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*Red algae were first defined as a taxonomic group based on their 
pigmentation.

*Red color is due to the 
presence of phycoerythrin 

hi h fl t d li ht dwhich reflects red light and 
absorbs blue light.  

*Phycoerythin occurs in at 
least five forms in the red algae 
which differ in theirwhich differ in their 
absorption spectra, although 
all have peaks in the 

t f th tgreen part of the spectrum 
(500-570 nm).  

(Gantt 1990)



*Color varies according to the ratio of phycoerythrin to 
phycocyanin & they may appear green or bluish from the p y y y y pp g
chlorophyll and other masking pigments.

*Because blue light penetrates water to a greater depth than light of 
longer wavelengths, these pigments allow red algae to photo-g g p g g p
synthesize & live at somewhat greater depths than most other algae.  



Photo: E. Hickerson, NFGBMS
NW Gulf of Mexico



*Accessory pigments, such as the phycobilins phycoerythrin, 
phycocyanin and allophycocyanin occur attached to proteins, 
forming a class of compounds called phycobiliproteins that areforming a class of compounds called phycobiliproteins that are 
located on the thylakoid surface in granular phycobilisomes, the 
principal light-harvesting complexes (Gantt 1990)



*Each chloroplast is surrounded only by its own double-membrane 
Envelope

*The only chlorophyll present is chl a

*The thylakoids are singly within the chloroplasts



(Lee 1999)



*Carotenoids are present with the most important ones beta-
carotene lutein and zeaxanthincarotene, lutein and zeaxanthin.  

*Only a few red algae have chloroplasts that contain pyrenoids in 
the center of the chloroplast, but because reserve starch is produced 
in the cytoplasm, the exact function is not known.  

*Chloroplast DNA is organized into numerous small, nucleoids 
scattered throughout the chloroplast.

*Most important food reserve is floridean starch consisting of units 
of glucose which is similar to glycogen or the branched amylopectin 
fraction of green algal & higher plant starch, but lacks amylose, the 
unbranched fraction of green algal starch.  



*The cell walls of red algae consist of cellulosic fibers embedded in a 
matrix of non fibrillar materials the phycocolloidsmatrix of non-fibrillar materials, the phycocolloids.  

*The most abundant of these polysaccharides are referred to either as 
agars and carrageenans, and are of economic importance.  

*Agar is used as a nutrient medium for growing bacteria and fungi &
also in the food and drug industries.  

*Carrageenan is used as a substitute for gelatin, or as food in Japan 
& the Philippines.pp



*In Asia, red algae are important sources of food with a high vitamin 
& protein content such as nori& protein content, such as nori

*Because of their biological properties, seaweed-derived oxylipins g p p , y p
(anti-inflammatory compounds) have potential utility as 
pharmaceutical and research biochemicals 



*Historically, red algae were considered plants that typically 
lacked true roots, shoots, leaves, seeds, or water-conducting tissueslacked true roots, shoots, leaves, seeds, or water conducting tissues

*Red algae share a suite of characters that do not occur 
t th i th k ttogether in any other eukaryote

*Unique by a complete lack 
of flagellated stages including 
absence of centrioles, flagellar 
basal bodies, or other 9+2basal bodies, or other 9 2 
structures



*During mitosis, the telophase spindle and the nuclear envelope, 
although perforated by holes, persist and mitosis is therefore closed.although perforated by holes, persist and mitosis is therefore closed.  

Fig.: van den Hoek et al. 1995)



*Cell division is by an ingrowing 
furrow of the plasmalemma, which is 
filled with cell wall polysaccharidesfilled with cell wall polysaccharides

*Cleavage is incomplete, leading to the 
formation of an open protoplasmic 
connection between the daughter cells, 
which becomes closed by a proteinaceous y p
stopper, the pit plug (Pueschel, 1990).

(After Ramus, 
Lee 1999)

*Pit plugs are a highly characteristic 
feature of the Rhodophyta & various 

)

different kinds can be distinguished 
on the basis of their ultrastructure, 
providing important characters for p g p
distinguishing among the orders 
(Pueschel 1989)



Primary pit connections

Secondary pit connections



*Widespread group of uni-and multicellular 
eukaryotes exhibiting a broad variety of morphologies and life 
histories without having evolved true 
tissue differentiationtissue differentiation.

*Our understanding of algal 
phylogeny has dramatically 
increased with molecularincreased with molecular 
evolutionary methods; 
the latest research indicates 
that the Rhodophyta is a distinct 
eukaryotic lineage that likelyeukaryotic lineage that likely 
shares a most common ancestry 
with the green algae

*The Bangiophytes are the 
ancestral pool from which the more (Baldauf 2003)ancestral pool from which the more 
morphologically complex taxa in the Florideophytes
have arisen, & they are the sources for the independent 
origins of the plastids, through secondary endosymbioses, 
for the Cryptophytes Haptophytes & Heterokonts as

(Baldauf 2003)

for the Cryptophytes, Haptophytes & Heterokonts as 
inferred from DNA sequence comparisons 
(Oliveira & Bhattacharya 2000).



*There are over 10,000 described species of red algae worldwide 
*Most are marine and 3% are freshwater.  
*Red algae are most common on hard bottom habitats in marine*Red algae are most common on hard-bottom habitats in marine 

environments, as epiphytes on other algae, seagrasses or 
mangrove roots, epizooic on animals, epilithic on pebbles & rocks, 
or psammophilic in sand. 

*in mangroves, coral reefs
*in the drift



*No significant fossil record of the evolutionary history of the 
marine red algae, except for the order Corallinales which extends 
back as far as the Jurassicback as far as the Jurassic.

*The oldest taxonomically resolved eukaryote on record, ca. 1,200 
MY from arctic Canada, is identified as a bangiophyte red alga, 
Bangiomorpha pubescens, on the basis of diagnostic cell division 
patterns in its multicellular filaments, & marks the onset of a major p , j
protistan radiation.

Photo: R. Fikes & Jimena Samper-Villarreal



coral reefs

NW Gulf of Mexico

-in reality, few reefs are dominated solely by corals,

NW Gulf of Mexico,
Photo: E. Hickerson

in reality, few reefs are dominated solely by corals, 
hence the term “coral” reef is said to be a misnomer.
-corals are largest, most showy, obvious, easiest to 
recognize on many reefs; however few people realizerecognize on many reefs; however, few people realize 
that red algae generally exceed corals in importance as 
reef-building organisms.



-the red calcareous red algae are the principal cementing agents of 
nearly all tropical reefs.
many reefs especially in the Pacific are almost entirely formed by-many reefs, especially in the Pacific, are almost entirely formed by 

calcified plants

NW Gulf of 
Mexico,
Photo: E. 
Hickerson



NW Gulf of Mexico

also algal nodules
(rhodoliths, maërl)

NW Gulf of Mexico



COLLECTING
METHODS

NW Gulf of Mexico



ROV NW Gulf of Mexico Photo: E. Hickerson



NW Gulf of Mexico
Photo: E. Hickerson, NFGBMS



COLLECTION-BASED RESEARCH



A fundamental characteristic shared by all florideophycean 
red algae: plant body is composed entirely of branched filaments

Coomans & Hommersand (1990)



Cells within filaments can become transformed cytologically 
and morphologicallyand morphologically



*Cells within 
filaments are linked 
by pit plugs, making 
it possible to 
follow each filamentfollow  each filament 
cell by cell as seen 
with light 

imicroscopy.

*Cells become 
differentiated 
in shape & 
cytological y g
properties 
depending on 
location within

*Reveals how cells from different lineages become connected

location within 
filament



To 
understand 
how the algae 
grow, make 
longitudinallongitudinal 
sections
through 
b h i lbranch apical 
region or 
germlingsg g

Chondrus crispus



Vegetative
MorphologyMorphology

How do cells 
connect?

Sarcodia



Sebdenia



Kylin Revisited: A Revised Classification of 
the Red Algaeg





*It was only after culture methods were introduced (von Stosch 
1965) that it was finally verified that in most red algae there is a 
fundamental linkage of the sexual system and a life historyfundamental linkage of the sexual system and a life history 
consisting of three phases.



*One phase, the free-living haploid gametophyte, is the sexual female 
& male individual which produces the gametes.



*The carposporophyte forms carpospores which germinate into a 
diploid tetrasporophyte.  

*The tetrasporophyte forms tetrasporangia in which meiosis occurs,
with each tetraspore germinating into a haploid female or male 
gametophyte.



*When gametophyte & tetrasporophyte 
individuals are morphologically 
similar = isomorphic alternation ofsimilar = isomorphic alternation of 
Generations

H hi l i fHeteromorphic alternation of 
generations: gametophytes 
alternate with small free-living g
tetrasporophytes, often a crust that 
doesn't bear any morphological 
resemblance to the gametophyteresemblance to the gametophyte.



*When individuals lack carposporophytes but possess wart-like 
tetrasporophytes that are parasitic (tetrasporoblasts or 
carpotetrasporophytes) on the female gametophytes the life historycarpotetrasporophytes) on the female gametophytes, the life history 
is biphasic with meiosis occurring in the tetrasporangia in the 
tetrasporoblasts.  

*A fourth type is the direct type of life history involving only female 
gametophytes that apomictically produce carposporophytes.g p y p y p p p p y



*The great diversity of cystocarp 
types ranging from simple to verytypes ranging from simple to very 
complex has traditionally formed
the basis for the classification of 
red algae (Kylin, 1956)







Morphological approach

-differentiation of a morphological
structure is described as a function
of filament ontogeny and 

t l i l difi ti dcytological modification, and 
structures seen in different taxa, 
are compared for similarities and 
differences at each stage of thedifferences at each stage of the 
development

-it's the exact sequence of eventsit s the exact sequence of events 
leading to the cystocarp, that 
enables us to evaluate the 
evolutionary significance of y g
these events by comparing them 
to the situation found in other taxa



*Once an interaction has taken place between a carposporophytic 
cell and a vegetative cell, the fruiting body is called a cystocarp instead
of a carposporophyteof a carposporophyte



Superficial morphological similarities may mask significant 
developmental differences that result in taxonomic confusion.





*Special staining & clearing techniques make it possible to 
interpret  the organization of complex structures & the rather p g p
obscure & ephemeral events of the sexual cycle. 

*Without exceptions to date molecular phylogenetic analysesWithout exceptions to date, molecular phylogenetic analyses 
seem to highlight the evolution of the earliest stages in the 
development of the female apparatus and associated cells.   

*The molecular-based phylogenies each provide an independent 
test of classification to the one based on morphological or p g
ultrastructural evidence.  

*Besides elucidating relationships phylogenetic hypothesesBesides elucidating relationships, phylogenetic hypotheses 
inferred  from gene sequence data provide the critical framework
for studies of morphological character evolution and life history 

l tievolution.  



Nemastomatales
Cryptonemiales (Halymeniales)
SebdenialesSebdeniales
Rhodymeniales

A bl 4 dAssemblage 4 orders: 
grouped by early 
post-fertilization
events



Platoma chrysymenioides



Platoma 
chrysymenioides



Platoma chrysymenioides





Three Patterns of Mitosis:
B i h id•Bangiophycidae

•Lower Florideophycidaep y
•Basal to septum formation

Random spindle orientation•Random spindle orientation

•Higher Florideophycidae
•Occurs at site of 
septum formation

Coomans & Hommersand, 1990
•Metaphase plate 
parallel to crosswall



Electron Microscopy StudiesElectron Microscopy Studies

Different patterns of mitosis:

P h idi B t hPorphyridium, Batrachospermum

Flintiella, Polysiphonia, Lomentaria

*define the cytoskeletal features in Red Algae
*assess their importance in development

Future directions:

(Scott & Broadwater 1990)

assess their importance in development 
of vegetative growth and reproductive 
morphology
* ibl l f k l l (Scott & Broadwater 1990)*possibly correlate type of cytoskeletal 
features with higher-order taxonomic levels



Major groups: in a flux

*The classification at the ordinal level is in a constant flux, 
& recent DNA sequencing studies have raised serious& recent DNA sequencing studies have raised serious 
questions concerning the correctness of present systems of 
classification among the Rhodophyta & have led to 
proposals of new & recircumscribed orders. 



(Warren et al. Nature, May 2008)

Pl l i l i i t f l tiPlatypus genome analysis reveals unique signatures of evolution


