
Plants  (Plantae (= Archaeplastida))

common features of plant lineages

origin – more than
1 billion years ago

Glaucophyta, Rhodoplantae, Viridiplantae



Keeling, 2004

traditional view on evolution
of Archaeplastida



Handbook of Protists, 2017



Dorrell et al., 2012, J Cell 
Sci



Keeling, 2010, Phil. Trans. R. Soc. B 365: 729–748.



Evanovich et al, biorxiv
the plastid-encoded timeline



Glaucocystis nostochinearum

Glaucophyta

cocoid cells with flagellar remnants and contractile vacuoles

traditionally – 6 species, but only iconotypes are available…

uncertain (and possibly non-existent Glaucocystopsis africana)

muroplasts = cyanelles, no traces of sex



mitochondrial genomic data

Jackson et al., 2015



Cyanophora paradoxa

freshwater phytoplankton
eso-/eutrophic  habitats 
originally described from Ukraine,
additional records (UK, USA, Japan)

C. tetracyanea (from soil, a strain deposited in NIES)
But is it really a good species? [We will see shortly...]

Handbook of Protists, 2017



Cyanophora biloba (vs. C. paradoxa)

Kugrens et al., 1999, J. Phycol. 35: 844-854.
Kugrens, 2002, Symbiosis 4

C. biloba – plankton ephemerous alpine pond (bloom)

plates on cell surface, subapical flagellates

bilobate cells – one cyanelle in each lobe



infrageneric taxonomy of Cyanophora

Takahashi et al., 2014, J. Phycol. 50



five Cyanophora species recognized by genetic and morphological features

Takahashi et al., 2014, J. Phycol. 50



Chong et al., 2014, Mol. Phyl. Evol. 76: 181-188.

molecular diversity within the genera Cyanophora and Glaucocystis



Handbook of Protists, 2017



Gloeochaete wittrockiana

freshwater epiphyton, benthos, mesotrophic habitats



Maruyama et al., 2008,
BMC Evol. Biol. 8:151.

Cyanoptyche gloeocystis

- described by Pascher from peat bog pool
   in Doksy
- known from other peat bogs
  (Ukraine, Poland, Canada)
- two strains exist (SAG) – as an epiphyte
  from a pool in Prater (Wien) + from
  Portugal



unclear and/or erroneously described glaucophytes Glaucosphaera vacuolata
(red alga from Porphyridiophyceae)

thrives in soil

Chalarodora azurea

described by Pascher as an epiphyte
of Potamogeton leaves



the red plant lineage – subkingdom Rhodoplantae

evolutionarily important features: Golgi apparatus associated with ER, mitochondrion, and nuclear membrane,
presence/absence of thylakoidal lamella beneath plastid membrane (relation to evolution of secondary
rhodoplasts), phycobilins, absence of any flagellates stages (but Rhodelphis !)



biphasic life cycle – ancestral
triphasic – evolutionarily advanced



Yoon et al., 2017,
In: Handbook of Protists



Yoon et al., 2017,
In: Handbook of Protists



synopsis of the contemporary formal classification:
(834 genera in 90 families in 32 orders in 7 classes in 2 divisions)

Schneider & Wynne, 2007, Bot. Mar. 50: 197–249.

subkingdom: Rhodoplantae

  division: Cyanidiophyta
    
    class: Cyanidiophyceae (3 genera)

  division: Rhodophyta

    class: Rhodellophyceae (2 genera)

    class: Stylonematophyceae (12 genera)

    class: Porphyridiophyceae (8 genera)

    class: Compsopogonophyceae (14 genera)

    class: Bangiophyceae (6 genera)

    class: Florideophyceae (789 genera)

How many extant species?
4000 to 6000 described
real number possibly up to 20 000 
(Adl et al., 2007, Syst. Biol.)



Verbruggen et al., 2010, 
BMC Evol Biol



mitochondrial genome analysis

Yang et al., 2015, GBE



Cyanidium

an organism most similar to the 
ancestors of stramenopile plastids?

Cyanidiophyta

Yellowstone Nat. Park

C. caldarium - hot (up to 57 C and acid soils/waters



Ciniglia et al., 2004 Mol. Ecol. 13:1827-1838.

- probably four lineages (Cyanidium, Galidieria, Cyanidioschizon, „Galdieria“ maxima)
- precambrian cyanophyte ancestor possibly lived in thermal and acidic habitats
- invasions to terrestrial and benthic habitats are evolutionarily derived
- Cyanidium generic lineage seemingly has tens of species



Ciniglia et al., 2004 Mol. Ecol. 13:1827-1838.



monospecific cave biofilms in extremely
shaded microhabitats

ML, plastid encoded 16S rDNA

Azua-Bustos et al., 2009, Microb. Ecol., 58:485–496.



Galdieria

extremely
acidic

habitats

Cyanidioschyzon

C. merolae
acid hot water - pH < 2 a 45 °C

C. merolae
- a single nucleus,
  mitochondrion, plastid,
  peroxysome
- one of the most ancestrall
  plastids, at all
- all the DNA-containing
  organelles divide simultaneously

plastid
division ring



unipolar cells in Cyanidioschyzon

Miyagishima & Tanaka, 2021



thermophilic Galdieria in
anthropogenic habitats

Barcyte et al., 2018, Fottea



Rhodophyta
Rhodellophyceae
Glaucosphaera vacuolata – see before/above

Rhodella

marine littoral – epiphyton, microbenthos 

Corynoplastis japonica

Yokoyama et al., 2009, Phycol. Res., 57: 278–289

group synapomorphy:
Rhodellophyceae contain mannitol



Dixoniella



Stylonematophyceae
Chroodactylon (= Asterocytis) Chroothece

Wolowski et al., 2007, Biologia 62: 646—649.

freshwater and marine habitats
epiphyon

soil crusts, hydro-terrestrial habitats

Purpureofilum

mobile monospores

epiphyte of filamentous
algae in mangrove habitats



West et al., 2005, Phycol. Res. 53: 49–66.



Bangiopsis

intertidal benthos

tropics, subtropics

West et al., 2014, Algae 29: 101-109.



Kyliniella

Porphyridiophyceae

epiphyte in streams, N. Am.

Porphyridium

soil crusts, benthos 

additional genera, i.e. Phragmonema,
Glauconema



Compsopogonophyceae

Compsopogon

epiphytic growths in (sub-)tropical freshwater habitats
(in USA ca till Virginia and Kentucky – most often C. coeruleus)

South & Skelton, 2002, N.Z. J. Mar. Fresh. Res. 36: 879–881.

southern Pacific – ingredient for local puddings
(served with fish)

aquariums - 
nuisance alga

subtropical Europe (E, F, MT, GB (?) )



P. veneticus – epiphyte known from VanutatuWest et al., 2007, Phycologia 46: 237-246.

Pulvinus

mobile monospores



Necchi et al., 2013, Eur. J. Phycol. 48: 152-162.

Compsopogon  seemingly has rather low global genetic diversity

(especially in comparison with many other microalgal lineages...)

(six morphological species synonymized
within that study...)

plastic encoded rbcL based phylogeny
Why?
a)asexual reproduction – monospores
b)relatively wide niche



Boldia

B. erythrosiphon
streams – eastern N. Am.
(Alabamy to Quebec)
very often on freshwater snails

thallus ontogenesis

Nichols, 1964, Am. J. Bot. 51: 653-659 .

Boldia on snails



Erythrotrichia – filamentous thallus
Erythrocladia – pseudoparenchymatous thallus

Erythrocladia – rarely in freshwater (NL)

epiphytic marine algae



Bangiophyceae
- formerly – two morphologically defined genera (Bangia and Porphyra)
- class-level definition: important life cycle synapomorphies
- phylogenetic diversity – across traditional morphologies
- primary evolution centre (coastal habitats, southern hemisphere, NZ/Australia)
- rarely also in freshwater habitats
- cosmopolitan distribution in marine habitats

- several recently described monophyletic
  genera 

Bangia-like morphology

Porphyra-like morphology



Sutherland et al., 2011, J. Phycol. 47

phylogenetic revision of Bangiales



Guillemin et al., 2016, Mol. Phyl. Evol.



Guillemin et al., 2016, Mol. Phyl. Evol.



morphological type "Porphyra“

(sub-)tropical to subarctic seas
polyphyletic; ca 80 species desribed, so far



Varela-Álvarez et al., 2018

polyploid life history in Porphyra



marine porphyroid genera

Boreophyllum, Porphyra, Pyropia, Wildemania

Mols-Mortensen et al., 2012, Eur. J. Phycol. 47

relatively homogeneous vegetative
morphology across genera

profound plasticity



morphological differentiation of Pyropia species - an example from Chilean coast

Meynard et al., 2019, J. Phycol.



open-air aquacultures; closed mass cultivation systems laver (GB, Wales), nori (JP), hai-tai, zicai (CH),
gim, zakai (KR), karengo (NZ):
– P. umbilicalis, P. yezoensis, P. tenera, 
  Pyropia columbina

gametophyte harvest after about 45 days since germination

seeding of conchospores in the lab annual production amounts to ca. 50 bill. CZK



www.seaweed.ie

seedling centre Conchocelis stage on shells

seeding nets Porphyra harvest



www.seaweed.ie



bangioid lineages

marine littoral, streams, wterfalls, clean lakes; polyphyletic genus



Bangia life cycle Notoya & Iijima, 2003, Fisheries Sci.



marine bangioid lineages

very often in
supralittoral

Lynch et al., 2008, Phycologia
Wang et al., 2008, Aquaculture

Conchocelis stages, often forming
epizoic populations in shells

B. fuscopurpurea
ushike-nori [JP]
hangmaocai [CN]



an invasive species in some lakes (e.g. Lake Erie)

a frequent member of phytobenthos in large oligotrophic lakes (Ohrid Lake, Lago di Garda)

freshwater Bangia
(B. atropurpurea, Bangiadulcis) 



bangias in littoral of
clean lakes

(such as Ohrid lake)

freshwater bangias
(Eu, S.Am., JP) recently 

re-classified as
monophyletic genus  

Bangiadulcis



Dione a Minerva – two most ancestral genera in Bangiales
(formerly classified as (a bit strangely looking) Bangia)

distribution – N.Z.



Broom et al., 2004, Mol Phyl Evol

presumed southern
hemisphere origin of the

Bangiales

Bangia s.l. – highest
phylogenetic diversity in N.Z.
coastal habitats



Florideophyceae
five subclasses:
Hildebrandiophycideae
Nemaliophycideae
Corallinophycideae
Ahnfeltiophycideae
Rhodymeniophycideae

so far ca. 9000 species, most of them marine
typical life cycle features: absence of flagellated stages, oogamic sexual process

age: fossils – at least 600 mil years [sic], extant genera – up to 350 mil years



Taxonomic structure of Florideophyceae

5 subclasses (current no. species):
 
Hildenbrandiophycidae (19)

Ahnfeltiophycidae (12)

Nemaliophycidae (ca 900)
[selected orders: Batrachospermales, Nemaliales, Thoreales] 

Corallinophycidae (ca 900)
[selected orders: Corallinales, Sporolithales, Hapalidiales] 

Rhodymeniophycidae (ca 5300)
[selected orders: Ceramiales, Gelidiales, Gracilariales, Gigartinales, Halymeniales, 
Plocamiales, Rhodymeniales] 





Yang et al., 2016, Sci Rep

florideophycean phylogeny

- major divergences in this 
Florideophyceae: emergence 
of Hildenbrandiophycidae [ca. 
781 (681–879) Ma],
Nemaliophycidae [ca. 661 
(597–736) Ma], 
Corallinophycidae [ca. 579 
(543–617) Ma], and the split 
of
Ahnfeltiophycidae and 
Rhodymeniophycidae [ca. 
508 (442–580) Ma]

- extant diversity seems to 
reflect largely Phanerozoic 
diversification

- divergences within 
Florideophyceae were 
accompanied by evolutionary 
changes in the 
carposporophyte stage, 
leading to a successful 
strategy for maximizing spore 
production from each 
fertilization event



pit connection - primary [and secondary]

pit plugs



fertilization -
auxiliary cells and 
ooblast filaments,

gonimoblasts
carpospores

Nemaliophycideae

Corallinophycideae







Hildenbrandiophycideae

evolutionary radiation – marine habitats - 
many taxa, possibly just a single invasion
into freshwater ecosystems

asexual: tetrasporangia in marine taxa, sexual process
gemmae in freshwater taxa



Sherwood & Sheath, 2003, J. Phycol. 39: 409–422.





Foto: Yvonne N.





Sherwood & Sheath, 2003, J. Phycol. 39: 409–422.



Nemaliophycidae

Lam et al., 2016, Mol. Phyl. Evol.
algaebase.org
sinicearasy.czmost freshwater red algae belong to this lineage



Lam et al., 2015, Mol Phyl Evol



Acrochaetium
stellate rhodoplasts, epiphytes, in coastal areas

Acrochaetiales



Palmaria
epiphytic (e.g. on kelp macroalgae) or epilithic, cold seas, palmate thallus

P. palmataalgaebase.org



Audouinella (= Chantransia)

freshwater taxa, but also sporophyte stages of the genera Batrachospermum and Lemanea

numerous discoid plastids

relatively tolerant to pollution
(e.g. Vltava river in Prague)

typical monosporangia – monospores
(and sexual process)



Rhodochorton

R. purpureum beneath F. serratus
in the Baltic proper

seaweed.ie



Batrachospermales – a major freshwater florideophyte lineage 

Vis et al., 1998, J Phycol 34: 341–350 SSU+rbcL
SSU, ML tree – monophyly of the order



Vis et al., 2007, Phycol Res 55: 103-112.

origin of Lemanea-like morphologies from Batrachospermum-like ancestors



Necchi jr, Oliveira, 2012, J. Phycol.

sporophyte stages in Batrachospermales and Thoreales



Batrachospermum



Stewart, 2006



Stewart, 2006



Stewart, 2006



Stewart, 2006rbcL, Bayesian tree

complicated species
concepts in Batrachospermum…



cox2-3 strom, AU-NZ taxa

Stewart, 2006



Vis et al., 2008, J Phycol 44: 882-888

larger differentiation of S. Am. populations indicates that Amazon region may be one of the
primary diversity centers 

B. macrosporum

infraspecific differentiation
on a continental scale



Lemanea



Sirodotia, Tuomeya

Tuomeya



Balbiania

rare epiphyte and endophyte of freshwater
rhodophytes (such as Batrachospermum)

(infragroup co-evolution of comensales and parasites)

reddish Balbiania growing on  Batrachospermum (DE)

formerly considered 
a member of 
Audouinella



ThoreaThoreales
the second freshwater order

often in freshwater aquaria
up to 200 cm long thalli
mostly tropics, rarely in Europe (GB)



Nemaliales

Nemalion
 
marine algae
often in supralittoral
 
(= emersed for the most time =
subatmophytic life strategy)

N. helminthoides

Galaxaura
 
calcified marine lineage from subtropical and tropical habitats

G. rugosa
(photo: S Africa

invasive in the E 
Mediterranean



Galaxaura

G. rugosa – pantropical species



Corallinophycideae - “coral red algae”

calcification, rhodolites

("coral red algae", "coralline red algae", "calcareous red algae", "CCA")



coralline red algae of coral ecosystems
 

- key agent in cementation of the reefs
- dominant especially in mesophotic habitats
- high diversity with significant proportion of undescribed taxa
- facilitating distribution of multiple other non-calcified red algae 

Loya et al., 2019,
Mesophotic Coral Ecosystems

Titlyanov et al., 2017



rhodolith beds [red algal ocean floor]

Riosmena-Rodríguez et al., 2017
Rhodolith Beds, Springer



Foster 2001, J. Phycol. – rhodolite dynamics



taxonomic structure of coralline red algae

Corallinales (ca 830 species) (Corallina, Jania, Bossiella, Amphiroa, Phymatolithon, Hydrolithon)
both geniculate and non-geniculate  

Sporolithales (60) (Heydrichia, Sporolithon)

non-geniculate 
Rhodogorgonales (ca 20)

Corallinapetrales (2) non-geniculate

Pena et al., 2020, Mol. Phyl. Evol.

evolutionary
timeline



non-calcified geniculae
typical erect and branched morphology

two basic life forms - geniculate and non-geniculate coralline algae

typical 
crustose or 
rhodolithic 
morphology



Bossiella

colder seas - kelps littoral ecosystems
entire Pacific coast of the Americas

B. californica



Corallina

temperate to tropical seas; cosmopolitan









Jania
- dichotomically branched thalli
- cylindrical segments



Amphiroa, Jania

Amphiroa sp.

A. rigida

J. rubens



Haliptilon

H. virgatum



phylogeny of geniculate corallines

non-monophyly of
traditional Corallina

Hind & Saunders, 2013, J. Phycol. 49



Walker et al., 2009, J. Phycol. 45

phylogeny of NE Atlantic geniculate corallines

non-monophyly of
traditional Corallina



European taxa of traditional Corallina

Brodie et al., 2013, Crypt. Algol. 34

Ellisolandia elongata
    – Atlantic coast, Mediterranean, Azores

C. officinalis – Atlantic (up to Greenland), Medit.,
       other temperate coasts,

                     possibly cosmopolitan

C. caespitosa – rare, Atlantic coast, Azores, Medit.

coastal habitats with high herbivore pressure



Beltrán & Bárbara, 2013, Nova Acta Cient. Compost. Biol. 13



morphology of conceptacles - classification of taxa in Crallinales 
and Sporolithales



Lithophyllum and Ezo



L. incrustans



Hydrolithon

atoles, coral reefs



Leptophytum foveatum - Mesophyllum engelhartii - Heydrichia woelkerlingii

Heydrichia

south Africa, Australia



Sporolithon

coral reefs, Pacific, Australia



Braga & Bassi, 2007, Palaeogeography, Palaeoclimatology, Palaeoecology 243: 189–203.

Sporolithon in the Mediterrean – formerly and now 





Rhodymeniophycideae – typical "bushy" macroscopic marine red algae

multiple orders, such as:
 
Ceramiales, Gelidiales, Gigartinales, Gracilariales, Halymeniales, Plocamiales, Rhodymeniales, etc.

- they are almost entirely marine algae (except for Caloglossa in Delesseriaceae, Ceramiales)

- they are almost entirely non-calcified (except for several species in Peyssonnelia)

- a lot of perennial macroalgae but some important taxa are secondarily simplified to ephemerous
filamentous morphology (e.g. Callithamnion, Aglaothamnion in Ceramiales)

- parasitic lineages in Ceramiales - typical for adelphoparasitism

- pronounced latitudinal diversity gradient

- higher proportion on marine vegetation with increasing depth

- several key invasive taxa in marine coastal habitats (e.g. Asparagopsis, Bonnemaisonia)

- multiple taxa used as food source (e.g. Gracilaria, Gelidium, Plocamium) but others are often poisonous

- key genera for agar and karagen production (e.g. Gelidium, Pterocladiella, Furcellaria, Coccotylus)



Saunders et al., 2016, J. Phycol.



Gracilariales (Gracilaria, Gracilariopsis)

Gracilariopsis vermicullophyla
an invasive species of European coastsedible gracilarias - ogonori, hai tsai, nuoc-mam, Ceylon moss, etc.



Hydropuntia (Gracilaria)
edulis

G. parvispora
 
(wikipedia)



Gigartinales
(Gigartina, Sphaerococcus,
Furcellaria)

temperate and subtropical seas
G. bracteata







Furcellaria lumbricalis

one of the habitat forming algae
in Baltic sea

e.g. 120 km2 of loose-lying
thalli in lagunes close to western
Estonian islands

distribution – western Mediterranean to Spitzbergen



Foto: Yvonne N.





Foto: Yvonne N.



Furcellaria has a triphasic l.c., but the carposporophyte lives on female gametophyte 

Kotsamo, 2008

decreased salinity:
tetrasporophytes only and only males;
extremely decreased salinity:
vegetative reproduction only



Coccotylus truncatus

important part of the loose lying benthic communities in brackish lagunes
(such as Väinamere in the Baltic)

(often occurs together with F. lumbricalis)







Chondrus

Ch.crispus

eulittoral of the cold temperate
European coasts



Gelidiales - e.g. Gelidium, Pterocladiella, Gelidiella

agar – from polysascharides of their cell walls
G. spinosum







Bonnemaisoniales
Asparagopsis (armata / taxiformis)

invasive red algae in subtropical seas (Mediterranean, Azores, etc.)

macroscopic gametophyte,
filamentous microscopis tetrasporophyte
(Falkenbergia stage)
antibacterial extract – examples…
cryptic diversity (invasive/local lineages)







frequent world-wide introductions and invasions of cryptic Asparagopsis species 

supposedly endemic lineages (5 and 6)
and globally invasive lineages (2) intermix
at the regional level 

Andreakis et al., 2016, J. Phycol.



Halymeniales (Halymenia, Pachymenia)

H. floresii



Plocamiales (Plocamium)

P. cartilagineum



Plocamium – lower sublittoral of temperate to tropical seas, cosmopolitan

so far about 50 species



Ceramiales - an order with general tendency to secondarily simplified thalli
 

Ceramium

Eklund, 1998
Mar. Ecol. Progr. Ser.

ephemerous thalli



Foto: Yvonne N.



Callithamnion

ephemerous thalli

epiphytes on perennial macroalgae or
epilithic on stones

boreal and subtropical European coasts



Delesseria sanguinea

lower sublittoral, cold European seas; pseudoparenchymatous thallus

ephemerous phylloids 
growing repeatedly on 
perennial cauoid



Caloglossa
the delesseriacean lineage that also includes several freshwater and brackish species
occurs in the tropics (and the freshwater aquariums as the „red moss“)

Kamiya et al., 2016, Phycologia
Kamiya et al., 2003, Phycologia



Claudea

C. elegans



Polysiphonia (generic complex)



Foto: Yvonne N.



www.merebioloogia.ee

Vertebrata fucoides

European coasts;
inclusing brackish Batic Sea



Odonthalia

a cold water genus 

O. floccosa
Pacific coast of N Am

O. dentata
circumboreal distribution, incl. European N Atl



Choreocolax, Plocamiocolax, Gracilariophila

obligatory parasites of other red algae, so called adelphoparasites
they eject their own nuclei into host cells where they replicate and, 
eventually, form spores

Choreocolax is also known to steal the plastids of the host alga (i.e. 
Polysiphonia)
but it still possesses its own very small plastid genome and a „ghost 
plastid“

Goff & Coleman, 1995, Plant Cell
Salomaki et al., 2015, J Phycol

Choreocolax polysiphoniae

Plocamiocolax pulvinata



Rhodymeniales
Rhodymenia and allied genera – tropics and subtropics (Rhodymeniaceae)

Sparlingia pertusa



Rhodymenia cf. pseudopalmata



Botryocladia

B. botryoides
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