2 Ma:
First Hominins

230-66 Ma: 4550 Ma:
Non-avian dinosaurs \Formatlon of the Earth
> — Hominins
/—-— Mammals
c. 380 Ma: Land plants

Animals
Multicellular life

4527 Ma:
Eukaryot
c. 530 Ma: F.?Omrm?:s Formation of the Moon

Cambrian explosion

750-635 Ma:
Two Snowball Earth.

First vertebrate land animals

c. 4000 Ma: End of the
Late Heavy Bombardment;
first life

c. 3200 Ma:
Earliest start
of Photosynthesis

. 2300 Ma:
Atmosphere becomes oxygen-rich;
first Snowball Earth
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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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"The rise of Algae" in Cryogenian
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Figure 1. The Position of Plastids in the Cyanobacterial Phylogeny

This Bayesian phylogenetic tree is based on the concatenation of 97 plastid-encoded proteins and their cyanobacterial homologs. Branches supported by

Gloeomargatrita - discovered in a biofilm in the alkaline lake in Mexico

the closest known free-living relative of plastids

Ponce-Toledo et al., 2017, Curr. Biol.
Moreira et al., 2017, IJSEM



Archaeplastida are not just red and green plants/algae and glaucophytes

Picozoa and Rhodelphidia represent heterotrophic protist lineages distantly related to Rhodoplantae
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92 lr'l ;
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Fig. 2 Maximum likelihood tree of eukaryotic species showing the position of Picozoa. The tree is based on the concatenated alignment of 317 marker
genes and was reconstructed using the site-heterogeneous model LG + C60 + F + G-PMSF. Support values correspond to 100 non-parametric bootstrap
replicates/posterior probability values estimated using PhyloBayes CAT-GTR + G. Black circles denote full support (=100/1.0). Insert shows the only other
topology not rejected in an AU topology test, which was also recovered when trimming the 50% most heterogeneous sites of the alignment.

vice o tom v pfedmeétu Protistologie! Schon et al., 2021, Nature Comm.
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Glaucophyta

the smallest and possibly the most plesiomorphic "plant” lineage

eukar
@ —j@ eukaryote
2 cterium

Sinicearasy.cz

multiple "primitive" features of cyanobacterian origin



Glaucocystis

- coccoid genus, reproduction by autospores

- typical for acidophilic benthic microhabitats
(peat bogs)

- also known from eutrophic microphytobenthos

Glaucocystis

A after Prescott (1951)

B @ Y.Tsuk

G. nostochinearum




Cyanophora

plankton of acidic
C. paradoxa freshwaters



Gloeochaete wittrockiana
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Cyanoptyche gloeocystis

- originally described by A. Pascher

from a peatbog pool in Doksy (Hirschberg);
nowadays known from peatbogs in
Ukraine, Poland, Canada

- two strains exist (in SAG)

(one from a pool in Prater(!), the second
from a mountainous pool in Portugal

Maruyama et al., 2008,
BMC Evol. Biol. 8:151.
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the red plant lineage — subkingdom Rhodoplantae

' -'gm

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 ')




fasic Rhodophytan Characteristics

1. Eucaryotic cells
2, Phycobilin pisments present as phycobilisomes on the
thylakoids
3, Huelear membrane present throughout mitosis
Ik, Flaridean starch cranules located outside the ehloreoplasts
5. Single thylakeid bands in the chloroplasis
6. Abzence of flasella or cilia ’
e
cell Wall Dietyosome

Cell Membrane % e

Vacuole

Chleoroplast

Starch.
Grain

Mitochon-
‘drion

HNucleolus

Hucleus
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Fig. 6 Divergence time and evolution of the red algae. Primary and secondary endosymbiosis
events are indicated with cyan and red lines, respectively. The three key evolutionary events are
indicated with diagrams at the estimated evolutionary timeline. Triphasic life cycle, postfertilization
“cell-to-cell fusion” mechanisms between carpogonium (fertilized egg) and an auxiliary cell, and
the formation of an auxiliary cell after fertilization (syngamy) are indicated (Modified from Yang
et al. 2016)
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Fig. 5 Proterozoic red algal fossils. (a—e) Bangiomorpha pubescens fossils from the ca. 1200

million-year-old Hunting Formation, Somerset Island, arctic Canada (Courtesy of N. J. Butterfield).
(a) Population of Bangiomorpha that clustered with up to 15 individuals. (b) Two paired cells
reflecting transverse intercalary cell division. (¢) Mature thallus showing both uniseriate and
multiseriate portions of a filament. (d) Transverse cross-section of a multisenate filament showing
eight radially arranged wedge-shaped cells. (e) Spore-like spheroidal cells within multiseriate
filaments from transverse cross-section. (f—i) Comlline fossils from the late Neoproterozoic
570 Ma Doushantue Formation at Weng'an, southern China (Courtesy of S. Xiao). (f) A
spermatangia-like reproductive structure with filaments. (g) Tetraspores and octaspores embedded
in algal thallus showing possible tetrasporangium with subtending stalk cells. (h, i) Carposporangia

Bangiomorpha pubescens
-1047 mya

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



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

subkingdom: Rhodoplantae

How many red algal species exist?

division: Cyanidiophyta - ca 7500 described
o - ca 20 000 presumed
class: Cyanidiophyceae (6) (Adl et al., 2007, Syst. Biol.)

division: Rhodophyta
class: Rhodellophyceae (7)
class: Stylonematophyceae (ca 50)
class: Porphyridiophyceae (10)
class: Compsopogonophyceae (ca 70)

class: Bangiophyceae (ca 200)

class: Florideophyceae (> 7000)  gcpneider & wWynne, 2007, Bot. Mar. 50: 197-249
algaebase.org



Cyanidiophyta

Cyanidium

extremely acidic habitats

Fig. 1. Photoautotrophic [ . ’ 2 e
(left) and heterotrophic - o
(right) G. sulphuraria cells.
Cell cultures (top) and
light microscopic images
(bottom; bar represents
10 um) of G. sulphuraria
cells grown under contin-
uous illumination in the |
absence of glucose (left)
or in darkness in the pres-
ence of 200 mM glucose
(right).

D (%)

- capable of heterotrophic growth on at least
50 different carbon sources

- ca 5% of genes were acquired horizontally from
extremophilic bacteria (dealing with heavy metals in
acidic environments, etc.)

C. caldarium - hot (up to 57 C) and acid soils/waters Ciniglia et al,, 2004 Mol. Ecol. 13:1827-1838.
Schénknecht et al., 2013, Science 339

Yellowstone volcanic area



active volcanic areas (semi-terrestrial biofilms)
subaerial biofilms on rocks (maritime caves)
[heterotrophic metabolism]

Fig. 1 The Cyanidiales red algae. (A) TEM micrograph of a crypte-endolithic strain of Galdieria sulphuraria. The abbreviations denote the
following: m = mitochondrion, n = nucleus, p = plastid, v = vacuole. Scale bars = 1 im. (B} The environmental Sites A-E used to collect
Cyanidiales at Pisdarelli in the Phlegrean Fields, Italy (see text for details).

Figure 2 Atacama cave de-
scription. a East enfrance. b
View towards the bottom (north)
of the cave. The biofilm area
studied s located on the left side
wall. ¢ Detail of Cyanidium
biofilm. d Biofilm on rocks at
the bottiom of the cave. Note the
biofilm development only on
the rock face oriented towards
the cast entrance. In both a, b,
and ¢, the different geological
ongm of the walls and ceilng of
the cave can be observed

dbooof |

S0

Ciniglia et al., 2004 Mol. Ecol. 13:1827-1838, Azua-Bustos et al., 2009, Microb. Ecol., 58:485—496



Rhodophyta
Rhodellophyceae

Rhodella

el
ﬁa_‘ el L

in the marine littoral — epifytically and in phytobentos

Stylonematophyceae
Chroodactylon, Chroothece, Purpureofilum

group-level synapomorphy:
Rhodellophyceae contain mannitol

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

hydroterrestrial soil
crusts (incl. acidic
habitats)

marine and
freshwater habitats
'

B e
;:;s:,‘::ﬁ.:vﬁﬂﬂg:ﬂ'

«W”’ﬂm

mobile
monospores



Compsopogonophyceae

primarily a freshwater lineage

Compsopogon

Compsopogon

All after Entwisle et al. (1997)

Fig. 1 Herbarium specimen of Compsopogon coeruleus from Wainivesi River, Tailowu, Fiji, 301\‘!312(!)1 SUVA-
A 7199. Scale = 1 cm. Fig. 2 Uniscriate terminal portion of branch. showing mcent imercalary cell divisions

benthos of (sub-)tropical freshwater
(USA to ca Virginia and Kentucky)

subtropical/Atlantic Europe (E, F, MT, even GB)

south Pacific island — source for (fishy) puddings

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



Boldia

B. erythrosiphon

streams and small rivers in N America
(Alabama to Quebec)

often on snails

Boldia on snails

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



PARENTHESIS Marine vegetation

two-dimensional macroscale spatial structure of the habitats
large phylogenetic diversity
ecological diversity (temperature, light, nutrients, salinity)
key global importance (benthic calcification, keystone of marine biodiversity)
three major lineages— R B G

.




Bangiophyceae 45 e —_

two main traditional genera, \3 CARPOSEORES |
morphological types: Bangia and Porphyra ¢ : /
e ' 8 CARPOGONIA

"Bangia"

CONCHOCELIS

ARV PHASE
: &; \
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GENERIC pmse % f"’cnmcmsm&es

(BANGIA)




morphological type " Porphyra™

CICLO DE PORPHYRA UMBILICALLS (Bangioficidas, algas rojas)
HETEROMORFICO CON GAMETOFITO DOMINANTE, DIPLOHAPLOFASICO,

ORGANIGND DIPL

-

| GAMETOFITD (M)

—
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{Estada de Conchoceils sobre conchas da moly o &n fos Bafanus a los que perforaf)
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(sub-)tropical to subarctic seas
polyphyletic; ca 80 species desribed, so far



8 species - See Figure 3

o BALL IPympfa----------
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Fig. 1. Maximum Likelihood (ML) rooted tree for rbcl sequences (B75 bp) of Bangiales. Minerva and Dione were used as outgroups. For each node, ML bootstrap values and Bayesian Posterior Probabilities are indicated {ML{BPP).
Only high support values (>75) are shown; '-" = clade not observed in the Bayesian Inference. Next to collapsed branches are abbreviated genera names (as defined in Sutherland et al, 2011). Species of Chilean foliose Bangiales are
shaded in gray. Since only the COI marker was sequenced for the Porphyra specimens assigned to the CHD group, only seven Chilean Porphyra were actually retrieved in the rbel tree.

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



marine bangioid lineages

Conchocelis stages, often forming
epizoic populations in shells

very often in
supralittoral

B. fuscopurpurea SRS '
ushike-nori [JP] Lynch et al., 2008, Phycologia
hangmaocai [CN] Wang et al., 2008, Aquaculture



freshwater Bangia
(B. atropurpurea)

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



marine porphyroid genera

JB466 3

JB468
7

Paratype

JBaz2 \
s -8
/ b3
;"“

9
11

JBIC1 " JB459

.

b~

e

Boreophyllum, Porphyra, Pyropia, Wildemania

relatively homogeneous vegetative
morphology across genera

profound plasticity
Mols-Mortensen et al., 2012, Eur. J. Phycol. 47
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aquacultures of porphyres | ~nori (IP), hai-tai (CH), gim (KR):

— P. yezoensis, P. tenera

»seeding" of conchospores
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Figure 14-5, page 73
Life cyele of a red alga, Poiysiphonia
A g .

five subclasses:
Hildebrandiophycideae
Nemaliophycideae
Corallinophycideae
Ahnfeltiophycideae
Rhodymeniophycideae

age: fossils — ca 600 mya,
recent genera — up to 350 mya ’b,, & 5 L g

A - H WSS &‘.l ‘
typical oogamy, pit connections

ca 5500 species described, mostly marine



Most of the florideophycean diversity
is found in tropical and
subtropical marine ecosystems _

(= pronounced latitudinal
diversity gradient)

- it is primarily related to SST
(sea surface temperature)

Seo Surtace Temparature T




“Typical” Florideophyte Lifec Cyele
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triphasic life cycle is considered evolutionarily derived
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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]



Hildenbrandiophycidae

Hildenbrandia

All after Entwisle et al.(1997)

originated in marine habitats
probably just a single transition into
the freshwater (H. rivularis)

RSB

asexual reproduction: tetrasporangia in marine species,
gemmae in freshwater H. rivularis
sexual reproduction also present






Nemaliophycidae

100

100

Batrachospermales

Thoreales

b 00

=== Rhodachlyales

|

4

most freshwater red algae bel

ong to this lineage

»| [t Balbianiales

islefales
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Palmariales mMarine

100 . mFreshwater/Marine

1100 cmmlll] Acrochaetiales
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-==2Balliales
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_

Lam et al., 2016, Mol. Phyl. Evol.
algaebase.org
sinicearasy.cz



uniseriate filamentous genera
- freshwater and marine

Audouinella (= Chantransia) + Rhodochorton

=y
g §

— --u-"" Biologesches Lobor Wien-Ost

relatively tolerant
to pollution

(e.g. lower portions |
of Vltava river)

seaweed.ie

Audouinella has many freshwater species
... morphologically it is very similar to sporophyte stages of genera
peeniess - Batrachospermum and Lemanea




Batrachospermales — the main freshwater red algal lineage

Batrachospermum

Life history of Batrachospermum. The macroscopic gametophyte produces male reproductive cells,
spermatangia, and/or female reproductive structures, carpogonia. A spermatium fertilizes the carpogonium
by attaching to the trichogyne. Following fertilization, a carposporophyte develops from the carpogoninm.
The carposporophyte produces carpospores, which germinate mto the microscopic, filamentous
chantransia. Vegetative meiosis occurs i the apical portions of the chantransia filaments, and a new

haploid gametophyte is produced.
(Adapted from http:/fowow pmf unsa babiologijattalofiiithodophytad jpg )
G'amel:nphyte () ~ Spermatangia trichogyne

Chantransia (210 Carposporaptyte (2n)

Stewart, 2006

Szlient featiwes of Barachespermmum specles mvestizated: A B. prendogelarinosum (INZ1), aal cells and
fazcicle whorls with prominent, zlobose caposporoplytes (arrowhead). Scale bar =120 pm. B. B,
prendegelatincoum (WZ1) tichogyme, showing a variant that resemebles B, gelatinosum. Scals bar=8 pm.
C. B. campylaclonum (NZ150), Jmﬂmﬂz fzseicle whorl with large, glebose carposporophytes. Seale bar =
150 pm. D B. sanmgnlaclomun: clavate richogyme. Seale bar = Tum. E. B krgftii (NZT) showing
characteristic senitar-shaped trichogyne. Scale bar =% pm. F. B. bowrvellyi (TTE3230) showing contorted
or bent trichogyne. Scale bar = 10 pm. G. B theagueen (TIEX050z) showing elongate, elub-shaped
trichogyne. Scals bar = 12 pm.
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Lemanea

central filament with whorls
of secondary branches




Thoreales
the second freshwater order

Thorea

Thorea ramosissima

s o i S

© Bernd Kaufmann

After Entwisle et al, [1999a)
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Nemaliales Y f

.0

Nemalion

marine algae
often in supralittoral

(= emersed for the most time =
subatmophytic life strategy)

Galaxaura

calcified marine lineage from subtropical and tropical habitats

invasive in the E
Mediterranean

G. rugosa
(photo: S Africa




Corallinophycideae

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

calcification (= biomineralization)
[biogenic calcite production]

coralline red algae are one of the key
components of coral reef ecosystems




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

_.;‘j ;;#‘F >

A “"Q" Loya etal., 2019,

Titlyanov et al., 2017



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

Fic. 4. The world distnibuton of Iving rhodolith beds. Squares are from map in Bosenoe (1983h; see for these references). Cir-
cles indicare bocagons of individual bede, and dark bands indicue |:|.|*gr. ennrinuows beds or nomerms individoal beds aor incloded
on the Bosence {19830} map. No beds have been reponed from Antarctica. Personal communication followed by more precise loca-
l;mix. l. Foster e al. |m:‘, M. Fl:n.lr:. n. Sreller & B Riu.-uiirn::.. prlumul ale ko {:-'.'m!ul'l'l Galf of Califor ||i:|}. 2 B Grave eg al.
2000, 3. Borg et al. 1998 (Malim). 4. D. Donnan, Scovtsh Namral Henmimge, personal communication {(north & west Scoddand). 5.
James eval, 9, & Rempf 1970, Milkman FO7, 7. Basso 1998, B, Harvs etal, 1996, 9, Linder etal, 1981, 10, Prager & Ginshurg 1980,
11. Reid & Macinore 1988, 12, Tsuji 1993, 13, Scoffin ecal. 1985, 14, Freiwald & Henvich 1994, 15, H. Kirkman, United Naoons—East
Asian Seas R:'giq vl Coar :lin:qli:ug '['n'll. |1-(-r.u:|:|:|:|l cammumention (Great Austialicey Ri.“lll:l. 16, Rigqul:l, Mo |.'||||:|:i:|:|.3 Marne Lals-
oraries, personal communication {Galapagos). 17, J. Harding, University of California ar Sania Cruz, personal communicarion {Isla
Cedros). ]I-E'-cl Oiver, Moss Landing Marine Laboratories, pesonal communication (Devon [sland). 19, [ Waterbury, Woods Hole
Oceanographic Insdmtion, personal communication {Zanzibar). 20. T, Schaeffer, Moss Landing Marine Laboratonies, personal com-
municanon (Costa Rica). 21, P. Thurnger, Archipelago Marne RBesearch Lud., personal communicagon (Queen Charotte Blands).
22, Reviewed in John & Lawson 1091, 23 1. Schiel, University of Canterbiry, personal communtcation (Bapin Idand). 24 A Laorkum,
University of Swlney, personal conmunication (One Tree Reef), 25, Glhyan 1974, 26, Piller & Rasser 1996, 27, McClintock et al, 1993,
28, Farnham & Bishog 1985, 20, ). [ames, Moss Landing Marine Laboratories, persomal communication (Camiguin laland).




typical
crustose or

B | rhodolithic
non-calcified geniculae st | __ morphology
typical erect and branched morphology




taxonomic structure of coralline red algae

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

Sporolithales (60) (Heydrichia, Sporolithon)
non-geniculate
Rhodogorgonales (ca 20)

Corallinapetrales (2) non-geniculate

sporangial
compartments

i sorus-like s ﬁ;;}ess
eVO I Utl O n ary structures to sporangial compartments |- 250
timeline T Y
200
140 Mya i
Sporolithales [,y
Hapalidiales
~ | Corallinales |
450 Mya 430 Mya
[ T L
Precambrian Phanerozoic
Neoproterozoic Paleozoic Mesozoic | Cenozoic
Ediaclaran Cambrialn | Ordov | sil |D2:vunian | Carbonifer ! Permian | Triassic ! Jurassic | Cretacleuus | Paleog [Neo
Mya 600 500 400 300 200 4 100 0
phosphatized 200 M continuous record
pseudoparenchymatous yr of fossil corallines
algae calcitic with reproductive
Pena et al., 2020, Mol. Phyl. Evaol. pseudoparenchymatous structures

algae

sel10ads papodal jo Jaquinu mel



Corallina















Jania

- dichotomically branched thalli
- cylindrical segments




non-g

eniculate corallines

S =

coral reefs, atoles — tropical Pacific and Carribean Sea



Hydrolithon

. Sim ple

Bewt oiT v ¢+ spermatangial
e ‘;f. s*.*“x.e .ﬁ' "*‘%ﬁ systems borne
 ipesilY -5 only on the floor

251 SR
de;,man amodmé;;” of the male

conceptacle

Tetrasporangial/
bisporangial
conceptacles
uniporate

at0|es , Cora| reefs Pheopliyllun athplexifrons



Lithophyllum and Ezo

Tetrasporangial/
bisporangial
conceptacles
uniporate




NATUROSCOPE







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)



Gracilaria, Gracilariopsis

U A
n
RO 0 germinotion 4 wﬂ::ﬁ:-hyle
rmalangial
tetrasporaphyte spe snrig
(Zn) \
nonmaotile
spermatia @

germination

cystocarp y 2
carpospores
J@ l[ln}

fertilization

development of diploid
carposporophyte in
haploid ¢ gametophyte

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



G. parvispora

(wikipedia)

Hydropuntia (Gracilaria)
edulis
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Coccotylus

(together with F. lumbricalis)

C. brodiei is an important component of loose-lying benthic communities
in boreal brackish lagoons (e.g. Vainamere in NE Baltic Sea)










Chondrus

eulittoral of the cold temperate

European coasts Ch.crispus



Gelidiales - e.g. Gelidium, Pterocladiella, Gelidiella

agar — from polysascharides of their cell walls G. spinosum












Asparagopsis (Bonnemaisoniales)

macroscopic gametophyte,

filamentous microscopic tetrasporophyte B—
(so called Falkenbergia stage — invading , ) -
in the Adriatic Sea) '

- -
—
e

——
-

A. armata - an example of invasive red algae in subtropical/warm temperate seas
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H. floresii
(dragons breath)




Plocamium (Plocamiales)

wwnalgaebase org

S

P. cartilagineum
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Ceramiales - an order with general tendency to secondarily simplified thalli

Ceramium .

CARPOGONIUM

ﬂag 0.0

R Q with TRICHOG
. GAMETE}PHYTES b
n) A
@ . \

O MEIOSIS in
TETRASPORANGIUM

<

TETRASPOROPHYTE
2n <4

with CYSTOCARPS

& Eklund, 1998
Mar. Ecol. Progr. Ser.

| ephemerous thalli






Callithamnion
Aglaothamnion

ephemerous thalli

epiphytically on perrenial macroalgae or epilithically
on stones/rocks

boreal to subtropical habitats



Delesseria

ephemerous phylloids
continuously grow on
perrenial cauloid

D. sanguinea inhabits lower sublittoral along the cold coasts of Europe; pseudoparenchymatous phylloids



Claudea

C. elegans

ATy
TR

www.algaebase.org



Polysiphonia complex

European coasts;
incl. brackish Baltic Sea

ephemerous and perrenial branched filamentous thalli
often in shaded conditions of lower sublittoral

Tmraspnm

l‘.ﬂ]'/ \L5
Telraspore

: HETQSFS?{ ) T
%ﬂ»
s “mn‘;mpw“ Tetrasporophyte I '
cmupspmnglll ‘

and Corpospore

i

!.f ]
e il [ ame et
[Zn'l\
smﬁmm\;[ ”
EXUAL UNION . . .
Fig. . Polsighonia. Disgrammeis e cyce Vertebrata fucoides in the Baltic Sea .\, merepiooogia.ee



Tetrasporangia
[2r)

Tetrasporophyte Mala

2n gametophyte §
|
Carpaspores
germinate Carpospores
(2n)
Vae

Carposparophyte

Zygate nucleus
(2n)

Zygote germinates






Choreocolax and several related genera

- obligatory parasites of other red algae
- adelphoparasitism — ejection of their own nuclei
(and mitochondria) into the host cells

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

Figure 10, Transfer of Parasite Nuchel, Mitochondria, and Proplastids
into a Host Cell,

{A) The parasiie cells (lett) have formed a conjunctor cell containing
a parasite nucleus (black), mitochondria (gray), and proplastids (white
with dots). This conjunctor cell luses with tha host cell (host nucied
are whita, host plastids are dofted, and host mitochondria are black
ovals) delivering the parasie organalies inio the hosl's cyloplasm
(B) The parasite nucleus and mitochondria replicate in the host cell,
and the host plastids divide to form numenous proplastids, The host
nuckei and milochondria réplicate in the hast cell. The hist nuclaus
may disappear or persist

(C) Litimately, a cell is cut off from the heterokaryotic host plus para-
site call. This call contains a parasite nucleus, parasite mitcehondria,
and proplastids derived from the host plastds.



Odonthalia

O. floccosa
Pacific coast of N Am

- P 4

O. dentata

circumboreal distribution, incl. European N Atl

a cold water genus
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