
Phaeophyceae



• ca 265 genera, 1500 - 2000 species

• multicellular thallus, attached to the surface
• marine, only 3-5 species in freshwater habitats
• rocky coastline – litoral, sublitoral (min. 0,6% of residual 

light – up to depth of 260 m, but most species are not 
shade-loving organisms)

• high primary production, DMS production

• economically and culturally important – aquacultures, 
seaweed art 

General characteristics



Cell structure



Plastids
• chl a, c1 , c2, β-carotene, fukoxanthin Bacillariophyceae) , 

violaxanthin, dinoxanthin, diadinoxanthin
• discoid plastids, 1 or more pyrenoids

• heterokont structure

(like in Chrysophyceae)



Plastids

2layered plastid membrane

nucleus

chloroplast ER

oil globules 

chloroplast



Pyrenoid



Metabolism products

• storage products (chrysolaminaran, manitol)

• florotanins – stored in physodes, when oxidized, 
they case brown colour of water

• iodine (0,03 – 0,3% of weight)

• organobromids – destruction of 
ozone layer

• dimethylsulphopropionate – osmotic regulation

production of DMS (in parallel to haptophytes)



Cell wall composition

• alginates – salts of Alginic acid (gelatinous)
 Na-alginates – soluble
 Ca-alginates – insoluble

• cell wall structure
 fibrilar component – cellulose, Ca-alginates
 amorphous component – soluble Na-alginates

• fucoidane – mucilage surrounding cell wall
 against desiccation
 environment for gamete fusion



Zoidsfeatures similar to other 
heterokont groups

heterokont flagella,  
mastigonemata

four membranes, 
girdle lamella

periplastidial 
reticulum

photoreceptor

features typical for 
brown algae

lateral flagella 
insertion

flagella terminated 
by acronemates



Zoids

Kawai & Henry, 2017, Phaeophyta in Handbook of Protists



Sexual reproduction
• diplohaplontic cell cycle, isomorphic and heteromorphic
• plurilocular zoidangia

• unilocular zoidangia



Kawai & Henry, 2017, Phaeophyta in Handbook of Protists

unilocular sporangia (unangia) plurilocular sporangia (plurangia)



Thallus structure



Charrier et al., 2012,
Trends Pl. Sci

Thallus structure

filament developmental 
patterns



Systematics and diversity
• class Phaeophyceae, syn. Fucophyceae
• traditionally - ca 14 orders (van den Hoek 1995)



Phylogeny
• traditional concepts of phylogeny and taxonomy:

Ectocarpales

Sphacelariales

Dictyotales

Cutleriales

Laminariales

Fucales

G,S,[iso]

G,S,iso

G,S,iso

G,S,hetero

S,hetero

S,hetero



Time-calibrated multigenic molecular phylogeny of Phaeophyceae

Silberfeld et al., 2010, Mol Phyl Evol 56: 659-674.



Silberfeld et al., 2010, Mol Phyl Evol 56: 659-674.



DISCOSPORANGIOPHYCIDAE
Discosporangiales

ISHIGEOPHYCIDAE
Ishigeales

DICTYOTOPHYCIDAE
Dictyotales  *
Onslowiales
Sphacelariales  *
Syringodermatales

FUCOPHYCIDAE
Ascoseirales
Asterocladales
Desmarestiales  *
Ectocarpales  **
Fucales  **
Laminariales  **
Nemodermatales
Phaeosiphoniellales
Ralfsiales
Scytothamnales
Sporochnales
Tilopteridales  *

Silberfeld et al., 2014, Crypt. Algol. 35



Bell, 1997, Biol. J. Linn. Soc. 60

the traditional view of the life
cycle evolution in Phaeophyceae



Time calibration of phaeophycean phylogenetic history

Kawai et al., 2015, J. Phycol.
[phaeophyceans have very poor fossil record (only from upper Miocene)]



Discosporangium
(Discosporangiales)

- uniserial epiphytic filaments, up to 4 cm
- apical growth (thus, formerly classified in Sphacelariales)
- numerous discoid plastids
- plurilocular zoidangia form single-layered plate of locules

subtropics, tropics (Mediterranean, Australia)



Ishige okamurae
(Ishigeales)

Lee et al., 2012, Mar. Biol.

- irregular dichotomous branching
- thalli up to 20 cm
- unilocular and plurilocular sporangia
- presumably isomorphic life cycle

occurs in temperate and subtropical W Pacific



Lee et al., 2012, Mar. Biol.

Diversity centers of I. okamurae in N Taiwan and S Korea (glacial refugia)



Petroderma maculiforme (Ishigeales)
• lichen photobiont – Verrucaria tavaresiae as a mycobiont

occurs in supralittoral / eulittoral of temperate and boreal seas (incl. European coasts – Baltic, North Sea, Atlantic)
two other species in subtropics/tropics



 Dictyotales
• typically fan-shaped, parenchymatic thallus (2-3 layers of cells)
• diplohaplontic cell cycle, isomorphic, always oogamy



Dictyotales

• true dichotomy, growth by division of apical cell
• temperate, cosmopolitan species

Dictyota dichotoma





Dictyota bartayresiana
Dictyota dichotoma

Dictyota



Dictyota

Bogaert et al., 2016, J. Appl. Phycol. 28
Aragay et al., 2016, Med. Mar. Sci.
Küpper et al., 2019, Phycologia

structure, seasonal cycles, phenology



Küpper et al., 2019, Phycologia



Phylogenetic species structure of Dictyota in Europe

Tronholm et al., 2010, J Phycol 46: 1301-1321psbA based phylogeny of European species



Dictyota cyanoloma Dictyota dichotoma Dictyota implexa



Tronholm et al., 2010, J Phycol 46: 1301-1321



D. cyanoloma
anthropogenically introduced
into the Mediterranean

Steen et al., 2017, Eur. J. Phycol.



Dictyopteris

Dictyopteris polypodioides

shade-loving species, mesotrophic, moderately disturbed habitats



Lobophora

Lobophora variegata



Mediterranean Lobophora – several hemicryptic species (and not L. variegata...)

Vieira et al., 2019, Phycologia 58

L. schneideri 10-11
L. delicata 12
L. lessepsiana 13



Padina 

• fan-shaped, slightly calcified thalli





Padina – morphology and calcification

Benita et al., 2018, Am. J. Plant Sci.
Bürger et al., 2017, Bot. Mar.



Silberfeld et al., 2013, J Phycol 49

Global biogeography of Padina

species limited to either Indo-Pacific or Atlantic, usually into a single region of these oceans



Padina pavonica

abundant Mediterranean species,
shallow eutrophicated habitats



Herbert et al., 2016, Mar. Biol. 163

Padina pavonica at the northern-most expanse of the distribution area
– S and SW England/Wales



Sphacelariales
• branching multiseriate filaments
• diplohaplontic cell cycle, isomorphic [or slightly heteromorphic?]
• iso-, aniso- and oogamy



Sphacelariales
Sphacelaria rigidula

• tiny brown tufts
• cosmopolitan, on rocks or 

epiphytic

• triradiate asexual propagules



Draisma et al., 2010, Eur. J. Phycol.
Draisma et al., 2002, Eur. J. Phycol.



Halopteris filicina
abundant Mediterranean species

Sphacelaria arctica
cold water, slowly growing, deep sea species

Baltic – lower sublittoral



Cladostephus spongiosus
(temperate, cosmopolitan)

Sphacelaria cirrosa



freshwater brown algae
• Pleurocladia, Heribaudiella, [Ectocarpus]
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Wehr, 2002, Brown Algae



Heribaudiella fluviatilis

Wehr et al., 2019, NorthE. Nat. 26



Bodanella lauterbornii

Wehr, 2015, Brown Algae, Freshw. Algae N. Am.

only known from deeper sublittoral of
Bodensee, Traunsee and two other
Austrian Alpine lakes



D. anceps

D. ligulata

Desmarestiales

Himantothallus grandifolius



branched or foliose macroscopic thalli in the genus Desmarestia (D. viridis, D. ligulata, etc.) 
and others contain free sulfuric acid (pH up to 1.0) – in intracellular vacuoles (traditional 
name: acidweed); apparently this feature has originated only once in the evolution of the 
group

sporophytes - feathery and usually lithophytic thalli
pseudoparenchymatous thallus is derived from apical meristems situated at the base
of a hair (trichothallic growth)



D. ligulata D. menziesii

Himantothallus grandifolius
D. viridis
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Ralfsiales
crustose thallus (erect, tightly adherent filaments)
unangia and plurangia (these in vertical rows with one or more sterile terminal cells)
often with bright margins
typically in supralittoral, intertidal or upper subtidal

R. verrucosa

Parente & Saunders, 2019, Botany 97



Fucales

• only macrothallus (S)

• diplont cell cycle, mostly oogamy 
• conceptacula – cavities in thallus, containing gametangia





Fucales
Fucus – conceptacula

oogonia 

antheridia 



[Xiphophoraceae - 1 g, 3 sp, endemic to southern Australia and NZ]

[Bifurcariopsidaceae – 1 g, 1 sp, endemic to Cape region]

Durvillaeaceae - 1 g, 7 sp, cold temperate and subantarctic regions of the southern hemisphere
Durvillaea

Fucaceae - 5 g, 18 sp
Silvetia - N Pacific (vyčleněno z Pelvetia v roce 1999)
Ascophyllum - N Atl, 1 druh
Pelvetiopsis - NE Pacific (Neiva et al. 2017)
Pelvetia - N Atl, 1 druh
Fucus - N Atl

Himanthaliaceae - 1 g, 1-2 sp, N Atl – Eur
Himanthalia

[Hormosiraceae – 1 g, 2 sp, endemic to southern Australia and NZ]

[Notheiaceae – 1 g, 1 sp (N. anomala), epiphytic in intertidal on Hormosira and Xiphophora; S Australia and NZ]

Sargassaceae - 33 g, 510 sp
Cystoseira (+ Carpodesmia, Treptacantha)
Cystophora - Australia, NZ
Halidrys (H. siliquosa) - N Atl - Eur
[Myriodesma - Austr, NZ]
Sargassum
Turbinaria

[Seirococcaceae - Cystosphaera (end. Ant. Pen.), Marginariella (end. NZ), Phyllospora, Seirococcus (end. S Austr)]

Fucales
systematic overview



Fraser et al., 2010, Mol. Phyl. Evol. 57: 1301-1311.

Durvillaea



Fraser et al., 2019, J Phycol



Fraser et al., 2010, Mol. Phyl. Evol. 57: 1301-1311.



Fraser et al., 2009, PNAS



Fraser et al., 2009, PNAS



Fucus



Evolutionary geographic origins of Fucus and their phylogeny

Coyer et al., 2006, Mol. Phyl. Evol.



Cánovas et al., 2011, BMC Evol. Biol. 11:371.

rapid diversification related
to cold (glacial) phases
of Tertiary climatic history



Fucus vesiculosus – in tidal oceanic zones (eulittoral), cold seas, Baltic - sublitoral



Fucus serratus – serrated margins of fyloides

http://www.biopix.dk/TransferHighLogin.asp?Language=da&PhotoId=11270


Adaptation of Fucus serratus to decreasing salinity in brackish waters

Malm et al., 2001, Bot Mar 44: 101-108

two sites – Kattegat and
Baltic, locally adapted popu-
lations

critical stages of the life cycle
at different salinities



F. spiralis



Microspeciation of Fucus in the Baltic

Bergstrom et al., 2005, J Phycol 41: 1025-1038
Pereyra et al. 2009, BMC Evol Biol 9: 70

Fucus radicans

Baltic origin of the species



Baltic Sea Weed Blog

F. radicans
F. vesiculosus



BUT - probable parallel speciation of F. radicans from F. vesiculosus in the Baltic Sea

Pereyra et al.,
2013, J. Evol. Biol.



Johannesson et al., 2011, J. Phycol.

Clonality (= genetic homogeneity) of 
Fucus population in relation to 
decreased salinity in the Baltic



Ascophyllum (nodosum)



effect of warming in northern parts of the distribution area

Marba et al., 2017, Ambio



Sargassum – warm temperate to tropical waters

S. vulgare



Yip et al., 2019



Yip et al., 2019



Sargassum – benthic and pelagic species (Sargasso sea)



floating Sargassum in Brazil (Frenando Noronha) and Carribean Sissini et al., 2017, Phycologia



Stiger et al., 2003, Phycol. Res.
Hizikia belongs to Sargassum (subgenus Bactrophycus)



Turbinaria – a tropical genus

often grows in coral ecosystems



Zubia et al., 2020, J. Appl. Phycol.

T. ornata

T. turbinata



Cystoseira s.l. – a Mediterranean fucalean lineage of Sargassaceae

upper sublittoral; ecologically stable habitats

Ericaria amentacea Gongolaria barbata

Cystoseira compressa





C. barbata, S. vulgare, C. compressa



Fallace et al., 2005

phenological cycles of perennial thalli
phenotypic plasticity



profound seasonal phenological cycles



global distribution of Cystoseira s.l.

C. foeniculacea

C. compressa

C. humilis

Neiva et al., 2023,
Eur. J. Phycol 58



Neiva et al., 2023,
Eur. J. Phycol 58

E.crinita

E. amentacea



Neiva et al., 2023,
Eur. J. Phycol 58G. barbata

G. abies-marina



Thibaut et al., 2005, Mar Pollut Bull 50: 1472-1489

Recent decline of subtropical Fucales in the Mediterranean



Sales & Ballesteros, 2009, Estuar. Coast. Shelf Sci. 84: 476-482.



Laminariales

• reduced microthallus (G) + foliose macrothallus (S)
• diplohaplontic cell cycle, heteromorphic, oogamy, no 

plurilocular zoidangia
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Laminariales
taxonomic overview

Chordaceae (or Chordales) – 1 g, 6 sp (Chorda)

Pseudochordaceae (alternatively within Chordales) – 1 g, 2 sp

Akkesiphycaceae (alternatively within Chordales) – 1 g, 1 sp

Aureophycaceae – 1 g, 1 sp (Aureophycus)

Lessoniaceae – 4 g, 31 sp (incl. Ecklonia, Egregia, Lessonia)

Agaraceae – 5 g, 11 sp (incl. Agarum, Costaria)

Alariaceae – 8 g, 27 sp (incl. Alaria, Undaria)

Laminariaceae – 14 g, 63 sp (incl. Nereocystis, Macrocystis, Laminaria, Saccharina, Postelsia)

                        more details: algaebase.org
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Kawai et al., 2013, Sci Rep.

sporophyte structure and position of 
reproductive cells
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Starko et al., 2019, Mol Phyl Evol

multigene phylogeny of Laminariales
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prostrate vs. erect

Starko et al., 2019, Mol Phyl Evol



106

Starko et al., 2019, Mol Phyl Evol
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Wernberg et al., 2019, World Seas



Bolton, 2010, Helgol. Mar. Res. 64: 263-279.
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Kawai et al., 2016, In: Seaweed Phylogeography
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Kawai et al., 2016, In: Seaweed Phylogeography

(incl. anthropogenic invasions)
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Starko et al., 2019, Mol Phyl Evol
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algaebase.org
Jewett & Clark, 2011

Aureophycus aleuticus
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Kawai et al., 2013, Sci. Rep.
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Ecklonia

E. maxima - kelpak

E. radiata
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Egregia
feather boa kelp

http://natural-history.main.jp
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Neil & Nelson, 2016, NZ Seaweeds

Lessonia

L. variegata
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Agarum
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Costaria
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Alaria
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Undaria (pinnatifida)

U. pinnatifida dynamics in Venice lagoon Curiel & Marzocchi, 2010
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Peteiro et al., 2016, Algal Res.commercial culturing on U. pinnatifida in Japan and N Spain

annual production of U. pinnatifida in 
aquacultures – cca 1.8 million tonnes; 
constituting possibly about 20% of total kelp 
production in agriculture



U. pinnatifida – wakame cultivation

FAO, Fish. Aquacult. Dep., 2016

En - Wakame,   Fr - Wakamé,  Es - Abeto marino
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global invasion of
U. pinnatifida

Epstein & Smale, 2017



• several very common species, kelp forests of N Hemisphere
• alginate industry
• biodiversity centre – NW Pacific coast (Alaska – California)

Laminaria



S. latissima L. hyperborea L. digitata

Most frequent European members of traditional Laminaria



Laminaria hyperborea – canopy species of European kelp forests



Bartsh et al., 2008, Eur. J. Phycol. 43: 1-86.









Nereocystis – annual plant, length up to 40 m

měchýřky – až 12% CO (!)





Macrocystis – sublitoral, length up to 60m, weight 300 kg

NW USA, S America, Australia



Macrocystis pyrifera



Evolutionary geographic origins of the genus Macrocystis

Astorga et al., 2012, Rev. Biol. Mar. Oc.

probable Northern
origin of the genus



138

Saccharina

S. japonica

seaweed.ie
S. latissima



• separated from Laminaria
• circumboreal genus (S. latissima, S. japonica)

   (kombu)

Saccharina

Chi et al., 2014, Acta Oceanol Sin



Postelsia (palmaeformis)
sea palm



Chorda filum – 0.3 to 5 m long strands, filled by air

paraphyses (and hairs)
cover the thallus

cold temperate/subarctic alga,
ephemeral thalli, penetrates deep into the brackish water habitats





Ectocarpales

• simple, uniseriate filaments
• diplohaplontic cell cycle, isomorphic or slightly heteromorphic



• delicate, filamentous tufts
• very common, cosmopolitan species

Ectocarpus siliculosus



Pylaiella littoralis

abundant cold water species, often in brackish waters,
dominant as annual epiphyte in the Baltic



Pylaiella littoralis



sporophyte

♂ ♀

♀ gametophyte♂ gametophyte

plurilocular 
sporangia

unilocular 
sporangia

plurilocular 
sporangia

plurilocular 
gametangia



Colpomenia

invasive species, origin in NW Pacific

Colpomenia peregrina

ephemeral thalli, saccate gametophytes, crustose sporophytes



Lee et al., 2013, Bot. Mar. 56: 15-25.





former
Scytosiphonales

Petalonia fasciata



Scytosiphon lomentaria



Scytosiphon lomentaria

Parente et al., 2003, J. Phycol. 39: 353-359.



Dictyosiphon foeniculaceus



Adenocystis

Adenocystis utricularis



Splachnidium

S. rugosum





Utilization of brown algae
• Scandinavia, Faroe Islands – grazing by sheep

• fuel, composting, roofs
• production of soda, potash, iodine (1930s)

Læsø, Denmark

http://www.flickr.com/photos/63429856@N03/5770878417/in/photostream/


Utilization of brown algae - cultivation



Utilization of brown algae - food
kombu - Laminaria



Utilization of brown algae - food
wakame - Undaria



Utilization of brown algae - food
hiziki - Hizikia



Utilization of brown algae - alginates

22 000 t/year



Utilization of brown algae - alginates
food industry



Utilization of brown algae - alginates
food industry



farmaceutics, cosmetics
Utilization of brown algae - alginates



slim down diets – satiety
Utilization of brown algae - alginates



building materials
Utilization of brown algae - alginates



Utilization of brown algae - fucoidane

cell wall polysaccharides; used as dietary supplements



Utilization of brown algae
seaweed baths

treatment of rheumatism and arthritis



Utilization of brown algae
alginate batteries



seaweed art
( belongs to the land-art styles)
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