
Lecture  (7) Phycology 



Algae (Phycology)      



Phycology 

 Phycology  is the Study of Algae the science =logos = phycos = seaweeds 

 Algae are Eukaryotic except     Blue Green Algae. 
 Thallophytes (non flower plantes) 

 Range in size from microscopic to single celled organisms to large seaweed 

 Algae are diverse and becoming more problematic in freshwater resources  

 Algae can restrict uses of a water resource and pose threats to wildlife and 

humans  

 Both Proactive and Reactive techniques should be considered for efficient 

management  

 Algae characteristics, algaecide formulation, and water chemistry can all 

impact control  

 



STRUCTURE 

No true roots, stems or leaves 

Over 30,000 species  

Thallus (haploid) 

Four types of algae 

Unicellular 

Colonial 

Filamentous 

multicellular 



The Algae 



Algae phyla 



Occurrence of algae: 

Found in a variety of habitats (Fresh water, marine, on rocks, with in plants or 

animals) 

Aquatic forms are most common 

On the basis of habitat, algae are classified into three groups 

1. Aquatic forms 

2. Terrestrial forms 

3. Algae of unusual habitats Chlamydomonas (Unicellular Flagellated Algae 

 

(1). Aquatic algae: 

Two types: Fresh water and marine forms 

Fresh water forms: Occurs in ponds, lakes, river etc.(Spirogyra) 

Marine water forms: Occurs in saline condition such as seas and oceans 
(Most of the Red and Brown algae such as Polysiphoniaand Sargassum) 
 

(2). Terrestrial Algae: 

Found in/on soil, rocks, moist wall, tree trunks etc. 



Photosynthetic Pigments 

Chlorophylls There are in the Plastids It consists of a system porphyrin 

ring , It looks like the installation of hemoglobin but Replaces the iron atom 

of magnesium atom so they have different Absorption bands  

Chlorophyll a-found in all algae and macrophytes;  the primary pigment 

Absorbance spectrum 660-665 nm and 430 nm 

Chlorophyll b-only in chlorophyta, euglenophyta and charophyta;  

Chlorophyll c- accessory pigment 

Chlorophyll D- accessory pigment 

Characteristics 



Plastids 
chloroplast 

Chromoplast Colored  

Amyloplast or Leucoplast Colorless  

 

Pyrenoid 
is an Protein area within the chloroplasts convert 

photosynthesis outputs to stored materials 

Storage Products 
 High-molecular-weight compound 

Starch,  

 Small-molecular-weight compounds 

mannitol 

   
 



Mitochondria  
 Number & size vary. 

 Exact function is Respiratory related 

 Absent in Cyanophyta 

Vacuoles 
 One or More Vacuoles 

 Meant for Osmotic Relation & regulation of Solutes 

 Two Types   : Complex & Contractile 

 

Golgi Bodies  
 .G-Complex here is known as Dictyosomes. 

 Situated near Chromatophores,Flagella, nucleus. 

 Exact function not defined so far. 

 Absent in Cyanophyta. 

Eye spot  (Stigma) 
 Consist of Lipid Droplets present irregularly. 

 They are light sensitive photoreceptors. 

 It helps in orientation of motile Flagella.  

Play an important role in the optical response 



Cell wall 

 Algae have a rigid cell wall. 

 Algae cell wall consists of two types of materials and fibrous like cellulose , Mannan & 

xylans  and amorphous like Agar & carrageena 

 
 

Made up of two materials 
Inner                 Water Insoluble 

Outer                Pectic substances 

 

Most common material of inner layer is 

                         Cellulose 
In cell wall of Phaephyta alaginic & Fucinic acid are found whereas            

mucopeptide is present in cell wall of Blue-Green Algae. 

In some algae, walls contain definite Pores for Mucilage discharge & 

connections for protoplasmic connections. 



Flagella are found in all except  Cyanophyta &  Rhodophyta 

 have flagella at some point in life 

 Nature Whiplash& Tinse 

 Number & Position of Flagella 
 

Locomotion in algae is largely based on the 

action of flagella. 

.The primary distinctions used for 

classification are the number of flagella, 

their location on the cell, and their 

morphology.  

Two major types of flagella are recognized: 

the smooth, or acronematic, and the hairy, 

or pleuronematic, types. 

 The smooth flagella generally moves by 

whiplash motion and the hairy flagella 

moves by a pulling motion. 

 



Nutrition 

 

Algae have different types of  chlorophyll  

do perform photosynthesis. 

Mostly autotrophic They use CO2 as 

 carbon source, some saprophytic 

Some kinds are N-fixers; all of these have 

heterocysts; do well in N-poor environments 

Aphanizomenon   Anabaena     Nostoc 



Nutrition 

 Cell               Chlorophyll            Store light Energy 

 CO2 +  Water (Surrounding Environment)                  Sugars 

 

                     Chemical equation 

6CO2+12H2O                                               C6H12H6 +6O2+6H2O 

 

 Photoautotrophic 

Holozoic 

 Parasitic 

Heterotrophic 
 

 



Algae differ from bacteria 

Algae are eukaryotic cell bacteria are prokaryotic 

Algae cell consists of two types 

of materials and fibrous like 

cellulose , Mannan & xylans  and 

amorphous like Agar & 

carrageenan  

Bacterial cell wall contain 

peptidoglycan 

Algae may be single celled 

organisms to large seaweed 

bacteria are unicellular 

 

Algae can reproduce 

vegetative,  sexually or asexually 

Bacteria reproduce asexually 

via binary fission 



REPRODUCTION 

Vegetative 

Cell divisions/Fragmentation 

=part of  the filament 

breaks off from the  rest and 

forms a new one. 

Asexual Reproduction 

Zoospores after losing their flagella, 

form new filaments. No sexual fusion. 

Sexual-Gametes 



Vegetative reproduction 

Cell Division 
A cell could not keep growing bigger forever. Food molecules could not reach the inside of a large 

cell fast enough to keep it alive. So when a cell reached a certain size it had to divide into two 

smaller cells called daughters. The daughters grew and, when they reached that certain size, they 

too divided, this processes called binary fission.    

But this caused a problem, Why?. 



Another method of asexual reproduction in algae is by 

formation of spores; the algal species Ulothrix, 

Chlamydomonas and Chlorella reproduce by this 

method. Depending upon the algal species, the 

spores can be produced in normal vegetative cells or 

specialized cells called sporangia. They are either 

motile called zoo spores or non motile called akinete 

spores. 



Ulotrix 



  There are a lot of types of akinete spores such as: 

• Autospores: immobile spores that cannot develop flagella such 

as Chlorella.  

• Aplanospores: immobile spores that may nevertheless 

potentially grow flagella. 

• Hypnospores: A thick-walled resting cyst. 

• Tetraspores: spores produced by a tetrasporophyte, 

characteristic of red algae. 

• Statospores: spores that are not actively discharged from the 

algal fruiting body 

• Auxospores:  A spore in diatom algae that leads to reformation 

of an enlarged vegetative cell. 

 

20 



Sexual Reproduction:  

 
As already mentioned, sexual reproduction takes place by the union of 

male and female gametes.  

The gametes may be identical in shape and size called isogamy or 

different called heterogamy. Some of the simplest forms of algae like 

Spirogyra reproduce by the conjugation method of sexual reproduction.  
In the process of conjugation, two filamentous strands (or two organisms) of the same 

algae species exchange genetic material through the conjugation tube. Among two 

strands, one acts as a donor and another serves as a receiver. After exchanging the 

genetic material, two strands separate from each other. The receiver then give rise to a 

diploid organism. 



A. Resting filaments of alga cells. 

B. Formation of conjugation tubes between two adjacent filaments. 

C. Cytoplasmic contents of each cell form a compact mass, representing an isogamete. The 

isogametes from one filament migrate through the conjugation tubes into the adjacent filament. 

The two isogametes unite to form a zygote. Each zygote eventually undergoes meiosis to form four 

haploid cells. One haploid cell will form a new filament by mitosis, the other three degenerate. 



Sexual Reproduction:  

 
 in identical are produced gametes the which in reproduction sexual of form the is :Isogamy

shape, size and motility. There is no structural distinction between "male" and "female" 

gametes. Pairs of isogametes align themselves with their flagellar poles touching and after 

several seconds, the motile gametes fuse to form a single, non-motile, diploid zygote. 



Sexual Reproduction  

 
Isogametes, less commonly, may be non-motile structures. A specific example 

exhibiting non-motile isogametes is the reproductive process known as conjugation, in 

Figure below, the conjugating Spirogyra identify the four stages of the process as 

outlined. 

Isogamy in Spirogyra sp. 



 

Heterogamy 

In heterogamy, two different types of gametes are produced. The male 

gamete, the sperm cell, is typically very small, highly motile and is 

produced in very large numbers. The female gamete, the egg cell, is 

much larger and non-motile, called Oogamy. Fewer female gametes are 

produced but each is usually afforded some protection. Heterogametes 

are also produced by higher plants and animals.  

Oedogonium sp. is a green alga that produces heterogametes. The figure 

bellow illustrates the life cycle of this alga. You can locate a mature egg 

cell and the small male filaments, which are the site of sperm production, 

the egg cells and male filaments are usually adjacent to one another on 

the same algal strand. 



Heterogamy in Oedogonium sp. 



SEXUAL REPRODUCTION 

 ISOGAMY-Both gametes have flagella and similar in size and morphology. 

 

 

 

 ANISOGAMY-Gametes have flagella but are dissimilar in shape and size. One gamete is distinctly 

smaller than the other one. 

 

 

 

 

 

 OOGAMY-gamete with flagella (sperm) fuses with a larger, non flagellated gamete (egg). 



 
•Gametes look like vegetative cells or very different 

•Isogamy: both gametes look identical 

•Anisogamy: male and female gametes differ morphologically 

•Oogamy: One gamete is motile (male), one is nonmotile (female) 

•Monecious: both gametes produced by the same individual 

•Diecious: male and female gametes are produced by different individuals 

•Homothallic: gametes from one individual can fuse (self-fertile) 

•Heterothallic gametes from one individual cannot fuse (self-sterile) 



a, b, and c are zoospores 
d, e, and f  are aplanospores 

g, and h are hypnospores 

K is autospores. 

L  is  Isogamous, m is Anisogamous, and n is Oogamous 



Holdfast 

 عقد



Cylindrospermopsis 



Growth in algae 

1. Diffuse or generalized growth: (Ulva). 

2. Localized growth:  
a. Apical growth: (Chara, Cladophora). 

b. Basal growth: (Bulbochaete). 

c. Intercalary growth: (Laminaria, Oedogonium). 

d. Trichothallic growth: (Ectocarpus) 

 

 

Tricothallic  Apical and intercalary 



The life cycles in algae 
 
•Three different types of life cycle, depending on when 

miosis occurs, the type of cells produced, and if there 

is more than one free-living stage present in the life-

cycle. 



The life cycles in algae  
• in phase) (vegetative cycle-life of part major :cycle) life (haploid I cycle-Life

haploid state, with meiosis upon germination of the zygote (zygotic meiosis) also 

referred to as haplontic life cycle, a single, predominant haploid phase  

 
 

 



The life cycles in algae 

Life-cycle II (Diploid life cycle): vegetative phase is diploid, with meiosis 

upon formation of gametes (gametic meiosis) also referred to as 

diplontic life cycle, a single, predominant diploid phase 

 

   

 



The life cycles in algae 
 
• phases, multicellular three :cycle) life (Diplobiontic III cycle-Life

the gametophyte and one or more sporophyte(s) 

Gametophyte: typically haploid, produces gametes by mitosis  

Sporophyte: typically diploid, produces spores by meiosis  

Isomorphic: sporophyte and gametophyte look alike  
Heteromorphic: sporo- and gametophyte look different 



Classification OF ALGAE 

 Algae classification is based on following bases. 

COLOR Pigments 

 TYPE OF CHLOROPHYLL 

 Flagellation 

Cell Structure 

 FOOD-STORAGE SUBSTANCE  

CELL WALL COMPOSITION 

 

 



20+ classes of green algae have been described since 
Linnaeus 

Many criteria have been used to establish classes 

Morphology 

Ultrastructure 

+ mitosis, cell division, cytokinesis, flagellar apparatus 

Life history patterns 

Molecular 

Primarily rRNA genes, rbcL  

Ambiguity remains, but consensus is emerging 

Classification OF ALGAE 



Morphological Concept 

 Premise 

 Primitive unicells evolved structural complexity over time 

 Morphological divergence distinguishes groups 

Parenchymatous Siphonocladous 
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Evolution of structural complexity 



Morphological Convergence with in Class 

Class: Ulvophyceae         Ulvophyceae 

Order: Ulvales           Ulotrichales 

Genus: Ulvaria           Monostroma            



Ultrastructural Concept 

Mattox & Stewart (1984) proposed new Class-level 
taxonomy on the basis of basal body orientation 

 1st radiation of green algae occurred  among unicellular 
flagellates 

Numerous ancient flagellate lineages diversified into 
contemporary forms along different evolutionary paths, but 
many with similar morphological results 

4 different basal body patterns identified 

 



Molecular Concept 

Elucidation of algal phylogeny in molecular context commenced in 1990s 

studies  

confirmed distinction between Chlorophyta & Streptophyta 

recognized 5 lineages:Prasinophyceae, Chlorophyceae, Trebouxiophyceae, Ulvophyceae, Streptophyta + Land plants 

relationships among & within the lineages  remains unclear 



Molecular Concept 
(McCourt & Lewis 2004, Working Classification) 

Streptophyta (Charophyceae +  

Drier Green Algae) 

Chlorophyta 
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molecular data support the recognition of two phyla and a poorly resolve graded of early diverging flagellates informally 

known as Prasinophyceans 



CLASSIFICATION OF ALGAE 

SEVEN PHYLUM BASED ON 
COLOR 

 TYPE OF CHLOROPHYLL 

 FOOD-STORAGE SUBSTANCE  

CELL WALL COMPOSITION 

but we’ll focus in five groups: 



Phylum Chlorophyta 

Green algae 

7000 diverse species 

Biologist reason that green algae give rise to land plants. 

Both green algae and land plants have chlorophyll a and B 

as well as carotenoids and store food as starch 

Both have walls made of cellulose 



Green algae 
Sea lettuce (Ulva) lives in salt waters along the coast.   

Structure of green algae: from  

Single cells (Micrasterias) 

 

Filaments 

 

Colonies (Volvox) 

 

Thalli (leaf-like shape) 



 Phylum Phaeophyta  Brown algae 

 
 1500 species 

Mostly marine and include seaweed 

and kelp 

 All are multicellular and large (often 

reaching lengths of 147 feet) 

 Individual alga may grow to a length 

of 100m with a holdfast, stipe and 

blade 

 Used in cosmetics and most ice 

creams 

 



Conspicuous seaweeds of 

northern regions 

Life cycle involves alternation of 

generations 

Sporophyte – multicellular and 

diploid 

Gametophyte – multicellular and 

haploid 

Not plants 

 

 Phylum Phaeophyta  Brown algae 

 



Phylum Rhodophyta   RED Algae 

 
 4000 species   Most are marine 

 Smaller than brown algae and are often found at a depth of 200 

meters. 

Contain chlorophyll a and C as well as phycobilins which are 

important in absorbing light that can penetrate deep into the 

water 

 Food storage:  iodine negative starch 

No flagellated cells 

Many marine species often used as thickeners due to their highly 

mucilaginous nature:  agar, carageenan cells coated in 

carageenan which is used in cosmetics, gelatin capsules and some 

cheeses 

 



Irish Moss (Chondrus crispus) 



Porphyra (Nori) 



Dulse (Palmaria palmata) 



 Predominantly marine group 

 Few FW representatives, 
especially locally 

 Not necessarily ‘red’ in 
appearance 

Complex life cycles 



Phylum Euglenophyta 

Euglenoids 

1000 species Have both 

plantlike and animal-like 

characteristics 

Fresh water 



Dinoflagellates  

Photosynthetic, unicellular with flagella 

Live in aquatic environments 

Some are luminescent 

Do not appear to be directly related to any other phylum 

“Red tide” are “blooms” – fish, birds, and marine mammals 

may die from toxins 

DNA not complexed with histones 



Diatoms 

Diatoms: Division Bacillariophyta 

Large group of algae (many unidentified). Relatively 

recently evolved group 

Habitat:  Diatoms live in cool oceans 

Structure: mostly unicellular, have silica in their cell 

walls 



Diatoms 





Centrales: centric diatoms 

•Radial symmetry 

•Striae composed of linear punctae 

•May be single-celled like Cyclotella (above) or colonial: in filaments or like Tabellaria (above) 



Pennales:  pennate diatoms 



Other Phylum Representatives 

Diatoms – used in detergents, paint 

removers, toothpaste Dinoflagellates – red tides 

Important in the 

formation of 

petroleum products 

Golden algae 



Example of Some Types of Algae  



Example of Some Types of Algae  







Cyanobacteria:  the blue-greens 



Cyanophyta (Blue-green algae) 
 are prokaryotic bacteria; date to 3.5 BYA; dominant form of life on 

earth for 1.5 billion years 

 invented chlorophyll 

 first terrestrial autotrophs 

 predecessors of chlorplasts 

 most are oxygenic photosynthesizers 

 size range from 1 µm – 100s of µm 

 some exploit the most extreme habitats on earth 

 ~55% are blue-green 

 ~15% are never blue-green; others may be green, olive, red, purple, 
black, or colorless 

 store food as glycogen (iodine negative) 

 never flagellate, but some can move (oscillate or glide) 

 presence of pseudovacuoles; gas-filled; affect buoyancy-keep in 
photic zone; may shade other species 



Trichodesmium erythraeum 
A cyanobacteriim coloring the Red Sea  



Distribution-highly successful;  terrestrial, aquatic, marine, 

epiphytic, on walls, soils, parasitic, planktonic; some can live 

at 80oC. 

Economic importance 

Rice paddy nitrogen fixation 

Nostoc balls 

Odors and flavors-musty, moldy 

Allergies 

Coloration of flamingoes and shrimp 

 



Accessory Pigments 

Carotenes- and  are most common 

 Xanthophylls-derivatives of carotenes 

 E.g., lutein, diatoxanthin, myxoxanthin, peridinin 

 Phycobiliproteins-almost exclusively in 

cyanophyta; allow them to absorb in the green 

range 

phycocyanin (620 nm) 

phycoerethryin (520 nm) 

allophycocyanin (650 nm) 



Cyanophytes 

Nutrition: 
 Mostly autotrophic, some saprophytic 

 40 different kinds are N-fixers; all of these have heterocysts; do well in N-

poor environments 

 Aphanizomenon   Anabaena     Nostoc 



Thallus shapes 



Merismopedia 

Nostoc balls 

Spirulina Oscillatoria 



Lyngbia 

Microcystis 

Rivularia 

Scytonema false branching 



Cylindrospermopsis 



Blue-green harmful algae blooms may look like green dots in the 

water, or green globs on the water surface. (Photo: Ohio EPA) 
Blue-green harmful algae blooms may look like blue, green, or white spilled 

paint on the water surface. 

May look like ‘pea soup’. 



Microcystis sp 



Nostoc 



Reproduction 
1. Sexual:  not known in this group; makes ‘biological definition’ of species meaningless 

 

2. Binary Fission: It is the most common method of asexual reproduction in which an individual 
bacterial cell divides into two roughly equal half, after which each grows to the original form 

and the process may be repeated. In this process the nucleus divides mitotically first and then 

the cytoplasm. 

 

2. Akinete formation: Most filamentous cyanobacteria develop perennating (dormant structures) 

in adverse condition. These structures are larger than the vegetative cells, are equipped with 

thick walls, and are called akinetes. When favorable conditions return, they germinate and 

produce new filaments.   

 

3. Hormogonia formation: All filamentous Cyanobacteria reproduce by fragmentation of their 
filaments (trichomes). At regular intervals they form short pieces of filaments each consisting of 5-

15 cells called hormogonia. The latter show gliding motility and develop into a new full-fledged 
filaments. 



Reproduction 
 

4. Hormocysts: Some cyanobacterial produce hormocysts which are multicellular structures 

having a thick and massive sheath. They may be intercalary or terminal in position. They may 

germinate from either end or both the ends to give rise to the new filaments. 

 

5. Fragmentation: Fragmentation is a process of asexual division in which the parent cell divides 

into two or more fragments that grow into new organisms. 

 

6. Spores: This is the most common form of asexual reproduction. Sporulation is the process in 
which any cell of an organism produces one or more reproductive cells inside its cell walls. Non-

filamentous cyanobacteria generally produce spores such as endospores, exospores and 

nanocysts. Spores are often produced in large numbers for the rapid increase in population. 



Importance of Algae – useful Algae  

Largest source of oxygen producer 83-87% of the 

total oxygen 

 Some Algae are edible. ICE CREM  

Bio-diesel production . 

There are also commercial uses of algae as agar  

Some Cosmetics can come from micro algae as well  

chemical dyes and coloring agents  

Seaweeds are used as fertilisers and even food  

Algae are used in wastewater treatment facilities  







Harmful algae 

Excessive growth of algae causes: 

Clogging of water ways, streams, filters… makes the 

water taste bad. 

 

Can be toxic to animals 

 

“Red tides” caused by  

dinoflagellates 



Commercial uses of algae 

 Algin – a thickening agent for food processing (brown algae) 

Carrageenan – foods, puddings,  
ice cream, toothpaste (red algae) 

 Iodine (brown algae) 

 Agar – Agar for growing bacteria and fungi for research 
purposes.(red algae) 

 As food – red and brown algae  

 As plant fertilizers 

 Diatomaceous earth: used for filtering water,  
insulating, soundproofing 

 Also for lotions, toothpaste, pharmaceutical jellies. 

 As food.  

 

 



Algae and symbioses  

    lichens: A fungus is the host, usually with a green alga or a 

cyanobacterium as its symbiont  

    Corals: algae known as zooxanthellae are symbionts with corals. 

Notable amongst these is the dinoflagellate Symbiodinium, found in many 

hard corals. 

    Sponges: green algae live close to the surface of some sponges, for 

example, breadcrumb sponge (Halichondria panacea). The alga is thus 

protected from predators; the sponge is provided with oxygen and sugars 

which can account for 50 to 80% of sponge growth in some species.  

       

 



Problems of Algae 



Secondary Compounds Toxins Microcystin/Nodularin “liver”  

 Saxitoxins “brain”  

 LPS “stomach”  

 Aplysiatoxins “skin”  

 

Taste and odor Geosmin “dirty”  

 MIB “fishy”  

• May cause aesthetic problems with drinking water (taste and odor) 

some strains of Spirulina? 

 

Algae Impacts  



Toxin Production 
40 species in 25 genera (so far) known to produce them Why?   

•Deterrent to herbivory? 

•How to contol? 

 

•Lysing cells may release slug of toxins (copper sulfate) 

•Removal may use chlorination (boo!) and activated charcoal 

•…but are broad spectrum 

 

•Cytotoxin 

•Cylindrospermopsin-inhibits protein synthesis; can harm liver, kidney, 

small intestines, white blood cells 

•Hepatotoxin 

•Microcystin-LR 

•Microcystis and Nodularia 
•Neurotoxin-can be lethal at low concentrations (e.g., cattle) 

•Anatoxin-a, anatoxin-a(s), saxitoxin, neosaxitoxin 

•Anabaena, Aphanizomenon, and Oscillatoria 
•…but which strains? 





Nitrogen Fixation 

• Nitrogen-78% of atmosphere 

• 50% of gases in water 

• triple covalent bond N=N 

• requires nitrogenase and anaerobic conditions 

• fixation—converting to a biologically usable form 

• N2 -> ammonium or nitrate 

• very energy expensive 

• Iin heterocyst, oxygen consuming processes and sheltering of nitrogenase from 

oxygen. 

 



Nitrogen Fixation:  requires heterocysts 


