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I took a small path leading 

up a hill valley, finding there 

a temple, its gate covered 

with moss, and in front of 

the door but tracks of birds; 

in the room of the old monk 

no one was living, and I 

staring through the window 

saw but a hair duster hanging 

on the wall, itself covered 

with dust; emptily I sighed 

thinking to go, but then 

turning back several times, 

seeing how the mist on 

the hills was flying, and then 

a light rain fell as if it 

were flowers falling from 

the sky, making a music of 

its own; away in the distance 

came the cry of a monkey, and 

for me the cares of the world 

slipped away, and I was filled 

with the beauty around me. 

 

Kamenů plnou  

stezičkou úzkou  

pomalu stoupám  

Údolím rudým:  

jedlová vrátka  

zakrývá závoj  

zelených mechů;  

na pustých schodech  

drobné jsou křížky  

stojáčků ptačích.  

Nahlédnu oknem:  

sprašovač bílý  

na stěně visí  

v závěji prachu.  

Chtěl bych si vzdychnout,  

odejít chtěl bych —  

toulám se kolem. 

 

Vonivá mlha  

spadává dolů,  

déšť kvítím voní,  

snáší se na zem. 

 

Samota chutná  

jak selský chléb!  

Opice modré 

žalobně křičí. 

 

Jak je tu člověk  

od světa vzdálen!  

Vzdálený světa,  

jak krásný je svět  

v pohorském koutku! 

 

李白 

Li Po 

701 - 762 



Tato práce je dílčím výsledkem dlouhodobého úsilí o zmapování diverzity mechových dřepčíků a její 

vznik by nebyl možný bez podpory celé řady osob. V první řadě bych rád poděkoval svým rodičům za 

veškerou podporu při mé entomologické práci, jakož i v jiných aspektech života. Zcela mimořádný dík 

pak patří mému školiteli Martinu Fikáčkovi za cenné připomínky, konzultace a rady k mé práci, a 

v neposlední řadě také za motivaci a duševní podporu i v situacích, kdy mi ujel vlak. Za podporu 
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Pavlu Špryňarovi a Jaromíru Strejčkovi. Dík za podporu mého zájmu o biologii v dětství patří také 

Janě Dobrorukové. Vznik práce, jakož i vznik mé entomologické činnosti jako takové, by byl také 
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protokol, a nepoložili tak naprosto zbytečné bariéry do cesty výzkumu biodiverzity. Za konzultace nad 

bioinformatickými analýzami děkuji Ivanu Čepičkovi a Jiřímu Hadravovi. Za spolupráci při 

společném výzkumu mechových dřepčíků, podporu a cenné rady děkuji Alexanderu Konstantinovovi. 

Materiál pro studii by se samozřejmě nikdy nesešel bez řady osob, které pomáhaly s prací v terénu, 

zařízením výzkumných povolení či věnovaly nebo zapůjčily materiál k sekvenaci. Jsou to především 

(v náhodném pořadí): Alexander Konstantinov, Martin Fikáček, Lukáš Sekerka, Emmanuel Arriaga-

Varela, Matthias Seidel, Alma Mohagan, Dominik Vondráček, Petr Šípek, Michael Mikát, David 

Damaška, Kateřina Černá, Hu Fang-Shuo, Michal Tkoč, Jan Ševčík, Liang Wei-Ren, Yin Zi-Wei, 

Tang Liang, Liu Hsing-Che, Greg Watson, Danny Chiman Leong, Dave Mohagan, Dale Joy 

Mohagan, Matyáš Hiřman, Paul Aston, Lee Chi-Feng, Michael Geiser, Ruan Yong-Ying. Zvláštní dík 

patří Dominiku Vondráčkovi, Vítu Sýkorovi a Matthiasu Seidelovi za počáteční pomoc při práci 

v laboratoři. Zcela výjimečně pak vzniku práce pomohly Alena Hošková, Markéta Hejná a Jindřiška 

Peterková, a to svou obětavou pomocí v nerovném boji s byrokracií. Za financování děkuji Grantové 

agentuře UK (GAUK – 1334218). Hlavní dík bych pak na tomto místě chtěl vzdát Bohu, a to 

především za nádherné země, které jsem mohl při své práci navštívit, za fascinující organismy, které 

mohu zkoumat, a také za to, že žiji ve svobodné zemi, kde je možno se věnovat vědeckému bádání. A 

ještě – a rozhodně ne nakonec – také za všechno ostatní. 
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Dřepčíci (Alticini) jsou vysoce diversifikovanou skupinou mandelinkovitých brouků (Chrysomelidae). 

Na 8 000 známých druhů v asi 560 popsaných rodech se vyskytuje po celém světě, s výjimkou 

Antarktidy. Nejčastěji se dřepčíci živí okusem listů cévnatých rostlin, podobně jako je tomu u většiny 

ostatních mandelinek. Řada studií z posledních let ovšem poukázala na fakt, že na světě existuje 

množství různých druhů dřepčíků, kteří se živí mechem. Mechoví dřepčíci jsou zpravidla brouci velmi 

specializovaní a často sdílejí řadu podobných znaků, jako je například ztráta křídel, kompaktní tělesná 

stavba nebo více či méně paličkovitá tykadla. Jejich fylogenetická pozice však byla dosud záhadou. 

V této práci jsem provedl fylogenetickou analýzu 14 známých rodů dřepčíků vázaných na mech a 

listovou hrabanku, které jsem zahrnul do datasetu, obsahujícího řadu dalších rodů dřepčíků. K analýze 

jsem sekvenoval dva mitochondriální a dva jaderné geny, které byly použity v předchozích 

fylogenetických studiích (Ge et al. 2012; Nie et al. 2017). Navíc jsem do datasetu přidal některé rody 

nemechových dřepčíků z neotropické oblasti, protože předchozí studie obsahovaly hlavně rody 

z orientální oblasti. Přestože analýza nerozřešila nejhlubší divergence v rámci dřepčíků a fylogenetická 

pozice některých rodů nebyla rozřešena, ukázala analýza mnohonásobný nezávislý vznik vazby na 

mech a listovou hrabanku u různých skupin dřepčíků. Morfologicky velmi podobné asijské rody Ivalia 

a Cangshanaltica tvoří distinktní monofyletické linie v rámci rodové skupiny Chabria group. Vnitřní 

fylogeneze rodů naznačuje, že oba rody vznikly v oblasti dnešních Sund, odkud několikrát 

kolonizovaly východní Asii. Rod Ivalia při tom nápadně radioval na Tchaj-wanu. Neotropické rody 

mechových dřepčíků ze skupiny Monoplatus group  vytvořily monofyletickou linii hluboko uvnitř této 

rodové skupiny, což ukazuje, že vazba na mech vznikla v této skupině jen jednou. Palearktický rod 

Minota patří do příbuzenstva dvou dalších, převážně palearktických rodů Mantura a Batophila. Pilotní 

fylogenetická studie rodu Clavicornaltica ukázala, že i značně nepříbuzné druhy si mohou být velmi 

podobné, ale v rámci druhů naopak může existovat relativně silná variabilita v morfologii i sekvencích 

mitochondriální DNA. Dále se podařilo objevit první případ pravděpodobně mechového dřepčíka 

z afrického kontinentu. Pravděpodobně patří do rodu Stegnaspea. Studie krom jiného objasnila i 

fylogenetickou pozici řady neotropických rodů dřepčíků. Většina z nich patří do několika 

neotropických monofyletických linií, což naznačuje, že neotropická fauna dřepčíků vznikla radiací 

několika linií, které se sem v minulosti dostaly ze Starého světa. 
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Flea beetles (Alticini) are a highly diversified group of leaf beetles (Chrysomelidae) with about 8 000 

known species from about 560 genera distributed worldwide except Antarctica. The major life strategy 

of flea beetles is external feeding on vascular plants, similarly to other leaf beetles. However, studies 

published during last years revealed existence of numerous different flea beetle genera feeding on 

mosses. Moss-inhabiting flea beetles are usually highly specialized and share similar morphological 

characteristics, including flightlessness, compact body  shape and modified antennae. However, their 

phylogenetic position remained unknown. In this study, I performed a phylogenetic analysis of 14 

known moss- and leaf litter inhabiting flea beetle genera, included into a large dataset of various 

genera of flea beetles. I sequenced 2 mitochondrial and 2 nuclear genes previously used for 

phylogenetic analyses of Alticini. I also added numerous Neotropical external feeding alticine genera, 

because taxon samples from previous studies (Ge et al. 2012; Nie et al. 2017) consisted mainly of 

Oriental genera. Although deep divergences and phylogenetic positions of several genera were not 

resolved, the analysis revealed a multiple origin of moss- and leaf litter inhabitance among flea 

beetles. The morphologically similar Asian genera Ivalia and Cangshanaltica were revealed as distinct 

lineages within the Chabria generic group. Their species-level phylogenetic analysis indicated that 

both genera originated in the Sundaland and colonized Eastern Asia, including radiation of Ivalia on 

Taiwan. The Neotropical genera from the Monoplatus generic group formed a monophyletic lineage 

deeply nested inside the generic group, which shows that monoplatines involved this strategy only 

once. The Palearctic genus Minota is revealed as a relative of other mainly Palearctic genera Mantura 

and Batophila. The preliminary phylogenetic study of the genus Clavicornaltica showed that distant 

species can be morphologically uniform, but sometimes, also relatively strong intraspecific variability 

in both morphology and mtDNA sequences is present. I also documented the first case of a possibly 

moss-inhabiting flea beetle from Africa, which likely belongs to the genus Stegnaspea. Additionally, 

the study revealed phylogenetic positions of various non-moss-inhabiting flea beetles from the 

Neotropics. The majority of Neotropical flea beetle genera formed monophyletic clades, which 

suggests that Neotropical flea beetle fauna is a result of several migration events from the Old World.  
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Beetles are the most diverse group of living organisms and the majority of known beetle species are 

members of the clade called Phytophaga which comprises three largest plant-feeding beetle groups 

(McKenna et al. 2015; Farrell 1998). Leaf beetles (Chrysomelidae) are the second-largest 

phytophagous beetle family after weevils (Shin et al. 2017; Haddad & McKenna 2016), which makes 

it a very interesting model group for evolutionary studies. However, the phylogeny of major leaf 

beetle subfamilies, as well as phylogenetic position of many obscure leaf beetle groups, is still vastly 

unknown, and the majority of species diversity remains undescribed (Baselga et al. 2007). 

Among leaf beetles, one of the most diversified groups is the subfamily Galerucinae, which forms two 

main clades: (1) true galerucines (Galerucinae s. str.) and (2) flea beetles (Alticini), a group of 

generally small beetles, typical for their jumping ability (Nie et al. 2017). The ecology of major flea 

beetle genera is not very different from other leaf beetles; they are external feeders on various vascular 

plants (Nadein & Bezdek 2014). However, some flea beetle genera are specialized in feeding on moss 

or living in moss cushions and leaf litter (Konstantinov et al. 2013). This specific life strategy led to 

the evolution of very similar morphological features in various genera, including wing loss, convex 

and compact body, and clavate antennae (Konstantinov et al. 2009).  

Moss-inhabiting flea beetles are distributed worldwide and many species live in montane sky islands 

(Konstantinov et al. 2013; Sprecher-Uebersax et al. 2009). The combination of flightlessness and 

montane habitats is known to be a driver of speciation by isolation in beetles (Grebennikov & 

Morimoto 2016; Grebennikov 2014), which makes moss-inhabiting flea beetles a perfect group for 

studying microevolution, speciation, as well as historical biogeography and faunal interchanges 

between mountain ranges. However, the phylogenetic position, as well as the historical biogeography 

and evolution of moss-inhabiting flea beetles remain completely unknown. No moss-inhabiting flea 

beetle genus was ever included in a molecular phylogeny and the majority of moss-inhabiting species 

are known only from type series. This study was conducted to understand the generic diversity of 

moss and leaf litter inhabiting flea beetles. Additionally, the study tries to put the studied genera into a 

context of historical biogeography and ecology. For this reason, different lineages of flea beetles 

feeding on ferns, as well as flea beetles of the Neotropical origin (which were strongly undersampled 

in previous analyses) were added to the study. The study also tries to explain the biogeography of 

several moss-inhabiting genera from southeast Asia, including their dispersal to various areas, 

particularly to Taiwan, where a relatively high diversity was found. 
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The main aims of this study were: 

(1) Resolving the phylogenetic position of moss and leaf litter inhabiting flea beetle genera by a 

molecular phylogenetic analysis based on sequences of four genes, which were used for previous 

phylogenetic analyses of flea beetles (Ge et al. 2011; Ge et al. 2012). 

(2) Clarifying the status and phylogeny of the Asian moss-inhabiting genera Ivalia and 

Cangshanaltica and uncovering basic traits in their historical biogeography. 

(3) Discussing the evolutionary trends in selected morphological characters and distribution in the 

morphologically extremely uniform leaf litter inhabiting genus Clavicornaltica and discussing the 

implications of its species-level phylogeny for possible biogeographic research and taxonomic 

revisions. 

(4) Summarizing general information on all known moss-inhabiting flea beetle genera. 

(5) Collecting new species of moss-inhabiting flea beetles for further taxonomic treatment.  
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Alticinae (flea beetles) belong to the family Chrysomelidae (leaf beetles), a megadiverse clade with 

about 8 000 species in about 560 genera (Nadein 2013a; Seeno & Wilcox 1982). The family 

Chrysomelidae is a monophyletic clade closely related to longhorn beetles (Cerambycidae) (Haddad & 

McKenna 2016; Gómez-Zurita et al. 2008; Hunt et al. 2007). Several lineages previously placed to 

Chrysomelidae are now known as lineages closely related to Cerambycidae (e. g. Megalopodidae).  

Chrysomelidae and Cerambycidae perform two major groups within the monophyletic superfamily 

Chrysomeloidea. With its sister group – Curculionoidea (containing megadiverse weevil lineages), it 

forms the clade informally known as Phytophaga, placed in the series Cucujiformia (Haddad & 

McKenna 2016; Shin et al. 2017; McKenna et al. 2015). The clade Phytophaga contains the majority 

of beetle diversity (Farrell 1998).  

Phylogenetic relationships, as well as monophyly of all major leaf beetle subfamilies, still remain 

unclear due to insufficient taxon sampling and limited gene sampling in phylogenetic studies 

published so far (Gómez-Zurita et al. 2008; Haddad & McKenna 2016; Duckett et al. 2004). The 

newest analysis based on mitochondrial genomes (Song et al. 2017), presented a result corresponding 

with the previous study by Gómez-Zurita et al. (2008), with several exceptions. Additionally, the 

position of the subfamilies Lamprosomatinae and Sagrinae was not resolved, due to their lack in the 

sample. Based on the analysis by Song et al. (2017), Chrysomelidae form 3 major clades, containing 

known subfamilies as following: (1) Bruchine clade (containing Bruchinae; Sagrinae is discussed to be 

a sister group to Bruchinae); (2) Eumolpine clade (containing Spilopyrinae, Cryptocephalinae, 

Donaciinae, Cassidinae, Chlamisinae, Criocerinae and Eumolpinae); and (3) Chrysomeline clade 

(containing Chrysomelinae and Galerucinae s. lat.). The study contributed to the finding of Gomez-

Zurita et al. (2008), revealing paraphyly of Chrysomelinae. The genus Timarcha forms a different 

lineage, which was revealed as a sister group to all remaining members of the Chrysomeline clade in 

the maximum likelihood mitogenomic analysis, and, interestingly, as a sister group to Donaciinae in 

the Bayesian analysis. Both positions of Timarcha are not well supported; however, the analyses 

clearly show that its position is outside of the subfamily Chrysomelinae. On the other hand, the 

phylogenetic position of flea beetles seems relatively clear to date. The subfamily Galerucinae sensu 

lato is considered in all mentioned phylogenetic studies as a sister group of Chrysomelinae (excluding 

Timarcha). 
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The linkage of flea beetles with the subfamily Galerucinae was proposed during the whole history of 

studying leaf beetles (Chapuis 1875; Horn 1889; Kim et al. 2003; Lingafelter & Konstantinov 1999; 

Hua et al. 2014; Heikertinger 1948; Mohr 1960). The search for a relevant phylogenetic hypothesis of 

flea beetle position and status had been a long and dynamic story, where nearly all possible hypotheses 

of phylogenetic relationships of alticines and galerucines were formulated. The most popular theories 

about galerucine-alticine relathionships were (1) both groups as monophyletic sister lineages, i. e. both 

groups were treated as subfamilies (Seeno & Wilcox 1982), (2) flea beetles as a monophyletic internal 

lineage of the Galerucinae, i. e. flea beetles are treated as a tribe (Lingafelter & Konstantinov 1999), or 

(3) galerucines as a monophyletic internal lineage in flea beetles (Reid 1995; Crowson & Crowson 

1996). All three hypotheses supposed that the jumping ability appeared only once as a synapomorphy 

(autapomorphy, respectively) of all flea beetles; the third scenario just expected one reversal (loss) of 

this character. The loss of the metafemoral spring does not seem like a rare evolutionary event, 

because several flea beetles from the Blepharida group (e. g. Podontia) lost their jumping ability 

recently, although they still have the jumping apparatus (Ge et al. 2011). Modern molecular studies 

(Ge et al. 2011; Ge et al. 2012; Nie et al. 2017), however, presented a completely new insight into the 

problem. Galerucine and alticine lineages were in general considered as monophyletic sister groups. 

However, a small number of genera with jumping ability appeared to be inner lineages of Galerucinae 

s. str. „Alticine‟ genera, which were newly reassigned as galerucines, were considered as enigmatic 

also before. The major of them, as Nonarthra, Luperomorpha or Hespera, share similar 

“galeruciform” characters, which were considered as atypical among alticines also by traditional 

taxonomists (Heikertinger 1948). Those characters include e. g. the morphology of coxae or genitalia.  

The most recent phylogenetic study of Galerucinae s. lat. based on mitogenomic data (Nie et al. 2017) 

supported the aforementioned hypothesis too. Flea beetles can be therefore considered as 

monophyletic sister group of Galerucinae s. str., however, a small number of genera formerly 

considered as alticine needs to be reclassified as galerucine. Although the phylogenetic situation is 

clarified, the nomenclature of flea beetles is still unstable. Traditionally, flea beetles were considered 

as a subfamily Alticinae, which was facultatively attacked by supporters of the paraphyletic 

Galerucinae hypothesis. This led to a frequent praxis of treating flea beetles as a tribe Alticini within 

the subfamily Galerucinae. The phylogenetic position of flea beetles as uncovered by recent studies 

allows for both nomenclatoric treatments, however, the consensus in the usage of one concept was still 

not established among leaf beetle researchers. In this thesis, I am following the nowadays preferred 

tribal status of flea beetles. Due to a high diversity of the group and a need for a stable and practical 

suprageneric classification, I would suggest my preference for a return to the subfamiliar status of flea 

beetles. 

Although flea beetles have extremely high diversity, no widely used suprageneric classification was 

proposed. New genera are usually described as incertae sedis. Only a small number of well-defined, 
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morphologically relatively uniform groups, were recently treated as tribes or subtribes; e. g. 

Monoplatini, consisting of mostly Neotropical genera of medium-sized flea beetles with distinctly 

swollen last metatarsomeres (Konstantinov & Konstantinova 2011; Furth 2007); Oedionychini, which 

are generally large, often colorful flea beetles with strongly swollen last metatarsomeres, similarly to 

monoplatines (Casari & Teixeira 2011; Virkki & Santiago-Blay 1993) and Blepharidini, which are the 

largest representatives of flea beetles (Romantsov et al. 2015). Several classic authors proposed 

different supeageneric ranks in flea beetles (Chapuis 1875; Horn 1889). Other authors (Takizawa 

2005; Furth 1980; Furth 1985; Furth & Suzuki 1998; Furth 1989) tried to classify at least several 

alticine genera into generic groups, instead of designation of tribes and subtribes. The modern 

suprageneric systematics of flea beetles was recently treated in the molecular studies (Ge et al. 2012; 

Nie et al. 2017). The concept of the generic group classification was used as well. 

Flea beetles are well-known especially for their small body size (usually under 5 mm) and jumping 

ability. Based on the newest phylogenetic studies, the jumping ability is a synapomorphy of the group 

(i.e. it evolved in their common ancestor) but also evolved in parallel in certain lineages of 

Galerucinae s. str., as mentioned above (Ge et al. 2011; Ge et al. 2012; Nie et al. 2017). The jumping 

ability of flea beetles remained mysterious for decades. The first theory to explain this phenomenon 

was presented by (Maulik 1929), who described a specific chitinous structure inside broadened alticine 

metafemora. This structure is of planar folded shape, spring-like, which led to its naming as 

“metafemoral spring” or “metafemoral apodeme”. Various studies were published to explain the exact 

function of metafemoral spring – in general, the structure was believed to have the function of energy 

storage – it should be compressed before the jump, and releasing the compression had been believed to 

be the impulse, which takes the beetle into the air. Chitin, however, has not such properties. In 

jumping apparatus of various insect groups, a protein resilin is present as effective energetic storage 

with rubber-like properties. Resilin has many other functions in insect body and is commonly present 

e. g. in wing junctions or cuticle membranes (Haas et al. 2000; Michels et al. 2016; Burrows et al. 

2008). However, it was never found in the structure of the metafemoral spring. The newest study 

(Nadein & Betz 2016) on flea beetle jumping mechanism clarified both the function of the 

metafemoral apodeme in the jump performance and its lack of resilin in the structure. Due to non-

elastic properties, the metafemoral spring cannot serve like a spring, which led to a suggestion to 

rename it as the metafemoral extensor tendon (MET). In fact, the chitinous organ serves as a surface 

for attachment of very strong metafemoral muscules. The energy storage is performed by two small 

resilinized ligaments, found around the junction between the metafemur, metatibia, and MET. When 

metafemoral muscles are contracted, the ligaments are sprung and the metatibia is pulled in the 

direction to the femur. After muscles relax, sprung ligaments strongly and quickly return the tibia back 

to its original position, which catapults the beetle to the air. 
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The majority of flea beetles is specialized to feed on vascular plants, especially eudicots (Konstantinov 

& Vandenberg 1996). Various genera, however, are also monocot feeders (Konstantinov et al. 2011; 

Biondi et al. 2012). Some genera, interestingly, feed also on ferns. This food specialization is known 

in the case of the Oriental genera Schenklingia, Phaelota and Manobia (Konstantinov & Vandenberg 

1996; Samuelson 1969; Prathapan & Viraktamath 2009). Another interesting genus, which feeds on 

ferns, is the Neotropical genus Normaltica, morphologically unusual for its clavate antennae 

(Konstantinov 2002a). The Palearctic genus Hippuriphila is specialized on Equisetaceae (Čížek & 

Doguet 2008). An extreme case of trophic specialization in flea beetles is represented by moss-

inhabiting flea beetles. This phenomenon, as the main topic of this study, is analyzed in detail in the 

following text. 

Larvae of flea beetles are not known in the majority of genera. The majority of known flea beetle 

larvae are externally feeding on plant roots (Hua et al. 2014). Some genera (e. g. Blepharida or Altica) 

are known to have larvae externally feeding on leaves (Prathapan & Chaboo 2011; Reid & Beatson 

2015). In some cases, externally feeding larvae and adults developed specialized strategies of chemical 

defense against predators and parasitoids (Bünnige et al. 2008; Vencl & Morton 1998). In several 

aboriginal communities in Southern Africa, both larvae and adults of the genera Diamphidia and 

Polyclada are even used for preparing traditional arrow poisons (Chaboo et al. 2016; Woollard et al. 

1984). 

Flea beetles are distributed in all major biogeographic regions except Antarctica and several oceanic 

islands (Nadein 2013a; Konstantinov & Vandenberg 1996). The highest diversity of flea beetles was 

documented in the Neotropical region; this diversity is probably a result of giant radiations of several 

lineages, namely the Oedionychis group and the Monoplatus group (Scherer 1988b). About 240 genera 

are known to be distributed in the Neotropical region (Nadein 2013a); however, the taxon samplings in 

the latest phylogenetic analyses of Alticini consisted mainly of Oriental and Palearctic genera (Ge et 

al. 2012; Nie et al. 2017). A study involving more Neotropical flea beetle genera was, therefore, 

necessary for better understanding the origins of the fauna. The taxonomic works on Neotropical flea 

beetles usually consist of many particular revisions; the only synoptic key for at least the majority of 

known genera was given by Scherer (1983). The majority of known Neotropical genera is endemic to 

the region; some genera with worldwide distribution (e. g. Chaetocnema or Epitrix) are also present in 

the Neotropics. Scherer (1988) discussed their presence in the Neotropics as a result of the Great 

American Interchange, based on the fact that the species diversity of these genera decreases in South 

America from north to south. However, no phylogenetic study was taken on South American species 

of any cosmopolitan genera. 
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The second-largest generic diversity in flea beetles is present in the Oriental region, where about 180 

genera are known to date (Nadein 2013a). The richness of the fauna is increased by a evident existence 

of multiple diversification centers, i. e. India, the Himalayas and Sundaland (Scherer 1988b; Kimoto 

2000; Mohamedsaid 2016). Additionally, many faunal elements of the Oriental origin is present also 

in southern China, several Oriental faunal elements, e. g. the genera Argopistes, Nonartha and 

Pentamesa, are present even in Siberia (Konstantinov & Vandenberg 1996). The area of Wallacea 

(Lesser Sunda islands) is mainly inhabited by endemic flea beetles, which origin cannot be revealed 

without a molecular analysis. 41 % of the Lesser Sunda alticine fauna consists, however, of 

representatives of Oriental genera; Australian genera are present only in 3% (Mohamedsaid 2009). 

Also, the moss-inhabiting genus Ivalia is known to have the highest diversity around the Wallacean 

region; the biggest known diversity centers are in Borneo and New Guinea, the genus is distributed 

also in Australia (Takizawa 2018; Nadein 2013b). The fauna of the truly Australian region is relatively 

poor (about 50 known genera) and a high number of the species diversity is probably present on New 

Guinea; in total, the Australopapuan flea beetle fauna is discussed as abruptly poor (Samuelson 1965; 

Samuelson 1969; Scherer 1988b; Reid 2016). 

The Afrotropical flea beetle fauna consists of about 100 known genera and is relatively understudied. 

Despite that, Africa represents the only large tropical continent, where the diversity of flea beetle 

genera was recently reviewed and summarized into an up-to-date illustrated key (Biondi & 

D‟Alessandro 2012). The phylogenetic knowledge of Afrotropical endemic genera is extremely low 

because nearly no Afrotropical genera were included in the molecular studies, including this study. 

The poorest flea beetle fauna is known in the Holarctic area; the Nearctic fauna consists of about 40 

known genera, while the Palearctic fauna is somewhat richer (around 60 genera), however, the 

inconsistency of the proper delimitation of the Palearctic region allows to list many Oriental genera as 

Palearctic (Nadein 2013a; Konstantinov & Vandenberg 1996; Čížek & Doguet 2008). However, there 

are various flea beetle genera, which are Palearctic or even European endemics. Several of them 

(Apteropeda, Mniophila, Mniophilosoma) are leaf litter or moss inhabitants (Čížek & Doguet 2008; 

Nadein 2009).  

Flightless flea beetles are distributed all around the world in various genera and were never completely 

summarized. Several flightless genera of flea beetles live in alpine habitats, where they can be found 

under rocks. In Europe, this strategy is typical for Orestia and several species of Neocrepidodera 

(Čížek & Doguet 2008) but flea beetles of this life strategy are distributed also in Africa (e. g. 

Sjoestedtinia) and Asia (e. g. Yetialtica) (Scherer 1988a; Scherer 1988b).  
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Some flea beetles, however, are not only known to be soil inhabitants – they are specialized in living 

in moss cushions and moss feeding. Moss-inhabiting flea beetle genera have very different body 

shapes, which clearly shows that this strategy originated in multiple evolutionary events; they are 

known from all biogeographic regions except Africa (Konstantinov et al. 2013; Ruan et al. 2017; 

Konstantinov 2019 in prep.). In general, moss-inhabiting flea beetles share some typical 

morphological and ecological features. Many of these features are shared also with other flea beetles 

inhabiting leaf litter and soil environments. Nadein (2005) suggest an ecomorphological term 

“minotoid body shape” for moss- and leaf litter inhabiting genera. The term is based on the name of 

the European moss-inhabiting genus Minota.  

Particular morphological features of all known moss-inhabiting genera are presented in the following 

commented check-list. The main characteristics, which are present in different moss-inhabiting flea 

beetles (although none of them is present in all known genera) are: (1) loss of wings; (2) compact, 

round and strongly convex body; (3) the metaventrite protruding anteriorly by an anterior metaventral 

process, which covers at least a part of the mesoventrite between mesocoxae. In various genera, last 

antennomeres are more or less widened and tend to form an apical antennal club; in the Neotropical 

genus Kiskeya and the Oriental genus Clavicornaltica, antennae are strongly modified, as the antennal 

club is well developed. 

The major habitats of moss-inhabiting flea beetles include mainly tropical mountain ranges; the 

beetles live in moss cushions in tropical montane cloud forests, additionally, they can be found also in 

subtropical mountain ranges (Nadein 2013b; Takizawa 2018; Damaška & Konstantinov 2016; 

Konstantinov et al. 2009; Konstantinov & Konstantinova 2011; Konstantinov et al. 2013). In 

temperate areas, moss-inhabiting flea beetles usually live in all types of forests where moss cushions 

are present, including both montane areas and deep closed valleys (Nadein 2009). However, present 

studies showed that also in the tropical landscape, moss-inhabiting flea beetles can live in low 

elevations (Damaška & Aston 2019). The trophic interaction with moss was confirmed in some genera 

by observations of adults feeding on mosses (usually at night); in Cangshanaltica, remains of moss 

tissues were found in the gut of the specimens (Konstantinov et al. 2013; Damaška & Aston 2019; 

Takizawa 2018). 

Larvae of moss-inhabiting flea beetles are unknown for the majority of genera. The larval description 

is only available for Ivalia and Mniophila (Duckett et al. 2006; Cox 1997). Both genera have 

externally feeding larvae, which live in moss cushions. Larvae of other genera are present in 

collections and are available for description (Konstantinov, in prep.). 

The commented catalogue of known moss-inhabiting flea beetle genera follows the overview of 

genera presented by Ruan et al. (2017). Thus, it corresponds with the knowledge up to date published 
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in the literature. Distigmoptera is added to the list of moss-inhabiting flea beetle genera based on 

Konstantinov (in press). Mniophilosoma is added, although it is not usually listed among moss-

inhabiting flea beetles. It is not mentioned probably because its known association with moss was 

neglected; the genus was collected in moss (Gillerfors 1986) and personal observations of different 

entomologists (including me) correspond with this hypothesis. For the phylogenetic study, I also 

assembled other genera with “minotoid” body shape in which moss-inhabiting behavior is expected. 

Genera with “minotoid” shape are also commented. Genera are listed in alphabetic order. 

 

Baoshanaltica Ruan, Konstantinov & Prathapan, 2017 

Type species: Baoshanaltica minuta Ruan, Konstantinov & Prathapan, 2017 

Synonymy: This genus has generic synonyms. 

Revisions: The genus was newly described (Ruan et al. 2017). 

Morphological characteristics: The genus is monotypic, having a single species B. minuta Ruan et 

al., 2017. Hence, no intrageneric variability can be discussed. The only species represents a tiny (1.5 

mm long), apterous flea beetle with generally compact body shape and convex elytra. Head is nearly 

hypognathous, the frontal ridge is wider between antennae than near to clypeus, antennae consist of 11 

short antennomeres, antennomere 7 is somewhat dorsally protruded.  Pronotum is convex and 

irregularly punctated by relatively deep punctures. A very poorly developed antebasal transverse 

impression and small lateral pronotal impressions are present. Anterior coxal cavities are open behind. 

Elytra are very convex and deeply punctated; punctures are regularly situated in longitudinal striae, 

epipleura are very wide basally. Metaventrite reaches partially the space between metacoxae by a 

deeply punctated metaventral process, which, however, does not have the horseshoe-like form as in 

Cangshanaltica and Ivalia. Legs are robust, metatibiae are very slightly curved. The aedeagus is 

simple with slightly widened apex, female genitalia are not known. 

Ecology: Only two specimens of B. minuta were collected by moss sifting and are believed to feed on 

some unknown species of moss. The collection site was at high elevation (2383 m). 

Diversity and distribution: The only species was found recently in Baoshan mountain range in the 

Yunnan province, China.  

Remarks: The only known species somewhat resembles the genera Minota and Cangshanaltica in 

general morphology. With Cangshanaltica, it shares the generally round and convex body shape with 

very slightly curved metatibiae, modified 7
th
 antennomere and a setiferous pore placed in the middle of 

the lateral margin of pronotum. However, Baoshanaltica differs strongly by having regularly 



12 

 

punctated elytra (irregularly punctate in all known Cangshanaltica), the metaventral process not 

having the horse-shoe form (see comments on Cangshanaltica) and by the shape of the frontal ridge. 

Baoshanaltica shares with Minota the slightly developed lateral impressions on the pronotum and 

regularly punctated elytra, wide epipleuron and the structure of the frontal ridge, but can be separated 

by posteriorly open procoxal cavities (closed in Minota) and shape of ridges and sulci on the head. 

Material included in the molecular study: This genus was not included. 

 

Benedictus Scherer, 1969 

Type species: Benedictus elisabethae Scherer, 1969 

Synonymy: Himalalta Medvedev, 1990 (synonymized by Sprecher-Uebersax et al. 2009) 

Revisions: The genus was recently completely revised by Sprecher-Uebersax et al. (2009).  

Morphological characteristics: Members of the genus Benedictus tiny beetles (1–3 mm) with 

relatively distinct morphological diagnosis (Sprecher-Uebersax et al. 2009). Habitus is in long to oval, 

color usually brown, in some species light brown with dark color pattern on elytra. Head bears distinct 

supracallinal sulci and frontal calli, antennae are usually long and reach almost the midlength of elytra. 

Pronotum is massive, very convex, in some species longer than broad or subquadrate, with distinct 

anterior pronotal edges. Pronotal disc bears usually an antebasal transverse impression with a stripe of 

distinct punctures, however, sometimes the impression is shallow or even absent. Short basal 

longitudinal impressions on pronotum are present in some species. Anterior coxal cavities are open 

posteriorly. Elytra are usually convex and in most species also strongly punctated, with punctures 

usually forming 11 longitudinal striae. Wings are absent. Humeral calli are usually absent or very 

feeble, sometimes surrounded with a row of punctures anteriorly. Metatibiae are straight, bearing an 

apical spur. Abdomen forms a flat process reaching metacoxae. Aedeagus is usually long and slender, 

spermatheca has in most species very long and strongly curved duct, in some species with many coils. 

Vaginal palpi are paralell, with apices close together. 

Ecology. Many species of Benedictus were found by sifting moss or leaf litter at high altitudes, 

sometimes even at about 4 000 m. Thus, members of the genus are believed to be moss-inhabiting 

(Sprecher-Uebersax et al. 2009). Interestingly, one species was recently found also in mid-elevation 

mountain habitats of Hong Kong mountains, where it was collected to pitfall traps (Damaška & Aston 

2019). 

Diversity and distribution. To date, 28 species of Benedictus are described. The genus is mainly 

distributed in the Oriental region, where it clearly shows a “Himalayan” pattern of distribution. The 
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centre of diversity of the genus is in the Himalayas and adjacent lower mountain ranges in Thailand 

and China, but the genus also reaches the Philippines (Luzon). Species of Benedictus are yet not 

known from any high mountain areas of Sundaland (e. g. Kinabalu or Javan volcanoes), but single 

species is known from southern India and one even from New Guinea. The Papuan species (B. 

andersoni Sprecher-Uebersax et al., 2009) is, however, commented as highly divergent from other 

Benedictus species in its morphology. 

Remarks: The genus resembles the Himalayan and Chinese genera Loeblaltica and Microcrepis, 

which are also typical for leaf-litter habitats and lost the flight ability. The genus Microcrepis differs 

from Benedictus especially in having closed procoxal cavities, compared to the open ones in 

Benedictus. Loeblaltica, can be distinguished from Benedictus by having round metatibia in cross-

section, not having a channel dorsally or by having triangular frons (Sprecher-Uebersax et al. 2009).  

Material included in the molecular study: 1 species. 

 

Borinken Konstantinov & Konstantinova, 2011 

Type species: Borinken elyunque Konstantinov et al., 2011 

Synonymy: No generic synonyms. 

Revisions: The genus was described recently (Konstantinov & Konstantinova 2011) and not revised 

afterwards. 

Morphological characteristics: The genus in monotypic. The body is very small (1.1 mm), not 

abruptly convex, brown with no metallic luster. Head has a very deeply punctated vertex; frontal ridge 

is distinct and narrow. Antennae bear 11 antennomeres, which are gradually widening towards the 

antennal apex, thus antennae tend to form a very long antennal club. Pronotum is subquadrate in dorsal 

view, very strongly and deeply punctured; pronotal punctures are identical with punctures on elytra. 

Punctation of pronotum is, however, irregular, not forming any rows or antebasal impression. Procoxal 

cavities are open posteriorly. Mesoventrite is not covered by metaventrite in the intercoxal space, 

metaventral process is relatively short, but bears a lateral row of deep punctures. Elytra are fused 

together, subconical in dorsal view, covered by rows of very deep punctures. Wingsand humeral calli 

are absent. Aedeagus is very simplified, wide and short. 

Ecology: The knowledge on ecology of Borinken is very limited; only a few specimens were collected 

to date. The beetles were collected from moss tissues sampled on various substrates in montane cloud 

forest at about 1000 m. 
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Diversity and distribution: The only known species from the genus – Borinken elyunque – is only 

known from the El Yunque mountain range in Puerto Rico. 

Remarks: Borinken is a very unique representant of Neotropical flea beetle fauna, with a unique 

combination of characters which make it easy-to-distinguish.. It was diagnosed only from the genus 

Centralaphthona, sharing somewhat the general body shape, regularly punctated elytrae, presence of 

antennal calli on the head and open procoxal cavities. However, both genera are not extremely similar 

and Borinken can be separated easily e. g. by having strongly punctated pronotum, fused elytra or the 

shape of antennal calli. It differs from the Oriental and Palearctic genus Benedictus, by lacking the 

antebasal transverse impression and also in the general body shape. Borinken, therefore, seems to 

represent a totally unique moss-inhabiting flea beetle lineage. 

Material included in the molecular study: 1 species. 

 

Cangshanaltica Konstantinov, Chamorro, Prathapan, Ge & Yang, 2013 

Type species: Cangshanaltica nigra Konstantinov et al., 2013 

Synonymy: No generic synonyms. 

Revisions: The genus was recently described (Konstantinov et al. 2013), another two species were 

described afterwards with keys or diagnoses to known species presented (Damaška & Konstantinov 

2016; Damaška & Aston 2019). 

Morphological characteristics: Members of the genus Cangshanaltica are very similar in the body 

shape to another the Oriental moss-inhabiting genus Ivalia. The body is ovate to round in dorsal view, 

very strongly convex in lateral view, with head nearly hypognathous. Frontal calli are indistinct. 

Antennae consist of 11 antennomeres; apical antennomeres tend to be widened. Antennomere 7 is 

modified, bearing a distal protrusion. Pronotum is relatively short and very convex, with an 

anterolateral setiferous pore placed nearly in the mid-length of the lateral pronotal margin. Procoxal 

cavity is open posteriorly. Mesoventrite is entirely covered by the anterior process of the metaventrite 

in the area between mesocoxae. The surface of the anterior metaventral process is strongly modified 

with distinctly projecting lateral margin, forming a specific horse-shoe-like shape. This character is 

shared with Ivalia.. Elytra are rounded, convex, usually covered with scattered feeble punctures. Legs 

are robust, metatibiae are slightly or strongly curved. First metatarsomere is elongated.  First 

abdominal ventrite bears an elevated ridge, surrounded by deep punctures and exceeding as an anterior 

abdominal process between metacoxae. This character is shared also with the genus Clavicornaltica. 

Aedeagus is usually simple, long with somewhat arrow-like apex. Spermathecal duct does not bear 

coils. Vaginal palpi are fused basally, paralell, with apices separated. 
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Ecology: The genus Cangshanaltica has relatively well-documented ecology in comparison to most 

other moss-inhabiting flea beetle genera. Montane species (C. nigra and C. siamensis) live in moss 

cushions in montane cloud forests or on the montane forest line. Cangshanaltica sprynari, on the 

contrary, was found at low elevation, in a semi-dry tropical forest in Hong Kong. Individuals of C. 

sprynari were documented to be active only for few days during the year, usually after rains, walking 

on tiny layers of mosses (instead of moss cushions). Cangshanaltica nigra is documented to feed on 

mosses of Hypnum, which was supported by dissection of the gut content; C. sprynari feeds on 

Fissidens, which was also proved by dissection (Konstantinov et al. 2013; Damaška & Aston 2019). 

Diversity and distribution: Three species are known so far to be members of the genus 

Cangshanaltica, distributed in various mountain ranges of southern China and in northern Thailand. 

Remarks: The genus is externally very similar to Ivalia, sharing most of its general morphological 

features, e. g. round and convex body, curved metatibiae and the horseshoe-like anterior metaventral 

process. The separation of Ivalia and Cangshanaltica is therefore very difficult and a possibility of the 

synonymy of one with the other was proposed with a call for molecular phylogeny (Damaška & Aston 

2019). The main diagnostic characters between Cangshanaltica and Ivalia are: the anterolateral 

pronotal setiferous pore situated nearly in the mid-length of the pronotal margin (in Ivalia, it is placed 

anteriorly, usually with an anterior lobe placed before the pore); 7
th
 antennomere is modified, bearing a 

distal protrusion (in Ivalia, 7
th
 antennomere does not bear such a protrusion). Members of Ivalia are 

also usually more ovate in body shape (Cangshanaltica is usually more rounded) and less convex. A 

revision of Ivalia species is necessary because new studies indicate that some of them could be in fact 

members of the genus Cangshanaltica (Takizawa 2018). 

Material included in the molecular study: 6 species (1 described, 5 new). 

 

Clavicornaltica Scherer, 1974 

Type species: Clavicornaltica besucheti Scherer, 1974 

Synonymy: This genus has no generic synonyms. 

Revisions: The complete fauna of Clavicornaltica was revised once by Medvedev (1996); a long-term 

study on the genus was also performed by Manfred Döberl, but its results were never published. 

Konstantinov & Duckett (2005) described new species and performed a key for species distributed in 

southern China and Vietnam, Suenaga & Yoshida (2016) summarized known fauna of Japan and 

Taiwan with descriptions of more new species. Other studies on Clavicornaltica only describe single 

new species, without providing a wider comparison or updated identification keys.  
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Morphological characteristics: Clavicornaltica species are characterized by small to very small body 

size (0.7–1.5 mm). The general body shape is extremely compact, round, pronotum and elytra are 

strongly convex in lateral view. Head is hypognathous, triangular in frontal view, in some species with 

developed frontal callosities and frontal ridge. Antennae are short; antennomeres 5 – 11 are strongly 

widended and form a distinct antennal club. The shape of the antennal club varies from relatively 

elongated, not well-defined one to strongly compact and rounded (the latter case is case present in 

most species). Pronotum is strongly convex, legs are short. Metatibiae are extremely widened. 

Procoxal cavities are open posteriorly. Mesoventrite is completely invisible from ventral view, as it is 

entirely covered by an elongated anterior metaventral process. First abdominal ventrite bears an 

anterior process exceeding to the space between metacoxae; the anterior abdominal process also bears 

a distinct ridge surrounded by deep punctures. The shape of both metaventral and abdominal anterior 

processes can be helpful in species diagnostics. Elytra are strongly convex, covered by usually poorly 

visible punctures. Males of most species are winged; females of all known species are flightless and 

wingless. In some species, males are flightless and brachypterous. The morphology of both male and 

female genitalia is extremely diverse and seems to be one of the only morphological characteristics 

useful for species-level diagnostics. Aedeagus can be moderately sclerotized to nearly completely 

unsclerotized, in many species, the basal opening of the aedeagus is strongly elongated, forming up to 

a half of the aedeagus length. Aedeagi of many species are also strongly curved in lateral view. 

Several species have aedeagi strongly elongated, in extreme cases exceeding from abdomen up to 

prothorax. The morphological diversity of spermatheca is also very high; the shape of the pump and 

nodulus varies from a cylindrical pump with distinctly separated, short and slender nodulus, to bow-

like spermatheca with nodulus and pump fused. The duct is usually short, but strongly coiled in many 

species; on the other hand, the duct is extremely shortened and nearly not present in some species. 

Vaginal palpi are usually long, slender and paralell. The diversity of various genitalia shapes across 

the genus Clavicornaltica is presented on Fig. 12. 

Ecology: Not much information is available about Clavicornaltica ecology. The beetles are usually 

collected by sifting, males are sometimes detected in flight intercept traps or malaise traps. 

Konstantinov et al. (2013) mention some species to be associated with mosses. However, the majority 

of species is probably associated with decaying material and leaf litter. 

Diversity and distribution: 27 species of Clavicornaltica are described to date from various countries 

across Southeast Asia. The genus is distributed from Nepal, India and Sri Lanka to the Solomon 

Islands, one known species lives in Australia and the northern boundary of the range is in Japan and 

China. Because the treatment of Clavicornaltica and the dissection of genitalia is extremely difficult, 

older authors usually described species in a wide concept, treating various forms as “form A”, “form 

B” etc. Modern studies based particularly on genitalia morphology showed that this approach was 
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strongly mistaken and the true diversity of Clavicornaltica is huge, probably reaching hundreds of 

undescribed species. 

Remarks: The unique morphological shape of Clavicornaltica makes the genus clearly 

distinguishable from all other flea beetle genera distributed in the Old World. The only genus similar 

to Clavicornaltica is Kiskeya distributed in the West Indies. However, both genera can be 

distinguished by different shape and structure of antennae and the antennal club, as well as by the 

shape of the metaventrite (Kiskeya does not have the metaventral process covering the mesoventrite in 

the space between mesocoxae) and procoxal cavities (in Kiskeya, procoxal cavities are closed). 

Because of the morphological uniformity and strong morphological difference from other genera, no 

hypothesis on relationships between Clavicornaltica and other flea beetle genera was proposed to date. 

Material included in the molecular study: 5 species were used in the general phylogeny of moss and 

leaf litter inhabiting flea beetle genera; 14 species were included in the cox1 phylogenetic tree of 

Clavicornaltica. 

 

Distigmoptera Blake, 1943 

Type species: Distigmoptera apicalis Blake, 1943 

Synonymy: No designed generic synonyms. 

Revisions: The genus was not revised. 

Morphological characteristics: The genus Distigmoptera is morphologically a typical member of the 

“monoplatine group” of flea beetles (the tribe Monoplatini). The body is small to medium-sized (1.5–

3.0 mm) and does not bear the round and compact body shape – head, pronotum and elytra are well 

separated and not usually very convex. Head vertex and pronotum are usually deeply and densely 

punctured. The dorsal side of the body is moderately to densely pilose by relatively long setae, in very 

pilose species, setae differ in color and together form the body color pattern. Antennomeres are usually 

short and round, apical antennomeres can form a poorly developed long antennal club. Elytra are 

pilose, in some species with bumpy relief, bearing punctures arranged in regular rows. Metafemora are 

very strongly broadened. Last metatarsomeres are strongly swollen by bearing an apical bump. This 

character represents a synapomorphy of the Monoplatini group and is convergently present also in 

another lineage of flea beetles – Oedionychini. The aedeagus is simple, slender and paralell-sided. 

Spermatheca bears a pump of the nearly same-sized as the nodulus, the duct is very broad and short 

but can form coils. 
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Ecology: Several Distigmoptera species are commented to be associated with some vascular plants 

(Konstantinov in prep.), however, new findings show us that at least several species inhabit leaf litter 

and moss (Konstantinov & Konstantinova 2011; Konstantinov 2019 in press). Various types of mosses 

serve as host and food plants for both larvae and adults of Distigmoptera borealis; the biology of other 

species is unknown at the moment. 

Diversity and distribution: The genus is distributed in around 13 species across North America 

(where it represents the only moss-inhabiting flea beetle) and West Indies. Closely related genera, 

which are discussed to be congeneric with Distigmoptera, mentioned in the following text are 

distributed in Central America, the northern part of South America and in the West Indies. The 

diversity of moss and leaf litter inhabiting monoplatines in the Neotropics seems to be very high and 

largely understudied. 

Remarks: The definition and diagnosis of Distigmoptera is a subject of recent discussions. The genus 

is very similar and nearly indistinguishable from other leaf-litter inhabiting Neotropical monoplatines 

e. g. Andersonaltica or Apleuraltica. Many new species morphologically similar to the latter two 

genera were collected recently in continental Neotropics and the West Indies; further studies are 

required to understand how many genera of leaf litter and moss-inhabiting monoplatines are living in 

Central America. 

Material included in the molecular study: 1 species of “true Distigmoptera” (D. borealis) and 1 

species with a problemathic generic placement from the Dominican Republic were included. 

 

Ivalia Jacoby, 1887 

Type species: Ivalia viridipennis Jacoby, 1887, des. Maulik (1926) 

Synonyms: Ancyloscelis Ogloblin, 1930, synonymized by Scherer (1969); Amphimeloides Jacoby, 

1887, synonymized by Duckett et al. (2006); Taizonia Chen, 1934, synonymized by Duckett et al. 

(2006); Schereria Medvedev, 1984, synonymized by Gruev & Askevold, (1988). 

Revisions: The genus was not revised recently. Duckett et al. (2006) redescribed the genus and 

established new synonyms, the fauna of Australia was revised by Nadein (2013). Synoptic keys were 

presented by Medvedev (2009) for Indochina and Yang et al. (2015) for China and Taiwan. 

Morphological characteristics: The morphological features diagnosing Ivalia were proposed by 

Duckett et al. (2006). The genus consists mainly of relatively small beetles (1.5–5 mm). The general 

body shape is oval to rounded, very convex in lateral view. The coloration of the body varies from 

black with or without metallic luster to yellow basic color and variable pattern or dark elytral and 
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pronotal spots. The majority of known species is wingless, winged species are supposed to existing. 

Head is nearly hypognathous, antennal shape varies from long and slender to relatively short with 

distal antennomeres somewhat widened, frontal calli are poorly developed (Nadein 2013b; Takizawa 

2018). Pronotum is usually about 2 times wider than long, convex, on apical margins sometimes with 

rounded lobes visible anterolaterally. Pronotal margin bear a setiferous pore situated in the apical half 

of the pronotal length. Procoxal cavities are widely open posteriorly. The anterior process of the 

metaventrite expands between mesocoxae and almost entirely covers the mesoventrite, which is a 

situation similar to Clavicornaltica and Cangshanaltica. The surface of the metaventral intercoxal 

process is excavated, forming a horse-shoe-shaped structure (as in Cangshanaltica),. Metafemora are 

strongly curved in many species and the characters is used as diagnostic for the genus by Konstantinov 

et al. (2013), however, many described species bear straight metafemora (Takizawa 2018). Metatibiae 

usually bear a long apical spur, first metatarsomeres are elongated. Vaginal palpi are fused basally, 

with apices widely separated. Spermatheca is usually very simply formed, with duct not bearing coils. 

Aedeagus is usually very simple with long, wide and flat apex. 

Ecology: In most species, the ecology is not known, but all species with known biology are associated 

with mosses and known larvae are external feeders on mosses (Duckett et al. 2006; Takizawa 2018). 

The majority of known species is described from high elevations up to 3,500 m, but mid-elevation and 

lowland species are known as well (Damaška & Aston 2019). 

Diversity and distribution: There are 79 known species of Ivalia; most species were catalogized by 

Nadein (2013) who lists 67 species, additional 2 species were described by Medvedev (2016) and 

further 10 species by Takizawa (2018). The genus is distributed in the Oriental, Australian regions and 

also in the south-eastern part of the Palearctics (depending on the geographic delimitations). The range 

is reaching from India and the Himalayas to central China, Japan and southwards to Australia. Most 

species are described from high mountain ranges (Himalayas, Kinabalu, New Guinea). 

Remarks: The genus was diagnosed from Cangshanaltica, Phaelota and Clavicornaltica. Diagnosis 

from Clavicornaltica and Cangshanaltica was mentioned above, with doubts about the limits of Ivalia 

versus Cangshanaltica mentioned. The principal character for distinguishing Ivalia and Phaelota is 

the morphology of procoxal cavities (closed posteriorly in Phaelota, open in Ivalia; (Konstantinov et 

al. 2013).  

Material included in the molecular study: 7 - 9 species. 

 

Kiskeya Konstantinov & Chamorro-Lacayo, 2006 

Type species: Kiskeya baorucae Konstantinov et al., 2006 
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Synonyms: No generic synonyms. 

Revisions: A key for all known species of the genus was presented in Konstantinov & Konstantinova 

(2011). 

Morphological characteristics: The morphology of Kiskeya (similarly as in Clavicornaltica) 

represents an extreme specialization for edaphic lifestyle. Body size is extremely small (0.8–1.1 mm) 

and the body shape is strongly ovate and extremely convex in lateral view; the convexity of the body 

is even stronger than in Clavicornaltica. The head is nearly hypognathous. Antennae are short, 4 

apical antennomeres are strongly widened and form a compact and rounded antennal club. Pronotum 

is strongly convex, bearing a pair of basal setiferous pores on lateral margin. Elytra are extremely 

convex, round, nearly lacking punctures. Procoxal cavities are closed posteriorly. Metaventral process 

is short and triangular and does not exceed anteriorly to cover the mesoventrite in the space between 

mesocoxae. Metafemora are strongly widened, metatibiae are slightly curved.  The first abdominal 

ventrite bears a distinct ridge surrounded by deep punctures, with an anterior process reaching the 

space between metacoxae. The aedeagus is simple and paralell-sided, curved in lateral view. 

Spermathecal nodulus is subcylindrical, the pump is wide and relatively long. Spermathecal duct is 

extremely short. 

Ecology: Specimens of Kiskeya were collected in montane cloud forests by sifting or individually 

from moss cushions. Larvae and exact ecology are not known. 

Diversity and distribution: Three species of Kiskeya are known to date. The genus is endemic to 

West Indies, with 2 species described from the Dominican Republic and one species from Puerto Rico. 

Remarks: The genus Kiskeya is completely divergent from all known Neotropical alticine genera. In 

worldwide fauna, the only similar genus is the Asian genus Clavicornaltica, which is diagnosed from 

Kiskeya below. 

Material included in the molecular study: 1 species 

 

Minota Kutschera, 1859 

Type species: Haltica obesa Waltl, 1839 

Synonymy: Hypnophila Foudras, 1859 (synonymized by Kutschera, 1864) 

Revisions: The genus was partially revised by Döberl (2007). 
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Morphological characteristics: The genus consists of medium-sized flea beetles (1.8 – 3.5 mm). The 

general body shape is oval in dorsal view, moderately convex in lateral view. Body color is dark or 

dark with a metallic luster. Head is nearly hypognathous, frontal ridge is short, wide and flat, antennal 

calli are developed, but very narrow. Antennae are 11-segmented, apical antennomeres are rounded, 

moniliform. Pronotum is convex and sparsely punctate, with two short longitudinal antebasal 

impressions. Procoxal cavities are closed posteriorly. Elytra are covered by rows of punctures. 

Humeral calli and wings are not developed. Legs are usually paler than body surfaces. The 

morphology of the aedeagus is usually relatively complex, with different structures visible in dorsal 

view. Spermatheca is slender, with spermathecal duct simple or bearing coils. 

Ecology: Beetles from the genus Minota are known to feed on mosses (e. g. Polytrichum), usually in 

mountains across Palearctic (Čížek & Doguet 2008). 

Diversity and distribution: The genus has so far 8 known species, which are generally distributed 

throughout the Palearctic region – Europe and Eastern Asia. Some species are distributed on the 

boundary of Palearctic and Oriental regions – in Nepal and Sichuan. 

Remarks: The genus is very similar to Paraminota, from which it can be separated by having closed 

procoxal cavities (in Paraminota, procoxal cavities are open). It also resembles the genus Mantura, 

from which it can be separated by lacking wings (Mantura is macropterous). 

Material included in the molecular study: 1 species. 

 

Mniophila Stephens, 1831 

Type species: Haltica muscorum Koch, 1803 

Synonymy: This genus has no generic synonyms. 

Revisions: The genus was recently revised by Nadein (2009). 

Morphological characteristics: The genus consists of beetles of tiny body size (1 mm). The body 

shape is in ovate to elliptical in dorsal view, moderately convex in lateral view. Head is nearly 

hypognathous, with developed triangular frontal calli. Antennae bear 11 antennomeres. Antennomeres 

4, 5 and 6 can be somewhat elongated, 3 apical antennomeres are slightly widened, forming a slightly 

visible antennal club. Pronotum is convex, usually shining without developed grooves or impressions. 

Procoxal cavities are open posteriorly. Elytra are convex, with irregular punctation consisting of 

moderately deep punctures. Wings are not developed. Legs are thick, first metatarsomere is slightly 

elongated. Aedeagus is strongly curved in lateral view, paralell-sided in ventral view. 
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Ecology: Mniophila was first believed to feed on various Lamiaceae, but further observations revealed 

its association with mosses. Larvae are feeding externally on various moss species. 

Diversity and distribution: Four species are known so far. The genus is generally distributed in 

Europe and adjacent areas around the Black Sea coast. Differences between the species are very small 

and molecular treatment of the genus diversity seems necessary for revealing the species status of 

various populations. 

Remarks: The genus is morphologically relatively unique in European flea beetle fauna. It can 

somewhat resemble the Macaronesian genus Mniophilosoma, from which it can be separated e. g. by 

morphological structures in the shape of the head and by metafemora strongly widened (in 

Mniophilosoma, metafemora are not strongly widened). Both genera differ also in general body shape 

(Mniophila has a more rounded body in dorsal view, instead of an elliptical body in Mniophilosoma). 

Material included in the molecular study: This genus was not included. 

 

Mniophilosoma Wollaston, 1854 

Type species: Mniophilosoma laeve Wollaston, 1854 

Synonymy: This genus has no generic synonyms. 

Revisions: The genus contains 2 species only and was never revised. A diagnosis for distinguishing 

both species was given in the description of the second species (Gillerfors 1986). 

Morphological characteristics: The genus consists of 2 species, which are in general very similar. 

Beetles are in general of small body size, around 1.5-2 mm long. The body shape is elliptical in dorsal 

view and convex in lateral view. The body surfaces are darkened or black with metallic lustre. Head is 

nearly hypognathous, frontal calli are well developed. Antennae are pale and bear 11 antennomeres. 

Apical antennomeres tend to form a slightly developed antennal club. Pronotum is convex, no 

impressions are developed. Procoxal cavities are open posteriorly. Posterior proventral process is 

strongly punctated. Elytra are convex, sparsely punctate or microsculptured. Wings are not developed. 

Legs are pale, metafemora are not strongly widened. Genitalia are simple, aedeagus is long and 

paralell-sided.  

Ecology: Both species are relatively enigmatic and only a few literature comments their biology. In 

the Azores, the species Mniophilosoma obscurum Gillerfors, 1986 was collected in the Sphagnum 

moss cushions under Ericaceae shrubs (Gillerfors 1986). The Madeiran species M. laeve inhabits moss 

cushions in wet subtropical rainforests called “laurisilva”. Laurisilva is a typical forest type for 
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Macaronesia (Prada et al. 2009). M. laeve is a very common species in Madeira and can be easily 

collected. Interestingly, the beetles are very slow in their movement and are nearly unable to jump 

(personal observations). 

Diversity and distribution: Two known species of the genus are distributed in the Macaronesian 

islands of Azores and Madeira. Both species are very similar and differ mostly in morphological 

details in elytral microsculpture and genitalia. Gillerfors (1986) proposed a hypothesis that both 

species are very closely related. 

Remarks: The genus is somewhat similar to European Mniophila, from which it was diagnosed 

below. 

Material included in the molecular study: 1 species. 

 

Monotalla Bechyně, 1956 

Type species: Monotalla guadeloupensis Bechyně, 1956 

Synonymy: This genus has no generic synonyms. 

Revisions: The genus was recently revised by Konstantinov et al.(2015). 

Morphological characteristics: The genus Monotalla consists of small beetles (1.2 – 1.5 mm). The 

general body shape is oval to round in ventral view, convex in lateral view. The coloration of the 

upper side surface is usually dark, black or black with metallic lustre. Head is nearly hypognathous, 

frontal calli are poorly developed. Vertex is sparsely covered by deep punctures, frontal ridge is wide. 

Antennae bear 10 antennomeres, apical antennomeres are usually widened. Pronotum is covered by 

large, deep punctures and does not bear any impressions. Procoxal cavities are open posteriorly. 

Mesocoxae are separated both by mesoventrite and metaventral process. Metaventrite does not cover 

the mesoventrite. Elytra are convex, covered by rows of deep, wide punctures. Wings are present; 

wing venation is very poorly developed. Legs are usually paler than body surface. Profemora and 

mesofemora are flattened, metafemora are flat and strongly widened. Metatibiae are sometimes 

slightly curved. Abdomen bears five visible ventrites. The gut bears long sclerotized folds. Male 

genitalia are usually simple; aedeagus is long and paralell-sided. Vaginal palpi are attached together 

and paralell. Spermatheca has a long duct, forming a loop; the border between receptacle and pump is 

not visible. The spermathecal pump bears an appendage on its apex. 

Ecology: The beetles were usually collected by beating plant material, Malaise traps and by sifting 

moss cushions in montane areas.  
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Diversity and distribution: The genus consists of 6 known species, which are distributed on various 

islands across the Lesser Antilles. No species of Monotalla were collected anywhere else in the 

Carribean, which leads to a hypothesis of Monotalla being an Lesser Antillean endemic (Konstantinov 

et al. 2015). 

Remarks: The species was previously synonymized with Pseudodibolia, but it was subsequently 

considered valid (Savini & Furth 2001). It can be easily separated from any other flea beetle genus in 

the Caribbean by its unique body shape. It is somewhat similar to Kiskeya and Nicaltica, but can be 

easily separated e. g. by the number of antennomeres (Monotalla has 10 antennomeres, Kiskeya 9, 

Nicaltica 11 respectively). 

Material included in the molecular study: This genus was not included. 

 

Nicaltica Konstantinov et al., 2009 

Type species: Nicaltica selvanegra Konstantinov et al., 2009 

Synonymy:  This genus has no generic synonyms. 

Revisions: Only one species of Nicaltica is known. 

Morphological characteristics: The only known species has small body size (1.4-1.5 mm). The body 

is oval in ventral view and convex in lateral view. The body surface color is black with metallic lustre. 

Head is nearly hypognathous and flat. Frontal calli are well developed and not connected to each 

other. The frontal ridge is flat. Antennae consist of 11 antennomeres and do not tend to form any 

antennal club apically. Pronotum is convex, covered by scattered small punctures, not bearing any 

impressions. Procoxal cavities are closed posteriorly. Proventrite is covered by strong, deep punctures. 

Metaventral process is very long; mesoventrite is almost entirely covered by the metaventrite. The 

margin of the metaventral process is surrounded by a row of deep punctures. Legs are long, paler than 

the body surface. Elytra are covered by rows of punctures. Humeral calli are slightly developed. 

Wings are present; however, the wing musculature is discussed to be poorly developed. First 

abdominal ventrite forms an anterior process, which divides metacoxae; the anterior abdominal 

process is covered by deep punctures. Aedeagus is long, paralell-sided and well sclerotized. 

Spermatheca has an U-shaped pump and a long receptacle. 

Ecology: The only known species was collected in moss cushions in montane cloud forests. Its 

ecology is not known, however, based on its anatomy, it was discussed to be flightless, although it has 

developed wings (Konstantinov et al. 2009). 
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Diversity and distribution: The only known species was collected during one collection event in the 

Selva Negra mountain range, Nicaragua. 

Remarks: The genus is similar to Kiskeya and Monotalla, from which it is diagnosed below. The 

morphological shape of its metaventral process is somewhat similar to the metaventral process of 

Clavicornaltica. 

Material included in the molecular study: This genus was not included. 

 

Paraminota Scherer, 1989 

Type species: Paraminota nepalensis Scherer, 1989 

Synonymy: Chabriella Medvedev, 1990, synonymized by Konstantinov (2002); Schawalleria 

Medvedev, 1990, synonymized by Konstantinov (2002). 

Revisions: The genus was revised by Konstantinov (2002). 

Morphological characteristics: Beetles from this genus are in general small (1.2 – 1.5 mm), long 

elliptical, not convex in lateral view. The body color is generally dark. Head is strongly hypognathous; 

antennal calli are well developed. The frontal ridge is wide between antennae and narrows strongly 

towards the clypeus. Antennae consist of 11 short antennomeres. Pronotum is impunctate, with two 

small and shallow longitudinal impressions. The procoxal cavity is open posteriroly. The anterior 

metaventral process is short, not covering the mesoventrite between mesocoxae. Elytra are impunctate; 

humeral calli are not developed. Wings are not developed. Legs have same color as the body surface 

or are slightly paler. Metafemora are moderately, but not strongly widened. Aedeagus is simple and 

paralell-sided, sharply pointed apically. Spermatheca has a thick, U shaped pump, receptacle is 

convexly elliptical. Spermathecal duct is U shaped and does not form any coils. 

Ecology: The ecology of Paraminota remains unclear. The beetles are flightless and live in mixed 

forests with Juniperus, Abies and Rhododendron in high altitudes (e. g. 3 700 m) in the Himalayas. 

Diversity and distribution: 3 species of Paraminota are known to date. All species are described 

from Nepal. 

Remarks: Paraminota is very similar to the Palearctic moss-inhabiting genus Minota. It also 

resembles the genus Paraminotella, from which it can be diagnosed by particular morphological 

features on the head (e. g. supracallinal sulcus present in Paraminota and absent in Paraminotella). 

Both genera also differ in the morphology of the last metatarsomere (in Paraminota, it is divided into 

two distinct lobes; in Paraminotella, it forms only one entire lobe). 
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Material included in the molecular study: This genus was not included. 

 

Paraminotella Döberl & Konstantinov, 2003 

Type species: Paraminota nepalensis Döberl, 1991 

Synonymy: This genus has no generic synonyms. 

Revisions: The genus was not revised. All known species are listed in the generic description (Döberl 

& Konstantinov 2003). 

Morphological characteristics: The general body shape is elongate oval in dorsal view; the body is 

not strongly convex in lateral view. Body size varies from 1.4 to 1.7 mm. Coloration of the body 

surface is generally dark or dark with metallic lustre. Head is clearly hypognathous and somewhat 

convex in lateral view. Antennal calli are slightly developed, frontal ridge is wide and flat. Antennae 

consist of 11 antennomeres, which do not tend to form any apical antennal club. Pronotum is convex, 

impunctate and does not bear any impressions. Procoxal cavities are open posteriorly. Anterior process 

of the metaventrite is only slightly developed, not strongly protruding into the space between 

mesocoxae; the mesoventrite is well visible between mesocoxae. Legs are slightly paler than body 

surfaces. First metatarsomeres are elongated. Aedeagus is long, paralell-sided in dorsal view, flattened 

in lateral view. Spermatheca is relatively simple, with long pump and bulbose receptacle. 

Spermathecal duct can bear many coils. Vaginal palpi are fused basally and separated apically. 

Ecology: The ecology of Paraminotella is not known. Beetles were collected usually by moss sifting 

in Rhododendron montane forests in very high elevations (3 250 to 4 350 m). 

Diversity and distribution: Only two species are known to date. Both species are described and 

known only from Nepal. 

Remarks: The genus is very similar to Paraminota, from which it is diagnosed below. 

Material included in the molecular study: This genus was not included. 

 

Phaelota Jacoby, 1887 

Type species: Phaelota semifasciata Jacoby, 1887 

Synonymy: This genus has no generic synonyms. 
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Revisions: The fauna of south India and Sri Lanka was recently revised by Prathapan & Viraktamath 

(2009). 

Morphological characteristics: The general body shape of Phaelota is oval to round in dorsal view, 

moderately convex in lateral view. Beetles are generally relatively big (2.5 – 5.5 mm). Body color is 

variable. Head is hypognathous and partly retracted into prothorax. Antennal calli are well developed 

and triangular, separated from vertex and from each other by deep impressions. Frontal ridge is wide 

and flat. Antennae bear 11 antennomeres. Pronotum is wide and bears a feebly developed antebasal 

transverse impression, surrounded by two short longitudinal impressions. Procoxal cavities are closed 

posteriorly; in the species Phaelota sindhoori, procoxal cavities are very narrowly open. The 

intercoxal proventral process is wide. Elytra are narrowing towards apex and bear rows of slightly 

developed punctures. Legs are relatively long; all coxae bear a triangular posterior denticle. Aedeagus 

is simple, slightly curved in lateral view. Spermatheca is simple, with a long pump and bulbose 

receptacle; spermathecal duct does not bear coils. Vaginal palpi are fused basally and paralell. 

Ecology: The genus is generally listed as moss-inhabiting (Konstantinov et al. 2013; Ruan et al. 

2017), but Prathapan & Viraktamath (2009) reports at least three Indian species to feed on ferns. It is 

likely that various species from the genus feed on various food sources; however, the ecology of 

Phaelota needs more research to be resolved. 

Diversity and distribution: 16 species of Phaelota is known so far (Ruan et al. 2017). The genus is 

distributed mainly in India and Sri Lanka. One species was described from Borneo (Konstantinov 

2014). 

Remarks: The genus is very similar to Chabria and Acrocrypta. From Chabria, it can be easily 

separated by having close procoxal cavities (procoxal cavities are open in Chabria). From Acrocrypta, 

the genus differs by having a wide intercoxal proventral process and elytral punctures in rows (in 

Acrocrypta, the intercoxal proventral process is narrow and elytra are confusedly punctated). 

Material included in the molecular study: This genus was not included. 

 

Stevenaltica Konstantinov et al., 2014 

Type species: Stevenaltica normi Konstantinov et al., 2014 

Synonymy: This genus has no generic synonyms. 

Revisions: The genus was not revised, but a key to distinguish both known species is given in the 

generic description (Konstantinov et al. 2014). 
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Morphological characteristics: The general body shape is elongate, 1.6 – 1.8 mm long, feebly 

convex in lateral view. General body color is dark brown. Head is prognathous with developed 

antennal calli. Frontal ridge is developed and narrow. Antennae consist of 11 antennomeres; 

antennomeres are elongate in general, antenna does not form any apical antennal club. Pronotum 

nearly as long as wide, pronotal margin is S-shaped. In basal part of pronotum, a very feeble antebasal 

transverse impression is present. Procoxal cavities are open posteriorly. The proventral interxocal 

process is strongly widened apically. The anterior metaventral process exceeds into the space between 

mesocoxae, but does not cover the mesoventrite. The anterior process of the first abdominal ventrite is 

very wide. Legs are generally pale. Metatibiae are gradually widening from base towards apex. 

Aedeagus is simple, paralell-sided in dorsal view, relatively flat in lateral view. Spermathecal pump is 

well separated from the receptacle, slender. Spermathecal receptacle is longer than wide, slender. 

Spermathecal duct is very long and bears coils. Vaginal palpi are fused basally and slightly separated 

apically. 

Ecology: The beetles were collected by sifting moss cushions on tree trunks, ground and rocks. 

Sampling sites of both known species were in montane cloud forests in high elevations (2 500 m). 

Diversity and distribution: 2 species of Stevenaltica are known so far. Both species were collected in 

mountain ranges in Bolivia. 

Remarks: The genus somewhat resembles the Neotropical genus Exoceras, from which it was 

diagnosed e. g. by having frons and vertex feebly convex laterally (in Exoceras, they are strongly 

convex) or having the base of pronotum feebly convex (in Exoceras, the base of pronotum is extended 

into a lobe). 

Material included in the molecular study: 1 species. 

 

Ulrica Scherer, 1962 

Type species: Sparnus minutus Jacoby, 1889 

Synonymy: This genus has no generic synonyms. 

Revisions: The genus was never revised. 

Morphological characteristics: The body is generally oval in dorsal view, slightly convex in lateral 

view. Body coloration is dark. Beetles are relatively big in comparison to other moss-inhabiting flea 

beetles (around 2 mm). Head is hypognathous, antennal calli are well developed. Vertex is covered by 

deep scattered punctures. Antennae consist of 11 round antennomeres. Pronotum has variable 
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puncturation, from nearly impunctate to confusedly punctated by scattered deep punctures. Procoxal 

cavities are closed posteriorly. The anterior metaventral process reaches mesocoxae and covers almost 

the entire mesoventrite in the intercoxal space. Elytra are covered by rows of punctures and bear a few 

long setae. Metatibiae bear a long apical spine, metatarsi are attached slightly before the metatibial 

apex. Last metatarsomere is strongly bulbose. Aedeagus is simple, paralell-sided in dorsal view, 

relatively flat in lateral view. General morphology of spermatheca is very similar to the morphology in 

Distigmoptera (see below). 

Ecology: Ulrica inhabits various montane habitats, where it was found in moss cushions and leaf litter 

in montane forests and dwarf forests. 

Diversity and distribution: The genus consists of 5 known species, another at least 20 new species 

are to be described (Konstantinov & Konstantinova 2011). 3 known species are described from 

Venezuela, remaining 2 species were described from Puerto Rico. 

Remarks: Ulrica belongs to the well-defined Neotropical Monoplatus group, where it can be easily 

separated from all other flightless genera (e. g. Distigmoptera and Andersonoplatus) by having elytra 

without dense pubescence (in other genera, elytra are densely pilose). 

Material included in the molecular study: 1 species. 

 

Following list contains 3 genera, where moss-inhabitance was never proposed. Two of them are 

known to be leaf litter inhabiting, the African genus Stegnaspea is also known to feed on graminoids 

(Biondi et al. 2012). 

 

Aulonodera Champion, 1918 

Type species: Aulonodera darwini Champion, 1918 

Synonymy: This genus has no generic synonyms. 

Revisions: The genus Aulonodera was redescribed and revised recently by Jerez & Bocaz (2006). 

Morphological characteristics: Only one species (A. darwini Champion, 1918) is known so far It is a 

very small beetle (1.0–1.7 mm) with very compact, but also very elongate body. Head bears strongly 

developed antennal calli. Pronotum is yellowish, rounded, long, very convex, with a strong antebasal 

transverse impression formed by a distinct deep furrow without punctures. The pronotum is forming 
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distinct “ear like” edges on the lateral margin. Elytra are very convex and shining, each elytron bears a 

distinct elevated ridge on elytral suture margin and on basal margin of elytra. Lateral sides of elytra 

are very strongly produced laterally, elytral margin and pleura are not visible from dorsal view and 

epipleuron is not visible even from lateral view. Wings are absent. The first metatarsomere is 

elongated. Spermatheca is simple, spermathecal duct is not coiled. 

Ecology: Only a few specimens were collected (interestingly, the oldest specimen series was collected 

by Charles Darwin during his trip on HMS Beagle). Recently known series were collected in 

Nothofagus forests using pitfall traps and it is proposed, that this genus is inhabiting leaf litter. Nadein 

(2013a) proposes that the genus feeds on Nothofagus in his catalogue, which is not supported by any 

further data. 

Diversity and distribution: The only known species, Aulonodera darwini, is endemic in Chile, where 

it is known from the Chiloe Island and from Arauco and Concepción provinces. The species is 

considered as a possible member of the relictual Chilean fauna from ages before the glaciation which 

survived in Nothofagus-dominated forests.  

Remarks: The genus was not diagnosed from any Neotropical flea beetle genus in the literature. In 

external morphology, it is somewhat similar to Stevenaltica, sharing the general body shape; 

Stevenaltica has also a convex but elongated body, it bears the pronotal antebasal transverse 

impression (although it is very shallow) and slightly produced lateral sides of elytra. However, both 

genera strongly differ in many characters, e. g. punctation and shape of elytra or strongly coiled 

spermathecal ducts in Stevenaltica. 

Material included in the molecular study: 1 species. 

 

Apteropeda Chevrolat, 1836 

Type species: Haltica ciliata Olivier, 1808 = Apteropeda orbiculata Marsham, 1802 

Synonymy: This genus has no generic synonyms. 

Revisions: This genus was never revised. A synoptic key to all known species is given in 

Warchałowski (2013). 

Morphological characteristics: The general body shape is round-elliptical in dorsal view, convex in 

lateral view. The body size varies from 2.0 to 3.8 mm; the general color is brown to black or black 

with metallic lustre. Head is nearly hypognathous; frontal ridge is developed and T-shaped. Antennae 

are 11-segmented and do not tend to form any antennal club. Pronotum is short, wide, nearly 



31 

 

impunctate or densely punctate. Procoxal cavities are open posteriorly. Elytra are convex, covered by 

rows of deep punctures. Wings and humeral calli are not developed. Legs relatively short, metatibiae 

tend to be variously modified (e. g. curved or deeply excavated). First metatarsomere is elongated. 

Aedeagus is short, bulbose and bears distinct excavations and furrows in dorsal view. Spermatheca is 

simple; spermathecal duct is U shaped without coils. 

Ecology: The ecology and host plants of Apteropeda are not well known. Konstantinov & Vandenberg 

(1996) lists many different vascular plants to be previously documented as food sources (e. g. 

Satureja, Ajuga, Cirsium, Plantago, Veronica etc.). However, the beetles are usually collected in plant 

detritus (Čížek & Doguet 2008). 

Diversity and distribution: The genus has 4 known species, which are distributed only in the 

Western Palearctic – Europe and North Africa. 

Remarks: In the Western Palearctic, the genus Apteropeda is somewhat similar to Sphaeroderma, 

from which it can be distinguished by having regular rows of punctures on elytra (Palearctic 

Sphaeroderma has confusedly punctate elytra). In general, Apteropeda is similar to the genus 

Argopistes, from which it can be separated by having a nearly hypognathous head (in Argopistes, the 

head is opistognathous) and by having moderately broadened metafemora and long metatibia (in 

Argopistes, metafemora are extremely enlarged and metatibiae shortened and usually strongly 

modified). 

Material included in the molecular study: Sequences from 1 species were obtained from GenBank. 

 

Stegnaspea Baly, 1877 

Type species: Stegnaspea trimeni Baly, 1877 

Synonymy: The genus has no generic synonymes. 

Revision: The genus was recently revised by Biondi et al. (2012). 

Morphological characteristics: The general body shape is elliptical in dorsal view, convex in lateral 

view. The beetles are small (around 1.5 mm); the general body color is usually dark with metallic 

lustre. Head is hypognathous, antennal calli are well developed and well delimited. Antennae are 11-

segmented. Pronotum is convex, irregularly punctate. Procoxal cavities are open posteriorly. The 

anterior metaventral process is developed; reaches the space between mesocoxae and nearly covers the 

mesoventrite. Elytra bear 9 regular rows of punctures with additional irregular feeble puncturation 

between the rows. Scutellum is not visible from the dorsal view. The anterior process of first 
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abdominal ventrite is covered by deep punctures. Metatibiae are slightly curved, first metatarsomeres 

are elongated. The structure of the aedeagus is very complex; aedeagus is thick and cylindrical in 

lateral view and bears deep excavations and ear-like structures on apex in dorsal view. The basal 

orifice is distinctly separated from the apical part of aedeagus. Spermatheca is simple, the pump is 

well separated from the receptacle; receptacle is bulbose, spermathecal duct is simple, without coils. 

Ecology: The morphological shape of the beetle resembles moss-inhabiting genera. However, known 

species were collected in open Mediterranean landscapes (fynbos, renosterveld), usually on Poaceae. 

The specimen included in the molecular study was, however, collected by sifting moss in the moist 

Afrotemperate forest. 

Diversity and distribution: 6 species of Stegnaspea are known to date. All species are described from 

the Cape area, i. e. the southern part of the Republic of South Africa, and the island of Tristan da 

Cunha, where it is discussed to be probably introduced (Biondi et al. 2012). 

Remarks: The genus can be separated from all other known African genera by its lack of visible 

scutellum. 

Material included in the molecular study: One species, collected by sifting moss in the forests near 

Knysna, Western Cape, RSA, was included in the study. Because of a different ecology of the species, 

as well as some morphological differences (e. g. impunctate elytra), I am careful to place it clearly to 

the genus Stegnaspea. 

 

Fig. 1 – Two newly sequenced genera flea beetle genera known as leaf litter inhabiting or free living. Both 

genera were, however, collected in moss cushions. A – Aulonodera sp. (PN Puyehue, Chile; M. Fikáček lgt.); B – 

cf. Stegnaspea sp. nov. (Knysna env., RSA; M. Fikáček lgt.). 



33 

 

 

Fig. 2 – Examples of moss-inhabiting flea beetle genera included in the molecular analysis I. A – Benedictus 

sagittalis (Hong Kong, China, H. Lee & Y. Luo lgt., holotype, NMPC; not a voucher); B – Borinken elyunque (El 

Yunque, Puerto Rico, A. Konstantinov lgt., USNM; AFD-213); C – Cangshanaltica nigra (Cangshan, China, A. 

Konstantinov lgt., paratype, USNM; not a voucher); D – Clavicornaltica longipenis (Hong Kong, China, B. 

Guenard lgt., holotype, NMPC; not a voucher); E – Distigmoptera sp. nov., member of the „Distigmoptera s. 

lat.“ group (Barahona, Dominican rep., M. Fikáček lgt, NMPC; AFD-124); F – Distigmoptera borealis (Ohio, 

USA, A. Konstantinov lgt., USNM; AFD-218). 
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Fig. 3 – Examples of moss-inhabiting flea beetle genera included in the molecular analysis II. A – Ivalia 

korakundah (Tamil Nadu, India, Konstantinov et al. lgt., paratype, USNM; not a voucher); B – Kiskeya 

baorucae (Puerto Rico, M. Fikáček et al. lgt., NMPC, AFD-161); C – Minota sp., (Zhejiang, China, A. F. 

Damaška lgt.; AFD-233); D – Mniophilosoma laeve (Madeira, Portugal, A. F. Damaška lgt.; AFD-152); E – 

Stevenaltica normi (Bolivia, A. Konstantinov lgt., USNM; AFD-210); F – Ulrica iviei (El Yunque, Puerto Rico, 

M. Fikáček et al. lgt., NMPC; AFD-090). 
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Material for the project was assembled from different sources, including museum loans and material 

exchange with colleagues; the major part of the material was collected during various collecting trips, 

mostly to Southeast Asia. Specimens were conserved, mounted and stored in collections. DNA 

fragments were amplified and sequenced for molecular phylogenetic analyses. New sequences were 

incorporated into known molecular datasets of flea beetles from previous phylogenetic studies (Ge et 

al. 2012; Nie et al. 2017).  

A significant part of the material was collected during field trips I conducted between 2015 and 2019 

mostly to Southeast Asia and also to Cuba and Portugal. Sampling sites were chosen in respect to 

known moss-inhabiting flea beetle ecology (mountains with montane cloud forests, additionally also 

deep forested valleys). Pictures and the map of visited sampling sites are presented on Fig.4. 

Specimens of moss-inhabiting flea beetles were usually collected by sifting moss cushions and also 

beating moss on tree trunks and branches. For collecting other ground-living genera (especially 

Clavicornaltica), leaf litter in various types of tropical forests was also sifted. Winged male specimens 

of Clavicornaltica were also collected by using flight intercept traps (FIT), pitfall traps and Malaise 

traps and occasionally by light trapping. Data about sampling site conditions were noted for better 

understanding of moss and ground-living flea beetle biology. Beetles were extracted from the sifting 

samples by using portable Berlese funnels and Winkler extractors, the samples were stored in 96% 

ethanol in  WhirlPak bags and sorted in the lab. Specimens of non-ground-living flea beetles were 

collected by standard entomological collection techniques (e. g. sweeping and beating of known food 

plants). All specimens were conserved in 96% ethanol. 

A part of the DNA grade material used in the project was collected by different collectors and loaned 

or exchanged from various collections. I also studied type material and other specimens from various 

museum collections. Findings from these studies are in general not the subject of this thesis, but they 

improved the insight into the problematic. The list and abbreviations of major collections studied is 

presented here.  
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Fig. 4. – Collection sites of moss-inhabiting flea beetles. A – montane coniferous forest, 2400 m, 

Lulinshan, Taiwan; B – laurissilva moist subtropical forest, 1000 m, Madeira, Portugal; C – tropical 

montane cloud forest, 1400 m, Gunung Jasar, Malaysia; D – lowland subtropical forest, 700 m, 

Huisun, Taiwan;  E – a particular sifting site, where presence of moss-inhabiting flea beetles is highly 

predictable (moist subtropical forest, 800 m, Zhejiang, China); F – Winkler extractors installed in the 

field station for extracting beetles from sifting samples. 
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BMNH – British Museum of Natural History, London, United Kingdom (Michael Geiser) 

MHNG  - Muséum d‟Histoire Naturelle, Geneve, Switzerland (Giulio Cuccodoro) 

NMPC – National Museum, Prague, Czech Republic (Martin Fikáček, Lukáš Sekerka) 

SHNU – Shanghai Normal University, Shanghai, China (Zi-Wei Yin, Liang Tang) 

SMNS – Staatliches Museum für Naturkunde, Stuttgart, Germany (Wolfgang Schawaller) 

TARI – Taiwan Agricultural Research Institute, Taichung, Taiwan (Chi-Feng Lee) 

UABG – Ulf Arnold personal collection, Berlin, Germany (Ulf Arnold) 

USNM – National Museum of Natural History, Smithsonian Institution, Washington DC, USA 

(Alexander Konstantinov) 

 

Fig. 5 – Map of collecting sites where the material sequenced in this study was collected. Red dots are 

visited collecting sites, violet dots are sites where loaned material was collected. 

For uncovering the phylogenetic diversity of leaf litter and moss-inhabiting flea beetle genera, I 

assembled representatives of the majority of known moss-inhabiting genera. In cases were generic 

status and genus monophyly appeared disputable (e. g. Cangshanaltica and Ivalia), I focused on 

sampling higher number of species, which, based on the knowledge of morphological diversity of the 

genera, would cover the intrageneric diversity appropriately. Leaf litter inhabiting genera were also 

assembled, although the possibility of getting a majority of them was much lower because the 

knowledge about flea beetles does not allow us to know appropriately, how many ground-living 

genera are already described. Into the generic phylogeny, I also included specimens of flea beetles of 
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ecological appearance typical for the majority of flea beetles (e. g. external feeding on vascular plants) 

with characters which are likely informative in moss-inhabiting alticine evolution (e. g. compact, 

rounded body shape, clavate antennae or food association with ferns). The sampling of available flea 

beetle  datasets (Ge et al. 2012; Nie et al. 2017) was focused mostly on Asian genera, which is why I 

also added additional genera from other biogeography regions, especially from the Neotropics.  

The specimens conserved in 96% ethanol were stored in a freezer before DNA extraction. DNA was 

extracted by using Qiagen DNEasy Blood and Tissue kit and GenAid Genomic DNA Mini kit (tissue). 

The lysis of the specimens by using a thermo-block appeared to be insufficiently effective for 

extracting very tiny flea beetles. Therefore, I used a thermoshaker for extracting most of the specimens 

with better results. Because of small amounts of tissues in tiny flea beetle bodies, I used very low 

volumes of the elution buffer (30-50 μl) for the final elution of purified DNA from the columns. The 

bodies of the specimens were perforated before the extraction, usually by opening elytra and breaking 

abdominal tergites. In flea beetles with bigger body size (3 mm and more), only head and thorax were 

used for the DNA extraction, and abdomen was extracted separately, which allowed not only the 

higher amount of extracted DNA, but also helped with cleaning the genitalia during the proteinase K 

lysis process. 

After extraction, genitalia (both in males and females) were dissected and specimens were mounted on 

triangle mounting cards with ENTO-SPHINX Transparent Insect Glue (water soluble) or alcohol-

based insect glue (alcohol-soluble). Genitalia is preserved and pinned with the specimens on separate 

mounting cards in a drop of a water-soluble dimethyl-hydantoin-formaldehyde resin (DMHF) (Smith 

1966). The same treatment was used for dry collection specimens, which were not involved in the 

molecular study but were studied taxonomically. Some specimens of the genus Clavicornaltica were 

glued on the dorsal side so that the ventral side is visible. Additionally, some specimens were 

completely disarticulated after the treatment in Proteinase K or KOH and mounted on microscope 

slides by using Euparal resin. Photographs were taken by Canon EOS 550D, Canon EOS 70D and 

using an Olympus BX40 microscope. Photographs in the field were taken by Nikon D80 and Nikon 

D7100. 

Specimens used in the study are deposited in my personal collection and various museum collections. 

The deposition of each voucher specimen is listed in the table of voucher specimens (see 

Attachments). Material is stored as pinned in traditionally used insect collection boxes or as 

microscopic preparations in microscopic slide storage boxes. 
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For PCR reactions, I used a modified protocol with a commercially prepared premix (PPP Mix with 

MgCl2 added, TopBio). I run the PCR reaction in a 13 μl total volume of the mixture. For the reaction, 

I used 6.25 μl of PPP Mix, 4.75 μl of PCR ddH2O (TopBio), 1 μl of each primer and 1 μl of the DNA 

extract. I performed the reactions in BIO-Rad T100 and Eppendorf Mastercycler thermocyclers. After 

PCR, I visualized the products by electrophoretic separation on a 1% agarose gel with ethidium 

bromide added. 

In cases PCR products were successfully amplified, I purified the products by adding 0.5 μl 

Exonuclease 1 [Exo1 (20 U/µL)] (ThermoFisherScientific) and 1.0 µL Thermosensitive Alkaline 

Phosphatase [FastAP (1 U/µL)] (ThermoFisherScientific). Then, I incubated the mixture in a 

thermocycler by using the following program: 37 °C for 15 minutes; 80 °C for 15 minutes; 4 °C 

forever. Samples were sequenced in the BIOCEV OMICS core facility (Vestec, Czech Republic) and 

by MACROGEN (Amsterdam, Netherlands) using Sanger sequencing. I assembled and edited raw 

sequence data by using Geneious 9.1.7 software (Biomatters).  

Tab. I – A list of primers used for PCR reactions in the study. 

 

I assembled sequences of amplified PCR products with homologous sequences of other flea beetle 

genera, obtained from GenBank (NCBS), as mentioned above. Sequences were afterwards aligned 

using the MAFFT online alignment tool (Katoh et al. 2017). For alignment of cox1 sequences, I used 

default settings, for alignment of 18s, 28s and16s sequences, where multiple gap regions occurred, I 

used iterative refinement G-INS-I method. After aligning the sequences, gaps were excluded from the 

alignment due to the high level of possibly wrongly aligned positions. I edited the particular 

Gene fragment Direction Name Sequence (5’ – 3’) 
 

Reference 

Cox1 3’ forward steveJERRY CAACATYTATTYTGATTYTTTGG (Timmermans et al. 2010) 

Cox1 3’ reverse  stevePAT GCACTAWTCTGCCATATTAGA (Timmermans et al. 2010) 

28S forward 28SFF TTACACACTCCTTAGCGGAT (Tian et al. 2008) 

28S reverse 28SDD GGGACCCGTCTTGAAACAC (Tian et al. 2008) 

Cox1 barcode forward LCO1490 GGTCAACAAATCATAAAGATATTGG (Folmer et al. 1994) 

Cox1 barcode reverse HCO2198 TAAACTTCAGGGTGACCAAAAAATCA (Folmer et al. 1994) 

18s 3’ forward 18S30 I CACCTACGGAAACCTTGTTACGAC (Shull et al. 2001) 

18s 3’ reverse 18SA1.0 GTGAAATTCTTGGACCGTC (Shull et al. 2001) 

18s 5’ cent. reg. forward 18Sai CTTGAGAAACGGCTACCACATC (F. Whiting et al. 1997) 

18s 5’ cent. reg. reverse 18Sb0.5 GTTTCAGCTTTGCAACCAT (F. Whiting et al. 1997) 

18s 5’ end reg. forward 18S5‘ GACAACCTGGTTGATCCTGCCAGT (Shull et al. 2001) 

18s 5’ end reg. reverse 18Sb5.0 TAACCGCAACAACTTTAAT (Shull et al. 2001) 

16s forward 16S-1472-JJ GGTCCTTTCGTACTAA (Astrin & Stüben 2008) 

16s reverse 16S-ar-JJ CRCCTGTTTATTAAAAACAT (Astrin & Stüben 2008) 
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alignments to the same length and concatenated by using Geneious 9.1.7. software. The final gene 

fragment alignments consisted of following numbers of sequences and had following sequence 

lengths: 16s alignment consisted of 98 sequences of the length 432 bp (base pairs, i.e. nucleotides), 

18S alignment consisted of 122 sequences of 1763 bp, 28S alignment consisted of 88 sequences of 

648 bp, cox1 barcode alignment consisted of 96 sequences of 659 bps and cox1 3‟ alignment consisted 

of 96 sequences of 690 bp. The final concatenate consists of 117 sequences of the total length 4192 bp. 

Due to problems with the PCR amplification of several fragments, the final alignment contains approx. 

23.8 % of missing sites.  

Tab. II – PCR programs used for different gene fragments in the study. The annealing temperature for 

cox1 3’ primers (steveJERRY/stevePAT) was optimized for different specimens due to specific 

conditions (e. g. DNA extract concentration). Both reactions for 18s 5’ fragments (central and end 

fragment) were conducted under the same conditions. 
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For the selection of best-fitting substitution models, I analyzed the concatenate in PartitionFinder2 

(Lanfear et al. 2017) available at CIPRES (phylo.org). The model search was conducted under the BIC 

(Bayesian Information Criterion) for each gene fragment in the concatenate; the cox1 fragments were 

subdivided into codon positions.  

The Bayesian analysis was conducted in the software MrBayes on XSEDE (Huelsenbeck & Ronquist 

2001), run at CIPRES (phylo.org). The number of MCMC generations was set to 70 000 000, every 

1000
th
 tree was saved. In total, 4 runs of MCMC chains were performed. The results of the Bayesian 

analysis were analyzed in the Tracer software. Results of one chain were removed from the final tree 

summarization because the chain did not converge properly. Trees from three remaining chains were 

summarized under the default MrBayes settings (command sumt – majority-rule consensus, burnin = 

0.25). 

The maximum likelihood analysis was conducted in the RaxML on XSEDE (Stamatakis 2014) at 

CIPRES (phylo.org). The analysis was partitioned based on data from PartitionFinder. The 

bootstrapping was performed by a RaxML rapid bootstrapping with a subsequent ML search, the 

number of bootstrap iterations was set to 1000. 



42 

 

PartitionFinder2 found the following best-fitting models for the data partitions: for 16S – 

HKY+I+G+X; 18S and 28S – SYM+I+G; 1
st
 and 2

nd
 codon positions of cox1 fragments – 

GTR+I+G+X; 3
rd

 position of the barcode cox1 fragment – GTR+I+G+X; 3
rd

 position of cox1 3‟ 

fragment – TRN+I+G+X. 

Results of the Bayesian phylogenetic analysis performed in MrBayes revealed no support (pp <0.5) for 

all deep divergences within flea beetles, and the relationships between major clades and groups were 

not resolved. However, the analysis supported the monophyly of several generic groups proposed in 

previous studies (Nie et al. 2017; Ge et al. 2012) as summarized below. Three new generic groups are 

also proposed thanks to the extended taxon sampling of both moss-inhabiting and free-living genera. 

The analysis supported the monophyly of the Nisotra group (pp = 1) and Blepharida group (pp = 1). 

Another monophyletic group with maximal support (pp = 1) is the Amphimela group, forming a sister 

clade of Blepharida group under relatively high support (pp=0.86). Neotropical genera Aprea and 

Acrocyum form a well-supported separate lineage (pp = 1), however, their position as a sister group of 

blepharidines and nisotrines is not well supported (pp = 0.63). Another well-supported clade is 

Oedionychis group (pp = 1), in which the Old World taxa form multiple lineages, whereas the 

Neotropical oedionichine clade (genera Asphaera and Omophoita) forms a deeply nested 

monophyletic group (pp=1). A high support (pp = 0.99) was also revealed for the Disonycha group 

including the newly sequenced Neotropical genus Homoschema. As a sister group to disonychines, a 

lineage containing a Neotropical genus Heikertingerella and an Oriental genus Schenklingia is present, 

although with low support (pp = 0.68). Except for Schenklingia, the whole lineage contains mostly 

Neotropical genera. Its monophyly is however only moderately supported (pp = 0.71).  

Lactica group and Pseudodera group, which form sister lineages, were corroborated with high support 

(pp = 1). The Pentamesa group is considered as monophyletic (pp = 1), similarly to the result in Ge et 

al. (2012). Nie et al. (2017) revealed the monophyly of the Sphaeroderma group containing 

Pentamesa and other genera including Sphaeroderma, Orestia and Argopistes. This hypothesis was 

not confirmed in this study. The lineage containing genera Argopistes and Apteropeda formed a sister 

lineage of Pentamesa group, but with low support (pp = 0.53). The genus Sphaeroderma is revealed as 

polyphyletic, which corresponds with the previous studies. The newly sequenced genus Schenklingia 

is also revealed polyphyletic. 
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Fig. 6 – A majority-rule consensus phylogenetic tree of flea beetles inferred from the Bayesian analysis. Node 

labels are Bayesian posterior probabilities. Monophyletic generic groups are marked. Branch colors show 

different life strategies.  
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Fig. 7 – A phylogenetic tree of flea beetles inferred from the partitioned RaxML analysis. Node labels are 

bootstrap values. Monophyletic generic groups are marked. Branch colors show different life strategies. 
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High support (p=1) was revealed for the Chabria group, a lineage containing moss-inhabiting genera 

Ivalia and Cangshanaltica. The flightless genus Stegnaspea formed a sister clade of Chabria group, 

with relatively low support (pp = 0.69). Another lineage containing moss-inhabiting genera, the 

Monoplatus group, is also a well-supported monophyletic clade (pp=1). The Chaetocnema group can 

be considered as monophyletic with moderate support (pp = 0.76). The Phygasia group was well 

supported (pp = 0.96). The Longitarsus group defined in previous studies as a lineage containing 

Longitarsus, Tegyrius and Lanka (Nie et al. 2017; Ge et al. 2012) was, on the contrary, not supported. 

Longitarsus formed a separate lineage, not related to Tegyrius and Lanka. Its only relative (pp = 

0.764) is a representative of an unknown and possibly undescribed genus of moss-inhabiting flea 

beetles from Taiwan.  

Some newly recognized well-supported lineages are proposed as results of the Bayesian analysis. The 

newly defined Mantura group (pp = 0.99), contains the genera Mantura, Minota and Novofoudrasia. 

New data for the Neotropical genera also allows proposing the Leptophysa group (pp = 1), a 

monophyletic lineage containing the genera Leptophysa, Borinken and Stevenaltica. The clade 

containing Acrocyum and Aprea can be proposed as Aprea group (pp = 1). 

The result of the partitioned RaxML analysis is very similar to the Bayesian result in general. The 

mentioned monophyletic groups were revealed in the ML tree as well, however, sometimes with 

relatively low bootstrap support. Some genera, which have a resolved phylogenetic position in the 

Bayesian tree, were resolved differently in the RaxML. The genus Stegnaspea is a sister group to the 

unknown species from Taiwan, which is similar to Manobia or Benedictus. The support is, however, 

extremely low (bb = 6). Manobia and Benedictus resulted to be sister groups, but also unsupported (bb 

= 11). The majority of other differences from the Bayesian tree are also not supported. In general, 

bootstrap supports in the RaxML tree are low. However, the support of major monophyletic generic 

groups is high, except the Chaetocnema, Leptophysa and Pentamesa groups, which resulted in 

unsupported clades. 

The Bayesian phylogenetic analysis revealed multiple origins of the flightlessness and of the 

association with moss and leaf litter inhabitance in flea beetles. The majority of studied genera form 

separate lineages. Some moss-inhabiting lineages are members of previously proposed generic groups, 

while the phylogenetic position of others was not resolved.  

The Neotropical moss-inhabiting genera Distigmoptera and Ulrica were previously placed into the 

Monoplatus group (Konstantinov & Konstantinova 2011). This hypothesis was strongly supported. All 
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moss-inhabiting monoplatines form a monophyletic lineage nested deeply inside the generic group (pp 

= 0.99). In case of the genus Distigmoptera, two different species were included in the study, each of 

them representing different morphological group inside the genus (see below under Overview of 

moss-inhabiting flea beetle genera). Distigmoptera borealis, a representative of Distigmoptera s. str., 

forms a sister lineage to a Carribean Distigmoptera-like monoplatine species (pp = 0.9). This topology 

resulted also in the RaxML analysis. 

The genera Ivalia and Cangshanaltica, for which the monophyly was questioned previously (Damaška 

& Aston 2019), are considered as members of the Chabria group. The genus Cangshanaltica forms a 

monophyletic group (pp = 1) and is revealed as a sister group of winged genera Chabria and 

Parathrylea (pp = 0.77). Also, the genus Ivalia forms a monophyletic group (pp = 0.84). The 

partitioned RaxML analysis reveals a similar topology with the following differences: Ivalia AFD-240 

stands as a sister taxon to all remaining chabrines (instead of being nested within Ivalia). The genus 

Stegnaspea, which is not considered as obligatorily moss-inhabiting but morphologically resembles 

Ivalia, is revealed as a sister group of chabrines (pp = 0.69). 

The Palearctic moss-inhabiting genus Minota is revealed as a member of the newly proposed 

Mantura-group, in which the internal topology was not resolved by the Bayesian analysis. In the 

partitioned RAxML analysis, Minota became a sister lineage to Mantura (bb=42). Another European 

soil-living genus, Apteropeda, is revealed as a well-supported sister group of the Old World tropical 

genus Argopistes (pp = 0.9). Position of the genus Mniophilosoma from Macaronesian islands was not 

resolved by the Bayesian analysis. RaxML analysis places Mniophilosoma as a sister of 

Trachyaphthona. 

The Neotropical moss-inhabiting genus Borinken, which was considered as completely enigmatic 

(Konstantinov & Konstantinova 2011), is revealed to be a member of the newly proposed Leptophysa 

group. The same placement was found also for another Neotropical moss-inhabiting genus – 

Stevenaltica. The inter-relationships among these three genera differ between Bayesian and RaxML 

analyses. The tiny rounded Neotropical genus Kiskeya is revealed as a sister lineage to the European 

genus Lythraria in Bayesian analysis (pp = 0.87), but as a sister group of the Asian Lanka and 

Tegyrius in the RaxML analysis, however, with no support (bb=15). Position of other enigmatic 

Neotropical genera – the soil-dwelling Aulonodera and the fern-feeding Normaltica, was not resolved 

by the Bayesian analysis. RaxML placed Aulonodera as a sister taxon to Epitrix and Normaltica as 

related to Asian genera Manobia and Schenklingia. 

The phylogenetic positions of the Asian genera Clavicornaltica and Benedictus were not reconstructed 

in the analyses. Clavicornaltica forms an extremely long branch both in Bayesian and RaxML 

analyses, with different phylogenetic position and no support. The genus Benedictus forms an 

independent lineage in the Bayesian tree, however, with no resolved placement. The RaxML revealed 
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Benedictus as a sister lineage of Phyllotreta and Aphthonoides. A species of a problematic generic 

placement collected as a moss-inhabiting flea beetle in Taiwan and proposed to be Benedictus or 

Manobia, nested as a sister group of Longitarsus under moderate support (pp = 0.64), far from 

Benedictus and Manobia. 

Some of the flightless alticines collected by sifting moss and leaf litter were considered as members of 

known non-flightless genera. The flightless beetles collected on Stewart Island, New Zealand, were 

revealed very close to Chaetocnema (pp = 1). Flightless specimens from Mexico (AFD-223 and AFD-

224) may be assigned to Longitarsus, which corresponds with morphology (elongated first 

metatarsomeres and general body shape), but the support is low (pp = 0.63). A flightless specimen 

AFD-225 from Mexico reveals as a sister lineage to Epitrix, but with low support (pp = 0.69). This 

specimen can be possibly considered as a member of an undescribed genus. RaxML analysis placed 

this species on a different position – as a sister lineage to Psylliodes. The similar case appeared with 

the specimen AFD-163 from Malaysia, which is revealed as a sister group to Manobia, Normaltica 

and Schenklingia by the RaxML analysis. Also, the Bayesian analysis placed it into the Manobia 

group. 

The sample of nine Ivalia and five Cangshanaltica species allowed me to test the monophyly of these 

genera and get an insight into their species-level relationships. As mentioned above, both genera were 

revealed as monophyletic in the Bayesian analysis, RaxML placed one Ivalia-like lineage as a sister 

group of all chabrines. 

The phylogeny of Cangshanaltica showed us a monophyletic clade of species from the boundary of 

Palearctic and Oriental regions – China and Taiwan. An undescribed Cangshanaltica species from 

Taiwan is placed as a sister group of a new species from China, another species from the Guanxi 

province, China forms a sister genus to this clade. Cangshanaltica siamensis from northern Thailand 

forms a sister lineage to the Chinese-Taiwanese clade. A sister lineage to all remaining 

Cangshanaltica is formed by an undescribed species from Mindanao, Philippines. All lineages and 

splits in the Cangshanaltica tree resulted from the Bayesian analysis under maximal support (pp = 1). 

The species-level phylogeny of Ivalia is much less supported than that of Cangshanaltica. The only 

well-supported clade (pp = 1) consists of Taiwanese species. One, likely undescribed, lowland Ivalia 

species from Taiwan forms a sister group of remaining Taiwanese species under maximal support (pp 

= 1). The remaining species form a clade with the majority of mountain species (I. uenoi, I. bella). 

Specimens identified as Ivalia uenoi form two separate lineages, which shows us a possible paraphyly 

of the species as it is identified in the collections. The second mountain species, I. bella, is placed 

inside the “I. uenoi” clade. Interestingly, also one lowland species with completely different body   



48 

 

 

Fig. 8 – Phylogenetic trees of the Chabria group. Left – Bayesian majority-rule consensus tree (node labels are 

Bayesian posterior probabilities); right – best tree from the partitioned RaxML analysis (node labels are 

bootstrap values). Branch colors represent countries of species origin. Chabria and Parathrylea are widely 

distributed through the Oriental region. 

shape and coloration was revealed as a member of this clade. The monophyly of this clade was 

revealed both by Bayesian and RaxML analyses. 

The topology of the remaining parts of Ivalia tree remains unclear. The Bayesian analysis did not 

resolve any other divergences. RaxML analysis grouped the following two new species: Ivalia AFD-

014 with somewhat clavated antennae (Mindanao, Philippines) and Ivalia AFD-234 (Zhejiang, 

China)which resembles somewhat known Ivalia excavata and I. maculata . The monophyly  
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Fig. 9 – Different species of chabrines from the phylogenetic study I. A – Cangshanaltica sp. nov. 1 (Guanxi 

prov. China, AFD-125); B – Cangshanaltica sp. nov. 2 (Mindanao, Philippines, AFD-006); C – Cangshanaltica 

sp. nov. 3 (Taiwan, AFD-150); D – Cangshanaltica siamensis, paratype (Doi Inthanon, Thailand, AFD-027); E 

– Cangshanaltica sp. nov. 4 (Zhejiang prov. China, AFD-235.); F – Ivalia sp. nov. 1 (Mindanao, Philippines, 

AFD-014); G – Ivalia cf. maculata/excavata (Zhejiang prov., China, AFD-234); H – Ivalia sp. nov. 2 (Taiwan, 

AFD-189). A – M. Fikáček lgt.; C – D. Chiman Leong lgt.; remaining specimens – A. F. Damaška lgt. 
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Fig. 10 – Different species of chabrines from the phylogenetic study II. A – Ivalia sp. nov. 3 (Taiwan, AFD-244); 

B – Ivalia cf. bella (Taiwan, AFD-238); C – „Ivalia uenoi“ (Taiwan, AFD-239); D – „Ivalia uenoi“ (Taiwan, 

AFD-231) E – Ivalia sp. nov. 4 (Cameron Highlands, Malaysia, AFD-141); F – Ivalia sp. nov., or gen. nov. sp. 

nov. (Taiwan, AFD-240); G – Chabria angulicollis (Pahang prov., Malaysia, not a voucher); H – Parathrylea 

sexmaculata (Surat Thani prov., Thailand, not a voucher). B – F.-S. Hu lgt., remaining specimens – A. F. 

Damaška lgt.  
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of this clade has low support (bb =51). The position of the new Malaysian species Ivalia AFD-141 was 

not resolved in the Bayesian analysis. RaxML placed it as a sister group to the Taiwanese clade.  

As mentioned above, the sister group to all Ivalia included one species from Taiwan with somewhat 

different morphology (less convex and wide elytra, horseshoe character less developed). The lineage 

belongs to the genus Ivalia under moderate support (pp = 0.84), while the RaxML analysis placed it as 

a sister group to all chabrines. 

During the study, I collected various specimens and species of Clavicornaltica from different parts of 

Southeast Asia, showing differences in particular morphological characters (e. g. shape of ventrites 

and shape of genitalia). I performed a barcode screening of the majority of species I collected (cox1, 

primers LCO/HCO). I also sequenced 18S ribosomal gene fragments for most species, but these were 

identical or nearly identical for all species. The sequencing of the nuclear H3 gene fragment sequence 

was successful only in a small number of species. These complications are the reasons why I 

performed the phylogenetic analysis only on the barcode sequences. I included sequences from 45 

Clavicornaltica specimens.  

PartitionFinder2 found the following best-fitting models for different codon positions of the 

Clavicornaltica barcode sequences: for the 1
st
 position in the alignment: GTR+I+G+X, for the 2

nd
 

position: TRN+I+G+X, for the 3
rd

 position: TRN+G+X. 

The result of the barcode analysis did not show a fully resolved topology of studied Clavicornaltica 

species. Very low support values on deep divergences led me to present the tree with branches 

collapsed. However, several well-supported monophyletic lineages were revealed. After studying 

morphology of the specimens, I can assume that the analysis revealed 14 different species. Two of 

them can be considered as described species (Clavicornaltica malayana Medvedev, 1974 and 

Clavicornaltica mizusawai Suenaga & Yoshida, 2016) based on the comparison with paratypes. One 

Taiwanese species could be possibly C. takimotoi, however, I could not study the type material and the 

genitalia morphology seems different from the illustrations provided in the original description (the 

species is hence marked as Clavicornaltica cf. takimotoi). Remaining species appear to be new.  

A relatively high diversity of barcode sequences inside species or species groups is revealed. After 

examination of the shape of male genitalia and the metaventral process, the analysis showed several 

species complexes. Many different species are relatively difficult to distinguish, although they are 

revealed to be very different at barcode level. On Figs x and y, the morphological diversity of the 

metaventral process, as well as the diversity of male genitalia morphology, is presented. 

The comparison of genitalia and metaventral processes showed that in the majority of studied species, 

the shape is very similar. The most common shape of the metaventral process can be described by  
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Fig. 11 – A phylogenetic tree of 45 different specimens of Clavicornaltica inferred by a Bayesian analysis of 

barcode sequences. Node labels are Bayesian posterior probabilities. Supposed species limits are marked. 

Branch colors represent different countries of specimen origin. 

following features: longer than wide; strongly developed margin; margin slightly elevated on apex; 

shallow punctation with scattered setae on the surface; a row of coarse punctures on the margin. This 

morphological pattern is present e. g. in the lineages Clavicornaltica sp. nov. 3; C. sp. nov. 4; C. sp. 

nov. 6 or C. sp. nov. 11. In some lineages, the morphology of the metaventral process is changed 

slightly. The marginal punctures can unite and form a deep marginal groove (Clavicornaltica sp. nov. 

7), or, on the contrary, marginal punctures are very shallow or absent (Clavicornaltica cf. takimotoi) . 
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The punctation on the surface can be coarse and deep (Clavicornaltica sp. nov. 1; C. sp. nov. 2). In 

some lineages, the surface of the metaventral process is strongly elevated and forms a ridge 

(Clavicornaltica malayana). The metaventral process can be also widened, nearly as wide as long 

(Clavicornaltica mizusawai, C. sp. nov. 9). 

The shape of aedeagus is also very conservative among major lineages and can be described as 

following: relatively short and wide, moderately curved in lateral view (angle between apex and basal 

orifice is around 120°); weakly sclerotized; basal orifice very wide and long, forming around 40% of 

the aedeagus length; apex dull, widely pointed. This shape of aedeagus is in general present e. g. in 

following species: Clavicornaltica mizusawai; C. malayana; C. sp. nov. 4; C. sp. nov. 5; C. sp. nov. 6;   

 

Fig. 12 – Different shapes of the metaventral process among various voucher specimens of Clavicornaltica 

involved into the phylogenetic study. A – Clavicornaltica sp. nov. 1 (Philippines, AFD-002); B – C. sp. nov. 2 

(Philippines, AFD-064); C – C. sp. nov. 3 (Philippines, AFD-005); D – C. sp. nov. 4 (Malaysia, AFD-129); E – 

C. sp. nov. 5 (Malaysia, AFD-228); F – C. malayana (Malaysia, AFD-158); G – C. sp. nov. 7 (Malaysia, AFD-

131); H – C. sp. nov. 8 (Philippines, AFD-066); I – C. mizusawai (Taiwan, AFD-229); J – C. sp. nov. 9 (Taiwan, 

AFD-067); K – C. cf. takimotoi (Taiwan, AFD-118); L – C. sp. nov. 10 (Philippines, AFD-070); M – C. sp. nov. 

11 (Philippines, AFD-160); N – C. sp. nov. 6 (Malaysia, AFD-156); O - C. sp. nov. 6 (Malaysia, AFD-166); P - 

C. sp. nov. 6 (Malaysia, AFD-165). I,K – D. Chiman Leong lgt., remaining specimens – A. F. Damaška lgt. 
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Slight differences in shape and proportions allow species identification also in species representing 

this aedeagal shape. In other lineages, the morphology is somewhat more different; e. g. the apex is 

sharply pointed (Clavicornaltica sp. nov. 4). Other species have their aedeagi extremely modified. The 

only example in the study, where male species were involved and had strongly modified aedeagus 

morphology, is Clavicornaltica cf. takimotoi, which has a very thick, shortened aedeagus with 

widened apex. The additional study on Hong Kong moss-inhabiting flea beetles (Damaška & Aston 

2019) showed a new species (Clavicornaltica longipenis), which has an extremely elongated 

aedeagus. 

 

Fig. 13 – Various shapes of aedeagus in different voucher specimens of Clavicornaltica involved in the study. 

Aedeagi are figured in dorsal and lateral view. A – Clavicornaltica sp. nov. 2 (Philippines, AFD-064); B – C. sp. 

nov. 4 (Malaysia, AFD-129); C – C. sp. nov. 5 (Malaysia, AFD-139); D – C. sp. nov. 5 (Malaysia, AFD-228); E 

– C. sp. nov. 6 (Malaysia, AFD-156); F – C. sp. nov. 6 (Malaysia, AFD-165); G – C. malayana (Malaysia, AFD-

158); H – C. sp. nov. 8 (Philippines, AFD-178); I – C. sp. nov. 8 (Philippines, AFD-066); J – C. mizusawai 

(Taiwan, AFD-187); K – C. sp. nov. 9 (Philippines, AFD-067); L – C. cf. takimotoi (Taiwan, AFD-118). 
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Several lineages showed a relatively high level of polymorphism in the barcode sequence, but they are 

morphologically uniform and can be easily considered as species. This is the case of e. g. 

Clavicornaltica mizusawai. Other species lineages, however, contain also specimens, which differ 

morphologically from the rest of the species, especially in body size and slightly also in genitalia 

shape. This case is present in the lineage “Clavicornaltica sp. nov. 6”. The voucher specimen “AFD-

165” is smaller in body size and has also the slightly different shape of aedeagus, than remaining 

specimens in the lineage (Figs x, y). Also in the lineage “Clavicornaltica sp. nov. 5”, a slight 

difference in the shape of aedeagus is documented between the vouchers “AFD-139” and “AFD-228”. 

However, the shape of the metaventral process is not different. In the sister species, “Clavicornaltica 

sp. nov. 4”, the shape of metaventral process is very similar, but differs slightly. The margin of the 

metaventral process is surrounded by a row of punctures in “sp. nov. 4”, while in “sp. nov. 5”, no row 

of strong punctation is visible on the margin. 

Fig. 14 – Distribution of various barcode genotypes of Clavicornaltica mizusawai in northern and central 

Taiwan. Branch colors represent lineages from different sites, which are marked in the map. The tree is a 

detail from a Bayesian barcode tree. 
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Because of to unresolved basal topology, the study did not reveal much information on biogeography 

in Clavicornaltica. Additionally, the sample was relatively limited in coverage of the distributional 

range – species from Indochina, Australia, Indonesia, Himalayas and India were not studied. Most of 

the monophyletic lineages contain only species from one particular area. The only exception is the 

clade containing Taiwanese species Clavicornaltica cf. takimotoi and two different species from the 

Philippines (Clavicornaltica sp. nov. 10 and C. sp. nov. 11). The clade is monophyletic under very 

high support (pp = 0.96). In several species, the analysis showed a biogeographic pattern in the 

intraspecific polymorphism of the barcode sequence. The phylogenetic tree of different specimens of 

Clavicornaltica mizusawai contains species collected on five different sites across Taiwan (Fig. 14). 

The analysis revealed that specimens from the northern part of Taiwan are closely related together, 

while specimens from central Taiwan form a separate lineage. The distances between different 

specimens can be, however, relatively big also between specimens from one locality. This case 

appeared in the species Clavicornaltica sp. nov. 6. All specimens were collected around Tanah Rata, 

Cameron Highlands, Malaysia. However, they showed a relatively high level of polymorphism on the 

barcode.  
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The analysis revealed the majority of the monophyletic generic groups proposed in previous 

phylogenetic studies (Nie et al. 2017; Ge et al. 2012). This is not very surprising, because the dataset 

was not enriched with any newly sequenced nuclear genes. The ʻbasal‟ topology of the tree was not 

resolved, probably due to low phylogenetic signal for deep divergences in the majority of used 

sequences. After the removal of gap regions of ribosomal fragments, which are very difficult to align, 

only a few substitutions were present in the 18S and 28S sequences. However, previous studies (Ge et 

al. 2012; Nie et al. 2017) also did not reveal major deep divergences between the generic groups. The 

trees in the mentioned studies are presented as fully resolved, but the majority of the splits between 

generic group clades is not supported (pp < 0.5). However, both previous revealed two well-supported 

main clades in flea beetles – one containing the Nisotra, Amphimela and Blepharida groups, while the 

latter containing the rest of flea beetle diversity. I did not reveal this topology in my study. On the 

contrary, my analyses revealed the basal divergence of a small “Longitarsus” clade, and a second 

clade containing the remaining taxa; the split is however not supported (pp = 0.5). A possible 

explanation could be the addition of the barcode cox1 fragments to the analysis. The barcodes could 

bring a phylogenetic noise, which could hide the deep divergences. Based on the results of previous 

studies, I would suggest that the main deep divergence in flea beetles, as mentioned above, is probably 

a more likely phylogenetic hypothesis, than the result of this study. 

The analyses confirmed the previous assumption that moss and leaf litter inhabiting flea beetles are 

members of multiple independent lineages and these life strategies are therefore of multiple origins. In 

most cases, the lineages did not form monophyletic clusters consisting of more moss-inhabiting 

genera. The only exception is represented by moss-inhabiting genera in the Monoplatus group, which 

form a monophyletic lineage. Although more genera of moss-inhabiting monoplatines need to be 

sequenced, I can assume that the association with moss originated only once in the Monoplatus group.  

A completely different situation appeared in the Chabria group, where genera Ivalia and 

Cangshanaltica are grouped. The genera appear to form monophyletic lineages. Both winged, free-

living genera included in the study (Chabria and Parathrylea) are deeply nested inside the clade, as a 

sister group to Cangshanaltica. The topology of Chabria group suggests the association with moss 

and reduced wings as an ancestral life strategy, with a reversal to the „primitive“state with wings and 

less compact body shape in Chabria and Parathrylea. That seems very unlikely. I would predict 
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changes in the topology of chabrines after involving more genera (Sutrea, Chabrisoma, Arsipoda), as 

well as more species of Chabria and Parathrylea into the study. Also, the phylogenetic position of 

Phaelota, another genus with moss-inhabiting species, remains mysterious. The genus also probably 

belongs to the Chabria group. Majority of Phaelota species is known to be not moss-inhabiting and 

winged (Prathapan & Viraktamath 2009). For resolving these questions, we need to get a more 

representative sample of chabrines and various species of Phaelota. However, the study confirmed 

Cangshanaltica as a separate lineage (and hence genus) and the previous uncertainty about its generic 

status can be abandoned.  

The phylogenetic relationship between Chabria group and the African genus Stegnaspea has relatively 

low support. However, the general body shape of the Stegnaspea species I involved is very similar to 

that of various chabrines. As mentioned in the Literature overview, I am not fully sure about the 

placement of my specimen to the genus. All known Stegnaspea, although they share the “minotoid” 

body shape, are not moss-inhabiting and usually feed on graminoids (Biondi et al. 2012). This species 

is, therefore, the first known moss-inhabiting Stegnaspea. 

The phylogenetic position of Clavicornaltica was not resolved, probably due to a strongly different 

substitution rate in its DNA sequences, especially in mitochondrial genes. This corresponds with the 

morphological obscurity of Clavicornaltica, which seems to be a result of rapid phenotypic evolution. 

The results showed a very long branch for the genus, as well as for particular species. Similarly as for 

the general topology of flea beetles, a much wider gene sampling would be necessary for uncovering 

the phylogenetic position of Clavicornaltica. The phylogenetic position of the Neotropical genus 

Kiskeya, which is morphologically very similar to Clavicornaltica (tiny, compact and round body 

shape, clavate antennae), was also not resolved. However, there is no extreme branch length revealed 

for Kiskeya. This shows that extreme morphological evolution does not need to correlate with 

extremely fast genetic evolution. Also, other genera had no resolved phylogenetic position – 

Aulonodera, Mniophilosoma and Benedictus. In the RaxML analysis, Benedictus stands close to 

Manobia, which could somewhat make sense, because both genera share some morphological 

similarities (e. g. general body shape, strong pronotal impression, strongly developed frontal calli). 

Also, Manobia is a fern-feeding genus, which could suggest an ancestral specialization on 

sporophytes. However, there is no support for the position, which cannot allow us to make any 

assumptions. Interestingly, the genus Benedictus, as I would understand it only by morphological 

studies, appears to be strongly polyphyletic. The Taiwanese species AFD-242, which is moss-

inhabiting and resembles both Benedictus and Manobia, was revealed to be completely unassociated 

with any of these two genera. That shows that the presence of diagnostic characters for the genus 

Benedictus (open procoxal cavities, flightlessness, characteristic shape of pronotum and elytra, 

characteristic pronotal impressions) appeared several times convergently. This hypothesis can be also 

supported by the existence of similar genera (e. g. Microcrepis and Loeblaltica), which, however, 
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differ e. g. in the state of procoxal cavities. Although I have no data for these genera, it is likely, that 

they will not be related to Benedictus. 

The Neotropical moss-inhabiting flea beetle genera Stevenaltica and Borinken clearly appear to be 

relatives to Leptophysa, a non-moss-inhabiting, winged Neotropical genus. The general body shape of 

all three genera is somewhat similar (even though Borinken is strongly divergent), which seems to be a 

synapomorphy of the generic group. The Leptophysa group seems to be primarily moss-inhabiting in 

my tree, but this scenario is very unlikely and cannot be assumed due to a lack of more Neotropical 

genera. Surprisingly, Aulonodera, which has a very similar body shape to Stevenaltica, was not 

revealed to be a member of the Leptophysa group. This can be caused by two following reasons: (1) 

morphological convergence in body shape of different lineages (several Oriental genera, e. g. 

Paraminotella and Benedictus, also share some similarities in the general body shape with Borinken, 

Stevenaltica and Aulonodera); (2) a mistake in the analysis caused by a low phylogenetic signal in the 

gene sample. 

The phylogenetic position of Minota is also not surprising because it shares many characters with its 

relative genus, Mantura. These characters include the general body shape, presence of short basal 

longitudinal pronotal impressions, lack of the antebasal transverse impression, the similar shape of 

antennae with short antennomeres, and similar puncturation of elytra. Additionally, both genera have 

the majority of their diversity in the Palearctic region. 

Interestingly, the Bayesian analysis did not group together Orestia and Neocrepidodera, although this 

relation is usually proposed by classical taxonomists. This result corresponds with the previous 

phylogenetic study (Nie et al. 2017), where Orestia also does not form a sister group to 

Neocrepidodera. RaxML analysis, however, showed these genera as sister groups, but without support 

(bb = 37). The close relationship of these two genera seems likely because of their very similar general 

morphology (including a similar pattern of their pronotal impressions). Also, both genera include 

species which tend to live in subterraneous habitats, e. g. under rocks in the alpine zone of Eurasian 

mountains (Konstantinov & Vandenberg 1996; Čížek & Doguet 2008). However, the similarity of 

both genera may be also caused by the convergent evolution due to similar lifestyle, similarly to the 

case of Benedictus which was discussed below. 

The generic sample in previous studies (Ge et al. 2012; Nie et al. 2017) was strongly focused on 

Asian, and particularly Chinese flea beetle genera. The addition of previously unstudied Neotropical 

genera allows discussing several topics on flea beetle biogeography. The majority of Neotropical 
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lineages with resolved phylogenetic position formed (1) monophyletic clusters of only Neotropical 

genera, or (2) phylogenetically isolated and related to Old World lineages, or (3) nested deeply among 

Asian genera in mainly old world lineages. The first scenario is well represented by the Leptophysa 

group and the Monoplatus group, which are well-known Neotropical flea beetle radiations. Another 

Neotropical flea beetle radiation is the Disonycha group. The newly sequenced Neotropical flea beetle 

genus Homoschema was revealed to be member of this clade, and another Neotropical genus 

Heikertingerella is a member of the sister group of this clade. Both genera have no significant 

morphological apomorphies, which would suggest their position in any morphologically well-defined 

Neotropical clade. This suggests the possibility that many other Neotropical genera without distinct 

apomorphies, listed as incertae sedis, could be members of a giant disonychine radiation. 

Interestingly, the Schenklingia from Malaysia does also group into the clade containing Disonycha 

group and Heikertingerella. The genus Schenklingia, although it is morphologically relatively well-

diagnosed (round, convex body shape, extremely elongated 1
st
 antennomeres), appears therefore as 

polyphyletic. The presence of Schenklingia in the Neotropical clade (although with moderate support) 

can be explained as a mistake during laboratory work, but interestingly, it forms a sister lineage to 

Heikertingerella, a genus where many strongly round and convex forms are present. Therefore, this 

could be possible evidence of a dispersal event from the Neotropics to the Oriental region, probably 

during Tertiary. A similar case of an ancient dispersal event between Neotropics to Asia was 

documented e. g. in the lepidopteran family Riodinidae, which has Neotropical origin, but migrated 

through the Beringian bridge during Cretaceous and Oligocene (Espeland et al. 2015). A migration 

event during the Oligocene is a likely explanation for Schenklingia nested in a Neotropical clade. 

The second biogeographic scenario of Neotropical lineages is represented by Gioia, which was 

revealed as a sister group to the Oriental Zipangia, and Systena, which formed a sister lineage to 

Lypnea. This topology can be explained by the lack of other Neotropical genera, which are probably 

related to Gioia. It is very unlikely that Gioia would be a single representative of its Neotropical 

lineage. Some Neotropical lineages were also not placed to any phylogenetic position, e. g. Normaltica 

and Aulonodera. 

The third scenario is represented by Neotropical members of the Oedionychis group. Oedionychines 

are typical for their vast radiation in the Neotropics, forming nearly a third of all known Neotropical 

flea beetle fauna (Scherer 1983). Interestingly, all Neotropical oedionychines form a monophyletic 

clade nested inside the group. Other lineages in the group live in the Old World. The sister taxon of 

the Neotropical lineage is the genus Oedionychis, which is an endemic of European and Moroccan 

Atlantic coast. This result corresponds with previous studies, in which Neotropical oedionychines 

always form a monophyletic lineage, with Oedionychis forming their sister group (Ge et al. 2012; Nie 

et al. 2017). This suggests that oedionychines are a group of Oriental origin, and the Neotropical 

radiation is a result of a single ancient migration.  
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The origin of Alticinae was previously located to Gondwana Scherer (1988b). The results of the 

phylogenetic study, however, appear not to correspond with this scenario. The three above mentioned 

phylogenetic scenarios for the New World taxa strongly suggest that Neotropical flea beetle fauna 

originated from a relatively small number of dispersal events during the Tertiary. Flea beetles could, 

therefore, be of an Old World, namely Eurasian origin. Fossil evidence shows that flea beetles 

originated relatively late. The Mesozoic Burmese amber did not reveal any flea beetle inclusions to 

date. Nadein & Perkovsky (2018) described an amber inclusion fossil Taimyraltica calcarata from 

Upper Cretaceous Taimyr amber, Russia. This species, which was assigned to a new tribe 

Taimyralticini, shares characters of both Galerucinae s. str. and Alticini. This fossil is the oldest 

evidence of a beetle with a clear linkage to alticines. Another fossil flea beetles were described 

recently from the Lower Eocene of India (Nadein & Perkovsky 2019). Although India has Gondwanan 

origin, it was relatively close to Eurasia during the Eocene (Scotese & Golonka 1997) and migration 

was probably possible. Additionally, Nadein & Perkovsky (2019) mentioned an undescribed fossil 

alticine found in the Upper Cretaceous of Canada. The paleontological evidence, together with results 

of this phylogenetic analysis, clearly suggest that Alticini originated in the Upper Cretaceous in 

Laurasian continents, possibly in Eurasia. This result strongly corresponds with the assumption of 

Nadein & Perkovsky (2019) based on fossil data. 

African fauna has several genera of flea beetles, which are flightless and live in alpine or subalpine 

habitats on African mountains; these genera include Montiaphthona, which is widespread through 

African mountain ranges, Celisaltica from the Ruwenzori mountains and Sjoestedtinia from the 

Kilimanjaro mountain range (Biondi & D‟Alessandro 2012). Recently, the genus Ugandaltica, was 

discussed to be similar to moss-inhabiting, was described from forest canopy fogging samples from 

Uganda (D‟Alessandro & Biondi 2018). However, this genus is macropterous and no association with 

mosses was revealed. Biondi & D‟Alessandro (2012) proposed the existence of two undescribed 

African genera with clavate antennae, which resemble Kiskeya and Clavicornaltica, however, none of 

them was described to date. The specimen in this study, which likely belongs to the genus Stegnaspea, 

was collected by sifting moss and leaf litter accumulations in wet afrotemperate forests near Knysna, 

Western Cape prov., RSA. Because the specimen was weakened during its DNA extraction treatment, 

I was not able to dissect the gut contents for revealing moss tissue residua. However, its morphology, 

together with the conditions of its habitat, suggests that this new species of possibly Stegnaspea is a 

moss-inhabiting flea beetle. Because there are no moss-inhabiting flea beetle species known from the 

Afrotropical region, this species is the first known Afrotropical moss-inhabiting flea beetle.  

The taxon sample in the study covered three of four European moss- and leaf litter inhabiting flea 

beetle genera – Apteropeda, Minota and Mniophilosoma. The fourth, Mniophila, is missing in the 
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study – the DNA material is available at the moment but no sequences were produced yet; the genus 

will be added into my  future studies. Mniophilosoma lives in relictual wet subtropical forests in the 

Macaronesian islands, which suggests it as a possible Tertiary relict. However, the study did not 

resolve its phylogenetic position.  

Apteropeda, an enigmatic, soil-inhabiting flightless genus distributed only in Europe and North Africa, 

was revealed to be a sister group to the genus Argopistes. The majority of Argopistes species is found 

in Old World tropics, while some species live in the Nearctic region, Australia and Oceania. 

Additionally, four species are found in Eastern Palearctic. Fossil data from the Tertiary in Europe 

show that the ancient insect fauna consisted of both well-known European beetles and taxa, which did 

not survive the glaciation in Europe (Alekseev 2013). The phylogenetic position of Apteropeda may 

indicate that the genus is a representative of an ancient Tertiary flea beetle European fauna which 

survived the glaciation thanks to its soil-dwelling life-strategy. Another clear case of a Tertiary relict 

in European flea beetle fauna is the non-soil inhabiting species Arrhenocoela lineata from the Eastern 

Mediterranean. This beetle, which lives as an external leaf feeder on Erica and Calluna, was 

previously considered as enigmatic, and possibly relictual (Biondi & De Nardis 2002). This study, as 

well as the previous study by Nie et al. (2017) revealed Arrhenocoela lineata to be a member of the 

Blepharida group, which is distributed worldwide in the tropics and has no other known representative 

in European fauna. I would suggest a scenario that Arrhenocoela lineata is the only member of 

possible ancient blepharidine fauna in the Tertiary paratropical Europe, which survived until recent 

times. A similar case, although well-known, is represented by three species of Oedionychis, which are 

distributed around the Gibraltar strait (Gruev & Döberl 2005; Döberl 2010). All three species are 

flightless and their phylogenetic lineage is isolated. Therefore, we likely cannot explain their presence 

in Europe as a result of any recent dispersal event; they can be also considered as possible relicts of 

ancient European flea beetle fauna.  

The moss-inhabiting flea beetle genus Minota presents a possibly different evolutionary story. It was 

revealed to be closely related to Mantura. The genus Mantura is distributed also in Indochina, Africa 

and America, but the majority of its diversity (15 of around 20 known species) lives in the Palearctic; 

Minota is known only from the Palearctic region – Europe, Himalayas and East Asia (Čížek & Doguet 

2008; Konstantinov & Vandenberg 1996). The relation between Minota and Mantura shows a possible 

origin of a moss-inhabiting flea beetle in the Palearctic from an ancestor which had also originally 

Palearctic distribution. Additionally, Archealtica convexa Nadein et al., 2016 described from Late 

Eocene of Ukraine strongly resembles Minota and differs only in details (Nadein et al. 2016). The 

place of origin of Minota could be, based on these findings, possibly in Europe. 
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The study on both Ivalia and Cangshanaltica, although the sample is relatively big, still lacks 

specimens from all parts of their distribution ranges. However, some biogeographic patterns can be 

assumed from the phylogeny. 

Although the topology of the Ivalia tree was not clearly resolved, we can see a strongly supported 

Taiwanese lineage. A species from China was revealed as a sister group to a species from the 

Philippines, instead of the lineage from Taiwan, which would suggest a migration event from China to 

Taiwan, similarly to the situation in Cangshanaltica. The length of the branches of Taiwanese species 

suggests that many other species not included at the moment may possibly stand between those two 

lineages. Species of very similar morphology to the Taiwanese “I. uenoi” species complex are 

described from Mt. Kinabalu, Borneo (Takizawa 2018). This could suggest that East Asian fauna of 

Ivalia is a result of multiple dispersal events from the diversity center which may be in the area of 

Sundaland. This scenario is not surprising, because Sundaland (and particularly Indonesia) is a 

diversity center of the whole Chabria group (Medvedev 2007; Biondi & Alessandro 2013; 

D‟Alessandro et al. 2016; Mohamedsaid 2016). However, we cannot make clear conclusions from the 

results, because of the lack of molecular data from Indian and Bornean species. 

In Cangshanaltica, all East Asian species formed a monophyletic lineage.  The Taiwanese clade is 

nested inside the Chinese lineages. The species C. siamensis from Thailand forms a sister group to the 

Taiwanese-Chinese clade and the species from Mindanao, Philippines forms a sister lineage to all 

remaining Cangshanaltica. Species from the genus, although described as Ivalia, are known also from 

Mt. Kinabalu, Borneo (Takizawa 2018). This may suggest Cangshanaltica as a genus which 

originated in the Sundaland, similarly to Ivalia, but dispersed to the northern mountain ranges and 

formed the major diversity in Indo-China and Eastern Asia, instead of Ivalia, forming the diversity 

mostly in the Sundaland and New Guinea (Nadein 2013b). However, a revision of the genus, 

especially of the species from New Guinea, is strongly needed for revealing their true generic status. 

Southern India, especially Western Ghats, is also very rich on Ivalia, as I realized while revising 

undescribed material in the USNM collection. 

An interesting pattern was revealed in case of Taiwanese fauna. In both genera, Taiwanese species 

formed well-supported monophyletic lineages, with the only exception of the problematic species 

AFD-240. This suggests that Taiwanese fauna is a result of one or very few dispersal events in each 

genus. Interestingly, the montane species of Ivalia (I. uenoi, I. bella) appear to form a species complex 

together with one new species from lowlands. This species complex appears to be very young, based 

on very short branches. The evolution of this species complex is a very interesting topic for further 

studies and it will be the subject of my oncoming Ph.D. project. Taiwanese Cangshanaltica formed a 

monophyletic lineage of two very similar species, with a sister group from the Zhejiang province, an 



64 

 

area which is biogeographically strongly related to Taiwan and could have been a source for 

Taiwanese fauna. 

The phylogenetic analysis of Clavicornaltica revealed several well-supported monophyletic lineages, 

although the deep divergences between them were not resolved. The majority of lineages, which 

grouped more than one species, contain only species from one country. The distributional range of 

Clavicornaltica was not well covered, so we need to be very careful with any biogeographic 

interpretations, however, we can conclude some particular geographic phenomena. Because the tree is 

not resolved, we cannot clearly consider that the Clavicornaltica fauna of Taiwan is a result of at least 

two different migration events. However, I would consider it very likely; the scenario of a migration 

event from Taiwan to Mindanao seems very unlikely because the diversity center of Clavicornaltica in 

the region lies in the south of Mindanao (Medvedev 1996; Schilthuizen et al. 2019). The lack of 

Chinese material in the analysis does not allow us to conclude whether there was any migration event 

from China to Taiwan. However, the phylogenetic linkage between Clavicornaltica cf. takimotoi and 

some species from the Philippines suggests that C. cf. takimotoi has its evolutionary origin in the 

Philippines. This linkage is not surprising, because there are more known examples of Philippine 

faunal elements in Taiwanese beetles. A study by Tseng et al. (2018) showed an example of ancient 

colonization of Taiwan by the flightless weevil genus Pachyrhynchus from Luzon through small 

islands formed by a volcanic belt between both islands. Although the study rejects the simple 

“stepping stone” model of inter-island dispersal, showing more complex ways of the species history, it 

clearly shows us that flightless beetles could disperse from the Philippines to Taiwan in recent times, 

forming endemic species in Taiwan and surrounding small islands. More material from both the 

Philippines and Taiwan would be, however, necessary for estimating a historic scenario for the 

evolution of Clavicornaltica cf. takimotoi. 

Clavicornaltica has usually wingless females and winged, dispersing males. If females were 

sedentary, mitochondrial genes should have limited possibility of dispersal and gene flow. Therefore, 

the topology of any mitochondrial gene tree of a Clavicornaltica species should show a polymorphism 

corresponding with the geographic distribution and an isolation-by-distance pattern. Also, we could 

expect a high level of intraspecific polymorphism in mitochondrial (i. e. barcode) sequences caused by 

the isolation of mitochondrial genes. The analysis supported this scenario in the case of 

Clavicornaltica mizusawai. Specimens from various sites formed relatively long branches and their 

lineages grouped in correspondence to the geographic distance. Specimens from northern parts of 

Taiwan formed a monophyletic lineage, while specimens from the central part formed another lineage. 

The phylogeny shows us that the mountain ranges in Taiwan do not form the main isolation barrier for 

Clavicornaltica. This assumption is based on the fact that the divergence in the species is between 

north and south, instead of east and west.  
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The majority of the species collected in Malaysia formed a monophyletic group. However, I would be 

careful with any conclusions that there is any “Malaysian” Clavicornaltica clade. A more likely 

scenario could be that there are more lineages from various areas in Sundaland, which are members of 

this clade. However, I did not have this material for sequencing, because it is extremely difficult to 

obtain any molecular data from old museum samples. However, while studying museum loans of 

Clavicornaltica, I can suggest a possible relationship of several species to species included in the 

study. For example, the species Clavicornaltica malayana is somewhat similar to C. trautneri 

described from Leyte Island, Philippines. However, these speculations have no support in neither 

molecular nor comprehensive morphological study. 

The validity of the genus Cangshanaltica is strongly supported, as it was commented in the previous 

text. Morphologically, Cangshanaltica can be separated from Ivalia by some of the characters 

proposed in the generic diagnosis (Konstantinov et al. 2013): (1) the anterolateral pronotal setiferous 

pore placed in the middle of pronotal margin; and (2) a slightly visible protrusion on antennomere 7. 

However, other characters were not proven as valid for the diagnosis, especially the state of metatibia 

(the genus was diagnosed by metatibia only slightly curved, instead of Ivalia, where they are strongly 

curved). The analysis showed that many Ivalia species have metatibia nearly straight, but some 

Cangshanaltica species have them very strongly curved. Another character, which seems to be valid 

for the diagnosis, is the shape of the „horseshoe character“. In Cangshanaltica, the metaventral 

process covers the mesoventrite entirely or almost entirely. In Ivalia, the mesoventrite is slightly 

visible and the „horseshoe“ relief of the metaventral process is weak. 

 

Fig. 15 – The „horsheshoe character“ in the Indian species Ivalia korakundah (left) and the Chinese species 

Cangshanaltica sp. nov. 4 (right). Although some Ivalia species have their metaventral process similar to 

Cangshanaltica, in general, their metaventral process does not cover the mesoventrite completely and the 

excavation is weak, in comparison to Cangshanaltica. 
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The study on genitalia and metaventrite morphology in Clavicornaltica reveals the main problem of 

any taxonomical study in the genus – a strong morphological similarity between even very 

phylogenetically distant species. The most common shape of the metaventral process seems to be 

probably a plesiomorphy because it is widely distributed throughout the lineages. However, a better 

phylogenetic analysis which would resolve deep relationships between the lineages, as well as more 

species in the sample, would be necessary for resolving this question. The same situation appears in 

the case of the most common shape of the aedeagus. Even distant lineages bear very similar shapes of 

aedeagus.  

Morphology of genitalia, although useful, cannot be the only tool allowing species diagnoses in 

Clavicornaltica. The study on Hong Kong flea beetles (Damaška & Aston 2019) presented a situation, 

which shows that there is a need for diagnostic characters in Clavicornaltica on their external 

morphology. In one collecting event, more species of Clavicornaltica were found. The same situation 

happened during the field collections in Malaysia. Although the morphology of both male and female 

genitalia was strongly different, I had a problem to link males and females of the same species. In this 

situation, the morphology of the metaventrite (including details in puncturation) or the morphology of 

the antennal club) appears to be very helpful. The study also showed that if the material is in DNA 

grade, barcoding can be very useful for resolving this problem. 

Several previous studies (Medvedev 1996; Scherer 1974) proposed very widely delimitated species in 

Clavicornaltica. Specimens from various countries were grouped into large species, based usually on 

their external morphology, and differences in the shape of genitalia were usually treated as 

intraspecific variability. This phylogenetic study showed that in some cases, there is some 

morphological variability between closely related specimens. In some cases (e. g. Clavicornaltica sp. 

nov. 5 and C. sp. nov. 6), the morphology of the aedeagus is somewhat different between specimens 

which should belong to one species (Fig. 13). In the case of C. sp. nov. 6 there is also a difference in 

the shape of the metaventral process (Fig. 12), as well as in the body size (the specimen AFD-165 is 

about 20% smaller than other specimens in the lineage). This shows that in Clavicornaltica, some 

species form species complexes, which could be very difficult to resolve in a taxonomical way. 

However, species complexes in Clavicornaltica do not seem to be so wide, as they were proposed and 

understood in the aforementioned previous studies. Although species from different countries are 

sometimes very similar, the analysis showed that they are usually not closely related. The praxis of 

describing species from different countries as one widely understood species is therefore considered 

wrong. Additionally, the polymorphism inside Clavicornaltica sp. nov. 6 could be possibly explained 

as follows: the specimen AFD-165 from the species Clavicornaltica sp. nov. 6 is relatively weakly 

sclerotized and seems to be teneral. Its small size could be also a result of its particular life conditions. 
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The explanation of the polymorphism can be therefore an artifact caused by finding one not well-

developed specimen.  

In general, the study suggests that relatively simple species to distinguish and describe could be 

species with special morphology (e. g. ridges on the metaventrite or modified aedeagus).  In species 

with “conservative” morphology of the metaventrite and genitalia, species diagnoses need to be based 

on details. This shows us that for descriptions of new species in Clavicornaltica, a long series is 

necessary for a proper understanding of the variability inside the species. Additionally, a careful 

comparisons with similar species and type material is important. “Instant descriptions” of new 

Clavicornaltica species based on single specimens (Schilthuizen et al. 2017) are therefore very 

dangerous for the proper understanding of the diversity of this giant genus. Also, the morphology of 

females, including the spermatheca, should be useful for species diagnoses. However, this needs to be 

a subject of further research. The best way to bring more light to the enigmatic diversity of 

Clavicornaltica would be a complex integrative taxonomic approach, combining morphological, 

biogeographical and molecular data. However, there are thousands of specimens in various collections, 

which are not in DNA grade, and also sequencing types of known species is at this time not possible. 

However, at least newly collected material should be carefully handled for the possibility of molecular 

studies.  

The field work performed during the study revealed several new findings on the ecology of moss-

inhabiting flea beetles, as well as other leaf litter dwelling genera. Although at least some species of 

Clavicornaltica were proposed to be moss-inhabiting in previous studies (Konstantinov & Duckett 

2005), results in this study show this assumption at least not very likely. About 40 species of 

Clavicornaltica were collected, but they never showed clear associations with moss. No residua of 

moss cells were found after gut dissections, unlike e. g. in Cangshanaltica where the association with 

moss can be clearly assumed both from on-site observations and gut dissections (Damaška & Aston 

2019). Even when collecting Clavicornaltica in montane mossy forests, specimens were found mainly 

in accumulations of leaf litter, instead of moss cushions. These observations suggest Clavicornaltica is 

not a moss-inhabiting flea beetle, but it inhabits leaf litter accumulations. The food source of 

Clavicornaltica was, however, not yet uncovered. Clavicornaltica also does not seem to prefer only 

primary forests. Several species were also found in secondary forest habitats. In Mindanao, they were 

even collected in leaf accumulations in a plantation, while in Hong Kong, specimens were found in the 

area of a university campus (Damaška & Aston 2019). However, several species, e. g. Clavicornaltica 

malayana, were found only in very well-preserved primary forest habitats. At least some species of 

Clavicornaltica can be therefore also under threat of possible deforestation in tropical areas. 
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The study on Hong Kong moss-inhabiting flea beetle fauna showed that not all species of Ivalia and 

Cangshanaltica live only in mountain areas and montane cloud forests (Damaška & Aston 2019). 

Additionally, many other new species from mentioned genera were found to live on mosses in low 

altitudes, instead of mountains. Montane species (e. g. Ivalia uenoi) were on the contrary not found in 

low altitudes. During the field study in Zhejiang province, China, specimens of Ivalia and 

Cangshanaltica were found only in deep valleys, where moss cushions were found on stones and 

branches along a stream. In higher-elevation mountain areas, no specimens were found. This could be 

a possible explanation of the previously mentioned observations that no moss-inhabiting alticines 

occur in Chinese mountain ranges outside of the tropics (Konstantinov, in prep.). The observations, on 

the contrary, suggest that moss-inhabiting flea beetles prefer humid and protected deep valleys instead 

of exposed mountains in colder areas. 

Additionally, collecting the material for the study showed moss-inhabiting behavior in the genera 

Stegnaspea and Aulonodera, where it was not known. This result shows that there are possibly more 

moss-inhabiting flea beetles between known genera, but their moss-inhabiting behavior is overseen. 
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The study contributed to the understanding of the evolution of flea beetles. Phylogenetic positions of 

several moss and leaf litter inhabiting flea beetle genera (e. g. Ivalia, Cangshanaltica, Borinken, 

Stevenaltica, Minota, Apteropeda), which showed us that flea beetles penetrated moss cushions many 

times in their evolution and that the association of moss is a phenomenon widely distributed across the 

whole group. The failure of resolving deep divergences in the flea beetle phylogeny, as well as in 

resolving the phylogenetic position of several genera, indicates the need of increasing the sample of 

genes, which are used for phylogenetic analyses of flea beetles. The phylogeny of the Chabria group 

revealed the monophyly of Ivalia and Cangshanaltica and suggested a need for a taxonomic revision 

of Ivalia. The study also revealed that both genera likely originated in Sundaland; their distribution in 

East Asia (China and Taiwan) was revealed to be a result of possible ancient migration events. The 

analyses also demonstrated that the fauna of Taiwan is a result of at least one migration event in 

Cangshanaltica and at least two migration events in Ivalia. Taiwanese Ivalia species, which live in 

high elevations, were revealed to form a species complex. This complex includes also a 

morphologically different species from Taiwanese lowland, which makes this group a very interesting 

model for genetic studies on speciation and historical biogeography. This study will be the main topic 

of my planned PhD project. 

The study allowed collecting many new species of flea beetles. Some of the beetles were already 

described in the paper attached, the majority remains still undescribed. I also documented the first case 

of a moss-inhabiting flea beetle occurring in the Afrotropical region. 

The preliminary molecular study on Clavicornaltica showed that even phylogenetically distant species 

share very similar morphology of genitalia and the ventral body side. On the other hand, the study 

revealed that some species form morphologically somewhat variable species groups. These results 

contributed to further plans on the taxonomic revision of the genus and showed the level of variability 

inside the species complexes. The study also contributed to the hypothesis that mitochondrial markers 

can display an isolation-by-distance pattern in Clavicornaltica, probably due to the immobility of the 

females. 

Additionally, the study contributed to the understanding of the historical biogeography of flea beetles 

by revealing possible ancient (Tertiary) relicts in European flea beetle fauna. It also suggested that the 

rich Neotropical flea beetle fauna is possibly a result of several migration events from the Old World. 

Therefore, the study contributed to the hypothesis that flea beetles originated in Laurasia, particularly 

in the Old World.  
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Moreover, the study showed that there are many completely unresolved questions in flea beetle 

evolution and biogeography; these topics  require more data and further studies to be resolved. I hope 

that there will be time and opportunities to find answers to at least some questions this study proposed 

and to find out some fascinating stories of evolution, which is behind those tiny, beautiful creatures. 
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CODE GENUS SPECIES COUNTRY LOCALITY SEQUENCE CODE 

AFD-001 Clavicornaltica sp. nov. Phlilippines 

Mindanao, Mt. 
Hamiguitan, research 
base   

AFD-002 Clavicornaltica sp. nov. Phlilippines 

Mindanao, Mt. 
Hamiguitan, research 
base   

AFD-003 Clavicornaltica sp. nov. Phlilippines 
Mindanao, Mt. 
Malambo   

AFD-004 Clavicornaltica sp. nov. Phlilippines 
Mindanao, Mt. 
Malambo   

AFD-005 Clavicornaltica sp. nov. Phlilippines 
Mindanao, Mt. 
Malambo   

AFD-006 Cangshanaltica sp. nov. Phlilippines 
Mindanao, Mt. 
Malambo Cangshanaltica_006 

AFD-012 Clavicornaltica sp. nov. Phlilippines 

Mindanao, Mt. 
Hamiguitan, research 
base   

AFD-014 Ivalia sp. nov. Phlilippines 
Mindanao, Mt. 
Malambo Ivalia_014 

AFD-027 Cangshanaltica siamensis Thailand 

Mae Chaem, Doi 
Inthanon, summit 
area 

Cangshanaltica_sia
mensis 

AFD-044 Clavicornaltica sp Taiwan 

Taoyuan City, 
Dahanshouwei, 5.3 
km SE of Lalashan 
City   

AFD-045 Clavicornaltica sp Taiwan 

Taoyuan City, 
Dahanshouwei, 5.3 
km SE of Lalashan 
City   

AFD-046 Clavicornaltica sp Taiwan 

Taoyuan City, 
Dahanshouwei, 5.3 
km SE of Lalashan 
City   

AFD-063 Schenklingia sp Malaysia Pahang, Tanah Rata Schenklingia_063 

AFD-064 Clavicornaltica sp Phlilippines 
Mindanao, Mt. 
Malambo   

AFD-066 Clavicornaltica sp Phlilippines 
Mindanao, Mt. 
Malambo   

AFD-067 Clavicornaltica sp Phlilippines 
Mindanao, Mt. 
Malambo   

AFD-070 Clavicornaltica sp Phlilippines 

Mindanao, Mt. 
Hamiguitan, research 
camp 6   

AFD-073 Clavicornaltica sp Taiwan Taichung   

AFD-074 Clavicornaltica sp Phlilippines 
Mindanao, Mt. 
Hamiguitan Clav_074 

AFD-074 Clavicornaltica sp Phlilippines 

Mindanao, Mt. 
Hamiguitan, research 
camp 4   

AFD-090 Ulrica iviei Puerto Rico El Yunque Ulrica 
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AFD-111 Clavicornaltica sp Taiwan 

Taoyuan City, 
Dahanshouwei, 5.3 
km SE of Lalashan 
City Clavicornaltica 

AFD-111 Clavicornaltica sp Taiwan 

Taoyuan City, 
Dahanshouwei, 5.3 
km SE of Lalashan 
City   

AFD-112 Clavicornaltica sp Taiwan 

Taoyuan City, 
Dahanshouwei, 5.3 
km SE of Lalashan 
City   

AFD-114 Clavicornaltica sp Taiwan 

Taoyuan City, 
Dahanshouwei, 5.3 
km SE of Lalashan 
City   

AFD-115 Clavicornaltica sp Taiwan 

Taoyuan City, 
Dahanshouwei, 5.3 
km SE of Lalashan 
City   

AFD-116 Clavicornaltica sp Taiwan 

Taoyuan City, 
Dahanshouwei, 5.3 
km SE of Lalashan 
City   

AFD-117 Clavicornaltica sp Taiwan 

Nantou County 12.1 
km NNW of Renai 
Township Rueiyan 
River Wildlife Habitat   

AFD-118 Clavicornaltica sp Taiwan 

Nantou County 12.1 
km NNW of Renai 
Township Rueiyan 
River Wildlife Habitat   

AFD-119 Clavicornaltica sp Taiwan 

Nantou County 12.1 
km NNW of Renai 
Township Rueiyan 
River Wildlife Habitat   

AFD-120 Clavicornaltica sp Taiwan 

Nantou County 12.1 
km NNW of Renai 
Township Rueiyan 
River Wildlife Habitat   

AFD-124 "Distigmoptera" sp 
Dominican 
Rep. Barahona Distigmoptera_dr 

AFD-125 Ivalia sp China Guanxi, Panxie Gou Cangshanaltica_125 

AFD-129 Clavicornaltica sp Malaysia 

Pahang, local peak 1 
km from Cameron 
Highlands, Gunung 
Beremban   

AFD-131 Clavicornaltica sp Malaysia 
Pahang, Bukit Fraser, 
Hill Peninjau Clav_131 

AFD-131 Clavicornaltica sp Malaysia 
Pahang, Bukit Fraser, 
Hill Peninjau   

AFD-137 Clavicornaltica sp Malaysia 
Pahang, Bukit Fraser, 
Hill Peninjau Clav_137 

AFD-138 Clavicornaltica sp Malaysia 
Pahang, Bukit Fraser, 
Hill Peninjau Clav_138 

AFD-139 Clavicornaltica sp Malaysia 
Pahang, Bukit Fraser, 
Hill Peninjau   

AFD-141 Ivalia sp Malaysia Pahang, Tanah Rata Ivalia_malay 

AFD-150 Cangshanaltica sp Taiwan New Taipei, Wulai Cangshanaltica_150 

AFD-152 Mniophilosoma laeve Portugal Madeira, Ribeiro Frío Mniophilosoma 
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AFD-154 Clavicornaltica sp Malaysia 

Pahang, Cameron 
Highlands, Gunung 
Beremban Clav_154 

AFD-154 Clavicornaltica sp Malaysia 

Pahang, Cameron 
Highlands, Gunung 
Beremban   

AFD-155 Clavicornaltica sp Malaysia 

Pahang, Cameron 
Highlands, Gunung 
Beremban Clavicornaltica_155 

AFD-155 Clavicornaltica sp Malaysia 

Pahang, Cameron 
Highlands, Gunung 
Beremban   

AFD-156 Clavicornaltica sp Malaysia 

Pahang, Cameron 
Highlands, Gunung 
Beremban   

AFD-157 Clavicornaltica sp Malaysia 

Pahang, Cameron 
Highlands, Gunung 
Beremban   

AFD-158 Clavicornaltica malayana Malaysia 

Pahang, Cameron 
Highlands, Gunung 
Beremban   

AFD-160 Clavicornaltica sp Phlilippines 

Mindanao, Mt. 
Hamiguitan, research 
base   

AFD-161 Kiskeya baorucae Puerto Rico El Yunque Kiskeya 

AFD-163 gen. sp. sp Malaysia 

Pahang, Cameron 
Highlands, Gunung 
Beremban Gen.sp.163 

AFD-164 Clavicornaltica sp Malaysia 

Pahang, local peak 1 
km from Cameron 
Highlands, Gunung 
Beremban   

AFD-165 Clavicornaltica sp Malaysia 

Pahang, local peak 1 
km from Cameron 
Highlands, Gunung 
Beremban   

AFD-166 Clavicornaltica sp Malaysia 

Pahang, Cameron 
Highlands, Gunung 
Beremban   

AFD-171 Stegnaspea sp South Africa 
Western Cape, 
Knysna Stegnaspea 

AFD-178 Clavicornaltica sp Phlilippines 

Mindanao, Mt. 
Hamiguitan, research 
base   

AFD-182 gen. sp. sp Phlilippines 
Mindanao, CEDAR 
(Malaybalay env.)   

AFD-183 gen. sp. sp Phlilippines 
Mindanao, CEDAR 
(Malaybalay env.)   

AFD-186 Clavicornaltica sp Taiwan New Taipei, Datong   

AFD-187 Clavicornaltica sp Taiwan New Taipei, Datong   

AFD-188 Clavicornaltica sp Taiwan New Taipei, Datong   

AFD-189 Ivalia sp Taiwan Yilan, Jiaoxi Ivalia_189 

AFD-191 Homoschema sp Cuba 
Guantánamo, 
Baracoa Homoschema 

AFD-193 Clavicornaltica sp Taiwan Yilan, Jiaoxi Clavicornaltica_193 

AFD-203 Aedmon sp 
Dominican 
Rep. 2014.12.09. 2253 Aedmon 
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AFD-205 Normaltica obrieni Puerto Rico 2014.09.01. 0532 Normaltica 

AFD-206 Normaltica obrieni Puerto Rico 2014.09.01. 0532 Normaltica 

AFD-207 Gioia sp 
Dominican 
Rep. 2014.12.08. 2250 Gioia 

AFD-208 Acrocyum haitiensis 
Dominican 
Rep. 2014.09.15. 0329 Acrocyum 

AFD-210 Stevenaltica normi Bolivia 2013.11.26. 1016 Stevenaltica 

AFD-211 Zipangia obscura Japan 2012.06.27. 2053 Zipangia 

AFD-212 Leptophysa hoffmanni Puerto Rico 2014.09.03. 0550 Leptophysa 

AFD-213 Borinken elyunque Puerto Rico 2014.09.08. 0679 Borinken 

AFD-214 Heikertingerella krugi Puerto Rico 2014.09.06. 0579 Heikertingerella 

AFD-216 Aprea 
portoricensi
s Puerto Rico 2014.09.04. 0565 Aprea 

AFD-217 Systena basalis Puerto Rico 2014.09.03. 0548 Systena 

AFD-218 Distigmoptera borealis USA 
Ohio, 2015.12.11. 
1023 Distigmoptera_bor 

AFD-219 Aulonodera sp Chile 

Los Lagos, PN 
Puyehue, Sendero 
Rapidos de Chanleufu Aulonodera 

AFD-220 Aulonodera sp Chile 

Los Lagos, PN 
Puyehue, Sendero 
Rapidos de Chanleufu Aulonodera 

AFD-221 gen. sp. sp New Zealand Stewart Island, Oban Gen.sp.221 

AFD-223 Longitarsus cf. Mexico Veracruz, Los Tuxtlas Longitarsus_223 

AFD-224 gen. sp. sp Mexico Veracruz, Aguita Fría Gen.sp.224 

AFD-225 gen. sp. sp. Mexico 
Veracruz, San Andrés 
Talnehuayocan Gen.sp.225 

AFD-226 Clavicornaltica sp Taiwan 

New Taipei 0.8 km 

SSE of Wulai City, 

Laka Trail Clavicornaltica_226 

AFD-226 Clavicornaltica sp Taiwan 

New Taipei 0.8 km 

SSE of Wulai City, 

Laka Trail   

AFD-227 Clavicornaltica sp Taiwan 

New Taipei 0.8 km 

SSE of Wulai City, 

Laka Trail Clavicornaltica_227 

AFD-228 Clavicornaltica sp Malaysia Pahang, Tanah Rata Clavicornaltica_228 

AFD-228 Clavicornaltica sp Malaysia 

Pahang, local peak 1 
km from Cameron 
Highlands, Gunung 
Beremban   

AFD-229 Clavicornaltica sp Taiwan Nantou, Yushan NP Clavicornaltica_229 

AFD-229 Clavicornaltica sp Taiwan Nantou, Yushan NP   

AFD-231 Ivalia uenoi Taiwan Nantou, Yuanfeng Ivalia_uenoi 

AFD-232 Ivalia uenoi Taiwan Nantou, Yuanfeng Ivalia_uenoi 

AFD-233 Minota sp China 

Zhejiang, 
Fengyangshan, 
Monkey Valley [猕猴

谷] Minota 

AFD-234 Ivalia sp China 

Zhejiang, 
Fengyangshan, 

Monkey Valley [猕猴

谷] Ivalia_feng 
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AFD-235 Cangshanaltica sp China 

Zhejiang, 
Fengyangshan, 
Monkey Valley [猕猴

谷] Cangshanaltica_feng 

AFD-236 Cangshanaltica sp China 

Zhejiang, 
Fengyangshan, 
Monkey Valley [猕猴

谷] Cangshanaltica_feng 

AFD-237 Benedictus? sp China 

Zhejiang, 
Fengyangshan, 

Monkey Valley [猕猴

谷] Benedictus 

AFD-238 Ivalia bella Taiwan Taichung, Daxue Mt. Ivalia_bella 

AFD-239 Ivalia uenoi Taiwan 
Nantou, Alishan, 
Lulinshan Ivalia_239 

AFD-240 Ivalia sp. nov. Taiwan 
Nantou, Alishan, 
Lulinshan Ivalia_240 

AFD-241 gen. sp. sp Taiwan 
Nantou, Alishan, 
Lulinshan Gen.sp.241 

AFD-242 Manobia/Benedictus sp. Taiwan 
Nantou, Alishan, 
Lulinshan Manobia/Benedictus 

AFD-244 Ivalia sp Taiwan Nantou, Huisun  Ivalia_Huisun 

AFD-245 Ivalia sp Taiwan Nantou, Huisun  Ivalia_Huisun 

AFD-246 Cangshanaltica sp Taiwan Nantou, Huisun  Cangshanaltica_246 

AFD-247 Schenklingia sp. Taiwan Nantou, Huisun  Schenklingia_247 

AFD-249 Benedictus sp China 

Zhejiang, 
Fengyangshan, 
Monkey Valley [猕猴

谷] Benedictus 

AFD-251 Clavicornaltica sp China 

Zhejiang, 
Fengyangshan, 

Monkey Valley [猕猴

谷] Clavicornaltica_feng 

AFD-253 Clavicornaltica sp China 

Zhejiang, 
Fengyangshan, 
Monkey Valley [猕猴

谷] Clavicornaltica_feng 
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Introduction
The fl ea beetle fauna of leaf litter and moss cushions 

form an understudied ecological group of beetles, in 
which many new genera and species have been described 
in recent years (LINZMEIER & KONSTANTINOV 2018, RUAN et 
al. 2017, DAMAŠKA & KONSTANTINOV 2016, KONSTANTINOV 
et al. 2013, KONSTANTINOV & KONSTANTINOVA 2011). In 
Asia, the most species-rich moss-inhabiting fl ea beetle 
genera are Ivalia Jacoby, 1887 (77 known species) and 
Benedictus Scherer, 1969 (27 known species). However, 
the leaf litter and moss dwelling genus Clavicornaltica 
Scherer, 1974 also appears to be an extremely species-
-rich genus with many undescribed species (SUENAGA & 
YOSHIDA 2016, KONSTANTINOV & DUCKETT 2005). The fl ea 
beetle fauna of Hong Kong, one of the most populated 
administrative areas in the world, was summarized once 
before (ASTON 2009). In total, 35 species of fl ea beetles 
were listed for Hong Kong, including one species of 
Ivalia, which was mentioned as probably undescribed. In 
this paper, we present a contribution to the knowledge of 
the fl ea beetle fauna of Hong Kong by providing a study 
of previously unknown moss-inhabiting and leaf litter 
inhabiting fl ea beetles, including a description of the 
aforementioned Ivalia, now revised as Cangshanaltica 
Konstantinov et al., 2013.

Material and methods
The examined specimens were collected by several dif-

ferent collectors using different collection methods (sifting, 
pitfall traps, individual collecting) and were organized by 
Paul Aston during a decade long entomological survey of 
Hong Kong Coleoptera. Some specimens were fi xed in 
absolute alcohol and dried after treating with proteinase K, 
which caused some of the specimens to become very fragi-
le. The specimens were dissected; genitalia were preserved 
on mounting cards with the respective specimen, in a drop 
of water-soluble dimethyl-hydantoin-formaldehyde resin 
(DMHF). Photographs were taken by Canon EOS 550D, 
Canon EOS 70D and using an Olympus BX40 microscope. 
The morphological terminology is based on LAWRENCE et al. 
(2010). Specimens are preserved in following collections: 
ADPC Albert F. Damaška collection, Prague, Czech Republic;
AFCD Agriculture, Fisheries and Conservation Department, Cheung Sha 

Wan Insect Collection, Hong Kong, China (M. Ying, C. Lau);
NMPC Department of Entomology, National Museum, Prague, Czech 

Republic (L. Sekerka);
PCPA Paul Aston collection, Hong Kong, China;
SYSU Museum of Biology, School of Life Sciences, Sun Yat-sen 

University, Guangzhou, China (H. Pang, F.- L. Jia);
UABG Ulf Arnold collection, Berlin, Germany; 
USNM National Museum of Natural History, Smithsonian Institution, 

Washington DC, USA (A. S. Konstantinov).
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Taxonomy
Benedictus sagittalis sp. nov.

(Figs 1A–I)

Type locality. China, Hong Kong, New Territories, Castle Peak.
Type material. HOLOTYPE: , ‘China: Hong Kong – New Territories; 
Castle Peak, pitfall trap, 30. vi. – 3. vii. 2015 R. Ho Lee et Y. Luo lgt.’ 
(NMPC). PARATYPES: 2  2 , same locality label as holotype (1  
1  USNM, 1  SYSU, 1  PCPA); 1 , ‘China: Hong Kong – New 
Territories, Tai Mo Shan, pitfall trap; 9. – 12. vi. 2015, R. H. Lee & Y. 
Luo lgt. // VOUCHER SPECIMEN no. AFD-024 DNA isolated 2017 ex 
coll. A. F. Damaška’ (AFCD); 1 , ‘China: Hong Kong – New Territories, 
Tai Mo Shan, pitfall trap; 9. – 12. vi. 2015, R. H. Lee & Y. Luo lgt. // 
VOUCHER SPECIMEN no. AFD-023 DNA isolated 2017 ex coll. A. 
F. Damaška’ (NMPC).

Differential diagnosis. This species belongs to the ge-
nus Benedictus as it has a distinct antebasal transverse 
impression and posteriorly open procoxal cavities, i.e. a 
combination of characters unique for Benedictus among 
apterous moss and leaf litter inhabiting fl ea beetles in Asia. 
Benedictus sagittalis sp. nov. is easily distinguishable 
from all other species of the genus in having a completely 
unique, arrow-like apex of the aedeagus (Fig. 1H).

Description. Habitus (Figs 1A–C). Body 1.7 mm long, 
1.1 mm wide in maximum, oval in dorsal view, strongly 
convex in lateral view, 0.8 mm high in maximum. Color 
of all body surfaces light brown, eyes black, basal margins 
of pronotum and elytra somewhat darkened. 

Head hypognathous, triangular. Frontal calli subtri-
angular, distinct, but feebly projecting, nearly connect-
ed to each other. Interantennal space fl at, projecting, 
fi nely chagrined. Vertex shiny, impunctate. Antennae 
11-segmented. Antennomere I wide, antennomere II 
bulbose, antennomere III thinner and shorter than I and 
II. Antennomeres IV–XI gradually widening. Frontal 
ridge strongly projecting, wide in interantennal space 
and strongly narrowing below. Space on sides of frontal 
ridge strongly and widely depressed, depressions fi nely 
chagrined, surrounded anteriorly by longitudinal edges 
between antennal insertions and anterior margins of cly-
peus. Labrum with shallow notch in middle of anterior 
margin, dark brown, long, about 1.2 × as wide as long, 
with four long setae. Anterior margin of clypeus darker 
than head, clypeus with six setae (two pairs of setae lat-
erally and one pair in the middle of clypeus).

Fig. 1. Morphology of Benedictus sagittalis sp. nov. A – habitus in dorsal view; B – habitus in lateral view; C – habitus in ventral view; D – spermatheca; 
E – apical sclerite; F – tignum; G – vaginal palpi; H – aedeagus in dorsal view; I – aedeagus in lateral view.
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Thorax. Pronotum very convex, 1.3 × as wide as long, 
anterolateral and posterolateral margins of pronotum 
projecting, posterolateral corners of pronotum sharp, 
basal pronotal transverse impression deep, with row of 
punctures. Elytra strongly convex, with 11 well-developed 
rows of small punctures. Basal part of epipleura very wide, 
strongly narrowing to elytral apex. Legs light brown, 
metatibia straight, apex of metatibia pilose, metatibial spine 
slender and short, metatarsomere I about 0.8× as long as 
metatarsomeres II and III combined. Anterior coxal cavities 
open, intercoxal prosternal process surpassing coxae and 
feebly widening posteriorly. 

Abdomen with fi ve visible ventrites, ventrite I nearly as 
long as ventrites II–V combined. Ventrite II slightly longer 
than III, ventrites III and IV equally long. Ventrite V as 
long as ventrites II and III combined. 

Genitalia. Aedeagus (Figs 1H–I) long, with basal part 
slightly wider than apical, apex of aedeagus with distinct 
pointed arrow-like ending. Spermatheca (Fig. 1D) with 
receptacle bulbose, pump wide and long. Duct directing 
posteriorly, forming three round loops and then directing 
anteriorly. Vaginal palpi (Fig. 1G) long, slender, converging 
apically. Tignum simple (Fig. 1F).
Etymology. The name is inferred from Latin sagitta mean-
ing ‘arrow’, and refers to the distinctive shape of the apex 
of the aedeagus. Adjective.

Biology. The specimens were found in pitfall traps in 
mountain areas. Other species of Benedictus are consid-
ered to be leaf litter or moss-inhabiting. We cannot clearly 
justify B. sagittalis is a moss-inhabitant, but it can be 
considered at least as a ground-living, leaf litter-inhabiting 
forest beetle, as it was found only in pitfall traps.

Cangshanaltica sprynari sp. nov.
(Figs 2A–I, 7A–E)

Ivalia sp. n.: ASTON (2009): 11 (note).

Type locality. China, Hong Kong, Lantau Island, Wang Tong.
Type material. HOLOTYPE: , ‘China: Hong Kong – Lantau isl., Wang Tong 
8. viii. 2010 Paul Aston lgt. (NMPC). PARATYPES: 1  2 , same locality 
label as the holotype and additional label ‘Genus Ivalia det. Döberl 2010’ 
(1  USNM, 1  SYSU, 1  NMPC); 1 , ‘China: Hong Kong – Lantau 
isl., Sunset Peak fl oating in river below waterfall, 27. ix. 2009 Paul Aston 
lgt.’ (PCPA); 1 , ‘China: Hong Kong – Lantau isl., Wang Tong, on moss; 
9.iii.2009. Paul Aston lgt.’ (AFCD); 1 , ‘China: Hong Kong – Lantau isl., 
Wang Tong, on moss; 15. xi. 2008 Paul Aston lgt.’ (ADPC).

Differential diagnosis. This new species belongs to the 
genus Cangshanaltica based on following characters: 
(1) pronotal anterolateral setiferous pore placed in the 
middle of the pronotal side margin; and (2) antennomere 
VII with a distal protrusion. Cangshanaltica sprynari sp. 
nov. differs from all other species of Cangshanaltica by 
following characters: (1) round anterior pronotal margins 

Fig. 2. Morphology of Cangshanaltica sprynari sp. nov.. A – habitus in dorsal view; B – habitus in lateral view; C – habitus in ventral view; D – sper-
matheca; E – vaginal palpi; F – tignum; G – apical sclerite; H – aedeagus in dorsal view; I – aedeagus in lateral view. 
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(other species have anterior pronotal margins somewhat 
sharp), (2) short, broad and strongly diverging vaginal 
palpi (other species have long, slender and parallel vagi-
nal palpi), and (3) nearly undivided frontal calli (C. nigra 
Konstantinov et al., 2013 has poorly developed frontal 
calli, C. siamensis Damaška & Konstantinov, 2016 has 
distinctly divided triangular frontal calli). The species 
differs from C. nigra in brown coloration (C. nigra is 
black), in the shape of the aedeagus (C. nigra has the 
apex of the aedeagus gradually narrowing, C. sprynari 
has a narrow apex of the aedeagus, distinctly divided by 
a visible, abruptly narrowing step), in the shape of vag-
inal palpi (C. nigra has parallel and long vaginal palpi, 
vaginal palpi of C. sprynari are short, broad and strongly 
diverging), development of frontal calli (in C. nigra, 
frontal calli are nearly invisible) and metatarsomere III 
long (in C. nigra, the metatarsomere III is very short). 
The species also differs from C. siamensis in the shape 
of the aedeagus (C. siamensis has a distinctly pointed 
apex) and in having a bulbose spermathecal receptacle 
(C. siamensis has a slender receptacle).
Description. Habitus (Figs 1A–C). Body 1.7 mm long, 
1.3 mm wide in maximum, oval-rounded in dorsal view, 
convex in lateral view, 1 mm high in maximum. Color of 
both ventral and dorsal body surface dark brown, legs light 
brown, eyes black.

Head nearly hypognathous. Frontal calli present, fl at, 
feebly visible, indistinctly divided, distinctly surrounded 
ventrally and dorsally by longitudinal impressions. In-
terantennal space wide. Antennae with 11 antennomeres, 
antennomeres I–V and XI light brown, antennomeres 
VI–X darker. Antennomere VII bearing distal protrusion 
anteriorly. Antennomere I triangular, antennomere II oval, 
antennomeres III–XI regularly elongate. Maxillary palpi 
light brown. Frontal ridge broad, fl at. Clypeus bearing two 
groups of three setae each, situated symmetrically on each 
side. Labrum bilobed, with incision reaching ¼ of labrum 
length, bearing six large setae in posterior parts and some 
scattered smaller setae on anterior margin.

Thorax. Pronotum convex, twice as wide as long, 
sparsely covered with shallow punctures, anterior pro-
notal margins strongly rounded, posterior pronotal edges 
sharp. Elytra strongly convex with irregular punctation, 
punctures larger and deeper than those on pronotum. 
Metathoracic wings and humeral calli absent. Metatibiae 
curved in dorsal view, pilose, with exterior row of teeth 
reaching from proximal ¼ of length of metatibia to apex. 
Metatibial teeth gradually elongate apically. Metatarsus 
attached on metatibia in deep apical impression sur-
rounded externally by long external teeth and internally 
by short apical row of long teeth. Metatarsomere I 2–3× 
longer than II, metatibial apical tooth as long as meta-
tarsomere II.

Abdomen with fi ve distinct ventrites. Ventrite I as long 
as II and III combined, with II slightly longer than III. Lon-
gitudinal ridge on ventrite I long, reaching 2/3 of its length.

Genitalia. Aedeagus (Figs 2H–I) long, curved and broad 
in lateral view, parallel-sided in ventral view, apex abruptly 

narrowed in step-like fashion in apical eighth of aedeagus. 
Spermathecal pump long, receptacle bulbose, duct simple, 
short, directed parallel with the receptacle, reaching ½ of 
receptacle length (Fig. 2D). Vaginal palpi short, broad, 
strongly diverging, bearing group of long setae (Fig. 2E). 
Tignum long, slender, simple (Fig. 2F).
Etymology. The species is named in honor of Pavel 
Špryňar, a Czech botanist and entomologist, who has con-
tributed to Czech entomology by hosting an entomological 
club for children in Prague.
Biology. The specimens were collected at night, walking 
on the surface of a thin layer of moss covering stones in 
secondary forest growth and orchard, near Wang Tong 
village, Lantau, Hong Kong (Figs 7A–B). Cangshanaltica 
sprynari sp. nov. appears to be active only at night, they 
usually begin to occur two hours after dusk (P. Aston 
frequently visits the locality during the day and early 
evening, fi nding no specimens) and only in periods of 
humidity or rainfall, never found when the moss is to-
tally dry. One specimen was collected, with many other 
terrestrial beetles, in a stream after being washed away 
in heavy rainfall.
Host plant. One of us (PA) found the beetles feeding on 
moss Fissidens sp., Fissidentaceae (Figs 7C–D). Also the 
gut contained the residua of moss (Fig. 7E).

Clavicornaltica Scherer, 1974

The genus Clavicornaltica is represented by very small 
(0.6–1.5 mm long), round and strongly convex beetles of 
brown to nearly black color. The genus is simply distin-
guishable from all other Oriental fl ea beetle genera by the 
presence of clavate antennae, which are unique among 
Alticini – the only other genus with clavate antennae 
and rounded, tiny body shape known to date is Kiskeya 
Konstantinov & Chamorro-Lacayo, 2006. This genus is 
distributed in the Carribean and is not likely related to 
Clavicornaltica (KONSTANTINOV & CHAMORRO-LACAYO 
2006). The identifi cation of Clavicornaltica species is, 
however, extremely difficult. First described species 
(SCHERER 1974) were documented without the description 
of genitalia, because the dissection of genitalia is very 
complicated. Clavicornaltica species are generally uniform 
externally, however vary in small details of their bodies 
which led to a erroneously wide concept of every species 
and multiple forms (‘form A’,‘form B’, etc.) were described 
to demonstrate small morphological nuances, which were 
understood as intraspecifi c variability (MEDVEDEV 1996). 
However, recent studies (KONSTANTINOV & DUCKETT 2005, 
SUENAGA & YOSHIDA 2016) revealed that Clavicornaltica 
species are externally similar, but can be distinguished by 
examination of their genitalia. The former broad concept 
of Clavicornaltica species was therefore abandoned and 
new species are diagnosed primarily by characters on both 
male and female genitalia. However, this study shows that 
also careful searching for external characters is necessary 
in Clavicornaltica studies, because in one collecting event, 
multiple externally uniform species can be found. 
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Clavicornaltica doeberli sp. nov.
(Figs 3A–H, 5A, D)

Type locality. China, Hong Kong, Hong Kong Island, HK University 
Campus.
Type material. HOLOTYPE: , ‘China: Hong Kong – Hong Kong isl., HK 
University Campus, disturbed secondary forest, sifting; 13. xi. 2014, B. 
Guénard lgt.’ (NMPC). PARATYPES: 2  5 , same labels as holotype 
(1  1  AFCD, 1  1  SYSU, 1  NMPC, 1  ADPC, 1  PCPA); 1 
, ‘China: Hong Kong – Hong Kong isl., HK University Campus, dis-
turbed secondary forest, sifting; 12. xi. 2014, B. Guénard lgt.’ (ADPC); 
1 , ‘China: Hong Kong – Hong Kong isl., Lung Fu Shan 19. xi. 2014, 
Winkler, B. Guénard leg.’ (UABG); 4 , ‘China: Hong Kong – Hong 
Kong isl. Lung Fu Shan 18. xii. 2014, B. Guénard leg.’ (1  NMPC, 1 
 PCPA, 1  SYSU, 1  AFCD):

Differential diagnosis. This species is very similar to two 
species described from Vietnam – C. longsheng Konstanti-
nov & Duckett, 2005 and C. vietnamensis Konstantinov & 
Duckett, 2005 in having an unusual shape of spermatheca 
with a long, slender receptacle. From C. longsheng, it 
differs by following characters: (1) posterior process of 
the metaventrite only slightly convex in the middle (in C. 
longsheng, the metaventrite has a high ridge in its middle 

part); (2) long receptacle and pump of spermatheca with 
spermathecal duct directed to the pump (in C. longsheng, 
the pump is wider, the receptacle shorter and the duct is 
initially directed downwards and after running length of 
the receptacle, it is curved back to its base); (3) long vagi-
nal palpi with three apical setae (in C. longsheng, vaginal 
palpi have four apical setae). From C. vietnamensis, the 
new species differs in following characters: (1) base of the 
spermathecal duct situated before the apex of the recepta-
cle (in C. vietnamensis, the duct base is situated directly 
on the apex of the receptacle); (2) slender, not widening 
apices of vaginal palpi (in C. vietnamensis, apices of vagi-
nal palpi are somewhat widened); (3) body very convex 
dorsoventrally (in C. vietnamensis, the body is less convex 
dorsoventrally, especially the elytra); (4) aedeagus robust, 
basal opening wide, basal part of the median lobe slender, 
apex of the aedeagus fl at (in C. vietnamensis, orifi cium 
basale is slender and the shape of the median lobe gra-
dually narrows from the base to apex, apex of aedeagus 
is pointed). In the shape of the body, the species is very 
similar to sympatric C. longipenis sp. nov., but differs 

Fig. 3. Morphology of Clavicornaltica doeberli sp. nov.. A – habitus in dorsal view; B – habitus in lateral view; C – habitus in ventral view; D – sper-
matheca; E – vaginal palpi; F – tignum; G – aedeagus in dorsal view; H – aedeagus in lateral view. 
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in having (1) metaventral process slightly convex with 
deep punctures on basal margins of the process (Fig. 3C), 
while in C. longipenis, metaventrite is very fl at, wide and 
nearly impunctate (Fig. 4C); (2) wide and short aedeagus 
with fl at apex (in C. longipenis, aedeagus is extremely 
slender with very elongate orifi cium basale and pointed 
apex); (3) C-shaped spermatheca with slender receptacle 
and voluminous pump (in C. longipenis, spermatheca has 
bulbose receptacle and a small, slender pump); (4) male 
macropterous (in C. longipenis, male is brachypterous); (5) 
intercoxal abdominal process arrow-like, nearly pointed 
(Fig. 5A), while in C. longipenis, intercoxal abdominal 
process has fl at apex (Fig. 5B); (6) antennomere XI nearly 
rectangular (Fig. 5D), while in C. longipenis, antennomere 
11 has elongated posterior edge (Fig. 5E).
Description. Habitus (Figs 3A–C). Body round, strongly 
convex in lateral view, 1.1 mm long in maximum, 0.9 mm 
wide in maximum, 0.5 mm high in maximum. Color of all 
dorsal surfaces dark reddish brown, ventral parts of thorax 
darkened, appendages yellowish to reddish brown.

Head hypognathous, triangular. Vertex and frons im-
punctate, frons with extremely feebly visible small frontal 
calli. Eyes big, eye diameter equal to interantennal distance 
or greater. Eyes connected with long frontal groove, distally 
surrounding frontal calli and proximally touching antennal 
insertions. Clypeus wide with groups of some setae be-
tween antennal insertions and margin of clypeus. Labrum 
feebly incised, with two pairs of long setae and one short 
seta placed between each pair. Antennae forming club, 
yellowish brown. Antennomere I long, triangular, bulbose, 
antennomere II bulbose, narrowing apically, antennomere 
III slightly longer than II, slender, slightly curved, antenno-
mere IV extremely short and nearly reduced, antennomeres 
V and VI extremely short and small, rounded to triangular, 
antennomere VII slightly broader than VI, antennomeres 
VIII and IX short and strongly broadening gradually, an-
tennomere X broad, but shorter than IX, antennomere XI 
nearly rectangular. Antennomeres VII–XI forming antennal 
club. Antennomeres I–III covered with few scattered setae, 
antennal club densely pilose by white setae. Clypeus wide 
with groups of some setae between antennal insertions and 
margin of clypeus. Labrum feebly incised, with two pairs 
of long setae with one short seta placed between setae in 
each pair.

Thorax. Pronotum covex, 1.9× as wide as long. Elytra 
convex, with feeble punctation. Punctures shallow, ar-
ranged in 11 regular rows, punctures decreasing in size to-
wards elytral apex. Epipleuron wide, reaching 4/5 of elytral 
length. Tibiae slightly curved, widened apically. Metatibia 
with apical spur having three wide teeth. Metasternum 
slightly convex. Metasternal process long, rounded, wide, 
reaching beyond mesocoxae and covering entire mesocoxal 
area, moderately convex with deep marginal row of deep 
punctures and well developed margin, surface shining with 
two converging rows of feeble punctures and scattered 
setae. Males with developed hind wings, females wingless.

Abdomen with fi ve ventrites (Fig. 5A). Intercoxal pro-
cess of ventrite I with long, narrow apex. Anterior margins 
of ventrite I with row of deep punctures. Carina of ventrite 

I surrounded by deep punctures, which are also present at 
base of intercoxal process.

Genitalia. Aedeagus (Figs 3G–H) short, not project-
ing to thorax, median lobe bent dorsally in lateral view, 
orifi cium basale forming 60% of aedeagus length, wide, 
forming spine-like basal incision of median lobe. Median 
lobe rhomboid with dull, fl at apex. Spermatheca (Fig. 3D) 
big, pump slender to bulbose, receptacle long and slender, 
duct L shaped, base of the duct situated before the apex of 
the receptacle. Vaginal palpi (Fig. 3E) connected basally, 
long, slender, bearing 3 long setae apically. Tignum (Fig. 
3F) simple, long.
Etymology. The species is named in honor of Manfred 
Döberl, a memorable German entomologist and contributor 
to fl ea beetle research, who passed away in 2016.

Clavicornaltica longipenis sp. nov.
(Figs 4A–H, 5B, C, E)

Type locality. China, Hong Kong, Hong Kong Island, Lung Fu Shan.
Type material. HOLOTYPE:  ‘China: Hong Kong – Hong Kong isl. Lung 
Fu Shan 18. xii. 2014 B. Guénard leg.’ (NMPC). PARATYPES: 3 , 4 , 
same labels as holotype (1  1  AFCD, 1  1  SYSU, 1  1  PCPA, 
1  NMPC); 2 ,  ‘China: Hong Kong – Hong Kong isl., Lung Fu 
Shan 19. xi. 2014, Winkler, B. Guénard leg.’ (1  PCPA, 1  NMPC); 
1  ‘China: Hong Kong – New Territories, Tai Mo Shan, pitfall trap; 
9. – 12. vii. 2015, R. H. Lee & Y. Luo lgt. // VOUCHER SPECIMEN 
no. AFD-008 DNA isolated 2017 ex coll. A. F. Damaška’ (ADPC); 1  
‘China: Hong Kong – New Territories, Tai Mo Shan, pitfall trap; 9. – 12. 
vii. 2015, R. H. Lee & Y. Luo lgt. // VOUCHER SPECIMEN no. AFD-
025 DNA isolated 2017 ex coll. A. F. Damaška’ (ADPC).

Differential diagnosis. The new species is similar to 
the Taiwanese Clavicornaltica mizusawai Suenaga & 
Yoshida, 2016. It resembles it in having (1) a short, pro-
jecting, U-shaped spermathecal duct (in C. mizusawai, 
the duct follows closely the receptacle and exceeds ½ 
of the receptacle length), and (2) aedeagus slender, very 
long, strongly curved and pointed apically, orifi cium ba-
sale extremely long and slender, forming 2/3 of the total 
length of the aedeagus (in C. mizusawai, the aedeagus is 
short and robust, not very curved apically, with orifi cium 
basale wide and a round, dull apex). The spermatheca of 
C. longipenis is also somewhat similar to spermatheca of 
C. takizawai Döberl, 2009, but in C. takizawai, the duct is 
very simple, following parallel to the receptacle (in C. lon-
gipenis, the duct is shorter and U-shaped). Clavicornaltica 
longipenis also conspicuously differs from C. takizawai in 
having an impunctate frons (C. takizawai has a strongly 
punctate frons) and by the morphology of the aedeagus 
(in C. takizawai, aedeagus is shorter and broad, similarly 
to C. mizusawai in proportions and not curved apically). 
Externally, the new species resembles sympatrically living 
C. doeberli sp. nov., see the diagnosis of the latter species. 
The species also resembles C. dali Konstantinov & Duc-
kett, 2005 in having fl ightless males and an extremely long 
orifi cium basale of aedeagus, but in C. dali, the aedeagus is 
robust and strongly widened before apex (in C. longipenis, 
aedeagus is only slightly widened, nearly paralell-sided, 
and very slender).
Description. Habitus (Figs 4A–C). Body round, very 
convex in lateral view, 1.1 mm long, 0.8 mm wide in 
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maximum, 0.6 mm of maximum height. Color of dorsal 
surface dark reddish brown, ventral parts of thorax darke-
ned, appendages yellowish to reddish brown.

Head hypognathous, triangular. Vertex and frons im-
punctate, frons with extremely feebly visible small frontal 
calli. Eyes small, eye diameter equal to or smaller than in-
terantennal distance. Eyes connected to antennal insertions 
by deep groove, frons bare, frontal groove disappearing 
between antennal insertions. Clypeus feebly narrowed with 
groups of setae between antennal insertions and margin 
of clypeus. Labrum incised, with two pairs of long setae. 
Antennae forming club, yellowish brown. Antennomere I 
triangular, bulbose, antennomere II long, triangular, narrow-
ing apically, antennomere III equally long or slightly shorter 
than II, slender, slightly curved, antennomere IV extremely 
short and nearly reduced, antennomeres V and VI short and 
small, antennomere VII slightly broader than VI, antennome-
res VIII and IX short and strongly widening, antennomere 
X broad, but shorter and longer than IX, antennomere XI 
round triangular, incised apically. Antennomeres VII–XI 
forming antennal club. Antennomeres I–III covered with 

few scattered setae, antennal club densely pilose by white 
setae. Clypeus feebly narrowed with groups of some setae 
between antennal insertions and margin of clypeus. Labrum 
incised, with two pairs of long setae.

Thorax. Pronotum convex, 2.1× as wide as long. Elytra 
convex, slightly punctate, punctures arranged in 11 regular 
rows, puncture size gradually decreases towards elytral 
apex. Epipleura wide, reaching 4/5 of elytra. Tibiae slightly 
curved, widened apically. Metatibia with apical spur with 
one, two or none wide teeth. Metaventrite fl at. Metaventral 
process long, rounded, wide, reaching beyond mesocoxae 
and covering entire surface of mesoventrite, fl at with shal-
low marginal row, forming small punctures basally, and 
with developed marginal edge, surface shining with some 
scattered setae. Males brachypterous with wing reduced 
to small winglets (Fig. 5C), females wingless.

Abdomen with fi ve ventrites (Fig. 5B). Intercoxal pro-
cess of ventrite I with short, wide apex. Anterior margins of 
ventrite I with row of deep punctures. Carina of ventrite I 
surrounded by deep punctures at base of intercoxal process, 
intercoxal process impunctate.

Fig. 4. Morphology of Clavicornaltica longipenis sp. nov.. A – habitus in dorsal view; B – habitus in lateral view; C – habitus in ventral view; D – sper-
matheca; E – tignum; F – vaginal palpi; G –aedeagus in dorsal view; H – aedeagus in lateral view. 
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Fig. 6. Morphology of Ivalia excavata (Wang, 1993) specimen from Hong Kong. A – habitus in dorsal view; B – habitus in lateral view; C – habitus in 
ventral view; D – habitus in frontal view; E – spermatheca; F – vaginal palpi; G – tignum. 

Fig. 5. Morphological differences between Clavicornaltica doeberli sp. nov. and C. longipenis sp. nov. A – abdomen of C. doeberli in ventral view; B – 
abdomen of C; longipenis in ventral view; C – reduced wing of C. longipenis; D – antenna of C. doeberli; E – antenna of C. longipenis. 
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Genitalia. Aedeagus (Figs 4G–H) extremely long, 
orifi cium basale reaching thorax, slender, curved apically, 
orifi cium basale extremely long and slender, forming 1/2 to 
2/3 of the total length of aedeagus. Apex of aedeagus pointed. 
Spermatheca (Fig. 4D) small, with slender pump and bulbose 
receptacle, duct short, very robust, U-shaped. Vaginal palpi 
(Fig. 4F) connected basally, long, slender, bearing 3 long 
setae apically. Tignum (Fig. 4E) strong, long.
Etymology. The name of the species is inferred from the 
latin adjective longus meaning ‘long’ and noun penis, re-
ferring to the unusually long aedeagus of the species. The 
name is a noun in apposition.

Ivalia excavata (Wang, 1993)
(Fig. 6A–G)

Taizonia excavata Wang, 1993 in WANG & YU (1993: 321, 329) (original 
description).

Ivalia excavata: DUCKETT et al. (2006: 51) (new combination)

Material examined. China: Hong Kong – New Territories, Shing Mun, 
moss, night time, 1.v.2009, 1 , Paul Aston lgt. (NMPC).

Remarks. Specimen identifi ed as Ivalia excavata is the 
only member of the genus Ivalia collected in Hong Kong. 
It can be distinguished from similar Cangshanaltica by 
having the anterolateral pronotal setiferous pore placed 
near to the pronotal apex and by lacking any protrusion 
on antennomere VII. The specimen is also very easily 
distinguishable from C. sprynari sp. nov. by their light 
orange color with black spots on elytra and greater size.

The species Ivalia excavata is known from Hunan 
Province, China. We compared the specimen with pictures 
of the holotype deposited in Institute of Zoology, Chinese 
Academy of Sciences, Beijing. Another two species of 
Ivalia have been described from mainland China (KIMOTO 
& GRESSIT 1973). The specimen collected in Hong Kong 
is, also very similar to one of those species – I. maculata 
(Kimoto & Gressitt, 1973) based on the comparison with 
the original description. The identity of the specimen 
should be considered carefully because of the high ende-
mism of Ivalia species and also the identity of the species 
needs to be revised (we were unable to study the holotype 
of I. maculata deposited in Bishop Museum, Honolulu, 
Hawaii). However, the specimen from Hong Kong differs 
from the original description of I. maculata in size (I. 
maculata is about 1.8 mm long, Hong Kong specimen is 
about 2.3 mm long) and coloration (I. maculata seem to 
have dorsal surfaces and legs darker than specimen from 
Hong Kong). Genitalia were not illustrated in the original 
descriptions and cannot be compared. In this paper, we 
provide detailed pictures of Ivalia excavata specimen from 
Hong Kong for the fi rst time, including pictures of female 
genitalia (Figs 6A–G). Further revision should reveal the 
correct status of this specimen.

Discussion
Taxonomical status of Cangshanaltica. Cangshanaltica 
sprynari sp. nov. was assigned to the genus Cangshanaltica 
due to the presence of the anterolateral pronotal setiferous 
pore present in the middle of the pronotal margin and 
the presence of a slight protrusion on antennomere VII. 

However, the morphology of C. sprynari sp. nov. in fact 
combines characters of both Cangshanaltica and Ivalia. 
The genus Cangshanaltica is diagnosed from Ivalia in ha-
ving the anterolateral pronotal setiferous pore in the middle 
of lateral pronotal margin (which is present in C. sprynari 
sp. nov.), but also by having a distal protrusion on anten-
nomere VII (which is weakly developed in C. sprynari sp. 
nov.) and only slightly curved metatibiae (in C. sprynari 
sp. nov., metatibiae are strongly curved, resembling those 
of Ivalia). Cangshanaltica sprynari sp. nov. also has short 
and strongly divergent vaginal palpi, which is a character 
typical for Ivalia. Known Cangshanaltica species have 
parallel vaginal palpi (NADEIN 2013, KONSTANTINOV et al. 
2013, DAMAŠKA & KONSTANTINOV 2016). The morphology 
of Cangshanaltica sprynari sp. nov. shows us that status 
of the genus Cangshanaltica (or at least the assignment of 
the newly described species to this genus) needs to be revi-
sed, optimally using the molecular phylogeny, to examine 
the relationships between the two genera. A comparative 
taxonomic revision of Ivalia and related genera seems 
also necessary.

Biology of moss-inhabiting fl ea beetles in Hong Kong. 
The distribution of Cangshanaltica sprynari sp. nov. in 
Wang Tong is very unique among moss-inhabiting fl ea 
beetles in Asia, because moss-inhabiting fl ea beetles are 
usually found in high mountain ranges, where they occur 
in montane mossy forests or in moss cushions in the subal-
pine zone, or at least in moist mountain valleys. Finding 
moss-inhabiting fl ea beetles in low elevations on islands is 
very rare. In the genus Ivalia only a single other case, Ivalia 
merkli (Medvedev, 1998) described from Pulau Tioman, 
a tropical island in Malaysia, where only lowland tropical 
forest is present (MEDVEDEV 1998). However, we don’t have 
any information about the biology of this species, which 
prevents us to assume it as a moss feeder. The occurrence 
of Cangshanaltica sprynari sp. nov. and Ivalia merkli in 
lowlands on islands could be possible due to some very 
special conditions in some island microhabitats, allowing 
the presence of moss-inhabiting fl ea beetles normally found 
in mountains (e. g. some ravines with a strong supply of fog 
and cloud moisture coming from the sea). However, it can 
also show us that moss-inhabiting fl ea beetles use diverse 
ecological strategies and some species normally occur in 
lowlands, similarly to the European moss-inhabiting genus 
Mniophila Stephens, 1831 (NADEIN 2009). However, in 
Southeast Asia, there have been dozens of studies from 
various habitats examining ground-living insects, by leaf 
litter sifting, these studies have shown genera like Ivalia or 
Cangshanaltica are not widely present in lowland sifting 
samples. Therefore, the hypothesis of specifi c local conditi-
ons allowing small populations of usually montane beetles 
appears more likely. Further biodiversity research studies 
should lead to a better understanding of ecological and 
altitude preferences of moss-inhabiting fl ea beetles in Asia.

Because of high local endemism of moss-inhabiting fl ea 
beetles and their association with moss in forests or forest 
margins, it is very likely that Cangshanaltica sprynari sp. 
nov. is a very rare species, forming some small populati-
ons on Lantau, where the majority of forests was cleared. 
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Fig. 7. Ecology and habitat of Cangshanaltica sprynari sp. nov.. A – type locality of C. sprynari in Mui Wo, Lantau, HK; B – a thin layer of moss with 
C. sprynari walking at night (red arrow); C–D – Fissidens sp., the main host species of moss for C. sprynari; E – residua of moss tissues from the gut 
of C. sprynari. 
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Small forest residua where C. sprynari sp. nov. was found 
should be therefore protected for avoiding extinction of 
this unique fl ea beetle species. 

The life strategy of C. sprynari sp. nov. is also very inte-
resting. Unlike most other moss-inhabiting fl ea beetles, this 
species does not appear to be dependent on moss cushions. 
It was found, walking on thin moss layers on rocks, when 
the moss is not dried out, instead of most moss-inhabiting 
fl ea beetles, collected in thick moss cushions, usually by 
sifting, or by pitfall traps in mossy forests. This shows that 
diversity of moss-inhabiting fl ea beetles can be even higer 
than we expected and many species can be very diffi cult 
to collect. 

Syntopic occurrence of Clavicornaltica species. Clavi-
cornaltica longipenis sp. nov. was found to live sympa-
trically with the species C. doeberli sp. nov. and both are 
superfi cially similar in external morphology, although 
the very different morphology of both male and female 
genitalia seem to indicate they are not closely related. This 
shows that more than one species of Clavicornaltica can 
occur together in the same place and all specimens in one 
series need to be dissected. This also concerns, the type 
series of previously described species, in which not all, if 
any of the specimens were dissected. They may consist 
of multiple species and a careful revision of the known 
species is therefore necessary.

Acknowledgements
We are very thankful to Yong-Ying Ruan (Chinese 

Academy of Sciences, Beijing), who contributed to the 
publication by sending pictures of the holotype of Ivalia 
excavata from Beijing. We thank Zdeněk Soldán (Charles 
University, Prague) for identifi cation the Fissidens sp. 
moss. We also thank Martin Fikáček (Charles University, 
Prague and National Museum, Prague) for his advice and 
comments to improve the manuscript. The project was 
supported by the grants SVV 260 434/2018 and GAUK 
243 – 250 932 to AFD.

References
ASTON P. 2009: Chrysomelidae of Hong Kong Part 2 Subfamily Alti-

cinae. Hong Kong Entomological Bulletin 1: 1–13.
DAMAŠKA A. & KONSTANTINOV A. 2016: A new species of 

Cangshanaltica Konstantinov et al., a moss-inhabiting fl ea beetle 
from Thailand (Coleoptera: Chrysomelidae: Galerucinae: Alticini). 
Zootaxa 4107: 93–97.

DUCKETT C. N., PRATHAPAN K. D. & KONSTANTINOV A. S. 
2006: Notes on identity, new synonymy and larva of Ivalia Jacoby 
(Coleoptera: Chrysomelidae) with description of a new species. 
Zootaxa 1363: 49–68.

GRESSITT J. L. & KIMOTO S. 1963: The Chrysomelidae (Coleoptera) 
of China and Korea. Pacifi c Insects Monograph 1B: 301–1026.

KONSTANTINOV A. S. & CHAMORRO-LACAYO M. L. 2006: A new 
genus of moss-inhabiting fl ea beetles (Coleoptera: Chrysomelidae) 
from the Dominican Republic. Coleopterists Bulletin 60: 275–290.

KONSTANTINOV A., CHAMORRO M. L., PRATHAPAN K. D., GE 
S. & YANG X. 2013: Moss-inhabiting fl ea beetles (Coleoptera: 
Chrysomelidae: Galerucinae: Alticini) with description of a new 
genus from Cangshan, China. Journal of Natural History 47: 37–41.

KONSTANTINOV A. S. & DUCKETT C. N. 2005: New species of 
Clavicornaltica Scherer (Coleoptera: Chrysomelidae) from continental 
Asia. Zootaxa 1037: 49–64.

KONSTANTINOV A. S. & KONSTANTINOVA A. A. 2011: New genus 
and species of fl ea beetles (Coleoptera, Chrysomelidae, Galerucinae, 
Alticini) from Puerto Rico, with comments on fl ea beetle diversity 
in the West Indies and a key to the West Indian Monoplatini genera. 
ZooKeys 155: 61–87.

LAWRENCE J. F., BEUTEL R. G., LESCHEN R. A. B. & ŚLIPIŃSKI 
A. 2010: Glossary of morphological terms. Pp. 9–20. In: LESCHEN 
R. A. B., BEUTEL R. G. & LAWRENCE J. F. (eds): Handbook of 
Zoology, Coleoptera, Volume 2. Morphology and Systematics (Elat-
eroidea, Bostrichformia, Cucujiformia partim). Walter de Gruyter, 
Berlin, 786 pp.

LINZMEIER A. M. & KONSTANTINOV A. S. 2018: Andersonoplatus, 
a new, remarkable leaf litter inhabiting genus of Monoplatina (Coleo-
ptera, Chrysomelidae, Galerucinae, Alticini). ZooKeys 744: 79–138.

MEDVEDEV L. N. 1996: Review of the fl ea-beetle genus Clavicornaltica 
Scherer, 1974 (Coleoptera: Chrysomelidae, Alticinae). Zeitschrift für 
Entomologie 17: 137–148.

MEDVEDEV L. N. 1998: New Chrysomelidae (Coleoptera) from 
Southeast Asia in the Hungarian Natural History Museum. Annales 
Historico-Naturales Musei Nationalis Hungarici 90: 163–174.

NADEIN K. S. 2009: Revision of the genus Mniophila Stephens, 1831. 
Beiträge zur Entomologie 59: 103–131.

NADEIN K. S. 2013: Ivalia Jacoby – a fl ea beetle genus new to Australia 
(Coleoptera: Chrysomelidae: Galerucinae). Zootaxa 3669: 384–400.

RUAN Y., KONSTANTINOV A., PRATHAPAN K. D. & YANG X. 
2017: Contributions to the knowledge of Chinese fl ea beetle fauna 
(II): Baoshanaltica new genus and Sinosphaera new genus (Coleo-
ptera, Chrysomelidae, Galerucinae, Alticini). Zootaxa 4282: 111–122.

SCHERER G. 1974: Clavicornaltica, a new genus from Ceylon (Coleo-
ptera: Chrysomelidae: Alticinae). Revue Suisse de Zoologie 81: 57–68.

SUENAGA H. & YOSHIDA T. 2016: Two new species of the genus 
Clavicornaltica (Coleoptera, Chrysomelidae, Galerucinae) from 
Taiwan and Ishigaki-jima Island, Japan. Elytra 6: 1–9.

WANG S.-Y. & YU P.-Y. 1993: Coleoptera: Chrysomelidae – Alticinae. 
Pp. 315–330. In: HUANG F.-S. (ed.): Insects of Wuling Mountains 
area, southwestern China. Science Press, Beijing, x + 777 pp. (in 
Chinese, English summary).

Damaška.indd   161 8.4.2019   16:16:14



Acta Entomologica Musei Nationalis Pragae, volume 59, number 1, 2019162

Damaška.indd   162 8.4.2019   16:16:14


	začátek DP
	text dp
	59_1_151

