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UNIT | Algae & Bryophytes :
0 An Introduction

«IMPORTANT CONTRIBUTION OF PIONEER WORKERS»

i= A. Pioneers in Algology (Study of Algae)

M.O.P. lyengar (1886-1963) - India:

Contributions: Widely regarded as the
"Father of Indian Phycology." He made
monumental contributions to the
knowledge of Indian algae, especially
freshwater and marine forms. His work
on the Vaucheriaceae and Volvocales is
classic.

Key Work: His studies on the algae of
Madras and other regions laid the
foundation for systematic phycology in

- Key Work: His multi-volume work
"Phycologia Britannica" meticulously
described and illustrated the
seaweeds of the British Isles.

e Hiroshi Nakamura (20th Century) -

Japan:

- Contributions: A key figure in the
modern taxonomy of red algae,
contributing  significantly to the
understanding of their complex life
cycles.

1= B. Pioneers in Bryology (Study of
Bryophytes)
¢ William Starling

India.

e F.E. Fritsch (1879-1954) - UK: .
Sullivant

- Contributions: His most significant
contribution is the monumental
treatise  "The  Structure  and
Reproduction of the Algae" (Vol. | &
II). For decades, this was the bible for
algologists worldwide, providing a
comprehensive classification and
detailed morphology.

William Henry Harvey (1811-1866) -

Ireland:

- Contributions: A leading
phycologist of the 19th century. He
pioneered the study of marine algae,
particularly seaweeds.

o« D.H.N.

(1803-1873) - USA:

- Contributions: Considered the
"Father of American Bryology." He
was a meticulous taxonomist and artist.

- Key Work: His collaborations with
Leo Lesquereux on the
"MusciAmericaeSeptentrionalis" set
a very high standard for bryological
research.

(Duncan Hugh

Campbell (1857-1953) - USA:

- Contributions: A leading figure in
the study of liverworts and hornworts.
His book "The Structure and

Neville)



Development of Mosses and Ferns"
was a foundational text.

e Shiv Ram Kashyap (1882-1934) -
India:

- Contributions: Recognized as the
"Father of Indian Bryology." He
single-handedly initiated the scientific
study of bryophytes in India, focusing
on the Himalayan flora.

- Key Work: His seminal work
"Liverworts of the Western
Himalayas and the Panjab Plain"
remains a critical reference.

o Johannes Max Proskauer

(1923-1970) - Germany/USA:

- Contributions: Made significant
contributions to the morphology and

systematics of hornworts
(Anthocerotophyta).
¢ Margaret Hannah Fulford (1904-1999)
- USA:

- Contributions: A leading authority
on tropical American liverworts,
known for her detailed morphological
and taxonomic studies.

2. Research Developments

The fields have evolved from pure
morphology and taxonomy to integrating
modern tools.
o Shift from Morphology to Molecular
Phylogenetics:

- The classification of both algae and
bryophytes has been revolutionized
by DNA sequencing (e.g., chloroplast
genes, rRNA). This has resolved
many ambiguous relationships (e.g.,
the placement of hornworts as a
separate lineage, the redefinition of
green algal classes).
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¢ Genomics and Biotechnology:
- Algae: The sequencing of genomes

of algae like
Chlamydomonasreinhardtii  (model
green alga) and
Cyantidoschyzonmerolae (red alga)
has provided insights into
photosynthesis, flagellar movement,
and plant evolution.

Bryophytes: The genome
sequencing of the moss
Physcomitrium  patens  (formerly
Physcomitrella patens) has made it a
model organism for studying plant
evolution, gene function (via efficient
homologous recombination), and
stress responses.

e« Ecophysiology and Climate Change
Research:

- Algae: Studies on algal blooms (e.g.,

Red Tides), carbon sequestration by
marine phytoplankton, and the use of

algae in bioremediation of
wastewater.
Bryophytes: Research on

bryophytes as bioindicators of heavy
metal and air pollution. Their role in
carbon cycling in  peatlands
(Sphagnum) is critical for climate
models.

« Applied Phycology:
- Biofuels: Research into microalgae

(e.g., Chlorella, Dunaliella) as a
sustainable source for biodiesel and
bioethanol.

Nutraceuticals and
Pharmaceuticals: Extraction of
high-value compounds like Omega-3
fatty acids, astaxanthin
(Haematococcus), and agar/
carrageenan (from red algae).
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3. Opportunities
The future is bright for research in these fields,
with numerous interdisciplinary opportunities.
¢ Bioprospecting and Drug Discovery:
- Both algae and bryophytes are
underexplored reservoirs of novel
bioactive compounds with potential
antibiotic, anticancer, and antiviral
properties.
o Sustainable Technologies:
- Algae:
e Carbon Capture: Using microalgae to
capture CO, from industrial flue gases.
o Wastewater Treatment: Algal turf
scrubbing to remove nitrates and
phosphates.

o Alternative Proteins: Scaling up
production of microalgae (e.g.,
Spirulina) as a sustainable protein
source for food and feed.

- Bryophytes:

¢ Green Roof Technology: Using
mosses in sustainable architecture for
insulation, water retention, and
reducing the urban heat island effect.

¢ Phytoremediation: Using moss bags
to monitor and clean up atmospheric
particulate pollution.

o Evolutionary Developmental Biology

(Evo-Devo):

- Using model bryophytes
(Physcomitrium, Marchantia) and
algae (Chlamydomonas) to
understand the evolution of key plant
traits like multicellularity, apical
growth, and the colonization of land.

o Conservation Biology:

- There is a growing need to document
and conserve the biodiversity of both

3

algae and bryophytes, especially in
tropical regions and sensitive
ecosystems like peatlands, which are
threatened by climate change and
human activity.

4. Important Institutions
o For Algae:

- CCMP (Provasoli-Guillard National
Center for Marine Algae and
Microbiota) - USA: A leading
repository for algal cultures.

- The Algal Collection at the Natural
History Museum, London - UK:
Houses a historic and extensive
collection of algal specimens.

- CSIR-CSMCRI (Central Salt &
Marine  Chemicals Research
Institute) - India: A premier institute
for applied phycology research.

- Bigelow Laboratory for Ocean
Sciences - USA: Focuses on
oceanic phytoplankton and global
ecology.

For Bryophytes:

- The New York Botanical Garden
(NYBG) - USA: Holds one of the
world's largest bryophyte herbaria.

- Royal Botanic Garden, Edinburgh
(RBGE) - UK: A world-renowned
center for bryological research.

- The Bryophyte Herbarium,
University of Helsinki - Finland: A
key institution for Arctic and boreal
bryology.

- National Botanical Research
Institute (NBRI) - India: Has an
active bryology laboratory and a
significant herbarium.
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9. Important Journals
o For Algae:

Journal of Phycology (Wiley): The
leading international journal for algal
research.

Phycologia (International
Phycological Society): A premier
journal for systematic and ecological
phycology.

Algal Research (Elsevier): Focuses
on applied phycology and
biotechnology.

European Journal of Phycology
(British Phycological Society).

e For Bryophytes:

The Bryologist (American
Bryological and Lichenological
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Society): A top-tier journal covering
all aspects of bryology.

- Journal of Bryology (British
Bryological Society): Publishes
high-quality research on bryophytes.

- Nova Hedwigia (Gebriider
Borntraeger): Covers taxonomy and
systematics of cryptogams, including

bryophytes.
- Lindbergia (Nordic Bryological
Society).
¢ General Journals that frequently publish
high-impact algological/bryological
research:

e Science, Nature, Proceedings of the
National Academy of Sciences (PNAS),
The Plant Cell, New Phytologist,
American Journal of Botany.



QUESTIONS>

e/
Section A: Very Short Answer Type Questions

1. Name the scientist known as the 'Father of Phycology in India'.
Ans. M.O.P. lyengar

2. Who is considered a pioneer in the study of Indian bryophytes?
Ans. Shiv Ram Kashyap

3. Give the name of any one research journal dedicated to algology.
Ans. Journal of Phycology

4. What is the significance of Fritsch's contribution to algology?
Ans. He authored the monumental treatise "The Structure and Reproduction of the Algae",
which became the foundational text for modern phycology.

5. Name the institution in India famous for research on marine algae.
Ans. Central Salt & Marine Chemicals Research Institute (CSMCRI), Bhavnagar

6. What does IAB stand for?
Ans. International Association of Bryologists

7. Who proposed the classification of algae in the book "Structure and Reproduction of
Algae"?
Ans. F.E. Fritsch

8. Name one important bryological society.
Ans. The British Bryological Society (BBS)

9. What are the career opportunities for an algologist?
Ans. Research Scientist, Aquaculture Manager, Biofuel Technologist, Environmental
Consultant.

10. Who is known for their extensive work on the Hepaticae of India?

Ans. Shiv Ram Kashyap (for his work "Liverworts of the Western Himalayas and the Panjab
Plain").

Section B. Short Answer Type Questions

11. Write a short note on the contribution of M.O.P. lyengar to Indian phycology.

Ans. M.O.P. lyengar is revered as the 'Father of Indian Phycology'. His pioneering work laid the
systematic foundation for the study of algae in India. He made extensive collections and detailed
studies of freshwater algae, particularly from Southern India. His most significant contribution
was the monumental work, along with Dr. V. Krishnamurthy, on the "Icones of Indian Marine
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Algae". He also established a strong school of phycology at the University of Madras, training a
generation of Indian phycologists.

12. Explain the significance of F.E. Fritsch's book "Structure and Reproduction of Algae".

Ans. F.E. Fritsch's "The Structure and Reproduction of the Algae" (published in two volumes) is
a landmark publication in phycology. Its significance lies in:
® Comprehensive Classification: It provided a detailed and comprehensive classification
system for algae based on comparative morphology, cytology, and reproductive
structures.

® Foundational Knowledge: It compiled and synthesized all existing knowledge of algae at
the time, serving as the primary reference for phycologists for decades.

e Emphasis on Evolution: The work highlighted evolutionary relationships among different
algal groups.

e Standard Text: It became the standard textbook and research guide for students and
scientists worldwide, shaping the modern study of algae.

13. Write a short note on the role of the Central Institute of Freshwater Aquaculture (CIFA) in
algal research.

Ans. The Central Institute of Freshwater Aquaculture (CIFA) in Bhubaneswar plays a crucial
role in applied phycology, primarily in the context of aquaculture.
® |ive Feed Production: CIFA researches the mass cultivation of microalgae (like Chlorella,
Spirulina) and zooplankton, which serve as essential live feed for larval stages of fish and
prawns.
e Nuftritional Enhancement: It studies the role of algae in enhancing the nutritional value of
aquaculture feed, improving the growth and health of cultivated species.

e Sustainable Practices: The institute develops integrated systems where algal culture is
used for nutrient recycling and maintaining water quality in aquaculture ponds.

14. Describe the pioneering work of Shiv Ram Kashyap on Indian bryophytes.
Ans. Shiv Ram Kashyap is recognized as the "Father of Indian Bryology". His pioneering work
includes:
® Foundation of Indian Bryology: He was the first to conduct a systematic and extensive
survey of bryophytes across India, particularly in the Himalayas.
® Monumental Publications: His most famous works are "Liverworts of the Western
Himalayas and the Panjab Plain" and "The Genus Marchantia in India", which are still
authoritative references.
e Documentation and Taxonomy: He described numerous new genera and species of
liverworts and mosses, creating a foundational checklist for the Indian bryoflora.

e Academic Legacy: As a professor at the University of Punjab, he inspired and guided
future bryologists in India.
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15. Write a short note on the importance of herbaria in bryological studies.
Ans. Herbaria are indispensable for bryological studies as they serve as:

® Voucher Specimens: They provide permanent, verifiable records of a plant's identity and
occurrence at a specific location and time.

® Taxonomic Reference: Bryologists use herbarium specimens for comparative
morphology, identification, and describing new species.

e Historical Record: They document the historical distribution of species, which is crucial
for studying climate change, habitat loss, and biogeography.

o Research Material: Herbaria are a source of material for modern studies like DNA
analysis, phytochemistry, and scanning electron microscopy.

16. List and explain the major research developments in the field of algal biotechnology.
Ans. Major developments in algal biotechnology include:

® Biofuel Production: Research on high-lipid microalgae as a sustainable source for
biodiesel, bioethanol, and biogas.

e High-Value Products: Extraction of nutraceuticals (Omega-3 fatty acids, carotenoids like
astaxanthin), pigments, and pharmaceuticals (anticancer, antiviral compounds).

o Wastewater Treatment: Using algae for phycoremediation to remove nutrients (nitrates,
phosphates) and heavy metals from industrial and municipal wastewater.

e Carbon Sequestration: Utilizing algal cultures to capture and utilize industrial CO?
emissions, mitigating climate change.

® Genetic Engineering: Developing genetically modified algae for enhanced production of
specific compounds or improved growth characteristics.

17. Write a short note on the International Association of Bryologists (IAB).

Ans. The International Association of Bryologists (IAB) is a global professional society
dedicated to promoting the study of bryophytes (mosses, liverworts, hornworts).

e Mission: It fosters collaboration and communication among bryologists worldwide.

® Publications: The IAB publishes the prestigious journal "The Bryologist" and a
newsletter.

® Activities: It organizes international bryological conferences, workshops, and supports
research and conservation efforts.

® Networking: It serves as a central platform for bryologists to connect, share knowledge,
and standardize research practices.
18. What are the opportunities in the field of bryophyte taxonomy and conservation?
Ans. Opportunities in this niche field are growing due to:

® Biodiversity Discovery: Many bryophyte species, especially in tropics, remain
undiscovered and undescribed, offering scope for taxonomic research.

e Biomonitoring: Bryophytes are excellent bioindicators of air and water pollution, creating
roles in environmental consulting and monitoring agencies.
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e Conservation Biology: With habitat destruction and climate change, there is a need for
experts to assess the conservation status of bryophytes, manage protected areas, and
develop ex-situ conservation strategies (e.g., in bryophyte herbaria and gardens).

® Phylogenetics and Evolution: Using molecular tools to understand plant evolution, as
bryophytes represent key early land plant lineages.

19. Write a short note on the application of algae in the food industry.
Ans. Algae have diverse applications in the food industry:

® Direct Consumption: Macroalgae like Porphyra (Nori), Laminaria (Kombu), and Ulva
(Sea lettuce) are staple foods in many Asian cuisines.

e Health Supplements: Microalgae like Spirulina and Chlorella are sold as tablets and
powders for their high protein, vitamin, and antioxidant content.

® Food Additives: Phycocolloids derived from algae, such as agar (from Gelidium),
carrageenan (from Chondrus), and alginates (from brown algae), are widely used as
gelling, thickening, and stabilizing agents in ice creams, jellies, desserts, and sauces.

20. Describe the contribution of William Henry Harvey to the study of algae.

Ans. William Henry Harvey was a renowned 19th-century phycologist. His major contributions
are:

® Floristic Studies: He authored several monumental, illustrated works on marine algae
from different parts of the world, including "Phycologia Britannica" and "Nereis Australis".

® Taxonomy of Seaweeds: He made significant contributions to the taxonomy of red and
brown algae, describing hundreds of new species.

o Detailed lllustrations: His books are famous for their highly detailed and accurate color
illustrations, which were invaluable for identification and study.

e Systematic Approach: He helped systematize the classification of marine algae, laying
the groundwork for future phycological research.

Section C. Long Answer Type Questions

21. Discuss the important contributions of any two pioneer workers in the field of algology.

Ans. Introduction: Algology, the study of algae, was shaped by several pioneers. Two
foundational figures are F.E. Fritsch (internationally) and M.O.P. lyengar (in India).

e F.E. Fritsch:

— Magnum Opus: His most significant contribution is the two-volume book "The Structure
and Reproduction of the Algae". It was the first comprehensive synthesis of global
knowledge on algae.

— Classification System: He proposed a detailed classification system based on
pigmentation, flagellation, storage products, and cell wall structure, which influenced
algal taxonomy for decades.

— Evolutionary Perspective: He interpreted algal morphology in an evolutionary context,
linking simple to complex forms.
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— Legacy: His work remains a classic reference and trained the thinking of generations of
phycologists.

e M.O.P. lyengar:

— Father of Indian Phycology: He is credited with founding the systematic study of algae
in India.

— Extensive Surveys: He conducted pioneering surveys of both freshwater and marine
algae, particularly from South India.

— Monumental Work: His most celebrated work is the "lcones of Indian Marine Algae", a
detailed and illustrated account of Indian seaweeds.

— Academic Legacy: He established a strong school of phycology at the University of
Madras, mentoring many prominent Indian algologists.

® Conclusion: While Fritsch provided the global theoretical framework, lyengar laid the
empirical and systematic foundation for algology in India. Their combined contributions
form the bedrock of the discipline.

22. Describe the major research developments and future prospects in the field of bryology.

Ans. Introduction: Bryology has evolved from a purely descriptive science to an
interdisciplinary field integrating modern tools.

® Major Research Developments:

— Molecular Phylogenetics: DNA sequencing has revolutionized bryophyte
classification, clarifying evolutionary relationships among mosses, liverworts, and
hornworts and their position in land plant evolution.

— Genomics: The sequencing of genomes (e.g., the moss Physcomitrella patens)
provides insights into the genetic basis of desiccation tolerance, development, and the
evolution of plant traits.

— Ecophysiology: Detailed studies on how bryophytes tolerate extreme desiccation,
absorb water and nutrients directly through their leaves, and respond to environmental
stress.

— Biomonitoring: The use of bryophytes as sensitive indicators of heavy metal
deposition and air pollution is a well-established and growing application.

® Future Prospects:

— Conservation Bryology: With habitat loss, there will be an increased focus on
assessing extinction risks, conservation prioritization, and restoration ecology using
bryophytes.

— Synthetic Biology: The model moss Physcomitrella is used for the production of

complex pharmaceuticals (molecular pharming) due to its efficient homologous
recombination.

— Climate Change Studies: Bryophytes, especially peat mosses (Sphagnum), are
critical carbon sinks. Research will focus on their role in the global carbon cycle under
changing climates.
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— Biotechnological Applications: Exploring bryophytes for novel bioactive compounds,
antibiotics, and as green roofs for urban heat island mitigation.

® Conclusion: The future of bryology is bright, positioned at the intersection of fundamental
evolutionary biology and applied environmental science.

23. Algal research offers diverse career opportunities.” Elaborate on this statement with
reference to industry, research institutions, and environmental management.

Ans. Introduction: Algae, with their immense diversity and metabolic capabilities, have
moved from academic curiosity to a resource with significant economic potential, creating
diverse career paths.

® |ndustry:

— Biofuels & Energy: Roles as Biofuel Technologists, Process Engineers in companies
developing algal biodiesel, biohydrogen, and biogas.

— Nutraceuticals & Cosmetics: Opportunities in R&D, production, and quality control for
companies extracting beta-carotene, astaxanthin, and Omega-3s from algae.

— Food & Agri-business: Careers in aquaculture (live feed production), functional food
development, and as technicians in algal biomass production facilities.

— Phycocolloids: Jobs in industries producing and marketing agar, carrageenan, and
alginates.

® Research Institutions:

— Academia: Positions as University Professors, Postdoctoral Researchers, and Lab
Technicians focusing on algal taxonomy, physiology, genetics, and biotechnology.

— Government Labs: Scientists in institutes like CSMCRI (marine algae), CIFA
(aquaculture feed), and NBRI (plant sciences) conduct applied and fundamental
research.

e Environmental Management:

— Phycoremediation: Environmental Consultants and Technologists specializing in
using algae to treat wastewater and industrial effluents.

— Carbon Capture: Researchers and Engineers working on utilizing algal systems to
sequester carbon dioxide from power plants.

— Biomonitoring: Ecologists using algae as bioindicators to assess the health of aquatic
ecosystems (rivers, lakes).

® Conclusion: The versatility of algae ensures that algal research is not a narrow field but a
springboard to careers in sustainability, biotechnology, food security, and environmental
protection.

24.Give a detailed account of the national and international institutions contributing
significantly to algological research.

Ans. Introduction: Several institutions worldwide are hubs for cutting-edge algological
research, spanning taxonomy, ecology, and biotechnology.

e National Institutions (India):
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— Central Salt & Marine Chemicals Research Institute (CSMCRI), Bhavnagar: A
premier institute under CSIR, famous for research on marine algae, seaweeds, and the
production of marine chemicals like agar and alginates.

— Central Institute of Fisheries Education (CIFE), Mumbai & Central Institute of
Freshwater Aquaculture (CIFA), Bhubaneswar: Focus on the role of algae as live
feed in aquaculture and nutritional enhancement of fish.

— National Botanical Research Institute (NBRI), Lucknow: Conducts research on
microalgae for biofuel, wastewater treatment, and high-value products.
— University of Madras (Department of Botany): Historically significant due to M.O.P.
lyengar, it continues to be a center for algal taxonomy and physiology.
e International Institutions:
— Bigelow Laboratory for Ocean Sciences (USA): A world leader in research on
marine phytoplankton, oceanography, and algal genomics.

— Algae Culture Collection at the University of Texas (UTEX) (USA) & CSIRO
Microalgae Research Centre (Australia): Maintain large, diverse collections of living
algae for research and industry.

— Alfred Wegener Institute (Germany): Conducts extensive research on polar
microalgae and their role in marine ecosystems and biogeochemical cycles.

— Marine Biological Association (MBA), UK: A historic institution with strong research
on marine biology, including seaweeds and phytoplankton.

® Conclusion: These institutions, through their focused research, culture collections, and
trained manpower, drive global innovation and application in the field of algology.

25. Write an essay on the history and development of bryology in India, highlighting the roles
of key pioneers.

Ans. Introduction: The study of bryophytes in India began during the British colonial period
but was firmly established by Indian scientists in the early 20th century.

® The Colonial Era (Pre-1900): Early explorations were conducted by European botanists
like William Hooker and J.D. Hooker, who included Indian bryophytes in their global floras.
Specimens were sent to European herbaria for identification.

® The Pioneer: Shiv Ram Kashyap (1882-1934):
— Recognized as the "Father of Indian Bryology".

— He was the first to conduct systematic and extensive surveys across India, especially
the Himalayas.

— His seminal publications, "Liverworts of the Western Himalayas and the Panjab Plain"
and papers on Indian Marchantia, are foundational texts.

— He described numerous new species and genera, establishing the baseline for the
Indian bryoflora.

e Post-Independence Expansion (Mid-20th Century):

— Prof. S.C. Srivastava: Continued the work on Himalayan bryophytes and made
significant contributions to the knowledge of Indian mosses.
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— Prof. H.C. Gangulee: Authored the comprehensive book "Mosses of Eastern India and
Adjacent Regions", a critical taxonomic resource.

— Prof. A.K. Purohit: Contributed significantly to the bryology of Central and Western
India.

® Modern Era (Late 20th Century - Present):

— Research expanded from pure taxonomy to include ecology, cytogenetics, and, more
recently, molecular phylogenetics and biochemistry.

— Establishment of the Indian Bryological Society and its journal promotes research and
collaboration.

— Focus has shifted to conservation, biomonitoring, and understanding the role of
bryophytes in ecosystems.

® Conclusion: From its beginnings in colonial collections to the foundational work of
Kashyap and the diversified modern research, Indian bryology has a rich history and a
dynamic present, crucial for understanding India's plant biodiversity.

® (Note: Due to the length, answers to questions 6-10 in Section C are provided in a concise
format below. The structure and detail would mirror the answers above.)*

26. Scope and Importance in the 21st Century:

Ans. Algology: Central to addressing global challenges: Biofuels for energy security, Carbon
Sequestration for climate mitigation, Wastewater Treatment for clean water, and Nutraceuticals
for human health.

® Bryology: Critical for Biodiversity Conservation (as indicators of ecosystem health),
Climate Change Studies (peatlands as carbon sinks), and Evolutionary Biology
(understanding land plant origins).

27.Role of Modern Tools:

Ans. Electron Microscopy (SEM/TEM): Revealed ultrastructural details of spores,
gametophytes, and algal flagella, crucial for taxonomy.

® Molecular Markers (DNA Barcoding, Phylogenetics): Revolutionized classification,
resolved evolutionary relationships, and enabled accurate identification of cryptic species.

® Genomics/Proteomics: Unlocking the genetic basis of unique traits like desiccation
tolerance in bryophytes and lipid production in algae.

28. Important Journals:

Ans. Algology: Journal of Phycology, Phycologia, Algal Research (applied). Scope:
Taxonomy, physiology, ecology, biotechnology.

® Bryology: The Bryologist, Journal of Bryology, Lindbergia. Scope: Taxonomy, ecology,
cytology, conservation.

e Significance: Peer-reviewed dissemination of knowledge, setting research standards,
and archiving scientific progress.
29. Evolution of Bryophyte Classification:
Ans. Early Systems: Based on gametophyte morphology (e.g., Eichler's system).
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® 20th Century: Schemes by Verdoorn (for hepatics) and Brothersus (for mosses) were
widely used.

® Molecular Era: The "Hennigian revolution" using DNA data led to major revisions (e.g.,
recognizing hornworts as a distinct lineage, redefining ordinal boundaries). The move
from a divisional name "Bryophyta" (for all) to three separate divisions: Marchantiophyta
(liverworts), Bryophyta (mosses), and Anthocerotophyta (hornworts).

30. Economic Importance & Current Research:
Ans. Algae:

e Traditional: Food (seaweeds), Fertilizer, Phycocolloids (agar, alginates).

® Current Research Trends/Opportunities: Biofuels, Omega-3 fatty acids, Astaxanthin,
Phycoremediation, Carbon capture.

® Bryophytes:
— Traditional: Peat for fuel and horticulture, Mosses for packing material.

— Current Research Trends/Opportunities: Bioindicators of pollution, Peatland
conservation for carbon storage, Source of novel antibiotics and pharmaceuticals,
Model systems in plant evolution and synthetic biology.



