Phaeophyceae




General characteristics

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



Cell structure




Plastids
(like in Chrysophyceae)

¢ Chl a, C1 y C2, B'CarOtene, kaOxanthln Bacillariophyceae) ,
violaxanthin, dinoxanthin, diadinoxanthin

* discoid plastids, 1 or more pyrenoids
.~ heterokont structure
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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 = 8
dimethylsulphopropionate — osmotic regulatlon

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



features similar to other
heterokont groups

features typical for
brown algae

heterokont flagella,

: lateral flagella
mastigonemata

insertion

flagella terminated
by acronemates

PY
periplastidial
reticulum CER
- CE

girdle lamella




Fig. 7 Schematic representation of brown algal flagellated cells. (a) Typical (perhaps
plesiomorphic) type with long anterior flagellum (af) and short posterior flagellum (pf). Chloroplast
(c) has eyespot (es) spatially associated with flagellar swelling ( f5) on the basal part of the posterior
flagellum. Anterior flagellum has long acronema (aa), which is easily detached by fixation.
Posterior flagellum has relatively short, but more persistent acronema (pa). (b) Laminarialean
type without eyespot and flagellar swelling and lacking phototaxis. (¢) Female anisogamous gamete
with multiple chloroplasts. (d) Dictyotalean sperm with remnant posterior flagellum and reduced
chloroplast. (e) Laminarialean sperm with long posterior flagellum, reduced chloroplasts, and deep
flagellar gullet ( fg). () Fucalean sperm with proboscis (anterior protuberance) and eyespot

Kawai & Henry, 2017, Phaeophyta in Handbook of Protists



Sexual reproduction

diplohaplontic cell cycle, isomorphic and heteromorphic
* plurilocular zoidangia £




plurilocular sporangia (plurangia)
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unilocular sporangia (unangia)

Fig. 5 Immature plunilocular
sporangia of Ectocarpus
Fia.4 Unilocul - sp. Freeze substitution (TEM
g nriocular sporangla - iy .- : micrograph courtesy of Taizo
of Saccharina japonica in Motomora). Scale bar, 2 pm
longitudinal section (TEM ’
micrograph courtesy of Taizo
Motomura). Scale bar, 5 pm

Kawai & Henry, 2017, Phaeophyta in Handbook of Protists
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Thallus structure

filament developmental

patterns

(a) Site of growth Axes of growth
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Figure 3. Main developmental patterns aobserved in brown algae. (a) Primary growth. Localization and axes of cell division that are observed in brown algal development.
Cell division occurs aither in a terminal-apical position (blua), or in an intercalary position (green: either diffuse growth or localized growth: e.g. trichothallic growth). Cell
division axes are either unidirectional {haplastichous, uni- or multi-axial: yellow), ar multidirectional. In the latter, division occurs aither in two steps (polystichous: orange;
with or without secondary thickening of the axes in the Sphacelariales, the auxoccaulus and leptocaulus construction modes, respectively, as defined by [104]) or
simultaneously along different axes (parenchymatous: red). |b) Distribution of cell division patterns on the phylogenetic tree of brown algae. The cell division patterns
{localization and axes) for each brown algal order are indicated by the color and style (defined or blurred) of the branches of the circular tree, in agreement with those
indicated in {a). The haplostichous growth pattern is the most widely distributed. Note that Desmarestiales and Sporochnales develop haplostichous structures (uniaxial in
Desmarastiales and multi-axial in Sporochnalas), which genarate pseudo-parenchymes. Structures produced by a twa-step cell division process (polystichous construction)
with a tarminal growth arose only once and are synapomorphic for the orders Syringodermatales, Sphacelariales, Dictyotales and Onslowiales (S500). However,
palystichous construction analogous to that in the S5D0 group also appeared in Tilopteridales (Tilopteridaceaa, Cutleriaceae) and in numerous Ectocarpales, but as a result
of intercalary growth rather than of terminal growth, such as that seen in the SSD0 group. Parenchymatous growth appeared several timeas, and shows convergence in the
most diverged brown algae (Fucales, Laminariales, Phyllariaceae in Tilopteridales and Ascoseirales) [1]. Interestingly, some distant orders comprise macroalgae with
similar morphologies (e.g. Himantothallus in the Desmarestiales and the kelps in Laminariales) [105] and, conversaly, some closely related orders show different
morphologies, as illustrated by the ‘crusts’ morphology observed in Nemodermatales {not shown), which are a sister order to Fucales, as well as in Petrodermataceae,
which ara a sister family to Ishigeaceas (Ishigeales) and Lithodermataceas within Sphacelariales. Photegraphs are displayed for brown algal arders containing at least three
genera: Dictyotales, Dictyota linearis; Sphacelariales, Halopteris filicina; Desmarestiales, Desmarestia dresnayi, Sporaochnales, Sporochnus pedunculatus; Scytothamnales,
Splachnidium rugosury; Ectocarpales, Ectocarpus fasciculatus; Laminariales, Alaria esculenta; Ralfsiales, Ralfsia verrucosa; Tilopteridales, Tilopteris mertensii; Fucalas,
Fucus vesiculosus. Image reproduced, with permission, from AlgaeBase (M.D. Guiry; Splachnidium rugosum).

Charrier et al., 2012,
Trends PI. Sci



Systematics and diversity

* class Phaeophyceae, syn. Fucophyceae
* traditionally - ca 14 orders (van den Hoek 1995)




Phylogeny

traditinal concepts of phylogeny and taxonomy:

Ectocarpales Gsiisol

Sphacelariales G siiso

Dictyotales csiiso

Cutleriales s hetero

Laminariales s hetero g

Fucales s hetero



Time-calibrated multigenic molecular phylogeny of Phaeophyceae
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Fig. 2. Chronogram resulting from the Bayesian relaxed mole aular clodk analysis performed with BEAST (Drummond and Rambaut, 2007). The grey bars display the 95% HPD
(highest probability density} interval of node ages. Details for nodes labelled with numbers are provided in Table 3. The red circles mark the three nodes that were time-
wonstrained with fossils as described in text: the Sargassaceae and the {Nereocystis-Peagophycus) lineage were constrained under a uniform prior with 13 Ma as lower
boundary for their respective stem nodes, and the Dictyotales were constrained under a uniform prior with 13 Ma as lower boundary for their crown node. (For interpretation
of the references to wlor in this figure legend, the reader is referred to the web version of this article.)

Silberfeld et al., 2010, Mol Phyl Evol 56: 659-674.
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provides a probabilistic assessment of the ancestral states; these probabilities are reflected in branch colors and pie diagrams at nodes. Each character state has been assigned a color and intermediate colors indicate uncertainty

about the character state. For details, see the color caption associated with each tree. Silberfeld et al,’ 2010’ MO/ Phy/ EVO/ 56: 659-674.



DISCOSPORANGIOPHYCIDAE
Discosporangiales
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FUCOPHYCIDAE
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Asterocladales
Desmarestiales *
Ectocarpales **
Fucales **
Laminariales **
Nemodermatales

Phaeosiphoniellales

Ralfsiales
Scytothamnales
Sporochnales
Tilopteridales *

Silberfeld et al., 2014, Crypt. Algol. 35
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Figure 1. The classical interpretation of the sexual life cycle in Phaeophyta. This way of representing the
life cycle, as a series of linked cycles, was introduced by Bell (1994).
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Figure 5. How the balance of haploid and diploid growth varies with the disparity in gamete size. Diploid
dominance is expressed as log (diploid size/haploid size), and gamete dimorphism as log (macrogamete

size/microgamete size).

the traditional view of the life
cycle evolution in Phaeophyceae

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



Time calibration of phaeophycean phylogenetic history

Helernmorpﬁic
life history 7
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[phaeophyceans have very poor fossil record (only from upper Miocene)]

Fic.. 3. Time tree derived from
relaxed molecular clock method
implemented in MCMCTREE in
PAML 4.7 (Yang 2007). Horizontal
bars indicate 95% credible intervals
of divergence time estimates.
Asterisks on nodes correspond to
calibration points. Asterisks 1 and 2
indicate calibration poinis with
fossils (Parker and Dawson 1965
and Rajanikanth 1989, respec-
tvely), and minimum tdme
constraints used for nodes were 13
and 99.6 Ma, respectively. Asterisk
3 shows calibration point based on
previows molecular clock study
(Browm and Sorhanms 20109, and
maximum (267 Ma) and minimum
(124 Ma) dme constraints used on
node. Estimated ages and their
95% credible intervals are listed in
Table 2 with node numbers.

Kawai et al., 2015, J. Phycol.



Discosporangium

- uniserial epiphytic filaments, up to 4 cm
(Discosporangiales)

- apical growth (thus, formerly classified in Sphacelariales)
- numerous discoid plastids

- plurilocular zoidangia form single-layered plate of locules
A _I'--_.\I-‘E / r.-:l .I;. I'. Tmm @:{I pi .0...- algaeBASE e
1 | % 'II il D 1 I -
.: :.I ; I1.-|.I J '|II -'lI 5
Vo |.! - I.
‘i,'.ﬁ ]

I E ] ".-J"-, Fe .F-"I .q‘;;':i
| ] III» !'|! \-. l'-. [ r|.- | | J,_rf
: % &
I' i:‘c.JI Yo !/ ""J > %y :‘Hj
iy A % / | 32 2552 9"
II 1 EF @ Illli-l-\.i:lb’/ I ¥ o AT | I:
oy BB RV ek’ | \
I'.I_ } [ i -Il ||:|qu|| 10Upm { % \\)
| | I3 | i e
' '{’ Y | '.:E:, i I R
) % i At Ii _ SR
aaN = (] |
&) ooy Uf o
I'IIII '-lII 4 i 1 "l.l" .Il.llII T | :I .:
E\ i I ' [
i | , vl |
v rt S i
\ o\ RV ‘ Py
|\ oY i | f
| S LS v b -I [
| ; x_‘%.._ W) Bl
R (TR | ;
IIIE HE "|lll I.III || |II I I.
II| ’ :l .ll:E | | ,-J'iﬁ"-‘l
W e
W 4
LI T
B
'|_~'|I :

subtropics, tropics (Mediterranean, Australia)



Ishige okamurae
(Ishigeales)

Fig. 1 Map of the study area
depicting the sample locations
and schematic map of curmrents
(Liu etal. 2007). Shaded sea
areas are continental shelves that

|| Continental shelf
I Land areas

e CUTENLS .
@ somple localities s i

45"
would have been dry during
period of low sea level. T
Kuroshio Current, 2 Tsushima
Current, 3 East Korea Warm
Current, 4 Yellow Sea

Warm Current, 5 China
Coastal Current, & Taiwan
Warm Current, 7 South China £ 3
Sea Warm Current, & Liman s JpetL
Current, 9 Oyashio Current : =

Pacific Ocean
—-

- iF g’ 2
- oo s 2l gAEBASE
A < Laa.d

105* 16° 15 1200 125° 1307 135° 140¢ 145% 150°E

- 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)

Fig. 3 Geographical distribu- 50° N l ]
tion of Ishige okamurae haplo- D Continental shelf
types. Shaded areas in light gray
color are continental shelves that . Land areas -
would have been covered by ice L :‘"'. B
sheet during the Pleistocene gla-
ciation. Letters correspond to the
code in Table | A0° East Sea L
(Seaof Japan)
35" =
s e N |
i East China
Cen e
F
5% =
20° =
South Chinga Sea
w | T 1 T I
ns* e 115* 120* 125° 130° 135° 140° 145* 180° E

Lee et al., 2012, Mar. Biol.



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

Dictyota dichotoma

true dichotomy, growth by division of apical cell
* temperate, cosmopolitan spemes




' gametophyte
sorus — antheridia
(plurilocular gametangia)

tetrasporangia

light brown
unilocular
sporangia
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© gametophyte
Sorus — oogonia
(unilocular gametangia)

dark brown




Dictyota

Dictyota bartayresiana

Fg
M a
&7 &

Dictyota bartayresiana e _
Dictyota dichotoma




igs 7-14. Herbarium specimens and micrographs of Dictyota fakiandica sp. nov.
Fig. 7. lsotype (PC accession no. 0776066). Scale bar = 5 em.

Fig. 8. Surface view, with walk of larger medullar cells indicated by black lines. Scale bar = 50 pm.

Fig. 9. Holotype specimen (BM accession no. BMO13828094). Scale bar = § em.

Fig. 10. Apical region of branching thallus, with actively growing apical cells [asterisks) as well as marginal dormant apical cells (arrowheads). Scale bar= 1 mm.

Fig. 11. Spores on thallus surface in imegular longitudinal groups. Scale bar = 50 pm.
Fig. 12. Cross section of thallus with two hair tufts. Scale bar = 100 pm.

Fig. 13. Cross section of central blade area. Scale bar = 100 pm.

Fig. 14. Cross section of blade margin. Scale bar = 100 pm.

\ 20 pm

Fig. 5 Fortnightly release
periodicity of Dictyota dichotoma
sporophytes (grey bars) using
gametophytes as a control (black
bars) near I’ Ancient Fort Croix
(Wimereux, France). The
histogram shows the percentage
of total release of eggs (black) and
spores (grey) for the hatched part
of the lunar cycle (error bars
denote standard errors).
Approximate positions of spring
and neap tides in Wimereux are
marked on the lunar cycle with
arrowheads. Black circle new
moon, half darkened circle
second quarter, white circle tull
moon

100%
Q0% -
80%
0%
B0% -
50%
40% -
30% -
20%
10%
0% -

mean relative release

100%

90%

80%

70%

60%

50%

[10-12] [12-14] [14-16] [16-18] [18-20] [20-22] [22-24] [24-26] [26-28] [28-30]
days after full moon

A A A
neap tide . spring tide O neap tide O

« Female gametophytes
H Male gametophytes
B Sporophytes

| Sterile

PO EEES G

structure, seasonal cycles, phenology

Fig. 4: Percentage of female gametophytes (patron), male gametophytes (squares), sporophytes (black colour) and sterile indi-
viduals (grey colour) of Dicfyeta cyancloma per month.

Bogaert et al., 2016, J. Appl. Phycol. 28
Aragay et al., 2016, Med. Mar. Sci.
Kipper et al., 2019, Phycologia
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Dictyofa spiralis1
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Dictyota intermedia
Dictyota friabilis1.a
Dictyofa ngida?
Dictyota grossedentala

Dictyola nasvosa
Dictyola cilicfata
Dictyeta corlacea
v Dictyota acutiiobat
Digtyota hamifera
Dictyola dichofoma [Asia)

10041

Diclyota ceylanical
Dictyola fasciola

Duetyola guineensis
Dictyola nignicans

Dictyota polycladat

Dictyota panicwlata

Dictyota dichofoma [Europe]
10041

Rugulopferyx okamuras

10041
100,99

Rugulopleryx marginatus
Rugulopteryx subrl

100/75 Rugulopteryx radicans

951

o E—

Scoresbyella profunda

Dictyolopsis propagulifera
Canistrocarpus crispatus

G| pr—Oil0phuE gunmianus

Dilophus fastigiatus

frait

valua 28

length=0.165
Fig. 6. Maximum-likelihood tree of the concatenated alignment (-Ln = 4527045} with rapid bootstrap (left) and posterior probabilities (right) values shown on
branches. Branch colours are the maximur-likelihood estimates of the ancestral states of mean sea surface temperature,

Kipper et al., 2019, Phycologia



Phylogenetic species structure of Dictyota in Europe
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psbA based phylogeny of European species
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Tronholm et al., 2010, J Phycol 46

:1301-1321



Dictyota cyanoloma Dictyota dichotoma Dictyota implexa



Fri, 2 Dnstribnatiaon maps of E1m:-'|'.m:r.| .Din!ynz .‘:THH."IH.‘E. Dhawis Tepresent DN Ao firmesd dismibution meoords; shoded amess indicae the
estimaied distribution range.

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



D. cyanoloma

anthropogenically introduced

into the Mediterranean

Figs 5 and 6. Dictyota cyanoloma. Fig. 5. Dicfyofa cyano-
loma dearly showing its characteristic blue iridescent mar-
gin, photograph taken by Joana Aragay, port of Almeria,
2013. Fig. 6. Boat hull fouled by Dictyeta cyanoloma,
photograph taken by Olivier De Clerck at Garachico Bay,
Tenerife, 2014,

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

—

sociffm

Fig. 2. Distribution map of a global Dictyota data set (green) highlighting the occurrences of D. cyanoloma (red) and D). sp8

Dictyota canaliculatal
Dictyota pinnatifida
Dictyota spiralis
Dictyota sandvicensis
Dictyota mertensii2
Dictyota cymatophila
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Dictyota bartayresiana

Dictyota kunthii
—| 074567
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b o E Dictyota fasciola
Dictyota ceylanical

Dictyota hamifera
Dictyota friabilis
Dictyota coriacea
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Dictyota intermedia
Dictyota stolonifera
Dictyota liturata
Dictyota diemensis (Aus)

Dictyota dichotoma3 (Aus)
Dictyota sp8 (Aus)
Dictyota cyanoloma (Aus)
Dictyota sp7 (South Africa)
s, Dictyota sp3 (Madeira)
mectyota 5p21 (Mexico)
Dictyota koreana’ (Japan)
Dictyota alternifida (Aus)

Dictyota acutiloba

Dictyota dichotoma
Dilophus fastigiatus
Scoresbyella profunda
Jiba Rugulopteryx okamurae

1o — Canistrocarpus crispatus

1110

100 |

057+

e 17100l Canistrocarpus cervicornis

Fig. 1. Phylogenetic tree obtained by ML-inference of a dataset containing six genes (partial LSU rDNA, rbcL, psbA, coxl,

cox3 and mad1). Numbers at the nodes indicate posterior probabilities followed by ML-bootstrap values.
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Fig. 3. The sample locations (dots) within the native range
(A) and the region of introduction (B) are reported. The
reported isotherms on both maps are the annual mean
maximum and minimum sea surface temperatures border-
ing the distribution range of Dictyota cyanoloma within the
native region (full lines) contrasted with the annual mean
maximum and minimum sea surface temperatures border-
ing the distribution within the introduced range (dashed
lines). A distinction is made between samples from this
study (red), earlier published records (green), photographic
evidence (blue) and herbarium samples (yellow).



Dictyopteris

b
A

Dictyopteris polypodioides

shade-loving species, mesotrophic, moderately disturbed habitats



Lobophora variegata

Lobophora



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

.5

;‘ﬂ-.;ﬂ;'ljﬂ = o= N g9 W S5

o,

= gemld |

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

Fig. 1. Bayesian tree of Lobophora based on cox3. The values shown at each node represent Bayesian posterior probabilities (on the right) and the maximum
likelihood bootstrap values (on the left). The asterix indicate L variegata. Vieira et al.. 2019. P hyco Iogia 58
" J



Padina

* fan-shaped, slightly calcified thalli
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Padina — morphology and calcification

Figure 1: Padina pavonica — thin sections of fronds (scale bars: 50 um) consisting of three cell layers: lower surface (LS), middle, and upper
surface (US).

Arrows show the dimensions cell height (h), width (w) and length (I). (A) Transverse section of thallus in spring. Cells of the middle cell

layer are visibly larger, containing almost no chloroplasts. LS and US are difficult to distinguish but both show chloroplasts. (B) Transverse
section of thallus in autumn. (C) Longitudinal section of thallus in autumn with pigments located in the US cells.

@) (b) (©

Figure 5. The sorus stripes of P. pavonica. (a) Dioecism, female thallus oogonia are ar-
ranged as two dark lines (arrow) [27]; (b) Monoecism, Antheridia ({) in between narrow
oogonia (arrowheads) [27]. Scale bar (a) and (b), 2 mm; and (c) close-up of the sorus’s
perpendicular rows. Scale bar 400 um.

Figure 4. F. pavonica reproductive cells. (a) Radial section of monoedous sorl; (b) Radial
section of the indusium (arrow) over young cogonial sor; () Antheridial sord (with basal
stalk cells and condensed hair); and (d) The indusiom (arrows) torn over mature oogoni-
al sorl. Scale bar (a)-(d) 100 pm [Z7].

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



Global biogeography of Padina

A /

Fic. 1. Specieslevel diversity L
and biogeography of Padina &
based on literature reports. (A)

Global map with indication of
marine realms following Spalding
et al. (2007); (B and C) Richness,
percentage of endemism (ie.,
species only found in a single
realm) and species shared across
ocean basin, based on the data
provided in supplementary Table B o £ _éf C 21 endemic
51, & ;" " B > 1 basin
Marine Realm g & 3 1 B other
1. Temperate Northern Pacific 20 40 25 g ®]
2. Central Indo-Pacific 15 13 47 =
3. Western Indo-Pacific 13 15 @62 = B
4. Eastern Indo-Pacific 0 0 60 £
5. Tropical Eastern Pacific 4 0 S0 § 4 1
6. Tropical Atlantic 14 21 78
7. Temperate N Atlantic 5 0 78 2 1
8. Temperate Southern Africa B 17 83
9, Temperate Australasia 10 20 80 0 4
10. Temperate South America 4 50 50 L & 2 & R % X 8 2 N

Temp Centr West East Trop Trop Temp Temp Temp Temp
NPac P P P EP AH NAd SAfr Aus S5Am

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

Silberfeld et al., 2013, J Phycol 49



abundant Mediterranean species,
shallow eutrophicated habitats

Padina pavonica



Padina pavonica at the northern-most expanse of the distribution area

— S and SW England/Wales

Table 2 Longevity of site record of Padina pavonica in southern Britain. For locations of numbered ‘sites’, see Fig. 1

Site No. Posifon Location 1650-1700 AT =17 50 175 1=1800 ‘ 180 1-1850 | 1851=1300 ‘ 1901 =1350 19511975 197 6-2000 2001-2010 201 2012 2013 2014
1 51° 56" 2ATHN; 01° 17" SLE3E Harwen 20 20
2 51° 19" MEIN, 01° 24" 1221E Magaa 81
a 51° 24" 091N 01° 25" L2 T5'E Rarmegatn
4 51° 07 05.58N; 01° 18" 30.53°E Drawer
5 51°04° 54 1H:01° 1175219 Folkestona - - 1.5
- — 18 p
& S0F 44" SO82N; 01° 16" 00.29°F Emtouna
T S0° 45" 207N 0F 08° 7. 20E Seatord B
8 S0F 468" SLOSN; OF (2" 21.80°E Newhavan -
a SIF 46 €193N.0F 4 (221W | BagmrRocs o | F 1.0 =
10 S(F 41 Z208N; 01° 047 13 73W Banbridga .E’: 16 | i ©
" S0° 377 04TTN 01° 107 15.34W Shankin IU-, ! E
12 S0° 367 402N 01 107 15 42°W Luscombe i 1 | |I Ll 0 5 g
13 S0° 357 19.04N; 01° 137 Z3.65°W Stoaphill Cova 1 *
T rwosencoru i ow | Stams 2 144 \ ' <
15 SOF 397 09.19°N; 01" 27" 53.51°W Compion Bay || (L Q0
16 S0° 417 720N 01° 327 11.72°W Cownll Bay _E | 1 ‘ l I’ h| i, | | (o]
7 S0F 357 3AT4N; 01° 567 35.40°W Sudad N : t gt e = 0.0
s 50° 30" JATAN; 01° 567 25.87W Swanag % 12 4 |I ¥ | i WF' " 'fif ‘IFI E
[ S0P 35 AN, 0 52 18W | Chagmans Po = Il f | | 1 | )
) 507 367 31.36°N: 02 08" 06 50W Hirmmerdga [ 4 | t |
21 5P 37 04947 02 147 4T.90W Luiwarh Cave = k \ \ }. \ I '|'J | | - 0.5 v
Fg S0° 387 10.55N; (2° 23" 27 10°W Osmington 0 1 0 - i |’ | 2 m
n S0° 367 170N, 02 26 §3.99°W ‘Waymout - QJ
2 50 35' 195N 0 27" 31.65W | Porsand Harbour @ 1 Jx r .E
2% S0° 357 TROW; (1 29" 20 W Eant Aont Z JI \ { \ u -1 ,0 1 E
2 50F 40° 446N, 02 567 51.79°W Lyma Regs ~
n SO° 43" 04 40N 0F 157 45 73°W ."_\.n'nmui 8 n —_ \‘/ kj j \.\ \ "‘ 0 E
F-3 S0F 307 802N, 0F 167 36.42°W Ladram Bay -
F-} S0° 37" 480N 0F 197 1254 W !.Jdag13atc:1m 1 H'V)‘ f J \""! ‘I \/\U" B “1 .5 m
30 S0F 367 569N, 0F° 237 54.21°W Exmauth ‘- .’ _1 E
£l S0° 357 34TIN; 0 267 38.13°W Dawizn 6 | w E
» S0° 327 21.10W; 0F° 207 S6.75W Tagnmouth
3 S0° 277 09.06N; 0F° 327 46.06°W Taday T T T T T T T -2.0 -2 g
= S0° 237 44 10N 0% 20" 209 TaW Brixkam
T orm o e E— 1800 1850 1900 1950 2000 0
® §1°12° JLETN; 048 07" 03 85°W Mracambe 7
n S0F 417 Z2EIN; 04° 427 09.15°W Bascasta
L] §1° 30 41.30N: 04 187 57.30°W ‘Worns Hoad
¥ 519407 19.89N; (4° 427 04 68"W Tartry
@0 §1°42° 024N 06" 117 1L.55°W ‘Wasidao Bay
Black indicates presence during period shown. Grey indicates periods when Padina was not found in searches. Dates are shown to indicate
first, last records or single record for the period. Recent records of ‘Abundance” (A-R) are as shown in Table 1. Years when anecdotal historical
records and accounts indicate Padina was ‘common’ or ‘abundant” are shown as *+’
Fig. 4 Net changes in number £
of sites with P. pavonica e s
lations 'il outl 03 ,E/ﬂ Abundance
populations on the south ) % O AAbundant R Rare
coast of England (cumulative b Tési,{ T Nvsspanses .| @ cCommon A PPresent2000-2014|
site gains minus cumulative an O ol 47| ® FFrequent O NNone2000-2014 North Sea
site loss) between 1800 and = 5 __“'f F{.:"J\ ® OOccasional * Present 1976-1999
- 37 7
2014. Annual SST (and 5-year = : ?ﬁff_ﬁt?{lﬁr}?nnah é
smoothed mean) anomalies 2 :‘fh
(1960-1991 baseline) from = [~ Southampton
w {
- |
1850 to 1869 were extracted w, J Y L
from the HadSST 3.1.1.0 data «z:'/ o
. < AN
(Kennedy et al. 2011a, b) and J Phymouth To,nam-(\jcé o, zs‘oﬂ (=] - OO"
from 1870 to 2014 extracted o P ---""*\"’ie,,_{ : Iy ” /@ e - ®00,™ :
- [ 20
from the HadISST1 data set E ff\/\ _#3{5" s sl R :}
< ot 5 . ~d
(Rayner et al. 2003). Summer 2 \~ English Channel o
storm index data from Cornes = =t = ; '
5°0'0"W 4°0'0"W 3°00"W 2°00"W 1°0'0"W 0°0'0" 1°0'0"E 2°00"E

and Jones (2011). Vertical
dashed lines indicate cooler and

stormier period in mid-nine-
teenth century

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

knowledge, there have been no records north of this region subse-
quent to those in Price et al. (1979). The abundance scale and site ref-
erence numbers are given in Tables 1 and 2, respectively

Fig. 1 Distribution and abundance of Padina pavonica in southern
Britain. Symbols show the maximum recorded abundance at each
site over the period 20002014 and records from other localities sub-
sequent to the previous main survey (Price et al. 1979). To our best



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
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Sohacelana fusca

PP BP 098/74172
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Fig. 2. Bayesian Inference (BI) phylogeny for the Sphacelariales based on a combined analysis of psbC and rbel DNA
sequence data. Traditional family classification and Sphacelaria subgenera are indicated in grey boxes. BI Posterior
Probabilities (PP) and Maximum Likelihood (ML) Bootstrap Percentages (BP) and Maximum Parsimony (MP) BP are
given near nodes (BI PP/ML BP/MP BP). Dashes (-) indicate percentages <30% (or that the node did not occur in the
MP or ML tree). Branch support is also indicated by branch thickness (see inset upper left). In cases where a taxon was

acroblastic branching hypacroblastic branching
apical cell
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Fig. 1. Diagrammatic representation of anatomical
characters used in taxonomic descriptions of the
Sphacelariales.

Draisma et al., 2010, Eur. J. Phycol.
Draisma et al., 2002, Eur. J. Phycoal.
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Sphacelaria arctica
Halopteris filicina cold water, slowly growing, deep sea species
abundant Mediterranean species Baltic — lower sublittoral



Cladostephus spongiosus

Sphacelaria cirrosa

Large apical cells
(typical of the genus)

Plurilocular sporangia
(arrowed)

CELLS
Central stem
100 pm wide x 88-103 pm long
Side filaments
40-54 pm wide x 41-56 pm long




freshwater brown algae
Pleurocladla Her/baud/ella [Ectocarpus]

Saceorhiza polyschides Mar
Cuderia multifida Mar

RRIORL [ Flicus dusichu Mar

Sergassum muticum Mar
LTI Desmarestia ligulata Mar
Scvicthamnus australis Mar
10001 Ectocarpus siliculosus FW]

95/51foa Ectocarpus siliculosus Mar
100/ /ea Kuckuokin xpincesa Mar
Ectocarpus sp. Mar
osmama | L—— [ Pleurocladia lacustris FW
00V8 1na Scytasiphon lomentario Mar
99/59/ma Petalonia fascia Mar
Aderocystis wiricularis Mar
ha—— Streblonema maculans Mar
% —— ictyosiphon foenicilacens Mar
57 Chordaria flagellifornis Mar
— Myriemema strangulans Mar
Cremimocarpus ausiro-gecrgioe Mar
Pylaiella littnralis Mar
Hincksia miichelline Mar

Asteronema rhodochortanoides Mar
Chorda filum Mar
Syringoderma phinmeyi Mar
I8 154 MI__ Sphacelaria cirrasa Mar
gy naT Sphacelaria sp, Mar

ﬁ’ — Sphacelaria nana Mar

1001 Heribaudiella fluviatilis Granite FW
IONRTL Bodanella lawterborni 2190 FW
Heribaudiella fluviatilis SAG FW

L[ Porterinema fluviatile FW |
Dictyoa dichotoma Mar

M:Pﬁﬂa’ﬂ thamnion corfervicola FW
SR Phagoschizochlamys mucosa FW
i 1OOV1L 00/ Chromuling nebulosa Mar

Clade 1

Ectocarpales

100/6 1 /na 3

F,T
LE
I
it
52

Tribonema intermicum FW




TABLE I Species of Brown Algae Reported from Freshwater Environments, with Morphology (UF = Uniseriate
Filaments; CR = Crustose, MF = Multiseriate Filaments), Habitats, and Localities

Taxon Morphology  Habitat Localities
Ectocarpales
Bodanella lauterbornii UF Lake MNorth America: unknown
Other: Lake Constance,” Europe
Ectocarpus silicul osus” UF Stream, estuary  North America: unknown
Orther: Hopkins River, Australia
Plewrocladia lacustris UF Stream, lake North America: Green River (UT, CO), Devon Island { NWT)
Other: Austria, Germany, Poland, Scandinavia, England
Heribaudiella fluviatilis® CR Stream, lake North America: at least 30 sites
Other: many locations in Europe, also Japan, China
Porterinema fluviatile UF Lake MNorth America: unknown

Other: Germany, Netherlands, United Kingdom

Sphacelariales

Sphacelaria fluviatilis MF Stream, lake MNorth America: Gull Lake, MI
Other: China
8. lacustris MF Lake MNorth America: Lake Michigan

Other: unknown

“Known locally as Bodensee.
bEftﬂmrpm confervoides has been collected from the River Werra, Germany, polluted by potassium mines (Geifsler, 1983).
“Previously reported as Lithoderma arvernensis, L. fluviatile, and L. fontanum; L. zonatum (Jao, 1941) is retained by some
authors.
Freshwater and eurvhaline (= Pseudobodanella peterfii) reported from North America from marine and estuarine sites only.

Wehr, 2002, Brown Algae



Heribaudiella fluviatilis

“:-A_

Figure 3. Images of Heribaudiella fluviatilis collected from contemporary populations in
western Connecticut. (A): Brown macroscopic crusts on a large boulder in Gunn Creek
(scale bar = 5 em); (B): close-up view of crusts on a rock from Macedonia Brook (scale
bar = 2 ¢m); (C): microscopic appearance of prostrate form with densely arranged, dichot-
omously-branched filaments; (D): series of vertically arranged, tightly packed filaments
with terminal unilocular sporangia; (E): details of cells in vertical filaments with multiple

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



Bodanella lauterbornii

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

FIGURE 6 Heribaudiales.’ Bodanella lauterborni (A) undulating or wavy filaments with irregular branching, forming mat-like network (in culiure); (B)
detal of Dlaments with inflated, quadrate irregularly shaped cells contaming multiple disc-like chloroplasts and refractive physodes: terminal cells may be
developing unilocular sporangia. Hertbandiella fTuviatilis (C) forming raised. crusis on rocks colonies; (D) spreading. densely branched prosirate system:
(E) vertical series of filaments; (F) terminal unilocular sporanginm (arrow); (G) vertical filaments with dichotomous branching and detail of cells showing
numerous disc-like chloroplasts and refractive bodies, which may be physodes andfor oil droplets (scale bar for A-B, E-G=20pm: C=1cm; D=50pm).
{ Photo (C) by Kam Trahn, with permission ).

Wehr, 2015, Brown Algae, Freshw. Algae N. Am.
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sporophytes - feathery and usually lithophytic thalli
pseudoparenchymatous thallus is derived from apical meristems situated at the base

of a hair (trichothallic growth)

Heteromorphic life history of Desmarestia ligulata

[Zoospores (N} (N

Zoaspore release ?
A Gametogenesis
% l-=l".l.- .I' ;
e J
o ) ;
[} . ]

Mature | < I« Svors
Sporophyte .
2N -
@ | .
Embryonic

Sporophyte
(2n)
Growth 5 p 72

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



D. menziesii
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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

Parente & Saunders, 2019, Botany 97




Fucales

* only macrothallus (S)
* diplont cell cycle, mostly oogamy
* conceptacula — cavities in thallus, containing gametangia
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sporophyte (%)

receptacula

© conceptacula

oogonium
(2 gametophyte)

sporophyte ()

receptacula

- conceptacula

antheridium
(! gametofyt)

— analogy to
flowering plants




Fucales

Fucus — conceptacula




Fucales
systematic overview

[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 - 5g, 18 sp
Silvetia - N Pacific (vyClenéno 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)]



Durvillaea
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Fig. 3. Maximum-likelihood phylogeny of Durvillnea based on mitochondrial (COl) data. Durvillaea 'lineages’ are identified by colored strips, with colors corresponding to
those used in Fig. 1. Branches show Bayesian PP values (above the line) and ML bootstraps (>50%, below the line). The relationship of Durvillaea to the outgroup genera is
shown (inset, upper left). Leaf-node images illustrate some of the important morphological differences among Durvillaea taxa (stylized drawings or photographs).

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



Lateral blades present

Solid blades Dense holdfast

with rough, pale margins  not hollowed out by animals
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D. fenestrata sp. nov. ) D. willana A
Lateral blades constricted at base, irregular placement. Stipitate lateral blades from main stipe, symmetrical.
\\

Sy

D. amatheiae D. potatorum
Stipitate lateral blades; irregular placement. Stipitate lateral blades; irregular placement.
Relatively short (total length). Relatively long (total length); stipe base stout.

Lateral blades absent

L -
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i @k/\‘
Holdfast excavated D. chathamensis Bf’y\
Solid blades, with undulate margins giving a ‘wavy’ appearance.

D. poha ; D. antarctica / D. incurvata comb. nov.
Air-filled blades with internal ‘honeycomb’ structure. Air-filled blades with internal ‘honeycomb’ structure.
Stipes relatively short, stout and orange. Wide blades. ~ Stipes relatively long, darkening at top. Narrow blades.
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Fig. 6. Maximum likelihood phylogeny of Durvillaea based on concatenated {combined COI, rbcl, 18S and 285) data. Durvillaea ‘species’ are identified by colored strips, with Ma

colors corresponding to those in Fig. 1. Branches show Bayesian PP values (above the line) and ML bootstraps (>50%, below the line, with those calculated by PhyML in . . : 5 . i e .
2 5 e 2 . % 3 5 = e 4 Fig. 7. Bayesian maximum clade consensus phylogeny of Durviliaea species and outgoup genera This analysis is based on sequence data from three markers: COI, rbclL, and
parentheses). The relationship of Durvillaea to the outgroup genera is shown (inset, upper left). Leaf-node images illustrate some of the important morphological differences .. = Ay > 5 ; s i i 4
: & 4 A7) ¥ < i g 285. Outgroups have been removed from the tree for clarity, but are indicated schematically in the inset (upper left) with red stars showing the positions of calibrated nodes.
among Durvillaea taxa (stylized drawings or photographs). The presence/absence of stipitate lateral blades (a key diagnostic feature] is indicated on the far right. Horizontal bars and associated number ranges show the 95% posterior probability of the age of each node. The scale bar indicates time in millions of years (Ma) from present.

Note: range of D. antarctica ‘thonged' {not shown} covers most
coast in this inset, Inchucing offshore islands, but is patchy
on the North Island and west
coast of the South |sland
of New Zealand
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Fig. 1. Geographic range of each Durvillaea species recognized by Hay (1994), as well as the ‘cape’ form of D. antarctica (South and Hay, 1979; Fraser et al., 2009a). The general

path of the Antarctic Circumpolar Current (ACC) is indicated on the global projection. Inset: New Zealand and NZ subantarctic region, where most diversity within the genus is Fraser et al 20 1 0 MOI Phyl EVOI 57. 130 1 - 1 31 1
.y y . . . . .

found.
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Fig. 1. Phylogeographicrelationships within D. antarctica based on COl data. The phylogenetic tree (lower right corner) indicates haplotype relationships, with
Bayesian PP values above branches and ML bootstraps below. Outgroup taxa have been removed for clarity. *"NZ subantarctic” refers to the Snares, Auckland,
Campbell, and Antipodes Islands. The morphologically and genetically distinct "cape” form of D. antarctica, recently identified by Fraser et al. (25) from
southeastern NZ, is indicated by an asterisk. The global projection shows haplotype distributions and proportions at each locality. Diversity in the southern New
Zealand region is illustrated at higher magnification {(inset, upper right). Green arrows show major surface currents.

Fraser et al., 2009, PNAS
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Fig. 2. Haplotype network diagrams for the "subantarctic” clade of D. antarc-
tica for both mtDNA (COIl) and chloroplast (rbcl) datasets. Circle size is scaled
according to haplotype frequency. Black dots represent hypothetical haplotypes
not detected in the current study.

Fraser et al., 2009, PNAS

[ Lemwsl
- LGM 4°C | APF
== Modern APF

® = 15%

Sleon

Fig.3. Positions of the subantarcticislands in relation to present-day conditions
and reconstructed LGM oceanographic features, including LGM WSI extent,
modified from Gersonde et al. (13). Dot points indicate sediment core sites used
to reconstruct LGM sea ice cover (after ref. 13): yellow dots contained no evidence
of sea ice-associated diatoms, green dots indicate (minimal) evidence, and blue
dots indicate high proportions of ice-indicator diatoms. Regions demarcated by
question marks lack core data (13). Based on D. anfarctica geneticdata, red labels
indicate "recolonized” islands putatively affected by LGM ice scour, whereas blue
labels indicate putative "refugial” islands. The LGM 4 °C isotherm has been
identified as a feature roughly equivalent, in terms of water properties and
gradients, to the modern APF (13).
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Evolutionary geographic origins of Fucus and their phylogeny

=
e -,
F. spiralis
+ 3 4 -
-"‘ - -J'
~ i
L
F. vesiculosus (and F. mytilli)

|

F.viraoides

L - -

L] - g

! N ) :

A .
F. distichus / evanescens
v
- F.ceranoiges] .

F. gardner i v 3

= F. gardneri, + F. virsoides, * F. cottonii, “F. lutarius

¥

F. serratus

Fig. 1. Species distributions and sampling locations. Panels on the left show the ranges of each species of Fiicus examined (adapted from Lining, 1990).
Panels on the right indicate approximate location of samples collected for this study. Distinction among F. distichus, F. evanescens, and F. gardneri in the

northeastern Pacific remains unclear.

Coyer et al., 2006, Mol. Phyl. Evol.
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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
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Microspeciation of Fucus in the Baltic
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Figure |
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BUT - probable parallel speciation of F. radicans from F. vesiculosus in the Baltic Sea
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calculated with Cavalli-5forza genetic distances. Out-group locatons are indicated in Fig. 4c. (¢) Map of the Baltic S5ea with a superdmposed
gene flow nerwork identifying the penetic sources among species and populations. Arrow thickness is propordonal to the amount of gene
flow to the indicated direction. Numbers 1 and 2 correspond 1o out groups Fuoe wesiculosies from Eggholmen, Norway and Fisk ebackskil,
west Sweden, respectively.
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Clonality (= genetic homogeneity) of
Fucus population in relation to
decreased salinity in the Baltic

Tasie 1. Sampled locations, salinities, and number of thalli genotyped for two Baltic fucoid species, Fucus radicans and
I, vesiculosus.

No. of thalli genotyped

June
salinity Fucus Fucus
Sample Region Locality Coordinates Year (PSUT) radicans vesiculosus
A W Sweden Kristineberg 58°15' N, 11°27'E 2003 =20.0 Absent 42
B E Sweden Oland 57°21° N, 17°03" E 2003 6.7 Absent 43
C E Sweden Oregrund 60°20° N, 18°26" E 2003 5.0 48 48
D E Sweden Djursten 60°23° N, 18°24" E 2007 5.0 49 51
E NE Sweden Bonhamn 62°53° N, 18°18"'E 2007 3.8 30 34
F NE Sweden Jamais 63°25' N, 19°40' E 2003 3.5 48 Absent
G W Finland Hillkalla 63°25" N, 20°57" E 2007 4.0 50 Absent
H W Finland Sodra Vallgrund 63°09° N, 21°13"E 2007 4.3 50 16
| W Finland Mirigrund 62°31° N, 21°03" E 2007 52 50 Not sampled
] W Finland Silskar 62°19° N, 21°10°' E 2007 b5 44 Not sampled
K Estonia Pulli Panki 58°36° N, 22°58" E 2006 5.6 15 9
{ B Estonia Triigi 58°35" N, 22°43" E 2006 5.8 25 Absent
M Estonia Koiguste 58°22" N, 22°58" E 2006 h2 Absent 23

June salinities are averaged over 10 years (see text for details).
PSU, practical salinity units.

0.6 -

Clonal dchmess

i T T T T T T 1
3 35 4 4.5 5 55 & 6.5 7

Salinity (psu)

Fic. 2. Relationship between salinity and clonal richness of
populations of Fucus radicans (crosses, dotted trend line,
= 0.62, P=0.007) and F wvesiculosus (diamonds, broken wend
line, B~ = 0.34, P=0.17).

Johannesson et al., 2011, J. Phycol.



Ascophyllum (nodosum)
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Sargassum — warm temperate to tropical waters

S. vulgare
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Sargassum — benthic and pelagic species (Sargasso sea)
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floating Sargassum in Brazil (Frenando Noronha) and Carribean Sissini et al., 2017, Phycologia
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Fig. 1. Phylogenetic affinities within the genus Sargassum, implemented by the neighbor-joining method based on ITS-2 alignment. The
numbers in parentheses (1) — {4) indicate the clade within the subgenus Bacirophycus, each corresponding to the sections as follows;
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Hizikia belongs to Sargassum (subgenus Bactrophycus)
Stiger et al., 2003, Phycol. Res.
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© Valérie Stiger

T. ornata

Fig. 1 General morphology of a thallus of Turbinaria, showing a the
general aspect of the thallus and b detail of blades and receptacles, ¢
individuals of T. turbinata from Guadeloupe (French West Indies,
Atlantic Ocean), d T. ornata from French Polynesia (South Pacific

Ocean), and e T. decurrens from Mayotte (Indian Ocean). Al: main
axis; C: scars; Cr: cryptostomata; DB: basal disc: P: blades (pleuridies); q
SR: squat receptacle (female); TR: tapered receptacle (male or monoe- e =
cious); r: clonal regrowth; S: runners

f". = -!v-‘

L]

T. turbinata e Hinmiac

Turbinaria elarensis @  Turbinaria kenvaensis @ Turbinaria ianzanensis
@ Turbinaria condensata @ Turbinaria filamentosa @ Furbinaria luzonensis @ Turbinaria tricostara
@ Turbinaria convides Turbinaria filiformis D Turbinaria murrayana @ Turbinaria riquerra
@ Twrhinaria crateviformis @ Turbinaria foliosa @ Turbinaria ornata @ Turbinaria turbinata *
Turbinaria decurrens @ Turbinaria gracilis Turbinaria papenfissii Turbinaria vilgaris
® Turbinaria demudata @ Turbinaria indica @ Turbinaria parvifolia

ZUbIa et al 2020 J App/ PhyCOI Fig.2 Map illustrating the currently known distribution of Twrbinaria species according to distribution data stored in Algaebase (Guiry and Guiry 2020)
.y y . . .

and unpublished data collected by C. Payri. Map created by Sylvie Fiat. * indicates type species



Cystoseira compressa

upper sublittoral; ecologically stable habitats
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Neiva et al., 2023,
Eur. J. Phycol 58
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Fig. 2. Genetic entities and distribution of Cystoseira s.s. (a) Cox1 TCS haplotype network, with dashed circles delimiting
inferred MOTUs (see discussion for taxonomic names). Haplotypes are represented by circles sized to their frequency. Pale
colours indicate variation endemic to temperate Macaronesia (Azores, Madeira, Canary Islands), strong colours indicate
haplotypes sampled elsewhere. Small dashes along the lines connecting haplotypes represent one bp mutation, larger dashes
delimit major lineages, and black dots represent internal nodes. (b-d) Geographic sampling of each MOTU, using the same
general colour code as in (a). Dashed lines separate major oceanographic regions as depicted in Fig. 1.
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Fig. 3. Genetic entities and distribution of Ericaria. (a) Coxl TCS haplotype network, with dashed circles delimiting
inferred MOTUs (see discussion for taxonomic names). Haplotypes are represented by circles sized to their frequency.
Small dashes along the lines connecting haplotypes represent one bp mutation, larger dashes delimit major lineages, and
black dots represent internal nodes. (b-d) Geographic sampling of each MOTU, using the same colour code as in (a) with
(b) depicting E. crinita s.1., (¢) E. corniculata, E. balearica and E. brachycarpa s.s., and (d) E. selaginoides complex. Dashed
lines separate major oceanographic regions as depicted in Fig. 1. E. dubia, E. zosteroides and E. sedoides were not mapped.
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Neiva et al., 2023,
Eur. J. Phycol 58
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Fig. 4. Genetic entities and distribution of Gongolaria. (a) Cox1 TCS haplotype networks of clade A (left) and clade
B (right), with dashed circles delimiting inferred MOTUs (see discussion for taxonomic names). Haplotypes are represented
by circles sized to their frequency. Small dashes along the lines connecting haplotypes represent one bp mutation, larger
dashes delimit major lineages, and black dots represent internal nodes. (b-d) Geographical sampling of each MOTU, using
the same colour code as in (a) with (b) depicting G. abies-marina and G. sonderi, (c) G. baccata, G. usneoides, G. barbata
(incl. Marzameni’s ‘G. susanensis’), G. rayssiae and Gongolaria sp. 1, and (d) G. nodicaulis, G. montagnei s.1., G. elegans s.l.
(incl. Columbrete’s G. sauvageauana), G. g:braltar:ca and Gongolarm sp. 2. Dashed lines separate major oceanographic

regions as depicted in Fig. 1.

G. barbata

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



Recent decline of subtropical Fucales in the Mediterranean

Table 2
Status of the Fucales species on the Albéres coast
Species Abundance Trend
Sauvageau (1912) Feldmann (1937a.b) Gros (1978) This study
C. bharbata F F R - Extinct
C. caespirosa F F £ R Decrease
C. compressa f. compressa VA VA VA VA =
. crinita F F R - Extinct
. elegans F F R VR Mearly
extinct
C. foeniculacea £, latiramosa R - - ~ Extinct
C. foeniculacea £, teruiramosa F F R - Extinct
O funkii R R - - Extinct et vilgare
C. medirerranea VA VA A Decrease -
C. sauvageauana R VR - - Extinct
C_ spiftosa VAT, Compressa A A VR —~ Extinct
. spinosa var. spirosa R ? VR - Extinct
C. zosteroides F F F R Decrease
& acinarium ? R - - Extinct
& hornsehuchii ? F - - Extinct
5 wlgare R F - ~ Extinct

A: abundant, F: frequent, R: rare, VA: very abundant, VR very rare, ?: unknown; — not reported.

A marine profecied arca

o 1 2kn - 2 8

B :ntcgral marinc reserve | 007 0 0t A 0

Fig. 1. The Albéres coast.

s

Cystoseira compressa =

Cystoseira barbata

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



Cystosaira spinosa var. tenuior

o Study sites

/. Main roads

= Urban areas Cystoseira compressa var. pusiulata

Fig. 1. Map of Menorca (Balearic Islands) showing location and type of the study sites (triangle: north, round: very sheltered, cross: south, square: harbour). Urban areas and main
roads are represented and the most important harbours are indicated.

Cysloseira amentacea var. sircta

Cystoseira brachycarpa var. baleanca
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Fig. 4. Distance-based redundancy analysis showing direction of increasing abun-
dances of different species along the study sites. C.str: Cystoseira amentacea var: stricta,
C.comp: C compressa v. compressa, C.ori: C. crinita, Cbhal: C brachycarpa var. balearica,
Calg: C algeriensis, C.pust: C. compressa v. pustulata, C.spiten: C spinosa v. tenuior,
C.bar: C barbata, C.foen: C. foeniculacea v. tenuiramosa. Axis | explains 63.9% variation
out of the fitted model and 38.4% of the total variation, while axis Il explains respec-
tively 26.9% and 16.2% of the variation.

Cysloseira cnnita

Cystoseira algeriensis

Cysloseira barbata

& Sales & Ballesteros, 2009, Estuar. Coast. Shelf Sci.

Cystoseira foeniculacea var tenwiramosa
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Laminariales

* reduced microthallus (G) + foliose macrothallus (S)

* diplohaplontic cell cycle, heteromorphic, oogamy, no
plurilocular zoidangia




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)

| ]
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more details: algaebase.org



unilocular
sporangia

(+
paraphyses)

sporophyte
(fyloid, cauloid, haptera
with rhizoides)

- gametophyte

antheridia
(unilocular gametangia)

© gametophyte

oogonia
(unilocular gametangia)




sporophyte structure and position of
reproductive cells

Figure 5 | Schematic presentation of basic morphology of different kelp
species focusing the basic thallus structure and formation of reproductive
cells. (a), Pseudochordaceae and Chordaceae having terete erect thallus
and small discoidal holdfast. Unilocular zoidangia are formed on the entire
- surface of the erect thallus. (b), Aureophycus aleuticus. Erect thallus has

- characteristic flat stipe and thickened portion at the transitional zone to the
blade. Sorus of unilocular zoidangia (arrow) is formed on the well-
developed holdfast (basal system) of unilateral growth at an early stage of
development. (¢}, Laminariaceae, erect thallus has thick blade and forms
sorus on the blades (arrows). Most members, especially those with large
erect thallus, have an epidermal rhizoidal holdfast. (d), Alariaceae, erect
thallus with thin blade supported by thick midrib. Sori (arrows) are formed
on the blade or on specialized blades near the base (sporophylls).
[MMustration by H. Kawai].

Kawai et al., 2013, Sci Rep.
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Table 6. Reproductive period of selected Laminaria species worldwide

Month
Species Location J] FMAM I J A S O N D Remarks Reference
L. angustata Hokkaido, Japan 8 58§88 88 8 8 Hasegawa (1972
£ 8 8§ 8§ 8 §8 § § 8§ l-year plants Kawashima (1983)
S5 8 85 8 85 8 S8 ndblade
L. digitata Calvados, France 8§ 3 8 8 8 888 85858 8 8 Cosson (1976)
Wales, UK s 8 8§ 8 Harries (1932)
Helgoland, Germany s s 5 8 38 8 8 § s Loning (1982), Laning (1988),
Gehling & Bartsch (unpublished data)
Cape Cod, USA 8 & 8§ 5 8 Sears & Wilce (1975)
L. ephemera Vancouver s, Canada § 8§ 8 8 Druehl (1968). Klinger (1984)
L. farlowii S California, USA E s % 5 % s 5 s 8§ E E E McPeak (1981)
San Diego, USA § § 5 8 8 588 8 8 § 5 38 Dayton ef al. (1999)
L. fragilis Muroran and Hakodate, Japan s § 8 Mivabe (1957)
L. groenfandica SE Alaska 57 S 5§ § 8 8 3 s s Calvin & Ellis (1981)
L. hyperbarea Isle of Man, UK E 5 8 S 8 8 8§ Kain (1975)
Helgoland, Germany 8 5 8 = S 8 Loning (1982)
Wales, UK 5 S 5 Harries {1932)
L. japonica Hokkaido, Japan 8 8 8 &8 &8 8 8 8§ Young sporophytes Mizuta er al. (1999a,b)
Japan 8 T 7 1 Sond from August onwards Mivabe (1957)
L. longicruris Long Island Sound, USA S 8 §8 8 8§ 3 5 s 3 E E g Egan & Yarish (1990),
van Patten & Yarish (1993)
Nova Scotia, Canada 5 § 8§ S5 5 l-year plants Chapman (1986)
8 8 8 8 8 S8 8§ § 5§ 5§ 8§ 2year plants
8 § 8 8§ 5§ 3-year plants
L. ochotensis s § 1 7 7 Son begin to appear in August Mivabe (1957)
L. ochrofeuca  Brittany, France s 8§ § s S s Summer to autumn fertility Sauvageau (1918)
L. pallida Cape of Good Hope, South Africa 5 8§ 5 8§ § § S Summer to autumn fertility Dieckmann (1980}
L. religiosa Hokkaido, Japan 5 83 8 Abe er al. (1982)
L. rodriguezii Mediterranean Sea 5 8 8 858 8B 5 8 Huve (1955)
L. saccharing Argyll, UK i E E 5 &8 8 8 8B 8§ E E i Parke (1948
Wales, UK § 8§ 8§ s £ 2 5 8§ Rees (1928)°, Harries (1932)
Helgoland, Germany 8 g 8 & 8§ Lining (1982)
Long Island Sound, USA § §8 8 8 8 § 8 8 S 8 8 Annual population Lee & Brinkhuis (1986)
Cape Cod, USA 8 8 8§ S § Most plants vegetative during reproductive period Sears & Wilce (1973)
British Columbia, Canada 5 5 & 8 E E i Annual population Druehl & Hsiao (1977)
L. setchellii British Columbia, Canada 8§ 8 s s § 8§ 8 8 8§ 8§ S5 S Sodin the field restricted to dissected blade portion Druehl (1968), Klinger (1984)
L. sinclairii Oregon, USA S §8 § S S In spring sori at tips of 2-3cm blades; in autumn on old blades Druehl (1968), Markham (1973)
L. solidungula  New Foundland, Canada S 8 8 § & § S Spore release next spring to summer Hooper (1984)

Abbreviations: S: sori present; §: main fruiting period; s sori present, but in relatively low quantity, ~ no sori present or no information available.
*Cited by Lining (1982).

Table 4. Examples of deepest Laminaria populations

Species Location Depth limits Reference

L. abyssalis|brasiliensis Off Brazilian coast T0-95m Joly & de Oliveira Filho (1967)
L. hyperborea Aran Islands, Ireland 3Z2m Liining (1990)

L. ochrolenca Strait of Messina, [taly (60-) 93 m Drew (1972), Giaccone (1972)
L. philippinenzis Off the Philippines 85m Petrov er al. {1973)

L. rodriguezii Corsica. France 95 m Fredj (1972)

L. saccharing Spitsbergen 25m Hanelt (1998)

L. solidungula Mewfoundland, Canada 30m Whittick er af. (1982)
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Table 3 Numbers of species in each kelp family in each of 11 world marine regions (for explanation of region codes, see Table 2)

Family OKHO JAPK  ALSK TNEP  ARCT TNWA TNEA TSAM  SOCE TSAF AUST
Akkesiphycaceae 0 1 0 0 0 0 0 0 0 0 0
Chordaceae 1 4 1 1 1 1 1 0 0 0 0
Pseudochordaceae 0 2 0 0 0 0 0 0 0 0 0
Alariaceae 6 8 7 4 5 1 1 0 0 0 0
Costariaceae 3 3 4 5 1 1 0 0 0 0 0
Laminariaceae 19 14 13 16 7 7 8 2 2 2 1
Lessoniaceae 0 5 0 3 0 0 1 7 3 2 6
Total species 29 37 25 29 14 10 11 9 7 4 7
9% Age of world species 259 33.0 223 25.9 12.5 89 9.8 8.0 6.3 3.6 6.3
Values with more than 20% of the world’s species are highlighted

Table 4 Numbers of species in the most species-rich kelp genera in each of 11 world marine regions (for explanation of region codes, see Table 2)

OKHO JAPK ALSK TNEP ARCT TNWA TNEA TSAM SOCE TSAF AUST

Alaria (15) 6 5 3 1 5 1 1 0 0 0 0
Laminaria (22) 6 2 4 6 4 4 6 1 1 1 0
Saccharina (20) 6 10 5 5 3 3 2 0 0 0 0
Ecklonia (7) 0 3 0 0 0 0 1 0 0 2 3
Eisenia (6) 0 1 0 2 0 0 0 3 0 0 0
Lessonia (9) 0 0 ] 0 0 0 ] 4 5 0 3

Fig. 1 The 11 world regions used for the biogeographical analysis
(adapted from the system of Spalding et al. 2007, see text) (TNEP tem-
perate Northeast Pacific, ALSK Alaska, ARCT Arctic, TNWA temperate
Northwest Atlantic, TNEA temperate Northeast Atlantic, OKHO Okh-
otsk Sea, JAPK Japan, Korea, TSAM temperate South America, SOCE
Southern Oceans, TSAF temperate South Africa, AUST Australasia)
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Fig. 4 DECORANA analysis of 11 world temperate marine regions, based on the kelp species that occur in them (Eigenvalues: Axis 1, 0.9414;

Axis 2, 0.6482). Region codes as in Fig. 1 Bolton, 2010, HelgO/ Mar. Res. 64: 263-279.
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Fig. 3. Patterns of ocean climate and kelp diversification through deep time.
(A) Pacific deep sea 9'%0 (a proxy for ocean temperature) over the past 70
million years (data from Cramer et al 2009) (Cramer et al., 2009). Speciation
rate plotted through time (B), and across the kelp phylogeny (C) as estimated
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Figure 2 | Habit and morphology of Aureophycus aleuticus (St. George Is., 24 October 2012). (a), erect part of sporophyte with characteristic marginal
thickening at the transitional zone between blade and stipe (arrows). Arrowheads show midribs of Alaria sp., growing mixed with Aureophycus.

(b), Sporophytes of different developmental stages. Arrows show flattened stipes and asterisks show basal systems (discoidal holdfast forming sorus).
Note that the basal systems show unilateral development in the early stages, and the iridescent color of the basal systems including those of rather young
thalli showing signs of sorus formation. (c), developed basal systems overlapping each other, with iridescent color on the surface (asterisk) showing sorus
formation. [Photographs by H. Kawai].

Figure 4 | Gametophytes and young sporophytes of Aureophycus
aleuticus. (a), vegetative female gametophyte (left, asterisk) and fertile
male gametophyte (right). Arrow shows antheridium. (b), Fertile female
y  gametophyte (asterisk) and young sporophyte (embryos). Arrow shows

d zygote. (¢}, Fertile gametophyte (asterisk) with young sporophyte (arrow).
" [Photographs by H. Kawai].

Kawai et al., 2013, Sci. Rep.
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Current cultivation practices
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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

Peteiro et al., 2016, Algal Res.



U. pinnatifida — wakame cultivation
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Laminaria

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




Most frequent European members of traditional Laminaria

S. latissima L. hyperborea



Laminaria hyperborea — canopy species of European kelp forests




Table 1. Current concept of species within the genera Laminaria Lamouroux and Saccharing Stackhouse

Species name

Most recent synonymi(s)

Repgion of occurrence

ol ol

L ia bn

Ln

“

i o T R Tl R R Il N S el i

. abyssalis Joly et Oliveira 1967

. appresirhiza Petrov et Vozzhinskaya 197(°F
. brasifiensis Joly et Oliveira 1967
. complanata (Setchell et Gardrer) Muenscher 19174

. digitara (Hodson) Lamouroox 1813

. ephemera Setchell 1901

. farlowii Setchell 1893
. gurjanovae Zinova 1964

. hyperborea (Gunnerus) Foslie 1884
. inclinarorhiza Petrov et Vozzhinskaya 19708

. longipes Bory de Saint-Vincent 1826
. multiplicata Petrov et Suchovejeva 1976°
. migripes Agardh 1868

ochrolenca Bachelot de la Pylaie 1824
pallida Greville 1848"

. philippinensis Petrov et Suchovejeva 1973

. rodriguesii Bornet 1888
. sachalinensis (Mivabe) Mivabe 1933

. sefchellii Silva 1957

. sinclairii (Harvey ex Hooker et Harvey) Farlow, Anderson et Eaton 1878
. sofidungula Agardh 1868

. yezoensis Mivabe 1902

. angustata (Kjellman) Lane, Mayes, Druehl et Sannders 2006 :
. cichoripides (Mivabe) Lane, Maves, Druehl et Saunders 2006
. corigcea (Mivabe) Lane, Mayes, Druehl et Saunders 2006

. scielpera (Mivabe) Lane, Mayves, Drehl et Saonders 2006

. dentigera (Kjellman) Lane, Mayes, Druehl et Saunders 2006
. digholica (Mivabe) Lane, Mayes, Druehl et Saunders 2006%"

L. schinzii Foslie 1893

L. angustara Kjellman 1883
L. cichoripides Mivabe 1902
L. corigcea Mivabe 1902

Kjellmaniella crassifolia Miyvabe 1902

L. demrigera Kjellman 1889
L. digholica Miyabe 1902

S Atlantic: deep-water off Brazil

NW Pacific: Sea of Okhotsk

S Atlantic: deep-water off Brazil

NE Pacific: restricted occurrence in Washington and
British Columbia

N Atlantic

ME Pacific
NE Pacific
MW Pacific: Kamchatka, Sakhalin

MNE Atlantic
MW Pacific: Sea of Ochotsk

ME Pacific

MW Pacific: Sea of Ochotsk

M Atlantic: Arctic

ME Atlantic, Mediterranean Sea

S Atlantic
NW Pacific: deep water off Philippines

Mediterranean Sea
NW Pacific: Japan

NE Pacific

MNE Pacific

N Atlantic: Arctic
N Pacific

NW Pacific: Japan
NW Pacific: Japan
NW Pacific: Japan

NW Pacific: Japan
NE Pacific: Alaska
NW Pacific: Japan

(eon ripwed)

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



Table 1. Continued

Species name Most recent synonymis) Region of oocurrence
&, groenlandica (Rosenvinge) Lane, Mayes, Drochl et Saonders 20065™ L. groenlandica Rosenvinge 1893 (sensu Druehl, 1968) ME Pacific: California to British Columbia
L. bongardiana Postels et Ruprecht 1840° N Pacific: Alaska, Commander Islands
&, pyrate (Kjellman) Lane, Maves, Droehl et Saunders 2006 Kjellmaniefla gyrara (Kjellman) Mivabe 1902 NW Pacific: Japan
&, japonica (Areschoug) Lane, Maves, Droehl et Saunders 2006' L. japorica Areschoug 1851 NW Pacific: Japan
L. fragilis Miyabe 1902
8. kurifensis (Miyabe et Nagai) Lane, Mayes, Druehl et Samnders 2006 Cymarhaere japenica Mivabe et Nagai 1940 NW Pacific: Kurile Islands
&, larissima (Linnaens) Lane, Mayes, Droehl et Saunders 2006 L. saccharing (Linnaeus) Lamouroux 1813 N Atlantic and N Pacific
L. faroensiz (Borgesen) Borgesen 19027 NE Atlantic
L. agardhii Kjellman 1877 NW Atlantic: Canada
L. groenlandica Rosenvinge 1893 (NW Atlantic form)™ NW Atlantic: Canada
5. longicruris (Bachelot de la Pylaie) Lane, Mayes, Druehl et Saunders 20067 L. longicruris Bachelot de la Pylaie 1824 NW Atlantic: Canada
S. longipedalis (Okamura) Lane, Mayes, Druehl et Saunders 2006° L. longipedalis Okamura 1896 N Pacific: Japan to Washington
8. longissima (Mivabe) Lane, Mavyes, Druehl et Saunders 2006* L. longissima Miyabe 1902 NW Pacific: Japan
5. ochotensis (Mivabe) Lane, Mayes, Druehl et Saunders 20064 L. ochotensis Mivabe 1902 NW Pacific: Japan
8. religiosa (Mivabe) Lane, Mayes, Druehl et Saunders 200637 L. refigiosa Miyabe 1902 NW Pacific: Japan
&, sesslis (Agardh) Kontze 1891 Hedophy lfum sessile (Agardh) Setchell 1901 NE Pacific and Kamchatka
8. subsimplex (Serchell et Gardner) Widdowson, Lindstrom et Gabrielson 2006 L. subsimplex (Setchell et Gardner) Mivabe et Nagai 1933 NE Pacific: Bering Sea
5. yendoana (Mivabe) Lane, Mayes, Druehl et Saunders 2006° L. vendoana Miyabe 1936 NW Pacific: Japan

All names listed have been in use since Kain (197%); doubtful earlier taxa are excluded. For an overview of synonymized and doubtful taxa and more taxonomic references see www.algaebase.org. Distribution
extracted from Kain (1979), Loning (1990) and Guiry & Guiry (2007). Species considered to be currently valid are in bold type.

* Taxonomic position unclear. Similar to L. digitata; sporangia on one side only, mucilage ducts medially placed and widely spaced (Olga Selivanova, pers. comm. Algaebase version 4.2, 13 Nov 2006). “Relationship
between L. abyssalis and L. brasiliensis unclear; it seems probable that just one species is involved due to the restricted occurrence of both.  For distribution see also Druehl (1969); he assumes affinity to Arctic L.
digirara . complanata, but basionym is L. saccharing £, complanara Setchell et Gardner (Algaebase, vers. 4.2). *Petrov (1972) included L. groenlardica in his concept of L. bengardiana, Lining & tom Dieck (1990)
supported this idea, suggesting similarities to N Atlantic L. digirara which were not corroborated by hybridiza tion studies (tom Dieck, 1992); Gabrielson er af. (2006) synonymized L. bongardiana and L. groenlandica
with Saccharing subsimplex; Lane et al_(2006) transferred NE Atlantic L. groenlandica to 8. groenlandica. "Molecular data from a population outside the currently recognized range for the species (San Juan Island)
indicate a closer relationship to Laminaria than to Saccharing (Lane, pers. comm.); although this needs confirmation, the transfer to the genus Saccharing proposed by Lane er al. (2006) is not followed here. *Close
relation to L. digitata (Kain, 1979), but taxonomic position still unclear. "Conspecificity with L. schinzii was sugpested by Stegenga et al. (1997) as L. pallida and L. schinzii were interfertile (F1 generation) (tom
Dieck & de Oliveira, 1993). 'First published in Petrov ef al. (1973); deep-water mpulatiun.jl_.ane er af. (2006) assume conspecificity with 8. forissima due to identical ITS sequences. ¥Lane er al. (2006) assume
conspecificity with §. japonica due to identical ITS sequences. 'According to Yotsukura er al. (2006), 5. japenica, §. religiosa, S. ochotensis and S. diabolica are considered to be one biological species. ™Taxonomic
relationship between N Atlantic and N Pacific plants unclear’ (Druehl, 1969); N Atlantic L. groenlgrdica has been synonymized with L. cureifodia and then with L. saccharing (Wilce, 1960; Kain, 1979), a concept
which is followed here; N-Pacific plants differ by frequent fingering of the blade (Druehl, 1968). "According to partial LSU rDNA, ITS rDNA and AFLP data L. faroensis has a sub-species status to L. saccharing
{Erting er al., 2004); Kain (197%) also supgested it to be a *genetic strain”. “According to Chapman (1975), who discounted duct anatomy as taxonomic character; Kain (1979) and later Bhattacharya er al. (1991)
suggest conspecificity with L. longicruris and L. seccharing. PThere is much evidence (Kain,1979: duct and stipe anatomy; Lining ef af., 1978: hybridization studies; Bhattacharya ef al, 1991 185 rDNA, rDNA
(LSUy;, Cho er al., 2000: RuBisCo spacer; Lane er al., 2006: ITS) that 5. longicruris is conspecific with 8. letissima. YAccording to Lane ef al. (2006), there is only one base pair difference in I'TS sequence between
5. ochorensis/ 8. refigiosa and 8. japonica. ™Y oon er al. (2001) suggest conspecificity of 5. religiosa with 8. japonica due to identical RuBisCo spacer sequences. "Druehl & Masuda (1973) state close morphological
relation of §. vendeana to &, cicherieides which, in turn, has identical ITS sequences to 8. latissima (Lane er al, 2006).
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Nereocystis — annual plant, length up to 40 m
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Macrocystis — sublitoral, length up to 60m, weight 300 kg
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Macrocystis pyrifera




Evolutionary geographic origins of the genus Macrocystis

Figure 1. Phylogenetic reconstruction of the Mocrocystis genus
under the Bayesian inference using a GTR+I" mixture model. The
numbers at the nodes are posterior probabilities, values higher
than 0.5 are shown. The different circle colours indicate the four
Macrocystis morphospecies: Blue = integrifolia; Green = pyrifera;
Yellow = angustifolia; and Red = laevis. MiPBlancaChi,
MpFBulnesChi, and MpTeupaChi indicate new samples from this
waork [/ Reconstruccion filogenética del género Macrocystis bajo
la inferencia Bayesiana usando el modelo 1 GTR+I. El nimero de
los nodos son probabilidad posterior, se muestran los valores
superiores a 0,5. Los diferentes circulos de colores indican las
cuatro morfoespecies de Macrocystis: Azul= integrifolia; Verde=
pyrifera; Amarillo= angustifolia, y Rojo= laevis. MiPBlancaChi,
MpFBulnesChi, v MpTeupacChi indican las nuevas muestras
aportadas por este trabajo

A) Hemisphere

Mode Ancestral State

MNorthern Hemisphere Southern Hemisphere

1 088=0.13 0.12+0.13
2 0.9% +0.01 000 + 0001
3 064 =022 0.36 + 022
4 0.99+0.01 .01 4 0,01
5 0.01 £0.01 0,99+ 0,01

Makna11cAFI5130
inaAF352138
Mpfapcapal AF 52131
MpMentoreyBaylAF 52106
StiltwaterZAF 352126
Stilwater AF152127

~ Narthern Clade

— Northern Clade

PENCIChiTHGAF P
iPElancaChilKGAF
MiPElancaChidr G4F

~ Southern Clade

MpChile1 AF152145
MaSAfricaZAF 352148

MaSalrical AFI52 147
HondAF 353152

Quigroup

Northern Clade

MadsuiralisdaF 350154
Madisiralial AF152153

B Northern Hemisphere
| Southem Hemisphere

Table 1. The probability values for each ancestral state of (A)
Hemisphere, (B) Ocean, and (C} Morphology of Macrocystis. The
probability values are reported with 10 times the standard error
based on the BMCMC approach / Valores de probabilidad de cada
estado ancestral para (A) Hemisferio, (B) Océano v (C) Maorfologia
de Macrocystis. Los valores de probabilidad son reportados con
10 veces el error estdndar basado en la aproximacion EMCMC

MNorthern Glade

Southern Clade

probable Northern
origin of the genus

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

* separated from Laminaria

* circumboreal genus (S. /atissima, S. japonica)
(kombu)

s

Chi et al., 2014, Acta Oceanol Sin
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Cymathaers tipfeate
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098 | Saccharma ochalanss
Saccharina reipiosa
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Saccharing sculpéra

Ectocamus Siculosys

Laminaracese

Laminarig
(Lamariaceae)

Lessoniaceae

Lamineriaceae

Saccharine
(Lameriacege)

Costariaceae
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| Preudocherdacne
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| Ectocarpales (oul-group)



Postelsia (palmaeformis
sea palm
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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

.




Ectocarpus siliculosus

* delicate, filamentous tufts
* very common, cosmopolitan species

e l'l.‘_,-—:’ﬂﬂl-tpx.b:;'. -
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Pylaiella littoralis

abundant cold water species, often in brackish waters,
dominant as annual epiphyte in the Baltic
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Colpomenia
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ephemeral thalli, saccate gametophytes,

invasive species, origin in NW Pacific



Figure1 Colpomenia sinuosa: variable morphology and habit.

(A) Group la, Sasudong, Jeju, Korea (8 Jul. 2011); (B) group Ic, Punta Santa Ana, Magallanes, Chile (31 Oct. 2011); (C) group le, Praia Rasa,
Bizios, Brazil (24 Oct. 2011); (D) group Il, Heraklion, Crete Island, Greece (11 Jan. 2011); (E) group llla, Daedonghae, Hainan, China

(9 Mar. 2009); (F) group llIb, Bulusan, Philippines (3 Feb. 2010). Scale bars are 1 cm.
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Figure 2 Colpomenia sinuosa: ML tree inferred from the phylogenetic analysis of cox3 sequences.

Values shown near branches are bootstrap values (1000 iterations) from the data (ML/MP). Only bootstrap values =50% are shown. Branch
lengths are proportional to the number of substitutions per site.

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

Group |

Group Il

Group 1l



.l
llla ' /

Brazil, China, B ' " " L b
Havvail, Indonesia, e K i ;\l;:al a.li;qaé_lur;::ta,dapnn. Fil
Philippinas - P | , Mew ’ =

Spain & USA

& Talwan .

G
le’ Brazil, Chile
a2 & Gré,

Australia, Brazil, _ mpmece
Hawali & South Africa

b

Australis, Hawaii,
~ . Jndiz, Indonesia
& Philippines

Group |

Group 1l

.

Greece, Kuwait !
Sreeee fuvalts Group Il

Figure 5 Colpomenia sinuosa: statistical parsimony network for 37 cox3 haplotypes.
Each circle represents a haplotype and circle size is proportional to strain frequency. Black solid lines delineate the three major groups (1, 11,
and [I). Lines between haplotypes are single mutational steps; small black dots indicate missing haplotypes (either extinct or not sampled).
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Figure 4 Colpomenia sinuosa: distribution map of the cox3 haplotypes.
Circles indicate haplotypes, and boxes indicate locations in which more than two haplotypes were found. Different colors are given for
group Il and subgroups of group | and lll, as indicated in Figure 5. Abbreviations explained in Table 1.



Petalonia fascia

Petalonia binghamiae

881 scytosiphon tenellus

1001 Colpomenia bullosa

o - Colpomenia phaeodactyla

Scytosiphon gracilis

Petalonia zosterifolia

J.W.[: Myelophycus cavus
o8 Myelophycus simplex

Scytosiphon lomentaria

Seytosiphon canaliculatus

Colpomenia peregrina

former
Scytosiphonales

Hydroclathrus clathratus
Rosenvingea infricata
Colpomenia sinuosa

2—2 Delamarea attenuata
% Punctaria plantaginea
Punctaria lafifolia
Asperococcus fistulosus
Striaria attenuata

Chordaria flageliiformis
o 3 Sphaerotrichia divaricata
51 4 Giraudia sphacelarioides

-I_—" Hummia onusta
Dictyosiphon foeniculaceus
—— Myriotrichia clavaeformis
Elachista fucicola
Isthmoplea sphaerophora
Coelocladia arctica
Geminocarpus austro-georgiae
Pylaiella lttoralis

__J.W_L—- Adenocystis utricularis

100 Utriculidium durvillel
97— Caepidium antarcticum

_‘-—-—-— Ectocarpus siliculosus

100 [ Asterocladon fabatum . .

o8 Asteronema rhodochorfonoides P e ta I onia f ascia t a
96 [ Scytothamnus australis
99 Splachnidium rugosum

Analipus japonicus

g5
g8

Desmarestia aculeata
— 0.01 substitutions/site

Fig. 10. Maximum likelihood tree for Myelophycus and relatives estimated from rbcL sequencedata
(GTR + 1 + T" model, -Log likelihood = 9745.20; 1 = 0.5984: T = 09113;A < C=1227T.A <G
=455: A= T=1201C+—= G=1314:C+«T=10.16;and G <+ T = 1). Thicker branches
represent the posterior probabilities (>95%) from Bayesian analysis. Bootstrap values (>50%) are
given above (MP) and below (ME) branches. The alternativehypotheticaltopologiesof the rbcL tree
are shown with numbered arrows, indicating the constrained monophyly with Myelophycus for
Shimodaira-Hasegawatest.
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Scytosiphon lomentaria

B

200 pm

Fic. 4. Diagrammatic illustrations of the life history of Azorean Seyfosiphon lomentaria in culture. (A} Macrothallus with plurilocu-
.';,- lar sporangia. (B) Transverse section of a small portion of macrothallus with plurilocular sporangia. (C) Spore from the plurilocular
w, % sporangia (plurispore). (D) Crustose microthallus. (E) Crustose microthallus with erect blades and true hairs emerging. (F)
-‘gﬁ"ﬁ-g Squashed microthallus with unilocular sporangia and paraphyses. (G) Spore from the unilocular sporangia (unispore). AS, ascocysy;
STEE MA, macrothallus; MI, microthallus; PH, paraphyses; PS, plurilocular sporangia; TH, true hair; US, unilocular sporangia.

Parente et al., 2003, J. Phycol. 39: 3563-359.
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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

Lsese, Denmark



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

Utilization of brown algae - cultivation
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Utilization of brown algae - food

kombu - Laminaria




Utilization of brown algae - food

wakame - Undaria




Utilization of brown algae - food
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Utilization of brown algae - alginates

22 000 t/year

| SEAWEED RESIDUE

CALCTUM CHLORIDE AL ACID

CALCIUM ALGIMATE ALGIMNIC ACID

h 4
DEWATERING
ALGINIC ACID FIBRES ALGINIC ACID
ALy
| SODIUA CARBONATE  ——p i SODUM CARBONATE

SODIUM ALGIMATE SODIUM ALGINATE i i

CALCTOM ALGINATE PROCESS ALGINIC ACID PROCESS




Utilization of brown algae - alginates

food industry




-

Utilization of brown algae - alginates

food industry
: B~

E
Product num- Origin Used as Typical products
ber
: Large brown : :
Alginates and Emulsifier, |lce-creams, milk
....... j SEEWEEEIS Sul:h 35 ] .
various derivatives g suspending, |shakes, instant
(e.g. Sodium L - stabiliser, |desserts, custard tarts.
: hyperborea, . : :
alginate, - : gelling Suspending agent in
Ascophyllum .
Prl:lmll'lene gl'_llll'l:l:ll --------------------------------- - Egentq Sl:lﬁ drlni{s- Spreads
. nodosum and :
alginate) | [y ; : thickner. and many others.
Macrocystis species
. . Emulsifier,
Mainly species of e :
a5 stabiliser, |lce-creams, tinned
E406 Gel'rdrum,. gelling goods, glazes for
Pterocladia, and
T agent, meats, etc.
Gracilana :
thickner.
Emulsifier lce-creams, milk
Mainly Eucheuma, 2 shakes, instant
stabiliser,
Betaphycus, : desserts, custard tarts.
E407 gelling : i
Kappaphycus, amd Suspending agent in
: agent, :
Chondris cnspus |, ., |soft drinks. Spreads

and many others.




Utilization of brown algae - alginates

farmaceutics, cosmetics
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IRISH SEAWEED COSMETICS
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Utilization of brown algae - alginates

slim down diets — satiety




Utilization of brown algae - alginates

building materials




Utilization of brown algae - fucoidane

cell wall polysaccharides; used as dietary supplements



Utilization of brown algae

seaweed baths

treatment of rheumatism and arthritis

EATHE

HOT SEAWATER AND EE.FL




Utilization of brown algae
alginate batteries

Brown algae could help
your smartphone keep its
charge

g bmma e "alom £
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Current battery electrodes are made from graphite, but it's hoped by switching to silicon, larger
capacity and longer life Li-ion batteries could be a reality. The only problem is that we need to
find something that can can bind effectively onto silicon electrodes. Current batteries use
Polyvinylidene Fluoride (PVDF) which in addition to being toxic isn't verv good at binding to

silicomn.

Luclaly, they've found something that works better, and is substantially more environmentally
friendly. Alginate is a polymer harvested from fast growing brown seaweed, and it's more
efficient than PVDF with both silicon and graphite. The way it works is that the alginate forms a
protective film on top of the silicon electrode to stop the electrolyte solvent from washing onto
the surface of silicon particles, preventing the battery from decomposing.



seaweed art
( belongs to the land-art styles)
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