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Part 1: Characteristics of the Chlorophyta

Part 2: Taxonomy of the Chlorophyta

Part 3: Green Algae of the Baltic Sea



Characteristics of the Chlorophyta

 morphological / ultrastructural characteristics
- flagella

- chloroplasts

e molecular characteristics
- pigments

- reserve Compounds



Flagella

 usually biflagellate, isokont, sometimes 4 or many flagella occur

Chlamydomonas sp., crawing


http://starcentral.mbl.edu/mv/portal.php?pagetitle=index
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Chlamydomonas reinhardtii



Chloroplast

 chloroplasts are green, no masking pigments
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Chlorella vulgaris !



http://www.alagaebase.org/

Chloroplast




Chloroplast

Trebonema, Xanthophyceae



Chloroplast




Chloroplast

Chlamydomonas eugametos Chlamydomonas reinhardtii



Chloroplast

Dispersed
DNA




Pigments

Siphonoxanthin

s} Astaxanthin
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p-carotene



http://www.wikipedia.de/

Reserve compounds

pyrenoids or stroma



http://www.wikipedia.de/
http://www.wikipedia.de/

Taxonomy of the Chlorophyta

- division (phylum) of Chlorophyta closely related to the land
plants, i.e. the Bryophyta & Tracheophyta based on the
given characteristics

- ~ 500 genera with ~ 8000 species
- habitat distribution: mostly freshwater (~ 90 %) and only

~ 10 % marine species, but some groups (e.g. Ulvophyceae)
solely marine



Classification of the Chlorophyta

Bold & Wynne

Mattox, Stewart, Pickett-Heap, van den Hoek
Graham & Wilcox, Marin & Melkonian



Classification of the Chlorophyta Il

CHLOROPHYTA

PRASINOPHYCEAE IV

PERASINOPHYCEAE IX
PRASINOPHY CEAE III
FRASINOPHY CEAE VII
| PRASINOPHYCEAE VIII
PEASINOPHYCEAE V
PRASINOPHY CEAE II
PRASINOPHYCEAE 1
PERASINOPHYCEAE VI
CHAROPHYTA
MESOSTIGMA
CHELOROKYEUS

EMBEY OPHYTES

[20]


http://comenius.susqu.edu/bi/202/ARCHAEPLASTIDA/VIRIDIPLANTAE/Green Algae/green-algae.htm

Classification by Molecular &
Ultrastructural Evidences

e ultrastructure of flagellar root
* differences in mitosis & cytokinesis
* RNA/rDNA sequence comparison

e key enzymatic pathways



Flagellar Roots

left
center

right



Flagellar Roots

Acrosiphonia sp.



Flagellar Roots

Chlamydomonas reinhardtii



Flagellar Roots

Chaetosphaeridium sp.



Mitosis & Cytokinesis

Chlorophyceae

Phycoplast

Uvophyceae

Persistierende
Telophasespindel

Charophyceae

Phragmoplast




Enzymatic Pathways
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Enzymatic Pathways
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Enzymatic Pathways
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Classes of the Chlorophyta

4 classes (classis):
* Prasinophyceae

» Ulvophyceae

« Chlorophyceae

* Charophyceae



Prasinophyceae
Morphology:

- unicellular, free-living, primitive green flagellates
- 1-8 flagella of varied morphology
- flagella usually inserted in a lateral or apical depression

Habitat:

- marine and freshwater habitats
- important part of phytoplankton (picoplankton)

Special features:

- organic scales on flagella and plasmalemma

- fossil findings ~ 1.2 billion years old (Precambrium)
Cell division:

- open or closed mitosis

- persistent or non-persistent telophase spindle

- cytokinesis by cleavage furrow or phycoplast
Prominent species:

- Tetraselmis, Pyramimonas, Ostreococcus



Pyramimonas

Pyramimonas parkeae
Norris & Fearson

Pyrenoicd
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Pyramimonas lunata

Pyramimonas lunata


http://megasun.bch.umontreal.ca/protists/pyram/appearance.html

Tetraselmis
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Convoluta roscoffensis "


http://starcentral.mbl.edu/mv/portal.php?pagetitle=index
http://www.rzuser.uni-heidelberg.de/~bu6/Convoluta.html
http://www.rzuser.uni-heidelberg.de/~bu6/Convoluta.html

Ulvophyceae

Morphology:
- unicellular, multicellular, siphonocladous non-flagellates
- zoids with 2 - 4 flagella of 11 o'clock — 5 o'clock type
Molecular features:
- glycolate dehydrogenase, urease
- linear complexes of cellulose synthase

Habitat:

- almost exclusively marine

Cell division:
- closed mitosis
- persistent telophase spindle
- cytokinesis by cleavage furrow

Reproduction:
- haplontic or isomorphic diplohaplontic life cycle
- Isogamous or anisogamous sexual reproduction



Orders of Ulvophyceae

» Ulotrichales

» Ulvales

e Cladophorales

» Dasycladales

e Caulerpales

» Siphonocladales



Ulotrichales

- uninucleate

- unbranched filaments

- quadriflagellate zoospores
- biflagellate gametes

- Isogamous

- freshwater habitats

Ulothrix zonata "°!

Ulothrix zonata "°!


http://www.alagaebase.org/
http://www.alagaebase.org/

Ulvales

- thallose

- polymorph

- quadriflagellate zoospores
- biflagellate gametes

- marine habitats

- Ulva used as food source

Ulva rigida "

Ulva rigida "


http://www.alagaebase.org/
http://www.alagaebase.org/

Ulvales ||

Famale
Gamate

| It
10pm| Aer——
A

%
{
J Gametophyte

I
i
/

E

£ Sporophyte
3
v—nﬁ

e

it

1l ],
A

Boka)
W




Cladophorales

- multinucleate

- branched or unbranched filaments
- parietal / reticulate chloroplast

- marine & freshwater habitats
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Cladophora glomerata '


http://www.alagaebase.org/
http://www.alagaebase.org/




- coenocytic (siphonaceous)
- non-septate thalli

- amyloplasts

- siphonoxanthin, siphonein
- no cellulose (xylan, mannan)
- marine habitats
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Codiaceae, Codium fragile, sporangia Il

Codiaceae, Codium fragile !

Codium — Azotobacter symbiosis with
nitrogen-fixation

chloroplasts survive outside of Codium
in predators, e.g. Elysia


http://www.alagaebase.org/
http://www.alagaebase.org/

Caulerpales |l
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Derbesiaceae, Bryopsis hypnoides !

Derbesiaceae _
Codiaceae, Udotea glaucescens !

Codiaceae


http://www.alagaebase.org/
http://www.alagaebase.org/

Caulerpales |l
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http://www.alagaebase.org/

Siphonocladales

- multinucleate

- multicellular, thallose

- reticulate chloroplasts

- siphonoxanthin

- segregative cell division
- Isogamous

- marine, tropical habitats

e AlgaEBASE

Valonia utricularis !

Valonia
- model organism for vacuole research

Valonia utricularis, zoospore formation B


http://www.alagaebase.org/
http://www.alagaebase.org/

Chlorophyceae

Morphology:

- great variety in morphology

- zoids with 2 or 4 flagella of 1 o'clock — 7 o'clock type
Molecular features:

- glycolate dehydrogenase, urea amidolyase

- linear complexes of cellulose synthase

Habitat:
- predominately freshwater habitats
Cell division:
- closed mitosis
- non-persistent telophase spindle
- cytokinesis by septum within phycoplast
Reproduction:
- haplontic life cycle
- ISogamous, anisogamous or oogamous sexual reproduction



Orders of Chlorophyceae

* Volvocales
- Chlamydomonadaceae
- Dunaliellaceae
- Volvocaceae

e Tetrasporales
- Tetrasporaceae
- Palmellaceae

e Prasiolales

* Chlorellales

e JTrebouxiales

» Sphaeropleales
e Chlorosarcinales
 Chaetophorales
e Oedogoniales



Volvocales — Chlamydomonaceae |

- uninucleate

- unicellular

- biflagellate

- cup-shaped chloroplast

- central pyrenoid

- ISOgamous, anisogamous, 00gamous
- freshwater & terrestrial habitats

- model organism

10 pm

Chlamydomonas sp.


http://starcentral.mbl.edu/mv/portal.php?pagetitle=index

Volvocales — Chlamydomonaceae ||

red snow on Gulkana Glacier in the Alaska Range, USA

:vm et ol %

astaxanthin !


http://www-es.s.chiba-u.ac.jp/~takeuchi/snowalgae_ak.html
http://home.online.no/~ptrptr/mflowers/Image/Chlamydomonas_nivalis.jpg
http://www.wikipedia.de/

\Volvocales — Dunaliellaceae

- halophil species, optimal growth at NaCl of > 0.5 I\/I
- probably most halotolerant eukaryote

- used as producer of 3-carotene

- acidophil species, optlmal growth at pH 1!

Dunaliella salina "

OH

Hu\)\/cn—l

glycerol B!

B-carotene B!


http://www.wikipedia.de/
http://www.wikipedia.de/
http://www.themagicisbac.com/page4-10.html
http://www.aquacarotene.com.au/current-pond-complex.htm
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http://www.alagaebase.org/
http://www.wikipedia.de/

Volvocales — VVolvocaceae ||

Daughter

Colony Formation %
And Inversion

Vegetative

Cell J

Gonidium

Colony
g & Colony

Inversion %, a5 : Colony Formation
] o And Inversion

Inside Out
Colony

\
ot @By —

Germination  Zygote Egg

Volvox carteri

Volvox globator !



http://www.alagaebase.org/

Tetrasporales

- non-motile

- non-filametous colonies )
- no cell division of vegetative cells

- pseudocilia in Tetrasporaceae
- iIsogamous

- freshwater habitat

Botryococcus braunii !


http://www.alagaebase.org/

Tetrasporales |
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Prasiolales
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http://www.alagaebase.org/
http://www.alagaebase.org/

Prasiolales ||

Prasiola stipiata

-'-I.'.: algaeB

Prasiola stipiata
dark patches:
light patches:

Prasiola stipiata [3]


http://www.alagaebase.org/
http://www.alagaebase.org/

Chlorellales

...algaeP:

- unicellular or coenobial A

- hon-motile

- firm cell wall

- freshwater habitats ' a O

- iIsogamous,
anisogamous, 00gamous

. 5 .:Hf
1. J") A
researched as food source ,J ‘ ‘*‘*‘5 .

- some species (Chlorella)

_.._‘ﬂ
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Chlorella vulgaris !



http://www.alagaebase.org/

Chlorellales |
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Hydrodictyon reticulatum
- 'water net'
- forms net-like colonies

s, Jteet™

Hydrodictyon reticulatum !

Hydrodictyon reticulatum !


http://www.alagaebase.org/
http://www.alagaebase.org/

Trebouxiale

R B

-+

- mostly symbiontic as
phycobionts of lichens

- Isogamous, anisogamous

- produce sugar alcohols (Ribitol)

Trebouxia sp.
left: zoospores, center: vegetative cells, right: mature cells '3


http://www.sirbuday.hu/blog/kepek/gombak/zuzmok/umbilicaria_hirsuta2_kicsi.jpg
http://www.sci.muni.cz/lichens/




Sphaeropleales

Jee AlgaEBASE

Microspora amoena '


http://www.alagaebase.org/

Sphaeropleales |
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Microspora crassior



Chlorosarcinales

Chlorosarcina

A after Smith (1950) .
B, C@ ). Kinross, see httpy/Awwwlifesciences.napleracuk/JKsalgalwebyalgweb2.htm

Chlorosarcina sp. "


http://www.rbgsyd.nsw.gov.au/science/Plant_Diversity_Research/australian_freshwater_algae/algpic/soft_or_firm_colonies

Chaetophorales

- uninucleate
- multicellular
- plasmodesmata
- heterotrichy
prostrate & erect filaments
- filamentous

Draparnaldia plumosa "'


http://www.alagaebase.org/

Oedogoniales

Ceses AlJAEBASE

Oedogonium braunii !


http://www.alagaebase.org/

Oedogoniales

Vegetative Cell
_ Nucleus

Zoospore

Oedogonium



Charophyceae

Morphology:
- zoids with 2 lateral flagella of unilateral type
- no rhizoplasts
- N0 eyespots
Molecular features:
- glycolate oxidase, urease
- cellulose synthase rosette

Habitat:
- freshwater, marine

Cell division:
- open mitosis
- persistent telophase spindle
- cytokinesis by cleavage furrow or phragmoplast

Reproduction:
- Isogamous, anisogamous, 00gamous
- formation of dormant zygotes



Orders of Charophyceae

e Klebsormidiales

e Zygnematales
- Zyghemataceae
- Desmidiaceae

- Mesotaeniaceae
e Coleochaetales

e Charales



Klebsormidiales

Klebsormidium flaccidum !

Klebsormidium flaccidum !


http://www.alagaebase.org/
http://www.alagaebase.org/

Zygnematales - Zygnemataceae

- multicellular

- unbranched filaments

- aplanogametes

- conjugation

- mostly freshwater habitats

Spirogyra sp. 1"

Spirogyra porticales '


http://protist.i.hosei.ac.jp/taxonomy/chlorophyta/genus/spirogyra/index.html
http://protist.i.hosei.ac.jp/taxonomy/chlorophyta/genus/spirogyra/index.html

Zygnematales - Desmidiaceae

JeeAlgaEBASE

Micrasterias muricata !

Micrasterias oscitans "


http://www.alagaebase.org/
http://www.alagaebase.org/

Coleochaetales

- sheathed setae

- branched filaments
- pseudoparenchymatous disk
- 00gamous

- trichogyne & spermocarp

- freshwater habitats

Coleochaete conchata '®

Chaetosphaeridium sp. 1'*!


http://www.life.umd.edu/labs/delwiche/Strp/Chlorophyta/charophyceae/charophyceae.html
http://protist.i.hosei.ac.jp/taxonomy/chlorophyta/genus/spirogyra/index.html

Charales

- nodes & internodes

- often calcified (stoneworts)

- NO ZOOSpores

- oogamous (globules & nucules)

- sterile cells around globules & nucules

- mostly freshwater habitats
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Chara baltica Chara globularis


http://www.alagaebase.org/
http://www.alagaebase.org/
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Green Algae of the Baltic Sea

 Enteromorpha
* Monostroma
e Cladophora
» Chara



Enteromorpha intestinalis

Enteromorpha intestinalis

german: Gemeiner Darmtang
color:

height:

habitus:

habitat:

distribution:

Enteromorpha intestinalis "


http://www.unterwasser-welt-ostsee.de/

Enteromorpha linza

german: Gewellter Darmtang
color:

height:
habitus:
habitat:
distribution:

Enteromorpha linza """


http://www.unterwasser-welt-ostsee.de/

Monostroma grivellei

Monostroma grivellei
(Thuret) Wittrock, 1866

german: Trompetenalge
color: green
height: up to 20 cm
habitus: fragile leaves
habitat: thrives on stones and shells,
February to May
distribution: Baltic Sea,
North Sea
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Monostroma grivellei '


http://www.unterwasser-welt-ostsee.de/



http://www.unterwasser-welt-ostsee.de/



http://www.unterwasser-welt-ostsee.de/

Chara aspera

Chara aspera
Willdenow 1809
Rough Stonewort

german: Rauhe Armleuchteralge
color: greenish-brownish
height: 3 -15 cm
habitus: calcified, branched,
stems longitudinally
striated with small thorns
habitat: thrives in shallow,
calm waters up to 1.5 m depth
distribution: Baltic Sea, North Sea,
lime rich freshwater,
most prevalent Chara
species in the Baltic Sea

"o AT
uﬁ:-a ' 4.
Chara aspera, male plant

with orange coloured antheridia
Vitter Bodden, 0.5 m water depth [*°]


http://www.uni-greifswald.de/~ifoehidd/galerie2.htm

Chara baltica

Chara baltica
Bruzelius 1824
Baltic Stonewort

german: Baltische Armleuchteralge
color: dark green color
height: 5 - 50 cm
habitus: weakly calcified, branched,
stem with small thorns
habitat: thrives in calm waters
from 0.5 to 1.5 m depth
on stones and in sand
distribution: Baltic Sea, rare in North Sea,
freshwater

. "_ |
1‘5‘;:“1 '

Chara ballfica, light coloured oogonia,
orange coloured antheridia
Vitter Bodden, 0.5 m water depth '8!



http://www.uni-greifswald.de/~ifoehidd/galerie2.htm

Chara canescens

Chara canescens,
Loiseleur-Deslongchamps 1810
Bearded Stonewort

german: Brackwasser Armleuchteralge
color: dark green
height: 3 - 30 cm
habitus: not calcified, branched,
brush-like appearance,
stem densly covered
with long thorns,
6 -10 nodes of 1.5 cm length
habitat: thrives in calm waters
from 0.5 to 1.5 m depth

Chara canescens, iemale plant

t k di d with light coloured oogonia
S Vitter Bodden, 0.5 m water depth [

distribution: Baltic Sea, freshwater,
brackish waters of North Sea


http://www.uni-greifswald.de/~ifoehidd/galerie2.htm

Chara horrida

Chara horrida
Wahlst 1862

german:
color:
height:
habitus:
habitat: thrives in calm waters
from 0.5 to 3 m depth
on soft ground
distribution: rare, Baltic Sea,
mainly south and
middle Sweden,
disappeared from
German locations,
North Sea

Chara horrida "©


http://www.helcom.fi/environment2/biodiv/endangered/Algae/en_GB/Chara_horrida/
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