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SUMMARY

The research contained in this thesis explores the phylogenetic systematics, taxonomy, evolution
and biogeography of tribe Megasternini (Coleoptera: Hydrophilidae: Sphaeridiinae). Megasternines
are an oustandingly diverse group of terrestrial water scavenger beetles with almost 600 described
species and probably up to 1,000 species in total. Its species can be found in a wide array of habitats
with abundant decaying material like humid leaf litter, dung, rotten cacti, beach wrack, flowers, etc.
The specific and ecological diversity as well as their global distribution makes Megasternini an
interesting model group for the understanding of processes underlying the diversification,
biogeography and evolution of beetles. The scientific part of the thesis contains seven papers: three
published, one accepted, one submitted and two manuscripts. Chapters 1-4 are focused on the
taxonomy of selected groups. These chapters aim to cover a variety of cases in terms of
biogeography (the Greater Antilles, northern Neotropics, Africa and Southeast Asia), ecology
(species associated with leaf litter, dung, flower and rotten cacti) and different taxonomic scenarios.
One new extant genus and eight new extant species are described in these chapters. Chapter 5 is a
revision of all known hydrophilid fossils from Baltic amber. I used micro-CT technology in order to
observe their morphology otherwise not accessible due to the suboptimal preservation of the
specimens. Three new fossil species are described and their systematic relationships discussed. The
identity of the only fossils specimen reported as belonging to Megasternini (Cercyon sp.) is
corrected as a member of the family Phalacridae. The diversification and evolution of ecological
preferences in family Hydrophilidae is investigated in Chapter 6 on the basis of a comprehensive
sampling of terrestrial representatives and incorporating the findings from Chapter S for the
divergence dating analyses. Megasternini tribe was found to have the most extended increase in
diversification in the family. Diversification patterns in terrestrial hydrophilids are linked to their
ability to transition between habitats. In Chapter 7 I present a a phylogenetic analyses based on a
multigene dataset obtained from an extensive sampling of tribe Megasternini. Our results support
the division of Megasternini in two main clades: Oosternina new subtribe and Megasternina, These
lineages are diagnosable based on the morphology of male terminalia. Our analyses on the historical
biogrography indicate that the hypethermic conditions of the early Eocene allowed the
intercontinental dispersion of megasternines in multiple and opposite directions. The climatic
changes that ocurred during the Eocene seem to have had a differential effect on the diversification
patterns in both subtribes.



SOUHRN

Vysledky obsazené v této disertacni praci shrnuji vyzkum zaméfeny na systematiku, taxonomii,
evolu¢ni historii a biogeografii tribu Megasternini (Coleoptera: Hydrophilidae: Sphaeridiinae),
skupiny vodomilovitych broukti vyznacujici se mimotadnou druhovou diverzitou 600 popsanych
druhti a ca. 1000 druhti celkem. Zastupci této skupiny obyvaji Siroké spektrum habitati bohatych na
rozkladajici se material, napf. listovou hrabanku, mrtvé pletivo kaktust, motské fasy naplavené na
pobrtezi, kvéty atd. Vysoka druhové a ekologicka diverzita a celosvétové rozsiteni délaji z tribu
Megasternini modelovou skupinu pro studium procest ovlivitujicich diverzifikaci, biogeografii a
tfi publikované ¢lanky, jeden akceptovany k tisku, jeden zaslany do redakce a dva rukopisy.
Kapitoly 1-4 jsou zaméfeny na taxonomii vybranych skupin rizného rozsiteni (Velké Antily,
severni neotropy, Afrika a JV Asie) a ekologie (druhy obyvajici hrabanku, rozkladajici se kaktusy a
kvéty). Je popsan jeden novy rod a osm novych druhti. Kapitola S je revizi vS§ech znamych
vodomilovitych brouki z baltského jantaru. Ke studiu suboptimalné zachovanych kust, jejichz
znaky nejsou dobfe viditelné, jsem pouzil techniku microCT. Jsou popsany tii nové fosilni druhy a
je diskutovana jejich systematika. Jedina fosilie dfive fazend do tribu Megasternini (Cercyon sp.) je
pretazena do Celedi Phalacridae. Diverzifikace a evoluce ekologickych preferenci vcelé celedi
Hydrophilidae je analyzovana v Kapitole 6 na zakladé representativniho vzorku terestrickych druhi
a s vyuzitim vysledki Kapitoly 5 k nadatovani fylogenetického stromu. Ukazuje, Ze v tribu
Megasternini doslo k nejvySsimu nartstu diverzifikaéni rychlosti v celé ¢eledi. Rozdily v
diverzifika¢ni dynamice terestrickych vodomili jsou spojeny s jejich schopnosti osidlit nové
biotopy. V Kapitole 7 shrnuji vysledky fylogenetické multi-genové analyzy zalozené na
reprezentativnim vzorku tribu Megasternini. Ty ukazuji, Ze tribus Megasternini se d¢li na dva
zakladni subtriby, Oosternina a Megasternina, jejichz zastupce je mozné rozeznat i podle
morfologie samcich terminalii. Analyza historické biogeografie ukazuje, ze teplé klima na zacatku
eocénu umoznilo obousmérnou disperzi mezi kontinenty. Klimatické zmény béhem eocénu mély
pravdépodobné odliSny vliv na diverzifika¢ni dynamiku v kazdém podtribu.



PAPERS AND MANUSCRIPTS INCLUDED IN THE PhD THESIS

Chapter 1

Title: A review of the Cercyon Leach (Coleoptera, Hydrophilidae, Sphaeridiinae) of the
Greater Antilles (Published paper)

Emmanuel Arriaga-Varela, Matthias Seidel, Albert Deler-Hernandez, Victor Senderov & Martin
Fikacek (2017) Zookeys, 681, 39-93.

[EN]

Ten species were recognized, including five new ones endemic to a single island, four to La
Hispaniola and one to Jamaica. Two introduced species from the Old World are recorded. Three of
the new species from La Hispaniola are part of the Cercyon gimmeli species group, a lineage of
coprophagous beetles whose adults can be distinguished through comparison of male genitalia and
molecular markers such as mitochondrial cytochrome oxidase I. To complicate things, species of
this group are partially sympatric and can be found in the same piece of excrement. Larvae of two
species, C. taino sp. nov. (C. gimmeli group ) and C. insularis Chevrolat were associated to adults
using COI sequences. Descibed larvae shows previously unknown morphological features.

[CZ]

Rozlisili jsme 10 druht rodu Cercyon vyskytujicich se na Velkych Antilach, véetné péti druhti
endemickych pro dany ostrov (Ctyfi pro Hispaniolu a jeden pro Jamajku). Dva druhy jsou zatazené
ze Starého svéta. Tti nové druhy z Hispanioly jsou soucasti druhové skupiny C. gimmeli, jejiz
dospélci jsou odlisitelni pouze podle morfologie sam¢ich genitalii a pomoci molekularnich markerd.
Situace je komplikovana i tim, Ze druhy jsou ¢aste¢né sympatrické a mohou se spolu vyskytovat v
tom samém exkrementu. Larvy dvou druht, C. taino sp. nov. (skupina C. gimmeli) a C. insularis
Chevrolat byli asociovany s dospélci pomoci sekvenci col. Tyto larvy vykazuji nékteré diive
neznamé stavy znak.

Chapter 2

Title: A new genus of coprophagous water scavenger beetle from Africa (Coleoptera,
Hydrophilidae, Sphaeridiinae, Megasternini) with a discussion on the Cercyon subgenus
Acycreon (published paper)

Emmanuel Arriaga-Varela, Matthias Seidel & Martin Fikéacek, 2018. African Invertebrates, 59, 1-
23.

[EN]

The morphology of the Cercyon (Acycreon) subgenus is reviewed. The particular morphological
features of African coprophagous species Cercyon (Acycreon) pulsatus justifies the description of a
new taxon, Evanesternum gen. nov., to accomodate it on the basis of unique mesoventrite and
genital segment. The subgenus Acycreon was raised for species with mesoventral plate declined
anteriorly; comparison of remaining species in subgenus Acycreon suggest the taxon is very likely
not monophyletic.

[CZ]

Revidovali jsme morfologické znaky druhii podrodu Cercyon (Acycreon). Druh Cercyon (Acycreon)
pulsatus se vyrazng lisi od ostatnich studovanych zastupcii morfologii mesoventra a genitalii, a byl
proto pfesunut do nového rodu Evanesternum gen. nov. Podrod Acycreon byl ptivodné vyclenén pro
druhy s vptedu klesajici mesoventralni destickou, ale naSe studie ukézala, ze tento taxon neni velmi
pravdépodobné monofyleticky.



Chapter 3

Title: Review of the flower-inhabiting water scavenger beetle genus Cycreon (Coleoptera,
Hydrophilidae), with descriptions of new species and comments on its biology (published
paper)

Emmanuel Arriaga-Varela, Sin Yeng Wong, Alexander Kirejshuk, and Martin Fikacek (2018)
Deutsche Entomologische Zeitschrift, 65, 99-115.

[EN]

Southeast Asian genus Cycreon was previously known from two historical specimens. We described
two new species and one new subspecies based on abundant recently collected material mainly
obtained during the survey of pollinators and visitor of Araceae inflorescences. Field observations
and mid gut contents indicate that Cycreon specimens feed on organic material including pollen of
the host plant and probably contribut to the pollination of a variety of species.

[CZ]

Rod Cycreon obyvajici jihovychodni Asii byl plivodné zndm ze dvou historickych kust. Na zaklad¢
nove nasbiraného materialu, shromézdéného zejména v ramci studia opylovact aronovitych rostlin,
jsme popsali dva nové druhy a jeden novy poddruh. Terénni pozorovani a analyza obsahu stfeva
ukdzala, Ze druhy rodu Cycreon se Zivi organickymi zbytky hostitelské rostliny véetné pylu, a
pravdépodobné prispivaji k opylovani nékterych druhi.

Chapter 4

Title: Water scavenger beetles in rotten cacti: A review of Agna with the description of a new
species from Mexico (Coleoptera: Hydrophilidae: Sphaeridiinae) (accepted manuscript)

Emmanuel Arriaga-Varela, Jesus Cortés-Aguilar, Martin Fikacek. (Accepted). Revista Mexicana
de Biodiversidad)

[EN]

The Rotten cacti specialist genus Agna Smetana is reviewed. Three species are recognized including
a new one from central and southern Mexico. A summary of all known hydrophilids associated to
decaying stems of family Cactaceae is presented, including new distribution records.

[CZ]

Je revidovan rod Agna specializovany na rozkladajici se tkan¢ kaktusti. Rozeznali jsme tfi druhy,
vcetné jednoho nového druhu ze stfedniho a jizniho Mexika. Uvadime rovnéz souhrn vSech
znamych druhti vodomilovitych brouki asociovanych s kaktusy, véetné nékolika novych tdaji o
jejich rozsiteni.

Chapter 5

Title: Micro-CT reveals hidden morphology and clarifies the phylogenetic position of Baltic
amber water scavenger beetles (Coleoptera: Hydrophilidae) (submitted manuscript)

Emmanuel Arriaga-Varela, Adam Brunke, Jennifer C. Girén, Karol Szawaryn, Jana Bruthansova
and Martin Fikacek.



[EN]

All available hydrophid fossil embeded in amber from the Baltic region were scanned using micro-
CT technology in order to examine their morphology. Micro-CT scans allowed us to see characters
not visible under conventional tools in detail. Three species are described in genera Crenitis,
Anacaena (Chaetarthrinae) and Helochares (Acidocerinae). Only known fossil Megasternine,
Cercyon sp. (Kubisz 2002), was examined and we discovered it really belong in family Phalacridae.

[CZ]

Pomoci techniky micro-CT jsme studovali vSechny dostupné kusy vodomilovitych broukt z
baltského jantaru. Micro-CT bylo pouZito pro zobrazeni znakd, které by béznymi metodami nebyly
viditelné. Jsou popsany tii nové druhy v rodech Crenitis, Anacaena (oba Chaetarthriinae) a
Helochares (Acidocerinae). Jediny znamy zastupce tribu Megasternini, Cercyon sp., patii dle
naseho pozorovani do ¢eledi Phalacridae, a nikoliv do ¢eledi Hydrophilidae.

Chapter 6

Phylogeny, habitat shifts and diversification of terrestrial water scavenger beetles
(Hydrophiloidea: Hydrophilidae) (unpublished manuscript)

Emmanuel Arriaga-Varela, Vit Sykora, Hamid Ghanavi, Matthias Seidel & Martin Fikacek

[EN]

We assembled a multigene dataset of 236 hydrophilid taxa, including the most comprehensive
sampling of terrestrial hydrophilids. The time tree was calibrated with a set of eight fossils
including the changes and additions from Chapter 5. We reconstructed the ancestral states for the
evolution of habitat preferences between 12 different options. Leaf litter was found to be the
ancestral condition of the MRCA of the terrestrial clade (Cylominae + Sphaeridiinae) and for all of
their main tribal lineages except the two with the least diversity, Sphaeridiini and Protosternini.
The branch specific diversity was estimated. Megasternini was corroborated as showing the most
extendend increase in diversification in the family. This increase is, however, more accentuated in
the Cercyon group of genera. Additional shifts were found in particular lineages in Hydrophylinae
(Limnoxenus), Cylominae (New Zealand genera Cyloma, Adolopus and Rygmodus) and
Coelostomatini (Phaenonotum). These shifts can be explained by the colonization of insular
environments that likely promoted their ecological and taxonomical diversification. The increase in
diversification rate in Megasternini is likely linked to a wider array of colonized habitats.

[CZ]

Sestavili jsme vice-genovy dataset 236 druhti vodomilovitych broukt vCetné reprezentativniho
vzorku terestrickych skupin. Fylogeneticky strom byl datovdn pomoci osmi vybranych fosilii véetné
téch studovanych v kapitole 5. Na zdklad¢ zndmych bionomickych udaji dnesnich vodomili, které
jsme rozdélili do 12 kategorii, jsme rekonstruovali ancestralni stavy a evoluci habitatovych
preferenci u této Celedi. Listova hrabanka byla rekonstruovéana jako ptivodni habitat pro spole¢ného
ptedka podceledi Cylominae a Sphaeridiinae a pro piedka vSechny tribli s vyjimkou téch nejméné
pocetnych (Protosternini, Sphaeridiini). XXX. Tribus Megasternini vykazuje nejvyssi nartst
diverzifika¢ni rychlosti v celé celedi, tento nartst je vice patrny u skupiny rodii kolem rodu
Cercyon. Vyrazné vyssi diverzifikacni rychlost vykazovali také nekteré linie podceledi
Hydrophilinae (Limnoxenus), Cylominae (novozélandské Cyloma, Adolopus a Rygmodus) a
Coelostomatini (Phaenonotum), u nichz lze narust vysvétlit kolonizaci ostrovu s pravdépodobnou
naslednou ekologickou a taxonomickou radiaci. Nartst diverzifikacni rychlosti u tribu Megasternini
je pravdépodobné zapticinén tim, Ze zastupci této skupiny obyvaji §irsi spektrum habitatli nez
ptibuzné skupiny.



Chapter 7

Title: Molecular phylogeny of terrestrial water scavenger beetle tribe Megasternini
(Hydrophilidae: Sphaeridiinae) reveals repeated and bidirectional continental interchange
during the Eocene (unpublished manuscript)

Emmanuel Arriaga-Varela and Martin Fikacek

[EN]

The phylogenetic relationships of members of tribe Megasternini are investigated on the basis of a
multigene dataset obtained from extensive taxonomic sampling. Our results support the division of
Megasternini in two main clades: Oosternina new subtribe and Megasternina, These lineages are
diagnosable based on the morphology of male terminalia. Twelve clades are recognized, nine in
Megasternina and three in Oosternina, and their morphological patterns discussed. Our analyses on
the historical biogrography indicate that the hypethermic conditions of the early Eocene allowed the
intercontinental dispersion of megasternines in multiple and opposite directions. The climatic
changes that ocurred during the Eocene seem to have had a differential effect on the diversification
patterns in both subtribes.

[CZ]

Na zékladé€ vice-genového datasetu a taxonomicky reprezentativniho vybéru taxonil jsme provedli
analyzu fylogenetickych vztahti uvnitf tribu Megasternini. Vysledky ukazuji na rozdéleni tohoto
tribu na dv¢ hlavni linie: novy podtribus Oosternina a potribus Megasternina. Ob¢ skupiny jsou
diagnostikovany na zdkladé morfologie samcich terminalii. Rozeznali jsme 12 velkych klada (9 v
podtribu Megasternina, tfi v podtribu Oosternina), jejichz morfologické znaky jsou diskutovany.
Analyza historické biogeografie této skupiny ukazala, Ze teplé a vlhké klima v raném eocénu
umoznilo oboustrannou mezikontinentalni vyménu faun u nékolika linii. Klimatické zmény v
eocénu mely pravdépodobné odlisny dopad na diverzifika¢ni dynamiku v obou podtribech.
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