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Figure 1. The New Tree of Eukaryotes.

This summary is based on a consensus of recent phylogenomic studies. The colored groupings correspond to the current ‘supergroups’. Unresolved

branching orders among lineages are shown as multifurcations. Broken lines reflect lesser uncertainties about the monophyly of certain groups. Star

symbols denote taxa that were considered as supergroups in early versions of the supergroup model; thus, all original supergroups except Secondary
s - : : : : : Endosymbiosis

Archaeplastida have either disappeared or been subsumed into new taxa. The circles show major lineages that had no molecular data when the

supergroup model emerged, most often because they had not yet been discovered. Rappemonads (in parentheses) are placed on the basis of plastid

rRNA data only. The putative new major lineages Microheliella and Anaeramoeba are not shown due to the limited evidence that they belong outside Q )P
all existina arouos shown here (Table 1).
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Dinophyta (= Dinozoa, Dinoflagellata)

mostly phototrophic group belonging to Alveolata, traditionally considered as algae,
especially from an ecological point of view

20 mickometEs

T Ha

dinokaryon — nucleus lacking any histons, i.e. permanently condensed DNA

oldest fossils - 600 mil. let — late Precambrium
(the morphotypes are more or less identical with some recent cold-water cysts of dinoflagellates)

about 2000 species, mostly in marine plankton, about 10% in freshwater, often as parasites

about half of species heterotrophic, lacking plastids; often phagotrophic
secondary plastids from red or green lineage; tertiary plastids from multiple hosts
in general — many symbiotic events in evolution (including kleptoplastids)



Dinophysis - red tides, toxins in marine habitats




Ornithocercus
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'<\-‘\—'.-. ,:~ } .._.- et Q““*a-».

symbiotic, heterocytous cyanobacteria (nitrogen-fixing), otherwise heterotrophic
(sub-)tropical marine plankton




Peridinium Gymnodinium

PERIDINIUM

#Mth Publ #657. 1959,

freshwater planktonic dinoflagellates



Ceratium complex - one of the most important dinoflagellate taxa from
the ecological point of view; individual species/genera occurs both in marine |
and freshwater phytoplankton

I7, 08,7006, A




04:30 08:30 12:30 22:00

%
Figure 2. Images of a single pair of Ceratium ranipes after 10.5h in darkness (04:30), 2.5h of illumination
(08:30), 6.5h of illumination (12:30) and after 6 h of darkness (22:00).

diurnal production of pseudopodes
in Tripos ranipes

Ak o

MONACO

Dol

CERATIUM RANIPES
PHYTOPLANCTON

MUSEE OCEANOGRAPHIQUE

no. minutes from dawn - production of fingers

no. minutes after sunset - retraction
Pizay et al., 2009, Protist

https://planktonchronicles.org/en/portfolio/ceratium-grow-fingers-to-catch-more-light/
https://www.flickr.com/photos/98842375@N03/



Noctiluca scintilans (seasparkle, svitilka)

cells up to 2 mm, heterotrophic or
with symbiotic green algae

bioluminiscence
scintilons - specialized organells

https://www.youtube.com/watch?v=7kyPOXsF0zM



Alexandrium

VL) copyright Larry Friz

toxic water blooms
in shelf seas - saxitoxin

red tide water blooms




Symbiodinium (,zooxanthella™)

probably a monophyletic lineage; obligate endosymbionts of eukaryotes
mostly as intracellular symbionts

hosts: Cnidaria (incl. corals), platyhelminths, Porifera, bivalvs, foraminifers, ciliates

%

(€02 and shelter

‘«\_,,. 2

photesynthesis o
1 Symbiodinium acquisition

q '&: s e ‘\- "
gﬁcrit Itljlfe?ltelz?gpmem O N Symb/Odlnum

Spawnlng Settlement
Bleaching — Death ® O ) O
Coral Symbiodinium ﬁ Development
disappear ...

Figure 2. A symbiotic relationship between corals and Symbiodinium

http.//mucholderthen.tumblr.com

mar/nesaencetoda y org



basic structural features
of stramenopile flagellated
cells
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Figure 2. Protein and rDNA phylogeny of heterokonts. Combined Isu, ssu, actin, -tubulin, cox1 and hsp30

Riisberg et al., 2009, Protist

information, see legend for Figure 1.

phylogeny of Ochrophyta, Bigyra and Pseudofungi. PAML fast-evolving site category 8 for both rDNA and
proteins has been removed (Yang 1997, 2007; Kumar et al. unpublished) (4632 characters). For further



Chrysophyceae (incl. Synurophyceae)

Tinsel

mostly freshwater flagellate and mucilaginous flagellum

organisms; about 700 species

Smooth
flagellum

mesotrophic and oligotrophic plankton

Paraphysomonas — genus with rudimentary plastid and silicate scales

S [ Paraphysomonas
5 %1 & ‘ A o
b il . i S 4
. ‘ : / : 34 "
w5 B . 5o 7 e
" i o 'si ",
: |

endogenous silicate
stomatocysts

RO - both marine and freshwater species




~Synurophyceae"
mainly genera Mallomonas a Synura

e )
@"« 7N

http.://www.flickr.com/photos/joelmancuso/110623789/

bioindication of environmental dynamics; palaeoecological studies, "blooms" especially in boreal ecosystems



biogenesis of silicate scales

Fig. 5.32. Scale formation in M. caudata. (Wujek &
Kristiansen 1978).

Fig. 5.33. Bristle formation in M. caudata, transverse
sections of successive stages. (Wujek & Kristiansen 1978).

silica deposition vesicles devglopment of posterior bristles
in Mallomonas splendens



Mallomonas




Synura
colonial relatives of mallomonads

Synura

Al after Exvtwiste &1 al {1997)
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Hydrurus (foetidus)

. il

mucilaginous thallus adapted to
living in fast flowing water




Dictyochophyceae

small but ecologically important group of
phototrophic marine flagellates

silico-flagellates
Dictyocha
cold oceans, phytoplankton

Figure: 11, 1. fWetvoeka {a) The radially arganizsd llving muclealss; P = perinucleor cyvoplasm =g
cell (b Sl akelcom, OB = bosmdary ol celi karyan); PP = preudigodions; FY = presnad 88
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Diatoms — Bacillariophyceae
(rozsivky)
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centric and pennate
morphological types

silicate shell (frustule) made
of two parts
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Frazer, 2010, Diatoms or The Trouble With Life in Glass Houses
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E. Haeckel: Kunstformen der Natur

Polar nodute
Epitheca

Raphe

Cell wall

Polar nodule

A
v
Fig. 3.101 : Cell struclure of Pinpularia viridis (Pennales) : A. Frustule in valve view, B. Frustule in girdle view,
and C. Frustule in transverse section
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two basic types of sexual reproduction in diatoms
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zygote, auxospore, initial cell
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diatom phylogeny

Majority nda
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100 —cnsilill Eolidophycess
clade 2a; blue, clade 2b.

Fig. 2. Phylogeny inferred with the Bayesian analysis. Major clades are collapsed into triangles for clarity. PP > 50% arc placed at each node. Pink, clade 1; green,

Medlin & Kaczmarska, 2004, Phycologia



Paleocene/Miocene

Cretaceous

Jurassic

Triassic
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Medlin, 2016, Phycologia
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oceanicky fytoplankton — ,zakladni obrazek"

Figure 3 - Variations saisonniéres des peuplements de phytoplancton {en
bleu : haptophytes; en v Is: en jaune : Synechococcus; en

latitudes, ol les haptophyte € reste de I'année. Prochlorococcus

et Synechococcus dominent en permanence dans les régions tropicales,

09-19848 12-1988




global diatom productivity
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Diatom abundance in the world cceans (moles of carbon per cubic meter) during boreal spring (lefl) and autumn {right) as
simulated by the DARWIN MIT model (Tréguer et al. 2017), 18 km resolution (ECCO2 physical model | @ MIT

diatoms contribute around 20% of global primary productivity
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Thalassiosira

diatoms.org



Rhizosolenia Proboscia

inaturalist.org




diatoms of marine Licmophora
phytobenthos

photos: National Geographic; Torrentes et al., 2016, Phycologia



diatoms of freshwater Melosira
phytoplankton

Aulacoseira
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diatoms of freshwater
Pinnularia

phytobenthos




Eunotia Surirella

Mag= 2.50 K XEHT = 10.00 kV System Vacuum = 2.75e-003 Pa | Probe = 3 pA Signal A= SE1
WD =120mm Beam Current= 800pA VP Target= 30 Pa Spot Size = 200




diatoms of subaerial habitats

Orthoseira
Hantzschia
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the case for hidden diversity of (benthic) diatoms
Sellaphora pupula

Tssi1ay

091 00}

oy

-

UMY

—

Wl




alllr.:lht:al TH Ft1ﬂ
ulllpltl E'al -
: If&'u“"‘

sma rit-ca
E'IJI
“large

—EP&U ok A6 .
paciiun E’d
bacr Ium T-MAR
small lancealate ‘hRH
lancealata BLA12

i lanceolats BLA13

—¢f. mrmma

‘rupf-ta-!a EL1

fata BLAD
i a

cgg‘:rara LA11
n'capitata DUMB

rr.f EEEE BELZ

suuthum capitate AUS1
twulhem capqt-ate ALI 2

southern ca |talJE|

- Fe?ﬂ? =2 6oy

kfurdensrs BLAH

bm:.l:fnm‘ansis DLUMNS
pseudocapitate F1

_|_ seudocapitate THR12

pseudocapitate US1
-5nuthern_|gseudo-capltate ALIS4
laewvissima
laevissima T
aev ssima g
auwss;:

laevissima
laevissima 'I'HF-tE
—l;f seminulum

ngﬁmﬁpﬁ fu.r'c-pal'a
Pinnularia cf. gibba
Enc ma cf. simicunm

- neis constans
Placoneis cf. paraelginensis
Gomphonema capitatum

.Lweﬂa sp.

Lyreila hernrmed,
Pr;‘:- reila a;innﬂmw
x mpﬁanema cf. kamschaticum

%ennnawsmr usta
eminavis cf. robusta 2
Navicwla cf, duerrenbergmna

- Eunotia cf. minor
Odomtella sinensis
Paralia suleats

rbcL—based phylogeny of Sellaphora...;

2 bl g e
..._—-p-lr -|I|. R R

fin T Fopassaaiyve alom b ol of e wemdaad clieks bolmgiag w die Sdbiphan popels canples sad s & il Wl
spmcebomnl phivlkee nek sl s 5ods

pomsmag paor bas |ag, o B (6], poapsl seooddng oo e rosuls o T g6

b, 10 . o THNA cloela 1 ja) 5 awldesshis ciomss RLAZ. b “ellpsod, ™ THEID £ “ellipdod ™ BLALL jdi “enall blaae
i TIEELL (& "wumgs = GIEL (6 ool cogeime IMNT. gl " lergs TIEELL. @) ek ERCGE i) "~ epdewls
RLAIG i o sl bllsecopHe THF jb-r INA cdbeds 3. jk) 5 wiions BRILALL (I “afirg,™ AFEL. jm) “eesheem
copimee, ™ AR ja) "o coploes™ THE?D o) "ol obes,™ B2 g “soudfiem peoslocgpion ™ A5 jqi " e oo
AL el & MahGoobeupy, DTS p-u) IENA chale 2 (00 “eocdl Kool THEL4 (v 5 lecclos, BLALL ju) 5 Sacillems,

BLAS Abboeviomoas ae o b Figere 1

how many species? Evans et al. 2008, J. Phycol.
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