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Abstrakt (Cesky)

Buchanky jsou spolu s vznasivkami a plazivkami soucésti nejvétsi a velmi druhoveé
Historie jejich vyzkumu sahéa az do pocatku 19. stoleti, kdy byly popsany prvni druhy. Od té
doby se zacala jejich taxonomie pomalu vyvyjet, pfibyvaly nové metody vyzkumu, jakoz i
taxonomické znaky, které ale mohly byt do jisté mity i nejednoznacné ¢i matouci. Béhem
poslednich desetileti se staly dostupnymi molekularn¢€ genetické techniky sekvenovani DNA,
které nabidly taxonomim novou nezévislou metodu. Tato prace obsahuje studie tykajici se
motfologie, taxonomie, ekologie, moznosti kolonizace a rozSifeni buchanek, pfiCemz
jednoticim elementem téchto praci je pravé pouziti molekularnich metod.

Kapitola 1 shrnuje zdkladni znalosti o taxonomii, morfologii a biologii buchanek a
tvoti tim ivod pro nasledujici ¢asti obsahujici Ctyfi studie pfedstavené formou samostatnych
publikaci. Taxonomie buchanek rodu Cyclops je zalozena ptfevazné¢ na morfologickych
znacich, které¢ vSak nékdy miizou byt nejednoznacné. Zaroven se zde vyskytuji nékteré
problematické druhové skupiny. Kapitola 2 tak pfedstavuje unikdtni vysledky prvni
rekonstrukce fylogenetickych vztahli patnacti druhid buchanek rodu Cyclops, které jsou
zalozené na rozsdhlém souboru sekvencnich dat Sesti jadernych a mitochondridlnich genti.
Navic jsou zde shrnuty morfologické znaky klicové k rozliSeni vsSech téchto druhd.
Kapitola 3 se zabyva srovnanim mitochondrialni sekven¢ni variability u dvou druhi koryst:
buchanky Eucyclops serrulatus a perloocky Daphnia longispina z horskych jezer ve vychodni
Evropé. Diskutovany jsou také schopnosti Sifeni a kolonizace obou druht. Kapitola 4
nastoluje otazku kosmopolitniho roz§ifeni a moznosti antropogenniho zavleceni
sladkovodniho druhu buchanky Macrocyclops albidus. Tento problém je opét feSen s vyuzitim
molekularnich a morfologickych metod. Posledni ¢lanek piedstaveny v Kapitole 5 je zaméten
na zapadoaustralské druhy buchanky Diacyclops ze skupiny alticola. Moznost velikostni
diferenciace a monofylie této skupiny je zkoumana na zakladé¢ molekularnich dat sekvenci
DNA. Zavérecna Kapitola 6 shrnuje metody vyuzitelné pii studiu klanonozctl, pificemz

specialni pozornost je vénovana technikdm sekvenace DNA.



Abstract (in English)

Cyclopoids are together with Calanoids and Harpacticoids a part of the largest, very
diverse group of crustaceans and the most numerous aquatic metazoans of the world. The
history of their research goes as far back as to the beginning of 19th century when the first
cyclopoid copepods were described. The taxonomy of cyclopoids started to develop gradually
since that time, adding new and more detailed methods and morphological characters, as well
as a certain degree of taxonomical confusion. In last decades, the molecular-genetic
techniques of DNA sequencing have become available offering a new independent tool for
taxonomists. This work contains different studies concerning the morphology, taxonomy,
ecology, distribution and colonisation of cyclopoid copepods, with the use of molecular tools
as a uniting element.

Chapter 1 of this thesis summarizes basic knowledge about the taxonomy,
morphology and biology of cyclopoid copepods and introduces the following chapters
containing four studies presented as single publications. The taxonomy of copepods of the
genus Cyclops is based mainly on the morphology which is sometimes ambivalent and some
of the most problematic species groups are presented here. Chapter 2 presents our unique
results, the first reconstruction of phylogenetic relationships among 15 Cyclops species based
on a comprehensive dataset of DNA sequences of six mitochondrial and nuclear markers.
Additionally, a summarization of morphological microcharacters useful for species
delineation is provided. In Chapter 3 the mitochondrial sequence variation of two crustacean
species, the cyclopoid Eucyclops serrulatus and the cladoceran Daphnia longispina from East
European mountain lakes is compared, and their dispersal ability and patterns of colonisation
are discussed. Chapter 4 questions the cosmopolitan distribution and possible anthropogenic
translocation of a freshwater copepod Macrocyclops albidus using molecular and
morphological traits. The last paper, presented in Chapter 5, is focussed on the West
Australian Diacyclops species of the alticola-group, and discuss the size differentiation and
monophyly of these species using a molecular sequence data. Finally, in Chapter 6 different
methods useful in the research of copepods are summarized with a special emphasis on the

DNA sequencing.



Uvod

Klanonozci (tvotfeni skupinou buchanky, vznasivky a plazivky) jsou nejvétsi a velmi
druhové bohatou skupinou koryst tvofici jednu z nejpocetnéjSich komunit zivocichii ve
vodnim prostfedi. Jsou to velmi starobyli ¢lenovci, ale jelikoZ jen velmi obtizné fosilizuji, je
velikd vzacnost najit je ve starSich sedimentech. Obyvaji mofe i sladné vody vcetné
extrémnich lokalit, jako podmotské horké prameny, chladné arktické vody, fytotelmy c¢i
podzemni a jeskynni vody. Klanonozci mohou byt volné Zijici, symbioti¢ni ¢i paraziti¢ti na
ostatnich vodnich zivociSich. Ve vodnich ekosystémech tvofi ¢asto dominantni slozku
zooplanktonu a tudiz hraji kli¢ovou roli jako sekundarni producenti.

Prvni buchanky popsal Jurine v roce 1820 z Zenevského jezera jako Monoculus
quadricornis viridis (dnes nazyvany Megacyclops viridis) a Monoculus quadricornis fuscus
(dnes Macrocyclops albidus). Hlavnim badatelem zabyvajicim se vyzkumem sladkovodnich
klanonozcti byl zoolog a taxonom Fridrich Kiefer. Provadél dlouhodobé studie na
Bodamském jezete v jiznim Némecku. Popisoval také nové druhy ze vzorki zooplanktonu
nasbiraného béhem cetnych vedeckych expedic do Turecky, Indie a Mongolska. Provedl
revizi rodu Acanthocyclops a napsal monografii zamétenou na sladkovodni planktonni druhy
buchanek a vznasivek.

Elrich K. Einsle, Kieferiv zak, se také stal velmi vyznamnym kopepodologem.
Provadél cetné studie zaméiené na diapauzu, sezonni dynamiku a kolonizaci novych druhti
zooplanktonu. Studoval mezidruhovou a vnitrodruhovou variabilitu klanonoZcli pomoci
morfologickych a morfometrickych metod. Zavedl pouziti metody pozorovani diminuce
chromatinu a alozymové elektroforézy v taxonomii buchanek. Einsle také provedl revizi
skupiny Cyclops abyssorum a popsal vzory v ornamentaci trneckii na hlavové strané koxy
ctvrtého paru plovacich nohou a dolozil dalezitost tohoto znaku pro taxonomii druhii rodu
Cyclops.

Molekularné genetické techniky sekvenovani DNA, které se staly dostupné béhem
poslednich desetileti 1 pro taxonomy, umoziuji podilet se jak na redeskripcich, tak studiu
problematickych druhovych komplext. Tyto metody navic ukazuji na zna¢nou variabilitu v

sekvencich DNA béznych druhii klanonozcti, ¢imz oteviraji moznosti pro dalsi studie.



Introduction

Copepods are the largest, very diverse group of crustaceans and the most numerous
metazoans in the world water community. They are very ancient arthropods, but because of
poor fossilization their remains are rarely found in the sediments. They inhabit both sea and
continental waters, including localities with extreme conditions like hot hydrothermal vents,
cold polar ice-waters, phytotelmat or interstitial waters and subterranean caves. Copepods can
be free-living, symbionts or parasites on other water animals. In water ecosystems they often
form the dominant part of the zooplankton and as such they play an important role as
secondary producers.

The first cyclopoid copepods were described by Jurine in 1820 from Lake Geneva as
Monoculus quadricornis viridis (called Megacyclops viridis now) and Monoculus
quadricornis fuscus (now Macrocyclops albidus). The main researcher dealing with
freshwater copepods in the 20th century was zoologist and taxonomist Fridrich Kiefer. He
performed long term studies on the zooplankton in Lake Constance and its surroundings in
South Germany. He described new species from samples collected during numerous scientific
expeditions to Turkey, India and Mongolia, he made a revision of the genus Acanthocyclops
and wrote a monograph on freshwater plankton-dwelling cyclopoids and calanoids.

Elrich K. FEinsle, Kiefer's student, also become a very important copepodologist.
Einsle carried out many ecological studies focussed on diapause, seasonal dynamics and the
invasion of new zooplankton species. He studied interspecific and intraspecific variation of
copepods using morphological and morphometric approaches. He established the use of
chromatin diminution and enzyme electrophoresis in copepod taxonomy. Einsle also made a
revision of the Cyclops abyssorum-group and described the patterns of spinule ornamentation
on the caudal side of coxa of fourth swimming leg as an important character for Cyclops
species differentiation.

Most importantly, the molecular-genetic techniques of DNA sequencing have become
available in last decades offering a new independent tool for taxonomists, allowing species
re-descriptions as well as detailed studies of problematic species complexes. These DNA
techniques have also revealed large sequence divergences in many common copepod species

opening potential areas for future studies.



Cile prace

Tato prace je zaméfena na rizné sapekty buchanek tykajici se morfologie, taxonomie,
ekologie, rozSifeni a kolonizace, pfiCemz pouziti molekularnich metod je jednoticim
elementem vSech pfilozenych praci. Dizertace se skladd z nésledujicich, vétSinou jiz

publikovanych rukopisi:

The genus Cyclops in Europe: an integrative taxonomy approach

reveals two new species and confirms thirteen others [manuscript]

Congruent patterns of lineage diversity in two species complexes of
planktonic crustaceans, Daphnia longispina (Cladocera) and Eucyclops

serrulatus (Copepoda), in East European mountain lakes [published]

When anthropogenic translocation meets cryptic speciation globalized
bouillon originates; molecular variability of the cosmopolitan freshwater

cyclopoid Macrocyclops albidus (Crustacea: Copepoda) [published)|

First molecular data on the Western Australian Diacyclops (Copepoda,
Cyclopoida) confirm morpho-species but question size differentiation

and monophyly of the alticola-group [published)]



Aims of the thesis

This thesis is focussed on different aspects of cyclopoids concerning the morphology,
taxonomy, ecology, distribution and colonisation, while the use of molecular tools is the
uniting element. Even though the molecular-genetic techniques of DNA sequencing have been
available for more than two decades, just a few genetic studies on the freshwater cyclopoid
copepods have been done. The studies presented in this thesis should contribute to filling this

gap. There are four major questions this thesis deals with:

* Morphological and molecular characterization of species of the genus Cyclops in
Europe. Does the species delineation based on the currently used morphological
characters match lineages resulting from the analysis of mitochondrial and nuclear
DNA sequences? Is there a possibility to discover new, yet undescribed lineages? Do

these lineages differ in any morphological character?

* The comparison of the mitochondrial sequence variation of the cyclopoid Eucyclops
serrulatus and the cladoceran Daphnia longispina collected from East European
mountain lakes. Is the difference in life cycle and dispersal ability of these species
reflected in diverse patterns of haplotype diversity? Do remote mountain lakes harbour

any cryptic lineages?

* Molecular and morphological variability of Macrocyclops albidus populations from
Europe, USA, Australia and New Zealand. Is this species’ distribution cosmopolitan or
is there any evidence of cryptic speciation? Are the molecular tools useful for testing
the hypothesis of anthropogenic translocation of freshwater copepods associated with

early shipping activities?

* Molecular sequence characterization of three West Australian Diacyclops species of
the alticola-group. Do mitochondrial sequence lineages correspond with recently

described morpho-species? Is the alticola-group a monophyletic taxon?
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