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Preface

Nowadays a very wide range of topics in botany are taught to the students of competition and
B.Sc. M.Sc. degree courses. Understanding of algae is very important for the students to
acquire a profound knowledge of botany. In view of this aspect, and with an experience of
teaching and research for both basic and applied sciences, | felt that a concise book having all
the pteridophytes and paleobotany required would be much more comfortable for the
students to learn and carry with them. In this edited book, | have tried my best to incorporate
all topics of algae.

It gives me great pleasure to present this book as a reference to students of all disciplines of all
Major Indian and foreign Universities, Colleges and Schools. This book is written in a simple
language with relevant concepts and fundamentals. | assure that this simple presentation of
the reactions in this book will certainly enlighten and help all teachers and students to acquire
a good command on the subject. | express my wholehearted thanks to the publication team
for their sustained interest in the publication of this book. They have done a wonderful job
with the neat presentation and quality printing. A lot of thanks are due to all faculty of Basic
and Applied Sciences for their support, help and cooperation all through the preparation of
this book.

| would also like to thank Pramod Maheshwari Sir, the Managing Director and Chairman of
Career Point University, Kota. | profusely thank HOD and Dean for their inspiration, goodwill
and unstinted support during the writing of the book. | express my gratitude and love to every
member of my family for their constant encouragement and support to all my academic
adventures.

| feel a deep sense of gratitude to all the students and the teaching community who have lent
me their support and encouragement in bringing out this book. | would welcome any
suggestions to improve the quality and preparation of the text of the book.

Dr. Meenakshi Kumari, Dr. Anita Singh &Dr. Teena agrawal
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Book Description

Algae: Foundations, Applications, and Innovations is a comprehensive textbook designed to
cater to both undergraduate and postgraduate students pursuing studies in botany,
microbiology, environmental science, and related fields. This book delves into the fascinating
worlds of algae exploring their biology, ecology, and significance in various ecosystems and
human applications. Algae Explore the diversity of algal forms, from microscopic
phytoplankton to large seaweeds. Understand their classification, structure, life cycles, and
ecological roles. Learn about their critical roles in decomposition, nutrient cycling, and
symbiotic relationships. Understand the crucial roles of algae and fungi in ecosystems,
including their interactions with other organisms and contributions to biogeochemical cycles.
Discuss the impact of algae on environmental health, including their roles in pollution control
and bioindication. Investigate the economic and industrial significance of algae. Topics include
the use of algae in biofuels, pharmaceuticals, and as food sources, as well as the role of fungi
in biotechnology, fermentation, and bioremediation. Explore the medical implications,
including the benefits of fungal-derived antibiotics and the challenges posed by fungal
pathogens.Discover cutting-edge research and emerging technologies involving algae and
fungi, such as genetic engineering, synthetic biology, and their applications in sustainable
development. Discuss future trends and potential breakthroughs in algal research, including
their roles in addressing global challenges like climate change, food security, and renewable
energy. Each chapter is equipped with learning objectives, detailed illustrations, and real-world
examples to facilitate understanding and engagement.
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Phaeophyceae.-Ectocarpus
Dr. Anita Singh

ABSTRACT

Ectocarpus is a brown alga of significant ecological, genomic, and biotechnological importance. As a model
organism, Ectocarpus advances our understanding of brown algal biology and evolution, while its potential
applications in aquaculture, bioremediation, and bioprospecting offer promising avenues for sustainable resource
management and environmental stewardship in marine ecosystems.Ectocarpus is renowned for its genomic
tractability and amenability to laboratory cultivation, making it an invaluable model organism for studying brown
algal biology. The complete sequencing of the Ectocarpus genome has facilitated research into gene function,
developmental processes, and evolutionary relationships within the Phaeophyceae class. Studies on Ectocarpus
have provided insights into algal cell biology, reproduction, stress responses, and the evolution of multicellularity in
photosynthetic organisms.

Classification:
Class: Phaeophyceae Order: Ectocarpales Family: Ectocarpaceae Genus: Ectocarpus
16.1 Habitat of Ectocarpus:

Ectocarpus has a global distribution, particularly thriving in colder seas and Polar Regions. It is
commonly found along the shores of the Atlantic Ocean, often attached to sea rocks. Some species,
like E. coniferus and E. breviarticulatus, are epiphytic and grow on larger algae such as Fucus and
Laminaria. E. dermonematus is an endophytic species, while E. fasciculatus is epizoic, growing on
fish fins. In India, approximately 100 species of Ecfocarpus are present.

Thallus Structure:

The plant body is primarily heterotrichous and exhibits differentiation into
(a) creeping or prostrate system and

(b) projecting or erect system.

In certain species, one of the two systems may be reduced. In epiphytic forms, the prostrate system is
well-developed while the erect system is diminished.

Many species of Ectocarpus display a thallus that varies from lightly to densely branched, with cells
arranged in a single row, end to end. In certain species, the older sections of the main branches are
enveloped by descending rhizoidal branches.

In many species, the tip of a branch may terminate in a colorless hair that has a basal meristem (Fig.
1A).
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Fig-1 (A-C) Ectocarpus Thallus (A)nExternal Features (B) Part Of Thallus @ A Cell

Cell Structure:

The cells are typically rectangular, uninucleate, and the nucleus is positioned near the central vacuole,
supported by protoplasmic threads. The cell has a few band-shaped chromatophores with irregular
branches in E. siliculosus, or numerous disc-shaped chromatophores in E. granulosus (Fig. 1C). The
chromatophores contain a substantial amount of xanthophylls alongside chlorophyll.

Large numbers of fucosan vesicles or granules, along with pyrenoid-like bodies, are present in the
cell. The reserve food material is stored in the form of laminarin and mannitol. The cell wall is divided
into two layers: an inner firm layer composed of cellulose, and an outer gelatinous layer containing
alginic acid.

Ectocarpus Growth:

The prostrate system grows apically, while growth in the erect system is diffuse and intercalary. In
species like E. irregularis and E. paradoxus, which exhibit intercalary or trichothallic growth, the
meristem is situated at the base of a hair. Conversely, growth in E. lucifugus is predominantly apical.

Reproduction in Ectocarpus:
In Ectocarpus, reproduction occurs through both asexual and sexual methods.
Asexual Reproduction in Ectocarpus:

Asexual reproduction in Ectocarpus occurs through the production of biflagellate zoospores, which are
formed in both unilocular and plurilocular sporangia (Fig. 1 B).

The sporophytic diploid plant forms two types of sporangia:
(a) Unilocular sporangia

(b) Plurilocular sporangia.
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These two types of zoosporangia can be produced either on the same plant or on different plants.
Unilocular zoosporangia produce haploid zoospores, while plurilocular sporangia produce diploid
Zoospores.

(a) Unilocular Sporangia:

The unilocular sporangia form individually at the tips of small branchlets. The terminal cell of the
branchlet gradually enlarges and becomes ellipsoidal, acting as the sporangial initial (Fig. 2 A). The
nucleus of the sporangial cell first undergoes meiotic division, followed by numerous equational
divisions, resulting in the formation of 32-64 haploid nuclei (Fig. 2 B, C). The nuclear divisions are not
followed by wall formation, so the sporangium remains unilocular (Fig. 2). Each nucleus within the
sporangium becomes encased in a segment of protoplasm, ultimately developing into 32-64 zoospores
(Fig. 2 D). Each zoospore is pyriform, uninucleate, and possesses two laterally inserted, unequal
flagella.

The anterior flagellum is longer, pantonematic (tinsel-like), and points forward, while the shorter
posterior flagellum is acronematic and points backward (Fig. 2 E).

The zoospores are released en masse within a gelatinous matrix through a terminal pore in the
sporangium. After discharge, the zoospores remain clustered in a spherical mass at the sporangium's
apex. They stay inactive for 30-60 seconds before becoming free and swimming in the water. They
remain motile for approximately 30 minutes.

These haploid zoospores retract their flagella and attach to the substrate by their anterior ends. Within
2-3 hours, they germinate to produce new Ectocarpus plants, structurally similar to the sporophytic
plant (Fig. 2F-I). These plants are termed gametophytic because, upon maturity, they bear plurilocular
gametangia.

According to Knight (1929), and Schussing and Kothbauer (1934), it is rare but possible for zoospores
released from unilocular sporangia to pair and fuse. However, the fate of such zygotes is unknown.

IoOspore

Fig-2 (A-H) Development of unilocular sporangium
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Plurilocular Sporangia:

Just like unilocular sporangia, plurilocular sporangia also originate from the terminal cells of the
branchlets of the diploid sporophytic plant. The cell that serves as the initial sporangium (Fig. 3A)
enlarges and transforms into a spherical or elongated structure. It undergoes multiple transverse
divisions, resulting in the formation of a row of 5-12 cells (Fig. 3A, B). Afterward, vertical divisions
initiate in all the cells, starting with the middle cells of the row. Many transverse and vertical divisions
lead to the creation of cubic cells organized in 20-40 horizontal tiers (Fig. 3C). These cells are
organized in regular rows, forming a multicellular structure known as the plurilocular sporangium.

Each diploid, uninucleate cell of the sporangium converts its protoplast into a solitary biflagellate
zoospore. (Fig. 3D-F). While the zoospores of both plurilocular and unilocular sporangia are
structurally identical, those from plurilocular sporangia are diploid, whereas those from unilocular
sporangia are haploid.

The mature zoospores are discharged from the sporangium through apical or lateral pores. They remain
motile for 4-5 hours before germinating into a diploid thallus, which later produces bothtypes of
sporangia. These diploid zoospores only multiply sporophytic plants and do not contribute to the
alternation of generations. The development of unilocular and plurilocular sporangia is influenced by
environmental conditions such as temperature and water salinity. For example, E. siliculosus produces
unilocular sporangia at 13°C, plurilocular sporangia at 19°C, and both types at 16°C.

Sexual Reproduction in Ectocarpus:

Sexual reproduction in Ectocarpus can be isogamous, anisogamous, or oogamous, with most species
being anisogamous. The gametes produced in plurilocular gametangia on haploid plants.

The structure and development of plurilocular gametangia closely resemble those of plurilocular
sporangia. Plurilocular gametangia can be sessile or stalked, and their shapes range from ovate to
siliquose. They develop individually from the terminal cell of lateral branchlets.

The initial cell of the gametangium divides horizontally to form a row of 6-12 cells. Subsequent
divisions in these cells are both horizontal and vertical, resulting in hundreds of cubical cells arranged
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