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Fig. 1 Phylogeny of eukaryotes, based primarily on Brown et al. (2013), Cavalier-Smith et al.
(2014), Kamikawa et al. (2014), Yabuki et al. (2014), Burki et al. (2016), and Leger et al. (2017).
Groups with bulbous branches are examined in more detail in Figs. 2-5. Groups with narrow
branches do not belong to well-established supergroups and are not illustrated separately; those
covered in the Handbook are shown in blue and are as follows: » Cryptophyta; » Haptophyta;
» Centrohelida; » Ancyromonadida; » Malawimonadidae; » Gymnosphaerida; » Heliomonadida

Handbook of Protists, 2017
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Figure 3. Plastid genome structure vanation in photosvothetic and non-photosynithetic ineages, Genomes from the green line-
age are on the left, the red hneage on the right and the glavcophyte genome is shown i the centre in blue. Inverted repeats
encoding rRMNA operons are shown as thickened lines. Numbers with names indicate the per cent of the genome that encodes
proteins. Where both are available, a genome from a non-photosynthetic species is shown within that of a photosynthetic rela-
tive to show the scale of reduction. In general, plastid genomes map as circles and have an mverted repeat that encodes the
ribosomal BNA operon. The major exceprion to this is the plastid genome of dinoflagellares, which has been reduced in
coding capacity and broken down to single pens mini-circles. In some rare cases, the repeat andior operon has been lost
{e.g. in Helicogporudium and Chromera), or the tRNA operon 15 encoded in tandem (e.g. in Euglena). Non-photosynithetic
plastids are greatly reduced in size, but tend to retain the overall sructure of their photosynthetic counterparts.

Keeling, 2010, Phil. Trans. R. Soc. B 365: 729-748.
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Glaucocystis nostochinearum
cocoid cells with flagellar remnants and contractile vacuoles
traditionally — 6 species, but only iconotypes are available...

uncertain (and possibly non-existent Glaucocystopsis africana)

Glaucocystis

A after Prescott (1951)

B @ Y. Tsukil, see http://protisti.hosel.ac.jp/Protist menuEhtml murop|asts = Cyane"es, no traces of sex
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Fig. 5 Schematic model of the Cyanophora paradoxa phycobilisome antenna complex. A single rod and core section (a) illustrates the
suggested arrangement of the phycobilisome cylinders (shapes in blue and turquoise) and the skeleton formed by the different linker
proteins (Lp) of Cyanophora. The proteins CpcK1 or CpcK2 are novel rod linker proteins probably participating in the connection of
phycocyanin disks, substituting for the typical cyanobacterial-like rod-linker protein CpcC, which is apparently absent in Cyanophora. The
fan-like structure of the phycobilisome complex attached to the stromal side of the thylakoidal membrane (b) shows the core composed of
three allophycocyanin cylinders (turquoise) with their longitudinal axes organized in a triangular arrangement. Six rods composed of six
phycocyanin cylinders (blue) are attached to the core. The light energy efficiently captured by the phycobilosme antenna is then transferred
to the reaction centers of the photosystems II (PS IT) and I (PS I). This illustration is based on the model suggested by Watanabe et al. [40].
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Fig.4 Cryptic species diversity in Cyanophera and Glaucocystis. Maximum likelihood (ML) phylogenetic tree estimated from a con-
catenated data set of psbA (plastid gene), cob (mitochondrial gene) and the nuclear 5.85 and 185 rRNAs sequences. Numbers near nodes
indicate bootstrap proportion support values >50% and thick branches indicate Bayesian posterior probabilities 20.95. Tree branch
lengths are proportional to the number of substitutions per site indicated by the scale bar (see Chong et al. [38] for detailed methods).



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
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infrageneric taxonomy of Cyanophora

Fic. 1. Light microscope drawings of the vegetative cells of five Cyanophora species. (A) C. paradoxa Korshikov. (B) C. cuspidata Tos.
Takah. & Nozaki sp. nov. (C) C. kugrensii Tos.Takah. & Nozaki sp. nov. (D) C sudae Tos. Takah. & Nozaki sp. nov. (E) C. kileba Kugrens,
B.L.Clay, C.].Mey. & R.E.Lee. Drawings are not to scale.

Fic. 2. Differential interference contrast microscopy of vegetative cells of five Cyangphora species, shown at the same magnification
throughout; scale bar = 10 pm. af; anterior flagellum; pf, posierior flagellum; c, plastid; n, nucleus; s, starch grain. (A) Side view of a cell
of € paradoxa Korshikov strain CCAP 981/1. (B) Side view of a cell of C. cuspidata Tos.Takah. & Nozaki sp. nov. strain 101. (C) Side view
of a cell of C. kugrensii Tos.Takah. & Nozaki sp. nov. strain NIES-763. (D) Optical section of antapical view of a cell without a deep furrow
in C. cuspidata strain 101. (E and F) C. sudae Tos.Takah. & Nozaki ov. strain NIES764. (E) Front view showing four plastids. (F) Front
view with two dividing plastids. Note that plastid divisions are transverse. (G) Front view with two dividing plastids in C. biloba Kugrens,
B.LClay, C].Mey. & RELee strain UTEX 2766. Note that plastid divisions are transverse. (H) Optical section of antapical view of a cell

L Clay,
with a deep furrow in C. sudae strain NIES-764.

tion; scale bar = 5 pm. Upper and lower panels show dorsal sides, showing fenestrations aligned by
nterior folds with flagella, respectively. Note the flagella atiach ht part of the anterior fold.
n CCAP 981/1, with a rounded posterior end. (B and G) C. cuspidata Tos. Takah. & Nozaki sp. nov

end. (C and H) €. kugrensii Tos Takah. & Nozaki sp. nov. strain NIE! with a rounded poster-
Nazaki sp. nov. strain NIES-764, showing a deep furrow (I). (E and ) C. biloba Kugrens,
howing a deep furrow (J)

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

d F) C paradoxa Korshikov st
101, showing a pointed poste
sudae Tos. Tak:




five Cyanophora species recognized by genetic and morphological features

95/1.00 101
0.05 98194 C. cuspidata sp.nov.
92/0.89 SAG 45.84
ML/Bayes =7 - ) Group A
NJ/MP NIES-763  C. kugrensii sp.nov.
CCAP 98111 Cyanophora
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100/100 UTEX 555
wanoe [ NIES-764  C. sudae sp.nov.
00705 ] Group B
UTEX 2766 C. biloba i
SAG 16.98”
15: bo; “Glaucocystis nostochinearum”
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SAG46.84* "Gloeochaete wittrockiana”
T
BEIES SAG34.80"
1001.00 |

“Cyanoptyche gloeocystis”
0000 | SAG4.97* :|

Fic. 5. Maximum likelihood (ML) wee based on analyses of 1,460 base pairs of the coding regions of the plastid psaB genes, from
eight strains of five Cyanophora species and five strains of other glaucophyte genera (Table S1). Asterisks indicate strains that have not
been identified to species level based on detailed taxonomic studies using light and electron microscopy and molecular data. Branch
lengths are proportional to the genetic distances, which are indicated by the scale bar above the tree. Groups A and B represent morpho-
logically distinct groups (Table 1). Numbers above branches represent >50% bootstrap values (based on 1,000 replications) of the ML
analyses (left) and posterior probabilities (0.95 or more) by Bayesian inference (right). Numbers at the left and right sides below branches
are =50% bootstrap values (based on 1,000 replications) of neighbor-joining and maximum-parsimony analyses, respectively. For details of
the phylogenetic methods, see Materials and Methods in the text.

TasLe 1. Comparison of the morphological characieristics of Cyanophora species examined in cultures of the present study.

Species

C. paradoxa

C. cuspidata sp. nov.

C. kugrensii sp. nov.

C. sudae sp. nov.

C. biloba

Cell shape

Cell size

Formation of
posterior
pointed end
(tail)

Plasad
number

Fenestrations
in cell surface
ormamentation

Strains examined

Morphological
group

Ovoid without a
deep
longitudinal
furrow

~7-15 pm
long x ~3-6 um
wide

Absent

Generally 1-2

Angular or often

crescent-shaped

CCAP 981/1,
UTEX 555 and
NIES-547

Group A

Obovoid to
ellipsoidal
without a deep
longitudinal
furrow

~5-12 pm
long x ~2-5 um
wide

Present

Generally 1-2

Angular or often

crescent-shaped

101 (= NIES-3645),
SAG 45.84

Group A

Elongate-ovoid
without a deep
longitudinal
furrow

~5-15 um

long x ~2-6 um
wide
Absent

Generally 1-2
Angular or often
crescentshaped

NIES-763

Group A

Dorsoventrally
compressed to
form a broad,
bean-shape

~9-12 pm long x
~4-9 um wide

Absent

2-8, generally 4
Pentagonal to
hexagonal

NIES-764

Group B

Dorsoventrally
compressed to
form a broad,
beanshape

~9-12 uym long x
~4-9 um wide

Absent

2-4, generally 2

Triangular to
pentagonal or
often crescent-
shaped

UTEX 2766

Group B

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



molecular diversity within the genera
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Fig. 1. Maximum likelihood analyses of glaucophyte molecular markers. Maximum likelihood (ML) trees estimated from (A) the plastid loci psbA, (B) the mitochondrial gene
cytochrome b (cob) from diverse glaucophyte genera, and the nuclear ITS region of (C) Cyanophora and (D) Glaucocystis species|strains, respectively. The psbA and cob ML trees
are rooted using the Cyanophora clade as outgroup. Numbers near nodes indicate PhyML bootstrap proportion support {only values »50% are shown). Branch lengths are

proportional to the number of substitutions per site (scale bar corresponds to 0.1 substitutions per site). Putative genetic groups are indicated in the Cyanophora paradoxa (CP)
and within Glaucocystis (Gn) branches.

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



Fig. 5 Muroplasts of
Gloeochaete wittrockiana,
strain SAG 46.84 (Kies strain
[IABH 2323) with concentric
thylakoid membranes. The
central part contains a large
polyhedral body confined by
an electron-dense layer.
Transmission electron
micrograph. Scale line = 1 pm
(Taken from Kies and Kremer
(1990))

Fig. 3 Gloeochaete wiltrockiana, strain SAG 46.84 (Kies strain IABH 2323), in longitudinal
section, with apical depression, numerous muroplasts, and in the center of the cell a conspicuous
nucleus with a nucleolus. Transmission electron micrograph. Scale line = 1 pm (Taken from Kies
and Kremer (1990))

Fig. 12 Complete model of the Cyvanophora phycobilisome according to Steiner et al. Blue,
phycocyanin rods; cyan, allophycocyanin core; green, vellow, orange, and red, linker proteins

Handbook of Protists, 2017



Gloeochaete wittrockiana

Fig. 2 Two cells of
Gloeochaete wittrockiana, |

strain SAG 46.84 (Kies strain

IAB 2323). Each cell contains <

two long pseudocilia. - .

Interference contrast light . @ v
micrograph. Scale line=10 pm Y

freshwater epiphyton, benthos, mesotrophic habitats



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

Maruyama et al., 2008,
BMC Evol. Biol. 8:151.
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unclear and/or erroneously described glaucophytes

Chalarodora azurea

described by Pascher as an epiphyte
of Potamogeton leaves

Glaucosphaera vacuolata
(red alga from Porphyridiophyceae)
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the red plant lineage — subkingdom RAodoplantae

© Do KauTan_i. % b L

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

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

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)

subkingdom: Rhodoplantae _
How many extant species?

o . 4000 to 6000 described
division: Cyanidiophyta real number possibly up to 20 000
(Adl et al., 2007, Syst. Biol.)

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



Figure 2 Red algal tree of life with current taxonomic classification. The tree was reconstructed using Bayesian phylogenetic inference of

DMA data
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Order  Subclass CLASS
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Fis. 1—Phylegeny of the red algae (Rhodophyta) based on mt genome data. Tree constructed wsing the ML method based on 24 concatenated genes
{6,345 amino acids from 24 protein coding). The support values for each node are caloulated from MLB and BPP. Asterisks after spedes names indicate newty
determined mt genomes, followed by red algal order, subdass, and das system. Alternative tree branch position of species (alt) indicated by dot line with

arnow, that is, alt-1 for Asparagapsis and alt-2 for Schimmalmannia, Altemative topologies are available in supplementary figure 53, Supplementary Matena
oniine Yang et al., 2015, GBE



Cyanidiophyta

Cyanidium

an organism most similar to the
ancestors of stramenopile plastids?

Yellowstone Nat. Park

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



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

- 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.
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Fig.4 Results of the envimnmental survey
distribution of Cyanidiales species/ lineages clones with respect to
the eco-physiclogical conditions at Pisciarelli, Italy. Up to 20
clones were sampled from each site. In this figure, G-A is Galdieria-
A, G-B is Galdieria-B, Cy is Cyanidium, Cz is Cyanidioschyzon and

showing the

unid. is unidentified taxa.

Fig. 3 Phylogeny of the Cyanidiales inferred from a minimum evolubdon (ME} analysds wsing the LogDet transdormation of the did.

sequences. Results of a ME-LogDet bootstrap analysis are shown above the banches, whereas the bootstrap values from a protein
maximum kel ihood analysis wsing the [TT evolutionary model ame shown below the branches. Only baoststrap values = 6% are shown.

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



Figure 2 Atacama cave de-
scription. a East enrance. b
View towards the bottom (north)
of the cave. The biofilm area
studied is located on the left side
wall. ¢ Detail of Cyanidium
biofilm. d Biofilm on rocks at
the bottom of the cave. Note the
biofilm development only on
the rock face onented towards
the cast entrance. In both a, b,
and ¢, the different geological
ongmn of the walls and ceilmg of
the cave can be observed
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Figure 3 Micrographs of Cyanidium sp. cells found in biofilms of the
Atacama cave. a Bright field micrograph of Cyvanidium sp. composed
of single photosynthetic cells and small fragmented colonies. Scale
bar =10 um. b Merged CLSM micrograph of agueous suspension of
Cyanidium cells extracted from the cave biofilm. The differential

Table 3 Lighting profile along the length of the cave. The light available for photosynthesis was determined with a photosynthetic photon flux
density measuring device outside and mside the cave at different places in both the westem an eastemn walls of the cave

March 2008

/ \ June 2008

[\ "

Q
00 &

monospecific cave biofilms in extremely
shaded microhabitats

interference contrast image was merged with the red fluorescence
(excitation/emission 543 nm/long pass filter <570 nm) due o the
autofluorescence emitted by the cell chloroplast containing chloro-
phyll. Scale bar=10 um. The arows m b indicate endospore-
containing cells
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strain 10D

100 | ABODZ583
Cyanidioschyzon sp.
clone SK114

Distance from PPFD (umol m *s )
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ML, plastid encoded 16S rDNA

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



Galdieria

extremely
acidic
habitats

C. merolae

- a single nucleus,
mitochondrion, plastid,
peroxysome

- one of the most ancestrall
plastids, at all

- all the DNA-containing
organelles divide simultaneously

Cyanidioschyzon
plastid

C. merolae division ring




unipolar cells in Cyanidioschyzon

Cc

C. merolae Cy. caldarium G. sulphurana

Miyagishima & Tanaka, 2021
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Fig. 6. Phylogenetic tree inferred from maximum likelihood (ML) analysis of rbcl. gene sequences (with a hidden outgroup). Only Bayesian
posterior probabilities = 0.99 and bootstrap values (ML/MP) = 95% are shown. Ostrava sequences from environmental samples are marked

with asterisks (*2016, **2015).

Sampling site: coal is still buming under the ground (a, b). Galdiera was found growing on the tree residuals (¢, . ) where hot fumes Barcyte et a/ ?01 8 Fottea
4 4 Fig 3. Morphalogy of twa Galdieria species: (a-c) G. sulphuraria from Ostrava, (d-f) G. phlegrea CCALA 965 from Soos

Fig. 2. §;
were coming outImage (f) shows Galdieria cells from the field sample_Scale bar 20 um




Rhodophyta —

Rhodellophyceae
Glaucosphaera vacuolata — see before/above

Rhodella “
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matophyceae are indicated as are the orders Dixoniellales and Rhodellales.






Stylonematophyceae
Chroodactylon (= Asterocytis) Chroothece
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soil crusts, hydro-terrestrial habitats

Figs 1-6. Chroodaciylon ornatum (C. Agardh) Basson, specimens from the Botanical Garden in Cracow: 1,2 — attached pseudofila-
ch il :

I :1,
aments; 6 — part of the psendofilaments and o single cell. Scale bar 10 ym.

Purpureofilum

E— - .
' i
I
,ﬂ_ﬂg:gazﬂﬂ‘@af"w -

R e L _ .mﬁgwﬁ’-’

™

—
(e

epiphyon

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



Table 1. Comparison of marphological, cytological and bicchamical characters of genera in the Stylonematales

Genus and Hakitat Thallus Basal Reproduction Spare Chlaroplast LMWC Referznca
SpRCiEs System mavement
Furpurecdilum Epiphytic an Uniseriata o Unicallular Vapatative Smoath, directad Multip k- lobed Cigzneaside E
aopTeno digerum MAangrove multizzriate, cells with tails or zingle zorbitol
gen. et algas branched, dizscharge iregular shuffling chloroplast
SR MOV te 1 mm directhy without tails without pyrenaid,
Bangiopsis 0On rock, Uniseriata to Initially Vepatative Irregular, shuffling Singlk stellate Cigeneazids, g
subisimoies imtartidal multisariate, unicellular cells withaut tails or with cenfral sorbitol
branched, to becoming dizscharge brief movemant paTenoid
10 mm tall ru ticel lular directhy with tailz
Gonictrichopsis Epiphytic, Uniseriata to Uniczllular Vapatative Mat obsarad MNumarous LInkrcawm e
sublittoralis subtidal multizzriate, cells in culture discoid
branched, to dizcharge without
10 mm tall directly pyranoid
Chroodaciylon Epiphytic, Uniseriate, Uniczllular Vapatative Mat obsarad Single stellate Sorbitol mefhn
ornatum intartidal branched, cells in culture with central
{C. Agardhl and subtidal to B mm dizcharge paTenoid
Basson directly blue-grean
Stylonema Epiphytic, Uniseriats, Unicallular Vapstative Rapid directional Single stellate Diganeasidz, st
A sidii imtartidal branched, cells of irmegular with cenfral sorbitol L
ard subtidal to & mm dizcharge shuffling, pyranoid
directhy n fails
Stylonema Epiphytic, Multizariate, Unicallular Vapstative Mat obseread Single stellate Diganeasidz, e
COMU-renyd imtartidal branched, cells in culture with cenfral sorbitol
Reinzch ard subtidal to & mm dizcharge pyranoid
directly
Neevea Endozoic in Uniseriate, n.a. Vapatative Mat known Multiple discaid LInkrcawm Bk
repens ascidiars multizariate, cells without
Batters and branched, dizcharge paTenoid
bryozoars, to 0.5 mm directly bluegrean
subtidal
Empselium Epiphytic, Uniseriata to Unicallular Mot known Mat known Single pariztal Unkrizwm b
rubirum subtidal multisariate, band zhaped
+ branches, without
to 150 pm tall pyranoid
Rhodosorus Epiphytic, Unicallular n.a. Cell division Pratoplast Sewvaral Cigeneasida, Badim
marinus intzrtidal and rotation parietal lobas, Sorbitol
subtidal, only central
planktonic pyranoid

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



Bangiopsis
intertidal benthos

tropics, subtropics

Erythratrichio so. EF660277 MDG
Erythrotrichio sp. IF292629 AUS

Envthrotrichia so. JF292631 AUS
Sohlingic subintegra JF232606 IND

Erythropeltidales
Sahlingio subintegra IF292602 MDG
Rhodochaete parvula RY119777 AUS

aria erythrociadioides |F292596 MDG
Rufusia pilicola DQ308435 CRI
Chroodoctylon ornotum EFE60260 MDG
Chroodactylon ormatum EFE60253 FHI

Rhodosorus sp. DQ308434 CCMP1530
G

Iy s EF660313 PN
Stylonema aisidii EFGE0269 AUS
Stylanema alsidii EFBE0272 VAN
Stylonemo alsidi EFGE0267 MCL
Stylonemo olsidil EFB60265 AUS

Stylonema alsidii EFEE0269 AUS
+ | Stylonemo ofsidii EF660266 AUS
Stylonemo afsidii EF660271 FRA
Stylonemo ofsidii EF660264 USA

Rhodosarus magnei EF660263
i

52/0.59]

Py i EFE50262 AUS

Bangiopsis subsimplex AY119772 PRI

Bengiopsis subsimplex LB2854 PRI

«| Bangiopsis franklynottii EF650257 IND
Banglopsis franklynattii EF660258 IND

Bangfopsis frankiynottif 3835 AUS
B Porphyridium cerugineum A¥119775 SAG1380.2

.

Flintiella g AY119774 SAGAD 94
Co caerwleus JF292657

Porphyriodiophyceae

0.04
Fig, 2, Maximum-likelihood (ML) tepology (-log Ln = -9142.548) of rbcL gene data of select Stylonematophyceae, Porphyridiophyceae
and Compsopogonophyceae. Composopegon caeruleus was used as an outgroup. * >95% ML bootstrap values and =0.95 Bayesian posterior
probahilities. Other values associated with branches = RaxML bootstrap percentage/Bayesian posterior probabilities, Abbreviations following the
species names and culture numbers: MDG, Madagascar; AUS, Australia; IND, India; CRI, Costa Rica; PHI, Philippines; JPN, Japan; VAN, Vanuatu; NCL,
New Caledonia; FRA, France; USA, United States; PRI, Puerto Rico. Scale bar represents substitutions/site.

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




Porphyridiophyceae

Kyliniella Porphyridium

Am.

epiphyte in streams, N.

additional genera, i.e. Phragmonema,
Glauconema




Compsopogonophyceae

Compsopogon

Compsopogon

Y

A : .‘35-- _..i._‘z-_\. A Y ; O

A S A1 ap aquariums -

Fig.1 Hunsnumspmmf;f(tonfpm?ogonmer;:gusfmmwmwsi River, Tallews, P, 0 May 2001 SUVA- L & ;;Eu& B ::-* . . v, q . I
: ; nuisance aiga

A 7199. Scale = 1 cm. Fi Uniseriate terminal portion of branch, showing mecent intercalary cell division

All after Entwisle et al. (1997)

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

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

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

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



Pulvinus

A

o
9 AN

. p ¥
mobile monospores s 57
Y :

West et al., 2007, Phycologia 46: 237-246. P. veneticus — epiphyte known from Vanutatu



Compsopogon seemingly has rather low global genetic diversity

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

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

{ C. leptoclados AF087115*

C. leptoclados USLA

US-HI7, HI11

— C. leptoclados FM

1 X US-HIk, HIm
- \‘\f' V*UAHQ 4531
L2
- C. caeruleus ES 209* C’:i> o
AU-W
4. (AU-VIC

— C. caeruleus BR-ES 07

| C. caeruleus DQ308425* 2 L?"jg

4 : =
L C. caeruleus BRPG 2 % fg

= &0

Boldia erythrosiphon AF087122 3 4 4 Al

Figs 3—6. Compsepogon caeruleus: photomicrographs of important morphological features for both the ‘caeruleus’ and ‘leptocla-
dos’” morphologies. Location codes as in Table 1. 3. Early cortication of ‘caeruleus” morphology showing regular cortication.
Specimen from BR-ES7. 4. Early cortication of ‘leptoclados’ morphology showing irregular cortication and rhizoidal cells (arrow-
: heads). Specimen from BR-CL. 5. Surface view of ‘caeruleus’ morphology showing regular (polygonal) cortical cells and
Erythropeltidales AF087118 Boldia erythrosfphon AFO08712" monosporangia (arrowheads). Specimen from BR-ES3. 6. Surface view of ‘leptoclados’ morphology showing monosporangia
(arrowheads), microsporangia (arrow) and rhizoidal cell (double arrowhead). Specimen from BR-CL. Scale bars = 50 pm.

0.05
Why?
plastic encoded rbcL based phylogeny a)asexual reproduction — monospores

b)relatively wide niche
Necchi et al., 2013, Eur. J. Phycol. 48: 152-162. JTEELEY e E il



Boldia

B. erythrosiphon

streams — eastern N. Am.
(Alabamy to Quebec)

very often on freshwater snails

Boldia on snails

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



Erythrotrichia — filamentous thallus
Erythrocladia — pseudoparenchymatous thallus

TR

=
;%
%
£

':-; -'#‘- d L]
.-'I 'FJ-_,.::
Fu v
F 4100 pms
= e .'F

Photo, C. M. Giray
6. 22.—Cells of Erythrocladia insignis streaming into an area, already
occupied by Porphyra. The smaller darker cells are those of
Erythrocladia, the larger paler ones are those of P. umbilicalis,
var. Novae Zelandiae, x 150,

Erythrocladia — rarely in freshwater (NL)



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

. R

s o %ﬁ‘ﬂm‘ﬁ%

Porphyra-like morpholog-y

Bangia-like morphology



phylogenetic revision of Bangiales

P ———
L

e ners Fic. 1. Maximundikelihood phy-
~ Wi logram of 157 Bangiales taxa cal-
T— culated from the concatenated
nuclear S5U  ribosomal RNA
B cimer (nrSSU) and RUBISCO LSU ]
(rhd.) data set under RAxML. I
Bootstrap values for RAxML and ‘
— GARILI are shown above, and
Bavesian PP wvalues below the
nodes. Some internal support val-
ues are omitted for clarity. Gray
e circles indicate nodes supported
. at 100% RAxML/100% GARLL/1
{E T e angia' 2 PP. Genera are indicated by lines,
i o e, and monowvpic genera by arrows.

Sunga bucaomran B B |
L Syt

s e Names of flamentous taxa are
shown in red, and those of foli-
Hidemanis ose maxa in blue.
Pyropla

Fic. 2. Cartoon of the RAxML maximum-likelihood phylo-
gram of 157 Bangiales taxa calculated from the concatenated
nuclear SSU ribosomal RNA (nrSSU) and RUBISCO LSU (L)
data set showing existing and proposed new genera with support
for nodes along the backbone of the wee. Gray circles indicate
nodes supported at 100/100/1.

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



8 species - See Figure 3

o BALL IPympfa----------
86 [ 100 [ rheabeycdicreiil
831 ss/L,E-“"“"“‘*‘"' Wildemania - 1 species
95 / 100 T2/a8 1007100 —— schizophyla
—— wiidemania nomisi
Widsmania sp, HM0S0
99100 maimeny s o
—<| "Bangia" 3
-199 | B
oreophyllum
| Lysithea
531100 e ——rednittS | Fuscifolium - 1 species
Miuraea iag - i
91 /100 —T EPECI_ES_ S_eili_:lu_re_Z -)
— Porph
'—{ 62 7100 Ci
54/ 100 _| Clymene
(82 "Bangia"1
%“Eangia”
i 70 ————1Bangia
56 | 54
"Bangia" 2
E— Mirierye Dione 003

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.
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Fg 2. Bayesian species tree inferred using *BEAST with numbers above branches representing podterior probabdity values (only values greater than 0,70 are shownl
Speaciation posterior probalyiities from BP&P were calculated using three different prior comibd nations: 19 - large ancestral Ne and desp divergences (061, 10) and =0 G{1,
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Guillemin et al., 2016, Mol. Phyl. Evol.



morphological type " Porphyra™

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

ORGANIGND DIPL

-

| GAMETOFITD (M)

—

ﬁﬂ-._l
ESPOROFITO [2N)
{Estada de Conchoceils sobre conchas da moly o &n fos Bafanus a los que perforaf)

'L'B".'"'I"":""'I""I'"'l" e IR 10108 111
213 | 18 e urE e 4 2o m 82 23

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



polyploid life history in Porphyra

Assumed haploid/diploid life history
Mg =
1 1n=1x
Triploid Tetraploid
Conchocelis Gametophytic 3x
sporophyte fronds
'
2n=2x 2
f —
i g
] F lr
] I,
v ; 1
i @ ME N >
Y -
M!
Cytotype 1 Cytotype 2
M! Meiosis
\ R
F! Fertilization Triploid Tetraploid
2%, 8 3y 2x/3x, Cytotype 5 Ix 5. 3x
3x/4x, Cytotype 6 3x
2x/4x, Cytotype 7

Mixoploid

Cytotype 4

Genetic |
Gene flow:

chimeras
totype 3

CV yp 3x +3x=6x

25+ 4dx = bx

- ax
2% A
3x

M

3x
Bx -
: ,Lj’/.. .
; o
‘““u__x "/'
Tetraploid Varela-Alvarez et al., 2018

Triploid



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



morphological differentiation of Pyropia species - an example from Chilean coast

 ®

eee

Porphyra luchensis sp. nov. (CHE) Porphyra longissima sp. nov. (CHC)
'BRED TS AL LS Y
4 Seanness Vs
A= d f & p
e 2RO 030550

Pyropia variabilis sp. nov. (CHK) Green morph (GM)
N 7]
998%.%,
AT A
Sveress
2 0a®

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 (NZ2):
— P. umbilicalis, P. yezoensis, P. tenera,
Pyropia columbina

<22 _‘vp,;. "ﬂl
040,005 ""o"&

seeding of conchospores in the lab annual production amounts to ca. 50 bill. CZK
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N T A trmet R L
p—— o IM— 1 e Ei—r:&.'“l.u'--'- i R

'C0nchc_)-ce/is stage on shells

seeding nets Porphyra harvest
www.seaweed.ie



World Production of Seaweed (Algo Rhythme, No. 31, CEVA, Pluebian, France)

Country [ Area

China

Korea

Japan

Phillipines

FAR EAST COUNTRIES (TOTAL)
Norway

Chile

USA

France

EUROPEAN COUNTRIES
TOTAL

Ireland

Algae | Seaweed(fresh weight million t)
4.093
0.771
0.737
0.404
6.263
0.185
0.182
0.116
0.079
0.302
6.941
0.032

World Production (%)

59
11
10
&
30
26
2.6
1.6
1.1
4.3
100
0.46

IMAGE: Seaweed farming rafts off the coast of the Chinese province of Jiangsu,
south of the city of Qingdao, Bing Maps, via Mammoth.

www.seaweed.ie



bangioid lineages

CONCHOCELIS

Y/, FHAsE
K % Q"'.. e

CONCHOSPORES

GENERIC PHASE
(BANGIA)

i ) T - |
= marine littoral, streams, wterfalls, clean lakes; polyphyletic genus



sporophyte
(conchocelis)

Zygotospore gemling

P male cel rsooD

cochosporangial SV Yo f _ o
hm&c}h » ; & ,, "

., —_—
o0 -
conchospore conchospore '
o
N SN W

female cells

% ]
Bangia filaments . .. ®

f% fertilisation /
I ®  new ® fertilised

f \L}filament '. spores

ex"’“"‘o

= fasexual gr::uwth"
| 13‘. - filaments
- -.\-‘* wfrom filaments,

r AN

.

AP
M L]
OB tAL RS
L L E s
_-" .."vl' E r
ol Ares |
Ak o N‘ erminate and
apogamy from the somatic apogamy from the somatic 9 :
cell of female gametophyte Y._femal gametophyte  male E}lnmaph}fty:cll of male gametophyte A grpw into _
mICroscopic
conchocelis
Ca
The biphasic life history of Bargia. [Graphic: Tracy Farr) C LOSE x
zygotosporangia Carpogonium spermatangia

Fig. & Summarized life history of Bangie aropirpurea from Fukaura, lapan.

Banagia life cycle Notoya & Ijjima, 2003, Fisheries Sci.



marine bangioid lineages

Conchocelis stages, often forming
epizoic populations in shells

very often in
supralittoral

B. fuscopurpurea 5 MmO
ushike-nori [JP] Lynch et al., 2008, Phycologia
hangmaocai [CN] Wang et al., 2008, Aquaculture



freshwater Bangia
(B. atropurpurea, Bangiadulcis)

SINIGE
& RASY.cx




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)

Dione arcuata Minerva aenigmata
/ P
Distribution >/

near Kaikoura throughout NZ

o B -

MR Habitat (egs

]l::w mtertu:!ai tusubtldal upper intertidal;
shaded + wet direct sunlight + dessication

road, coarse,
curved filaments flaccid fllaments —

conchocelis .
i -
ol | - i

s Growth in Vg
L wAi:mainlyasexual culture sexual & :’
§ Y reproduction; asexual \‘.',fi_ 2
L _conchocelis feproduction '
ra@\_.r observed ‘commonly observed
A comparison of the two news Bangiales species. [Graphic: Tracy Farr) CL,DSE x

Image 3 of 3

distribution — N.Z.



Erpthrockidu g

I presumed southern

Bt B2 hemisphere origin of the

Bangia ap. BWF

Bangia sp. BMW

a1

b

Bangia sp. BRM
I=:-'_,::-r;_7| BMS
ap. NC LUsA

Bangiales

—

Bimgie ap. MAUSA
Bangia ap. HER

— Bangiz sp. BCH
| I

Bangia Sp BLCE B4

g, LD
7= e GREABE
e o, GRELDE
. GREISS

GreatLakes & Barape

Bangia s.l. — highest

Clade

BC3

rpiral MNelhizlapdd

phylogenetic diversity in N.Z.
coastal habitats

]

B, fuscapaopurea
B, fuss Clade

B2

urpures Enoshimna, lapan
Bamgiz sp. OR UISA

sndlasd, Casada
B L

Bamgua
B, At

p. SSR053

=SSR

subpriiculata
Y yeTaensis
% lenerd

,
pedalis

a9

Ut

jLis it
Bamgie sp. AK, USA
Bz atrepurpares WS, Canada
Bemyiw sp. BL USa
Bangia sp. BFM
Bangia sp. BHIT
Hnm_;’lu B RIS

Clade
B

Fig. 2. Fhylogenetic tree found under Bayvesian analyss. Mumbers above the nodes represent the margmal postenior prohabdity of each clade under

Bavesizn analyss. Sequence and speces slentification and khellmg of clades and taxa are

a5 for Fig. 1.

Broom et al., 2004, Mol Phyl Evol



Florideophyceae

five subclasses: ST
Hildebrandiophycideae

Nemaliophycideae

Corallinophycideae —

Ahnfeltiophycideae

an E. Elchhermn,
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age: fossils — at least 600 mil years [sic], extant genera — up to 350 mil years

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



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]



Floridean Life Cycle (IN gametophytes]
Triphasic ® e ggzpmgtggg{glﬂ'anch
e.g. Mazzaella splendens m se sy

$ g

IN

[2N tetrasporophyte]

’
/ spermatium released
f, from spermatangium

i

y O/' ;
. four 1N tetraspores Q J¥ syngamy

.~ released by each

». tetrasporangium T~
& R carpogonium on

" carpogonial branch

. multiple 2N carpospores
D produced through mitosis
A in gonimoblast filaments

of carposporophyte

2N zygote develops
Y into carposporophyte
IN Q on 1N female gametophyte

2N carposporophytes on
IN female gametophyte




florideophycean phylogeny
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Figure 1. Divergence time and evolution of the Florideophyceae. Estimated times of major divergences based
on multigene relaxed clock analysis using the best RAxML tree. Branch lengths are proportional to divergence

- 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

Yang et al., 2016, Sci Rep



p it CO n nectio n - p ri ma ry [a n d Seco n d a ry] A: Primary Pit Connection B: Secondary Pit Connection

pit plugs

Cl Parasite Cell . Host Nuclei
. Host Cell O Parasite Nuclei
Bl PitPlg




fertilization -

auxiliary cells and

ooblast filaments, KEY: Carpogonium . Auxiliary cell . .._?upporting cell

gonimoblasts

G
Carp05p0res O-F. Ooblast filament Gonimoblast Intermediate
fusion
Order Nemaliales . .
_ o Nemaliophycideae
. gonimoblasts initiated y  Omale
from carpogonium
. usually no auxiliary fertilization
cell; carpogonium may fuse
with nutritive cells * or
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Ora InOp YC| €ae . carpogonial branches
in conceptacles
. post-fertilization
fusion of cells in
carpogonial branch G
e.g. Calliarthron, Bosiella




Order Gigartinales
(includes former
Cryptonemiales)
. auxiliary cell in
various locations—but not

as in Rhodymeniales or
Ceramiales

e.qg. Gigartina

"Omale

fertilization
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Order Ceramiales "D male

4
" auxiliary cell develops
from supporting cell of
carpogonial branch after
fertiliation (supporting cell is fertilization
a pericentral cell) > O.F ’
G

€.q9. Polysiphonia

Order Rhodymeniales

. <" Omale
. auxiliary cell filament

born on a supporting cell of
carpogonial filament

. auxiliary cell formed
before fertilization
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. fusion of carpogonium
and auxiliary cell to form
gonimoblast

e.g. Rhodymenia




Hildenbrandiophycideae

Hildenbrandia

22

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

All after Entwisle et al.{1997)

asexual: tetrasporangia in marine taxa, sexual process
gemmae in freshwater taxa
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Fic. 1. Cluster dendrogram of all marine specimens {including type and historically significant specimens) for which reproduc-
tive character data were available, based on all characters. Two groups are evident, corresponding to specimens with parallel tetraspo-
rangial division pattern (A) and those with nonparallel tetrasporangial divisions (B). The numerical scale indicates the level of simi-
larity ar which clusters are formed, according to the Gower similarity coefficient,

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



H.rivularis

I H.fluviatilis (S)
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Dissimilarity based on Euclidean distance

Fic. 2. Cluster dendrogram of all freshwater specimens (including type specimens and historically significant specimens). Two
aroups are evident, corresponding to those specimens from North America/Philippines (C) and Eumpe ‘Canary Islands (D). The
numerical scale indicates the level of dissimilarity based on Euclidean distances.
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Fic. 4. The single most-parsimonious tree (showing branch lengths) generated by parsimony analysis of the rid. gene for repre-
sentatives of the Hildenbrandiales. Support measures are included for all forms of phylogenetic analysis (MP, NJ, and OQF) . where ap-
propriate, as follows: MP bootstrap values above branch and left of slash, decay values below branch and left of slash, NJ bootstrap val-
ues above branch and right of slash, QF values below branch and right of slash. Some sets of support values are indicated on the tree
as a letter, and corresponding values are shown to the upper left of the diagram. Asterisks indicate a lack of support at that node for

the corresponding measure.
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Fic. 5. (a) Cladogram based on the 185 rRNA gene for representatives of the Hildenbrandiales with tetrasporangial morphology
mapped on the topology of one of the four most-parsimonious trees. (b) Cladogram based on the rbcL gene for representatives of the

Hildenbrandiales with tetrasporangial morphology mapped on the topology of the single most parsimonious tree,

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



Nemaliophycidae
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Lam et al., 2015, Mol Phyl Evol

Fig 1. ML tree {In

DLW Lam er al./ Molecular Phylogenetics and Fvolution S (301§ 730-736

Petrohua bemabed
Simdolia suecica
100|100 Tuomeya amencansa
Baltrachospermum gelalinosum
Paralemanea sp.
Lamanaa sp.

Sheathis exigus

Sheathia involuta

g7| [Sheathia confusa

100l Sheathia amencana
Nothocladus nodosus

100

Kumanoa procama
Kumanoa monfagne
100 — Thorea sp.
100 Thovea riakel
Thorea gaudichaudif
100 100 | 5oL Thorea gaudichauali

r Thorea okadag
100 Thorea hispids

58 100 Nematlonopsis shawil
| —ENEma.'.lcnop.sfs sp.
100 MNemalionopsis sp.

Batracho-
spermales

10— Balrachosparmum pseudogelatinasum (freshwater)
Balrachospermum campylocionum
Batrachaspermum helminthosum
Balrschospermum cayennense
BatrachoSpermum cayennanse

Thoreales
(freshwater)

100 . Rhodachiya hawaliana
Rhodechlya madagascamnnsis Rhod achlyales
100 —— Ballia callitricha

79

Ballia 5p Balliales

100 Rhododrapamaldia areganica
Balbiania invesiians

B Yamadaella caenomyce
Memialion mtttificlim
100 Cumagloia andersomiy
Helminthora australis
Heiminthora lindauer
Ganonema fafnostm
Stenopeilis gracilis
Liagara mannarensis
Akalaphyous lagomides
Thtanophycus validuz
Inchogioea hervey
Dichofomaria marginala
Tncleocarpa cylindnca
Actinotrchia fragilis
Galaxaura nigosa
MNothogenia fastigiata
Scinala confusa

72 Whidbeyella carfilagines

Colaconema daviesi
100, Rhodothamnieila fondula
Camontagnea oxyelada
100 — Meodiscus spelsbergensis
Rubrointrusa membranacea

100

100 Palmaria palmata
100 Halosaccion glandiforme
i Devaleraes rameniaces
Audouinella hermanmil
Grania effforescens
Rhodochoon sp

100

3.0

—— Cutgroup taxa

Balbianiales {freshwater)

Nemaliales

Eniwisieia belia Entwisleiales
16 100 Colaconema proskauen
L Colaconema caespflosum Colaconematales
100

Rhodophysema georgel | Palmariales

Acrochaeliales
a7 Acrochaefium secundafum | (some freshwater species)

733

209655052203 ) with outgroups pruned for presentation. Mumbers on branches are bootstrap support valees Valees in bold are those for order
manaphyly and relationships among orders. Onders that are strictly freshwater of have a few freshiwater species are noted; all other orders are manine.



Acrochaetiales

Acrochaetium
stellate rhodoplasts, epiphytes, in coastal areas

el algaeBasEr
S R S T e e
3 A e i Ol R

Figuras 1 -6 Acrochaetivm corynbiferume 1) aspecto geral do talo crescendo sobre Liagera valida (seta), 2) esporo
persistente na regido basal (esy; 3) ilustracio do esporo persistente na regidio hasal do filamento (es) com nedide (rz)
penctrando na alga hospedeiral scial; 4)detalhe dos lamentosicabeca de sela) com monosporingios (selas): 5) lilamentos
com espermatingios (setas): ¢ 6) hlamento com grapo de carposporingios (seta) organizados em forma conmbosa.

Figures 1-6. Acrochuetium coryvmbiferwn: 1) plant over Liagera valida (armow); 2) persistent spone in the basal region
of the filament; 1) spore in basal region (es) with rhizoids (rz) penetrating into the host algse (armow )y 4) detail of the
filamenits (arrow head) with monosporangia (amow k; 5) filaments with spermatangia {amow i; and &) ilaments with
carposporangia group (amow ) in corymbose shape




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

Fo ¢ we 57

© asturnatura.c

algaebase.org P. palmata



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

typical monosporangia — monospores
(and sexual process)

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



Rhodochorton

R. purpureum beneath F. serratus
in the Baltic proper




Batrachospermales — a major freshwater florideophyte lineage
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origin of Lemanea-like morphologies from Batrachospermum-like ancestors

Fig 1. Maximum likslihcad (ML)
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Vis et al., 2007, Phycol Res 55: 103-112.
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Fic. 1. Maximum-likelihood (ML) L. tree (—In L likelihood = 9300.5723) showing the relationships of the “Chantransia™ stage sam-
ples sequenced in this study (larger and boldface) to previously sequenced taxa of Batrachospermales and Thoreales. Support values for
all analyses are shown on the branches as follows: maximume-parsimony bootstrap/ML hootstrap/Bavesian posterior probabilities.

sporophyte stages in Batrachospermales and Thoreales
Necchi jr, Oliveira, 2012, J. Phycol.






Life istory of Batrachospermum. The macroscopic gametophyte produces male reproductive cells,
spermatangia, and/or female reproductive structures, carpogoma. A spermatium ferhihizes the carpogonium
by attaching to the tichogyne. Following ferhlization, a carposporophyte develops from the carpogonium.
The carposporophyte produces carpospores, which germinate mto the nucroscopic, filamentous
chantransia. Vegetative meiosis occurs m the apical portions of the chaniransia filaments, and a new
haploid gametophyte 15 produced.

{Adapted from mf unsa ba/'biologya'talofiti'thod

Gametophyte (o) spermatangia

CArpOEonL T

ew—-" agetative meiosis

5
TR Q@ 7S
P i
| o [ 31

Chantransia (2m) Carposporophite (2m)

Stewart, 2006



Stewart, 2006

Schamanc diagram of Bamrachozpermum gametophyte thallns: A Whorl composed of vegetative fascicle
branches B. Axizl call C Carposporophyte. D Detail of carposporophyte showing carposporangia
(arrowheads) on gonimoblast flamenes (double arrowhead). E. Carpogoninm with maznifisd derail
showing carpozonial branch (arrowhead), carpogonmim (doubles armowhead), wichogyne with amackad
spermatim (large arrowhead) and mwovolucral filamoents (double large arrowhead). F. Spenmatangia at the
fips of fascicls branches (armowheads). G Detail of axial cell with cormical cells (arrowhead), proconal cells
{double arrowheads) supd penicenmal cells (large ammow).




Stewart, 2006

Salient feates of Barrachospermum specles mvestigated: &, B, prendogelatinosim (INZ1), axal calls and
fazcicle whorls with prominent, globose caposporophytas (arvowhead). Scale bar =120 ym. B. B.
prendogelatingsum (MZ1) mchosyne, showing a vartant that resemwbles B gelatinosum. Scale bar =38 pm.
C. B. campyloclonum (MZ1507, showing faseicle whorl wath large, globoze carposporophortes. Seale bar =
150 pm. D B, camploclonums clavate richogyne. Scala bar = Tpum. E. B krgfii (NZ7) showing
charactenistic scmutar-shaped trichogyme. Scale bar =% pm. F. B, bowrrellyd [TTE32E0) chowing contoated
or bent trichogyne. Scals bar = 10 pm. & B theaguem (TIE30303) showing elomzate, club-shaped
tnchogyne. Seals bar = 12 pm
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B. macrosporum

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

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



Lemanea



Sirodotia, Tuomeya

Sirodotia

Tuomeya



Balbiania Balbiania

formerly considered
a member of
Audouinella

growing among
auter cortex of host

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

 (infragroup co-evolution of comensales and parasites)

reddish Balbiania growing on Batrachospermum (DE)



Thoreales Thorea
the second freshwater order

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

Thorea ramosissima

© Bernd Kaufmann

After Entwisle et al, [1999a)
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Nemaliales

Nemalion

marine algae
often in supralittoral

(= emersed for the most tim&
subatmophytic life strategy) |

Galaxaura

calcified marine lineage from subtropical and tropical habitats

invasive in the E
Mediterranean

G. rugosa
(photo: S Africa
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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

_.;‘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).




LIVE RHODOLITH
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A model for the struciire and dyvnamics of rhodoliths, rhodolith beds, and geological souctires derived from them. Liv-

ing fragments can be produced i a bed or trransported o iy and equivalent small planis can develop from spores. Growth rae ancd

marphology may vary with light, nuirients, temperature,

movemnent, and species. Fragmenis can be broken from larger thalli during

movement fom water motion, biotrbaton, EI:U]H,‘_\ and trawling. These processes also produce sand and smaller caleareous parti-

cles. Burial in a bed can ocour from sedimentation and

disturbance from water moton and biotrbation. The effects of Touling may

be similar to burial. Catastrophic sedimentation and changes n sea level can cause death /burial of entire beds.

Foster 2001, J. Phycol. — rhodolite dynamics



taxonomic structure of coralline red algae

Corallinales (ca 830 species)
Sporolithales (60)
Rhodogorgonales (ca 20)

Corallinapetrales (2)

(Corallina, Jania, Bossiella, Amphiroa, Phymatolithon, Hydrolithon)
both geniculate and non-geniculate

(Heydrichia, Sporolithon)

non-geniculate

non-geniculate

sporangial
compartments

G T
structures similar

I sorus-like

EVO|UtI0nary structures to sporangial compartments / T 250 3
timeline £ _ _ -
H00pm - 200 %
\ S
140 Mya - 3
(=]
Sporolithales | .o, &
Hapalidiales @
= | Corallinales | %
450 Mya 430 Mya ¢

o T L « 1. .. o0 _.' N

Precambrian Phanerozoic
Neoproterozoic Paleozoic Mesozoic | Cenozoic
Ediaclaran Cambrialn | Ordov [ sil | Dslvunian | Carbonifer ! Permian | Triassic ! Jurassic | Cretaclauus | Paleog [Neo

Mya 600 500 400 300 200_*_ 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



typical
crustose or

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




B. californica

- kelps littoral ecosystems

entire Pacific coast of the Americas

colder seas

Bossiella



Corallina

;, cosmopolitan

temperate to tropical seas













Jania

- dichotomically branched thalli
- cylindrical segments




J. rubens

A. rigida



Haliptilon

LEGEND

H. virgatum



phylogeny of geniculate corallines

non'monothIy Of —— Lithothamnion glaciale

_[ Corallina officinalis
Corallina officinalis var. chilensis
ECoraHr'na sp. 1California

g = . 0.56/64.6/0.4 Jania sagittata .
traditional Corallina | Lithothix aspergillm oo
Serraticardia macmillanii (fjohansenia macmillanii) 7 Johansenia ]
Bossiella sp. TGWS N
* Il Bossiella sp. 10GWS
0,76/53,7/0,84 Bossiella chiloensis Bossiella
Bossiella plumosa
. Chiharaea bodegensis = Chiharaea
Alatocladia modesta “JAlatocladia
. T Calliarthron tuberculosum qCafﬁarthmn
. Calliarthron cheilosporioides
Corallina elongata (Ellisolandia elongata) ﬁ Ellisolandia ®)
— Pseudolithophyllum sp. 20muricatum n o
. i Pseudolithophyllum sp. Smuricatum .
Eseudoh‘tho!:)hj;ﬂum sF;. 16muricatum Pseudolithophyllum | o3
Pseudolithophyllum sp. 19muricatum _ E
= — Corallina sp. 3frondescens 7] >
@
Q
@

Corallina sp. 4frondescens

Corallina sp. 5frondescens

— Corallina frondescens

— Corallina sp. 2frondescens Corallina

{ Corallina vancouveriensis
Corallina sp. 2vancouveriensis

E Corallina sp. 1GWS

Serraticardia maxima (Corallina maxima)
Corallina caespitosa

-|E Marginisporum crassissimum (Corallina crassissima)

Marginisporum declinata (Corallina declinata)
Marginisporum aberrans (Corallina aberrans) ] _

0.3

Fic. 1. Phylogram inferred by Bavesian analysis of concatenated COI-5P, psbA, and EF2 sequence data. Support values are listed as
Bayesian posterior probabilities and bootstrap and al.RT values for maximum likelihood analyses, respectively. Asterisks denote nodes that
are strongly supported (posterior probabilities = 1.0, bootstrap and al.LRT values =0.95) in all analyses. Support values are not indicated
for all nodes (i.e., among species within genera). Species names included in brackets are new combinations proposed in this study. Scale

bar refers to subsiitutions per site.

Hind & Saunders, 2013, J. Phycol. 49



phylogeny of NE Atlantic geniculate corallines

99/97/12 Gracilaria gracilis Sidmouth, England
M Chondrus crispus Sidmouth, England
Maslocarpus stellatus Devon, England
n O n = m O n O p hYIy Of Haliptilon squamatum Kimmeridge, England

100100/14 |, Haljptilon squamatum Galway, Ireland

trad itiona I CO ra I I i na Tribe Haliptilon squamatum Black Head, Ireland

Janieae Haliptilon sguamatum Devon, England

Haliptilon squamaturm Wembury, England

Jania rubens Kimmeridge, England'

Jania rubens Kimmeridge, Englan d’

Jania rubens var. cornfculata Falmouth, England

100/99/12

100/100/20| Jania rubens var. corniculata lfracombe, England
Jania rubens Kimmeridge, England®

Jania rubens var. corniculata Lizard, England
+ Jania rubens var. rubens Weymouth, England

Jania rubens var, rubens Kilkee, Ireland
85/83/3 G

I: orallina sp. Puerto de La Cruz, Tenerife
Coraliina sp, Funchal, Madeira

Corallina elongata Lulworth Cove, Englﬁn'n:lZ

87/60/3

C. elongata
. 1
Corallina elongala Wembury, England sensu stricto

Corallina elongata Ireland’

100/100/22

9519412 corallina elongata Nea Karvali, Greece’

B67/62/4

Corallina elongata Nea Karvali, Greece®

Corallina officinalis Filey, England® C. caespitosa
Corallina officinalis Sidmouth, E|'|g|al'u:13 Sp. nov.
Corallina officinalis Jersey, Channel Islands®
Corallina efficinalis Sidmouth, England’
Corallina officinalis Vattanes, Iceland™
Corallina officinalis Sidmouth, England'

Tribe
Corallineae
828/85/2

100/100/10

Corallina officinalis Kent, Englandﬂ
Corallina officinalis Dalatangi, lceland' C. officinalis
100/100/14| Corallina officinalis Kincardineshire, Scolland | sensu stricto
Corallina officinalis Orkney Isles, Scotland®
Corallina officinalis Sidmouth, England’

Corallina officinalis Folkestone, England

91/94/2

Corallina officinalis Filey, England®
~‘ Corallina officinalis Filey, England®

Corallina officinalis Flamborough, England”

— 5 changes
Frg. 1. Maximum-parsimony (MF) phylogram of the coxl gene. Bootstrap support values for MP/bootstrap support values for

ML/Bremer support values. ML, maximum likelihood. Superseript numbers refer o sample collection information in Table S1 (see the
supplementary material ).

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



European taxa of traditional Corallina

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.

Figs 1-6. Corallina officinalis, C. caespifosa and C. elongaia. 1. Corallina officinalis Linnaeus:
epitype. Scale bar = 7.5 mm. 2. Corallina officinalis detail of apical intergenicula: upper arrows -
trifurcate intergenicula; lower arrows — conspicuous gaps between lateral branchlets. Scale bar =
1 mm. 3. Corallina caespitosa R.H. Walker, J. Brodie & L.M. Irvine: holotype. Scale bar =
7.5 mm. 4. Corallina caespitosa detail of apical intergenicula: arrows — palm-like intergenicula
with quadrifurcate apical intergenicula. Scale bar = 1.3 mm. 5 Coralfing elongata Ellis &
Solander: epitype. Scale bar = 12 mm. 6. Corallina elongaia detail of apical intergenicula: arrows
— tiny or non-existent gaps between lateral branchlets. Scale bar = 1.4 mm.

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



Fig. 2. Coralling elongara. (A-U) Morfologia de talos caracteristicos del intermareal medio. (D,E) Detalle de
ramas reproductoras con conceptéculos provistos de comiculos. (F-H) Morfologia de talos caracteristicos de
Fig. 1. Corallina officinalis. (A.B) Morfologia de los talos. (C.D} Detalles de ramas reproductoras con paredes verticales del intermareal inferior; en F asociada a la esponja Grantia compressa. (I-K) Variaciones
concepticulos terminales (pedicelados) y laterales (sésiles). morfoldgicas de artejos y grado extremo de aplanamiento del talo en la formacién de expansiones laminares.

Beltran & Barbara, 2013, Nova Acta Cient. Compost. Biol. 13



morphology of conceptacles - classification of taxa in Crallinales
and Sporolithales

Tetrasporangial/
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Heydrichia e oy
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south Africa, Australia

Leptophytum foveatum - Mesophyllum engelhartii - Heydrichia woelkerlingii



Sporolithon
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Sporolithon in the Mediterrean — formerly and now

Fig. 6. Sporadithon pivchoides Heydrich({ 18971, SEM phoios showing the row of clongated cells at the base of the reproductive stnichures (urmws). (4]
Early Plestocene, Tomente Enza, Northern Apenmines, Emilia—RBomagna, northern ltaly. (B) Recent, Punta Javama, Cabo de Giata, A bmeria, SE Spain.

7,

5 0
g . g “‘
[ |
vyl \ &
[ | i’ |y

B Recent
© Pleistocene
& Pliocene Kﬁ_\

Fig. 3. Geographic location of Sporafithon records in the Meditemanean area from the Pliocene 1o the Recent. For details see Table 5 and Alongi etal.
(1996).

Braga & Bassi, 2007, Palacogeography, Palaeoclimatology, Palaeoecology 243: 189-203.
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Fig 4. Species number plots of Sporadi thon from the Ohgocene to the
Plestocene of the Mediterranean area at senies level (51) and stage
lewel (51L). The ‘Intra-Basin Species Richness” (IBSR) is also shown.
Al the series level, species richness decreased from the Oligocene to
the Late Miocene and underwent an abrupt drop before the Pliocene.
Al the stage level there was a significant decrease within the Mid
Miocene from the Langhian to the Serravalliom, which contimued
within the Late Miocene. The IBSE shows a pradual decrease in the
number of species from the Oligocene to the Messmian.




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)



Ahrifeiti i i
= Ahnfeltio piniello Ahnfeltiophycidae

Catenellopsis  Catenellopsidales

Delisen
- a Nocoario R B
Rebculacailis Bonnemaisoniales
Asparogopsis

Atroctophora Atractophoraceae Atractophorales

A G Sonderophycus
b —; Peyssannella atropurpuren Peyssonneliales

Feyssonnelio dubyl
Ramicrusia
Gloiosiphonia

Gledopeltis

Euthora
Dilsea
Chondrus

Gigartinales

Cystaclonium

Salleria
Mychodea

—L Cenrocerss
Cenfroceras

Ptilota

—{ Grinmeflia

Sorella

Heterosiphonia

sa|eILWEIan)

Inkyuleea
Acrosymphyton purpuriferum
Acrasymphyton cariboeum
Acrothesaurum gemellfifum  Acrothesauraceae
Schimmelmannia schoushos

Schimmelmannia plumasa Schimmelmanniaceae

f ;‘;LT?::':J:; :,F:; 2"';'1 Calasiphoniaceae (incertae sedis)

—_

sa|erdydwisosay

Prerocladiello Gelidiales

g I_l__sn_;;;frar.inpsu‘s
Gracilaria Gracilariales
| I

Melanthalio

=

Predoea
Platoma
Schizymenia
Zymurgio

MNemastomatales

aeppAydoiuawipoyy

Prionitis
Cryptansmia
Halymenia
Isabhottia
Pochymenio

i Sebdeniaceae sp._lunknown .
—Ccrmssuegufa imitans Sebdeniales
Crassiteguia walslnghamli

Chrysymenia

Sparlingia

Asteromenia

Hymenocladio
Chylocladia
Coelothrix

Glofoclodia :
Leptofauchea Rhodymeniales

Lamentaria
Srirmia

Halymeniales

Fryeelia
m Hymenoclodiopsis

S ™ plocami
Sareodia Placamiales

oz

Fii. 1. Bayesian phylegeny for multigene alignment analwed with full partitioning. Leties at nodes refer to respective support vahies
in Table 1. New @ in bold type. The owtgmup Corallinophycidas hawe been o ed from the figure to fdlitate presentton. Soale
Saunders et al., 2016, J. Phycol. iemes et e e T gToup °F il " P



Gracilariales (Gracilaria, Gracilariopsis)

tetraspores
n) A —
RO 0 germinotion 4 wﬂ::ﬁ:-hyle
rmalangial
tetrasporaphyte spe snrig
(Zn) \
numnqtileo
gametop spermatia
? (n)

germination

cystocarp Y .
carpospores
J@ llln}

fertilization

development of diploid
carposporophyte in
haploid ¢ gametophyte

: PR, -y S = Gracilariopsis vermicullophyla
edible gracilarias - ogonori, hai tsai, nuoc-mam, Ceylon moss, etc. an invasive species of European coasts
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G. parvispora

(wikipedia)

Hydropuntia (Gracilaria)
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Gigartinales

(Gigartina, Sphaerococcus,
Furcellaria)

G. bracteata
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Furcellaria lumbricalis
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Figure 3.2.3. Maximum depth penetration of Furcellaria lumbricalis in different sea areas of the Baltic Sea.
Bowes delimit the 25% and 75% percentiles and whiskers the minimum and maximum values. Data from
1989 to 2007 (CHARM database, national monitoring data).

distribution — western Mediterranean to Spitzbergen

one of the habitat forming algae
in Baltic sea

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












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

Carpospores
(2n)
Carposporophyte Tetras;();;())phyte Meiosis
(2n)
i
9 Gametophyte ' oo
(n) ¢
®o0 Tetraspores
¢ (n)
Fertilization
Spermatia
(n)
d" Gametophyte
(n)

Kotsamo, 2008

i

.] F
W
Y L

\‘ : f ;
) Lr ,.":/ & Detached fragment
<, s
Ay

y 7
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Tc:lr?:ls:mms & .. @® (Nomeiosis)
2n

(No meiosis) e

Tetrasporophyte
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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 Vadinamere in the Baltic)









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









Bonnemaisoniales
Asparagopsis (armata / taxiformis)

macroscopic gametophyte,

filamentous microscopis tetrasporophyte ' o
(Falkenbergia stage) - P — =
antibacterial extract — examples... —
cryptic diversity (invasive/local lineages) invasive red algae in subtropical seas (Mediterranean, Azores, etc.)
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frequent world-wide introductions and invasions of cryptic Asparagopsis species

2 ’J I:I A. taxiformis lineage 2
1 =

"7 A taxiformis lineage 4

O‘ B A taxiformis lineage 5
‘ SR S Nore . A taxiformis lineage 6

- French
Polynesia
~
Pl e [
4 -
I - g

iCDcos (Keeling) Is Fizroyls ™
o Pelorus, Pandora Reef, Townsville

1
I\ ll
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New \0 -
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Hamelin Bay :

Fic. 1. Collection sites and mitochondrial lineage distribution of Asparagopsis taxiformis isolates analyzed in this study.

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)

floresii



Plocamiales (Plocamium)

wnalgaebase org

P. cartilagineum



Plocamium — lower sublittoral of temperate to tropical seas, cosmopolitan

Sebicludin .
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" el by (cer) so far about 50 species



Ceramiales - an order with general tendency to secondarily simplified thalli

Ceramium _ | w :

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

ephemerous thalli

epiphytes on perennial macroalgae or
epilithic on stones

boreal and subtropical European coasts



Delesseria sanguinea

500 alqaBhAs ephemerous phylloids
fo.d e ? 9 \BA £ ; growing repeatedly on
; ( perennial cauoid

lower sublittoral, cold European seas; pseudoparenchymatous thallus



Caloglossa

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

C. ogasawaraensis (AB862559) Philippines

C. ngasawaraensis (ABBB2572) Madagascar

C. ogasawaraensis (ABB862567) New Caledonia

C. ogasawaraensis (ABG669608) El Salvador

C. ogasawaraensis (JN845507) USA

w0597 ¢ ogasawaraensis (ABB62569) Malaysia

C. fluwviatilis (LCO65028) IND1

C. fluviatilis (LC065029) IND2

C. fluviatilis DEU Uil

C. fluviatilis (JN845508) PAN

C. beccani (AF522208) SGP1

C. beccarii VNM R
C. beccarii (AF522207) THA freshwater

£2/0.85|

29/0.79] C. stipitata (AF522245) PHL
10011.00 c s.tr,luftara (AF522246) MYS3 Braiiar et
C. stipitata (AF522247) Malaysia
Lot 97/1.00 10011.00 C. stipitata AUS

99/1.00 C. adhaerens (AF522198) Japan
91/1.00 C a

dhaerens (AF522199) Australia

r— C. bengalensis (AF522210) Vietnam
L C. bengalensis (AF522209) Singapore

100/1.00

. rofundata (AF522248) Guatemala
59/1.00

89/1.00 b C visillardii (AF522205) Australia

80/1.00 C. monosticha (AF522213) Australia
65-"0.39' l— C. continua (AF522212) Japan

C. saigonensis (AF522244) Malaysia

Taenioma perpusillum (AF522243)
Fig. 1. Maximum-likelihood (ML) phylogeny of Caloglossa species inferred from the partial LSU rDNA gene sequences. Taenioma
perpusillum was used as an outgroup. The bootstrap values for ML (> 50%: left) and posterior probabilities for Bayesian inference (BI) (=
0.50; right) are presented for each branch. Accession number is shown in each set of parentheses, and habitats of C. becearti and related
species are shown in gray boxes. Newly sequenced samples are shown in bold. See Table 1 for the information of abbreviations after species
nAmes.

C. leprieurii (ABBB2573) Australia

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

European coasts;
inclusing brackish Batic Sea

www.merebioloogia.ee



Odonthalia

O. floccosa
Pacific coast of N Am

- P 4

O. dentata

circumboreal distribution, incl. European N Atl

a cold water genus



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 maleaé

g

host
. | @
@ |
©)

parasite

Figure 1. Process of Secondary Pit Connection between Cells of Pasa-
silic Aed Algae and Their Host.

Parasite nuchel are striped, light circles and host nuckei are Mack circles.

Goff & Coleman, 1995, Plant Cell : LA
Salomaki et al., 2015, J Phycol Plocamiocolax pulvinata

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

{A) Tha parasite cells (left) have formed a conjuncior cell containing
a parasite nucleus (black), mitechondria (gray), and proplastids (white
with dots). This conjunctor cell fusas with the hast cell (host nucled
are white, host plastids are dotted, and host milochondria are black
owals) delivering the parasite organelles inlo the host's cytoplasm
(B} The parasite nucleus and mitochondria replicate in the host cell,
and the host plastids divide 1o lorm numerouws proplastids, The host
nuchkei and mitochondria replicate in the host cell. The host nucleus
may disappear of persist.

[C] L.|I1|rr|al,|3l',l_ a call is cul off from the heterokar yalu.’t host plus para-
site call. This cell conlaing a parasite nucheus, parasite mitechondna,
and proplastids derived from the host plastids



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

Rhodymenia australis

Sparlingia pertusa






Botryocladia
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