia, Southeast Asia, Africa and Madagascar. Here,
the phylogenetic hypothesis was considered in the light of the reconstructed break-up of
Gondwana. Metriorrhynchini consist of two lineages: the Afro/Oriental and Australian ones.
The basal lineage originated from Australia and India, from the time when Gondwana started

to break-up. The Afrotropical fauna and fauna of Madagascar came from India drifting to the
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north about 65 to 62 million years ago. The Oriental fauna diversified from lineages from
Indian subcontinent after the collision of India and Asia. Later the Oriental fauna was
enriched by migrating lineages from the Australian region about 25 million years ago.
Although the Oriental fauna includes the genera from both the Indian and Australian clades,
the Indian lineages are more abundant and the analyses showed their older diversification
history in the Asian continent.

The secondary aim of this study is the critical revision of classification of all taxa
(genus and subtribes) of this tribe. We used the same phylogenetic hypothesis to map the
evolution of morphological characters on the tree and we inferred their origin and subsequent
modifications. The previous morphological classification was based on the structure of
pronotal carinae, elytral costae and the form of antennae. All these characters were mapped
with multiple origins of structures and some of them multiple reversals. We hypothesized that
evolution of some of these characters is affected by their selective value (the strengthening
function of carinae and costae), they originated multiple times when their evolution is
correlated with stenoptery (the shortened elytral costa 1) or they evolve when the opposite sex
is located using olfactory organs (the flabellate antennae). Using the molecular phylogeny, we
evaluated the morphology of larvae and adults; we proposed a new classification, with some
taxa defined predominantly with either larval or adult characters. We delimited the subtribes
Metriorrhynchina, Metanoeina and Cautirina and we synonymized the subtribes Trichalina

and Hemiconderina with the subtribe Metriorrhynchina.
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