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Abstract

Algae are a diverse group of photosynthetic organisms lacking true roots,
stems, leaves, vascular tissues, and embryos. They occur in a wide range of aquatic
and terrestrial habitats and exhibit vemarkable diversity in cellular organization,
pigmentation, morphology, reproduction, and life-cycle patterns. Early algal
classification systems relied mainly on external morphology and thallus
organization, often resulting in artificial groupings that failed to reflect natural
evolutionary relationships. Advances in cytology, ultrastructural studies,
biochemistry, and molecular biology have significantly improved algal taxonomy.
Modern classification systems emphasize stable and evolutionarily significant
characters such as nuclear organization, cell wall composition, photosynthetic
pigments, flagellar structure, reserve food materials, and reproductive modes.
These criteria provide a more natural and phylogenetically meaningful
understanding of algal diversity. The present study discusses modern concepts of
algal classification and provides a systematic overview of major algal groups,
including Cyanophyta, Chlorophyta, Chrysophyta, Phaeophyta, and Rhodophyta.
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1. Introduction

Algae constitute a diverse assemblage of photosynthetic organisms
that contribute substantially to global primary productivity, oxygen
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evolution, and nutrient cycling in aquatic and terrestrial ecosystems [Figure
1]. They show remarkable diversity in cellular organization, morphology,
pigmentation, reserve food materials, reproductive strategies, and life-cycle
patterns, ranging from unicellular microscopic forms to large, complex
multicellular seaweeds [1].

Early classification systems, including those of Linnaeus and
subsequent phycologists, relied mainly on external morphology, thallus
organization, habitat, and colour, resulting in artificial groupings that did
not accurately represent evolutionary relationships. With advances in light
and electron microscopy, cytology, biochemistry, and molecular biology,
algal taxonomy has undergone major refinement, leading to modern systems
that emphasize stable and intrinsic characters such as nuclear organization,
plastid ultrastructure, photosynthetic pigment composition, cell wall
chemistry, flagellar type, reserve food materials, and reproductive modes
[2].

Several studies have demonstrated that these criteria provide a
more natural and phylogenetically meaningful framework for understanding
algal diversity and evolution. In addition, the International Code of
Nomenclature for algae, fungi, and plants has standardized algal taxonomy
by recommending uniform suffixes for different taxonomic ranks, ensuring
consistency and clarity in classification [3].

The key contribution of the present study lies in synthesizing
classical and modern taxonomic concepts to provide a concise, criterion-
based overview of algal classification. The main objectives are to:

1) Review the evolution of algal classification systems,

2) Discuss the modern criteria used in contemporary taxonomy, and

3) Present a systematic outline of major algal groups based on these
principles.

The chapter is structured to first introduce the historical background
and need for modern classification, followed by a discussion of major
taxonomic criteria, and finally a comparative overview of principal algal
divisions, thereby offering a coherent and updated understanding of algal
diversity.
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Figure 1: Classification of Algae
2. Modern Algae Classification
Modern algal classification is based on stable internal
characteristics rather than external morphology, as these features better
reflect true evolutionary relationships. A comparative summary of the key
features used in modern algal classification is presented in Table 1.

Table 1: Major Criteria Used in Modern Algal Classification [4]

Classification

Criterion Key Features Examples of Algal Groups
Presence or absence of true | ® Cyanophyceae — prokaryotic (no true
Nuclear
Organization nucleus and membrane- nucleus) .
bound organelles o All other algae — eukaryotic
o Phaeophyceae — algin, fucoidan
Cell Wall Chemical nature of cell wall | e Bacillariophyceae — silica
Composition materials o Rhodophyceae — galactans
o Cyanophyceae — mucopeptide
o Chlorophyll a in all algae
Photosynthetic Type of chlorophylls, o Chlorophyll b (Chlorophyceae)
Pigments carotenoids, and phycobilins | e Chlorophyll ¢ (Phacophyceae)
e Phycobilins (Rhodophyceae, Cyanophyceae)
o Chlorophyceae — isokontic whiplash
o Xanthophyceae & Phacophyceae-
Flagellation Number, type, and heterokrc))ni,ic o

arrangement of flagella

Cyanophyceae & Rhodophyceae- flagella
absent

Reserve Food
Material

Chemical form of stored
food

Chlorophyceae — starch
Rhodophyceae — floridean starch
Phaeophyceae — laminarin/ mannitol
Cyanophyceae — cyanophycean starch
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3. Life Cycle and Reproductive Types

Modern algal classification considers life-cycle patterns and
reproductive behavior as supportive criteria, while cellular organization
and pigment composition provide the primary taxonomic framework. To
avoid redundancy, the key features are presented concisely and
systematically below [5].

Nuclear Structure: Based on nuclear structure, algae are divided
into prokaryotic and eukaryotic forms. Cyanophyceae are prokaryotic and
lack a true nucleus and organelles. All other algae are eukaryotic, having a
well-defined nucleus and membrane-bound organelles, showing greater
cellular organization and evolutionary advancement.

Cell Wall Chemical Composition: The algal cell wall is mainly
made of cellulose and other polysaccharides. The outer layer is pectic, and
the inner layer is cellulose. Different algal groups show variations, such as
alginates in brown algae, silica in diatoms, galactans in red algae, and
mucopeptide in cyanobacteria, which help in classification.

Pigments: Photosynthetic pigments are important for algal
classification. In eukaryotic algae, pigments are present in plastids, while
in cyanobacteria they occur on thylakoid membranes. Algae contain
chlorophylls, carotenoids, and phycobilins. Chlorophyll a is present in all
algae, whereas other chlorophyll types and accessory pigments vary among
different groups and help in their identification.

4. Discussion

Carotenoids are important accessory pigments in algae, aiding in
photoprotection and classification. They include carotenes and xanthophylls.
a-carotene occurs in almost all algae, while a-carotene, lycopene, and flavicin
show group-specific distribution. Xanthophylls such as fucoxanthin,
myxoxanthin, and terraxanthin impart yellow to brown colors and act as
taxonomic markers. Phycobilins are water-soluble biliproteins found only
in Cyanophyceae and Rhodophyceae, including phycocyanin and
phycoerythrin, and enhance light absorption in deeper waters [6].

5. Type of Reserve Food

Reserve food materials are important biochemical characters in
algal classification. Algae store food in different chemical forms.
Chlorophyceae store plant-like starch around pyrenoids, Cyanophyceae
store glycogen-like cyanophycean starch in the cytoplasm, Rhodophyceae
store floridean starch outside plastids, Phaeophyceae store laminarin and
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mannitol, and Xanthophyceae store leucosin and oils. These differences
help in classification [7].
5.1 Flagellation

Flagellation is an important feature in algal classification.
Cyanophyceae and Rhodophyceae lack flagella. Other algae have whiplash
(smooth) or tinsel (hairy) flagella. Chlorophyceae usually have equal
whiplash flagella, Xanthophyceae have unequal whiplash and tinsel flagella,
and Phaeophyceae have laterally placed unequal flagella. Such variations
are taxonomically important.
5.2 Life Cycle and Reproductive Type

Life cycles and reproduction are useful in classification. Algal life
cycles may be haplontic, diplontic, or haplodiplontic. Cyanophyceae
reproduce only vegetatively and asexually. Rhodophyceae and
Phaeophyceae show advanced sexual reproduction and complex life cycles.
Chlorophyceae show wide variation in reproductive methods and life cycles,
reflecting evolutionary differences [8].
6. Classification

Algal classification has evolved from morphology-based systems
to integrative frameworks using multiple criteria. A comparative overview
of major algal divisions and their diagnostic features is presented in Table 2.
Table 2. Major Algal Divisions and Their Diagnostic Characteristics [9]

Approx - .
Division .No.of | Habitat | Major Pigments Re;;;::rg;od Dl/:lfam;ﬁ;/ Classes gxl:lenprlissentanve
Species 8 P
' Mostly Flagellated Chlorophyceae
((éhloroglll) ta) ~5700 | freshwater; Chi:;g?;):)lil das’ b, Starch stages (Chlamydomonas, Volvox),
reen Algae few marine present Charophyceae (Chara)
Freshwater | Chlorophyll a, b, P ) Euglenonh
Euglenophyta | ~450 and f-carotene, araﬁr:t)sl on, Biflagellate Ug(gsolpe n}seae
terrestrial xanthophylls g
Mostly
L Chlorophyll a, c, . . .
Py.rrophyta ~1000 fanne; carotenoids, Starch, oils Biflagellate Dinophyceae (Dinophysis),
(Dinophyta) some Desmophyceae
Py xanthophylls Y
freshwater
0,
5 7hS /Dt Carot Flagellated | Chrysophyceae (Chromulina),
Chrysophyta | ~6000 reszswﬂ/a < xan?lrl(()) elIlleils Leucosin, oil forms Xanthophyceae (Botrydium),
? Py present Bacillariophyceae (Pinnularia)
marine
Phacophyta Mo;tly Chlorophyll a, c, Laminarin, Biflagellate, Isogeneratae (Ectocgrpus),
(Brown ~2000 marine § . . ." | Heterogeneratae (Myrionema),
ucoxanthin mannitol heterokontic
Algae) (seaweeds) Cyclosporeae (Sargassum)
Cyanophyta Chlorophyll a, c- No
(Blue-Green | ~1500 Mostly phycocyanin, c- Cyanophycean flagellated Myxophyceae
freshwater . starch (Nostoc, Anabaena)
Algae) phycoerythrin cells
Rhodophyta Mostly Chlorophyll , d, Floridean No motile Rhodophyceae
(Red Al ;e) ~2500 | marine; few | r-phycoerythrin, starch slages (Batrachospermum,
g freshwater |  r-phycocyanin & Polysiphonia, Gracilaria)
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7. Key Characteristics of Significant Groups of Algae [10]

Chlorophyceae (Green Algae): Mostly freshwater algae with
some marine forms. They contain chlorophyll a and b, appear green,
store starch as reserve food, and have pyrenoids. Motile cells have
equal whiplash flagella. Reproduction may be sexual or asexual.
Xanthophyceae (Yellow-Green Algae): Mainly freshwater algae
with yellow-green color due to xanthophylls. They contain
chlorophyll a and e, lack pyrenoids, store oil as reserve food, and
have two unequal flagella. Sexual reproduction is rare.
Chrysophyceae (Golden-Brown Algae): Found in freshwater and
marine habitats. Their golden color is due to phycochrysin.
Leucosin and oil are reserve foods. Flagella are usually one, and
sexual reproduction is uncommon.

Bacillariophyceae (Diatoms): Occur in fresh and marine water.
They have silica cell walls with two overlapping halves. Pigments
include chlorophyll a and c. Oil and leucosin are stored, and sexual
reproduction helps restore cell size.

Cryptophyceae: Found in both freshwater and marine environments.
Cells have two unequal flagella, parietal chloroplasts with pyrenoids,
and store starch. Both sexual and asexual reproduction occur.
Dinophyceae (Dinoflagellates): Mostly marine, unicellular, and
motile. Cells have two flagella placed differently. Pigments give
brown or reddish color. Starch and oil are reserve foods, and sexual
reproduction is rare.

Euglenophyceae: Unicellular freshwater algae with one prominent
flagellum. They contain chlorophyll a and b and store paramylon.
Reproduction occurs by binary fission.

Phaeophyceae (Brown Algae): Mostly marine and large seaweeds.
Brown color is due to fucoxanthin. Laminarin and mannitol are
reserve foods. Reproduction ranges from isogamy to oogamy, and
motile cells have unequal flagella.

Rhodophyceae (Red Algae): Mostly marine algae with red color
due to phycobilins. They store floridean starch in the cytoplasm and
lack motile stages. Reproduction is advanced with complex life cycles.
Myxophyceae / Cyanophyceae (Blue-Green Algae): Prokaryotic

algae without true nucleus or chloroplasts. Pigments are present
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on thylakoids, giving blue-green color. Food is stored as
cyanophycean starch. Reproduction is only asexual, and motile
cells are absent.
8. Conclusion
Algae represent a highly diverse group of photosynthetic organisms
exhibiting wide variation in cellular organization, pigmentation, structural
complexity, and reproductive strategies. Among the major algal groups,
Cyanophyceae (cyanobacteria) are unique in being prokaryotic, lacking a
true nucleus and membrane-bound organelles, whereas all other algae are
eukaryotic in nature. Sexual reproduction is completely absent in
Cyanophyceae, and both Cyanophyceae and Rhodophyceae lack motile
cells at all stages of their life cycles. The cell wall of cyanobacteria is
characteristically composed of mucopeptide, distinguishing them from other
algal groups. Modern algal classification has moved beyond traditional
morphology-based systems and now relies on a combination of stable and
evolutionarily significant characters. These include nuclear organization,
photosynthetic pigment composition, flagellar structure and presence,
chemical nature of the cell wall, reserve food materials, and life-cycle
patterns. Such an integrative approach provides a more natural and
phylogenetically meaningful framework for understanding algal diversity.
Consequently, contemporary classification systems more accurately reflect
evolutionary relationships among algal groups and contribute to improved
insights into their ecological roles, physiological adaptations, and
evolutionary significance.
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