
Burki et al., 2020, Trend Ecol Evol



[very simplified] schemes of plastid endosymbioses

(more in "Protistology")



oceanic phytoplankton – „basic scheme“ of the RECENT global structure



Malone et al. 2016, Primary Production, Cycling of Nutrients, Surface Layer and Plankton 

>>

lineages with secondary
rhodoplasts in marine
phytoplankton



Götz & Feist-Burkhardt, 2012, Palaeogeogr, Palaeoclim, Palaeoecol
Le Hérissé et al., 2009, Palynol.

palaeozoic vs. recent marine phytoplankton





classical geological boundary Proterozoikum vs. Mesozoikum
dramatic decline of diversity (oceans > continents)
extinction of multiple high-order lineages – including apparent algal/protist groups
dramatic fluctuation in sea level
fluctuations in global temperature
jumps in primary productivity (ratio of C12/C13)
changes in basic features of rivers (braided vs. meandering)
long-term change in vegetation patterns
acidification of oceans and strong increase in their oxygen limitation / anoxia
increase in athmospheric CO2, decline in oxygen concentration



 recent estimates of time scale: between 251.941 ± 0.037 and 251.880 ± 0.031 My
 Burges, 2014, Nature 111

 Siberian traps



Haptista - Haptophyta

lineage including organisms with key effects on global 
ecosystem (carbon cycle, dimethylsulfide);

ca 300 recent species, only about 15 species in 
freshwater [incl. Corcontochrysis noctivaga]

some marine and brackish taxa produce toxins
(e.g. Prymnesium – fish poisoning)

Scyphosphaera
(biomarks.eu)

haptonema
Edvardsen & Medlin, 2007



Haptophyta – phylogeny and 
systematics

Pavlovophyceae
Coccolithophyceae

Edvardsen & Medlin, 2007

SSU rDNA



Haptophyta – phylogeny and 
systematics

SSU rDNA
Henderiks et al., 2022, JMSE



coccoliths – calcium carbonate scales on cellular surface

holococcoliths – develop externally on cells

heterococcoliths – develop inside the cells, complex 3D shapes

Coccolithophyceae

calcification: 2 HCO3
- + Ca2+ = CaCO3 + CO2 + H2O

haptophytes make up about 50% of total inorganic carbon pump in the oceans



Young et al., 2003, Journal of Nannoplankton Research
Mordecai et al., 2017, Viruses
Anderson, 2016, Oceanbites



Henderiks et al., 2022, JMSE; Lowery et al. 2020, Ann. Rev. Earth Pl. Sci

Evolutionary patterns of diversity in major marine phytoplankton groups



Henderiks et al., 2022, JMSE

survival ages of haptophyte taxa



oceanic phytoplankton – „basic structure“



and - dimethylsulfide -
source for the
condensation nuclei of
clouds

white tides



Emiliania huxleyi – one of the most frequent recently occurring eukaryots on Earth

E. hux. is evolutionarily very young – only since Pleistocene



Young et al., 2003, Journal of Nannoplankton Research; http://www.mikrotax.org/Nannotax3/

E.hux type A

E.hux type B

Emiliania huxleyi s.l.  (Isochrysidales, Noelaerhabdaceae)



             Gephyrocapsa oceanica                      Coccolithus pelagicus        Discosphaera tubifera
        (Isochrysidales, Noelaerhabdaceae)                  (Coccolithales, Coccolithaeae)           (Syracosphaerales, 
Rhabdosphaeraceae)

- 7.3 my to recent           - 66 my to recent               - 16 my to recent
Young et al., 2003, Journal of Nannoplankton Research
http://www.mikrotax.org/Nannotax3/



Braarudosphaerales

Braarudosphaera bigelowii
(Braarudosphaeraceae)

- 100.5 my to recent
http://www.mikrotax.org/Nannotax3/
Hagino et al., 2013, Plos One

- an old lineage (since Mesozoic)
- coccoliths develop extracellularly (i.e. 
probably not homological with other 
groups)
- probably belongs to Prymnesiales,  
together with "naked"  haptophytes
- haploid stage is known as 
Chryschromulina parkeae
- in cells - endosymbiotic coccoid, 
nitrogen-fixing cyanobacterium
- typical coastal planktonic organisms



Betzler et al., 2017, IODP;  Anderson, 2016, Oceanbites

Coccolithophores and global calcification



calcifying organisms, such as Coccolithophores, provide long-term carbon sink
mechanisms, compensating for instantaneous CO2 excursions 

Archer et al., 2009, AREPS
NOAA Climate.gov

global climate and the carbon cycle



calcification:
2 HCO3

- + Ca2+ = CaCO3 + CO2 + H2O

soft tissue pump carbonate pump

DIC
saturation horizon

only about 0.5% of CaCO3 produced at the
surface reaches the ocean floor

DIC is about 15% higher in ocean depths and
this is of key importance for athmospheric
CO2 levels

saturation horizon – below which CaCO3 dissolves



Phaeocystis – flagellate with sticky chitinous filaments

genus Phaeocystis - ca 10% of global DMS production, coastal white tides



Chrysochromulina

organic scales

unicellular, planktonic marine [rarely freshwater] flagellates
haptonema usually prominent – attachment to the substrate or to the prey
mixotrophy - phagotrophy, osmotrophy

zdroj: nordicmicroalgae.org



Hymenomonas - a freshwater coccolithophore genus

occurs in oligotrophic phytoplankton

nonmotile haploid cells (Apistonema stage)
and flagellated diploid stage



Pavlovophyceae - non-calcified flagellates, incl. some brackish and freshwater taxa

Exanthemachrysis
Pavlova
Rebecca
Diacronema

Rebecca salina

Diacronema (Corcontochrysis) noctivaga
Bendif et al., 2011, Protist

Pavlova



Cryptophyta

plankton of freshwater and seas, about 200 species

cryptophytes – flagellates with (red algal) nucleomorphs,
phycobilins (without phycobilisomes) and trichocysts (heterotrophic nutition)



Cryptomonas – most frequent freshwater genus

marine cryptophytes – e.g. Rhodomonas a Chroomonas
mostly (sub-)tropical shelf seas
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