
3. Taxonomy and classification of Algae 
 
Taxonomy (Greek, "organizing rules") is the science of naming, describing and 
classifying the organisms into similar groups. The formal classification scheme in use 
today consists of a series of  7 major categories or taxa (singular, taxon). We place 
organisms in these taxa based on their similarities, then group similar taxa into larger 
and larger groupings. The basic structure of classification currently used is as follows: 

• KINGDOM  
• PHYLUM (DIVISION) 
• CLASS 
• ORDER 
• FAMILY 
• GENUS 
• SPECIES 

(A good acronym for remembering the above order of classification is: "Kings Play 
Chess On Fine Green Sand") 
 

Most biologists divide the living world into five "Kingdoms". These Kingdoms are: 
1. Kingdom Monera 
2. Kingdom Protista 
3. Kingdom Fungi 
4. Kingdom Plantae 
5. Kingdom Animalia 

 
Principles of algal classification 
 
Although quite simple in form, the algae are an extremely diverse group. They vary in 
size from the minute (1-5 µm) to the very large species such as kelp, known to grow 
to 50 m or more in length. Depending on methodology and philosophy, taxonomists 
suggest there are between 50,000 and 10 million different algal species 

• No easily definable classification system acceptable to all exists for algae because 
algal taxonomy and systematics is under constant discussion and change, even 
more after introduction of molecular techniques  

• The history of algal classification went from morphology to ultrastructure to 
genomic analyes; sometimes genetic and morphological classifications contradict  

• Sometimes morphology can mislead when one species exhibits several "growth 
forms", dependent on environmental conditions:  

• The major groups of algae have been classified into Divisions (the equivalent 
taxon in the zoological code was the Phylum).  

• The standard botanical classification system is used in the systematics of the 
algae: 

Phylum (Division) – phyta 
 Class – phyceae 

Order – ales 
Family – aceae 
     Genus 
        Species 
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• The current systems of classification of algae are based on the following main 
criteria:  

o kinds of photosynthetic pigments,  
o type or chemical nature of photosynthetic energy storage products  
o photosynthetic membranes’ (thylakoids) organization and other 

features of the chloroplasts. 
o cell wall composition and structure.  
o the presence or absence of flagella (as well as the number and 

placement of these flagella, when present). 
o ultrastructure of the flagella (if any),  
o scheme and path of nuclear and cell division,  
o sexual cycles.  
o presence of an envelope of endoplasmic reticulum around the 

chloroplast (see below)  
o possible connection between the endoplasmic reticulum and the 

nuclear membrane. 
o Recently, studies compare the sequence of macromolecules genes and 

the 5S, 18S, and 28S ribosomal RNA sequences  
o occurrence of any other special features, 

Table 2.1 attempts to summarize the main characteristics of the different algal divisions. 
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Based on type of the cell, algae can be grouped basically into two major assemblages 
prokaryotic and eukaryotic algae 
 
There are four distinct groups within the algae 

− Group 1 Prokaryotic algae include two divisions: Cyanobacteria and 
Prochlorophyta..  

− Group 2 Eukaryotic algae with chloroplasts surrounded only by the two 
membranes of the chloroplast envelope and includes mainly two divisions; 
Rhodophyta and Chlorophyta. The Glaucophyta represent an intermediate 
position in the evolution of chloroplasts; photosynthesis is carried out by 
modified endosymbiotic cyanobacteria.  

− Group 3 Eukaryotic algae with chloroplasts surrounded by one membrane of 
chloroplast endoplasmic reticulum and include two divisions; Dinophyta and 
Euglenophyta. 

− Group 4 Eukaryotic algae with chloroplasts surrounded by two membranes of 
chloroplast endoplasmic reticulum and include four divisions; 
Heterokontophyta, Haptophyta, Cryptophyta and Chlorarachniophyta. 

 
A summary of the Classification Scheme of the Different Algal Groups is shown in Table 2.2. 
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Table 2.3 Predominant photosynthetic pigments, storage products and cell wall components for 
the major algal groups. 
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GENERAL DESCRIPTION OF MAJOR DIVISIONS AND CLASSES 
 
PROKARYOTES 

 
CYANOPHYTA (BLUE-GREEN ALGAE) AND PROCHLOROPHYTA 
- All blue-green algae (Figure 2.1) and prochlorophytes (Figure 2.2) are non-motile 

Gram negative eubacteria.  
- Unicellular, colonies, filaments  
- They lack a nucleus and organelles (chloroplast, mitochondria).  
- Circular DNA, no chromosomes, no histone protein  
- 70S ribosomes – smaller than eukaryotic  
- Both contain polyhedral bodies (carboxysomes) containing RuBisCo (ribulose 

bisphospate carboxylase/oxygenase, the enzyme that converts inorganic carbon to 
reduced organic carbon in all oxygen evolving photosynthetic organisms),  

- cell walls characterized by a peptidoglycan layer.  
- classified as obligate photoautotrophic organisms.  
- Reproduction is strictly asexual, by simple cell division or fragmentation of the 

colony or filaments. 

  
FIGURE 2.1 Trichome of Arthrospira sp. 
(Bar: 20 µm.) 

FIGURE 2.2 Cells of Prochloron sp. (Bar: 10 µm.) 

 
Cyanophyta 
 In structural diversity, blue-green algae range from unicells through branched and 

unbranched filaments to unspecialized colonial aggregations which are surrounded 
by a firm or amorphous mucilage  

 They are possibly the most widely distributed of any group of algae and inhabit 
marine and freshwater environments, moist soils and rocks, either as freeliving or 
as symbiotic organisms. 

 Some planktonic forms can float owing to the presence of gas vacuoles, and most 
of the filamentous forms have gliding motility. 

 Numerically these organisms dominate the ocean ecosystems. There are 
approximately 1024 cyanobacterial cells in the oceans. To put that in perspective, 
the number of cyanobacterial cells in the oceans is two orders of magnitude more 
than all the stars in the sky.  
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 Pigmentation of cyanobacteria includes chlorophyll a, blue and red phycobilins 
(phycoerythrin, phycocyanin, allophycocyanin, and phycoerythrocyanin), 
carotenoids and xanthophylls. These accessory pigments lie in the 
phycobilisomes, located in rows on the outer surface of the thylakoids.  

 The traditional name of blue-green algae for the Cyanophyceae is due to the 
presence of phycocyanin and phycoerythrin, which usually mask the chlorophyll 
pigmentation. 

 Their thylakoids, which lie free in the cytoplasm, are not arranged in stacks, but 
singled and equidistant, in contrast to prochlorophytes and most other algae, but 
similar to Rhodopyta and Glaucophyta. 

 The reserve polysaccharide is cyanophycean starch, stored in tiny granules lying 
between the thylakoids. In addition, these cells often contain cyanophycin 
granules, that is, polymer of arginine and asparagine.  

 Some marine species contain gas vesicles used for buoyancy regulation.  
 In some filamentous cyanobacteria, heterocysts and akinetes are formed. 
 Heterocysts (Figure 2.3) are vegetative cells (though they are larger) that appear 

empty in the light microscope (whereas akinetes appear full of storage products).  
Heterocysts have been drastically altered to provide the necessary anoxygenic 
environment which is ideal for nitrogenase enzyme necessary for the process of 
nitrogen fixation  as following:. 

o They are photosynthetically inactive because they loss of photosystem II 
thus they do not fix CO2, nor do they produce O2. 

o They also exhibit a high rate of respiratory O2 consumption 
o They are surrounded by a thick, laminated, glycolipid cell wall that limits 

ingress of atmospheric gases, including O2. 
o Heterocysts are formed at regular intervals from vegetative cells by the 

dissolution of storage granules, the deposition of a multilayered envelope 
outside of the cell wall, the breakdown of photosynthetic thylakoids, and 
the formation of new membranous structures 

 Some cyanobacteria produce potent hepatotoxin and neurotoxins. 

 
FIGURE 2.3 Light micrograph of Anabaena crassa showing vegetative cells, akinetes, and heterocysts. 
 
Cyanobacteria Systematics  
Based on growth form and presence/abscence of morphological features: 5 groups 
(order)  

o Unicelluar (rods or cocci) - Synechococcus  
o Pleurocapsalean - unicells which produce endospores - Dermocarpa  
o Non-heterocystous filaments - Spirulina, Oscillatoria, Trichodesmium   
o Heterocystous unbranched filaments - Anabaena, Nostoc   
o Heterocystous branched filaments - Scytonema, Fisherella  . 
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Cyanobacteria Evolution  
o The cyanobacteria are the oldest group of algae with definite fossil remains in 

the form of stromatolites (Fig. 2.4), in Australia dating back about 2700 
million years.  

o When Cyanobacteria evolved, they changed our atmosphere which was 
composed primarily of methane (CH4), ammonia (NH3), and other reduced 
compounds into oxygen-rich air. 

o Photosynthesis by the cyanobacteria eventually built up the oxygen content of 
the atmosphere to what it is today (20%). 

o Although they provided the basis for today‘s life-forms but caused mass 
mortality in old, anaerobic bacteria form.  

o Fossil cyanobacteria appear very similar to today‘s forms . 

  

Fig. 2.4 Cyanobacterial stromatolites 
 
Cyanobacteria in Extreme Habitats 
o Anoxygenic photosynthesis: cyanobacteria lacking photosystem II perform 

photosynthesis without O2 production and use hydrogen sulfide (H2S) as electron 
donator: 2H2S + CO2 →  CH2O + 2S + H2O  

o Thermophilic forms: live in extremely high temperature of up to 70°C 
(Yellowstone Park). 

 
Prochlorophyta 
 Prochlorophytes can be unicellular or filamentous, and depending on the 

filamentous species, they can be either branched or unbranched.  
 They occur as free-living organisms in freshwater and marine habitats, and as 

symbionts in colonial ascidians., and are mainly limited to living in tropical and 
subtropical marine environments, with optimal growth temperature at about 24οC. 

 These prokaryotes contribute a large percentage of the total organic carbon in the 
global tropical oceans, making up to 25–60% of the total chlorophyll a biomass in 
the tropical and subtropical oceans.  

 They synthesize chlorophyll b in addition to chlorophyll a similar to euglenoids 
and land plants,; other pigments are β-carotene and several xanthophylls.  

 Prochlorophytes lack phycobiliproteins and phycobilisomes, and this is the most 
significance difference between these and cyanobacteria Other major differences 
concern the morphology of thylakoids, which are paired rather than single, the 
synthesis of a starch-like polysaccharide as main storage compound, the absence 
of both cyanophycin and gas vacuoles, and the diffuse localization of DNA 
through the cytoplasm.  

 They are also able to fix nitrogen, though not in heterocysts.  
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EUKARYOTES 

 
THE ENDOSYMBIOTIC THEORY OF CHLOROPLAST EVOLUTION 
 
According to endosymbiotic theory, a cyanobacterium was taken up by a phagocytic 
protozoan organism into a food vesicle.  
Instead of being digested as a source of food, the cyanobacterium lived as an 
endosymbiont in the protozoan. This event benefited the protozoan because it 
received some of the photosynthate from the endosymbiotic alga, and it benefited the 
cyanobacterium because it received a protected stable environment. A mutation in the 
endosymbiont which resulted in a loss of the wall would have been selected for in 
evolution because it would have facilitated the transfer of compounds between the 
host and the endosymbiont. The food vesicle membrane of the phagocytotic host 
became the outer membrane of the chloroplast envelope. The plasma membrane of the 
cyanobacterium symbiont became the inner membrane of the chloroplast envelope. 
Rearrangement of the thylakoid membranes and evolution of polyhedral bodies 
containing ribulose-1,5-bisphosphate carboxylase/oxygenase and differentiated into 
the pyrenoid completed the transition to a true chloroplast. 

 
Fig. 2.5 Diagrammatic representation of the uptake of a cyanobacterium by a protozoan into a food 
vesicle. This resulted in the establishment of an endosymbiosis between the cyanobacterium and the 
protozoan. Through evolution, the endosymbiotic cyanobacterium evolved into a chloroplast 
surrounded by two membranes of the chloroplast envelope. 
 

There are a number of similarities between cyanobacteria and chloroplasts that 
support the endosymbiotic theory:  
1. they are about the same size;  
2. they evolve oxygen in photosynthesis; 
3. they have 70S ribosomes;  
4. they contain circular prokaryotic DNA without basic proteins; 
5. nucleotide sequencing of rRNA or of DNA encoding rRNAs have shown similarities;  
6. they have chlorophyll a as the primary photosynthetic pigment. 
 

Although similar to cyanobacteria, the chloroplasts should be regarded as organelles 
rather than endosymbiotic cyanobacteria. Cyanobacteria have over 3000 genes 
whereas chloroplasts have about 200 genes.  
The algae with only chloroplast membrane are red and green algae. 
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Evolution of one membrane of chloroplast endoplasmic reticulum 
Chloroplast endoplasmic reticulum evolved when a chloroplast from a eukaryotic alga 
was taken into a food vesicle by a phagocytotic euglenoid, apicomplexan or 
dinoflagellate (Fig. 2.6). Normally the cell would have digested the chloroplast as a 
source of food. However, in this case the chloroplast remained in the cytoplasm of the 
host as an endosymbiont. The host benefited from the association by receiving 
photosynthate from the endosymbiotic chloroplast. The endosymbiotic chloroplast 
benefited from the high concentration of carbon dioxide in the acidic environment of 
the host vesicle. Eventually the food vesicle membrane of the host became the single 
membrane of chloroplast endoplasmic reticulum surrounding the chloroplast. It is 
probable that the plastid of the euglenoids evolved by the capture of a green-algal 
chloroplast. The plastids of the dinoflagellates and apicomplexans probably are 
derived from an endosymbiotic red-algal chloroplast.  
The algae with one membrane of chloroplast E.R. are Dinophyta and Euglenophyta. 

 
Fig. 2.6. Drawing illustrating the protable sequence of evolutionary events that led to a chloroplast 
being surrounded by a single membrane of chloroplast endoplasmic reticulum. Initially a chloroplast 
was taken up by a phagocytotic protozoan into a food vesicle, with the food vesicle membrane 
eventually evolving into the single membrane of chloroplast endoplasmic reticulum surrounding the 
chloroplast 
 
Evolution of two membranes of chloroplast endoplasmic reticulum 
The algae with two membranes of chloroplast E.R. evolved by a secondary 
endosymbiosis (Fig. 2.7) when a phagocytic protozoan took up a eukaryotic 
photosynthetic alga into a food vesicle. Instead of being phagocytosed by the 
protozoan, the photosynthetic alga became established as an endosymbiont within the 
food vesicle of the protozoan. The host benefited from the association by receiving 
photosynthate from the endosymbiotic chloroplast. The endosymbiotic chloroplast 
benefited from the high concentration of carbon dioxide in the acidic environment of 
the host vesicle. The food vesicle membrane eventually fused with the endoplasmic 
reticulum of the host protozoan, resulting in ribosomes on the outer surface of this 
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membrane, which became the outer membrane of the chloroplast E.R. Through 
evolution, ATP production and other functions of the endosymbiont’s mitochondrion 
were taken over by the mitochondria of the protozoan host, and the mitochondria of 
the endosymbiont were lost. The host nucleus also took over some of the genetic 
control of the endosymbiont, with a reduction in the size and function of the nucleus 
of the endosymbiont.  
The resulting cell had two membranes of chloroplast envelope surrounding the 
chloroplast. Outside of this was the inner membrane of chloroplast E.R. that was the 
remains of the plasma membrane of the endosymbiont. Outside of this was the outer 
membrane of chloroplast E.R. which was the remains of the food vesicle membrane 
of the host. 
The algae with two membranes of chloroplast E.R. are Heterokontophyta, 
Haptophyta, Cryptophyta and Chlorarachniophyta.  

 
Fig 2.7 The sequence of events that led to the evolution of algae with two membranes of chloroplast 
endoplasmic reticulum. 
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Semidiagrammatic drawing of a cell 
of Porphyridium cruentum, 
Rhodophyta. (c) Chloroplast; (g) 
Golgi; (m) mitochondrion; (mu) 
mucilage; (n) nucleus; (p) pyrenoid; 
(phy) phycobilisomes; (s) starch; (v) 
vesicle 

 
Light and electron microscopical 
drawings of Peridinium sp., a 
dinoflagellate (Dinophyta) showing 
many of the features of the class. (C) 
Chromosome; (CE) chloroplast 
envelope; (CER) chloroplast 
endoplasmic reticulum; (E) epicone; 
(G) Golgi apparatus; (Gr) girdle; (H) 
hypocone; (L) lipid globule; (LF) 
longitudinal flagellum; (Nu) 
nucleolus; (P) trichocyst pore; (S) 
starch; (T) trichocyst; (TF) transverse 
flagellum; (TP) thecal plate. 

 

 
Diagram of a hypothetical brown algal 
cell, Heterokontophyta (ce) 
Chloroplast envelope; (cen) 
centrioles; (cer) chloroplast 
endoplasmic reticulum; (d) 
dictyosome; (er) endoplasmic 
reticulum; (f) DNA fibrils; (m) 
mitochondrion; (ne) nuclear envelope; 
(nu) nucleolus; (p) pyrenoid; (ps) 
pyrenoid sac; (v) vacuole. 

 

 
 
 
 

 41



GLAUCOPHYTA 
 The Glaucophyta include those algae that have endosymbiotic cyanobacteria in 

the cytoplasm instead of chloroplasts. Because of the nature of their symbiotic 
association, they are thought to represent intermediates in the evolution of the 
chloroplast  

 Glaucophytes bear two unequal flagella, which are inserted in a shallow 
depression just below the apex of the cell (Figure 2.8).  

 

 
(a)  

(b) 
FIG. 2.8 (a) Cyanophora paradoxa with two cyanelles (C), nucleus (N), and flagella (F). (b) A group 
of eight autospore of Glaucocystis nostochinearum still retained within parent cell wall. (Bar: 10 
µm.) 
 
 Glaucophytes are a small group of freshwater microscopic algae, sometimes 

collected also from soil samples. 
 Glaucophytes live photoautotrophically with the aid of blue-green plastids often 

referred to as cyanelles.  
 This unusual chloroplast lies in a special vacuole and presents a thin 

peptidoglycan wall located between the two plastid outer membranes, a feature 
retained from their free-living cyanobacterial ancestor.  

 They posses only chlorophyll a and accessory pigments such as 
phycoerythrocyanin, phycocyanin, and allophycocyanin which are organized in 
phycobilisomes. Carotenoids such as β-carotene and xanthophylls such as 
zeaxanthin are also present in their chloroplast.  

 Thylakoids are not stacked.  
 The chloroplast DNA is concentrated in the center of the chloroplast, where 

typically carboxysomes are present, which contain the RuBisCo enzyme.  
 Starch, the reserve polysaccharide is accumulated in granular form inside the 

cytoplasm outside the chloroplast.  
 Sexual reproduction is unknown in this division. 
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RHODOPHYTA 
 The red algae mostly consist of large, multicellular leaflike seaweeds but also 

include the genera of filamentous forms, coccoid unicellular microalgae and 
encrusting, calcified "coralline“ algae (support reefs).  

 Two classes; Bangiophyceae (Figure 2.9) and Floridophyceae (Figure 2.10).  
 

 
FIG. 2.9 Frond of Rhodophyllis acanthocarpa. (Bar: 5 cm.) 

 
 Red algae represent the majority of seaweeds inhabit prevalently all marine 

ecosystems from polar to tropical waters but mostly distributed in temperate and 
tropical regions, they are also present in freshwater and terrestrial environment.  

 Flagella and centrioles are never present in any life stage  
 These algae have chlorophyll a and d, phycobiliproteins (phycoerythrin and 

phycocyanin), allophycocyanin, α and β-carotenes and xanthophylls. 
 Phycoerythrin: at least 5 types with slightly different spectra, organized in 

phycobilisomes on plastid thyllakoids as in cyanobacteria  
 Color is mostly pink to dark red because of phycoerythrin 
 Despite their common name, not all red algae are reddish in appearance; parasitic 

forms white, creme or yellow; calcified species white; freshwater species often 
blue-green due to phycocyanin. 

 Phycobilins play an important role in absorbing light for photosynthesis. These 
pigments can absorb the wavelengths of light that penetrate deep into the water. 
As a result, phycobilins allow red algae to live at depths where algae lacking these 
pigments cannot survive. Some species of red algae have been found at depths of 
nearly 270 m, which is about three times deeper than organisms from any other 
algal phyla have been found. 

 Chloroplasts are surrounded only by two chloroplast membranes and contain 
pyrenoids (see page 43). 

 Thylakoids do not stack at all, but lie equidistant and singly within the chloroplast.  
 The chloroplastic DNA is organized in blebs scattered throughout the whole 

chloroplast.  
 The most important storage product is floridean starch, an α-1,4-glucan 

polysaccharide. Grains of this starch are located only in the cytoplasm outside the 
chloroplast, unlike the starch grains produced in the Chlorophyta, which lie inside 
the chloroplasts.  

 Most rhodophytes live photoautotrophically.  

 43



 In the great majority of red algae, cytokinesis is incomplete. Daughter cells are 
separated by pit connection, a proteinaceous plug that fills the junction between 
cells; this connection successively becomes a plug separating adjacent cells. 

     
Fig. 2.10 Semidiagrammatic drawing of the formation of a pit connection in a red alga. (a) The cross 
wall begins to furrow inward with the wall precursors found in vesicles derived from the cytoplasm; (b) 
the cross wall septum is complete, leaving an opening (aperture) in the center; (c) endoplasmic 
reticulum lies across the opening in the wall, and electron-dense material condenses in this area; (d) the 
pit connection is formed, consisting of a plug with the plasmalemma continuous from cell to cell. 
 
 Species in which sexual reproduction is known generally have an isomorphic or 

heteromorphic diplohaplontic life cycle; haplontic life cycle is considered an 
exception.  

 Cell wall is composed of a microfibrillar layer of cellulose or xylan and 
amorphous polysaccharidic mucilages (agar or carrageenans).  

 Commercial utilization of red algae concerns the polysaccharidic mucilages of the 
cell wall, agar and carrageenan used for food processing, micro- and molecular 
biology. The red microalga Porphyridium is an important source of 
polyunsaturated fatty acids, such as arachidonic acid. Red seaweed (Porphyra) 
cultured for nutrition in Japan. 

 Antimicrobial compounds and anti-grazing compounds; of interest to 
pharmaceutical research  

 Extreme environments: deepest photosynthetic organism is a coralline alga at 210 
m depth; unicellular red algae grow in acidic hot springs. 
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HETEROKONTOPHYTA 
One of the defining features of the members of this division is that when two flagella 
are present, they are different (Figure 2.11). Flagellate cells are termed heterokont, 
that is, they possess a long mastigonemate (with mastigonemes or hairs) flagellum, 
which is directed forward during swimming, and a short smooth one that points 
backwards along the cell.  
 Heterokontophyta are mostly marine; but they can be found also in freshwater and 

terrestrial habitats.  
 They show a preponderance of carotenoids over chlorophylls that result in all 

groups having golden rather than grass green hue typical of other major algal 
divisions.  

 The members of this division possess chlorophylls a, c1, c2, and c3 with the 
exception of the Eustigmatophyceae that have only chlorophyll a.  

 The principal accessory pigments are β-carotene, and fucoxanthin (xanthophylls), 
which are responsible of the golden brown colour.  

  The thylakoids are grouped into stacks of three, called lamellae. One lamella 
usually runs along the whole periphery of the chloroplast, which is termed girdle 
lamella, absent only in the Eustigmatophyceae.  

 The chloroplasts are surrounded by two membranes of the chloroplast envelope, 
outside of which are the two membranes of the chloroplast endoplasmic reticulum. 

 The chloroplastic DNA is usually arranged in a ring-shaped nucleoid.  
 The main reserve polysaccharide is chrysolaminarin, a β-1,3-glucan, located 

inside the cytoplasm in special vacuoles. 
 The eyespot enclosed within the chloroplast, and together with the photoreceptor, 

located in swelling at the base of smooth flagellum, forms the photoreceptive 
apparatus.  

 The members of this division can grow photoautotrophically but can also combine 
different nutritional strategies such as heterotrophy.  

 The Heterokontophyta species that reproduce sexually have a haplontic 
(Chrysophyceae), diplontic (Bacillariophyceae) or diplohaplontic (Phaeophyceae) 
life cycle. 

  
− Chrysophyceae or golden-brown algae contain single-celled individuals (Figure 

2.11)  as well as quite colonial forms.  
o Habitat: mostly freshwater especially in oligotrophic waters low in calcium, 

but also marine species; prefer slightly acidic water (pH<7), probably 
because they posses an acidic but no alkaline phosphatase (enzyme to 
degrade organic phosphates).  

o Accessory pigments are β-carotene, and fucoxanthin (xanthophylls), which 
are responsible of the golden brown colour.  

o Golden algae store much of their surplus energy as oil.  
o Cells usually have two different apical flagella, one smooth, the other hairy, 

and contain two parietal chloroplasts with an eyespot.  
o The cell wall is often lacking, or composed of cellulose. Silicified scales, 

polysaccharidic envelopes, or loricas and various cytoplasmic processes may 
occur external to the cell wall.  

o Characteristic of the chrysophyceae is the formation of special resting 
spores, statospores, enclosed in a silicified wall that enable them to survive 
beneath the frozen surfaces of lakes during winter and dry lake beds during 
summer. 
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Fig. 2.11 Semidiagrammatic 
drawing of a light and electron 
microscopical view of the basic 
organization of a cell of the 
Chrysophyceae. (C) Chrysolaminarin 
vesicle; (CE) chloroplast envelope؛ 
(CER) chloroplast endoplasmic 
reticulum; (CV) contractile vacuole؛ 
(E) eyespot; (FS) flagellar swelling؛ 
(G) Golgi body; (H) hair of the 
anterior flagellum; (MB) muciferous 
body; (MR) microtubular root of 
flagellum; (N) nucleus. 

 
o Some species require vitamins and growth substances. Ochromonas 

malhamensis, which requires vitamin B12 to grow, has been used as an assay 
organism for this vitamin. 

o Golden algae likely played a role in the formation of petroleum deposits. 
 
− Xanthophyceae can be unicellular (Figure 2.12) (coccoids or not) filamentous, 

but the most distinctive species are siphonous (Figure 1.23). 
 
 
Fig. 2.12 Light and electron microscopical 
drawing of a zoospore of a typical member of 
the Xanthophyceae، Mischococcus 
sphaerocephalus. (C) Chloroplast; (CV) 
contractile vacuole; (E) eyespot; (FS) flagellar 
swelling; (LF) long flagellum with hairs; (N) 
nucleus; (SF) short flagellum؛ 
(V) vacuole. 
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o The class of Xanthophyceae, comprises freshwater and terrestrial species. 
Only few members are marine.  

o The yellow green colour is due to the presence of both chlorophyll a and 
carotenoids. Chlorophyll c may also be present, whereas fucoxanthin is 
absent.  

o A few unicellular species are motile and flagellate with two unequal flagella: 
a long hairy and a shorter smooth flagellum (Figure 2.12).  

o Cells usually contain several parietal discoid chloroplasts, usually with 
pyrenoids and an eyespot.  

o The cell wall, mainly formed by cellulose, is composed of two overlapping 
halves: a cap of constant size and a tubular basal portion, which elongates as 
the cell grows. 

o The storage product is chrysolaminarin (β-1,3-linked glucan). Mannitol and 
glucose are also accumulated in plastids. Some species, like Monodus sp. 
contain appreciable amounts of arachidonic and eicosapentaenoic acids. 

  
− Eustigmatophyceae are green coccoid (spherical) unicells either single (Figure 

1.12, Fig 2.13), in pairs or in colonies.  
o The class of Eustigmatophyceae produces a small number of zoospores  
o live in freshwaters and soil.  
o The name was chosen because of the large size of the eyespot in the 

zoospore.  
o The zoospores have one or two apical flagella.  
o The chloroplasts of the Eustigmatophyceae have chlorophyll a and β-

carotene, with the two major xanthophylls being violaxanthin and 
vaucheriaxanthin  

o Vegetative cells usually have a polygonal pyrenoid, which is absent in 
the zoospores.  

o The cell wall is polysaccharidic.  
o The eyespot is not enclosed in the chloroplast. 
o Cytoplasm and photosynthetic lamella lipids of many species are 

promising sources of eicosapentaenoic acid, particularly in Monodus 
subterraneus. 

 
 
Fig. 2.13 (a) Diagrammatic representation of 
the basic morphology of a zoospore of the 
Eustigmatophyceae. (C) Chloroplast؛ (CER) 
chloroplast endoplasmic reticulum; (E) eyespot; 
(F) long flagellum; (FB) basal body of short 
flagellum; (FS) flagellar swelling؛ (LV) 
lamellate vesicles; (N) nucleus. (b) 
Polyhedriella helvetica, zoospore and 
vegetative cells. (c) Chlorobotrys regularis. (d) 
Pleurochloris magna، vegetative cell and 
zoospore. 
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Nannochloropsis is a picoplanktonic genus of marine environment. The 
cells are small (2–4 µm in diameter), spherical to slightly ovoid, non-
flagellate. They have one single chloroplast without pyrenoid and containing 
several bands of photosynthetic lamellae, each with three thylakoids per 
band. The chloroplast endoplasmic reticulum is continuous with the nuclear 
envelope. Nannochloropsis has polysaccharide cell walls. The cells do not 
accumulate starch. This alga has an important applied interest as a source of 
polyunsaturated fatty acids, since it accumulates significant amounts of 
eicosapentaenoic acid. 

 
− Bacillariophyceae or diatoms are a group of unicellular golden brown pigmented 

cells that are encased by a unique type of silica wall, composed of two 
overlapping frustules that fit together like a box and lid (Figure 2.16). 

 

o The diatoms live mostly singly or attached to one another in chains of cells or 
in colonial aggregations, in aquatic and terrestrial habitats.  

 
Fig. 2.14 

 
o The chloroplasts contain chlorophylls a, c1, and c2. Fucoxanthin is the 

principal carotenoid, giving the cells their golden-brown color. 
o The thylakoids within the chloroplast are grouped three to a band, and in most 

chloroplasts there is a more or less central pyrenoid 
o The storage product is chrysolaminarin (β-1,3-linked glucan).  
o Lipids are also present.  
o The cytoplasm is enclosed in a siliceous cell wall, the frustule, showing 

different structures and ornamentation, which are used as key features for 
diatom classification. 

 
Fig. 2.15  
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o The frustule consists of two overlapping halves (valves) joined by a girdle 
(both the girdle is formed of epicingulum and hypocingulum). The upper 
longer and wider half (epitheca) fits on the lower half (hypotheca) as the cover 
of a box.   

 
Fig. 2.16 

 
o The nucleus is laterally or centrally placed and suspended by protoplasmic 

threads.  
o There are two major groups of diatoms: Centric diatoms have circular or 

triangular shells and are most abundant in marine environments. Pennate 
diatoms have rectangular shells and are most abundant in freshwater 
environments (Figure 2.17).  

Fig. 2.17 centric (left) and pinnate (right) diatoms 
o Some diatoms are able to glide over the surface of a substrate. Gliding is 

restricted to those pennate diatoms with a raphe (a longitudinal slot in the 
theca) (Figs. 2.18) and those centric diatoms with labiate processes (Figs. 
2.19). The labiate processes have a pore in the center, and the mucilage is 
secreted through the pore. 

 

 
Fig. 2.18 (a) A cell with a raphe system 
(Pinnularia viridis).  (r) raphe. 

Fig. 2.19 Drawing of a side view of Odontella sinensis 
showing the location of the labiate processes (L). 

 
o Diatoms include photoautotrophic, auxotrophic and colourless heterotrophic 

species. 
o Deposits of fossil diatoms, known as diatomaceous earth, have many 

industrial uses (filtration and absorption processes), while commercial uses of 
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living cells are mainly related to the aquaculture, since some diatoms contain 
significant amounts of PUFAs, especially eicosapentaenoic acid. 

o Reproduction is dependent on sufficient silica in the environment (water); 
silica depletion stops cell division   

o New valve is always a hypotheca  
o Daughter cells are one of the same size and one of smaller size of the mother 

cell; mean cell size in the population will decrease over time 

 

Fig. 2.20 Diagrammatic representation of a diatom cell in girdle view showing the reduction in size 
through two divisions. 

o Diatoms are an abundant component of phytoplankton and important 
producers in freshwater and marine food webs. In addition, diatoms release 
atmospheric oxygen. 

 
Rhythmic phenomena 
It is possible to synchronize the division of diatom cells in a culture in a couple of 
different ways.  

o Removal of silicon from cultures of Navicula pelliculosa stops growth of the 
cells at a stage prior to cytokinesis. When silica is added to the culture, all of 
the cells then divide synchronously.  

o Another way of obtaining synchronized cell divisions is by keeping the 
diatoms in the dark for a long period followed by exposure to light. In 
Nitzschia palea the shortest time that can be obtained between cell divisions is 
16 hours.  
If the cells are grown on an 8 hour light : 8 hour dark cycle, synchronously 
dividing cells are obtained. If the cycle is shortened to 6 hours light : 6 hours 
dark, then cell division occurs every second dark period because there is 
insufficient time for the diatom to prepare itself for the next division. 

 
Raphidophyceae  

o Raphidophyceae are small group of unicellular wall-less (naked) heterokonts  
o The cells have two different apical or subapical flagella (Figure 2.21). 
o containing chlorophyll a, c1 and c2, and some carotenoids, often fucoxanthin 

in marine species and heteroxanthin in freshwater species.  
o there is no eyespot.  
o The cytoplasm is subdivided into a peripheral part occupied by a layer of 

many discoid chloroplasts and vacuoles, and a central part containing the 
nucleus and the mitochondria.  

o Species of marine genera (e.g. Fibrocapsa japonica, Heterosigma and 
Olisthodiscus) may give rise to massive blooms that cause serious damages 
to fish-farming 

 

− Dictyochophyceae, known as silicoflagellates, are unicells that bear a single 
flagellum with mastigonemes (Figure 2.22). 
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FIG. 2.21 Unicell of Heterosigma akashiwo. FIG 2.22 The silicoflagellate Distephanus 
speculum. 

 
− Phaeophyceae (Brown algae) 

o contains approximately 1,500 species of multicellular algae, few 
microscopic filamentous forms and many giant forms, mostly seaweed e.g. 
kelp (Figure 2.23).  

o There are no unicellular or colonial organisms in the class. 
o Brown algae are mostly marine organisms, they are most common along 

rocky coasts where ocean water is cool. A few species of brown algae, such 
as Sargassum, can be found far offshore, where they form dense, floating 
mats. 

o Brown algae contain chlorophylls a c1 and c2 and fucoxanthin, an accessory 
pigment that gives the algae their characteristic brown color.  

o Storage product: Laminarin (β-1,3-linked glucan), mannitol, glycerol  
o Anti-freeze effect of mannitol and glycerol important for kelps in temperate 

and polar regions  
o The Phaeophyta occur almost exclusively in marine habitat, where they form 

rich underwater forests.  
o Cell walls contain three components: cellulose (structural support), alginic 

acid, sulfated polysaccharids. 
o Alginates are located in intercellular matrix and provide flexibility of the 

thallus and prevent desiccation. 
o Commercial uses of brown algae mainly concern the alginate industry. 

The Giant Kelp Macrocystis  
• The large brown alga is Macrocystis pyrifera is a giant kelp that thrives in 

intertidal zones and reaches 60 m in length and has a life of 5 years. The 
thallus is anchored to the ocean bottom by a rootlike holdfast. The stemlike 
portion of the alga is called the stipe. And the leaflike region, modified to 
capture sunlight for photosynthesis, is the blade. 

• The forests of the giant kelp Macrocystis pyrifera form continuous beds up to 
8 km long and 1 km wide along the Pacific Coast of North and South America 

• Pneumatocysts provide bouyancy; up to 10% carbon monoxide  
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Fig. 2.23 Macrocystis pyrifera. 
 
 
HAPTOPHYTA (PRYMNESIOPHYTA) 
 The great majority of Haptophyta are unicellular, motile, palmelloid, or coccoid, 

but a few form colonies or short filaments.  
 These algae are generally found in marine habitats, although there are a number of 

records from freshwater and terrestrial environments.  
 Flagellate cells, bear two naked flagella, inserted either laterally or apically, which 

may have different length.  
 A structure apparently found only in algae of this division is the haptonema, 

typically a long thin filamentous appendage between the two flagella (named 
Haptophyta for the presence of this appendage). 

 long haptonema are used for prey capture and attachement to substrates; short 
haptonema mostly without function 

 The chloroplast contains chlorophylls a, c1, and c2.  
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FIG. 2.24 A light and electron microscopical drawing of a cell of a typical member of the Haptophyta, 
Chrysochromulina sp. A rapidly swimming individual is shown, with the arrow indicating the direction 
of movement. (C) Chloroplast; (CE) chloroplast envelope; (CER) chloroplast endoplasmic reticulum; 
(Cl) chrysolaminarin vesicle; (E.R.) endoplasmic reticulum; (F) flagellum; (FR) flagellar root; (G) 
Golgi body; (H) haptonema; (M) mitochondrion; (MB) muciferous body; (N) nucleus; (S) scale. 
 
 The golden yellow brown appearance of the chloroplast is due to accessory 

pigments such as fucoxanthin, β-carotene, and other xanthins.  
 Each chloroplast is enclosed within a fold of endoplasmic reticulum, which is 

continuous with the nuclear envelope.  
 Thylakoids are stacked in threes, and there are no girdle lamellae.  
 The nucleic DNA is scattered throughout the chloroplast as numerous nucleoids.  
 When present as in Pavlova, the eyespot consists in a row of spherical globules 

inside the chloroplast; no associated flagellar swelling is present.  
 The most important storage product is the polysaccharide chrysolaminarine.  
 The cell surface is typically covered with tiny cellulosic scales or calcified scales 

(coccoliths) bearing spoke-like fibrils radially arranged. 
 Great variety of coccolith forms, used for taxonomy and geological identifications 

 

Fig. 2.25 
 

 Most haptophytes are photosynthetic, but heterotrophic nutrition is also possible. 
Phagotropy is present in the forms that lack a cell covering (coccoliths).  
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 A heteromorphic diplohaplontic life cycle has been reported, in which a diploid 
planktonic flagellate stage alternates with a haploid benthic filamentous stage. 

 In marine environment, these microalgae are widespread, forming a major part of 
marine phytoplankton.  

 Since many years, Prymnesium parvum is known for producing a potent exotoxin 
lethal for fish and molluscs. Recently, toxic blooms of Chrysochromulina 
polylepsis have been reported.  

 Strains of Isochrysis and Pavlova are investigated as a source of polyunsaturated 
fatty acids (PUFAs). 

Oceanic Blooms: Emiliania huxleyi  
 Prominent blooms in temperate and polar areas of both hemispheres  
 Water discoloration can be seen from satellites 

 
 

Fig. 2.26 
 

 
 
 Emiliania huxleyi produces DMSP (dimethylsulfoniumpropionate); converted to 

DMS (dimethylsulfide) upon release to air  
 DMS increases cloud formation; increased clouds and coccoliths increase water 

albedo ? cooling effect 

 
Fig. 2.27 

 
• Foam accumulates on the beaches during dense blooms because wave action 

destroys the cells and wipes the cells‘ proteins to foam  
• Toxicity is not reported from such blooms, but fish evades blooms, probably by 

detection of the DMS in the water  
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Fig. 2.28 

 
• Fisheries are affected by net clogging 
• Oceanic blooms of coccolithophorids DO NOT help decreasing the atmospheric 

increase in CO2 because algae release acids, which convert HCO3
- to CO2 for 

carbon uptake; especially important in calcification  
                                           Ca2+ + 2 HCO3

- → CaCO3 + H2O + CO2
 
CRYPTOPHYTA 
 Unicellular, small (3-50 µm) biflagellate cells (Figure 2.29).  
 They bear two unequal, hairy flagella, subapically inserted, emerging from above 

a deep gullet located on the ventral side of the cell. 
 The wall of this gullet is lined by numerous ejectosomes similar to trichocysts, 

discharged upon disturbance, e.g. grazer, attack, change in pH, temperature, 
osmotic pressure.  

 Cryptophytes are typically free-swimming in freshwater and marine habitats; 
palmelloid phases can also be formed, and some members are known to be 
endosymbionts in host invertebrates or within certain marine ciliates. 

 Cryptophyta possess only chlorophylls a and c2.  
 Phycobilins are present in the thylakoid lumen rather than in phycobilisomes.  
 The chloroplasts, one or two per cell, are surrounded by a fold of the endoplasmic 

reticulum. In the space between these membranes a peculiar organelle, the 
nucleomorph, is located. This organelle can be interpreted as the vestigial nucleus 
of the red algal endosymbiont that gave rise to the chloroplasts of the 
Cryptophyta.  

 Thylakoids are arranged in pairs, with no girdle lamellae.  
 The pyrenoid projects out from the inner side of the chloroplast.  
 The chloroplast DNA is condensed in small nucleoids scattered inside the 

chloroplast.  
 The reserve polysaccharide accumulates in the periplastidial space as starch 

granules.  
 Sometimes an eyespot formed by spherical globules is present inside the plastid, 

but it is not associated with the flagella.  
 The cell is enclosed in a stiff, proteinaceous periplast (organic plates underneath 

cell membrane), made of polygonal plates.(Figure 2.27) 
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Fig. 2.29 Morpholohy of a cryptophyte cell 

 
ost forms are photosynthetic, but heterotrophic nutrition also occurs.  
e primary method of reproduction is simply by longitudinal cell division, 
rting from posterior end (in contrast to Euglenophytes!) 
xual reproduction has recently been documented in some species 
gnificance: can form substantial part (up to 70%) of phytoplankton in Antarctic 
es in winter/early spring communities in the North and Baltic Seas  

  
  
  
  

  
 

  
 

The life cycle of Cryptomonas sp. cryptomonads 30.2. Fig 

56



DINOPHYTA (Dinoflagellates, Pyrrhophytes) 

 Most important phytoplankton besides diatoms in marine waters  
 Members of this division are typical unicellular flagellates (Figure 2.31) but can 

be also nonflagellate, ameboid, coccoid, palmelloid, or filamentous. 

 
Fig. 2.31 A marine dinoflagellate. (Bar: 30 µm.) 

 
 Dinoflagellates have two flagella with independent beating pattern. Flagella are 

apically inserted (desmokont type) or emerge from a region close to the midpoint 
of the ventral side of the cell (dinokont type).  

 In dinokont type dinoflagellates, the cell is composed of two parts, an upper, 
anterior half an epicone and a lower, posterior half, a hypocone, separated by a 
groove known as cingulum where the transversal flagellum is located (Figure 
2.32). A smaller groove, the sulcus, extends posteriorly from the cingulum, and 
hosts the longitudinal flagellum. The two flagella emerge from a pore located at 
the intersection of the two grooves. 

 The longitudinal flagellum propelles the cell forward; the transversal flagellum 
run within the girdle and is attached to the cell wall except at its end; by 
undulating motions of the transversal flagellum the cell rotates around its axis 
while swimming. 

 
 

Fig. 2.32 
 
 Dinoflagellates have cell walls made of cellulose plates that look like armor when 

seen under a microscope. 
 Very often they are important components of the microplankton of freshwater and 

marine habitats.  
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 They are readily eaten by large protozoa, rotifer, and planktivorous fishes.  
 Dinoflagellates possess chlorophylls a, b, c1, and c2, fucoxanthin, other 

carotenoids, and xanthophylls such as peridinin, gyroxanthin diester, dinoxanthin, 
diadinoxantin, and fucoxanthin.  

 The chloroplasts, if present, are surrounded by three membranes.  
 Within the chloroplasts the thylakoids are for the most part united in a stack of 

three.  
 The chloroplast DNA is localized in small nodules scattered in the whole 

chloroplast, with typical pyrenoids.  
 A really complex photoreceptive system is present in some dinophytes consisting 

of a “compound eye” composed of a lens and a retinoid.  
 Most dinoflagellates are distinguished by the presence of a dinokaryon, a special 

eukaryotic nucleus involving fibrillar chromosomes that remain condensed during 
the mitotic cycles.  

 Besides photoautotrophy, dinoflagellates exhibit an amazing diversity of 
nutritional types because about half of the known species lack plastids and are 
therefore obligate heterotrophic. 

 Some dinoflagellates are invertebrate parasites, others are endosymbionts 
(zooxanthellae) of tropical corals.  

 The principal reserve polysaccharide is starch, located as grains in the cytoplasm, 
but oil droplets are present in some genera.  

 At the surface of the cell there are ejectile organelles, trichocysts which discharge 
explosively when stimulated and to aid in prey capture or self-defense.  

 

 Extremely vulnerable to turbulence, so dinophytes predominate during calm 
weather; storms can destruct large numbers of cells  

 Some species produce toxins and red pigments. When the populations of these 
species explode, they turn the water brownish red, resulting in a phenomenon 
known as red tide. Red tide toxins can kill large numbers of fish. When shellfish, 
such as oysters, feed on red tide dinoflagellates, they also consume the toxins, 
which are dangerous to humans who eat the shellfish. 

 Some species of dinoflagellates, such as those in genus Noctiluca, can produce 
bioluminescence, the production of light by means of a chemical reaction in an 
organism.  

 Dinophyceae have generally a haplontic life history. 
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 Resting cysts can arise from sexual production or from mitotic division; sustain 
unfavorable conditions for long periods of time; mostly red pigmented, 
photosynthetic pigments reduced. 

 The dinoflagellates are a potential source of omega-3 unsaturated fatty acids, 
eicosapentaenoic and docosaesaenoic acids. 

 
 

Fig. 2.33  
 
EUGLENOPHYTA 
 Euglenophyta include mostly unicellular flagellates (Figure 2.34) although 

colonial species are common.  
 They are widely distributed, occurring in freshwater, brackish and marine waters, 

most soils, and mud (about 1,000 species).  
 They are especially abundant in highly heterotrophic environments.  
 The flagella arise from the bottom of a cavity called reservoir, located in the 

anterior end of the cell.  

 
Fig. 2.34 Euglena sp. 
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 Euglena lack a cell wall, so, they are flexible and can change their shape. Cells 
can ooze their way through mud or sand grains by a process known as metaboly, 
a series of flexible or flowing movements cause change of cell shape and made 
possible by the presence of the pellicle, a proteinaceous wall which lies inside the 
cytoplasm, just beneath their cell membrane. The pellicle can have a spiral 
construction and can be ornamented. 

 
Fig. 2.35 scanning electron micrographs of the pellicle of Euglena (left) and Phacus (right). 

 
 The members of this division share their pigmentation with prochlorophytes, 

green algae, and land plants, because they have chlorophylls a and b, β- and γ-
carotenes, and xanthins. However, plastids could be colorless or absent in some 
species.  

 As in the dinophyta the chloroplast envelope consists of three membranes.  
 Within the chloroplasts, the thylakoids are usually in groups of three, without a 

girdle lamella and pyrenoids may be present.  
 The chloroplast DNA occurs as tiny granules.  
 The photoreceptive system consisting of an orange eyespot located free in the 

cytoplasm and the true photoreceptor located at the base of the flagellum can be 
considered unique among unicellular algae.  

 Positive phototaxis, i.e. swimm towards the light source  
 The reserve polysaccaccharide is paramylon, β-1,3-glucan, stored in the granules 

scattered inside the cytoplasm and not in the chloroplasts like the starch of the 
Chlorophyta.  

 They are not photoautotrophic but rather obligate mixotrophic, because they 
require one or more vitamins of the B group.  

 Some colorless genera are phagotrophic, with specialized cellular organelle for 
capture and ingestion of prey; some others are osmotrophic.  

 Some of the pigmented genera are facultatively heterotrophic.  
 Only asexual reproduction is known in this division.  

 
CHLORARACHNIOPHYTA 
 They are marine,  naked, uninucleate cells (Figure 2.36).  
 The basic life cycle of these algae comprises ameboid, coccoid, and flagellate cell 

stages.  
 They posses chlorophylls a and b.  
 Each chloroplast has a prominent projecting pyrenoid and is surrounded by four-

membrane envelope.  
 Thylakoids are grouped in stacks of one to three.  
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 A nucleomorph is present between inner and outer membrane of chloroplast E.R. 
The origin of this organelle is different from the origin of the cryptophytes 
nucleomorph.  

 
Fig. 2.36 Semidiagrammatic drawing of the cell structure of Chlorarachnion reptans. 

 
 Paramylon (β-1,3-glucan) is the storage carbohydrate.  
 They are phototrophic and phagotrophic engulfing bacteria, flagellates, and 

eukaryotic algae.  
 Asexual reproduction is carried out by either normal mitotic cell division or 

zoospore formation. 
 Sexual reproduction when present, it is characterized by heterogamy. 

 
Fig. 2.37 Chlorarachnion reptans 
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CHLOROPHYTA 
 The Chlorophyta, or green algae, include a large group of organisms (more than 

17,000 identified species) with a great range of somatic differentiation ranging 
from unicellular flagellates to complex multicellular thalli.  

 Most species of green algae are aquatic (10% of the algae are marine, whereas 
90% are freshwater). Some species, inhabit moist terrestrial environments, such as 
soil and tree trunks. Some green algae live as symbiotic partners with 
invertebrates, such as corals. Other green algae live with fungi as a part of 
organisms called lichens. 

 Green algae share several characteristics with plants. Both have chlorophylls a 
and b. Both have carotenoids, which capture light energy and transfer it to 
chlorophyll a. Green algae and plants store food as starch in the chloroplast and 
have cell walls made up of cellulose. The starch is similar to that of higher plants 
and is composed of amylose and amylopectin. 

 Chlorophyta possess also accessory pigments such as xanthophylls and several 
carotenoids (β- and γ-carotene) that may be synthesized and accumulated outside 
the chloroplast.  

 Accumulation of carotenoids occurs under conditions of nitrogen deficiency, 
and/or other stress such as  high irradiance and high salinity, coloring the alga 
orange or red. 
− Prasinophyceae unicellular, motile algae, Tetraselmis has a very high lipid 

level; their amino acids stimulate feeding in marine organisms 
 

   
Fig. 2.38 Unicell of Tetraselmis chuii  

 
− The class Chlorophyceae comprises flagellated cells either naked or 

covered by a cell wall termed theca (Figure 2.35).  

   
Fig. 2.39 Chlamydomonas  
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− Ulvophyceae All Ulvophyceae known to date are sessile organisms having 
walled vegetative cells. Except for a small group of species, the thalli are 
usually multicellular or coenocytic during at least some part of the life 
history. Many species have microscopic, filamentous thalli, but most are 
macroscopic seaweeds, capable of considerable morphological 
differentiation (Figure 1.30).  

− Cladophorophyceae take the form of branched or unbranched filaments of 
multinucleate cells with periodic cross walls (Figure 1.20).  

− Briopsidophyceae The organization of the thallus in the class of 
Briopsidophyceae is always syphonous; syphonous thalli can combine to 
form fairly complex tissues (Figure 2.40). 

− The Zygnematophyceae are either coccoids or filamentous (Figure 1.18).  
− In all the Trentepohliophyceae the thalli consist of branched or unbranched 

filaments with uninucleate cells (Figure 2.41).  

 
 

Fig. 2.40 Thallus of Codium sp. (Bar: 2 cm.) Fig. 2.41 Thallus of Trentepohlia arborum. 
 
− Klebsormidiophyceae have coccoid and branched or unbranched 

filamentous forms (Figure 2.42).  
− Charophyceae have macroscopic thalli, which exhibit the characteristic of 

both the filamentous and syphonous levels of organization (Figure 2.43). 
− Dasycladophyceae have syphonous thalli in many species encrusted with 

calcium carbonate (Figure 2.44).  
 

   
Fig. 2.42 Filament of 
Klebsormidium sp. 

Fig. 2.43 Thallus of Nitella sp. Fig. 2.44 Portion of the thallus 
of Acetabularia sp. 
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 The similarities between green algae and plants suggest that they may have had a 
common ancestor or that ancient green algae gave rise to land plants. 

 The different level of thallus organization (unicellular, colonial, filamentous, 
siphonous, and parenchimatous) have traditionally served as the basis of 
classification of this division.  

 Chlorophytes show a wide diversity in the number and arrangements of flagella 
associated with individual cells (one or up to eight in the apical or subapical 
region).  

 Flagellated cells are isokont, which means the flagella are similar in structure, but 
could differ in length. 

 Chloroplasts are surrounded by the double-membrane chloroplast envelope 
without any endoplasmic reticulum membrane. 

 Within the chloroplasts, thylakoids are stacked to form grana.  
 Pyrenoids, if present, are embedded within the chloroplast and often penetrated by 

thylakoids.  
 The circular molecules of chloroplast DNA are concentrated in numerous small 

blobs (1–2 µm in diameter).  
 Some species are naked. 
 Eyespot, if present, is located inside the chloroplast, and consists of a layer of 

carotenoid-containing lipid droplets between the chloroplast envelope and the 
outermost thylakoids.  

 Chlorophyta are photoautotropic but can be also heterotropic. 
 
Life cycle variations 

− No sexuality is known in Prasinophyceae but the genus Nephroselmis has a 
haplontic life cycle.  

− In Chlorophyceae, reproduction is usually brought about through the 
formation of flagellate reproductive cells. The life cycle is haplontic.  

− In Ulvophyceae the life cycle is haplontic, isomorphic, and diplohaplontic.  
− In Cladophorophyceae and Trentepohliophyceae, the life cycle of reproductive 

species are diplohaplontic and isomomorphic.  
− In Bryopsidophyceae, Klebsormidiophyceae, Charophyceae, 

Zygnematophyceae, and Dasycladophyceae life cycle is haplontic.  
 
Commercial exploitation of microscopic green algae comprises relatively few 
chlorophycean genera among which there are Chlorella, Dunaliella and 
Haematococcus.  
Dunaliella spp. from hypersaline environments have been extensively studied, 
cultivated and commercialized as a source of natural β-carotene.  
Haematococcus Agardh. Haematococcus is a freshwater unicellular alga with ovoid 
cells actively motile by two smooth apical flagella. During its growth stages 
nonmotile cells, or cysts, also occur. The cell content is usually green with a small 
part of the cell orange-red pigmented owing to the accumulation of the ketocarotenoid 
astaxanthin in globules outside the chloroplast. As the conditions become 
unfavourable, green and motile cells round off, then produce thicker walls, loose the 
flagella and finally cease to swim. In these cysts the protoplast fills the whole cell and 
a great increase in cell dimension occurs together with a change of pigmentation from 
green to orange-red, due to the increase of astaxanthin deposition. When the 
conditions become favourable for growth, the cysts germinate releasing a large 
number of new motile cells. The astaxanthin represents a high valuable product not 
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only as a colouring agent for fishes and crustaceans in aquaculture but, since it is a 
potent natural antioxidant, it may also find important applications in medicine. 
Chlorella Beijerinck. Chlorella is a cosmopolitan genus with small, unicellular, 
ovoidal nonmotile cells; it does not produce zoospores. Cells have a thin cell wall, and 
cup-shaped chloroplast. Pyrenoid may be present. The accumulation of starch occurs 
within the chloroplast. Chlorella reproduces by forming daughter cells or autospores 
(4–8–16) of the same shape as the parent cell. It grows in autotrophic, heterotrophic 
and mixotrophic conditions. Besides autotrophic strains, heterotrophic strains are also 
cultivated. Chlorella is the most important species in the microalgal industry; it is 
cultivated and sold essentially as health food. 
Botryococcus braunii was proposed and cultivated as a renewable source of liquid 
fuel, owing to the high hydrocarbon content.  
 
 

 65


