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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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Xanthophyceae-Vaucheria
Dr. Anita Singh

ABSTRACT

Vaucheria is a genus within the class Xanthophyceae, commonly known as yellow-green algae. This genus is
characterized by its filamentous thalli, which are coenocytic, meaning they consist of long, tubular cells without
cross walls, containing multiple nuclei within a continuous cytoplasm. Vaucheria is found in a variety of
environments, including freshwater, brackish water, and moist terrestrial habitats.Vaucheria is of particular interest
in studies of algal physiology and cell biology due to its unique coenocytic structure. This genus provides a model
for understanding cellular organization, growth, and differentiation in algae. Additionally, the study of Vaucheria
contributes to our knowledge of the evolutionary relationships among different groups of algae and their adaptation
to diverse environmental conditions.

1.

Vegetative Reproduction in Vaucheria:

Vegetative reproduction in Vaucheria occurs through fragmentation. The thallus can break into
smaller pieces due to mechanical damage or insect bites. A septum forms at the site of the break to
heal the injury. The detached fragment then develops a thick wall and eventually grows into a new
Vaucheria thallus.

2. Asexual Reproduction in Vaucheria:

74

The asexual reproduction takes place by formation of zoospores, aplanospores and akinetes
(a) By Zoospores:

Zoospore formation is the most common reproduction method in aquatic species, occurring in
terrestrial species when they are flooded. This process happens during favorable seasons or can be
triggered by moving aquatic species from light to darkness or from running water to still water.
Zoospores develop individually within elongated, club-shaped zoosporangia (Fig. 2A, B). The
formation starts with a club-shaped swelling at the tip of a side branch, where many nuclei and
chloroplasts, along with the cytoplasm, accumulate. A colorless protoplasmic region appears at the
base of the cytoplasm, separating from the rest of the thallus cytoplasm.

Each separated protoplast secretes a thin membrane, and the zoosporangium is divided by a cross
wall. Inside the zoosporangium, the vacuole shrinks, and the contents become dense and rounded.
The chloroplasts and nuclei rearrange, with nuclei moving to the periphery and chloroplasts to the
inner layer of the cytoplasm.The entire protoplasm of the zoosporangium contracts to form an oval
zoospore. Each nucleus produces two flagella, making the zoospore multi-flagellate. A terminal
aperture forms in the zoosporangium due to wall gelatinization. The zoospore is released through
this aperture in the morning (Fig. 2 C, D).

Xanthophyceae-Vaucheria



Zoospore Characteristics and Germination:

Greenwood, Manton, and Clarke (1957) describe that the flagella of zoospores are heterokontic and
of the whiplash type. Within each pair of flagella, the shorter one is oriented towards the anterior
end of the zoospore. Greenwood (1957) observed that the bases of the flagella are paired and
securely anchored at the apex of the nuclei. Additionally, zoospores exhibit a prominent anterior
vacuole and smaller vacuoles towards the posterior region. Mitochondria are situated in the outer
layer of the cytoplasm, which also contains lipid bodies, plastids, and chlorophyll. Zoospores swim
in water for 5-15 minutes before initiating germination without a prolonged resting phase. Upon
attaching to a substrate, they withdraw their flagella and produce delicate walls (Fig. 1 E, F). The
chromatophores migrate outward while the nuclei move inward, resembling their vegetative
condition. Two tubular projections emerge in opposite directions: one elongates and branches to
create a colorless, lobed holdfast, while the other develops into a yellow-green, tubular, coenocytic
filament (Fig. 1 G, H).

Fig-1 Asexual Reproduction in Vaucheria

(b) Aplanospore Formation:

Aplanospores are commonly observed in species such as V. geminata, V. uncinata, and the marine
species V. pitoboloides, typically forming in terrestrial species. Aquatic species produce
aplanospores under drought conditions. These non-motile asexual spores are formed in specialized
structures called aplanosporangia. Aplanospores are produced individually in cells at the terminal
end of short lateral or terminal branches.

The protoplasm of the aplanosporangium transforms into a single multinucleate aplanospore with a
thin wall. In V. germinata, aplanospores are oval and are released through an apical pore formed by
gelatinization. In V. uncinata, aplanospores are spherical and are released by the rupture of the
sporangial wall. The formation and structure of aplanospores are similar to those of zoospores,
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except that aplanospores lack flagella. After liberation, aplanospores quickly germinate into new .

B
Fig. 3. u‘.‘m. VWaucheris. Aplancgare formaion, Bharalish and garmination

Fig-2 Aplanospores Formation

(c)ByAkinetes: Akinete Formation:

Akinetes are thick-walled structures formed under unfavorable conditions such as drought and low
temperatures. They are commonly observed in V. geminata, V. megaspora, and V. uncinata.
Akinetes develop at the terminal parts of lateral branches, where the protoplasm migrates to the tips
and is followed by the formation of a cross-wall (Fig. 3). These multinucleate, thick-walled
segments are known as akinetes or hypnospores. **Akinete and Cyst Formation:

Akinetes can undergo successive divisions to form numerous thin-walled bodies called cysts.
When many akinetes remain attached to the parent thallus, it resembles another alga, Gongrosira,
and this stage of Vaucheria is thus referred to as the Gongrosira stage. Under favorable conditions,
both akinetes and cysts develop into new thalli. Randhawa (1939) noted that in V. uncinata, the
submerged parts of the thallus develop sex organs, while the exposed parts form brick-shaped
akinetes.

Fig-3 Akinetes

Akinetes can undergo successive divisions to form numerous thin-walled bodies called cysts.
When many akinetes remain attached to the parent thallus, it resembles another alga, Gongrosira,
and this stage of Vaucheria is thus referred to as the Gongrosira stage. Under favorable conditions,
both akinetes and cysts develop into new thalli. Randhawa (1939) noted that in V. uncinata, the
submerged parts of the thallus develop sex organs, while the exposed parts form brick-shaped
akinetes.

(ii1) Sexual Reproduction in Vaucheria:

In Vaucheria, sexual reproduction is classified as advanced oogamous, featuring male and female
sex organs called antheridia and oogonia. The majority of freshwater species are monoecious or
homothallic, though species like V. dichotoma, V. litorea, and V. mayyanadensis show dioecious
or heterothallic traits. Homothallic species may display varying arrangements of antheridia and
oogonia.. The position, structure, and morphology of antheridia play a significant role in the
taxonomy of Vaucheria.

Xanthophyceae-Vaucheria



The common patterns of arrangement of sex organs are as follows:

(a) Antheridia and oogonia develop adjacent to each other at regular intervals along the filament
(Fig. 5 A-C).

(b) (b) Antheridia and oogonia are found on specialized lateral branches, typically with a terminal
antheridium and several lateral oogonia (Fig. 4).

In V. hamata, the reproductive branches feature a central terminal antheridium surrounded by two
oogonia, one on each side.The sex organs can be unilateral, arranged on one side of the filament, or
bilateral, arranged on both sides of the filament.

(c) Male and female sex organs are located on neighboring branches.
Structure and Development of Antheridium:

The developed male reproductive body can vary in shape, such as cylindrical, tubular, straight, or
strongly curved. They are separated from the main filament by a septum. Antheridia may be
sessile, growing directly from the main branch (e.g., V. civersa), or positioned higher on the
branch, as seen in V. synandra.Young antheridia are typically green and contain cytoplasm, nuclei,
and chloroplasts. As they mature, antheridia turn yellow and contain numerous spindle-shaped
antherozoids. These antherozoids are released through a terminal pore (e.g., V. aversa) or multiple
pores (e.g., V. debaryana).In monoecious species, the antheridium develops as a small bulging or
lateral outgrowth alongside or before the development of the oogonium. Many nuclei, along with
cytoplasm, enter it, and it becomes separated from the lower part by a septum.The antheridium
grows into a curved structure, with its upper part being the main antheridium and the lower part
forming a stalk. The nuclei within the antheridium become surrounded by cytoplasm and develop
into biflagellate, yellow-colored antherozoids. These antherozoids are released from the tip of the
antheridium through an apical pore shortly before daybreak.

Fig-4 Arrangement of antheridia and Oogonia
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Structure and Development of Oogonium:

The development of the oogonium begins with the accumulation of a colorless, multinucleate mass
of cytoplasm near the base of the antheridial branch. This accumulated cytoplasm is referred to as
"wanderplasm." The wanderplasm then enters into an outgrowth or bulge of the main filament,
known as the oogonial initial. A significant quantity of cytoplasm and nuclei enter the oogonia,
transforming it into a large spherical structure known as an oogonium (Fig. 5 B-E). As the
oogonium matures, it becomes detached from the main branch by a septum forming at its base. The
mature oogonium is a single-celled structure. The nucleus of the oogonium, along with its
protoplasm, develops into a single egg cell.

There are three hypothesis regarding the fate of extra nuclei of oogonium of Vaucheria:

(a) As per Oltmanns (1895), except for one nucleus that becomes the female nucleus, all other
nuclei return to the filament. Heidinger (1908) and Couch (1932) supported this view.

(b) As per Davis (1904), the single nucleus develops into the egg, while all other nuclei degenerate.
(c) As per Brehens (1890), all nuclei fuse together to form a single nucleus.
Fertilization:

The mature oogonia exhibit shapes such as globose, obovoid, hemispherical, or pyriform. They can
either be sessile or have a stalked structure. The protoplast of the oogonium is separated from the
main filament by the formation of a septum.Within the mature oogonium, the entire protoplasm,
containing a single nucleus, forms a central spherical mass known as the oosphere or ovum. A
distinct vertical or oblique beak develops at the apical part of the mature oogonium. Opposite to the
beak, a colorless receptive spot emerges, and a pore forms just opposite to this receptive spot (Fig.
5F).

The oogonium releases a gel-like droplet through a pore near its apex. Numerous antherozoids
adhere to this droplet. Many antherozoids attempt to penetrate the oogonium, striking forcefully,
retracting, and then attempting again. Eventually, only one antherozoid successfully enters the
oogonium.Once inside, a membrane forms at the pore to prevent further entry of antherozoids. The
male nucleus enlarges and merges with the egg nucleus, forming a diploid zygote. This zygote
secretes a dense wall comprising 3 to 7 layers, now known as the oospore (Fig. 5 G-I). The
chromatophores deteriorate and reside in the center of the cell.

Fig-5 Sexual Reproduction
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Germination of oospore:

The oospore remains dormant for a period before it begins to germinate. During favorable seasons,
the wall of the oogonium breaks down, releasing the oospore. The oospore then germinates directly
into new filaments.The exact timing of reduction division in Vaucheria is uncertain, but it is
thought to occur during the initial nuclear division in the germinating oospore. This germination
produces a haploid thallus of Vaucheria.According to Williams, Hanatsche, and Gross, the life
cycle of Vaucheria is haplontic, with the oospore representing the sole diploid structure in the life
cycle. The Vaucheria thallus is haploid, characterized by its aseptate, branched, tubular, and
coenocytic structure. Fragmentation facilitates vegetative reproduction. Aquatic species reproduce
asexually through zoospores, while terrestrial species utilize aplanospores for the same purpose.

The zoospore is large multi flagellate structure and is supposed to be compound:

Zoospore or Synzoospore:

(= plo-d

Fig-& Germination of cospore

Sexual reproduction in this species follows an oogonous type, where the male and female sex
organs are antheridia and oogonia. The majority of species are homothallic, though some are
heterothallic. Following fertilization, a diploid zygote forms, which develops into an oospore and
undergoes a period of dormancy. Reduction division occurs within the oospore during germination,
resulting in the formation of a haploid thallus (Fig. 7).

r ' t
ASEXUAL CYCLE curmamonts

T | %“i't g
:':. 4'%{' % ol
Ihlhj:é:o:‘—— I \*-.“\l’:!j%mnl
devalagment oaqnnlum#\] i
) ]

i |l| artillzing \
B Ymdg:luml Cmn;nm Gy {20)
B ™ gexuaLcveLe
iy

*”"—|

Qospers germination

B \\w f; Gaspors (2n)
o

Fig- 7 Diagramaic life cycle
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