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] ANNOTATION
This thesis is focused on study of photosynthetiglenophytes (Euglenoida,
Euglenophyceae, Euglenales) in the Czech Repubiit Boland. In the
introductory part, euglenoids are presented aapgof organisms along with
their taxonomy, ecological role and their inhabiteibtopes together with
information about their distribution on global aletal scales. The results and
implications for the euglenoid ecology, distributiand practical protection are
shown in the rest of the thesis. Main results a®ell on a long-term research
(2007-2014) using several literature sources inl@oation with field sampling,
which brings data about taxonomy, ecology andyait284 taxa of the Czech
Republic’s algal flora with two new records of rard interesting euglenoid
taxa, Trachelomonasbituricensisvar. lotharingia and Trachelomonasaccasii
The results of projects published in this thesis facused on the study of (1)
euglenoid ecology connected with small and shaliater bodies (former clay-
pit pond in the eastern Poland, small mesotropbidpn the southern part of
the Czech Republic) which brings interesting ddteu& euglenoids’ ecological
preferences; (2) taxonomic conclusions about comreaglenoid species,
Trachelomonas caudataccurring in natural populations, where resulievs
that several morphologically similar species prdpdborm a part of “caudatae
complex” and they are synonymous withcaudata Aggregate data on ecology
and the distribution of euglenoids in the Czechu®dip are used in the Red List
of these algae as the beginning of the pilot wdrthe Red List of microscopic
algae as a guideline for the practical protectibbiatopes.



[l DECLARATION [In Czech]
Prohladuji, Ze svoji disertai praci jsem vypracoval samostatpouze s
pouZzitim prameh a literatury uvedenych v seznamu citované litegatu
ProhlaSuji, ze v souladu s § 47b zakanalll/1998 Sb. v platném &m
souhlasim se zvejnénim své diserimi prace, a to v Upr&wzniklé vypus¢nim
vyznatenych ¢asti archivovanych #rodowdeckou fakultou elektronickou
cestou ve WEjn¢ pristupné casti databdze STAG provozované diekou
univerzitou vCeskych Budjovicich na jejich internetovych strankach, a to se
zachovanim mého autorského prava k odevzdanému téxd kvalifikani
prace. Souhlasim dale s tim, aby toutéZ elektroniakestou byly v souladu s
uvedenym ustanovenim zako#alll/1998 Sh. zw¥ejrény posudky Skolitele a
oponent prace i zdznam o fibehu a vysledku obhajoby kvalifikai prace.
RovreZz souhlasim s porovnanim textu mé kvalifik prace s databazi
kvalifika¢nich  praci Theses.cz provozovanou N&rodnim registre
vysokoskolskych kvalifik&nich praci a systémem na odhalovani pléagiat

Ceské Budjovice, 2% January 2019  ieiiii e
Magr. Josef Jura



l FINANCIAL SUPPORT
The research presented in this thesis was findynaapported by a long-term
research development project of the Department @i/ at the Faculty of
Science of the University of South Bohemia, by @jgut of the Grant agency of
the University of South Bohemia (teské Budjovice (grant no. 04-148/2016/P)
and a long-term research development project oAtta@lemy of Sciences of the
Czech Republic (project no. RvO67985939).

Pfirodovédecka Jihoceska univerzita

“. fakulta v Ceskych Budéjovicich

Faculty University of South Bohemia
.. of Science in Ceské Budéjovice

BOTANICKY
USTAV Av CR

V.V.L.

l ACKNOWLEDGEMENTS

“Coming together is a beginning;
keeping together is progress;
working together is success.”

Henry Ford

“T HANK YOU ALL ..."

... each of my colleagues, friends and family wilidithemselves in these few
words. Everyone knows how supported me and whatplalyed, even if it was
just a minor role, | appreciate all of you for it!



l LIST OF ARTICLES AND AUTHOR’S CONTRIBUTIONS
The thesis is based on the following papers (listednologically):

Juran, J. 2016. Trachelomonasbituricensisvar.lotharingiaM.L. Poucques
1952, a morphologically interesting, rare euglenuegv to the algal flora of the
Czech RepublicdPhytokey$1:81-91. (IF = 1.20)

Wotowski, K., Poniewozik, M. &uréin, J. 2016. Morphological variability of
loricae inTrachelomonasaudatacomplex (Euglenophyta). Cryptogamie,
Algologie37:97-108. (IF = 1.11)

In this paper Josef processed the basic morphomatnalysis on the
loricae, processed data statistically and partidgé in the writing of
manuscript and the figures composition.

Jurén, J. 2017. The checklist of photosynthetic euglenoaidér Euglenales) of
the Czech Republic: ecology, taxonomy, distributi®hytotaxa317:1-16. (IF =
1.19)

Juran, J. & Couté, A. 2018. AfricanTrachelomonassaccasii found in a
European mesotrophic pond (Czech Republic). Imfdina for euglenoid
biogeography and recommendations for euglenoidsfiggspeciesPhytotaxa
334:201-214. (IF = 1.19)

Josef was the initiator of this project: he docuteenand characterized
the target species, designed flagship speciesuithdr studies of the
euglenoid biogeography and wrote the main parhefrhanuscript.

Poniewozik, M. &Jurai, J. 2018. Extremely high diversity of euglenophytes in
a small pond in eastern PolarRlant Ecology and Evolutiot51:18-34. (IF =
1.14)

In this project Josef participated in field samgjim the 2014 season,
euglenoids determination in optical and electrorcnmscopy and on the
writing of manuscript and the figures composition.



Juran, J. & Kastovsky, J. fhanuscripf. Do we need Red List of microalgae?
The procedure of compiling the Red List of micrqscoalgae of the Czech
Republic — Euglenophyta model.

In this project, Josef had an original idea to posg criteria for
evaluation of the level of threat of species ofraaitgae, he participated
in the designation of methodology and testing aeca on his own
dataset about euglenoids, he wrote the main pattt@manuscript.






] CONTENTS

GENERAL INTRODUCTION
CHAPTER 1. Euglenoid distribution

PAPER I. The checklist of photosynthetic euglenoids (order
Euglenales) of the Czech Republic: ecology, taxgnom
distribution

PAPER II. Trachelomonasbituricensis var. lotharingia
M.L. Poucques 1952, a morphologically interestinare
euglenoid new to the algal flora of the Czech Répub

PAPER ll. African Trachelomonassaccasiifound in a
European mesotrophic pond (Czech Republic). Imfitina
for euglenoid biogeography and recommendations for
euglenoid flagship species

CHAPTER 2. Euglenoid ecology

PAPER IV. Morphological variability of loricae in
Trachelomonasaudatacomplex (Euglenophyta)

PAPER V. Extremely high diversity of euglenophytes in a
small pond in eastern Poland

CHAPTER 3. Practical conservation impact

PAPER VI. Do we need Red List of microalgae? The
procedure of compiling the Red List of microscogligae of
the Czech Republic — Euglenophyta model

SUMMARY OF THE RESULTS
CURRICULUM VITAE

1
37
39

109

123

149
151

167

205
207

257
261






GENERAL INTRODUCTION







l GENERAL INTRODUCTION

What are euglenoids?

Euglenoids are single-cell flagellates reproduciogly by simple
division with differences in their nutrition fromsmotrophy or phagotrophy to
mixotrophy and photoautotrophy. In addition, nethrohthem are free living,
only several species are sesille, colonial or eoidozThese worldwide-
distributed organisms inhabit most of freshwatdbitads, a small number of taxa
is living in brackish or marine biotopes and a $mamber of these organisms
could be found in edaphon (Leandsdral, 2017, Leedale, 1967, Wolowski &
Hindak, 2005).

Cells of euglenoids have characteristic eukarystiacture with some
alterations typical for this group of organisms. cdmmon feature of all
euglenoids is their surface — pelicula. Peliculbugt from the system of protein
strips with developed structures, which allows #tps to engage with each
other. The degree of interconnection of the pall&ttips determines cell rigidity
— from a metabolic cell of someuglenaspecies to semi-rigid species and to
fully rigid genera such aBhacusor MonomorphingaBarsanti & Gualtieri, 2006,
Leedale, 1967).The number of pelicullar strips, their orientaticend
arrangement have an evolutionary pattern (Essore&nter, 2009, Leandet
al., 2001, 2007). A different number of flagella orality realizes movement of
the euglenoids; the number is varying from 1 toWhat is typical for the
photoautotrophic euglenoids from the order Euglkeshals one emergent
flagellum and second short flagellum, which is tedain the reservoir. Flagella
of euglenoids have a typical structure and is cavewith mastigonemates
(Leedale, 1967). Similarly, even though stigma waginally thought to be the
photoreceptor, is has been later identified that paraxonemal/paraflagellar
body is a light responsive organelle, which is amied to the flagella.
Euglenoids respond to light with photophobic resgmsn— photokinesis and
phototaxis. The light responses operate synergltiwith gravitaxis, aerotaxis
and other response (Hader & Iseki, 2017).

The nutrition of euglenoids is very varied. Som@resentatives of
genera are osmotrophic (they absorb the organiecutds), several genera
employ phagotrophy (consumption of particles, idelg other cells) via
specialized feeding apparatus with two main notmnitstrategies — bacterivory
and eukaryovory, and quite a large number of ewiisnis phototautrophic



(Leanderet al, 2017). Moreover, a phototrophic gerRapazawith mixotrophy
was recently found (Yamagucéi al, 2012). Photoautrophic euglenoids contain
in their cell chloroplast obtained during the evehtsecondary endosymbiosis
from the green alga related to the prasinophyteigegramimonagVanclovéet
al., 2017). Chloroplasts consist of three membrankegaloids are usually
grouped into threes forming lamellae, photosyntheigments are chlorophylls
a andb with carotenes and xanthophylls; chloroplastsagity occur in a large
amount per cell and show diversity of size, shagkraorphology, some of them
contain pyrenoid (Barsanti & Gualtieri, 2006). Sopteotoautotrophic species
have secondarily lost their plastisds, &gglena longgZahonovéet al,, 2016),
E. quartana(Marin, 2004, Hadariové&t al, 2018)and Lepocinclis cyclidiopsis
(Bennett & Triemer, 2014). These species are reptatves of secondary
osmothrops (Vanclov&t al, 2017). The storage product of euglenoids is
paramylon §-1,3-glucan, a polysaccharide from glucose unig)ich is stored
in the form of grains of the various sizes and sBafCiugulea & Triemer,
2010). According to Monfili®t al. (2011), paramylon can be used at the generic
level to support major clades and generic relahigss

Several euglenoid gener&olacium Euglena Strombomonasand
Trachelomonasare able to produce polysaccharide mucus (etgileld study
by Barneset al, 1986, Dunlaget al, 1986, Rosowski & Willey, 1977; summed
up in Leedale, 1967 or Lintoet al, 2017). Somécuglenaspecies are able to
produce resting palmeloid stadia or cyst, theimfation is connected to the
presence of the muciferous bodies under the pellicf these species
(Karnkowskaet al, 2015, Zakry et al, 2017). What is well studied is the
formation of cysts byEuglena agilis These cysts have morphology similar to
Trachelomonasloricae (Hindak, 1982, 1986) and the later studysofme
neustonic Euglenaspecies was published by Hind&k al. (2000). Another
studies suggested that mucocyst shape should biespecific, as is shown in
the study of euglenoid species with the stellatieroplasts (Kosmalat al,
2009). Other listed genera show a production of ékgacellular muciferous
projections — stalks or loricae. Formation of theciferous stalks or “pillows” in
the genuLColaciumsi well documented (e.g. Killeat al, 1984, Rosowski &
Kugrens, 1973, Rosowski & Willey, 1977, Willey 198€olaciumforms these
structures on several substrates, e.g. zooplanktamentous and planktonic
algae (Starmach, 1983). In some species, theseafioms are incrustated with
iron, e.g. “pillows” of C. cyclopicolaor stalks of someC. vesiculosumeco-



morphs (Poniewozik, 2017). Genesrombomonasnd Trachelomonadorm
from the mucus loricae around their cells, thesiede contain a higher number
of inorganic ions, e.g. silica, iron and manganésg. Barneset al, 1986,
Dunlapet al, 1986, Pereir&t al, 2003, Poniewozik, 2017). Formation of the
loricae and their composition is well studied (e.gedale, 1975, Pringsheim,
1956, Singh, 1956a,b). Shape, surface and otheerréssare species-specific and
they are still the main characteristics in morplgglbased taxonomy of these
genera.

Phylogeny of the euglenoids

Traditional view of the euglenoids relationshipssviksed especially on
the number of flagella and the nutrition. Alternaty, another morphological
features were designed by Leedale (1967) and enigiemvere divided into six
main orders: Euglenales, Eutreptiales and Euglenamades which contain
mainly photosynthetic genera and some colourlessiap. The rest of colourless
genera are from the orders Rhabdomonadales (ogphatrogenera),
Sphenomonadales (osmotrophic or phagotrophic gereerd Heteronematales
(phagotrophic genera with feeding apparatus). Serfienolecular studies show
that relationships between euglenoids are not e @s it seems according to
morphologically based taxonomic studies. Euglenaids close relatives to the
kinetoplastids and diplonemids. Together these risgas form a group
Euglenozoa (Triemer & Farmer, 2007, Cavalier-Smi2016) and current
knowledge of the evolutionary relationships of emglids is shown in the Figure
1. Photoautotrophic euglenoids are a monophyletioug with the basal
mixotrophic genusRapaza (Karnkowska et al, 2015, Kim et al, 2015).
Photoautotrophic euglenoids, together with someuwt#ss groups (Peranemids,
Anisonemids, Aphagea group ahttometanemna belong to the bigger group
Spirocuta with spiral pellicle strips arrangemest synapomorphy (Cavalier-
Smith, 2016). Phylogenetic relationships of theoadkess groups seem to be a
little bit complicated as is visible in the Figutd, in which some genera are
polyphyletic (e.gAstasiaandDistigmg. The position of several groups is not
clear and some genera still miss molecular datattier evaluation of their
position in this tree (e.gJrceolusandSphenomonas

From the point of view of this dissertation, itn®ore fundamental and
interesting to describe a situation within phototnaphic euglenoids (see Figure
1B). Photosyntetic euglenoids form monophyleticedige divided into two



orders: Eutreptiales including marine and brackjshera —Eutreptiellaand
Eutreptia —with characteristic two or four flagella (Bicudo Mlenezes, 2016,
Yamaguchiet al, 2012) and Euglenales with the dominance of fredbkv
species belonging to the common algal communites, plankton, mephyton
and neuston (Wotowski & Hindak, 2005). In this ard&im et al. (2010)
established new family Phacaceae including gemesaoplastis Lepocinclis
and Phacus the rest of euglenales genera belong to the yaEulglenaceae
(name designed by Dujardin, 1841, confirmed by &il#980).A common
feature of genera from Phacaceae family is theepies of small discoid
chloroplasts without pyrenoids and 32 pelliclepstr{Kim et al, 2010, Leander
et al, 2001, 2007)Phacusand Lepocinclishave similarities in pellicle strips
arrangement and of dimorphic paramylon grains (Mienfet al, 2011).
Discoplastis seem to be a monophyletic sister group to Bieacus and
Lepocinclis(Karnkowskaet al, 2015, Triemeet al, 2006). TwoPhacusspecies
(P. warszewicziand P. limnophilg branched independently from other species
of the genus and they are characterized by morghuab differences:P.
warszewicziihas longitudinally twisted cell body having hereved ridgesp.
limnophila has elongated spindles shape and two long, straigbdtshaped
paramylon grains (Kinet al, 2015).

In the Euglenaceae group, several lineages haveelamd -
Euglenaformisproxima as basal organisms of this grouprachelomonas
Strombomona€olacium lineage, MonomorphinaCryptoglenaEuglenaria
lineage andEuglenalineage (Karnkowskat al, 2015).

» Figure 1. Phylogenetic relationships within euglenoids andatesd
organisms. (A) Current knowledge of the evolutignaee of euglenoids, based
primarily on SSU rRNA gene phylogenies, photoawafoiiic taxa are shown in
green, primary osmotrophs in blue, “typical” phagphic taxa in black, and
symbiontids in orange, taxa shown in gray are ingrtaxa whose positions
are inferred from morphological information (no mallar data are currently
available), double lines on a branch representppgtatic groups (according to
Leanderet al, 2017, modified and simplified); (B) Schematic gfiam of
phylogenetic relationship of the phototrophic eungids, based on multigenes
(nSSU, nLSU, cpSSU, hsp90 and psbO) Bayeasian si;a{gccording to
Karnkowskeet al, 2015, modified and simplified).
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The group including loricate genefaachelomonasnd Strombomonas
together withColacium seems to be monophylethic. This relationship is not
supported only by the molecular data (Karnkowskal, 2015, Ciuguleat al,
2008), but there is also morphological synapomaipbki 40-48 pellicle strips
(Leanderet al, 2001, 2007) and the production of extracellulancosal
structures — loricae and stalks (see above). DarergbetweenTrachelomonas
and Strombomonaswas studied by Deflandre (1930), who established
Strombomonasis a new independent genus based on the differefdesca
morphology. According to the results of Mashal. (2003), these genera were
synonymous, but the work of Ciugulea al. (2008) supported the hypothesis
about independence of these genera and their pistéion.

GenusEuglena according to the traditional morphology-basedceqm,
seemed to be polyphyletic and it was supported &yeral studies using
molecular methods (Karnkowska-Ishikaetal, 2011, 2012, 2013, Kosmadd
al., 2005, 2009, Mariret al, 2003, Wang & Chen, 2004, Zakrgt al, 2001,
2002, 2004). As the results of these studies shposmekeral new genera from
this genus were separated, e.Biscoplastis (Triemer et al, 2006),
Euglenaformis(Bennetet al, 2014 andEuglenaria(Linton et al, 2010), and
several species were moved to another generakeglenaacus E. oxyuris E.
spirogyra, E. tripteristo the genusepocinclis(Marin et al, 2003) anctuglena
limnophilato the genu®hacus(Linton et al, 2010). As well as two species of
Euglenathat fall outsideEuglenaclade: E. archaeoplastidiataand E. velata
(Karnkowska-Ishikawat al, 2012, Kimet al. 2010, 2015, Kim & Shin, 2008).

Common features for the monophyletic lineageManomorphinaand
Cryptoglenagenera are rigid pellicle from small number (13-18 broad
pellicle strips and cell containing only one pldgtieandeet al, 2001, 2007).

GenusEuglenariaseems to be monophyletic with some morphological
features (e.g. lobate plastids with diplopyrenoglsjilar to those otheEuglena
species, but there is a distinction in moleculgnatures in nuclear SSU rDNA
sequences (Lintoet al, 2010, Karnkowska-Ishikawet al, 2012). According to
Leanderet al.(2017), the phylogenetic position of tladglenarialineage is not
well resolved.



Euglenoids taxonomy — main problems and tasks in Elenales

The research of euglenoids and all other microasgasis connected to
the development of a microscope and its graduatdagment since the 16
century, which is traditionally associated with ginit van Leeuwenhoek (1632-
1723) or Robert Hooke (1635-1706). The first mamtiof observation of
Euglenais attributed to Antoni van Leeuwenhoek — “Thesémalcules had
divers colours, some being whitish and transpamthers with green and very
glittering little scales; others again were greprthie middle, and before and
behind white; others yet were ashen grey” (Dold&B2). The first description
of the photosynthetic euglenoids was made by Elemenat the beginning of the
19" century —Euglena (Ehrenberg, 1830)Cryptoglena (Ehrenberg, 1832),
Colacium(Ehrenberg, 1834and TrachelomonagEhrenberg, 1834). During the
19" century, other traditional genera were describ&hacus(Dujardin, 1841),
Lepocinclis (Perty, 1849), Monomorphina (Mereschkowsky, 1877) and
AscoglengStein, 1878), the last traditional gerfsisombomonasvas described
at the beginning of the #Gcentury by Deflandre (1930). Studies of euglenoids
as well as other algal or protistian groups weigetdaon morphological features,
which were the key factor of the taxonomic studié¢suglenoids during the
whole 19" and most of the 2Dcentury. During that relatively long research
period, a huge number of species and intraspeigika in these listed genera
were described. According to the AlgaeBase (Guirg@diry, 2018), a common-
used source about algal diversity and taxonomyrethgas 1553 species
described in these nine genera from which abou¥w6Bave been flagged as
accepted taxonomically, on the intraspecific 1e1@b6 taxa are in the database
listed. These numbers suggest that the questitaxohomic position or validity
of a huge number of species and infraspecific faxstill a challenge for the
further research. This problem of a high numbededcribed species and taxa
was simply commented by Pringsheim (1953), whoairplthat certain authors
could not resist the temptation to give a hamevaryeminor deviation from the
typical form previously described or prevailingssme or similar places. The
huge morphological variability could be probablypkned by using two main
factors: (1) the impact of environmental conditid@she euglenoid morphology
and (2) the role of the ontogeny stage in whicltgsas observed.

Several studies support the theory of the envirantatempact on the
euglenoid morphology. Conforti (1998) studied malplgical changes of
several euglenoidd_épocinclis acusL. spirogyroides Monomorphina pyrum



Phacus curvicaudand P. tortug in response to the organic enrichment of
laboratory cultures of these algae. Results showW deformation, the
extraordinary accumulation of paramylon grains #rel development of larger
paramylon grains in higher frequency than whictypcal for euglenoids from
enriched cultures. An organic enrichment of medhas a significant impact on
shortening and widening of cells bEpocinclis acuspbserved in cultures by
Conforti et al. (2017). In addition, similar results were obtainadthe study
realized by Nannaveccheét al. (2014) on the culture d?hacusbrachykentron
Moreover, similar results have been shown in stidiea natural condition, e.g.
Bauer et al. (2012) designed bioassay based bepocinclis acus and
Acutodesmusicutusas model organisms in order to study the impacthef
chemical and textile industry on the environmentieér in Argentina. Their
results, again, show significant increase in th#ulee volume for species
together with abnormal shape in the studied sites.

Second important factor which could explain a hugember of
described species and infraspecific taxa is theabgity of euglenoids during
their ontogeny. The morphological variability oeteeveral species of the genus
Trachelomonawas studied by Pringsheim (1953) and Singh (19%6a}eir
results show that th@rachelomonasspecies studied in the clonal cultures
exhibit a morphological variability on their monads well as their loricae
during the life cycle. Authors conclude that thigriability is a rather
complicating factor in describing new species froatural populations, because
descriptions of new taxa were based on few indadglifrom the population
without deeper study of their life cycle at all. (dg to the modern research, the
role of ontogeny is well documented in the workused on the common
euglenoid speciesMlonomorphina pyrumby Kosmalaet al. (2007), who
provided a revision oM. pyrum and morphologically similar taxa using a
morphological-molecular approach and one of thaltesvas synonymization of
severalMonomorphinataxa with M. pyrum Authors support their results by
detailed discussion about reasons why such a highbar of morphologically
similar organisms were described by different arghas separate species. The
description of these species was based on diffeseefiom the “typical’M.
pyrum e.g. the presence of two chloroplasts, the alesehdarge paramylon
grains, and the degree of cell flatness. Authorseot this description with the
observation ofM. pyrumin different stages of its life cycles and suppbis
claim with a detailed description of changesvinpyrumduring ontogeny. The
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second study connected with the variability of eagids during their ontogeny
is the study of natural populations of the commimachelomonas caudata
species (Wolowski, et al, 2016, PAPER 1V). Authors used basic
morphometrical data in the combination with therliture sources to compare
caudatawith morphologically similar taxaT( caudataf. pseudocaudataT.
fusiformis T. allorgei T. mollestaand T. bernardinensis— as a result of this
comparison, authors claim that all studied spesiesild be synonymized with
theT. caudata According to this study, we could assume thatdéscription of
these species was connected with the observed stagecaudatalife cycle as
was shown in the previous study abMdgnomorpina pyrum

In the past, several authors tried to solve sonmblems of the
euglenoid taxonomy and several revisions were phbt, e.g. Chu (1947),
Gojdics (1953), Pochmann (1942) or Pringsheim (19%6 addition, some
revisions and taxonomical conclusions are part @haographs focused on
euglenophytes, e.g. Huber-Pestalozzi (1955), Wdto\098) and Yamagishi
(2013, 2016). Furthermore, all of these revisiors laased on morphological
features comparison using data from optical ortedecscanning microscope.
Additionally, they are sometimes supplemented witformation about the
structure of some organelles using cytochemicaiti@as or ultrastructure using
transmission electron microscope. Despite the latgsber of taxonomic works,
the situation in the taxonomy of euglenophytegiisrmt satisfactorily solved in
many cases.

The solution to these taxonomic problems came wittthods of
molecular phylogenetics at the turn of thé"2td the 2% centuries. Zakryet
al. (2002) resolved problem dfuglena geniculataand E. myxocylindracea
which are according to authors' results geneticadlyd morphologically
identical; Marinet al.(2003) studied euglenoids phylogeny based on SSNArD
sequences, authors renewed the géoisomorphina which was a sub-part of
the genusPhacusand made changes in the taxonomic position of comm
worldwide members of the gen&siglena(E. acus E. oxyuris E. spirogyra E.
tripteris) to the genusepocinclis Shin & Triemer (2004) focused on a type of
species of the gend&uglena—E. viridis; Zakrys et al. (2004) studied isolates of
the commonEuglena agilisusing combination of ITS2 of extrachromosomal
rDNA and the chloroplast SSU rDNA sequences. Dutimg last ten years,
several revisions were made in the number of eoglegenera, e.gEuglena
sensu latgBennetet al, 2014, Karnkowska-Ishikawet al, 2011, 2012, 2013,
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Kosmalaet al, 2009, Lintonet al, 2010, Triemeret al, 2006), Lepocinclis
(Kosmalaet al, 2005),MonomorphinaKosmalaet al, 2007b, Nudelmaet al,
2005) andPhacus(Karnkowska-Ishikawaet al., 2010, Kosmalat al, 2007a,
tukomska-Kowalczyk, 2015). The question about doygpecies diversity is
studied and discussed in several works, Kinal. (2013a, b) described quite a
high number of cryptic species in the gemisnomorphinaand Cryptoglena
Kim & Shin (2014) studied the cryptic diversity the genusPhacuswith the
description of seven new species and the work atmouphological and genetic
diversity of Euglena desegroup with an emphasis on cryptic species was
published by Kinet al. (2016).

The effort to understand the taxonomy and phylotiemelationships of
euglenoids also brings new methods. Bennet & Triefp@12) designed new
methods for obtaining nuclear gene sequences fileoh $amples. Authors use
this method successfully in the study of positioih Leepocinclis horridus
(formerly Phacus horridus and Lepocinclis helicoideugformerly Euglena
helicoideu$. This method could solve the problem with the pboated or
impossible cultivation of some species and theilitylo work with cultures of
these organisms. tukomska-Kowalczgk al. (2016) focused on the use of
barcoding in the photosynthetic euglenoids anda agsult of their studies,
authors suggested two molecular markers (COIl arel fTANA) as potential
DNA barcodes. Despite a significant progress irs thiea, there is still a
relatively high number of species complexes togethiéh some genera, e.g.
Colacium Strombomonasand Trachelomonas where molecular data is
insufficient or fully missing — these problems lgritasks and challenges for
further researches.

Ecological role of euglenoids and their inhabited iotopes

Euglenoids are a common part of planktonic comnesiin almost all
freshwater biotopes and their occurrence is, inegdn connected to high-
nutrient contents. According to Reynolds al. (2002), euglenoids are typical
members of small organic pond communities with higghchemical oxygen
demand. In these communities, euglenoids are présgether with green alga
Goniumor chyrophyte genuSynura Additionally, we could find euglenoids in
another enriched habitats, e.g. in shallow enrictees, ponds and rivers
together with chlorococcal algae, in shallow erethurbid waters together with
diatom Synedra acusor in habitats with shallow mixed layers in enddh
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conditions together with chlorococcal algae (Regiactt al, 2002). These
generally valid claims are well shown on the wodcused on euglenoid
biodiversity in a small and very shallow former yefait pond in Poland
(Poniewozik & Jura 2018,PAPER V.). Authors studied this biotope, assessed
during the period 2002-2004 and in 2014, and redo®3 euglenophyte taxa
from this pond, where euglenophytes, with a feweptions, were the only
group inhabiting the pond. Results BAPER V. (Poniewozik & Jurd, 2018)
show that the genusrachelomonasvas the most numerous and diverse. This
observation was unexpected due to physical chencimadlitions in the pond
during the study (high-nutrient water, especiaityin ammonium salts), which
is more characteristic for species of geneéwglenaandPhacus According to
the literature, Trachelomonasprefers less fertile and less polluted conditions
and, in addition, Reynoldst al. (2002) present the gentisachelomaswhich is

a typical representative of planktonic communitéshallow mesotrophic lakes.
This phenomenon is explained by authors who cldnat tuglenoids may
survive in an unfavourable environment due to fegtoduction, cysts formation
and mixotrophy as a mode of nutrition, accordingdsults of Ptachnet al.
(2015).

There is common knowledge that the species richokasy pond is a
function of the number of processes operating at different spatial and
temporal scales, e.g. factors such as colonizatiwh extinction together with
abiotic and biotic interactions in the local enwineent (Bronmark & Hansson,
2009) and the structure of a community is the testilall of these factors
together. There is common knowledge that the dedinspecies richness and
nutrient enrichment are two of the most drivingces of changes in ecosystems
on global scale (O’'Connoet al, 2015). The main factor associated with the
decline of species richness is eutrophication, wh& a complex process
associated with not only a change in algal biomagsalso with a change in
biodiversity, connected especially with increasamgounts of total nitrogen and
phosphorus in freshwater habitats (Gilbert, 20IMe effect of increasing
phosphorus concentration on species richness grshyg Jeppeseet al. (2000)
using data from 71, mainly shallow, Danish lakeseif results show that with
the increase of total phosphorus, a significantikedcs observed in the species
richness of zooplankton, submerged macrophytesiamdodally related species
richness to total phosphorus for fish, phytoplankémd floating macrophytes
(with maximum at 0.1-0.4 mg*of phosphorus). In the comparison of the
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oligotrophic and eutrophic freshwater habitats’ csge richness, it is common
knowledge that oligotrophic biotopes contain lovorbass of algae, but the
community is made up of a large number of specigls @haracteristic genera
and species from Chlorophyceae, Desmidiales, Baiciphyceae and
Chrysophyceae. On the other hand, eutrophic bistdee large biomass of
algae with a small species richness dominated anQlyacteria and green algae
s.l. (Lampert & Sommer, 2007, Rawson, 1956, Sigée5). According to Della
Bella et al. (2009), its nutrient availability was describedtlas major predictor
of species distributions and the highest macrophjtersity was observed in
mesotrophic or slightly eutrophic ecosystems, somight assume the same
trend in the case of algae and cyanobacteria Bettypes of habitats.

As results of work of Poniewozik & Jut§2018,PAPER V.) suggest,
the size of a habitat and the presence of vegatatacrophytes should influence
the species richness of the locality. This infolioratsupports several studies,
e.g. those focused on the influence of emergentrophgtes, focused on
phytoplankton dynamics in a shallow polymictic ticed lake (Gebrehiwoet
al., 2017), the impact of macrophyte-created habitas microalgae and
zooplankton in small water bodies (Celewicz-GogdyrKuczynska-Kippen,
2017), the role of small water ponds as reservoirglgae species richness
(Paczuska & Paczuski, 2015) or the way a habita and its isolation could
contribute to the species richness (Scheéferal, 2006). These claims are
supported by a studies from the small mesotrophitdpwith rich water plant
communities in the southern part of the Czech RépuResults of these studies
show the high species richness of algae in thigtdtakespecially from the
euglenoid genudrachelomonasmoreover, two rare (or little-known) taxa of
the Trachelomonasgenus were recorded in this mesotrophic localityl.—
bituricensisvar. lotharingia with only several findings across the world (Jyréa
2016,PAPER 1) and the second world’ finding df. saccasiiafter itsoriginal
description in Africa (Juta& Couté, 2018PAPER III ).

Several euglenoid species are connected with timeation of neustonic
films, communities of planktonic organisms living the air-water interface.
Formations of these films are well-known in the ecaé Euglena sanguinea
which produces typical red blooms on the waterasigfdue to the content of
several types of carotenoids iBuglena cells (Deli et al, 2014). These
carotenoids seem to work as a protection againstyirby ultraviolet light
(Lackey, 1968). These blooms are reported acrassvild, e.g. Brasil (Xavier
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et al, 1991), United States (Davis, 1956), Himalaya algpal (Khan, 1993,
Mandal, 2016), and Nigeria (Kadiri, 2011). Repartshese blooms dEuglena
sanguineaare reported in the Czech Republic too @ue®d17). Even though the
Euglena sanguineas well known for the mentioned phenomena, them ar
several other euglenoid species which are ableotm fsome blooms, e.g.
Euglena pascherj Lepocinclis ovum (Ligeza & Wilk-Wozniak, 2011),
Trachelomonasolvocina(Komarkovéa, 1977) anHuglena granulatdBednarz,
1974). Wotowskiet al. (2017) provide further examples of bloom-forming
euglenoid species from Poland and ThailaBdglena clara E. hemichromata
E. geniculata Euglenaria anabaena rare bloom of Phacus triqueter
Trachelomonas volvocinospsis rugulosaetc.).

Even though euglenoids living in the soil biotahe tedaphone — are
somewhat untraditional community, still, they mighie found in this
environment as well. These euglenoids have a s$peawfl shape - narrow but
long cells — and typical snake — or worm-like moeats, which help these
algae to move in the mud between detritus partiatesin the moist soil. This
ecology is specific foEuglena dese@ncluding former speciek. intermedia
andE. mutabilis(Kusel-Fetzmann & Weidinger, 2008).

Euglenoids were even able to inhabit extreme enuents, e.g. acidic,
hot or heavy metals containing biotopEsglena mutabiliss a common species
in several types of peat-bog biotopes with lower (@tjdics, 1953, Starmach,
1983). Concurrently, it is able to live in biotope#th very low pH, with the
range 2-3: biotopes developed after the finishifigoyrite containing slates
minig (e.g. Kuberova & Lederer, 2001, Lessmatmal, 2000, Wotowskiet al,
2008, 2013). Due to biological effects of high ldoncentrations in acid
environments, algae have theoretically a choicevéen strategies of stress
avoidance (e.g. a low permeability of the plasmanbrane for H, a high H
export capacity or high buffer capacity) or strdeferance in the acidic
environments (Gimmler, 2001). The description ofvngpecies of the genus
Euglenafrom the acidic hot mud pool in a volcanic are&obta Rica is unique.
This new specieds. pailasensisis closely related t&. mutabilis(Sittenfeldet
al., 2002, Sancheet al, 2004). In many cases, living in an extreme emrirent
is connected with the heavy metals content. Sevstaties show that
euglenoids, especially species of the geuglena,which are commonly used
for this laboratory studies, are able to live ire ttnedium containing heavy
metals, e.g. reported by Ferroei al. (2004), Lira-Silvaet al. (2011) and
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Rehman (2011). Moreno-Sanchetz al. (2017) summarized that utilization of
heavy metals using thiol-metabolites (e.g. phyttativss) and their further
compartmentalization into chloroplasts and mitoahi@nare the best understood
mechanisms for their accumulation B gracilis and, consequently, that this
species is suitable to be used in bioremediatiamtgsses of water wastes
polluted with heavy metals. Resistance of euglentidthe presence of heavy
metals is not only known from laboratory experinserRtachnoet al. (2015)
reported from the Graniczna Woda stream in Polawtlich is highly
contaminated by thallium and other heavy metal campgls (e.g. cadmium, lead
or zinc), 66 algae taxa representing five groupga(@©bacteria, xantophytes,
euglenoids, chlorophytes and diatoms) among whicfe@oids prevail. Authors
discussed that it is unclear whether algae oflititope have a broad tolerance
to these conditions or they are adapted to thisremwent and they are
representing some new “eco-morphs” or “eco-formgbleed from typical
forms.

Various biotic interactions into which euglenoidster are quite
interesting. It is commensalism of species of thenug Colacium with
zooplankton which is probably well-known. Also,ghnteraction is quite well
studied (e.g. Chiavellet al, 1993, Al-Dhaheri & Willey, 1996, Dubovskays
al., 2005, Zalocaet al, 2011). Interesting results about the interachietween
Colacium vesiculosurand its hosts were brought by the study conducted b
Zalocaret al. (2011) concerning a shallow lake in Argentina evatence of
Colaciumis higher in adult crustaceans than in their laraad juveniles and the
attachment sites on the exoskeleton were founcetthé portions of the body
which have a higher probability of encounter wigiibgonts during locomotion
and feeding (e.g. antennae and thoracic legs iepmmgs, and thoracic legs and
postabdomen in cladocerans). The second well doti@tieexample of the
euglenoids’ commensalism is an interaction betwthencarnivorous plants of
the genusUtricularia. One of the first summarizing works about this
phenomenon was published by Hegner (1926) andk sivamn, the interest in this
interaction has been persistent until today (eligh&laf et al, 2008, Diaz-Olarte
et al, 2009, Metteet al, 2000, Peroutkat al, 2008, Ptachnet al, 2012, 2014).
As well as species succession is recorded in todpthe Utricularia, e.g.
Ptachnoet al (2012) found in young tragScenedesmuspp. andCharaciopsis
sp. as the most abundant algae, wlitenedesmuspp. and the palmelloidal
form of Euglenaspp. were dominated in the old traps. More intargsand
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probably still not adequately resolved is a questibout the role of euglenoids
in the traps ofUtricularia plants - is it really mutualism or facultative
parasitism? This question was only shortly comnetree by Adamec &
Komarek (1999a,b) with the reference to R. Jobsani¥, in which the author
assumes that a plant with euglenoids in their trgqosv worse than a plant
without euglenoids. In connection to biotic intdfags, it is necessary to
mention the production of ichthyotoxin — euglenoghy(firstly characterized by
Zimba et al., 2004). This toxin was found in seletgylenoid species (Zimbet
al., 2010, 2017). The presence of this toxin in avirenment was linked to the
mass death of fish with an unknown cause (e.g. dietlal, 2010, Kadiri, 2011,
Daoudi et al, 2013, Ramhamet al, 2012). Toxicological properties of
euglenophycin are not known yet, only its cytotiyibas been demonstrated on
two cancer-cell lines (Wahomet al, 2014) — it has led some authors to the
belief that this toxin could be used in the figbaanst cancer.

As it is obvious from the previous section, eugldaare the group of
algae which is able to settle in a huge scale bitais; as with other groups of
Cyanobacteria and eukaryotic algae, there existgeraid species with wide
ecological valency as well as species connectetlegspecific habitats — these
species could be understood as bioindicators (Bl & Sigee, 2015) or
flagship species for monitored habitat. Many ofsthénabitats are very often
threatened by anthropogenic and environmental itepakhese endangering
factors are in the work of Jansseinal. (2016) focused on European terrestrial
and freshwater biotopes. Protection of habitats with microbial communities
(especially protists or algae) is a relatively ctemptask which is complicated
due to missing methodologies and guidelines. Comnmethodologies
belonging under the IUCN Red List (IUCN, 2013) aret applicable to
microscopic organisms. This gap has led to the |dpweent of various
methodologies for conservation microalgae and thietopes (e.g. Brodiet al,
2007, 2009, Kondratyeva, 2003, Palamar-Mordvintsstval, 2000, Stoyneva-
Gartneret al, 2015). In addition, Juia& Kastovsky PAPER VI) propose a
redlist of microalgae with the reflection of autkayy of listed species with the
combination of flagship species for endangeredopes and try to show a
possible way to prepare a useful and practical ejue for the protection of
microalgae and their biotopes. Euglenoids are asexh unusual model group in
this redlist. The results of this study are contajrseveral euglenoid species and
their connection with the potentially endangereatdpes.
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The distribution of euglenoids and protist at all —global and local scales

Euglenoids, as well as another algal and protiggraup, have a global
distribution pattern. Notwithstanding, there areesal questions connected with
the euglenoids’ distribution on the species levdhe existence of worldwide
distributed species and, on the other hand, thexetreeories about endemic
species. With these tasks, two main distributidhebries about microorganisms
are connected — ubiquity theory (Finlay al. 1996, 2004, Finlay & Fenchel
2004, Fenchel & Finlay 2004) and the theory of nnatkeendemism (Foissner
1999, 2006, 2007).

Finlay’s concept (Finlayet al. 1996, 2004, Finlay & Fenchel 2004,
Fenchel & Finlay 2004) states that similar morpleesgs of protists inhabit
similar habitats and exhibit a global distributioprovided there are no
geographical barriers. This theory is classicallygphrased as “everything is
everywhere”. The ubiquitous distribution of micrganisms is explained by the
high abundance of individuals within morphospecibggh rates of their
migration and low or unknown rates of allopatricdaron-allopatric speciation
(Foissner, 2009). Several studies supported ttgsrih e.g. Finlay & Clarke
(1999), Fenchel & Finlay (2004), Finlay & Fench@004) andRez&ova &
Neustupa (2007). Finlay & Clarke (1999) studied csge of the genus
Paraphysomona 0.1 cnf of sediment from a freshwater pond in England:;
authors perhaps that all species in the chrysophgteisParaphysomonaare
ubiquitous and supported this theory with theiulsswhen they identified 78 %
of all species of this genus from studied sampisilar results were brought
by the study conducted Rez&ova & Neustupa (2007) who studied species of
chrysophyte genuMallomonasin the alluvial plain and river LuZnice in the
Czech Republic. As the result of the study, thegorded in their investigated
localities about 86.5 % of speciesMéllomonaspreviously reported in all types
of freshwater biotopes in the country. The studytved localities (freshwater
pond with 1278 eukaryotic species and shallow naabiay with 785 eukaryotic
species) provided by Fenchel & Finlay (2004) andldyi & Fenchel (2004)
were performed in order to examine these recordsemtablish the extent of
global coverage of recorded species; results afktiseudies support the ubiquity
theory of microscopic organisms smaller than 1 mnlmese organisms occur
worldwide wherever their required habitats areisedl

Foissner (Foissner 1999, 2006, 2007) goes wittihgery of moderate
endemism in the opposite way than Finlay’s coneetite theory simply says:
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“not everything is everywhere”. This theory workghwthe hypothesis that some
species could have global distribution, but othgrecges have limited
geographical distribution. For supporting of thigobthesis, Foissner’s theory
used flagship species — morphologically clearly irdsf and practically
unchangeable species with limited geographicalridigion. Tyler (1996)
discussed the endemicity of algae on the examptas fan Australian algal
flora. He shows several taxa noted as “flagshigisgé — organisms which are
of such a distinctive appearance or novelty thatpading to Tyler (1996), there
is a little doubt about their endemicity and thekxistence increases the
probability of less-distinguished species to beo aademic. In the case of a
general validity of the ubiquitous distribution wiicroorganisms, these species
would have to be found in required habitats acthssglobe and due to their
morphological uniqueness, clear records would have published about them.
The theory of moderate endemicity is based on alleviing assumptions: the
absolute abundance of individuals within morphog®ecs low in the majority
(> 90 %) of species, high only in some euryoecioesigs, furthermore, rates of
migrations are low for most of the rare speciegl{fonly for some euryoecious
species) and high rates of non-allopatric speciafioissner, 2009). Probably
the main problem of ubiquity theory is an underslamgpin several groups of
microorganisms across the world — this essentialkedge gap complicates the
generalized application of Finlay's theory, whocdissed this problem briefly in
Finlay & Fenchel (2004) for some groups of protigtsissner uses this gap for
supporting his theory of moderate endemicity andpsued it with several
studies, especially the study about diversity @efliving ciliates (Foissner,
1999). Results of this study show two main problémgnderstanding diversity
and the distribution of microorganisms: (1) Foissfeaind an average of one
new species in almost every carefully analysed &snf@) about one-half of
ciliate species (cca 1000 species) were undescribedew for science.
Additionally, Foissner (1999) claims that there aetists with a restricted
geographical distribution and only a tiny fractiohthe potential habitats has
ever been investigated for protists — all of thessults show a huge gap in
distributional knowledge about protists and the bpgmatic application of
ubiquitous theory due to this gap. Simultaneousigse gaps bring problems to
the moderate endemicity model too.

There are several algal groups, e.g. diatomsass@aled chrysophytes
and desmids — with well-studied biogeography, eamprehensive studies of
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(e.g. Kristiansen, 1996, Foissner & Hawksworth, 206ontaneto, 2011).

Concerning other algal groups, there are still gmeéssome gaps and their
biogeography is still a challenging task. Similatlyis is the case of euglenoids
too. The first attempt to affect biogeography ofglenoids was made by
Hisoriev (2001) who tried to make a comparisonocfl floras and made some
conclusion, including the presentation of the numieendemic species (see
Figure 2), and, in addition, all phytogeographioagions show quite a high
number of endemic species (in the sense that tleepat listed in another way
than the one from compared floras). Hisoriev's itaspoint out the one of

biogeographical problems — endemism of the micnoisc@rganisms. Data

based on literature and the exhibited high portbendemic species should be
interpreted in the other way. There are two maiastjons: "Are all the listed

species endemic?" and “Could some species jusirbeor overlooked?”.
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Figure 2. Phytogeographical regions with numbers of euglenoidorded from
it. Circular charts show the proportion of endespecies lflack par) from the
total number of species in the region (accordingitmriev, 2001, for details see
the text).

Two papers based on floristic data from the CzeepuRlic focus on
this phenomenon. The record of morphologically euwell-defined taxa
Trachelomonas bituricensigar. lotharingia (Jurd, 2016, PAPER 1) shows
that the rarity of species is quite a questionathlaracteristic due the poor
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knowledge of species distribution, taxonomy andapo For this kind of taxa,
which have insufficient knowledge of listed propest a more predictable term
has been proposed — “little-known species”, acogrdio Molina & Marcot
(2007). In the case df. bituricensisvar. lotharingia, there is a contradiction in
its taxonomy due to its certain similarity with ethspecies and missing
molecular data for comparison. The detailed didoussn biogeography of the
euglenoids took place in the work based on findirgpecies ofrachelomonas
saccasii,described from Africa, in the European mesotroghoad (Jurd &
Couté, 2018PAPER III') — finding of this species highlights current kregge
gaps regarding the biogeography and worldwide idigion of euglenoids.
Authors propose several euglenoid species with-eflhed morphology and
with a limited geographical distributiorCélacium epiphyticum, C. minimum,
Lepocinclis crassicollis, Phacus plicatugrachelomonas argentinensig.
hemisphericaand T. magdaleniangas potential flagship species for the better
understanding of the euglenoids biogeography.

To understand the distribution of algae on the alsleale, it is essential
to have knowledge about the distribution on theallerale. There are several
publications and checklists about local floras iteld across the world. As the
result of the long-term tradition of algal floristsurvey in the Czech Republic,
several comprehensive works about our algal floewehbeen published
(Hansgirg, 1892, 1899, Potkiva et al, 2004, Lhotsky & Rosa, 1955).
However, these works are becoming not to be up ate dlue to further
publishing of data and, above all, due to variex®homical changes, etc. In the
last year, a demand for updated and commented dis¢éxkhat can be used for
the comparison of new finds from our state, ecaalgstudies and practical
nature conservation has been presented. CurrerthGezerks summarize our
knowledge of algae flora of cyanobacteria (Kastgvek al, 2010), desmids
(Srastny, 2010), charophytes (Caisova &aba, 2009), silica-scaled
chrysophytes (Skalou@t al, 2013), red algae (Kera et al, 2008) and
euglenoids (Jutd 2017,PAPER 1). The commented check-list of euglenoids
brings results of the floristic survey based oragidtic examination of more
than 200 sites during the years 2008-2014 in caoaioim with the literature
data recorded from the end of thé"t@ntury to the present. Moreover, with 284
euglenoid taxa in 11 genera, the check-list evéiytuapresents a practical
guide for understanding the diversity of euglenoidsthe Czech Republic,
reflecting their actual taxonomy, colonized halsitdihe life strategy, the level of
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rarity, and, in addition, this type of work alsaps$ a vital role in the practical
conservation of biotopes as is shown in the workuné & Kastovsky PAPER
V).

Objectives and content of the thesis

Nowadays, it seems that the scientific focus agglenoids, as well as in
the case of other groups of algae and microorganisrgeneral, has now begun
to move away from classical ecological floristic damfmorphology-based
taxonomic works to issues using methods of moleduitslogy (Leandeet al,
2017). Despite this methodological progress, aodbt'white spots” remain
within our knowledge of euglenoids and their ecglodistribution and also
taxonomy — these gaps in knowledge bring new cmgdle and questions for
future research.

This thesis aims to contribute to knowledge abbat distribution of
euglenoids and their ecology together with possiblerlaps with practical
nature protection. This thesis is composed of thmaa chapters corresponding
to the previously mentioned topics.

CHAPTER 1 focuses on the euglenoids distribution on local global
levels. Information about the distribution of eugdels on a local level is shown
in PAPER I, which represents an actual commented checkbst fihe Czech
Republic. Data for compilation of this list comerin the literature data recorded
from the end of the f9century to the present together with a floristicvey of
more than 200 localities across the Czech Repdhlimg the years 2008—-2014.
The presented checklist included ecological charetics (colonized habitats,
life strategy, level of rarity) for each taxon to&nother two papers included to
this chapter are dedicated to the distribution aferspecies of euglenoids
Trachelomonas bituricensigar. lotharingia (PAPER II) and Trachelomonas
saccassii(PAPER 111), both reported from a small mesotrophic pondha t
southern part of the Czech Republic. Records dfethiaxa are documented by
means of light microscopy and scanning electrorrasopy and, in addition,
distributional data are compared with literature. the case ofT. saccassi
(PAPER 111'), methods of studying the distribution of euglelsoon a global
scale are proposed.

The issue of ecology of euglenoids is parCéfAPTER 2. In PAPER
IV, thereis a study of morphological variability dfrachelomonas caudatia
natural populations based on basic morphometrysaaiktic evaluation of the
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loricas parameters using data from the light arahisimg electron microscopy
with comments connected to the taxonomyTofcaudataand morphologically
similar speciesPAPER V includes results of the floristic study of eugli&tsoin

a small clay-pit in Poland using the data abouewahemistry, taxa abundances
and basic statistics for the study of a rich biedsity of euglenoids in this type
of biotope. In addition, listed taxa were documdnidg using light microscopy
and scanning electron microscopy.

CHAPTER 3 is made up of methodologic®lAPER VI focused on
making of a consensus for using microalgae as tagpdhe biotope evaluation
for the practical nature protection. The paper sanwes data from the
published Red Lists from European countries andhénmethodological part,
there is a scheme for the evaluation of specie&l lef threat together with a
detailed discussion and a list of potential proldeassociated with species’
evaluation, which is accompanied by suggestionsaftustments and solutions
to these problems.
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Abstract

This study brings results of a floristic surveypbiotosynthetic euglenoids. Data
in this survey come from a floristic examination mabre than 200 localities
during the years 2008-2014 in combination with literature data recorded
from the end of 19th century to the present. I3 thork, 284 euglenoid taxa
which belong to the gener&olacium (6 taxa), Cryptoglena (2 species),
Discoplastis (1 species),Euglena (48 taxa), Euglenaformis (1 species),
Euglenaria (3 species),Lepocinclis (36 taxa), Monomorphina (7 species),
Phacus(71 taxa),Strombomonag16 taxa) andlrachelomonaq93 taxa) are
listed. Four categories of rarity were designed—uoom (52 taxa), rare (44
taxa), very rare (120 taxa) and data deficienttéé@y). In checklist, ecological
characteristics (colonized habitats, life stratetpuel of rarity) of taxa are
shown. Number of species is compared with severaksvfrom European
countries (Hungary, Great Britain, Poland, RomaSlayak Republic, Slov-enia
and Ukraine). Taxonomic notes and new combinatiefisecting recent works
based on molecular-morphology are made and disdugesults of this study
bring next part to the knowledge of the Czech Répualtgal flora.

Keywords
algae, Euglenophytes, floristics, microalgae
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Abstract

This report describes the discovery of the rardesuogd taxonTrachelomonas
bituricensisvar. lotharingia in a small mesotrophic pond in the Czech Republic.
Only limited data are available on the distributiointhis taxon as same as for
typical variety ofTrachelomonas bituricensisven though this taxon is morpho-
logically very well defined. | provide a brief disgsion of the taxonomic validity
of this taxon based only on morphological featurdsich are characteristic for
the taxonomy of the genusachelomonasThis finding is completely new for
the algal flora of the Czech Republic. This repomvides new information
about the worldwide distribution of this taxon atslecology

Keywords
Czech Republic, floristics, microalgaEachelomonas
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Abstract

This work reports the identification ofrachelomonas saccasin a small
mesotrophic pond in the Czech Republiachelomonas saccasiias originally
described from a small lake in Ivory Coast (Westigs) in 2009. This report
from the Czech Republic is the second known record of thxon after the
initial description of this speciedrachelomonas saccasrepresents a new
species of euglenoid for the Czech Republic an@@rThis finding highlights
the current knowledge gaps regarding the biogebgrapnd worldwide
distribution of euglenoids. The first aim of thisudy is to describe the
identification of Trachelomonas saccasiising light and scanning electron
microscopy and to compare it with the descriptibthe original material from
Africa. Second, we discuss the current knowledgeugienophyte biogeography
and propose methods that could be used to explogedgraphical distributions
using floristic databases. These methods could d&fuli especially for the
following flagship speciesColacium epiphyticum, C. minimum, Lepocinclis
crassicollis, Phacus plicatugrachelomonas argentinensib. hemisphericand
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T. magdalenianaThis study provides new data on the global distribugbn
euglenoids and proposes possible strategies to obtain further information about
the global distribution of this group of microorganisms.

Key words
EuglenophytesTrachelomonasBiogeographical distribution, Mesotrophic pond
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Abstract

This study documented lorica ultrastructure vasiain Trachelomonas caudata
and related taxa from natural populations. On theis, inaccuracies in the
taxonomic system of euglenoittachelomonasare pointed out. Loricae af.
caudataand taxa very similar to it were examined by lightl scanning electron
microscopy and by energy-dispersive X-ray spectpgc(EDS). The latter
observations showed similarity of chemical compositbetween loricae of
different putative taxa, with silicon and iron 4 tmain components, and the
absence of a chemical element considered to beyamportant component of
trachelomonad envelopes — manganese. All observedphotypes were
classified in one complex based upon envelope gordtion, and the “caudatae
complex” was established. Our morphological analyed us to conclude that f.
pseudocaudataf T. caudatashould be subsumed in the typical form or treated
as a synonym of. caudata as the morphological differences between them are
within the typical range of phenotypic variabilityf species from natural
environments. The same view applies to the spetiebernardinensisT.
fusiformis T. allorgei and T. molestawhich should be considered synonyms of
T. caudata
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Background and aims— Phytoplankton samples were taken from a perjodic
small and very shallow former clay-pit pond in eastPoland near Lublin city.
Diversity of the euglenophyte community was assessging the period 2002—
2004 and in 2014.

Methods — Water samples were collected with ap@0 plankton net and with a
slime aspirator (20 ml capacity) from the surfaéehe bottom. One aliquot of
each sample was fixed for SEM observation; thehfigart of the sample was
analysed using light microscope. Physical and cbalnfiroperties of the water
(pH, temperature, conductivity, phosphates and amumo salt contents) were
measured. Diversity indices were calculated (ShafWgener, evenness,
Margalef and Simpson) and UPGMA cluster analysis wpplied to discern
differences among euglenoid assemblages.

Key results — In total, 63 euglenophyte taxa were found. Thglenophyte
community was dominated by species belonging toTileehelomonagyenus
(29 taxa). The most abundant and constant compomerd¢ widespread and
common species such @scaudataT. hispida, T. intermedjd . volvocinaand
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T. volvocinopsisThey usually occurred in very high densities. W0 found
some rarely reported euglenophytes includinguglena granulata
TrachelomonagemmermannjiandT. sydneyensis

Conclusions — Euglenophytes were, with a few exceptions, the group
inhabiting the pond. Representatives of other gsospch as diatoms or
Scenedesmus species were recorded only occasioNaiéyly half of the taxa
that were recorded in the first period (2002-20@4ye found again after ten
years. Of special concern was taxa belonging to giweus Trachelomonas
Trachelomonads, although known to represent tagfeping waters moderately
rich in nutrients, were very numerous in the iniggged pond, which was
enriched in phosphorus and nitrogen compounds.

Key words — Diversity, euglenoids, small water bodi€sachelomonas

This part of thesisis protected by copyright. Thisis the peer reviewed ver-
sion of the following article: Poniewozik, M. & Juras, J. 2018. Extremely
high diversity of euglenophytesin a small pond in eastern Poland. Plant
Ecology and Evolution 151:18-34. The full version of this part is archived
by the Faculty of Science, University of South Bohemia in Ceské
Budejovice.

168



204



CHAPTER 3
PRACTICAL CONSERVATION IMPACT

205



206



J PAPER VI.

Do we need Red List of microalgae? The procedure abmpiling the Red
List of microscopic algae of the Czech Republic —uglenophyta model

Josef Jurd**, Jan Kastovsky

! Faculty of Science, University of South BohemianBovska 176Q;eské Bugjovice, CZ-
37005, Czech Republic

?|nstitute of Botany AS CR, Centre for Phycologykddska 135, leboi, CZ-37982, Czech
Republic

*corresponding author (juran.josef@seznam.cz)

submitted to Biodiversity and Conservation

Keywords
conservation, redlist, flagship species, algaeranigae, euglenoids

Abstract

Nature, species and biodiversity conservation shdag a priority of each
country. Publishing of Red Lists of animals or hglplants is quite common,
but practical protection of algae and especiallgroalgae is quite a complex
task with several complications. These complicatiare the result of our quite
poor knowledge about biodiversity (taxonomy, phyliog) of microalgae
together with insufficient data about worldwidetdizution of microalgae taxa
(undersampling). The need to protect microorganismscroalgae and
heterotrophic protists is a crucial matter dueheirtrole in bioindication and
evaluation of the quality of their habitats. Thatwhy it is necessary to have a
Red List of these organisms as a practical mamathfe protection of their
habitat and, subsequently, also to have it as & basthe protection of these
organisms. Generally, microorganisms must be vien@das rare species (in
terms of their poor knowledge about distributiooglegy and taxonomy), but as
little-known species and a Red List would refldustidea. We propose a Red
List of microalgae, using euglenophytes as a mgdmip, with the reflection of
taxonomy and autecology of listed species withitigko endangered habitats:
habitat protection must be understood as a syndioynspecies conservation.
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This proposal is the “starting point” for the evaluation of microalgal biodiversity
of the Czech Republic and for deducting conclusions that can be used in the
practical habitat conservation.

This part of thesis is part of the peer review of the following manuscript
submitted to Biodiversity and Conservation: Jurés, J. & Kastovsky, J. Do
we need Red List of microalgae? The procedure of compiling the Red List
of microscopic algae of the Czech Republic — Euglenophyta model. The
full version of this part is archived by the Faculty of Science, University of

South Bohemia in Ceské Budgjovice.
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l SUMMARY OF THE RESULTS

The main objective of this thesis is to contribtdebetter knowledge of
euglenoids diversity, ecology and distributionailins at the improvement of the
current state of knowledge of the euglenoids distron, especially on local
scale together with some ecological consequencéls am overlap in the
practical protection of biotopes.

Euglenoids are organisms that inhabit mostly alltewabiotopes,
sometimes quite extreme; some representatives mdpund in wet soil. The
study focuses primarily on the material from thee@z Republic together with
some material from Poland. The material examinatias carried out on live
material or on fixed specimens using the commorhous of light microscopy
and scanning electron microscopy, additional emvivental data have been used
for making some ecological conclusions and theinbthresults were discussed
in detail with the published data.

Results of the paper included ®HAPTER 1 about the euglenoids
distribution bring data about these organisms dacal a global scale. In the
compiled checklist published PAPER I, there are 284 euglenoid taxa reported
from the Czech Republic which belong to the gen€dacium (6 taxa),
Cryptoglena (2 species), Discoplastis (1 species), Euglena (48 taxa),
Euglenaformis (1 species),Euglenaria (3 species),Lepocinclis (36 taxa),
Monomorphina(7 species)Phacus (71 taxa), Strombomonag16 taxa) and
Trachelomonas(93 taxa). Data presented with the additional eamcfor
ecological preferences of individual taxa represefitst comprehensive set of
this group in the Czech Republic. Other papersriedaare taxa with probably
limited geographical distribution Frachelomonas bituricensigar. lotharingia
(PAPER II) andT. saccasi{PAPER lII). The results of these works bring new
records of an occurrence of these species and|taimeously, outline the issues
surrounding the global distribution of euglenoiise main impact of the study
of T. saccasiiwas a designation of well morphologically definedda
unmistakable flagship speciéSolacium epiphyticum, C. minimum, Lepocinclis
crassicollis, Phacus plicatus, Trachelomonas argemtsis, T. hemispheriand
T. magdaleniangfor further study of the euglenoid biogeography.

The paper inCHAPTER 2 focuses on the euglenoids ecology and
brings two interesting results. IRAPER IV, there is a documented lorica
ultrastructure variation iffrachelomonagsaudataand related taxa from natural
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populations. Results of this ecological study haseonomic consequences
showing that in the case of euglenoids, the impadheir morphology, besides
the environmental effect, may also influence thasgls of their ontogenesis.
According to results of the morphological analyskere is a conclusion that
Trachelomonascaudata f. pseudocaudataT. fusiformis T. allorgei and T.
molestashould be considered synonymslofcaudata Results oPAPER V are
about diversity of the euglenoids community in aarand very shallow former
clay-pit pond in eastern Poland where euglenoidsvstxtreme biodiversity (63
taxa in total) with dominating species belonginghteTrachelomonagenus (29
taxa), although it is a nutritionally rich habit&t which a much lower
biodiversity could be assumed.

The lastCHAPTER 3 about the practical nature conservation in the
connection with microalgal species propose a metlogy for the evaluation of
a level of threat of microalgae, which is testedeoglenoids as a model group.
This proposal is designed as a template that cdwdused, with some
modification, for all microalgal species and theiotopes. The evaluation step
highlights that conservation must reflect: taxonoamyd potentially possible
determination, information about ecology togethéthwhabitat preferences of
species, and an effect of “expert weight”. This meblogy is a “starting point”
for the compilation of Red List of microalgae iret€zech Republic and, in the
future, it could offer a practical guide for thenservation of habits and their
biodiversity.

Altogether, this thesis contains data about a contynevorldwide
distributed group of algae with a high number cd@des and infraspecific taxa.
The results of this thesis include original data distribution, ecology and
taxonomy of euglenoids, and, at the same time,qa®phe way of use of algae
in the practical conservation of nature in the fayfra synthesis of the present
knowledge about this group of algae. Although thesented results represent
only a quite small portion of contribution to thecent knowledge about
euglenoids, they mainly bring future research te@ssociated with this algal
group, especially the studies of diversity of oligmmd mesotrophic localities,
understanding biogeography of euglenoids togethigr the need for further
species revisions using modern molecular methodsuging on these research
themes, we will be able to experience the moreess hidden biodiversity of
these organisms.
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