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FOREWORD

It is with great pleasure and deep satisfaction that | present this
foreword to the Training Manual of the Science Camp titled “Beyond
Blue Horizons: An Experiential Training Manual for B.Sc. Agriculture
Students” Conducted from July 14 to 18, 2025, at the STI Hub Digital \ ‘
Training Hall, ATIC, ICAR-CMFRI, Kochi, this programme exemplifies our \ \
continued commitment to innovative, experiential, and interdisciplinary N\
learning in agriculture and allied sectors. ML

Organized by ICAR-Central Marine Fisheries Research Institute through

its Agricultural Technology Information Centre (ATIC), the training served

as a dynamic platform for B.Sc. Agriculture students from the College of Agriculture, Vellanikkara,
Thrissur. The thematic focus on integrating field-based experiences with advanced laboratory
analyses reflects a progressive approach to education—one that fosters a seamless continuum
between knowledge generation, validation, and application. Such initiatives are vital in equipping
students with the skills and perspectives required to address emerging challenges in agriculture
and fisheries.

| place on record my sincere appreciation to Dr. Vipinkumar V.P, Principal Scientist and ATIC
Manager, ICAR-CMFRI, for his exemplary leadership, meticulous planning, and unwavering dedication
in organizing this programme. His efforts, along with those of the entire team, have ensured the
successful conduct of this Science Camp, setting a high standard for future capacity-building
initiatives.

The programme was thoughtfully designed to bridge the gap between theoretical understanding
and practical application. It offered participants a rich blend of innovative lectures on emerging
topics, hands-on training sessions, field exposure visits, and institutional interactions. The
opportunity to access advanced laboratories, aquarium facilities, and the museum at CMFRI
significantly enriched the learning experience. Equally important were the interactive sessions with
farmers, which fostered meaningful exchanges between academia and practitioners, grounding
scientific knowledge in real-world contexts.

Such experiential learning opportunities are invaluable in enabling students to appreciate the
dynamic flow of information from field observations to laboratory insights, ultimately supporting
informed decision-making and innovation in production systems. | am confident that the
knowledge and exposure gained through this Science Camp will contribute significantly to the
academic growth and professional development of the participants.

| extend my warm congratulations to all the students and faculty members who actively engaged in
this programme. Your enthusiasm, curiosity, and commitment to learning are truly commendable.
May this experience inspire you to strive for excellence and contribute meaningfully to the
advancement of agriculture and fisheries.

| am confident that this training manual will serve as a lasting resource, capturing the essence of
the programme and reflecting the collective efforts that made this initiative both impactful and

memorable. M‘V"“/

Dr. Grinson George
Director, ICAR-CMFRI
Kochi



PREFACE

It is with immense pleasure and a deep sense of fulfilment that |
present this compendium, “Beyond Blue Horizons: A Training Manual for
B.Sc. Agriculture Students of Kerala Agricultural University” This volume
encapsulates a unique and inspiring journey of experiential learning,
meticulously designed and conducted at the STI Hub Digital Training
Hall, ATIC, ICAR-CMFRI, Kochi, from July 14 to 18, 2025.

Envisioned as a transformative academic engagement, this Science
Camp brought together bright and inquisitive B.Sc. Agriculture students
from Kerala Agricultural University, Thrissur, and guided them through
a rich continuum of learning—from field-level realities to the precision of laboratory analytics. At

a time when agriculture is rapidly transitioning into a data-driven and innovation-led enterprise,
the programme provided a vibrant platform for students to explore the convergence of traditional
knowledge systems with modern scientific advancements, with a special emphasis on the fisheries
sector.

The training was thoughtfully structured to deliver an immersive and practice-oriented learning
experience. Through a dynamic blend of expert lectures, hands-on sessions, field exposure visits,
institutional interactions, and meaningful dialogues with farmers, participants were encouraged not
only to learn but to question, analyse, and innovate. The focus was on nurturing scientific curiosity,
strengthening practical competencies, and inspiring a forward-looking approach to sustainable
agriculture and fisheries development,

This manual, comprising ten thoughtfully curated chapters, reflects the thematic depth and diversity
of the programme. It covers a wide spectrum of subjects including integrative analytics, digital
interventions, field diagnostics, and emerging marine agri-technologies. What makes this volume
particularly engaging is its strong practical orientation—each chapter offers insights, methodologies,
and experiences that readers can readily connect with and apply. The concluding chapter, featuring
the comprehensive report prepared by the students, stands as a testament to their active
engagement and the effectiveness of the experiential learning model adopted during the camp.

| place on record my sincere gratitude to Dr. ). Jayasankar, Head of the FRAEE Division, and Dr. B.
Jenni, ACTO, ATIC, for their scholarly contributions, editorial excellence, and steadfast support as
co-editors of this compendium. Their efforts have been instrumental in shaping this manual into a
valuable and enduring academic resource.

As the Course Director and Chief Editor, | consider this compendium not merely as a documentation
of an event, but as a celebration of collaborative learning and an invitation to explore the vast and
promising interface between agriculture and fisheries sciences. While this endeavour represents
only a beginning—a glimpse into a much larger horizon—it is my earnest hope that this volume

will inspire readers to delve deeper, think innovatively, and contribute meaningfully to this evolving
domain.

| warmly invite students, researchers, academicians, and practitioners to engage with the chapters
that follow—rich in practical insights, field-based observations, and scientific perspectives—and to

draw inspiration for future learning and innovation. M

Dr. Vipinkumar V. P.
Principal Scientist & ATIC Manager
ICAR-CMFRI, Kochi
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Case Studies on SHGs and Gender
Transformation

Reinventing Empowerment: 1

Vipinkumar V.P'., Reshma Gills®., Swathilekshmi P.S°., Sanal Ebeneezar'., Anuja
A.R'.,, Saju George' and Jenni B'.

1. ICAR-Central Marine Fisheries Research Institute, Kochi

2.ICAR-National Academy of Agricultural Research Management, Hyderabad
Email: reshma1818@gmail.com

3. ICAR-Central Marine Fisheries Research Institute, Veraval

The theme “Reinventing Empowerment: Case Studies on Self-Help Groups and
Gender Transformation” holds immense significance for B.Sc. (Agri.) students as
part of their RAWE (Rural Agricultural Work Experience) programme. Self-Help
Groups (SHGs) represent the grassroots engines of rural development, blending
social capital with economic empowerment—especially among women. By
engaging with SHGs, students gain first-hand exposure to how collective action,
microfinance, and entrepreneurship transform livelihoods and strengthen
gender equity in rural communities. This topic encourages students to look
beyond production-oriented agriculture and appreciate the human dimensions
of rural progress—leadership, cooperation, and empowerment. To make the
learning process more engaging, students can interact directly with successful
SHGs, document inspiring life stories, conduct participatory rural appraisals,
and even assist in developing small agri-based enterprises. Such experiential
learning not only nurtures empathy and social responsibility but also shapes
them into holistic professionals capable of integrating technology with social
change.

Let's have a look to the concept of Development first, where we can see that,
development represents the upliftment of the most marginalized sections of
society, enhancing their standard of living. In the context of India's fisheries
sector, true development and empowerment of weaker sections can be
significantly realized through poverty alleviation initiatives driven by
transparent mechanisms like Self-Help Groups (SHGs). These groups hold
immense potential to play a pivotal role in advancing the fisheries sector. A
critical aspect of this transformation is ensuring the active participation of
coastal fisherfolk, particularly women, in the planning and execution of various
coastal development programs. Their involvement is key to creating sustainable
and inclusive growth within the sector.

The open-access nature of marine fishery resource utilization in India
necessitates a dual focus on technological innovation and management
strategies that balance livelihood needs with resource conservation. As India’s
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premier Marine Fisheries Research Institute, the Central Marine Fisheries
Research Institute (CMFRI), with over six decades of dedicated service, has been
at the forefront of proposing sustainable strategies for harnessing the potential
of capture and culture fisheries while ensuring their optimal utilization.

Technological advancements thrive best in collaborative ecosystems. The
success or failure of any innovation hinges on the strength of the partnership
between researchers and the end-user community. Rational utilization of
common property resources for sustainable development, without jeopardizing
environmental health, becomes achievable through active community
participation.

One promising avenue is bivalve farming, particularly mussel and oyster
cultivation, which holds significant potential for boosting food and livelihood
security in coastal agro-climatic regions. Mussel farming, in particular, has has
evolved as a profitable supplementary income source for coastal coastal
fisherfolk, as demonstrated by CMFRI’s experimental trials, which confirmed its
techno-economic viability (Vipinkumar V.P. et al.,, 2001; Vipinkumar V.P. and
Asokan, P.K., 2008).

This narrative delves into three case studies from Kasargod and Kollam districts
of Kerala, and Karwar in Karnataka, illustrating the dynamics of Self-Help
Groups (SHGs) of coastal fisherfolk engaged in mussel farming. These case
studies provide valuable insights into how SHGs, combined with innovative
aquaculture practices, can serve as catalysts for sustainable development in
coastal regions.

A Self-Help Group (SHG) is composed of individuals united by a common bond,
such as caste, sub-caste, community, place of origin, or a shared activity. The
concept of Group Dynamics within these SHGs refers to the interactions and
forces at play between members, shaping the team'’s internal structure and
processes. It explores how these groups are formed, their organizational
structure, how they function, and how they impact individual members and the
overall group (Lewin et al., 1960).

In their in-depth study of Group Dynamics, Pfeiffer and Jones (1972) identified
key factors that influence a group's success, including how the team is
organized, the leadership style, the training received by members and leaders,
the tasks assigned to the team, and the team's history of success or failure.
Further, in a comprehensive study, Hersey and Blanchard (1995) emphasized the
roles individuals play within groups—both helpful and hindering. These roles
include establishing, persuading, manipulating, committing, being dependent,
attending, and avoiding.



This section presents a couple of case studies that explore the dynamics of Self-
Help Groups engaged in bivalve farming, shedding light on how these forces
come together to influence the success and sustainability of such initiatives.

1. Case Study: Women Empowerment through Mussel Culture in Kasargod District

Kasargod, located in the northernmost region of Kerala, has has evolved as a
notable hub for mussel farming, a success story largely driven by women's Self-
Help Groups (SHGs). These groups have been thriving in mussel farming for
several years, thanks to financial assistance provided under the Swarnajayanthi
Gramaswa Rosgar Yojana (SGSY), a state government initiative focused on the
economic empowerment of marginalized communities (Vipinkumar et al., 2001).
This scheme offers subsidies, bank loans, and other financial support,
emphasizing poverty alleviation through organized SHGs. The program targets
comprehensive empowerment, offering training, credit, marketing, technical
expertise, and essential facilities to uplift the poor. Its ultimate goal is to help
participants earn a minimum of Rs 2,000 per month and rise above the poverty
line within three years.

Kasargod, with an area of 1,992 km? and a population of 1,071,508, has a
population density of 538 per km? and an impressive literacy rate of 82.51%. The
district's economy is largely driven by agriculture, fishing, coir retting, toddy
tapping, and other local industries. The coastal belts of Kasargod have
significant potential for aquaculture diversification, offering opportunities for
finfish culture, prawn, and crab farming (Asokan et al., 2001). Mussel farming, in
particular, has proven to be a profitable and sustainable livelihood for many
coastal women.

This Case Study delves into the impact of mussel farming on the economic
economic and social empowerment of women in Kasargod, examining the
adoption dynamics, cost-effectiveness, and broader implications for poverty
alleviation in the region. Through the efforts of SHGs, these women have not
only contributed to the local economy but have also demonstrated how
organized collective action can lead to meaningful change.

Implementation plan

This study was conducted in two prominent panchayats—Cheruvathur and
Padanna—within the Kasargod district, both of which are ideal for mussel
farming due to their brackish water estuary systems. Cheruvathur panchayat
spans 18.37 km? and has a population of 24,504, with 18,631 individuals being
literate. The majority of the population depends on agriculture, while
approximately 150 families rely on fishing as their primary occupation, with an
additional 300 families engaged in fishing as a subsidiary livelihood. Similarly,
Padanna panchayat covers 13.08 km?, with a population of 17,961 and 12,746
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literate individuals. Around 200 families in Padanna depend on fishing as their
primary occupation, while 400 families participate in fishing on a part-time
basis.

In both panchayats, six women’s Self-Help Groups (SHGs)—three from each—
were mobilized under the DWCRA scheme, with ongoing support and
technological assistance from the Central Marine Fisheries Research Institute
(CMFRI). These groups were selected as the sample for this study, and data was
collected through exploratory case studies involving personal interviews with
the respondents.

To assess the team Dynamics within these SHGs, this study introduced the team
Dynamics Effectiveness Index (GDEI). This index was designed to measure the
overall effectiveness of group dynamics based on key sub-dimensions, such as
participation, influence and styles of influence, decision-making procedures,
task functions, maintenance functions, group atmosphere, membership,
feelings, norms, empathy, interpersonal trust, and the achievements of the SHGs
(Vipinkumar and Baldeo Singh, 1998). This approach provided valuable insights
into how the internal dynamics of the SHGs influenced their success in mussel
farming and the broader impact on the community.

To calculate the team Dynamics Effectiveness Index (GDEI), the scores for each
of the sub-dimensions were first standardized, then multiplied by the
corresponding weightage assigned by expert judges. These weighted scores
were summed to determine the GDEI score for each respondent. It was ensured
that all sub-dimensions, identified as key components of Group Dynamics
Effectiveness (GDE), held high significance, as confirmed by the coefficient of
agreement in judges’ ratings and statistical evidence from the pilot study. The
content validity of the measurement device used for GDE was thoroughly
assessed.

Measurement of Sub-Dimensions

A. Participation:

Participation was defined as the extent to which a member engages in group
meetings, discussions, and activities within the Self-Help Group (SHG).

B. Influence & Style of Influence:
Influence was defined as the ability of a member to impact other SHG members
in a positive manner.

Style of influence referred to the method a member uses to influence others,
which was categorized into four styles: autocratic, peacemaker, laissez-faire,
and democratic.



C. Decision-Making Procedures:

This sub-dimension measured the degree to which a member contributes to
decisions by involving others, avoids topic drifting, supports consensus, values
the majority opinion, encourages participation, and feels recognized for their
input in the decision-making process.

D. Task Functions:

Task functions were defined by the extent to which a member actively suggests
solutions to group problems, summarizes discussions, provides feedback, offers
ideas, and ensures the team stays focused on its objectives.

E. Maintenance Functions:

Maintenance functions measured how well a member assists others in group
activities, fosters cooperative behavior, helps clarify ideas, and maintains the
team’s focus on both task and interpersonal harmony.

F. Group Atmosphere:

This sub-dimension assessed the degree to which a member values a friendly
and supportive environment, works to resolve conflicts, encourages
involvement, and is satisfied with the work climate within the SHG.

G. Membership:
Membership was defined as how accepted or included a member feels within
the SHG, including whether they feel part of sub-groups or outside the main

group.

H. Feelings:

Feelings were measured by the extent to which a member experiences emotions
such as anger, frustration, warmth, affection, excitement, boredom, or
competitiveness during group activities.

I. Norms:
Norms referred to the perceived standards, ground rules, and regulations that
govern the behavior of members, ensuring the smooth operation of the SHG.

J. Empathy:
Empathy was defined as the ability of a member to understand and relate to
the feelings of others within the team.

K. Interpersonal Trust:
This sub-dimension measured the level of trust a member has in others and the
degree of trust other members place in them.



L. Achievements of SHG:

Achievements were assessed by how well the SHG performs as a collective, as
well as the individual contributions and accomplishments of each member
within the team.

Each of these sub-dimensions was measured using an inventory of relevant
questions, rated on a three-point scale: always, sometimes, and never, with
scores of 2, 1, and 0 for positive questions (and vice versa for negative
questions). This structured approach allowed for an in-depth analysis of the
dynamics within the Self-Help Groups and their effectiveness.

The cost estimates for all the selected Self-Help Groups (SHGs) were also
calculated, focusing on major expenditures essential for mussel farming. These
included costs for materials such as bamboo, nylon rope, coir, cloth, and seed,
as well as labor costs covering construction, seeding, harvesting, and other
critical activities. Additionally, the Net Operating Profit and Benefit-Cost (B:C)
ratio were computed for each SHG, providing valuable insights and enabling the
drawing of meaningful conclusions from the financial data.

Findings and Their Significance

Table 1 presents the basic data related to the fisheries sector of Kasargod
district. this study focused on Group Dynamics Effectiveness (GDE) as a
characteristic of Self-Help Groups, shaped by the collective influence of
individual members. This influence is drawn from their skills and life
experiences, which naturally vary from person to person, place to place, time to
time, and situation to situation. As a result, the degree of GDEI observed among
the respondents differs, reflecting these diverse factors and circumstances.

Table 1: General profile of fisheries sector in Kasargod district

SLNo | Parameter Kasargod

1 Length of the Coast line 70 km

2 No. of Marine Fishing villages 16

3 No. of Inland Fishing villages 2

4 Marine Fisherfolk population 2004-2005 45989

5 Active marine fishermen 10566

6 Inland Fisherfolk population 2004-2005 1004

7 Active inland fishermen 435

8 No. of Fisheries co-operatives 27

9 No. of domestic fish markets 164

10 Annual Marine Fish Production 2004-2005 8292 tonnes
1 Annual Inland Fish Production 2004-2005 1612 tonnes
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Cost Estimates of Mussel Farming

The primary expenditures for mussel farming include materials such as bamboo,
nylon rope, coir, cloth, and seed, along with labor costs for construction,
seeding, and harvesting. Women's Self-Help Groups (SHGs) under the DWCRA
scheme began mussel farming as early as 1996-97, with each member receiving
a loan of Rs 8,800, accompanied by a subsidy of Rs 4,400. The loan has a 5-year
term and an interest rate of 12.5% per annum. In addition, a revolving fund of Rs
5000 was provided interest-free. As these SHGs become economically
empowered through loan facilities, the returns from mussel farming allow them
to gradually repay the loans.

The loans were disbursed through the Farmers' Service Cooperative Banks and
North Malabar Gramin Banks in the Cheruvathur and Padanna panchayats of
Kasargod district. The majority of SHGs showed remarkable progress in repaying
the loans, indicating the profitability of mussel farming. The expenditure details
for the selected SHGs during the initial year of mussel cultivation are presented
in Table 2.

The Net Operating Profit across all six SHGs was found to be significantly
positive, confirming the profitability of mussel farming even in its early stages.
Furthermore, as material costs like bamboo, rope, cloth, and labor costs for
construction decrease in subsequent years, it ensures a steady and reasonable
profit. This, in turn, highlights the economic empowerment of rural women
through the organized efforts of Self-Help Groups and the adoption of mussel
farming as a sustainable enterprise.



Table 2 : Estimated Expenditure of the SHGs' in mussel culture in Kasargod
district.

SHG1 SHG 2 SHG 3 SHG 4 SHG 5 SHG 6
No.of ropes 500 800 600 750 900 725
Items
Bamboo 6400 9600 7980 9000 11437 7800
Nylon rope 9954 17500 12000 15000 18000 14500
Coir rope 1100 1500 1200 1587 2000 1450
Cloth 3000 3250 1700 3338 3600 2250
Seed 6500 10000 8700 9000 10800 9770
Labour
Construction 1600 2400 2170 2250 2700 2200
Seeding 1500 2565 1500 1875 2500 1800
Harvesting 1300 2000 1500 2000 2750 1875
Miscellaneous 1000 1600 1200 1500 1800 1450
Total Cost 32,354 50,415 37,950 45,550 55,587 43,095
Returns 40,000 64,000 48,000 60,000 72,000 58,000
Net Operating 7,646 13,585 10,050 14,450 16,413 14,905
Profit
B : C Ratio 1.236 1.269 1.265 1.317 1.295 1.346
GDE Index 52.78 54.33 53.91 57.32 55.68 59.14

Experiences and observations have shown that developing a Self-Help Group
(SHG) requires a minimum of 36 months and is a demanding process. the team
progresses through various phases: the Formation phase, Stabilization phase,
and Self-Helping phase. These phases cultivate a cooperative and participative
culture among members, fostering the empowerment culture during the Self-
Helping phase. The successful sanctioning and utilization of loans, diligent
maintenance of accounts, and timely repayment are all meticulously managed
by the team members, ensuring the proper documentation of records. This
adherence to norms and standards confirms the team's success and leads to
the economic empowerment of its members. A clear proportional relationship
between the Benefit-Cost (B:C) ratio and the team Dynamics Effectiveness (GDE)
index is observed, as shown in Table 2.

2. Case Study: Mussel Farming Self-Help Groups in Karwar, Karnataka

Self-Help Groups (SHGs) comprising coastal fisherfolk were mobilized by CMFRI
in the coastal regions of Karwar and Bhatkal, Karnataka. A total of six SHGs, each
consisting of 15 members (45 members per site), were established across two
key locations—Majali (open sea) and Sunkeri (Kali Estuary)—in the Uttara
Kannada district. Training and demonstration programmes on mussel farming
were conducted at both sites. Two distinct training sessions were organised: one



on raft culture in the open sea at Majali and another on rack culture in the
Sunkeri estuary.

At Majali, a 5 x 5 metre raft was constructed for mussel farming in the open sea,
while at Sunkeri, a 5 x 5 metre rack was installed for mussel culture in the Kali
estuary. In addition, in the Bhatkal estuary, four SHGs of women coastal
fisherfolk, formed under the NGO Snehakunja and comprising 60 participants,
received training on mussel farming. These groups initiated a trial usinga 5 x 6
metre rack culture system based on the long-line method.

The study involved collecting data through personal interviews with members
of the 10 SHGs. Group dynamics within these SHGs were assessed using the
Group Dynamics Effectiveness Index (GDEI). Growth parameters were monitored
weekly across all sites, and mussel yield data were recorded during the harvest
phase for each SHG.

For reference, the sample design of the study—including the number of trained
SHGs, beneficiaries, and the culture methods employed—is presented in Table
3.

Table 3: Mussel culture interventions in Karwar of Karnataka state

. Bo.of No. of Method of | Size of the rack
Site SHGs S
: beneficiaries culture / raft
Trained
Sunkeri of Kali estuary 3 45 Rack 5x5bm
iy J Cult'm‘e
Majali ot Dhandebag 3 45 aft 5x5m
i culture
: ; Raft -
Bhatkal of Mundalli estuary 4 60 5x6m
ARAAAARAAAAAAAAAT Cul hire

Findings & Discussion

The primary expenses involved in mussel farming include materials such as
bamboo, nylon rope, coir, cloth, and seed, as well as labor costs for
construction, seeding, and harvesting. The Self-Help Groups (SHGs) in Majali and
Sunkeri were mobilized by the CMFRI project team, while the SHGs in Bhatkal
were supported by the NGO Snehakunja. The first two trials and demonstrations
were funded by CMFRI, while CMFRI only provided technical assistance during
the training and demonstration for the third trial. The yield in all ten SHGs was
found to be significantly good, confirming the profitability of mussel farming.
Over time, as material costs such as bamboo, rope, cloth, and labor for
construction decrease, reasonable profits emerge, making mussel farming a
viable enterprise that contributes to the economic empowerment of rural
women through organized SHGs.
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However, the open-sea mussel culture encountered a setback due to sabotage
of the seeded mussels by miscreants. Although reseeding was done, the yield
did not match the success of the estuarine trials. Despite this, the yield per
meter length of rope in all SHGs showed a positive relationship with the team
Dynamics Effectiveness Index (GDEI). A significant correlation (r = 0.958139) was
observed, with a ‘t’ value of 9.465624 at a 1% level of significance (Table 4).
Previous experiences have shown that the development of an SHG requires at
least three years, passing through distinct phases: Formation, Stabilization, and
Self-Helping. These phases foster a cooperative and participative culture,
contributing to the empowerment of group members during the Self-Helping
phase. Fund utilization, account maintenance, and proper documentation are
all meticulously handled by group members, ensuring compliance with SHG
norms and standards. This adherence leads to the economic empowerment of
the members.

As seen in this case, a positive correlation between yield and GDEI is evident.
One of the key dimensions of GDEI is the achievement of the SHG, which directly
correlates with yield and economic success from the SHG's micro-enterprise.
Thus, it is natural to observe a positive relationship between yield, the B:C ratio,
and GDEI.

Table 4: Relationship of Yield and GDEI of selected SHGs in Karwar

Correlation
SHG Yieldin Kg/m GDEl score | Coefficient (r) ‘t’ value
SHG1 9.2 53.71
SHG?2 9.1 52.31
SHG 3 8.9 51.91
SHG 4 12.6 57.32
SHG 5 12.7 56.68 0.958139 9.4656248"**
SHG 6 12.5 57.14
SHG 7 13.6 60.01
SHG 8 13.1 59.98
SHG9 13.8 61.29
SHG 10 13.2 60.02

3. Case Study on Mussel Farming Technologies in a Gender Perspective in Kollam
District, Kerala

This study aims to assess the adoption of mussel farming technologies in
Kollam, Southern Kerala, with a focus on gender dynamics. Specifically, it
examines how mussel farming serves as a supplemental income source for rural
coastal fisherfolk, particularly through women’s Self-Help Groups (SHGs). The
experimental trials conducted by CMFRI have demonstrated the techno-
economic feasibility of brown mussel farming in the region. Kollam, renowned
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for brown mussel farming, has seen the active participation of women’s SHGs
organized through Kudumbashree Ayalkoottams. Analyzing the outcomes and
cost dynamics of mussel farming within these groups is crucial to understanding
its impact on women's economic empowerment.

Geographical Overview of locations in Kollam district

Kollam, an ancient seaport town on the Arabian coast, is strategically located
with approximately 30% of the district covered by the Ashtamudi Lake, making
it the gateway to Kerala’s scenic backwaters. Kollam is a microcosm of Kerala’s
natural beauty, offering a mix of coastal areas, lakes, plains, mountains, rivers,
and streams. It has a land area of 2,491 km? and a population of 2.58 million,
with an impressive literacy rate of 91.49%.

Agriculture plays a vital role in the economy of Kollam, with a total cultivated
area of 218,267 hectares. The principal crops include paddy, tapioca, coconut,
rubber, pepper, banana, mango, and cashew. Approximately 70% of the
workforce is engaged in agriculture. The district is also known for its extensive
coconut gardens, which span 75,454 hectares. Notably, small and marginal
farmers represent over 95% of the farming community, with an average per-
family landholding of 0.21 hectares.

Fisheries Sector in Kollam

Kollam is a key maritime district in Kerala, with a coastline of 37.3 km. The fishing
industry is integral to the district's economy, with key fishing villages such as
Neendakara and Sakthikulangara thriving on fishing and allied activities. Around
22,000 individuals are involved in the fishing sector. The district has 26
significant  fishing  villages, including  Cheriazheekkal,  Alappad,
Pandarathuruthu, Puthenthura, Neendakara, Thangasseri, Eravipuram,
Paravoor, and Thekkumbhagam, alongside 24 inland fishing villages.

The Government has taken steps to further enhance the fisheries sector by
initiating the development of a fishing harbor at Neendakara, which is expected
to increase fish production by 15%. Kollam contributes one-third of Kerala's
total fish catch, with an annual average fish landing of 85,275 tonnes. The district
also boasts 93 producer cooperatives, two credit cooperatives, and one
marketing cooperative in the fisheries sector. Additionally, 38 Fishermen
Development Welfare Cooperative Societies (FDWCS) are active in the region.
Over 3,000 mechanized boats operate from the Neendakara fishing harbor.

With the support of agencies like FFDA and VFFDA, Kollam is also a hub for
freshwater fish culture and prawn farming. The district produces approximately
60% of Kerala’s prawn production, further solidifying its prominence in the
state’s fisheries industry.
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Table 5 : General profile of fisheries sector in Kollam district

S1.No Parameter Kollam

1 Length of the Coast line 37 km

2 No. of Marine Fishing villages 27

3 No. ot Inland Fishing villages 26

4 Marine Fisherfolk population 2004-2005 96703

5 Active marine tishermen 21368

6 Inland Fishertolk population 2004-2005 36653

7 Active inland fishermen 6255

8 No. ot Fisheries co-operatives 99

9 No. of domestic fish markets 324
10 Annual Marine Fish Production 2004-2005 143138 tonnes
11 Annual Inland Fish Production 2004-2005 10778 tonnes

This comprehensive picture of Kollam highlights its rich natural resources and
the robust role of fisheries in the local economy, setting the stage for
understanding the broader impact of mussel farming, particularly for women’s
empowerment through organized Self-Help Groups.

Materials and methods

This study was conducted in the Kaunagappally Thaluk, located 27 kilometers
north of Kollam, well-connected by both rail and road. The villages selected for
data collection were from the Thekkumbhagam and Neendakara Panchayats
within this Thaluk. Specifically, Dhalavapuram and Malibagam villages from
Thekkumbhagam, and Pannakkal Thuruthu and Puthan Thuruthu from
Neendakara were chosen. A total of 200 mussel farming households, mobilized
into Self-Help Groups (SHGs), were surveyed in these villages to represent the
southern part of Kerala. Trained enumerators conducted separate interviews
with both men and women of each household, using a pre-tested and structured
interview schedule to assess gender needs and roles in mussel farming.

Additionally, four women’s Self-Help Groups from each Panchayath were
selected for detailed case studies. Personal interviews were conducted with the
members of these groups to gather in-depth insights (Table 6). A Benefit-Cost
(B:C) ratio analysis was performed for each group, and the associated cost
dynamics were calculated. this study also identified and documented the
problems and constraints faced by the women involved in mussel farming.
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Table 6. Basic information gathered & SHGs identified in Kollam district.

Name of the Village Samples selected No. of
panchayat (Self Help Groups) members
1. Thekkumbhagam | Dhalavapuram Mahatmaji 19 members

Kudumbasree Group

Malibhagam St.Maries 16 members
Kudumbasree Group

2. Neendakara Puthan Ashtajalarani Group | 18 members
thuruthu

Pannakkal Chavara south Group 15 members
thuruthu

Findings and interpretations:
Gender Roles and Needs in Mussel Farming

In Kollam district, this study examined the gender roles in various mussel
farming activities, gender-specific needs, decision-making, and access to
resources. Overall, both men and women shared similar perspectives, with no
significant differences in their views. However, notable gender-based variations
were observed between the villages. One significant finding was that accounting
and financial transactions were primarily managed by women. Both men and
women identified the timely availability of spat as the most critical requirement
for successful mussel farming. In terms of participation and needs, both genders
expressed similar opinions on the matter. These findings align with Sahoo et al.
(2009), who noted that gender roles in mussel farming are largely collaborative.
Furthermore, this study analyzed the socio-economic, technological, and export
support necessary for gender mainstreaming in the industry.

Yield Particulars and Group Dynamics in Mussel Farming

The major costs involved in mussel farming are materials such as bamboo, nylon
rope, coir, cloth, seed, and labor for tasks like construction, seeding, and
harvesting. The relationship between yield and Group Dynamics Effectiveness
Index (GDEI) for the selected SHGs is illustrated in Table 7. The yield, measured
in kilograms per meter of rope, showed a strong positive correlation with GDEI
scores, with a correlation coefficient of (r = 0.92025).

Case studies of women-led Self-Help Groups in Kollam further highlighted that
it takes at least 36 months for a group to fully develop into a successful and
self-sustaining SHG. After the third year, most of the groups in this study areas
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entered the Self Helping phase, where they fostered a cooperative, participative,
and empowerment-driven culture. These groups demonstrated excellent
management in loan sanctioning, fund utilization, account maintenance, and
timely repayment, all while meticulously keeping records. This effective
organization and discipline played a crucial role in the economic empowerment
of the members, ensuring the sustainability and growth of mussel farming
through SHGs.

Table 7. Relationship of Yield and GDEI of selected SHGs in Kollam district.

Correlation
SHG Yieldin Kg/m GDEI score Coefficient (1)
SHG 1 14.6 60.08
SHG 2 121 57.78 0.92025
SHG 3 13.9 59.16
SHG 4 15.1 62.17

Challenges and Impediments in Mussel Farming from a Gender Perspective

Mussel farming faces various challenges, including water salinity, seed
availability, site selection, climatic conditions, and proper monitoring. The key
problems and constraints faced by women in mussel farming, ranked in order
of significance, include unpredictable seed availability, difficulties with meat
shucking, marketing challenges, seed mortality during transportation, reduced
growth in certain years, and, to a lesser extent, social constraints like caste
divisions and conflicts.

All group members are in unanimous agreement that improved marketing
facilities, particularly those supported by government agencies, are crucial, as
marketing is considered one of the biggest obstacles. The introduction of low-
interest loans and freezer facilities for storing harvested mussels could
significantly boost this sector.

The adoption of mussel farming through organized women's Self-Help Groups
(SHGs) in North Malabar and South Quilon areas of Kerala has proven to be
highly profitable. Mussel farming has the potential to become a fully developed,
women-driven enterprise in Kerala. Gender considerations play a critical role in
site selection and the various operations of mussel culture, and an assessment
of gender roles and needs is essential for the success of these farming
initiatives.

Further research is needed on the drudgery involved in mussel farming, the
impact of coir retting zones on seed growth and attachment, and the broader
effects of these zones on mussel development. Additionally, laboratory
experiments should be expanded to study these factors. The export potential of
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mussels can be enhanced through value-added processes like depuration in
filtered seawater. Organized fishermen's cooperatives can play a key role in
various stages of mussel farming, from seeding to marketing, with a particular
focus on export opportunities. This study underscores the importance of gender
roles and needs in mussel farming, ultimately advocating for economic
empowerment and poverty alleviation through Self-Help Groups (SHGs).

Summary and Outlook of mussel farming SHGs

This study assesses the socio-economic impact of mussel farming through Self-
Help Groups (SHGs) in the coastal areas of Kasargod and Kollam in Kerala, and
Karwar in Karnataka. Mussel farming has gained significant traction due to its
profitability, but attention must be given to the selection of suitable sites that
meet the essential parameters for successful mussel culture trials. Research on
the impact of coir retting zones on seed growth and attachment should be
expanded, as current observations indicate that these zones may not always be
suitable.

The adoption of mussel farming by women’s Self-Help Groups in the North
Malabar and South Quilon areas has proven especially profitable. To further
promote mussel farming, the export potential can be enhanced through value
addition processes such as depuration in filtered seawater. Organized
fishermen’s cooperatives will be crucial in improving various stages of mussel
farming, including seeding, harvesting, sorting, grading, packing, and marketing
for export.

As seed availability remains a major constraint, efforts should be directed
toward scaling up mussel seed production technologies developed by CMFRI.
this study revealed the profound impact of group dynamics within SHGs, shaped
by participation, decision-making procedures, task functions, group
atmosphere, interpersonal trust, and achievements. This reinforces the
importance of organized SHGs in empowering rural women and alleviating
poverty through mussel farming. The correlation analysis further supports the
positive relationship between Group Dynamics Effectiveness and Average Yield,
demonstrating the substantial profitability and economic empowerment
resulting from mussel farming in organized Self-Help Groups.
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4, Dynamics of Women's Self-Help Groups in the Malabar Fisheries Sector : (A
Case Study of Women in Fisheries-Based Micro-Enterprises)

Overview of Case Study :

Women have made significant contributions to the fisheries sector, especially
in subsidiary activities related to capture fisheries, such as processing, value
addition, sorting, grading, peeling, trading, and aquaculture practices like
breeding and rearing fish, as well as marketing. In coastal fishing communities,
families are heavily dependent on sea resources for their livelihood. The roles
of Self-Help Groups (SHGs) of women coastal fisherfolk in the marine fisheries
sector, which are mobilized through appropriate micro-enterprises in fisheries
and diversified sectors, are pivotal in sustaining and enhancing the economic
well-being of their families.

This Case Study, conducted in the Malabar region of Kerala, aimed to assess the
team Dynamics of women’s SHGs to identify key factors contributing to their
effectiveness and to uncover the challenges these women face in order to
develop strategies for mobilizing more effective SHGs. From each of the four
districts of Malabar—Kasargod, Kannur, Kozhikode, and Malappuram—three
SHGs were randomly selected. the team Dynamics of each SHG was evaluated
using the team Dynamics Effectiveness Index (GDEI), which included 12
dimensions: participation, influence and styles of influence, decision-making
processes, task functions, maintenance functions, group atmosphere,
membership, feelings, norms, empathy, interpersonal trust, and achievements
of the SHG.

The findings revealed significant variations in Group Dynamics, with the key
dimensions influencing GDEI being the achievements of the SHG, participation,
and group atmosphere. Personal and socio-psychological characteristics, such
as education, income, socio-economic status, extension orientation, scientific
orientation, participation in mass media and social activities, cosmopolitanism,
knowledge, attitude towards the SHG, and information use patterns, all had a
positive and significant impact on GDEI. Empowerment programs were designed
based on the ranking of preferred micro-enterprises in fisheries and allied
sectors. Success stories showcasing the economic economic and social
empowerment of women’s SHGs were also highlighted. The constraints faced by
these women were identified and ranked, and a strategy for mobilizing effective
SHGs in the fisheries sector was developed.

Malabar Fisheries Sector: Significance of Women SHGs

Women play a crucial role in the fisheries sector, particularly in subsidiary
activities such as processing, value addition, sorting, grading, peeling, trading,

16



and aquaculture practices, including breeding and rearing fish, and marketing.
Coastal fishing communities depend almost entirely on marine resources for
their livelihood, and the contribution of SHGs of women coastal fisherfolk in
establishing micro-enterprises within the fisheries and diversified sectors is
central to the economic prosperity and sustainability of their families. Women
in these communities are often the most vulnerable, experiencing deprivation
and destitution. Thus, poverty alleviation programs should focus on improving
the living conditions of women by creating sustainable livelihood opportunities.

In recent years, micro-credit-based poverty alleviation schemes have been
implemented across many developing countries, including India, to address
these issues. These schemes have been reinforced by state actions and
institutional formations to streamline and successfully implement poverty
alleviation programs (Yaron, 1992; Yunus, 1999).

In Kerala, the role of SHGs organized by women coastal fisherfolk is critical in
the fisheries sector, particularly in maritime states along India's coastal belts.
Despite the economic and socio-cultural importance of fishing in the state,
women coastal fisherfolk often remain marginalized, excluded from the benefits
of the fishing industry (Kurien, 1994). The Malabar region, which makes up about
half of Kerala's coastline, has lagged behind the rest of the state in terms of
development (MCITRA, 2003). Fisherwomen in this region rarely benefit from the
booming fish production, as fisheries development has often been separated
from the advancement of fishing communities.

It is therefore important to examine the team dynamics of existing SHGs
mobilized by development agencies to empower women in the Malabar fisheries
sector. The sustainability of these SHGs—whether they are temporary initiatives
or will continue in the long term—needs to be critically analyzed (Fernandez,
1995). Addressing the constraints these women face and adopting viable micro-
enterprises in fisheries and related sectors will be essential to strengthen SHGs
and empower women within the fishing community.

Study Emphasis

This Case Study in the Malabar region primarily aimed to achieve the following
objectives:

e Assessing Group Dynamics: Evaluating the team Dynamics of Self-Help
Groups (SHGs) formed by women coastal fisherfolk, identifying the key
dimensions that contribute to their effectiveness, and understanding the
influence of personal and socio-psychological factors on these dynamics.

e Empowering Women’s SHGs: Supporting the economic and social
empowerment of women’s SHGs through targeted training and the adoption
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of economically viable micro-enterprises in the fisheries and diversified
sectors, while illustrating success stories of SHGs.

¢ Identifying Constraints and Developing Strategies: Identifying the challenges
faced by women coastal fisherfolk and formulating strategies to mobilize and
strengthen effective SHGs, thereby addressing these constraints and
enhancing their impact.

Quantification of Group Dynamics of Self-Help Groups

Group Dynamics refers to the interactions and forces at play among members
within a social group. It encompasses how groups are formed, their structures,
processes, and how they function, influencing individual members, other
groups, and the organization as a whole (Hersey & Blanchard, 1995). This study
was conducted across four districts in the Malabar region of Kerala: Kasargod,
Kannur, Kozhikkode, and Malappuram. In each district, three Self-Help Groups
(SHGs) of women coastal fisherfolk were randomly selected, making a total of 12
SHGs. From each SHG, 15 women were interviewed using a pre-tested interview
schedule.

To quantify the team Dynamics of each SHG, an index called the Group Dynamics
Effectiveness Index (GDEI) was developed. This index comprises 12 dimensions,
as identified by Vipinkumar (1998) and Vipinkumar & Baldeo Singh (2001),
including: Participation, Influence & Styles of Influence, Decision-Making
Procedures, Task Functions, Maintenance Functions, Group Atmosphere,
Membership, Feelings, Norms, Empathy, Interpersonal Trust, and Achievements
of SHG. In this study, the GDEI was defined as the total of these forces acting
among SHG members, based on these key dimensions.

Measurement of Group Dynamics Effectiveness

The 12 dimensions measured for the team Dynamics Effectiveness Index are as
follows:

Participation: The extent to which members are involved in group meetings and
activities.

Influence & Styles of Influence: The nature of leadership and how influence is
exerted within the team.

Decision-Making Procedures: the team's ability to make effective decisions.

Task Functions: The capacity of members to tackle problems and address
challenges.
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Maintenance Functions: The extent to which members maintain essential tasks
within the team.

Group Atmosphere: The overall climate of the team, including its congeniality
and supportiveness.

Membership: The level of inclusion and belonging within the team.
Feelings: The emotional engagement and expression within the team.
Norms: The rules and regulations that govern group behavior.

Empathy: The ability to understand and respond to the feelings of others.
Interpersonal Trust: The mutual trust and faith between group members.

Achievements of SHG: The overall performance of the SHG, including economic
success and progress.

Each of these dimensions was measured through a set of inventories containing
relevant questions (Pfeiffer & Jones, 1972). The total GDEI score for each
individual was calculated by summing the individual scores across all
components.

Location of Selected SHGs, Micro Enterprises, and GDEI Score

Table 1 presents the details of the 12 selected Self-Help Groups (SHGs), their
locations across four districts in the Malabar region, the corresponding micro
enterprises, and their Group Dynamics Effectiveness Index (GDEI) scores. Based
on the GDEI scores, steps were taken to empower the SHGs with the lowest
scores, while success stories of women's empowerment from the SHGs with the
highest GDEI scores in each district were highlighted.

Group Dynamics and Variability in GDEI Scores

The results, as shown in Table 2, indicated a significant variation in the GDEI
scores across different SHG members and groups, as evidenced by the high
variance ratio (F=18.21). Group Dynamics is a multifaceted phenomenon, shaped
by a range of interacting factors. These factors vary in strength depending on
individual skills, orientations, and past life experiences. Consequently, Group
Dynamics can differ from person to person, from group to group, and across
different times, places, and situations. This variability helps explain the
differential GDEI scores observed among the respondents.
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Table 1: Selected SHGs’, location, micro enterprise and GDEI Score

District Name of SHG Location Micro enterprise GDEI Score
Kasargod Kavunchira Cheruyathur | Bivalve farming 617
Ori unit Padanna Bivalve farming 79.1
Vedavyasa Kottikkulam Fish drying & value addition 57.2
Kannur Seatood unit Thayyil Fish drying & value addition 68.8
Krishnamadham | Mattul Fish drying & value addition 59.6
Chaithanya Ayikkara Fish Processing & value addition 52.8
Kozhikkode | Kasthurba Chombal Fish processing & value addition 67.1
Samudra Virunnukandy | Fish processing & value addition 472
Snehatheeram Bevpore Fish drying & value addition 574
Malappuram | Yuvasakthi Puthupponnani | Bivalve farming 67.0
Arata Ponnani Fish drying & value addition 65.8
Soorya Marakkadavu Fish Processing & value addition 56.8

Table 2 : Analysis of variance in Group Dynamics Effectiveness of SHGs

Source of | Degrees of | Sum of | Mean sum of | Variance
Variation freedom squares squares ratio ‘F
Between 1 14368.06 1306.19 18.21**
groups
Error 168 12064.26 71.81

179

** Significant at 1% level of significance.

Influence of dimensions of Group Dynamics Effectiveness

The relationship of dimensions of Group Dynamics Effectiveness with GDEI was
established in this study first by simple correlation analysis to identify the most
important dimensions (Table 3).

Table 3. Simple correlation analysis of dimensions of Group Dynamics
Effectiveness (n=180)

Variable No: | Characteristic Correlation coefficient (r)
1. Participation 0.947**
2. Influence and Styles of influence | 0.938**
3. Decision making procedures 0.919**
4, Task functions 0.907**
5. Maintenance functions 0.913**
6. Group atmosphere 0.945**
7. Membership 0.874**
8. Feelings 0.879**
9. Norms 0.884**
10. Empathy 0.869**
11. Interpersonal trust 0.918**
12. Achievements of SHG 0.949**

** Significant at 1% level of significance
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A perusal of the Table 3 indicated that, out of 12 dimensions, the degree of
relationship with GDEI was maximum in the case of Achievements of SHG,
followed by Participation and Group atmosphere.

Influence of Personal and Socio-Psychological Characteristics

Among the 17 personal and socio-psychological characteristics examined, Table
4 reveals that 14 variables—namely education, annual income, farm household
size, socio-economic status, extension orientation, scientific orientation, mass
media participation, social participation, cosmopolitanism, knowledge, attitude
towards SHGs, attitude towards the intervening agency, attitude towards fellow
farmers, and information source use pattern—were positively and significantly
correlated with the dependent variable, "Group Dynamics," at the 1%
significance level. However, three variables—age, occupation, and fishing
experience—were found to have no significant relationship with Group
Dynamics.

Table 4. Relationship of personal and socio-psychological characteristics with
GDEI (n=180)

Variable Characteristic Correlation
No. coefficient
1 Age 0.087
2 Education 0.310**
3 Occupation 0.058
4 Annual income 0.503**
5 Farm household size 0.508**
6 Fishing experience 0.147
7 Socio-economic status 0.871**
8 Extension orientation 0.840**
9 Scientific orientation 0.813**
10 Mass media participation 0.479**
11 Social participation 0.687**
12 Cosmopoliteness 0.678**
13 Knowledge 0.767**
14 Attitude towards SHG 0.820**
15 Attitude towards intervening agency 0.791**
16 Attitude towards other members 0.782**
17 Information source use pattern 0.847**

** Significant at 1% level of significance
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Micro Enterprises in Fisheries and Diversified Sectors

Empowerment programs were implemented in each district for the SHGs with
the lowest GDEI scores, focusing on suitable micro enterprises in fisheries and
allied sectors. These programs were based on the preference ranking of the
SHGs. The preference ranking of micro enterprises, tailored to the location-
specific needs in fisheries and allied sectors across all four districts, was
conducted. The identified and appropriate micro enterprises for each district
are presented in Tables 5 and 6.

Table 5. Priority Ranking of fisherfolk for fishery based micro enterprises

Preference Rank of respondents
No Fishery based micro
enterprise Kasargod | Kannur | Kozhikkod | Malappuram
1 Preparation of Value- i y | |
" | Added products

Preparation of Dry
2 Fish products v ! i v
3. | Fish Processing Unit v [l Il v
4 Ready to eat fish Vi Vi v Vi

products
5 Ready to cook fish VI VI Vi VI

products
6. | Ornamental Fish VIl IX vl Vil

culture enterprise
7. | Mussel culture I " v Il
8. | Clam collection Xl v IX IX
9. | Edible oyster culture Il VIII VIII 11
10. | Pearl culture X Xl Xl X
11. | Mud Crab culture IX X X Xl
12. | Cage culture Xi Xi X Xl
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Table 6. Priority Ranking of coastal fisherfolk for diversified micro enterprises

Preference Rank of respondents
No Apri - based micro Kasarpod | Kannur | Kpezhikkod | Malappuram
enterprise
1. | Vegetable farming I II I I
& Ornamental Gardening 111 I II1 111
enterprise
3 Floriculture IV WV 11 IV
4 Kitchen garden VI VI v VI
5. Orchards WVII W11 W1 W11
6. Fruit products WVIII X VI WIIT
z Fruit Processing v I IV II
8. Snacks bar 1 IV IX Ix
9. Catering Unit II WIIT VIII W
10. | Bakery Unit x x1 x X
11. | Cereal Pulverizing Unit X X XI ®I
12. | Sericulture Unit XIIT XKIIT X1 XIII
13. | Planting mangroves & XIT XII KIIT XII
acacia trees
14. | Coconut processing,/ oil XIV XIV IV HIV
extraction unit
15. [ Vanilla nursery N XV LA XV
Allied sector based micro enterprise
16. | Grocery repacking II I I I
17. | Garment unit I 1I I 1I
15. | Soap unit VII IV II1 IV
19. | Wood - Stone carpentry WIIT X x XII
20. | Computer centre X X IV WVIII
21. | Cattle unit XITT XII KIIT I
22, | Poultrv unit XII X1 X1 X
23. | Hand weaving v m XII xa
24, | Candle unit III WIL v VI
25. | Chalk Unit IV VI VII VI
26. | Umbrella Unit V1 W V1 W
27. | Foam Bed Unit x WIII VIII 111
25. | Bamboo based handicrafts XTIV XIV X XTIV
29 | Firewood I XKIII XIWV KT
30. | Beauty parlour XV XV X XV

A review of Table 5 highlights the promising potential of bivalve farming,
particularly mussel culture, in the Malabar fisheries sector, as well as other
activities such as processing, drying, and value addition, which are all highly
viable fishery-based micro enterprises (Vipinkumar et al, 2001). Table 6 reveals
a strong preference for agricultural-based enterprises in Malabar, including
vegetable farming, ornamental gardening, and floriculture. Additionally, allied
sector micro enterprises such as glossary repacking and garment manufacturing
show tremendous potential. A micro enterprise is defined as an activity
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requiring minimal capital, manpower, local raw materials, and a local market.
These enterprises can be individual ventures, either known or unknown
(Vedachalam, 1998).

Preference rankings for 12 fishery-based micro enterprises, 15 agricultural micro
enterprises, and 15 allied sector micro enterprises based on their suitability in
the northern coastal belts of Kerala are detailed in Tables 5 and 6. In the
fisheries sector, successful micro enterprises developed through the availability
of local resources and experiences include value-added fish units, dry fish units,
fish processing units, ready-to-eat fish products, ready-to-cook fish products,
ornamental fish culture, mussel culture, edible oyster culture, clam collection,
and cage farming. In the agricultural sector, women’s Self-Help Groups have
successfully ventured into vegetable cultivation, ornamental gardening,
floriculture, kitchen gardens, orchards, fruit products, fruit processing,
sericulture, mushroom cultivation, medicinal plants, vermi-composting, snack
production, catering, bakery units, and cereal pulverizing units.

In allied sectors, micro enterprises undertaken by SHGs across Kerala include
woodwork units, stonework units, soap production, garment units, computer
centers, poultry farming, cattle rearing, piggery units, beekeeping, stitching
units, hand weaving, candle production, chalk manufacturing, umbrella units,
foam bed units, bamboo handicrafts, paper covers, scrap selling, vegetable seed
production, marriage bureaus, medicine collection, patient services, real estate,
medicine processing, direct marketing, coir brushes, plastic weaving, second-
hand sales, meat masala production, pickle and spice powders, consumer
service centers, home delivery services, repacking businesses, cleaning
products, soap production, kids' garments, toffee and sweets, photocopying,
emery powder, domestic animals, nursery plants, notebook production,
bookbinding, rubber slipper manufacturing, pillow cushions, incense stick
production, cloth whiteners, eucalyptus oil, dolls, hand shampoos, soap
shampoos, detergent shampoos, jackfruit jam, chips, catering services, grape
wine, pineapple wine, soft drinks, chicken farming, dried mango wafers,
gooseberry wine, ginger wine, papads, tomato sauce, day care centers, coconut
water vinegar, syrups, artificial vinegar, mixed fruit jams, milk chocolate, tomato
squash, gum production, cleaning lotions, soft drink shops, reading rooms,
private tuition, counseling services, rent sales, and repair centers. These
opportunities are contingent upon the suitability of local situations and the
availability of resources.

The suitability of micro-enterprises varies based on the context. Key features
for the success of viable micro-enterprises include the availability of sufficient
local raw materials, ease of learning or familiarity with the enterprise, low
production costs, high-quality products, and a readily available market for the
products. Several financial organizations support SHGs by providing funding,
including the Khadi and Village Industries Board, Department of Commerce &
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Industry, Jawahar Rosgar Yojana, Women Industrial Cooperative Societies,
Kerala State Social Welfare Advisory Board, Kerala Financial Corporation,
National Bank for Agriculture and Rural Development (NABARD), District Rural
Development Agency (DRDA), and various Non-Governmental Organizations
(NGOs), along with Kudumbashree Ayalkoottam groups.

The constraints faced by women coastal fisherfolk in Malabar, both in general
and as members of Self-Help Groups (SHGs), are outlined in Table 7. While
common challenges like poor living conditions, illiteracy, and unemployment
are acknowledged, the focus of this study is on the specific constraints faced by
SHGs. Among these, the marketing aspect was identified as the most significant
barrier, overshadowing procedural challenges related to preparing minutes,
reports, meetings, and banking. These priorities and constraints clearly indicate
the urgent need for diversifying micro-enterprises within SHGs, in addition to
those centered around fisheries, for their long-term sustainability. Many
women-led SHGs in Malabar have already begun exploring and diversifying into
other viable enterprises within the fisheries sector.

Table 7. Ranking of constraints of women coastal fisherfolk in Malabar

Rank assigned by respondents (h = 180)
No General Constraints Kasargod | Kannur | Kozhikkod | Malappuram
1. Poor living conditions & 1 1 I I
livelihood security
2. | Educational Illiteracy I Il I I
3. Lack of proper employment v 1] ] v
4. | Socially unorganized set up 1 v vV Il
5. | Gender inequality VI VI v v
6. | Alcaholism of men fisherfolk v v VI VI
& exploitation
7. Health problems Vil Vil Vil Vil
8. | Scientifically less advanced VI Vil Vil IX
9. Cultural bonding, customs, IX IX IX Vil
traditions, conservatism
Constraints of SHG Rank assigned by respondents (n = 180)
10. | Marketing is a tough task 1 1 I I
11. | Choosing Diversification M v 1 I
difficult
12. | Sustenance difficult v I I I
13. | Hectic procedures in T Ml v IV
preparing minutes, reports,
meetings, banking etc.
14. | SHG became an additional % v v v
burden
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Strategy for Mobilizing and Strengthening Effective SHGs of Women coastal
fisherfolk

Based on the findings of this study, a comprehensive strategy for mobilizing and
strengthening effective Self-Help Groups (SHGs) of women coastal fisherfolk
was developed through consultations with 6 social mobilization experts, 12
leader members from selected SHGs, and 12 officials from intervening agencies.
This strategy is organized into three key phases of group development: Group
Formation, Stabilization, and Self-Helping. Each phase outlines critical features,
including norms and bylaws, to ensure the SHG's success. Below is a brief outline
of the developed strategy:

1. Group Formation Phase (0 to 4 Months)
The initial phase involves laying the groundwork for the SHG. Key steps include:

e Conducting initial visits to the location, building rapport, and creating
awareness among the women coastal fisherfolk.

e Organizing introductory meetings to identify potential members and
discuss the team'’s goals.

e Developing an action plan and documenting all deliberations.

e Mobilizing genuine members and holding follow-up meetings to address
challenges and provide solutions.

e Organizing training on fishery-based and diversified micro-enterprises,
with a focus on sourcing raw materials, gathering marketing
information, and selecting 'Leader Fisherwomen' for roles in production,
credit, and marketing.

e Conducting the first basic field training, followed by need assessments
for future training programs focused on production technology and
management.

2. Building Up / Stabilization Phase (4 to 15 Months)
In this phase, the focus is on strengthening the team's structure and
functionality. Key steps include:
e Holding regular, need-based meetings to maintain momentum and
address emerging issues.
e Training women leaders in production, credit management, and
marketing, ensuring they are equipped to implement the action plan.
e Procuring necessary inputs based on the production plan aligned with
market demands, and ensuring synchronized production planning.
e Providing intensive training on production, credit, and marketing
aspects, with leaders teaching other members.
e Rotating the leadership within the SHG every year to provide new
members with opportunities for leadership, while maintaining the role
of intervening agencies as enablers.
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3. Self-Helping Phase (15 to 36 Months)
The final phase focuses on ensuring the sustainability and autonomy of the SHG.
Key steps include:

e Developing a fortnightly action plan for the team to continue refining,
improving, and solving problems.

e Reducingthe intervention of external extension personnel, allowing the
SHG members to manage their own affairs independently.

e Rotating leadership every two years to ensure fresh leadership and
maintain engagement within the SHG.

e Encouraging inter-SHG communication and fostering a competitive
spirit through activities such as contests to recognize the best member
or SHG.

e Establishing norms for defaulters and ensuring active participation in
all activities for the SHG's continued success.

e Promoting a positive group atmosphere, empathy, and interpersonal
trust to achieve significant outcomes and maintain the team's cohesion.

By following this strategy, SHGs of women coastal fisherfolk will be better
equipped to manage their micro-enterprises and continue making a positive
impact on their communities.

Bottom of Form

Practical Utility

This study offers a glimpse into poverty eradication efforts within the Malabar
Fisheries sector, focusing on the dynamics of women'’s Self-Help Groups (SHGs).
the team Dynamics Effectiveness Index (GDEI), which encompasses 12 key
dimensions, serves as a valuable tool for future research on community-based
groups in fisheries and allied sectors. This framework can be applied to various
groups, such as youth, laborers, and extension personnel, to assess and
enhance their group dynamics.

The insights gleaned from the identified gaps in the GDEI provide essential
feedback for improving the functioning of SHGs. Addressing these gaps can
directly enhance the effectiveness of SHGs. The successful case studies
highlighted in this research can serve as model templates for mobilizing SHGs
in other sectors, including Agriculture, Forestry, Floriculture, Agro-based
industries, and Watershed development.

The strategy developed for mobilizing SHGs can be utilized as a practical manual
for organizing and managing SHGs in any sector, ensuring their sustainability
over time. Furthermore, the constraints identified within the SHGs, along with
the preference ranking of micro-enterprises, offer valuable insights into the
suitability of location-specific ventures in both fisheries and diversified sectors,
fostering the economic economic and social empowerment of women coastal
fisherfolk.
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The interrelationships among the identified variables act as catalytic points for
promoting group empowerment. These insights can guide the strengthening of
SHG functions, enhancing their ability to address challenges effectively.
Ultimately, it is through mobilizing women to tackle their problems
independently via SHGs that poverty eradication becomes a tangible reality.

5. Institution-Village-Linkage-Programme (IVLP) for Technology Assessment and
Refinement (TAR) in the Coastal Agro-Ecosystem of Ernakulam, Kerala

A significant initiative aimed at empowering coastal fisherfolk was undertaken
through the NATP-funded IVLP project, with the primary objectives of assessing
local needs, understanding the coastal agro-ecology, and refining production
systems using advanced scientific management practices. The program aimed
to enhance productivity, ensure sustainability, and improve farm systems,
making them more equitable, stable, and profitable.

The IVLP was implemented in Elamkunnapuzha Village, located in Vypeen Island,
Ernakulam District, Kerala, over the past three years. The project engaged 687
farm families, representing a population of 3,435 stakeholders. In this
collaborative effort, 31 techno-interventions were introduced, including 13 in
fisheries, 13 in agri-horticulture, and 5 in livestock. Additionally, 15 training
programs were organized, benefiting 576 farmers. The strong linkages
established during the program helped stakeholders sustain their efforts,
leading to a lasting impact. This initiative has earned widespread acclaim and is
now celebrated as the “Elamkunnapuzha Model of Development.”

Key Techno-Interventions for Expansion
During the final phase, refined technologies were prioritized for horizontal
expansion across Kerala. The six selected interventions included:
1. Monoculture of Grey Mullet
Monoculture of Milkfish
Polyculture of Finfish
Integrated Nutrient Management (INM) in Coconut Plantations
Dairy Farming with Paragrass
Poultry Farming with the ‘Gramalakshmi’ Breed
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Projected Economic Impact
At just 25% adoption across Kerala, the projected economic benefits from these
six interventions are staggering:

e 3420 crore from an additional 60,000 tons of fish production.

e 220 crore from a surplus 1,000 tons of milk yield per day.

e 12 crore from enhanced poultry farming revenue.

e 3190 crore from increased productivity in coconut plantations in coastal

districts.

Sustained Development and Market Support

28



Several IVLP interventions were sustained through the ATIC of CMFRI, which
acted as a sales outlet for products from IVLP units. This platform provided a
vital connection between the production units and the market, ensuring the
long-term viability of the technologies introduced.

The Institution-Village-Linkage-Programme at Elamkunnapuzha stands as a
beacon of sustainable development, illustrating how targeted interventions,
scientific practices, and stakeholder collaboration can transform local
economies and empower communities. This model now serves as an inspiration
for scaling similar initiatives across other regions.

6. Empowering Weaker Sections: Success Case Studies of Individual
Achievements

The empowerment of weaker sections, particularly coastal fisherfolk, is vividly
exemplified through success stories of individuals who achieved remarkable
professional milestones, enhanced their earnings, and generated employment
opportunities. These inspiring case studies highlight the transformative impact
of strategic interventions and the resilience of individuals in overcoming
challenges.

Self-Help Groups (SHGs) mobilized around various micro-enterprises, with
significant inspiration and support from ATIC, were also studied to uncover
additional success stories. The role of ATIC in guiding and facilitating these SHGs
was pivotal in turning small initiatives into thriving ventures.

Methodology for Livelihood Analysis

Data collection for the livelihood analysis involved a combination of methods,
including:
e Existing information: Utilizing documented resources and records.
e People’s perceptions and opinions: Gaining insights through interactive
discussions.
e Direct observations: Studying real-time practices and outcomes.
e Personal interviews: Engaging with individuals to capture their lived
experiences.

This comprehensive approach to livelihood analysis sought to uncover the
strategies and assets individuals and households use to sustain their
livelihoods. The analysis followed frameworks and methodologies from leading
references in the field, such as: Aujimangkul et al. (2000), DFID (2001), Graham
and Tanyang (2001), CBCRM Resource Center (2003), Arciaga et al. (2002), Ashby
(2003) etc. These studies emphasize that a livelihood encompasses not just
financial earnings but also the resources, strategies, and networks individuals
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and households deploy to build resilience and achieve sustainable
development.

A Model for Inspiration

The success cases serve as a guiding light, demonstrating the transformative
potential of strategic interventions, knowledge sharing, and community
mobilization in improving the lives of marginalized communities. These stories
are not just about economic gains but about restoring dignity, confidence, and
hope for a better future.

(6.a) Dry Fish Processing: ‘Janani’ Women's Self-Help Group at Elamkunnapuzha:
A success story

The ‘Janani’ Self-Help Group (SHG), based in Puthuvyppu Post, Elamkunnapuzha,
Vypeen Island, has become a shining example of empowerment through
sustainable fish drying practices, facilitated by the CMFRI intervention. This
group, comprising 15 determined women, revolutionized their traditional fish
drying methods into a commercially successful venture.

Drying fish was not new to these women. For years, they had been individually
drying fish on a small scale, relying on traditional methods. However, the lack
of hygiene in their processes led to significant wastage, yielding minimal profits.
Most of the dried fish was used for household consumption, with the surplus
sold locally, often door-to-door.
A Journey of Transformation
The President of the team, Mrs. Chandramathi Appukuttan, reflects on this
transformation with pride. Having settled in Elamkunnapuzha after her marriage
20 years ago, she became part of a 13-member women’s group in 1997. At the
time, they relied on market surpluses during bumper fish catches for their
drying activities. Though operational costs were low, the lack of hygienic
practices resulted in poor product quality and low profits.
Everything changed when their group was selected by ATIC of CMFRI for targeted
interventions under the IVLP program. Through this initiative, the team began
processing high-quality fish on a commercial scale. The transition was
accompanied by a host of improvements:

1. Training and Awareness

Scientists from CMFRI provided hands-on training, introducing the team
to hygienic fish-drying techniques, such as dip treatment using calcium
powder. This knowledge dramatically improved the quality and shelf life
of their products.

2. Upgraded Infrastructure
30



the team received special drying racks, which minimized fish wastage
during processing and maintained product quality. This improvement
replaced the traditional methods of drying fish on open surfaces,
reducing contamination and spoilage.

3. Enhanced Packaging and Marketing

the team transitioned from using paper packing to high-quality,
attractive packaging, making their products more marketable. New
marketing outlets suggested by CMFRI further expanded their reach.

A Growing Impact

Mrs. Chandramathi remarks, "It feels like luck smiled upon us when ATIC of
CMFRI chose our group for this program. With their inputs and support, we've
learned hygienic processing methods and found better markets for our
products. Today, our dried fish is in demand, and more women are inspired to
take up similar ventures."

This success story highlights how scientific interventions and community
support can empower marginalized groups, transforming traditional practices
into scalable, sustainable businesses. The achievements of ‘Janani’ SHG serve as
an inspiring model for women across coastal communities to venture into
profitable, hygienic, and sustainable fish-drying enterprises.

Conservation of Marine Resources: The Inspiring Story of Theeram Turtle
Protection Group at Kolavi Palam, Payyoli

The picturesque Kolavi Palam Beach, near Payyoli in northern Kerala, is
renowned for its seasonal gatherings of marine turtles during nesting periods.
Inspired by the beauty and vulnerability of these creatures, a group of
passionate young nature enthusiasts formed the Theeram Nature Conservation
Society to safeguard this vital marine resource. Their commitment soon caught
the public eye, with newspapers illustrating their dynamic efforts in marine
conservation.

The remarkable work of Theeram quickly gained widespread recognition,
prompting interventions from key stakeholders like the Kerala Forest
Department, the Kerala Forestry Project, the Malabar Coastal Institute for
Training, Research and Action (MCITRA), and leading research institutions such
as CMFRI and IISR. These collaborations focused on educating the public about
the importance of sea turtle conservation and marine resource management.
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From Awareness to Action

In 1992, the team launched awareness programs that resonated with the
community, culminating in formal assistance from the Kerala Forest Department
in 1998. Support included the establishment of two turtle hatcheries and sheds,
along with the provision of lanterns, torches, and wages for six dedicated
members. With this support, Theeram gained legal registration and began
operating systematically.

the team transformed Kolavi Palam into a vital turtle breeding ground while also
championing broader marine resource conservation. They connected with the
ATIC of CMFRI to learn the principles of Responsible Fisheries Management,
mangrove conservation, and ecosystem sustainability. ATIC provided essential
materials such as bulletins on sustainable fisheries management, FAQ's Code of
Conduct for Responsible Fisheries, and national conference proceedings on
marine turtles. Interactive meetings facilitated by CMFRI scientists at Kolavi
Beach fostered knowledge-sharing with coastal fisherfolk, reinforcing the
team'’s efforts.

Overcoming Challenges

Despite facing significant hurdles such as severe sea erosion—which reduced
the shoreline to just 350 meters—and the loss of several hatcheries, Theeram’s
dedication has not wavered. Over the years, the team has successfully released
more than 40,000 turtle hatchlings into the sea. They remain hopeful for a large
arribada (mass nesting) in the near future.

Expanding Conservation Efforts

Theeram’s impact extends beyond turtle conservation. the team has planted
mangrove seedlings, nurturing them with unwavering commitment to restore
natural habitats. They have also established a nursery of forest trees comprising
35 different species, raising approximately 30,000 seedlings with assistance
from the Forest Department. This initiative aims to create a permanent green
infrastructure for the region.

Educating and Inspiring

The team organizes awareness camps, projects films, and conducts slide shows
to educate the community on the importance of nature protection and
mangrove conservation. They continue to maintain strong ties with ATIC, with
frequent interactive discussions held both at Kolavi Palam and at ATIC, under
the leadership of their President, Sri Surendrababu, and Secretary, Sri
Sureshbabu.
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The efforts of Theeram Nature Conservation Society stand as a testament to the
power of grassroots action in conserving marine resources. Their unwavering
commitment serves as an inspiration to many, showcasing the profound impact
of collective effort in protecting our natural world. But as the time progressed,
the present stage of Theeram is not at all conspicuous because of sea erosion
and lack of government support.

Top of FormBottom of Form
(6.c) Finfish Culture: A Farmer’s Success Story at Puthuvyppu

Mr. Karthikeyan, a 48-year-old resident of Thirunilathu, Puthuvyppu,
Elamkunnapuzha, with a primary level education, has become a shining example
of success in finfish culture. In 1996, he ventured into fish farming on his own 42
cents of land, initially facing several challenges. The land, overgrown with dense
bushes, blocked the inflow and outflow of saline water, leading to silt
accumulation and an increase in weed growth. Determined to turn his fortunes
around, he cleared the bushes, deepened the area, and constructed temporary
sluices at the eastern corner of the pond to facilitate water exchange.

Without hiring additional labor, Mr. Karthikeyan relied entirely on his family,
particularly his wife, Mrs. Isha, who actively participated in all farm operations.
Initially, he allowed the natural entry of species such as gray mullets, pearl spot,
and milkfish, occasionally supplementing them with selective stocking of Mugil
cephalus. However, the absence of a specific stocking rate and irregular feeding
patterns resulted in low yields and minimal economic returns, barely sufficient
to sustain the family.

The Turning Point

Mr. Karthikeyan approached ATIC and enrolled in the IVLP program of CMFRI. He
received hands-on training on critical aspects of finfish farming, including the
importance of maintaining functional sluice gates for effective water exchange,
systematic stocking, and feeding protocols. Armed with newfound knowledge
and guidance from scientists, he implemented these best practices in his farm
operations.

Reflecting on his journey, he shares:

"The training | received completely transformed my approach to fish farming.
By following the stocking and feeding methods suggested by the experts, my
income from fish culture increased from Rs. 32,000 to nearly Rs. 55,000. This
additional income allowed me to provide quality education for my daughters.
Without a doubt, | owe this success to the IVLP program and the support from
ATIC of CMFRL."
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A Remarkable Transformation

Today, Mr. Karthikeyan’s farm stands as a model for aspiring fish farmers in the
region. His journey underscores the potential of adopting scientific methods
and leveraging institutional support to achieve both personal and professional
growth.

(6.d) Crab Culture & Crab Fattening: A Farmer's Success Story at Malippuram

Sylvi Figerado, a dynamic farmer from Pathissery, Malippuram,
Elamkunnapuzha, has achieved remarkable success in crab monoculture using
CMFRI technology. A matriculate by education, Figerado initially leased a 6-acre
pond for shrimp farming after an unsuccessful stint as a boat owner during the
1980s. His fishing business suffered significant losses, leaving him in financial
distress. At the time, his two young sons were unable to contribute to the family
income, prompting him to explore other avenues.

The Transition to Crab Culture

With guidance from the IVLP team of CMFRI and regular farm advisory support
from ATIC, Figerado decided to try crab farming. Initially skeptical, his doubts
and reluctance toward crab culture were dispelled through consultations and
hands-on advice on critical aspects like water exchange, stocking quality seeds,
uniform seed size selection, farm management, and feeding techniques. His
wife, Juliet, also 53, played a vital role, providing unwavering support in all
farming operations.

Financial Success

In 2002, the couple earned an impressive profit of 347,000 from a single harvest,
and their earnings crossed 50,000 in the next cycle. This upward trend has
continued, and Sylvi and Juliet now confidently rely on crab farming as a
consistent source of income. They proudly state:

"Whenever we need money, we just sell crabs and get the required amount
instantly. Crab farming is undoubtedly the best technology for generating high
profits with minimal risk."

Diversification and Sustainability

Sylvi and Juliet have further diversified their farming activities by integrating
duck farming and homestead vegetable cultivation, including bitter gourd and
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cowpea. The ducks’ excreta serve as organic manure for their homestead
garden, enhancing soil fertility and sustainability.

Their journey exemplifies how adopting innovative technologies and
sustainable practices can transform lives, making Sylvi and Juliet role models
for aspiring farmers in the region.

Other projects for Self-Help Groups

Under SCSP scheme, the DST funded project on ‘Empowerment of SC coastal
fisherfolk through Entrepreneurial Capacity Building of SHGs in marine sector’
and under the project on ‘Science Technology and Innovation Hub in Fisheries
Sector, Kochi Corporation, Ernakulam district, Kerala State’ Rs. 3.5 crores have
been utilised for the following number of startups mobilised for 94 SHGs
representing 600 direct beneficiaries & 3000 indirect beneficiaries. The training
on the technologies to the SHGs was essentially undertaken with the assistance
of KVK, Ernakulam.

Cage farming-16
Pearlspot seed production-7
Fish culture-10
Fish fertiliser production-3
Value added fish production-13
Mussel culture-5
Oyster-5
Clam units -5
Integrated fish farming- 8
. Ornamental fish culture-10
Dry fish unit-3
Fish vending units- 6
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Under the project on Science Technology and Innovation Hub in Fisheries
Sector, Kochi Corporation, Ernakulam district, Kerala State’ an interactive kiosk
on fishery-based interventions, entrepreneurial consultancy cell,
entrepreneurial data documentation cell with smart class set up and digital
training hall and a mobile training unit embedded with a lab facility with all
digital devices for imparting filed training to farmers have been mobilised. The
adoption of innovative farming technologies, including cage culture, mussel and
oyster farming, marine ornamental fish cultivation, scientific fish farming, and
advanced seed production techniques, has been actively promoted to empower
Self-Help Groups and enhance sustainable livelihoods. Amble research on the
fish farming technologies with practical application such as Cage culture, Mussel
& Oyster culture, Seaweed farming, Marine ornamental fish culture has been
done and these technologies have been brought out for enhancing the income
of farming communities.
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Under the Government Scheme, the Department of Science and Technology
(DST) granted 2 funded projects to offer technological and scientific aid to
farmers as the following:

1. ‘Empowerment of SC coastal fisherfolk through Entrepreneurial
Capacity Building of SHGs in marine sector’ with a financial outlay of Rs 26 lakhs
(2019-22)

2. ‘Science Technology and Innovation Hub in Fisheries Sector, Kochi
Corporation, Ernakulam district, Kerala State’ with a financial outlay of Rs 3.2
Crores (2022-25)

A project proposal focusing on fishery-based entrepreneurial technologies for
the Scheduled Tribe community in Lakshadweep Islands and Kerala has been
meticulously prepared and is ready for submission to the Department of Science
and Technology (DST), New Delhi for external funding.

Under the umbrella of "Redefining Lives," a collection of inspiring case studies
highlights the transformative power of Self-Help Groups (SHGs) and their role in
economic and gender empowerment. These case studies, drawn from the
researcher’s dedicated projects undertaken throughout the coastal belt of the
country, exemplify how community-driven initiatives can uplift marginalized
sections of society, particularly women in fisheries and allied sectors.

These narratives emphasize the interplay of collective effort, scientific
intervention, and grassroots innovation, revealing how SHGs serve as catalysts
for holistic empowerment. Beyond economic gains, they foster self-reliance,
gender equity, and environmental stewardship, offering replicable models for
broader community development. Together, these stories reflect the profound
potential of empowering lives through purpose-driven collaboration and
resource optimization, painting a compelling picture of transformation and
hope.
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Any scientific study involves a systematic process designed to investigate
natural or social phenomena, solve problems, or answer research questions. In
the context of social science, scientific study focuses on understanding human
behavior, social interactions, and societal structures through careful
observation, measurement, and analysis. Social scientists use both qualitative
and quantitative methods to collect and interpret data, aiming to explain
patterns, test theories, and develop knowledge that can inform policy, practice,
and further research. The importance of a structured study in social science
cannot be overstated. A well-organized and systematic approach ensures that
research findings are credible, objective, and reproducible. Structure helps
researchers to clearly define their research problems, select appropriate
methods, and analyze data logically, minimizing bias and ensuring that
conclusions are supported by evidence. Moreover, following a structured
process allows other scholars to replicate or build upon existing studies,
contributing to the continuous refinement and expansion of social science
knowledge. The stages of scientific study, therefore, form a cyclical and
interconnected process, where each step, from identifying a problem to drawing
conclusions, builds upon the previous one. The outcomes of one investigation
often led to new questions and hypotheses, driving the ongoing advancement
of scientific understanding within the social sciences.

The key stages typically include:

1. Identification of the Research Problem: The process begins with
recognizing and defining a specific problem or question that needs
investigation. In social science, this could involve exploring issues such
as inequality, education, governance, or cultural behaviour. A clear
research problem provides direction and focus for the study.

2. Review of Related Literature: The researcher examines existing studies,
theories, and findings related to the topic. This step helps to identify
gaps in knowledge, refine the research question, and establish a
theoretical framework for the study.

3. Formulation of Hypotheses or Research Objectives: Based on the
literature review, the researcher develops hypotheses (in quantitative
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studies) or research objectives (in qualitative studies). These guide the
study and suggest what relationships or phenomena will be explored or
tested.

4. Research Design and Methodology: At this stage, the researcher decides
on the type of study (qualitative, quantitative, or mixed-method),
selects data collection tools (such as surveys, interviews, or
observations), and outlines the sampling methods. This structured plan
ensures consistency and validity throughout the research process.

5. Data Collection: Data are systematically gathered using the chosen tools
and techniques. In social science, data may come from surveys,
interviews, focus groups, case studies, or archival records. Accuracy and
ethical considerations are critical during this phase.

6. Data Analysis and Interpretation: The collected data are organized,
processed, and analyzed to identify patterns, relationships, and trends.
Statistical analysis may be used in quantitative research, while
qualitative data are often analyzed through coding and thematic
interpretation. The goal is to draw meaningful conclusions that answer
the research questions.

7. Presentation of Findings and Conclusions: The results are presented
clearly, often with charts, tables, and narratives, followed by
conclusions that relate back to the research problem and hypotheses.
Researchers also discuss the implications of their findings for theory,
practice, and future research.

8. Recommendations and Further Research: Finally, the study may
propose recommendations for policy, practice, or additional studies.
This ensures that the research contributes constructively to knowledge
and can inform decision-making in society.

Methodological framework and Research design: It constitute the backbone of
any scientific investigation, providing a systematic framework for collecting,
analyzing, and interpreting data. The research design defines the overall
structure and strategy of the study, ensuring that the procedures align with the
research objectives and hypotheses. In the social sciences, researchers typically
choose among qualitative, quantitative, or mixed-method designs, depending
on the nature of the research question and the nature of data to be collected. A
quantitative design focuses on numerical measurement and statistical analysis
to test hypotheses, while a qualitative design seeks to understand social
phenomena through detailed descriptions, interpretations, and contextual
insights. Mixed-method designs integrate both approaches to provide a more
comprehensive understanding of complex social realities. A well-constructed
methodology ensures rigor, validity, and reliability throughout the research
process. It encompasses the selection of appropriate data collection tools, such
as surveys, structured interviews, focus groups, observations, or document
analysis, which must be suited to the type of data required and the context of
the study. The researcher also determines the sampling strategy, which involves
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identifying the population of interest and selecting a representative subset for
analysis. Proper sampling enhances the generalizability of findings and
minimizes selection bias. Moreover, attention to ethical standards such as
informed consent, confidentiality, and data integrity is fundamental to
maintaining the credibility of the research process. The methodological
framework serves as a guide for implementing the study in a logical, coherent,
and replicable manner. The methodological choices directly influence the
validity of the conclusions drawn and determine the extent to which the findings
contribute to existing theoretical and empirical knowledge. In essence, a sound
research design and methodology transform abstract research questions into a
concrete, evidence-based investigation, thereby advancing scientific
understanding within the social sciences.

The Role and Importance of Data Collection Tools and Techniques in Research
in Social Science Research

Purpose of Data Collection: The purpose of data collection extends far beyond
the mere accumulation of information; it serves as the cornerstone of all
empirical research and informed decision-making. In the social sciences and
other fields, data collection enables researchers to obtain evidence that is
essential for understanding complex phenomena, testing hypotheses, and
addressing specific research questions. The information gathered during this
stage forms the empirical basis for analysis, interpretation, and the formulation
of conclusions. Through systematic data collection, researchers transform
abstract concepts into measurable observations, thereby facilitating the
generation of objective, evidence-based insights. Beyond its analytical function,
data collection also plays a critical role in monitoring change and maintaining
continuity of knowledge. By systematically recording and preserving data over
time, researchers, policymakers, and organizations can identify patterns, track
trends, and assess the impact of interventions or evolving social conditions.
Longitudinal data collection, for instance, enables the evaluation of societal
transformations, policy effectiveness, or behavioral shifts across different
periods. This ongoing process of documentation ensures that knowledge
remains dynamic, verifiable, and cumulative, allowing future investigations to
build upon existing findings and advance the broader scientific discourse.

Furthermore, the accuracy and reliability of the data collection process
determine the overall integrity and validity of the entire research endeavor.
Every subsequent stage, analysis, interpretation, and conclusion, depends
directly on the quality of the collected data. A meticulously designed and
executed data collection strategy minimizes bias, enhances representativeness,
and ensures that the information obtained is both relevant and credible. The
careful selection of data collection methods and tools, such as surveys,
interviews, observations, or mixed-method techniques, is therefore essential to
aligning the process with the research objectives. Properly designed
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instruments ensure consistency, standardization, and replicability, reinforcing
the scientific rigor of the study. Conversely, errors or inadequacies at this stage
can compromise validity, distort results, and diminish the overall contribution
of the research. In essence, effective data collection is not merely a procedural
step but the foundation of all scientific inquiry, ensuring that conclusions are
trustworthy, meaningful, and capable of advancing knowledge within and
beyond the social sciences.

Types of Data

In social science research, the classification of data is essential for determining
appropriate methods of collection, analysis, and interpretation. Broadly, data
can be categorized based on its source and its nature. Understanding these
distinctions enables researchers to design studies that capture both the depth
and breadth of social phenomena, ensuring that conclusions are well-supported
and methodologically sound.

1. Based on the Source of Data: From the perspective of data sources, social
researchers primarily rely on two key origins of information: human participants
and documentary materials—often referred to as “people” and “paper.”Data
from people, or primary data, is obtained directly from individuals, groups, or
communities through systematic interaction. Techniques such as interviews,
questionnaires, focus group discussions, and participant observations allow
researchers to gather firsthand information about human experiences,
perceptions, attitudes, and behaviors. This type of data is particularly valuable
because it captures real-time insights and subjective interpretations that reflect
the lived realities of social actors. Primary data is therefore indispensable for
exploring contemporary social issues, understanding community dynamics, and
generating context-specific knowledge. In contrast, data from paper, or
secondary data, encompasses existing records, publications, archival materials,
government reports, institutional documents, and other written sources that
provide historical or contextual information. These materials offer objective and
verifiable evidence that situates the research within a broader temporal or
institutional framework. Secondary data is especially useful for longitudinal
analysis, comparative studies, or when direct access to participants is not
feasible. Together, primary and secondary data complement each other: while
the former offers immediacy and depth, the latter provides context, continuity,
and validation. The integration of both enhances the robustness and credibility
of social research.

2. Based on the Nature of Data: Data can also be distinguished according to its
inherent nature, which determines the form of analysis to be applied. The two
fundamental types are qualitative and quantitative data, each contributing
uniquely to the research process. Qualitative data is descriptive, interpretive,
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and non-numerical in nature. It seeks to uncover meanings, motivations, and
social processes underlying human behavior. Collected through methods such
as in-depth interviews, ethnographic fieldwork, or open-ended surveys,
qualitative data provides rich, contextualized insights into complex social
realities. Analysis of qualitative data typically involves thematic coding,
narrative analysis, or discourse analysis to identify recurring patterns, themes,
and symbolic meanings. This type of data is particularly valuable when the goal
is to understand why and how social phenomena occur, rather than simply what
occurs. Conversely, quantitative data consists of measurable, numerical
information that can be systematically analyzed using statistical tools. It is
typically collected through structured instruments such as standardized
surveys, experiments, or large-scale databases. Quantitative research allows for
the quantification of variables, identification of correlations, testing of
hypotheses, and prediction of outcomes. This type of data is prized for its
objectivity, replicability, and potential for generalization across larger
populations. In modern social research, the integration of both qualitative and
quantitative data, a mixed-methods approach, is increasingly common.
Combining these two forms allows researchers to achieve both depth and
precision: qualitative data provides context and interpretation, while
quantitative data ensures reliability and statistical rigor. Together, they offer a
holistic understanding of social realities, enabling researchers to construct
well-rounded, evidence-based conclusions.

Data Collection Methods and Tools: Their Distinction and Interrelationship

In the process of scientific inquiry, particularly within the social sciences, the
terms data collection methods and data collection tools are often used
interchangeably, yet they represent distinct elements of the research design.
Both play vital but different roles in ensuring that the data gathered is accurate,
reliable, and relevant to the research objectives. Understanding their difference
and interrelationship is essential for achieving methodological rigor and
enhancing the credibility of research outcomes.

Data collection tools refer to the specific instruments, devices, or materials used
to gather information from respondents or sources. These instruments are the
tangible means through which data are recorded or measured in a structured
and organized manner. Common examples include questionnaires, interview
schedules, observation checklists, rating scales, focus group guides, and
measurement instruments. The selection of a particular tool depends on several
factors, such as the type of data required (qualitative or quantitative), the
characteristics of the target population, and the objectives of the study. For
instance, a structured questionnaire is ideal for gathering quantifiable data
suitable for statistical analysis, whereas an open-ended interview guide is
better suited for exploring personal experiences and complex social
phenomena. The design of a data collection tool must ensure clarity,
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consistency, and validity to minimize bias and enhance the reliability of the
information obtained.

In contrast, data collection methods encompass the broader strategies or
procedural approaches through which the tools are implemented. Methods
define the overall plan for how, when, and where data will be collected, as well
as how the information will be organized and managed. Common methods
include surveys, experiments, case studies, ethnographic research,
observations, and interviews. Each method provides a framework that governs
the application of specific tools. For example, the survey method may employ
questionnaires or online forms as tools, while the observation method may use
checklists or field notes. Thus, the method establishes the operational context
and logic of the data collection process, determining the interaction between
the researcher, participants, and the environment in which data is obtained. The
key distinction between methods and tools lies in their scope and function
within the research process. While methods represent the overarching
procedural strategy, tools are the practical instruments that operationalize that
strategy. A well-chosen method ensures that the study design aligns with the
research questions and objectives, while appropriate tools ensure that the data
gathered within that framework are valid, reliable, and sufficient for analysis. In
essence, methods provide the “how” of data collection, whereas tools provide
the “what” through which data are captured. When effectively integrated, these
two components complement each other, ensuring that the research process is
systematic, coherent, and scientifically robust.

Forms of Data Collection Methods

In social science research, data collection methods constitute the foundation
for obtaining empirical evidence that supports analysis and theory building.
Different methods are used depending on the nature of the research questions,
the objectives of the study, and the type of data required. Each method offers
distinct advantages and limitations, making the choice of an appropriate
approach crucial for ensuring validity, reliability, and depth of understanding.
The major forms of data collection methods include observation,
experimentation, survey, case study, and simulation.

1. Observation (Participant and Non-participant): Observation is one of the
oldest and most direct methods of data collection, involving the systematic
recording of behaviors, events, or interactions as they occur in their natural
settings. This method enables researchers to capture real-world phenomena
without relying solely on participants’ self-reports. Observation can take two
principal forms: participant and non-participant. In participant observation, the
researcher immerses themselves in the social group or setting being studied,
engaging directly with participants to gain an insider's perspective. This
approach yields detailed, context-rich data that reveal the nuances of social life,
cultural norms, and interpersonal relationships. However, it also carries the risk
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of researcher bias and ethical concerns due to close involvement. In non-
participant observation, the researcher maintains a detached role, observing
without direct interaction. While this enhances objectivity and minimizes
influence on the observed behavior, it may limit access to the deeper meanings
or motivations behind actions. Observation is particularly valuable in
ethnography, anthropology, and sociology, where the goal is to understand
social practices, rituals, or community dynamics in their authentic
environments.

2. Experiments (Laboratory and Field): The experimental method is
characterized by the manipulation of variables to determine cause-and-effect
relationships under controlled or natural conditions. In laboratory experiments,
researchers control environmental factors and manipulate independent
variables to observe their effect on dependent variables. The high level of
control enhances precision, repeatability, and internal validity, making
laboratory experiments ideal for hypothesis testing. However, the artificial
nature of laboratory settings may limit ecological validity, as participants’
behavior might differ from that in real-world contexts. Field experiments, on the
other hand, are conducted in natural environments such as workplaces, schools,
or communities. While they involve less control over external variables, they
provide greater realism and external validity by observing behavior in authentic
contexts. Field experiments are particularly useful in applied social research,
where understanding human behavior within real-life conditions is essential.

3. Surveys (Personal, Telephonic, and Electronic): Surveys are among the most
commonly employed methods in social science research for collecting both
qualitative and quantitative data. They involve systematically asking questions
to individuals or groups to gather information about attitudes, opinions,
experiences, or behaviors. Personal interviews, conducted face-to-face, allow
for deep engagement, clarification of questions, and the capture of non-verbal
cues, but they are time-intensive and costly. Telephonic surveys offer a more
efficient and cost-effective alternative, though they may restrict the depth of
responses and exclude populations without access to telecommunication.
Electronic or online surveys, distributed via email or web-based platforms,
enable researchers to reach large, geographically diverse populations quickly
and at low cost. However, they often face challenges such as low response rates
or sampling bias. Surveys can be conducted using sampling, where a subset of
the population is studied to represent the whole, or through a census, where
every member of the population is included. The success of survey research
depends on well-designed instruments and careful sampling procedures to
ensure representativeness and validity.

4, Case Studies: The case study method involves an intensive, in-depth
examination of a single case or a small number of cases, such as individuals,
institutions, communities, or events to gain comprehensive insights into a
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specific phenomenon. It is primarily qualitative in nature and focuses on
understanding complex issues within their real-life context. Case studies are
particularly useful for exploring new or poorly understood topics, generating
hypotheses, and testing theoretical propositions in practical situations. This
method enables the integration of multiple data sources such as interviews,
observations, and documents to build a holistic understanding. However, the
findings from case studies are often context-specific and may lack
generalizability. Despite this limitation, the case study approach remains
invaluable in fields such as psychology, education, political science, and
business studies for developing rich, contextualized interpretations of social
processes.

5. Simulation: Simulation is an advanced method of data collection that uses
models or virtual environments to imitate real-world processes, systems, or
behaviors. Through simulation, researchers can manipulate variables and
observe potential outcomes without the ethical or logistical constraints of
conducting real-life experiments. This method is particularly effective for
studying complex social systems, such as economic markets, organizational
dynamics, or urban traffic flows, where direct experimentation is impractical or
impossible. Computer-based simulations and agent-based models allow
researchers to test hypotheses, explore scenarios, and predict behavioral
patterns under controlled conditions. However, the validity of simulation results
heavily depends on the accuracy of the models and assumptions used. When
properly constructed, simulations provide a safe, flexible, and insightful way to
study dynamic social phenomena that are otherwise difficult to observe directly.
Each form of data collection method has its unique strengths and limitations.
The choice of method depends on the research objectives, the nature of the
problem, available resources, and ethical considerations. In practice,
researchers often employ a combination of methods, known as methodological
triangulation, to strengthen the validity and reliability of their findings. By
integrating multiple approaches such as observation, surveys, and case studies,
researchers can achieve a more comprehensive, multidimensional
understanding of complex social phenomena and produce findings that are
both credible and meaningful.

Forms of Data Collection Tools

Data collection tools are the instruments or devices that researchers use to
systematically gather information from participants or sources. These tools are
designed to ensure that data collection is accurate, reliable, and aligned with
the research objectives. In social science research, data collection tools vary
widely, ranging from traditional paper-based instruments to advanced
technological systems and participatory methods. Each tool has specific
applications, advantages, and limitations, and the choice of tool depends on the
research objectives, the type of data (qualitative or quantitative), and the
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context of the study. Some of the most commonly used data collection tools
include:

1. Paper Questionnaires: Paper questionnaires are among the most traditional
and widely used data collection tools. They consist of a set of structured
questions administered in written form to respondents, either individually or in
groups. Questionnaires can include closed-ended questions, which provide
respondents with predefined options (e.g., multiple-choice or Likert-scale
items), as well as open-ended questions, which allow respondents to express
their opinions and experiences freely. This combination enables researchers to
collect both objective, quantifiable data and subjective insights into attitudes,
perceptions, and behaviors. The advantages of paper questionnaires include
their simplicity, accessibility, and cost-effectiveness. They do not require
specialized technology or internet access, making them suitable for populations
in rural or resource-limited areas. However, paper questionnaires also present
challenges, such as time-consuming data entry, potential transcription errors,
low response rates, and incomplete answers, which can compromise the overall
quality and efficiency of data collection.

2. Computer-Assisted Interviewing (CAl) Systems: Computer-Assisted
Interviewing (CAl) systems are advanced electronic tools that facilitate the
collection of data through digital platforms. In CAl, interviewers follow a
structured script displayed on a computer or tablet, and responses are recorded
in real-time, either via direct input or voice recognition. The system
automatically stores responses in a digital database, eliminating the need for
manual data entry and significantly reducing transcription errors. CAl systems
provide several advantages, including greater efficiency, speed, and accuracy,
particularly for large-scale studies. They can also handle complex survey
designs through branching or skip logic, where the sequence of questions
adapts based on prior answers. Multimedia elements, such as images, audio, or
videos, can be integrated to enhance clarity and respondent engagement.
However, CAl requires technological access and participant familiarity with
digital devices, which may limit applicability in certain populations or remote
settings.

3. Participatory Rural Appraisal (PRA) Tools: Participatory Rural Appraisal (PRA)
tools are designed to engage communities directly in the process of data
collection and analysis. These qualitative methods aim to empower participants
by involving them in identifying, prioritizing, and analyzing local issues using
their own knowledge and experience. PRA tools include:

e Checklists: Structured lists of questions or criteria guide systematic
data collection on community resources, social conditions, or
environmental factors. They ensure that key topics are consistently
addressed across participants or locations.
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e Mapping: Community mapping involves creating visual representations
of local resources, spaces, social networks, and power structures. Maps
are produced collaboratively with community members, highlighting
resources, challenges, and opportunities.

e Other Participatory Techniques: These include transect walks, seasonal
calendars, social mapping, and ranking exercises. Such tools facilitate
active engagement, enable collective problem prioritization, and
provide context-rich data that traditional tools might overlook.

PRA tools are especially valuable in community-based research, as they
enhance participation, local ownership, and the relevance of data collected for
planning or development interventions.

4. Interviews: Interviews are a fundamental qualitative data collection tool,
allowing researchers to explore participants’ experiences, attitudes,
perceptions, and beliefs in depth. Interviews can be classified into three main
types:

e Structured Interviews: These involve a strict script of predetermined
questions, typically closed-ended, ensuring consistency and
comparability across respondents. They are useful in large-scale
surveys but may limit exploration of unanticipated insights.

e Semi-structured Interviews: Combining predetermined questions with
the flexibility to probe further, semi-structured interviews balance
consistency with depth, enabling rich qualitative data collection while
maintaining some comparability.

e Unstructured Interviews: These are highly flexible, allowing participants
to express their thoughts freely. This approach is particularly useful for
exploratory research but requires careful interpretation and coding of
responses.

Interviews provide rich, nuanced data, capturing insights into social,
psychological, or cultural phenomena. They allow observation of non-verbal
cues and foster rapport, which is critical for sensitive topics. However, they can
be time-consuming and require careful management to minimize interviewer
bias and ensure ethical standards.

5. Scales: Scales are measurement tools that quantify abstract or subjective
concepts, making them analyzable through statistical techniques. They are
widely used to assess attitudes, opinions, behaviors, and perceptions. Common
types include:
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e Likert Scales: Measure agreement or disagreement on statements,
typically on a 5- or 7-point scale. Widely used for attitude and opinion
surveys.

e Semantic Differential Scales: Ask respondents to rate concepts between
two opposite adjectives (e.g., “trustworthy-untrustworthy”), capturing
evaluative perceptions.

e Visual Analogue Scales (VAS): Continuous scales that capture subjective
experiences like pain or mood, offering granular measurement.

e Specialized Scales: Guttman and Thurstone scales are used for
cumulative or hierarchical measurement of attitudes and behaviors.

Scales allow the transformation of subjective opinions into quantitative data,
facilitating statistical analysis, comparison, and trend monitoring. However,
their accuracy depends on proper design and respondent honesty, and poorly
constructed scales may introduce bias. A comparative analysis of the data
collection tools, its strength, weakness and the application is given in Table1.
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Table 1: Comparative analysis of different data collection tools

Data Description Strengths Limitations Typical Applications

Collection

Tool

Paper Written  set of structured | Cost-effective, simple, | Time-consuming data | Surveys in rural areas,

Questionnaire | questions, including closed- and | accessible without | entry, potential | populations  without
open-ended items, administered | technology, captures both | transcription errors, low | internet access, mixed-
to respondents quantitative and qualitative | response rate, incomplete | method research

data answers

Computer- Digital system that guides | Efficient, accurate, reduces | Requires technology | Large-scale  surveys,

Assisted interviews, records responses in | transcription errors, handles | access, participant | complex questionnaires,

Interviewing | real-time, may include | complex survey designs, | familiarity, — may  be | research needing real-

(ca) multimedia supports multimedia challenging in remote areas | time data capture

Participatory | Engages communities in data | Encourages local | Requires skilled | Community development

Rural collection using methods such as | participation, ~ empowers | facilitation, time-intensive, | research, rural studies,

Appraisal checklists, mapping, transect | communities, produces | may be influenced by group | participatory  planning,

(PRA)Tools | walks, and ranking exercises context-rich, inclusive data | dynamics social and environmental

studies

Interviews Direct interaction with | Provides in-depth, nuanced | Time-consuming, resource- | Exploratory  research,
respondents to gather detailed | insights; captures | intensive, potential | sensitive topics, cultural
qualitative data; types include | experiences, beliefs, and | interviewer bias, requires |studies,  psychological
structured, semi-structured, and | perceptions; observes non- | careful analysis and social research
unstructured verbal cues

Scales Measurement instruments that | Standardizes measurement, | Dependent on  design | Surveys measuring
quantify attitudes, opinions, | enables statistical analysis, | validity and reliability; may | attitudes, opinions,
behaviors, or  perceptions; | facilitates comparison across | be influenced by social | satisfaction,
includes  Likert,  semantic | groups desirability or subjective | psychological  states,
differential, ~ VAS,  Guttman, bias organizational research
Thurstone scales

Quality of Data Collection Tools: Validity and Reliability

The quality of data collection tools is a fundamental determinant of the
credibility and robustness of research findings. High-quality tools ensure that
the information gathered is both accurate and trustworthy, forming a solid
foundation for meaningful analysis and interpretation. The quality of a tool is
primarily evaluated in terms of its validity and reliability, which together
determine whether the research results can be considered scientifically sound.
Validity refers to the degree to which a data collection tool measures exactly
what it is intended to measure. A valid tool captures the essence of the concept
under investigation without being influenced by irrelevant factors. For instance,
a questionnaire aimed at assessing public attitudes toward climate change
should accurately reflect respondents’ opinions and perceptions, rather than
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testing their factual knowledge about climate science. Validity can be further
categorized into several types:
e Content Validity: Ensures that the tool comprehensively covers all
relevant dimensions of the concept.

e Construct Validity: Confirms that the tool accurately measures the
theoretical construct it is intended to assess.

e Criterion-related Validity: Evaluates the extent to which the tool's
results correlate with other established measures of the same
construct.

Table 2: Detailed explanation of the different forms of validity

Validity Type

Key Question

Example

Content Validity

Does it cover all
parts of the concept?

Math test including algebra,
geometry, arithmetic, etc.

Construct Validity

Does it measure
what it's supposed
to?

Self-esteem scale correlates with
confidence, not height

Criterion-related
Validity

Does it predict or
correspond to
outcomes?

Depression scale aligns with
clinical interview; marks predicts
GPA

Reliability, on the other hand, refers to the consistency and stability of
measurements produced by a tool. A reliable instrument yields similar results
when applied repeatedly under comparable conditions, ensuring that observed
variations are due to genuine differences among respondents rather than
inconsistencies in the tool itself. Common methods for assessing reliability
include:

e Test-Retest Reliability: Measures stability over time by administering
the same tool to the same respondents on different occasions.

e Inter-Rater Reliability: Ensures consistency between different
researchers or evaluators in coding or interpreting responses.

e Internal Consistency: Examines whether multiple items within a tool are
coherently measuring the same underlying construct.

Both validity and reliability are critical for the integrity of research. A tool
lacking validity may collect irrelevant or inaccurate data, leading to flawed
conclusions. Conversely, a tool lacking reliability may produce inconsistent
results, undermining confidence in the findings. Ensuring that a data collection
tool is both valid and reliable requires careful design, pre-testing, and rigorous
evaluation. Pilot studies are often conducted to test the tool in a smaller
sample, and statistical techniques, such as correlation analysis and Cronbach’s
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alpha, are employed to quantify reliability and validate constructs. In essence,
the rigorous assessment of validity and reliability ensures that the data
collected is accurate, meaningful, and capable of supporting robust, evidence-
based conclusions. High-quality data collection tools not only strengthen the
research process but also enhance the credibility, reproducibility, and overall
contribution of a study to scientific knowledge.

Conclusion: This chapter examined the diverse methodological frameworks and
tools that underpin social science data collection. By addressing both
qualitative and quantitative approaches, as well as mixed-method strategies, it
demonstrated how researchers can systematically gather, analyze, and interpret
social phenomena. The discussion emphasized the importance of aligning
research questions with appropriate methodologies while ensuring validity,
reliability, and ethical integrity throughout the data collection process. A range
of practical tools from surveys and interviews to observational techniques and
digital data platforms, was presented to illustrate how complex social realities
can be captured effectively. Ultimately, understanding and carefully selecting
methodological frameworks and tools strengthens the rigor of social science
research and enhances its potential to generate meaningful insights that inform
policy, practice, and further academic inquiry.
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Introduction

Climate change is one of the most serious environmental challenges facing the
oceans today. Human activities such as burning fossil fuels, deforestation, and
industrial growth have increased the concentration of greenhouse gases (GHGs)
like carbon dioxide (CO,), methane (CH,), and nitrous oxide (N,O) in the
atmosphere. These gases trap heat and drive global warming. Since the pre-
industrial era, CO, levels have risen from about 280 ppm to over 420 ppm by
2024, surpassing what natural systems on land and in the ocean can absorb. The
oceans play a major role in regulating the climate by absorbing approximately
one-third of the excess CO, and most of the heat generated, but this has put the
oceans and their life under significant stress. The ocean is warming, becoming
more acidic, and losing oxygen in many areas. Rising sea levels, changing rainfall
patterns, and more frequent extreme events such as marine heatwaves,
cyclones, and floods add more pressure. These changes do not happen in
isolation; instead, they interact with each other, causing widespread impacts on
marine ecosystems. Coral reefs, plankton, fish, and other organisms are
affected, leading to habitat loss, declining biodiversity, and shifts in species
distribution. At the base of these ecosystems are microbial and algal
communities, which drive primary production and nutrient cycling. Even small
changes in temperature, acidity, or salinity can upset their balance. Warmer
waters can accelerate growth and increase the risk of harmful algal blooms
(HABs). Acidification reduces the ability of calcifying algae to form shells and
also alters microbial processes that recycle nutrients. In estuarine and coastal
areas, fluctuating salinity reshapes community structures, favoring species that
can tolerate such stress. Extreme weather events introduce excess nutrients
into coastal waters, triggering algal blooms and creating low-oxygen zones that
threaten fish and other aquatic life. These ecological disruptions directly affect
fisheries and aquaculture. Changes in plankton composition alter the food
available to fish, while HABs and hypoxic conditions damage habitats and
reduce fish stocks. For coastal communities, especially in tropical regions, this
leads to lower catches, economic losses, and threats to food security.
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Oceanic Responses to Climate Change

1.

Rising Water Surface Temperatures

Oceans play a crucial role in regulating Earth’s climate because they can
store enormous amounts of heat, far more than the atmosphere. As a
result, oceans absorb a significant portion of global warming heat,
leading to rising sea surface temperatures. These temperature increases
can alter the physical and biological dynamics of aquatic environments,
affecting circulation patterns, nutrient availability, and the overall
productivity of marine and coastal ecosystems. Rising water
temperatures influence where fish and other aquatic species live and
how they behave. Many species rely on specific temperature ranges to
sustain healthy functions such as growth, reproduction, and survival.
When temperatures exceed these ranges, species may need to migrate
to more suitable habitats, disrupting local fisheries and reducing
catches in traditional fishing areas. Inland waters are also highly
vulnerable, especially in already warm or dry regions, where even small
temperature rises can significantly impact aquatic life and water
resources. Temperature increases can also alter biodiversity by shifting
species composition in freshwater and marine systems. Organisms
unable to tolerate higher temperatures may decline or face local
extinction, while other species may move into new areas, leading to
changes in ecosystem dynamics. These shifts can ripple through food
webs, affecting prey availability and the overall health of aquatic
ecosystems.

Ocean Acidification

Oceans absorb large amounts of atmospheric carbon dioxide, but this
process decreases seawater pH, a phenomenon called ocean
acidification. Increased acidity disrupts marine life by affecting
physiological processes, ecosystem balance, and the sustainability of
fisheries. Acidification effects vary among species and life stages. Early
stages, such as eggs and larvae, are especially vulnerable, while adults
often tolerate low pH better. Acidified waters can reduce growth, impair
calcification in shell-forming organisms, alter fish otolith development,
and decrease reproductive success. These changes at the organism level
can cascade through populations, impacting survival, behavior, feeding,
and resilience to stress. Indirect effects of ocean acidification spread
through ecosystems. pH shifts can alter predator-prey relationships,
harm biogenic habitats like coral reefs, and disrupt nutrient cycling.
Slower growth of plankton and invertebrates at the base of the food
chain can lower productivity at higher levels, directly affecting fisheries
yields and food security. The socio-economic impacts are significant,
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especially for communities that depend on shellfish and other calcifying
organisms. Declines in mollusk populations can reduce export earnings,
limit employment in aquaculture, and increase market prices,
disproportionately impacting low-income consumers. Regions heavily
reliant on these resources, with low adaptive capacity and growing
populations, are particularly vulnerable, emphasizing the urgent need
for monitoring, management, and adaptation strategies.

Changes in Primary Production

Primary production in aquatic ecosystems forms the foundation of the
marine food web and is crucial for determining the abundance and
sustainability of fish stocks. Climate change can alter both the amount
and timing of primary production, directly affecting the survival of fish
larvae and the recruitment of commercial fish populations. Shifts in the
distribution and seasonal cycles of plankton may disrupt the availability
of suitable food for early life stages of fish, potentially reducing overall
fisheries productivity. Temperature-driven changes in surface waters
are a key factor influencing primary production. Increased water
temperatures can strengthen stratification, reducing the vertical mixing
of nutrients from deeper layers to the surface. This limits nutrient
availability for phytoplankton, decreasing overall productivity.
Observational studies in large tropical lakes have shown that even
moderate increases in surface temperature can cause measurable
declines in primary production, with cascading effects on fisheries
yields. Reductions in primary production can significantly impact
ecosystem functioning. Lower phytoplankton biomass decreases food
availability for zooplankton, which in turn affects higher trophic levels,
including commercially important fish species. Changes in the timing
and magnitude of primary production may also uncouple the seasonal
cycles of fish reproduction and larval growth, further impacting fish
recruitment. The socio-economic consequences of declining primary
production are significant in regions heavily dependent on aquatic
resources. Reduced fish vyields can threaten food security and
livelihoods, especially in communities relying on inland and coastal
fisheries as primary sources of protein and income. Even gradual
environmental changes can have serious long-term impacts,
emphasizing the importance of monitoring, adaptive management, and
strategies to sustain fisheries amid a changing climate.

Impacts of Extreme Weather Events on Marine Fisheries

Extreme weather events, intensified by climate change, are having
widespread effects on marine fisheries and the communities that
depend on them. Rising sea surface temperatures, frequent cyclones,
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storms, and marine heatwaves disrupt marine ecosystems, reducing fish
productivity and altering the distribution and behavior of key species.
Variations in temperature, salinity, and ocean circulation influence fish
migration, breeding cycles, and feeding habits, often causing local
declines in fish populations and shifts in species composition. Coral reef
ecosystems, which provide vital habitat and breeding grounds for many
species, are highly vulnerable to prolonged heat stress, leading to
bleaching and structural damage that weaken ecosystem resilience and
further diminish fishery support. These ecological changes directly
affect fishing activities, reducing the number of safe fishing days,
limiting access to productive areas, and increasing operational risks.
Small-scale and artisanal fishers are especially vulnerable due to
limited resources and adaptive capacity, experiencing lower catch
volumes, declining incomes, and greater economic insecurity. Coastal
communities also face broader challenges, including threats to food
security from reduced fish supplies, damage to homes, fishing
infrastructure, and aquaculture facilities from flooding and erosion, and
water pollution that further stresses marine ecosystems.

Rising Water Salinity

Climate change affects the salt content of oceans, estuaries, and
freshwater bodies in different ways. Tropical waters are becoming
saltier due to higher evaporation rates, while polar and high-latitude
areas have lower salinity because of more freshwater from melting ice
and rain. These patterns suggest that tropical and subtropical marine
ecosystems may face greater exposure to increasing salinity levels than
regions near the poles.

Aquatic organisms react to salinity changes based on their physiological
tolerance. Many freshwater and estuarine species require stable salinity
levels to maintain internal water and ion balance. Even moderate
increases in salinity can cause stress, which may reduce growth,
reproduction, and survival. Plankton populations are particularly
sensitive, and any disturbance at this level can cascade through the
food web, affecting the abundance and distribution of fish and other
higher trophic species. Such disruptions ultimately threaten the
productivity of fisheries dependent on these ecosystems.

Estuarine and coastal habitats are highly sensitive to changes in salinity
because many species rely on these areas as breeding or nursery
grounds. Although some estuarine fish can tolerate a wide range of
salinities, habitat degradation caused by increased salinity can lead to
more severe consequences than direct physiological stress. Vegetated
coastal systems, such as mangroves, are particularly vulnerable; rising
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salinity levels can cause habitat loss, decreasing shelter, feeding, and
breeding opportunities for fish and invertebrates. The loss of these
habitats reduces ecosystem resilience and can substantially affect
fishery yields, leading to socio-economic impacts on communities that
depend on coastal resources.

Ecological and Socio-Economic Impacts of Climate Change on Fisheries

Ecosystem-level impacts are also significant. Reduced river flows,
changes in water levels of lakes and rivers, and the increasing frequency
of extreme climate events disrupt freshwater fisheries and limit
ecosystem productivity. In marine systems, phenomena such as coral
bleaching, die-offs, and shifts in pelagic species distribution decrease
the productivity of coral reef fisheries. Altered upwelling patterns affect
nutrient availability, while rising sea levels and storm events damage
coastal infrastructure and fishing operations, threatening livelihoods
and increasing operational costs. Small-scale and artisanal fishers are
especially vulnerable. Their limited mobility, dependence on nearshore
habitats, and reliance on traditional knowledge hinder their ability to
adapt to changing species distributions. Sea level rise, intensified
storms, and coastal erosion threaten property and fishing
infrastructure, while altered weather patterns disrupt fishing schedules.
Additionally, climate-induced changes in freshwater inputs may favor
new brackish water or estuarine species, posing challenges and creating
new market opportunities for fishers. Large-scale industrial fisheries
face similar issues. Changes in species distributions and abundances
can disrupt existing fishing grounds, processing facilities, and
international agreements. Spatial management and temporal
regulations may become less effective as species migrate due to altered
climate conditions. Extreme weather events can damage vessels, ports,
and other critical infrastructure, while socio-economic disruptions in
communities may affect labor availability, markets, and supply chains.
Inland fisheries are highly sensitive to hydrological changes. Variations
in precipitation and runoff alter flooded area extents, lake levels, and
river flows, impacting fish yields. While increased flooding may
temporarily enhance spawning and feeding habitats, reductions in dry
season flows and drought risks can offset these benefits. Infrastructure
investments such as dams and flood defenses may further disrupt
ecological balance and fisheries productivity.

Finally, market and trade dynamics are influenced by climate impacts.
Extreme events, transportation disruptions, and ecological changes,
including algal blooms and fish-borne pathogens, can affect market
access, supply reliability, and consumer confidence. While some
fisheries may benefit from shifts in global supply and demand, the
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overall vulnerability of fisheries-dependent communities, particularly
in developing regions, is heightened.

Adaptation Strategies for Climate Change Impacts on Fisheries and Coastal
Communities

Climate change imposes various ecological and socio-economic pressures on
fisheries, requiring both public and private stakeholders to adopt a mix of
anticipatory and reactive adaptation measures. Declines in fishery productivity
and vyields can be addressed by improving market access, optimizing
operational efficiency, or investing in advanced fishing technologies, while
private actors may increase fishing effort or capacity when sustainable.
Variability in yields can be mitigated through livelihood diversification,
insurance mechanisms, and precautionary ecosystem management, supported
by integrated and adaptive governance strategies. Shifts in species distribution
call for proactive investment in research, technology, and predictive modeling
to anticipate migration patterns and ensure sustainable harvests. Fishers may
also relocate or alter fishing strategies in response to these changes. Socio-
economic impacts, such as decreased profitability, can be alleviated by reducing
operational costs, expanding income sources, or transitioning to alternative
livelihoods. Coastal, riverside, and low-lying communities are especially
vulnerable to rising sea levels, storms, and floods. Public adaptation
approaches include building protective infrastructure, implementing managed
retreat or accommodation policies, promoting integrated coastal zone
management, and establishing early warning systems. Reactive measures like
disaster relief, post-event recovery, and assisted migration are essential to
reduce immediate risks. Risks to fishers at sea can be managed through
improved vessel safety, equipment insurance, investment in stability-enhancing
technologies, and early weather warnings. Market and trade networks are also
susceptible to climate-induced disruptions; diversifying products and markets,
along with providing information services for forecasting prices and demand,
can bolster resilience. Additionally, the influx of new fishers into existing
communities underscores the importance of supporting local management
institutions and fostering accessible public research and development for
sustainable practices. Overall, combining anticipatory and reactive strategies
across ecological, economic, and social domains is vital to safeguarding
fisheries, aquaculture operations, and coastal livelihoods amid changing
climate conditions.

1. Strengthening Sustainable Fisheries Management

Marine fisheries depend on extensive scientific databases that
document thousands of species, providing detailed information on
species diversity, abundance, and geographic distribution. Stock
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assessments of commercially important fish species show that many
stocks remain sustainable, with stable recruitment and balanced
exploitation levels. These results highlight the potential of marine
ecosystems to support fisheries while maintaining ecological balance.
However, climate change increasingly impacts marine environments,
creating new challenges for fisheries. Rising sea surface temperatures,
shifts in ocean currents, and changes in salinity and dissolved oxygen
influence fish physiology, growth, and reproduction. These changes can
lead to recruitment failures, altered growth rates, and shifts in species
distribution. Phenological shifts, such as changes in spawning periods
and migration patterns, can cause mismatches between fish availability
and traditional fishing schedules. Consequently, some species
traditionally preferred may decline, while less favored or opportunistic
species become more common. Fishers and aquaculture operators must
adapt by diversifying target species and adjusting management
practices. Strategies like promoting the commercial use of underutilized
species, along with early-warning systems for harmful algal blooms, can
help sustain stable production and economic resilience while reducing
pressure on traditional stocks.

Diversified Aquaculture Practices: Integrated Multi-Trophic Systems

Coastal aquaculture is emerging as a resilient alternative livelihood,
especially in regions affected by fluctuating wild fish stocks. Integrated
Multi-Trophic Aquaculture (IMTA) is a scientifically informed approach
that combines species from different trophic levels to maximize
resource use and environmental sustainability. For example, in Palk Bay,
IMTA combines cage culture of cobia (Rachycentron canadum) with
floating seaweed (Kappaphycus alvarezii). Nutrient-rich effluents from
the cages are absorbed by the seaweed, lowering eutrophication risks
while generating extra income. IMTA systems also serve as carbon sinks,
helping to reduce the impacts of increased CO, levels in the
atmosphere. Scientific studies show that such polyculture systems can
boost overall biomass, improve water quality, and decrease disease
outbreaks compared to monoculture. The adoption of IMTA offers a dual
benefit: increasing farmers' incomes while promoting climate-resilient
aquaculture practices and encouraging youth participation in
sustainable coastal livelihoods.

Restoring and Conserving Essential Fish Habitats

Critical coastal and nearshore ecosystems, including coral reefs,
seagrass beds, mangroves, seaweed habitats, and salt marshes, serve
as vital fish habitats, providing breeding grounds, nursery areas, and
feeding sites for many marine species. The degradation of these
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habitats due to sea-level rise, ocean acidification, and human activities
causes declines in fish stocks and disrupts ecosystem services such as
shoreline protection, nutrient cycling, and carbon sequestration.
Mangrove restoration, through natural regeneration and targeted
planting along estuarine and intertidal zones, has proven successful in
boosting fish recruitment and stabilizing coastal areas. Seagrass beds,
although not directly exploited commercially, are crucial for supporting
threatened species like Dugong dugon and sea turtles. Seaweed
cultivation, especially of species with commercial potential, remains
underdeveloped; however, creating structured production-to-market
value chains could significantly improve economic benefits for coastal
communities. Conservation strategies that combine scientific
monitoring, habitat protection, and sustainable use are essential for
preserving the ecological integrity and productivity of these vital
habitats.

Artificial Reefs and Habitat Enhancement

Artificial reefs and habitat restoration programs offer practical tools for
increasing fish populations, enhancing biodiversity, and reducing
habitat loss. CMFRI's strategic deployment of over 26,000 artificial reef
units across four states has shown clear ecological benefits, with fishery
yields increasing by 17 to 30%. Artificial reefs add structural complexity
that attracts diverse marine life, supporting larval settlement, juvenile
growth, and adult fish aggregation. Coral transplantation projects
complement reef building efforts by restoring damaged reef areas,
while reforestation of mangroves enhances coastal resilience against
storm surges and aids in recruiting wild and cultured species. Scientific
evaluations indicate that combining artificial habitat development with
ecosystem-based management can maximize ecological and socio-
economic benefits, creating a model that can be replicated for climate-
adaptive fisheries management.

Integrated Approaches for Resilience

The main strategy for climate-resilient fisheries and aquaculture
involves an integrated framework that combines habitat conservation,
adaptive fisheries management, and innovative aquaculture methods.
This comprehensive approach addresses both ecological and socio-
economic aspects, ensuring sustainable use of marine resources while
protecting the livelihoods of coastal communities. Early-warning
systems, species-specific monitoring, and adaptive management plans
enable timely responses to climate-induced changes in species
distributions and productivity. Additionally, promoting alternative
income sources, improving value chains for underutilized species, and
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supporting polyculture aquaculture systems collectively enhance the
resilience of fisheries-dependent communities. Integrating scientific
research, policy support, and community involvement is crucial to
transforming Indian coastal fisheries and aquaculture into climate-
resilient, ecologically sustainable, and economically viable systems.

CONCLUSION

This chapter reviews the key effects of climate change on fisheries and aquatic
systems, providing context for the following chapters. Although oceans cover
more than two-thirds of the Earth’s surface, they remain relatively under-
studied, and many mechanisms and projections related to climate impacts are
still debated. It is clear, however, that oceans play a crucial role in regulating
the global climate by absorbing heat and significant amounts of human-made
carbon dioxide. Model simulations consistently show that ongoing warming,
increased stratification, and rising emissions will reduce the ocean’s capacity to
function as a carbon sink in the future. Climate change impacts on fisheries are
already evident through shifts in species productivity, growth rates, and
distribution, affecting both wild capture and aquaculture vyields. Extreme
weather events have altered oceanographic conditions, and changes in water
quality also influence the safety and efficiency of fishing and aquaculture
operations. Moreover, changes in aquatic conditions may impact food safety,
necessitating adjustments in monitoring and control systems to protect
consumers from emerging risks. The following chapters build on this foundation
by exploring how fisheries and aquaculture respond to climate and human
pressures. They analyse strategies for sustainable management, adaptation,
and mitigation, providing insights into how ecological, technological, and policy
measures can enhance the resilience of aquatic ecosystems and the
communities that depend on them. Overall, this chapter highlights the urgent
need for integrated approaches that combine scientific knowledge, adaptive
management, and proactive planning to ensure the long-term sustainability of
fisheries amid a changing climate.
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Introduction:

Agricultural marketing in India is evolving from traditional systems of localized
trading to more integrated value chains that connect farmers with processors,
retailers, and consumers. A value chain refers to the full range of activities and
actors adding value to a product as it moves from farm to fork. Unlike a basic
supply chain (focused mainly on logistics and transport), a value chain
emphasizes value addition and coordination at each step — from input supply
and production to processing, distribution, and marketing. In today’s context,
developing efficient value chains is crucial for improving farm incomes, ensuring
quality and safety, and meeting consumer demands. This chapter explores the
concept of value chain development in agriculture and allied sectors with a
focus on recent trends, technologies, and case studies from India.

Agricultural Value Chains vs. Traditional Supply Chains

A traditional marketing supply chain for farm produce often involves multiple
intermediaries and informal exchanges where producers simply sell to the next
link with limited information flow. In contrast, a value chain is characterized by
stronger linkages and information sharing among participants to collectively
improve product value and respond to market needs. For example, in a value
chain, farmers might receive feedback on quality standards and consumer
preferences, while buyers may support farmers with inputs, credit, or training
to improve output. This cooperation results in higher-quality products and
better returns for all actors, rather than the adversarial, price-only transactions
of traditional chains. Table 1 provides an overview of how a value chain
approach differs from a traditional supply chain in agriculture:
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Table 1: Traditional Supply Chain vs. Modern Value Chain in Agriculture

Traditional Supply

Aspect Chain Modern Value Chain

Focus Movement of goods Value addition and
(logistics) coordination at each step

Information Flow Minimal, one- Extensive, two-way (quality
directional (price info standards, demand trends,
only) etc.)

Relationships Adversarial or arms- Collaborative partnerships
length (spot (contracts, cooperatives, etc.)
transactions)

Intermediaries Many layers, some Streamlined; non-value-
redundant adding layers removed or

upgraded

Quality Control Inconsistent, littte Emphasis on  standards,

Farmer's Share of
Price

feedback to producers

Often low (commodity
sold unprocessed)

traceability, and continuous
improvement

Higher via direct links,
processing, or  premium
markets

Key Components of a Value Chain: At each stage - input supply, production,

post-harvest handling, processing, distribution, and

retail — there are

opportunities to add value. An agricultural value chain might include activities
like development of improved seed varieties, efficient farm practices, grading

and packaging, cold storage, food processing, branding, and

logistics

management. It also encompasses the flow of knowledge, finance, and services
(like extension or credit) that enable these activities (Fig 1).
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Figure 1: Key Stages and Supporting Flows in the Agricultural Value Chain

In essence, value chain development in marketing aims to integrate small
producers into formal, efficient networks that can deliver better quality and
earn premium prices, rather than leaving them in informal channels with low
returns. This is especially important in India, where a “dual value chain” often
exists — an informal chain for local markets and a formal chain for high-end or
export markets. Integrating farmers into modern value chains (domestic
supermarkets, food processors, or export buyers) can significantly boost their
income and livelihoods.

Importance of Value Chain Development in the Current Context

Several trends underline the importance of value chain development in India’s
agricultural marketing today:

e Changing Consumer Demand: Rising incomes and urbanization have led
to higher demand for quality, safety, and processed foods - from fresh
fruits and vegetables to dairy, meat, and ready-to-eat products.
Consumers increasingly seek year-round availability, uniform quality,
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and convenient packaging, which require efficient value chains (e.g.,
cold storage for perishables, processing facilities for value-added
products).

e Need for Farmer Income Enhancement: Traditionally, farmers received
only a small fraction of the final retail price of many commodities. For
instance, coffee growers often obtain barely 10% of the retail value of a
cup of coffee, and other middlemen capture much of the rest. Value
chain interventions (like direct farmer-consumer links, fair trade, or on-
farm processing) aim to increase the producer’'s share by reducing
intermediaries and adding value at the farm or community level.

e Post-Harvest Losses and Efficiency: India faces significant post-harvest
losses due to gaps in the supply chain. For fruits and vegetables, losses
of 30-40% have been reported due to lack of storage. Strengthening the
chain with better storage, transport, and processing can drastically
reduce waste and improve overall supply.

e Global Market Opportunities: Integration into global value chains can
open up lucrative markets. India is already a major exporter of
commodities like rice, spices, seafood, and more. But without value
addition, exports are mostly raw or minimally processed goods. By
investing in processing and quality control (for example, producing
spice oils/extracts instead of raw spices, or branded processed foods),
India can capture more value internationally.

e Technological Advances: New technologies are revolutionizing agri-
value chains. The adoption of digital platforms, blockchain, artificial
intelligence, GIS, drones, and mobile apps is underway to streamline
marketing and logistics. For example, the Electronic National
Agricultural Market (e-NAM) platform has digitally connected over 1,500
wholesale mandis (markets) across 23+ states, enabling farmers to
discover better prices beyond their local market.

e Policy Support and Investments: The Indian government and states are
prioritizing value chain development through various schemes - from
Mega Food Parks and cold chain grants (to spur food processing and
logistics) to promoting Farmer Producer Organizations (FPOs) that
aggregate produce for better marketing. In Kerala, for instance, the
Kudumbashree mission (a women's self-help group network) has formed
hundreds of producer groups to facilitate primary processing, collective
marketing, and value addition in agriculture and animal husbandry.
These groups help farmers aggregate produce, obtain better prices, and
even collectively procure inputs like feed or seeds at lower cost, thereby
improving viability. Such institutional support is creating an ecosystem
conducive to robust value chains.

With this backdrop, let us delve into how value chain development is playing
out in specific segments: crops, dairy, livestock (meat/poultry), and fisheries —
highlighting recent trends, success stories, and emerging interventions.
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Value Chain Development in Agriculture

Horticulture and Staple Crops: India’s diverse crop production - from grains and
pulses to fruits and vegetables — has seen numerous value chain initiatives. A
key challenge in crop marketing has been the dominance of traditional APMC
mandis and middlemen which often led to low farmgate prices. The emergence
of alternative marketing channels is a notable trend. For example, the
introduction of e-NAM allows farmers to sell produce electronically across
markets, increasing competition for their produce. Similarly, many states now
have farmers’ markets (direct sale yards) and promote contract farming to link
farmers with food processors or retailers. During the COVID-19 pandemic, digital
marketplaces and e-commerce proved their worth, with startups enabling farm-
to-door delivery of produce when physical markets were disrupted. This
accelerated the adoption of online agri-marketing platforms.

Farmer Producer Organizations (FPOs) and Cooperatives: Collective action via
FPOs/cooperatives is helping small farmers attain scale and bargaining power.
By 2025, thousands of FPOs are active in India, some specializing in particular
commodities (e.g., turmeric in Tamil Nadu, organic vegetables in Karnataka,
etc.). FPOs aggregate members’' produce, maintain quality, and often directly tie
up with bulk buyers or processors, bypassing several intermediaries. For
instance, in Maharashtra, grape-grower cooperatives have set up packhouses
and export infrastructure that allowed them to ship quality grapes to European
supermarkets, a feat impossible for individual small farmers. In Kerala, the
government-backed Kudumbashree network has engaged women in collective
farming and marketing of vegetables and other crops. Such examples show that
forming value chain organizations at the community level can greatly enhance
market access and incomes.

Technology Interventions in Crop Value Chains: Modern technology is addressing
age-old bottlenecks. There are pilot initiatives employing blockchain and 10T to
manage the supply chain of vegetables. Likewise, mobile apps for crop
marketing are on the rise. Platforms now allow farmers to check daily prices,
find buyers, or even schedule pickups of their produce. Drones and remote
sensing are being trialed to assess crop quality and yields before harvest,
helping traders and agro-industries plan procurement more efficiently.

Dairy value chains: The dairy value chain has been revolutionized by the
cooperative model, particularly in states like Gujarat (Amul), Karnataka
(Nandini), Rajasthan (Saras), and Kerala (Milma). The Amul cooperative in
Gujarat, managed by the Gujarat Cooperative Milk Marketing Federation
(GCMMF), epitomizes a well-structured value chain benefitting millions of small
producers. This integration eliminated middlemen and ensured farmers receive
a majority share of the consumer’s rupee. Key features of Amul's value chain
include: direct procurement of milk twice daily from farmers (ensuring prompt
payment), a network of chilling centers and dairy plants for processing (into
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pasteurized milk, butter, cheese, etc.), and a robust distribution network that
delivers products across India. Strict quality control is maintained from farm to
retail, and the cooperative has continually diversified into value-added
products (infant milk powder, ice cream, chocolates) to meet market demand.
An impressive aspect is Amul’s use of technology: it was among the first Indian
food brands to adopt internet-based B2C commerce and village information
kiosks for farmers. Amul implemented an ERP system with IBM, linking its
procurement and marketing systems to optimize supply-demand and reduce
waste.

Kerala's milk cooperative MILMA (Kerala Cooperative Milk Marketing Federation)
runs on Amul’s pattern, organizing dairy farmers across the state. While Kerala’s
milk production is smaller relative to its consumption, value chain efforts focus
on improving procurement (through village level “Anand” model societies) and
quality. Moreover, value addition is emphasized: Kerala's dairy cooperatives
produce a range of products (curd, ghee, flavored milk, traditional sweets),
tapping into local preferences and festivals. This diversification helps farmers
earn more than they would by selling raw milk alone.

With the rise of e-commerce grocery platforms in India, dairy value chains are
adapting to new channels. Many urban consumers now get milk and dairy
products delivered to their doorstep via apps, which requires last-mile cold
chain solutions. Private dairy companies are also expanding, often sourcing milk
via their own chilling centers or contract arrangements in areas outside the
cooperative network. Importantly, the dairy chain has also embraced
sustainability — for instance, some cooperatives provide cattle feed, veterinary
care, and even biogas units (turning dung to energy) as part of an integrated
approach. This ensures environmental and economic sustainability in the long
run.

Livestock (Meat and Poultry): While traditionally these products were sold in
unorganized wet markets, today we see increasing integration, processing, and
branding in this space. The Indian poultry sector has rapidly adopted contract
farming since the mid-1990s, with Suguna Foods pioneering vertical integration
by providing inputs and buy-back arrangements, which now cover nearly 80% of
broiler production. This model streamlines the value chain—integrators own
feed mills, hatcheries, processing plants, and distribution networks—reducing
intermediaries, ensuring steady farmer incomes, consistent supply, and better-
quality products. Suguna’s contract farming model shows how inclusive value
chains can provide small farmers with stable incomes, spur rural
entrepreneurship, and integrate producers into modern agribusiness—
demonstrating both commercial success and socio-economic impact. Alongside,
initiatives like the National Egg Coordination Committee (NECC) standardized
egg pricing and marketing, making India a leading producer of poultry and eggs
while expanding into value-added and export markets. For smallholders,
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integration into formal value chains—through cooperatives and startups linking
livestock producers to markets with assured procurement and support—has
become essential to secure fair prices and reduce dependence on middlemen.
A large share of India’s meat is still sold fresh through informal markets, but
gradual integration into cold-chain based formal systems is underway. Cultural
preference for fresh meat slows this shift, yet modernization through
processing, refrigeration, and logistics is expanding, supported by government
schemes like meat-focused Food Parks and subsidies for refrigerated vans.

Fisheries and Aquaculture: Fisheries - including capture fisheries (marine and
inland) and aquaculture - form another critical component of India’s
agricultural economy. However, the fish value chain historically suffered from
high spoilage, long chains of intermediaries, and quality issues. Recent years
have seen strong efforts to modernize and streamline fisheries value chains,
from catch to consumer.

Cold chain gaps remain a major challenge in Indian fisheries, as fresh fish spoils
quickly in tropical climates and traditionally passes through many
intermediaries without refrigeration. To address this, investments under
schemes like PMMSY have supported ice plants, cold storage, and refrigerated
transport, though only about 5-10% of fish currently uses cold chain facilities.
Expanding modern infrastructure such as refrigerated trucks and vending
vehicles is extending market reach, reducing waste, and improving quality for
consumers. Startups like Captain Fresh, Jalongi, and FreshToHome are reshaping
India’s fish supply chain by sourcing directly from producers, using cold-chain
logistics, and delivering via e-commerce. With processing and packaging done
at the source, they improve quality, extend shelf life, and meet rising demand
in a market growing 10-18% annually. Fisheries have long suffered from opaque
auctions and exploitative middlemen, but reforms like direct marketing, fisher
producer companies, and cooperatives such as ‘Matsyafed’ are improving
transparency and farmer share. Emerging tools like blockchain promise further
price fairness, while reducing non-value-adding intermediaries helps both
fishers and consumers.

Value addition in fisheries is expanding beyond exports like shrimp to include
ready-to-cook products, hygienically packaged dried fish, and processed snacks
for domestic markets. Initiatives such as solar dryers, women’'s SHG-led
processing, and online marketing are boosting incomes, while traceability
systems ensure quality and compliance for global trade.

Government initiatives like vessel upgrades, training in post-harvest handling,
and formation of fisher cooperatives aim to strengthen value chains and
support India’s %1 trillion fisheries export target. Overall, India’s fisheries value
chain is steadily modernizing through cold-chain expansion, disintermediation,
value addition, and digital innovation to reduce waste and raise fisher incomes.
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Challenges and the Way Forward

Despite progress, many challenges remain in developing robust agri-value
chains:

Infrastructure Gaps: Rural roads, reliable electricity for cold storage, and
processing facilities are still inadequate in many regions. Without these, value
chain improvements cannot reach the last mile. Continued investment in rural
infrastructure and logistics is needed.

Small Farm Sizes: The average Indian farm is small, making it hard for individual
farmers to invest in value addition or negotiate with large buyers. Scaling up
through aggregation (FPOs, cooperatives) is essential but not always easy —
capacity building and professional management support for these groups are
needed.

Market Information & Transparency: While digital tools help, many farmers still
lack timely information on prices and demand trends. Expanding rural internet
connectivity and smartphone penetration, along with user-friendly advisory
services, will help farmers make informed marketing decisions.

Regulatory and Policy Hurdles: Agricultural marketing in India is governed by a
mix of state and central regulations (e.g., APMC Act, Essential Commodities Act).
Reforms to allow easier inter-state trade, direct farm sales, and contract farming
have been attempted (like the farm laws of 2020) but face political hurdles. A
consensus on pro-farmer, pro-market regulations is needed to unlock the full
potential of value chains. Encouragingly, many states have amended laws to
facilitate direct buying from farmers and to promote private markets - this trend
should continue in a balanced manner protecting farmer interests.

Ensuring Inclusiveness: There is a risk that modern value chains prefer larger or
more resourceful farmers, marginalizing smallholders and women. Targeted
efforts (like involving marginal farmers in FPOs, or initiatives like Kerala's
Kudumbashree which engages women in value addition are needed so that
value chain development is inclusive.

Quality and Food Safety: As value chains develop, maintaining high quality and
safety is non-negotiable, especially for exports and modern retail. This means
more testing labs, certification systems, and training at the farmer level about
issues like pesticide residues or antibiotics. It's both a challenge and an
opportunity — meeting standards can open premium markets.

Climate Change and Sustainability: Climate fluctuations can disrupt value chains
(e.g., unseasonal rains spoiling stored onions). Building climate-resilient value
chains - through better storage, insurance, and flexible logistics - will be
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important. Moreover, sustainability is a growing concern; global buyers favor
value chains that are environmentally friendly and socially responsible. Indian
agriculture will need to adopt more climate-smart practices and show
sustainability credentials in its value chains (like carbon footprint labeling, etc.)
to stay competitive.

Way Forward: The future of agricultural marketing in India is undeniably tied to
value chain development. By investing in infrastructure, embracing technology,
fostering cooperatives/FPOs, and enabling supportive policies, India can ensure
that its farmers are not just producers of commodities but active participants in
lucrative value-added chains. This will lead to higher farm incomes, reduction
in wastage, and a more secure food system

Conclusion

Value chain development represents a holistic approach to agricultural
marketing - one that views the journey of a product from the farm to the
consumer as a connected, value-creating process rather than a series of
isolated transactions. In the current scenario, with rapid technological advances
and changing market dynamics, focusing on value chains is not just beneficial
but necessary. India’s experiences - be it the white revolution in dairy, the
contract farming success in poultry, the digital foray in crop marketing, or the
modernization of fish supply chains - all illustrate that strengthening each link
of the chain can transform the entire system. The ultimate aim is clear: to ensure
that farmers receive a fair, increased share of the consumer share by building
efficient, equitable value chains, and that consumers receive quality products
at reasonable prices. Achieving this win-win is the hallmark of a well-developed
agricultural value chain, and with continued effort, it can become the norm
across India’s diverse agricultural landscape.
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Mussel farming 5

Vidya R., Vipinkumar V.P. and Jenni B.
ICAR-Central Marine Fisheries Research Institute, Kochi-682018, Kerala

Introduction

Bivalve groups such as oysters, mussels, and clams, are among the most
significant organisms cultivated globally. Among these, Perna viridis and Perna
indica are the most dominant species in cultivation. The Central Marine
Fisheries Research Institute (CMFRI) has developed environmentally friendly
techniques for mussel culture. CMFRI has taken up efforts to popularize mussel
culture in all coastal districts of Kerala.

Scope for mussel farming

Kerala state possesses rich mussel resources, with surveys indicating the
presence of two species along its rocky shores: the green mussel (Perna viridis)
and the brown mussel (Perna indica). P. indica is primarily found south of
Kollam up to Cape Comorin, while P. viridis is distributed throughout the entire
coast.

Following the monsoon season, there is a significant settlement of mussel spat
along the entire coast of Kerala. This spat can be utilized for farming purposes.
When cultured, mussels typically reach a harvestable size of 55-70 mm within 4-
5 months.

Mussel farming in India

The CMFRI has developed technologies for farming of mussels in early seventies
and since then it have been upgraded and refined for commercial production.
The Calicut Research Centre of CMFRI. successfully demonstrated mussel culture
in the Dharmadam Estuary during 1995-96. Open sea culture of mussels was
initiated by the CMFRI off Vizhinjam and off Calicut during the 1970’s.

FARMING TECHNIQUES
Site selection

For successful mussel farming, suitable locations include open-sea and
estuarine areas that are sheltered from strong wave action. The ideal
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environment features clear seawater with a high concentration of plankton. A
moderate water current is beneficial, as it supplies the necessary planktonic
food and helps to remove excess pseudofaeces and silt that can accumulate.
The water should maintain a salinity of 27-35 parts per thousand (ppt) and a
temperature range of 26° C to 32° C. Additionally, the site must be free from
domestic, industrial, and sewage pollution.

Open sea farming

In open sea farming, the depth at the site should be above 5m without strong
wave action, less turbulent and with high primary productivity. Long line and
raft culture techniques are ideal for open sea farming. Mussels grown on long
lines become smothered by naturally settling juvenile mussels and other
fouling organisms. Effective utilization of easily available material for
fabrication of long line and rafts can be done. Disadvantages of this farming
are the poaching and unpredicted climate changes. Protected bays are ideal
for mussel farming.

Estuarine farming

Compared to open sea, estuarine ecosystems with less turbulent and shallow
depth (<4m) are suitable for mussel farming. Culture of mussels on horizontal
ropes results in high productivity due to the effective utilization of the primary
productivity. Rack culture is ideal for estuarine conditions. Fluctuation in
salinity during monsoon season and pollution through domestic and industrial
waste are the main constraints in estuarine mussel farming.

Methods of farming
Rack method

This method is suitable for estuaries and shallow bays. The racks are fabricated
placing bamboo / casuarina poles vertically and horizontally tying and lashing
with nylon/ coir ropes. Bamboo or Casuarina poles are driven into the bottom
and spaced at a distance of 1-2m. These stakes are connected horizontally with
poles. The horizontal poles should be above the level of water at high tide and
seeded ropes are suspended from the same.

Raft method

This method is ideal for open sea conditions. Square or rectangular rafts are
fabricated with sturdy bamboo or casuarina poles. Buoyancy for the raft is
provided by tying 5 barrels of 200-litre capacity one each at the four corners
and one in the middle (metal oil barrel painted with anticorrosive paint or
synthetic material). Ideal size of the raft is 5 x 5 m. The rafts are positioned at
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suitable site in the sea using 50-100kg of iron, granite or concrete anchors.
Three seeded ropes can be suspended from one square meter area of the raft.

Long-line method

This method is considered ideal for unprotected open sea conditions. The main
line is a synthetic rope of 16-20mm diameter. The long-line, which is supported
by 200 litre barrels tied to it and spaced at 5m. The long-lines and barrels are
anchored in position at both ends using concrete blocks and nylon ropes.
Seeded ropes are suspended from the long line.

Horizontal culture

This method is ideal in shallow areas with a minimum level of water column.
Seeded ropes were suspended by tying upward by ropes to horizontal poles;
but both the ends will be stretched and tied in vertical poles erected in opposite
sides of the farm structure.

Seed collection and seeding on ropes

The site selected for collection of seed should be free from pollutants. Seeds
collected from the submerged (sub tidal) areas will be healthier. After removing
other organisms and weeds, the seeds were washed thoroughly in seawater.
About 500-750g of seed is required for seeding on one-meter length of rope.
The ideal size of the seed is 15-25mm with 1-2g weight. The length of the rope is
decided by considering the depth where the raft/ rack is positioned. While
suspending the seeded rope on rack it must be tied in such a way that the upper
seeded portion of the rope should not get exposed during low tide.

Nylon rope of 12-14mm or 15-20mm coir rope can be used for seeding. Old
cotton net, cotton mosquito net or cheap cotton cloth are used for covering the
seeds around the rope. Cotton netting of required width and length is placed
on the floor and required quantity of seed is spread over the net from one end
to another. The rope is kept above the net and is tightly stitched in such a way
that the seeds spread uniformly around the rope. The cloth will regenerate
within 2-3 days. By this time the seeds will secrete byssus thread and will get
attached itself to the rope.

To avoid slipping of the mussels, knots are made on seeded rope at a distance

of 25cm. Placing split bamboo pegs in the rope (12-14mm) at regular intervals
will also serve the purpose.
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Grow-out-phase

The seed, which get attached to ropes, show faster growth in the suspended
column water. If the seed is not uniformly attached, crowded portion always
show slipping. To avoid slipping, periodical examination of seeded rope and
thinning of the same is essential. The ropes also should be suspended in such
a way that it will not touch the bottom as well as the seeded portion is not
exposed for longer period during low tide. Seeded mussel on the upper portion
of the rope shows faster growth due to the abundance of phytoplankton. For
better growth the seeded ropes should be spaced at a distance of 25 cm.

Management

Constant care is required to see that the raft/rack is in position. Thinning may
be done if necessary to avoid loss of mussel and to provide enough growing
space To improve growth, it is also important to periodically remove fouling
organisms such as barnacles and polychaetes.

Depuration

To avoid risk in consuming the mussel meat and to increase the quality of
mussel, depuration is essential. During the process of feeding, mussels
accumulate all suspended biological materials including harmful
microorganisms. Before the product reaches the market, these materials have
to be removed from their gut. The process of such purification is called
depuration.

The mussels are placed for 24 hours in cleaning tanks under a flow of filtered
seawater. About 10-20% of the seawater is continuously replaced. At the end of
12 hours the water in the tank is drained and mussels are cleaned by water to
remove the accumulated faeces. The tanks are again filled with filtered seawater
and the flow is maintained for another 12 hours. Then the tanks are drained and
flushed with a jet of filtered sea water. The mussels are held for about one hour
in 3 ppm chlorinated seawater, and then washed once again in filtered seawater
before marketing.
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Edible Oyster farming 6

Vidya R., Vipinkumar V.P. and Jenni B.
ICAR-Central Marine Fisheries Research Institute, Kochi-682018, Kerala

Introduction

As nutritionally rich health foods, bivalves like mussels and oysters are crucial
to sustainable aquaculture and offer a significant solution for meeting the
growing protein needs of the human population.

Edible Oyster farming in India

In India, edible oysters are a highly sought-after delicacy, with increasing
demand for oyster meat in various parts of India, particularly in the states of
Kerala, Karnataka, Goa, and Maharashtra. The oyster farming technology,
pioneered by the Central Marine Fisheries Research Institute, is recognized for
its simplicity and ease of adoption. A concerted effort to popularize this
technology has been undertaken by the Central Marine Fisheries Research
Institute (CMFRI) since 1993. Kerala was the first state to commercialize this
technology, and it has since benefited many coastal villagers. These farming
activities contributed to a significant increase in national production of farmed
oysters, which rose from nil to 140 tonnes in the year 2000.

Culture Technology

Critical factors in oyster aquaculture, such as seed collection and harvesting
periods, are fundamentally governed by the species' biological life cycle. An
oyster farmer can gain a practical understanding of these factors through direct
observation and hands-on experience.

Seed Collection

Oyster farming in Kerala primarily utilizes the species Crassostrea madrasensis,
commonly known as the Indian backwater oyster. The ideal locations for this
aquaculture are estuaries with a salinity range of 10-30 parts per thousand (ppt).
The acquisition of oyster seeds is a crucial step in the process. This is achieved
by placing suitable collectors, known as cultch, in the water column during the
appropriate period. The cultch serves as a substrate for oyster larvae to settle.
During the spawning season, these spat collectors are strategically suspended
from racks to optimize seed collection.
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Preparation of cultch

Cultch is the term used for spat / seed collector. For suspended method of
oyster culture cultch made of oyster shells have been found to be ideal.

The preparation of cultch involves several steps:

1. Cleaning and Preparation: Empty oyster shells are manually cleaned to
remove any fouling organisms. They are then washed to eliminate silt
and other debris.

2. Assembly: A small hole is drilled into each shell, allowing them to be
threaded onto a 3mm diameter nylon rope.

3. Spacing:

o For the grow-out phase, shells are spaced 15 to 20 cm apart,
resulting in a density of approximately five shells per meter of
rope. These prepared strings are referred to as rens.

o For initial seed collection, shells are strung continuously
without spacing, at a density of 10 to 15 shells per meter. After
the spat have attached, the shells are removed and restrung to
the ideal grow-out density of five shells per meter.

4. placing the cultch for seed collection

The timing of cultch placement is a critical factor for the success of oyster
farming operations. The ideal period for deploying spat collectors is
approximately 7 to 10 days after the peak spawning event. This timing is
determined by assessing the gonadal development of adult oysters and by
monitoring the abundance of early larval stages in the plankton. Environmental
conditions are also crucial. Strong water currents can interfere with larval
settlement, leading to a poor yield of collected spat. Therefore, selecting a
period with favorable, less turbulent water conditions is essential for
maximizing seed collection.

Selection of farm site

For site selection several factors are to be considered

Parameter Range Methodology for
determination of the

parameter

1 | Salinity (ppt) 10 to 38 By titration or refractometer

2 | Depth(m) 1.5-4 By sounding or manual

3 | Temperature®C 23- 34 Using thermometer

4 Dissolved oxygen | 3-5 Winkler method or by using

mg/| probe
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5 | pH 6.5-8.5 pH meter or pH paper
6 Turbulence due <0510 1 By opservatlon and local
to wave (m) enquiry
Water current m Current meter or from
7 1-5 .
|/ second literature
8 | Clarity (m) 0.5 -1.5 By Sechii disc
9 ?Zgélab'l'ty of Within 100 m By enquiry / observation
10 | Local market Average to good By enquiry / observation
Faecal
free from various | Industrial
pollution like Agriculture . .
1 Sewage By enquiry / observation
Retting
il

Farming methods:

Oyster culture methods are broadly classified into two categories: bottom
culture and off-bottom culture.

Off-bottom culture techniques, which include the use of rafts, racks, longlines,
and stakes, offer significant advantages over traditional bottom culture. The
benefits of off-bottom culture methods are as follows:

e Accelerated Growth and Increased Yield: Oysters cultivated in off-
bottom systems exhibit relatively rapid growth and produce a higher
meat yield.

e Optimal Use of Space: These methods facilitate the efficient, three-
dimensional utilization of the culture area, maximizing productivity per
unit of surface area.

e Consistent Feeding: The biological processes of the oyster, such as
filtration feeding, occur independent of tidal fluctuations, ensuring a
more consistent food supply.

e Reduced Environmental Impact and Predation: Problems associated
with silting and predation are significantly minimized.

On bottom culture

Oyster cultivation can be carried out in either intertidal or subtidal zones,
directly on a hard substrate. For intertidal culture, a minimum submergence
period of 16 hours is recommended to ensure a sufficient food supply for the
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oysters. In this method, oyster seeds attached to collectors are placed on the
bottom and allowed to grow to market size.

This approach, however, has several disadvantages:

e Increased Vulnerability: The oysters are more exposed to benthic
predators.

e Siltation: There is a higher risk of silt accumulation, which can
negatively affect growth and survival.

e Lower Production: The yield is generally lower compared to other
methods.

For example, the estimated production for this method is 5 tonnes per hectare
per year in the U.S. and 7.5 tonnes per hectare per year in France. This specific
method has yet to be widely experimented with in India.

Rack and Ren method

Racks for oyster farming are typically constructed in water depths ranging
from 1to 2.5 meters. There are several variations in rack design.

Rack Types

e Single-Beam Rack: This design consists of a single beam that is
secured to the tops of posts driven into the seabed. A series of these
single beams are arranged in a row.

e Crossheam Rack: In this configuration, a crossbar is placed on top of
single posts. Two long beams are then secured to the ends of these
crossbeams.

In an oyster farm, the shell strings (ren) are suspended from these rack
structures.

Rack and Tray Method

Single, cultch-free spat, which have been reared in a nursery to a size of
approximately 25 mm, are transferred to trays measuring 40 x 40 x 10 cm. The
trays, which have a density of 150 to 200 oysterlings, are constructed with a
synthetic twine of an appropriate mesh size. These trays are then suspended
from a rack system
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Stake culture

A stake is driven into the substratum and on the top end one nail and on the
sides two nails are fixed. The nail holds in position a shell with spat attached.
The stakes are placed 60 cm apart. In this method, the nursery rearing of spat is
carried on the same stake. For about two months the spat on the top end of the
stake are covered by a piece of velon screen.

Farm management

Regular monitoring of the farms is crucial. Key aspects to check include the
replacement of damaged farm structures and the re-suspension of any
loosened rens that have fallen to the estuary bottom. Periodic checks are
therefore essential to address these issues.

Harvest of oysters

Oysters are harvested at their peak condition, which is typically when the
gonads are ripe just before spawning. In the Vembanad and Chettuva estuaries
along the Kerala Coast, the ideal harvesting time is usually in May. For
Ashtamudi Lake, the optimal period is from August to October. Harvesting is
carried out manually.

Post Harvest Processes
Depuration

Following harvest, depuration is a necessary process to cleanse oysters of
bacterial loads, faeces, sand, silt, and other contaminants accumulated in their
digestive systems, as they are filter feeders.

The oysters are placed in cleaning tanks with a continuous flow of filtered
seawater for 24 hours, with about 10-20% of the water being replaced
constantly. After 12 hours, the tanks are drained, and the oysters are cleaned
with a strong jet of water to remove any accumulated faeces. The tanks are then
refilled with filtered seawater, and the flow is maintained for an additional 12
hours.

After this 24-hour period, the tanks are drained again and flushed with a jet of
filtered seawater. The oysters are then held for approximately one hour in
seawater with a chlorine concentration of 3 ppm, followed by another wash in
filtered seawater before being prepared for market.
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These depurated oysters are primarily sold as live shell-on oysters in the local
market. Meat from depurated oysters can be shucked after steaming to render
the shucking easy.

Products of oysters

e Live oyster

e Frozen oysters
e Canned oysters
e Smoked oysters
e Qyster stew
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Farmer Producer Organizations (FPOs)
and Fish Farmer Producer Organizations
(FFPOs) in India: Opportunities,
Challenges, and the Way Forward

Saju George., Vipinkumar V.P., Anuja A. R., Jenni B. and Ambrose T.V.
ICAR-Central Marine Fisheries Research Institute, Kochi-682018, Kerala

Introduction

Collective action has always been central to rural development in India,
particularly in agriculture and allied sectors. Small and marginal farmers often
face challenges such as limited access to markets, credit, and modern
technologies. To address these issues, the Farmer Producer Organization (FPO)
model was institutionalized, offering smallholders an opportunity to aggregate
their resources and improve bargaining power. Building on this model, the
fisheries sector has seen the rise of Fish Farmer Producer Organizations (FFPOs),
designed to bring fishers and aquaculture farmers into collective frameworks
for sustainable growth. With strong policy support from agencies such as the
Small Farmers Agribusiness Consortium (SFAC), NABARD, and the Department of
Fisheries, FPOs and FFPOs have emerged as powerful vehicles for rural
transformation.

Farmer Producer Organizations (FPOs)

FPOs are legally recognized collectives of farmers, typically registered as
cooperative societies, producer companies, or societies under the Societies
Registration Act. The primary objective of FPOs is to empower small and
marginal farmers by aggregating their resources and efforts to improve
production, processing, and marketing. By operating as a collective, FPOs enable
farmers to achieve economies of scale, enhance bargaining power, and reduce
transaction costs. This collective strength is particularly crucial in the adoption
and diffusion of innovative agricultural technologies.

They provide end-to-end support to small farmers, covering technical services,
marketing, processing, and other aspects of agriculture inputs. The government,
NBFCs, civil societies, and other financial institutions have invested in FPOs,
looking at their significant role in the future of rural development. FPOs have
the potential to act as a motivation for change in the agrarian economic system
of our nation.

Fish Farmers Producer Organisation (FFPO):
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Fish farming is a rapidly growing industry across the world, with an increasing
demand for fish and seafood products. In recent years, the concept of Fish
Farmer Producer Organizations (FFPOs) has emerged as a popular model for
promoting sustainable fish farming practices and improving the socio-economic
conditions of small-scale fish farmers. FFPOs are collective organizations of fish
farmers who come together to achieve common goals related to production,
marketing, and value addition of their fish and seafood products. These
organizations aim to provide small-scale fish farmers with a platform to access
technical, financial, and marketing support, which they would otherwise find
difficult to access individually.

Evolution and Growth of FPOs in India

The concept of producer organizations gained formal shape through the
Producer Company model introduced in the Companies Act, 2002. For nearly a
decade, progress was modest, but the launch of dedicated programs by SFAC
and NABARD in 2011 gave significant momentum to the movement. A major
policy thrust came in 2020 with the Government of India’s ambitious initiative
to form and promote 10,000 FPOs nationwide. This scheme extended beyond
agriculture into fisheries, recognizing the pressing need to organize small-scale
fishers and aquaculture farmers who face unique challenges such as post-
harvest losses, cold chain gaps, and fluctuating prices. The creation of FFPOs
under this framework marked a milestone in India’s fisheries governance.

The Need for FPOs and their Role in Business development

Taken together, small and marginal holdings (below 2 hectares) constitute 85
percent of the farming community in India. Small farmers face various farm- and
household-specific transaction costs, limiting their ability to participate in input
and product markets. As food preferences change toward a diversified, higher-
quality diet due to income and population growth, small-farm commercialization
is crucial to meet this rising demand.

Aggregation models are potential institutional interventions that help redress
the constraints of small farms, wherein groups of producers jointly manage
resources or access credit, inputs, information, and product markets to reduce
transaction costs. Successful aggregation models have shown increasing
economies of scale, decreased transaction and coordination costs, improved
access to markets, and investment in vyield-stabilizing technologies like
irrigation and improved crop varieties to be the main benefits of organizing
farmers.

In the past, cooperatives were the most common form of aggregation model in
rural India. With the exceptions of dairy and sugar, cooperatives in India have
been mostly ineffective due to issues involving incompetent management,
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political interference, financial irregularities, and corruption within the
organizations. Poor management also made many cooperatives dependent on
government funds for working capital. Cooperatives mandated government
representation on their governing boards, allowing political interference in their
functioning which further hindered growth.

Objectives and Functions of FPOs and FFPOs

FPOs and FFPOs are designed to serve as collective business entities that bridge
the gap between individual producers and larger markets. Their core functions
include:

e Input procurement: Seeds, feed, fertilizers, and equipment at lower cost
through bulk purchase.

e Collective marketing: Aggregating produce and fish harvests for better
price realization and reduced dependence on intermediaries.

e Financial services: Facilitating access to credit, crop/fish insurance, and
working capital.

e Capacity building: Training farmers and fishers in modern production
techniques and value chain management.

e Risk management and price stabilization: Enabling resilience against
market volatility.

e Fisheries-specific functions: Building cold chain infrastructure, ensuring
sustainable harvest, enhancing access to export markets, and
promoting value-added processing of fishery products.

Institutional and Policy Framework
A supportive policy environment underpins the FPO/FFPO ecosystem:

e SFAC acts as the nodal agency for promoting FPOs under the central
scheme.

e NABARD provides financial, technical, and credit facilitation support.

e Department of Fisheries drives FFPO development under the Pradhan
Mantri Matsya Sampada Yojana (PMMSY).

e State governments, cooperatives, NGOs, and private companies
complement these efforts by offering extension support, infrastructure
development, and digital solutions.

This institutional backing ensures that FPOs and FFPOs can evolve from fledgling
organizations into sustainable business enterprises.

Case Studies and Best Practices

Several successful models illustrate the transformative role of collective action:
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e Agriculture FPOs: In Maharashtra, vegetable grower FPOs have reduced
input costs while enabling direct market access; in Madhya Pradesh,
soybean FPOs have improved bargaining power with large buyers.

e Fisheries FFPOs:

o Aquarise FFPO (Kerala): 1t is a new FFPO started in Gothurathu
village of Ernakulam district with the support of ICAR-CMFRI,
Kochi. It recently got registered as a FFPO in the month of March,
2025. Formed by small-scale cage fish farmers, this FFPO will
strive to provide quality fingerlings, feed and other complex
activities for doing cage farming through a centralised
mechanism. As a further push to benefit farmer members they
are looking for opportunities to do collective marketing to
ensure better prices to farmers.

o Kerala and Gujarat marine FFPOs: These organizations focus on
collective fish marketing, cold chain creation, and fish
processing, reducing post-harvest losses and ensuring better
prices for members.

o Odisha and West Bengal inland aquaculture FFPOs: They
strengthen fish seed supply chains, promote feed linkages, and
enhance access to technical services for small-scale
aquaculture farmers.

These case studies demonstrate the potential of FFPOs to empower
communities while promoting sustainable fisheries management.

The Role of FPOs and Farm Organizations in Technological Innovation
1. Facilitating Access to Modern Agricultural Technologies

Aggregated Demand and Bulk Purchasing: One of the primary challenges faced
by small and marginal farmers is the high cost of modern agricultural
technologies. FPOs and other farm organizations can address this issue by
aggregating the demand for technologies such as advanced machinery, high-
yielding seeds, and precision farming tools.

Technology Demonstration and Pilot Projects: To overcome the apprehension
that many farmers have towards new technologies, FPOs can organize

demonstration projects in collaboration with agricultural research institutions,
universities, and private companies.

2. Promoting Sustainable Agricultural Practices
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Adoption of Climate-Smart Technologies: India's agricultural sector is highly
vulnerable to climate change, with unpredictable weather patterns, droughts,
and floods posing significant risks. FPOs play a crucial role in promoting
climate-smart agricultural practices, which include the use of resilient crop
varieties, efficient water management systems, and agroforestry. By adopting
these practices, farmers can mitigate the adverse effects of climate change and
enhance the sustainability of their operations.

Soil Health Management: Maintaining soil health is critical for sustainable
agriculture. FPOs and farm organizations promote the use of soil testing services
to monitor nutrient levels and recommend appropriate fertilization strategies.
They also encourage practices such as crop rotation, cover cropping, and the
use of organic manures to enhance soil fertility and structure.

3. Enhancing Market Access Through Technology
Digital Platforms and E-Marketplaces: The advent of digital technology has
revolutionized the way agricultural produce is marketed. FPOs have been quick
to adopt digital platforms and e-marketplaces to connect their members
directly with buyers, bypassing traditional middlemen. These platforms offer
several advantages, including real-time price discovery, wider market reach,
and reduced transaction costs.

Blockchain for Traceability and Transparency: With increasing consumer
demand for transparency in the food supply chain, FPOs are exploring
blockchain technology to ensure traceability from farm to fork. Blockchain can
provide an immutable record of the entire production process, including details
of the seeds used, cultivation practices, and post-harvest handling. This level of
traceability not only enhances consumer confidence but also opens up premium
markets, particularly for organic and export-oriented produce.

Market Intelligence and Data Analytics: FPOs leverage data analytics to provide
their members with critical market intelligence. By analyzing trends in crop
prices, demand patterns, and weather forecasts, FPOs can offer advice on the
best time to plant, harvest, and sell crops. This data-driven approach helps
farmers maximize their income and reduce the risks associated with price
volatility and market fluctuations.

4. Access to Financial Services and Credit

Facilitating Credit Access and Financial Inclusion: Access to credit is a major
barrier for small and marginal farmers when it comes to adopting new
technologies. FPOs address this challenge by acting as intermediaries between
their members and financial institutions. By aggregating the credit needs of
their members and providing collective guarantees, FPOs make it easier for
farmers to obtain loans for purchasing equipment, seeds, fertilizers, and other
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inputs. Some FPOs also establish their own microfinance institutions or credit
cooperatives to provide more flexible lending terms.

Opportunities and Emerging Trends

The scope for strengthening FFPOs is vast:

e Integration within the Blue Economy framework, aligning fisheries with
national development priorities.

e Adoption of digital platforms for e-marketing, traceability, and direct
consumer sales.

e Promotion of climate-resilient practices and sustainable aquaculture.

e Increasing participation of women and youth, enhancing inclusivity in
fisheries governance.

e Mobilizing CSR funding and private investment to expand infrastructure,
branding, and export potential.

Challenges and Constraints

Despite their promise, FPOs and FFPOs face significant hurdles:
e Weak governance structures and limited managerial skills.
e Inadequate access to affordable credit and working capital.
e Price volatility and continued influence of traditional intermediaries.
e Limited awareness and low trust among fishers and farmers.
e Compliance burdens, including regulatory reporting and legal
obligations.

Way Forward

To maximize their potential, FPOs and FFPOs need a strengthened support
system:
e Enhanced capacity building and leadership training for members.
e Convergence of multiple schemes across agriculture, fisheries, and rural
development.
e Private sector partnerships for technology transfer, market access, and
investment.
e Promotion of innovation in branding, packaging, and exports through
FFPO-led enterprises.
e Policy frameworks that encourage cooperative-corporate linkages
while safeguarding the interests of smallholders.

Conclusion
FPOs and FFPOs represent a transformative pathway for strengthening rural
livelihoods in India. In fisheries, organizations like Aquarise FFPO highlight the

immense potential of collective action to improve access to quality inputs,

88



markets, and income stability. With strong policy backing, institutional support,
and innovative partnerships, FFPOs can play a critical role in ensuring
sustainable fisheries, enhancing food security, and advancing India’s blue
economy.
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Unlocking India’s Blue Economy 8
Pathways Through Mariculture
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Mariculture, the farming of marine organisms in salt water, is central to India’s blue
economy. It offers opportunities to enhance food security, create livelihoods, and

reduce pressure on capture fisheries. This article shows you its progress, key enablers,
and future pathways, highlighting how science, policy, and community action can

Oceans and the Blue Economy

The oceans are not just vast stretches of saltwater or sources of seafood; they
are the lifeblood of our planet. They regulate climate, absorb carbon, and
sustain biodiversity. They drive global trade and transport, supply renewable
energy, and provide resources ranging from minerals to medicines. For billions
of people, oceans are a source of food, jobs, and cultural identity. In India, the
ocean is more than a natural boundary—it is a gateway to economic growth and
community well-being. Tapping into this potential responsibly through
mariculture and other blue economy initiatives is essential for balancing
prosperity with sustainability.

D_\—’_\‘/_\T The term blue economy refers to the

A T L By sustainable use of ocean resources for
) economic development, improved
The blue economy means using livelihoods, and ecosystem health. It
ocean resources sustainably for emphasises ba[ancing growth with

food, energy, transport, tourism, sustainability, ensuring that benefits are
and livelihoods while shared by coastal communities while
conserving  ecosystems. It protecting marine ecosystems for the future.

balances economic growth with Globally, the blue economy is estimated to
be worth trillions of dollars annually, and its
importance will grow as populations expand
and climate challenges intensify. For India,
with over =11,000 km of coastline, the blue
economy is both an opportunity and a

%,\J responsibility. One of the strongest pillars of
this framework is mariculture, the farming of
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marine organisms in seawater. Mariculture directly addresses the blue
economy’s goals by increasing food supply, generating jobs, reducing pressure
on wild fish stocks, and supporting allied industries such as feed, biotechnology,
and processing.

Mariculture Landscape in India
Early Steps

India’s mariculture journey began in the 1970s with experimental seaweed and
bivalve farming by CMFRI in Tamil Nadu. This was followed by advances in
shrimp farming and finfish breeding. These early successes demonstrated that
marine farming could complement capture fisheries and support coastal
livelihoods.

Present Status
: Despite a mariculture production potential of
Ko 4-8 million tonnes annually, India currently
India’s coastline: ~11000 km produces only about 0.1 million tonnes

Exclusive Economic Zone: 2.3 through mariculture. The species under
m‘“}‘m km? . culture include cobia, pompano, sea bass,
Estimated mariculture mussels, oysters, clams, shrimp, crabs, and
pOte“ﬂal’ 4= m e, ioimes several ornamental fish. Seaweed and pearl
an?iinz production: 0.1 culture add further diversity. Clearly,
million tonnes t mariculture in Ir!dlg is still at a format_lve
Wide gap shows immense room stage, put the building _blocks—tech nologies,
institutions, and policy frameworks—are
getting in place.

Why Mariculture Matters for the Blue Economy

e It contributes directly to food security and nutrition.

e It provides alternative livelihoods for fishers affected by declining
catches.

e It opens new export markets, including ornamental fish and seaweed
products.

e It can be designed to be climate-friendly, especially through integrated
systems and seaweed farming.
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Foundations for Growth

India’s Priority Species
Finfishes: Cobia, pompano,
groupers, sea bass, snappers.
Molluscs: Mussels, oysters,
clams, gastropods.
Crustaceans: Shrimps, crabs.
Ornamental fishes: Clownfish,
damsels, butterflyfish.
Seaweeds: 5 species

Hatcheries and Seed Production

Species Prioritization

A national exercise has identified over 70
promising species, including finfishes,
molluscs, crustaceans, and ornamental
fishes. Prioritisation ensures investment and
training are focused on species that combine
ecological sustainability with  market
potential.

Captive breeding has been achieved for more than a dozen finfish species,
several shellfish, and 25+ ornamental species. Seed banks and broodstock
facilities are being scaled up, ensuring a reliable and quality seed supply for

future expansion.

Farming Systems Driving the Blue Economy

Sea Cage Farming

Circular or square cages anchored in the sea are already producing 2-3 tonnes
of fish per cycle in coastal states. Returns of Rs. 1.5-2.5 lakh per crop have made
cage farming popular among fishers’ cooperatives.

Farming Systems

Sea cage farming: High yields,
quick returns.

IMTA: Combines fish,
shellfish, seaweeds for eco-
balance.

RAS: Onshore tanks, controlled
farming.

Seaweed farming: Low
investment, short cycles, strong
livelihood link.

Bivalve culture: Oysters and
mussels for food and
livelihoods.

Integrated Multi-Trophic Aquaculture (IMTA)

IMTA combines finfish, shellfish, and
seaweed. Recycling nutrients reduces
environmental impacts and increases

income. In Palk Bay, Tamil Nadu, farmers
adopting IMTA have doubled their seaweed
yields while producing fish in cages.

Recirculating Aquaculture Systems (RAS)
RAS are land-based tanks with advanced
water recycling. They are vital for broodstock
maintenance, seed production, and farming
high-value species in controlled
environments.
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Seaweed Farming

Seaweed farming has low input costs and provides raw material for food,
cosmetics, and pharmaceuticals. It is also climate-positive, absorbing carbon
and reducing nutrient loads in seawater. Women'’s self-help groups in Tamil
Nadu have demonstrated its economic and social potential.

Bivalve Culture

Oysters and mussels, farmed using racks and rafts, are popular in Kerala,
Karnataka, Goa, and Maharashtra. These activities have engaged thousands of
women'’s groups and provide a model of community-based mariculture within
the blue economy.

Supporting Pillars for Sustainability

Mariculture within India’s Blue Economy Framework

lFarmang E:,gtenw] [Suppggsr‘lg PiEIarsJ

Future ways |
=t

e Feeds and Nutrition: Alternatives to fish meal are being developed to
lower costs and ensure ecological sustainability.

e Animal Health Management: National surveillance and diagnostic tools
are strengthening disease prevention.

e Certification and Standards: Green certification, particularly for
ornamental fishes, is being promoted for eco-friendly production and
international market credibility.
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e Value Chains: Infrastructure such as cold storage, insulated transport,
and processing facilities is essential to reduce post-harvest losses and
boost farmer incomes.

Policy Support and Future Pathways

Mariculture Policy focusing on location leasing systems, mariculture parks,
certification, insurance, and market support is a major prerequisite for driving
mariculture growth. By dedicating even 1% of India's coastal waters to cage
culture, India could produce over 4 million tonnes of marine fish annually by

2050.

Future pathways include

Vision 2050

If just 1% of India’s coastal
waters are used for cage culture.

Potential harvest: 4 million
tonnes of fish annually, making
mariculture a future pillar of
India’s blue economy.

—

e  Establishing dedicated mariculture
parks with common infrastructure.

e  Promoting public—private partnerships
for investment and technology scaling.

e Integrating mariculture with climate
action through seaweed-based carbon
capture.

e  Empowering coastal communities and
women’s  groups with training and
ownership.

e Linking mariculture to global markets
for seafood, nutraceuticals, and ornamental
products.

Blue Economy Opportunities Ahead

Mariculture connects directly with the goals of the blue economy:

Mariculture to Blue Growth

¢ Expands seafood supply

e Generates rural and coastal jobs

e Supports women’s self-help
groups

¢ Provides raw materials for
industries

e Contributes to carbon
sequestration

e Reduces pressure on wild

e Economic growth through the seafood,
seaweed, and ornamental fish trade.

e Social development by creating jobs
and supporting fisher communities.

e Environmental balance by reducing
pressure on capture fisheries and
promoting climate-friendly practices.

If scaled responsibly, mariculture can
become a flagship sector for India’s blue
economy, positioning the country as a
leader in sustainable ocean-based
development.
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Conclusion

India’s journey in mariculture has moved from small experimental beginnings
to a stage where commercial expansion is realistic. By aligning mariculture with
the principles of the blue economy—sustainability, inclusivity, and innovation—
India can meet its seafood needs, generate employment, and strengthen its role
in global marine trade. Unlocking India’s blue economy will require science-
driven planning, supportive policies, and active community participation.
Mariculture is the bridge that can connect India’s ocean wealth with its people’s
prosperity, ensuring a secure and sustainable future.
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The Future of Primary Data Collection in
Socio-Economic Agricultural Surveys:
Leveraging Online and Artificial
Intelligence platforms

Anuja A. R., Vipinkumar V.P. and Saju George
ICAR-Central Marine Fisheries Research Institute, Kochi-682018, Kerala

The drive to strengthen agricultural systems and improve the livelihoods of
smallholder farmers hinges on robust, timely, and relevant socio-economic
data. Surveys of farm households and rural communities provide critical
insights into livelihoods, production practices, incomes, and social dynamics in
agriculture. However, the conclusions drawn from such surveys very much
depend on the process involved in collecting the information. Poor data
collection methods lead to erroneous results of little value to policy makers.

Traditionally, primary data in social sciences has been gathered through pen-
and-paper interviews, site visits, and laborious manual recording. These
conventional approaches, while methodologically rigorous, are increasingly
limited by their cost, logistics, data entry errors, difficulty in reaching remote
respondents and lengthy survey timeliness.

Today, multiple pressures are converging that demand a transformation in how
we collect agricultural socio-economic data. On one hand, global challenges like
climate change and over exploitation of resources are intensifying, requiring
timelier and data-driven decision making in agriculture. On the other, rapid
advances in digital technology- from ubiquitous smartphones to artificial
intelligence (Al)- are opening new possibilities to gather and analyse data faster
and more accurately than ever before. In an era marked by digital
transformation, the integration of online and Al-driven approaches offers
unparalleled opportunities for scalability, inclusivity, and actionable insight.

The Role of Socio-Economic Surveys in Agriculture

Socio-economic surveys capture information vital to understanding farmer
behavior, impact of interventions, and macroeconomic trends. These surveys
underpin evidence-based policy and market interventions that benefit
smallholders and the broader agrifood system. Some challenges of the
traditional face-to-face primary data collection include: high operational costs
and logistical barriers, especially in remote regions; Data quality risks due to
human errors, delayed data processing and inconsistencies and limited reach
in terms of sample size and demographic inclusivity.
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Digital Innovations: Online Platforms

Modern online tools allow researchers to reach a broader and more diverse set
of respondents. Tools such as mobile data collection apps and web-based
questionnaires facilitate: Real time data entry and validation, Geo tagging and
temporal monitoring, lowered costs and improved scales, and easier
longitudinal tracking for panel studies.

One of the most prominent shifts in primary data collection is the move from
Paper-and-Pen Interviews (PAPI) to digital platforms. Computer Assisted
Personal Interviewing (CAPI) - using tablets, smartphones, or computers for field
surveys- has largely replaced paper in many large studies. CAPI involves an
enumerator putting responses directly into an electronic form rather than
writing on paper, and it offers numerous advantages.

e Eliminates the need for carrying stacks of paper questionnaires. Instead,
a single device can store all forms and transmit completed data back to
a server instantly

e Save time by removing separate data entry step and provide much
cleaner data on a real time basis

e Improve data quality through inbuilt validation checks (for example, the
software can prevent implausible values or skip irrelevant questions)

e Capture ancillary information - GPS coordinates, time, photos of the
farms or even record audio of the interview for later review

Insights from huge scale surveys conducted in different regions by Asian
Development Bank study using CAPI indicate that compared to PAPI, the survey
has fewer duration, reduced errors, cleaner data. The CAPI surveys had high
upfront cost involving programming devices, software development and
enumerator training. However, for large scale surveys, the CAPI turned out to be
cheaper to PAPI by avoiding many recurring expenses of paper surveys. These
features greatly enhance the quality and depth of socio-economic data
collected in the field especially is a game changer for large scale surveys.

The National Statistics Office (NSO) now conducts its nation-wide socio-
economic surveys on digital platforms using CAPI and web-based applications.
Data collection and near real time monitoring are also accomplished through
digital platforms (PIB, 2024). This transition by NSO highlights the necessary
practices like training enumerators, real-time monitoring and quality control,
and iterative improvement of survey instruments to fully leverage digital tools.
This enables faster data release and improved accuracy in large scale critical
surveys, a trend mirrored by statistical agencies in many other countries.

Digital surveys are not limited to face-to-face tablet interviews. A key trend is
the rise of online and mobile survey modes as complements or alternatives to
in-person data collection. Researchers, increasingly employ mixed-mode survey
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designs, combining methods like web questionnaires, telephone interviews, and
face-to-face visits to reach respondents in the most effective way. The COVID-19
pandemic greatly accelerated this shift as most of the researchers conducted
phone or online survey to gather data remotely.

Mobile phone surveys are useful when travel options are restricted. They are
automated, less expensive, and fast compared to in-person fieldwork. There are
a few modalities: one is Computer Assisted Telephone Interviewing (CATI), where
an interviewer calls respondents and fills an electronic form. Another approach
requires no human interviewers- using text messages (SMS surveys) or
Interactive Voice Response (IVR) robocalls to administer questions. Each mode
has pros and cons: SMS requires literacy to read/ write texts, whereas IVR can
reach anyone with a basic mobile phone. Often a combination works best as per
the research requirement. It is desirable to keep the survey short and mixed
modes and follow up improve the data quality and reliability.

A clear best practice in moving surveys online is to focus on respondent
experience and inclusion. The survey designs must be inclusive and respondent
friendly. Using inclusive design principles enhances acceptability of survey
designs among respondents. Some examples are use of local language, ensure
mobile-optimised layout, or provide an option for an enumerator assist via
phone for those who cannot complete online. Particularly in rural agricultural
communities, digital divide issues are real: older or less educated farmers may
be less familiar or comfortable with digital surveys. Addressing this might
require community sensitisation and trust building - e.g. explaining the purpose
of the tablets or mobile surveys to respondents, or even allowing a paper option
if needed - to ensure nobody is left out of the data collection.

Despite these challenges, the trajectory is clear: the future of primary data
collection in agriculture will be predominantly digital and often multi-model,
blending the convenience of online and mobile methods with the rigor of face-
to-face techniques to achieve the best data quality and coverage. A case from
sub-Saharan African nation using an open-source CAPI platform - Open Data Kit
(ODK) for field data collection related to a major agricultural initiative- National
Bean Program. This has helped to enhance the real time data syncing, built in
validation and improved collaboration among stakeholders- scientists,
extension officers and policy makers. In short, moving to digital primary data
collection has streamlined workflows and empowered both researchers and
farming communities with more timely information.
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Emerging Technologies and Data Sources

Beyond digitalising traditional surveys, the future of data collection in
agricultural socio-economic research will be shaped by new technologies and
novel data sources that augment what surveys can do. Some important trends
are: the integration of geospatial and sensor data with socio-economic surveys,
the rise of Al tools for data analysis (and even data gathering), and the growth
of participatory data collection by the farmers themselves.

Geospatial and Remote Sensing Data: Agricultural research increasingly
combines survey data with geospatial information obtained via remote sensing
(satellites, drones) or on-ground sensors (IoT devices). The International Maize
and Wheat Improvement Centre (CIMMYT) in Southern Africa has adopted the
use of unmanned aerial vehicles (UAVs) also known as drones to collect data as
a critical part of a breeding programme. This facilitated instant data gathering
and drones were able to collect data from 1000 plots in 10 minutes or less — a
task that might take 8 hours to do so manually. The routine use of drone imagery
has enabled CIMMYT breeders to manage large scale experiments and to focus
on analysis and decision making. Moreover, when remote sensing data related
to cropping pattern is linked with the socio-economic survey data, a new arena
can be studied like how socio-economic factors of framers influence crop
choices or to validate farmer reported outcomes with objective measurements.
Geo spatial linkage is an emerging best practice- modern survey platforms often
record the GPS location of each interview or field, making it easy to overlay
survey responses on maps and integrate with satellite data layers (for rainfall,
soil type, etc.,).

Another domain is the Internet of Things (IoT) and sensor networks, which
gather environmental or farm data continuously. Socio economic researchers
can correlate sensor readings with farmers’ reported decisions or outcomes
from surveys. In the future, we may see survey respondents provided with
sensor devices that feed data directly into research databases - for instance, a
farmer could have a farm rain gauge or a smartphone-based crop scanner, and
those readings could be paired with their survey responses about crop yields or
input use. These approaches blur the line between primary survey and
automated data collection. By moving towards multi-source data collection, the
speed and quality of data collection can be enhanced.

Harnessing Al: From Data Collection to Insight Generation: While still emergent,
Artificial Intelligence (Al) is being applied at various stages of the data collection
and analysis pipeline to make socio-economic surveys smarter and more
efficient. Al can help analyse existing data to identify patterns and then suggest
a more efficient sampling design for a new survey. There is also work on using
algorithms to adapt questionnaires on a real time basis by personalised
questions based on respondent answers, improving relevance and engagement.
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Machine learning also enables predictive modelling and identification of
determinants of farmers behaviour and technology adoption.

Al can also enhance the data quality by using algorithms to scan anomalies in
the incoming data. Along with the data collected, access to paradata such as
interview duration, GPS, keystroke pattern, etc. enable machine learning models
to predict the quality of the interview. Moreover, Al can help fill data gaps
though imputation by understanding underlying general patterns. Another
possibility is using voice recognition and Natural Language Processing (NLP) to
assist enumerators which can enhance efficiency in terms of speed and
accuracy. Analysis of Open-Ended Responses is another area where NLP can of
assistance. Open ended questions result in free-text answers and Large
Language Models (LLMs) can categorise these texts by theme and even flag key
issues mentioned by respondents. In socio economic research, sentiment
analysis of textual data has emerged as a useful tool to gauge farmer opinions
and social attitudes. We can expect Al to become a standard aid for processing
qualitative survey data.

Al may not just assist in design and analysis - it might become a mode of data
collection itself employing tools such as chatbots and virtual assistants. Al
enabled chatbots might survey farmers online about their cropping decision
and simultaneously provide them some personalised advice related to crop-
blurring data collection and extension service into one. Al can also handle
unstructured interaction; a farmer could, for instance, send a photo of a crop
issue and the Al could both diagnose it and record that data point for
researchers.

In summary, Al offers tools to make data collection smarter, faster and more
insightful. It can reduce the burden on respondents (through shorter adaptive
surveys or conversational formats) and on researchers (through automated data
processing). However, alongside these opportunities come new responsibilities:
ensuring algorithms are transparent and fair, guarding against Al-induced
biases, and maintaining the human touch where needed (surveys are ultimately
about people’s voices). However, developing some basic understanding in data
science and Al will be increasingly valuable in socio economic research and
surveys in agriculture and allied science in the very near future.

Farmer-Led and Crowd-Sourced Data

Participatory data collection involving farmers and communities directly in
gathering and sharing data is another complementary trend. These methods
involve farmers as active data collectors and knowledge partners instead of
mere survey respondents. For instance, using crowd sourcing platforms farmers
can send SMS updates about market prices or weather conditions in their
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regions, which are then aggregated. Such farmer-contributed datasets can
complement formal surveys by providing real-time, ground truth information on
agricultural activities.

One notable effort in participatory data is the development of standardised
survey tools that farmers or local enumerators can use easily, ensuring that data
from different places are comparable. The RHoMIS (Rural Household Multiple
Indicator Survey) is one such tool- a simplified digital questionnaire,
implemented on tablets or phones, that covers a broad range of farming and
livelihood indicators. It was designed so that various organisations and projects
globally could use it to rapidly collect core socio-economic metrics and then
share/compare results. This is in line with the open science movement in
agriculture where standardisation and open data are key themes. When many
groups involved in data collection use the same format, their data can be
merged to yield insights at larger scale avoiding redundant survey efforts.

Another aspect of farmer-led data is citizen science in agriculture. This is where
farmers participate in trials and record results themselves. Such approaches
greatly reduce the cost and increase the scalability of on-farm research.
Moreover, they also empower the farmers with a sense of contribution and
agency in agricultural innovation. It's worth noting that inclusivity and training
are crucial for participatory data collection to work well.

Methodological and Ethical Considerations and Challenges

It is vital to adopt best practices that ensure data quality, ethical integrity, and
usefulness of the information gather while we embrace new methods of data
collection.

Thorough planning and pilot testing are key in digital surveys. This means
piloting the survey on the device, checking that all questions display correctly,
all options work, and that data can be successfully submitted and retrieved.
Investing time in testing prevents costly errors in the field. Training field
enumerators and supervisors is vital for success in advanced survey tools.
During data collection, having supervisor monitor incoming data is important to
catch problems early. Using the paradata features of digital tools- such as
timestamps, GPS logos, and error counts per survey- supervisors can maintain
a high-quality data standard.

With advanced survey tools and digital data collection regime, the researchers
must implement robust data management practices. This includes having a
backup system so that no data is lost if devices are broken or lost. Best practice
is to regularly sync data to a cloud server and also keep local backups. Data
security is another concern - survey data often contain personal and sensitive
information. Socioeconomic researchers and students should become familiar
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with basic data ethics: always obtain informed consent from participants,
anonymise data before public sharing, and follow regulations like GDPR
guidelines (the General Data Protection Regulation). New technologies like
blockchain are even being explored to enhance data integrity and trust, by
creating tamper evident records of survey submissions-though such solutions
are still nascent in this field. Ensuring inadvertent inclusivity and avoiding bias
is equally important. For example, an online survey might miss those without
internet; a smartphone app will miss those without smartphones. Also
algorithmic tools used in surveys should be watched for bias to ensure
‘algorithmic fairness’.

Global collaboration and knowledge sharing is another important way forward.
In the landscape of data collection, collaboration across institutions and
countries is hugely beneficial especially for addressing challenges and sharing
innovations. Open-source communities around tools like ODK or KoBoToolbox
mean that improvements made by one team become available to all. Online
courses are available to train interested candidates in CAPI or similar advanced
survey options using software like CSPro (Census and Survey Processing System)
and Survey Solutions. Embracing open science - sharing one’s survey
instruments, protocols, and even datasets and using elsewhere shared data for
practice analysis or to do comparative studies- can accelerate progress of
everyone. The key will be to tailor global best practices to local needs using
appropriate technology and always validating that the data reflects ground
realities.

Core issues for the next generation of surveys include: Sampling bias from
online-only surveys; Digital literacy and access gaps; Ensuring informed consent
and access gaps; and Algorithmic transparency and mitigation of bias in Al
analytics.

Data Governance, Privacy, and Empowerment

As advanced tools in primary data collections such as digital and Al methods
proliferate, clear principles on data ownership, benefit sharing, and
interoperability are essential. Ensuring that farmers benefit from the data they
contribute, and can access relevant insights for their own decision-making,
remains a sector-wide imperative.
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Future Outlook and Recommendations

Primary data collection in agricultural socio-economic research is undergoing a
revolutionary change. The data collection is gradually moving to digital modes
employing tablets and cloud servers; mixed modes using face-to-face, phones,
and online interactions; to adaptive surveys. These technologies are intended
to address the longstanding challenges faced during survey- based socio-
economic research. Advanced tools help to enhance speed, accuracy and
objective validation of the results. It also helps to reduce the drudgery of data
collection and process the vast amount of data resulting from these surveys.
Moreover, these platforms can aid in making sure the farmer participation and
inclusiveness in the entire process. Rather than being passive data providers,
farmers- the major stakeholder — can be an active participant through data
collection and decision making, through participatory apps, citizen science
trials, or simply by having their needs better captured through user-centred
survey design.

Of course, the road ahead is not without challenges. Issues of digital access and
literacy need continuous attention- one must ensure that the benefits of new
methods reach the marginal farmers as well, and that no voices are left unheard
due to digital divide. Privacy and data protection will remain paramount as more
personal data flow through digital channels. Getting informed consent is also
important. There will also be a learning curve for institutions and individuals
alike to build capacity in these new tools. Training programs, academic curricula
and funding priorities will need to adapt to produce researchers and workforce
skilled in both social science and data science aspects of agricultural research.
Voice interactive surveys or real-time dashboards for data collection and
monitoring will be more common. Around the globe, best practices are
converging on using mixed-methods, technology-enabled approaches to gather
data that is timely, granular, and reliable. Adopting these in a way that respects
local culture and involves the community will be a key to success.

Some key points to move forward include

e Build modular, interoperable survey platforms for cross-country
comparability

e Train local enumerators in digital tools and ethical data handling

e Develop participatory feedback loops so that data supports both
research and farm-level decision making

e Continue advancing standards around data privacy, algorithmic
transparency, and farmer empowerment
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The advances in digital transformation promises faster and better-quality data
to inform policies for sustainable agriculture development. But it also places
the onus on researchers and students to stay updated, be flexible, and uphold
ethical standards in this rapidly evolving field. By understanding and harnessing
the emerging trends — from digital survey tools and Al analytics to participatory
data models - we can greatly enhance our ability to diagnose issues, evaluate
interventions, and ultimately improve the livelihoods of farming communities.
The tools may change, but the core goal remains the same: gathering truthful,
insightful data about people and agriculture, and using it to drive positive
change. With the right mix of technology and human-centered practice, the
coming years will undoubtedly yield more inclusive, accurate, and actionable
socio-economic insights for the agricultural sector.
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Applications of GIS in Natural Resource 1 o
Management

Shelton Padua and Grinson George
ICAR-Central Marine Fisheries Research Institute, Kochi-682018, Kerala

Geographic information system (GIS) is a tool for making and using spatial
information and it is mainly concerned with location of the features as well as
properties/attributes of those features. It helps us gather, analyse and visualize
spatial data for different purposes. A GIS quantifies the locations of features by
recording their coordinates which are the numbers that describe the position of
these features on Earth. The uniqueness of GIS is its ability to do spatial analysis.
GIS helps us analyse the spatial relationships and interactions. Sometimes, GIS
proves to be the only way to solve spatially-related problems and it is one of
the most important tools that aid in decision making process. GIS basically helps
to answer three questions; How much of what is where? What is the shape and
extent of it? Has it changed over time? How the different variables interact over
space and time?

Globally, on an average, GIS tools save billions of dollars annually in the delivery
of goods and services through proper route planning. GIS regularly help in the
day-to-day management of many natural and man-made resources, including
sewer, water, power, and transportation networks. GIS help us identify and
address environmental problems by providing crucial information on where
problems occur and who are affected by them. It also helps us identify the
source, location and extent of adverse environmental impacts. GIS enable us to
devise practical plans for monitoring, managing, and mitigating environmental
damages. Human impacts on the environment, conflicts in resource use,
concerns about pollution, and precautions to protect public health have
spurred a strong societal push for the adoption of GIS.

GIS is composed of hardware, software, data, humans and a set of organizational
protocols. The selection and purchase of hardware and software is often the
easiest and quickest step in the development of a GIS. Data collection and
organization, personnel development and the establishment of protocols for
GIS use are often more difficult and time consuming endeavours. A fast
computer, large data storage capacities and a high quality, large display form
the hardware foundation of most GIS. GIS software provides the tools to
manage, analyse, and effectively display and disseminate spatial information.
GIS as a technology is based on geographic information science and is
supported by the disciplines like geography, surveying, engineering, space
science, computer science, cartography, statistics etc.

106



In GIS, we handle the spatial and attribute data sets. Spatial data describes the
absolute and relative location of geographic features while the attribute data
describes characteristics of the spatial features. These characteristics can be
quantitative and/or qualitative in nature. Attribute data is also referred to as
tabular data. Vector and raster are two different ways of representing spatial
data. Raster data is made up of pixels (or cells), and each pixel has an associated
value. A digital photograph is a simple example of a raster dataset where each
pixel value corresponds to a particular colour. In GIS, the pixel values may
represent elevation above/below sea level, or chemical concentrations, or
rainfall etc. The key point is that all of this data is represented as a grid of
(usually square) cells. Vector data consists of points, lines, and polygons. The
individual points are stored as pairs of (x, y) co-ordinates. The points may be
joined in a particular order to create lines, or joined into closed rings to create
polygons, but all vector data fundamentally consists of lists of co-ordinates that
define vertices, together with rules to determine whether and how those
vertices are joined.

As with many other systems, GIS basically works on the principle of ‘GIGO’ that
is garbage in garbage out. Hence the quality of data that you feed into GIS is
very important and it determines the quality of the end products. But, when
used wisely, GIS can help us live healthier, wealthier, and safer lives.

We use GIS & RS for locating the potential fishing zones (PFZ), identifying and
monitoring of different marine habitats, mangrove areas, oceanic variables like
sea surface temperature (SST), ocean colour (chlorophyll a content), ocean
currents etc. which otherwise would not be possible to collect information from
such a vast area.

Two examples of the applications of geoinformatics on is given below.

A Potential Fishing Zones (PFZ) Identification

PFZ are the are the possible zones of fish aggregation indicated by satellite-
derived sea surface temperature (SST) and chlorophyll-a (Chl-a). In 1999, Space
Applications Centre (SAC), Indian Space Research Organization, Ahmedabad
developed the techniques to generate the PFZ advisories using SST and Chl-a
data. The biological productivity is considered to be higher in regions where
strong SST fronts are observed.

A front is a boundary between two distinct water masses. The water masses are

defined by moving in different directions, i.e. on one side of the front the water
is generally moving in one way, and on the other side of the front, the water is
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moving in another. The water masses on either side of a front may also have
different temperatures, salinities, or densities.

In frontal regions where SST gradients are large and rapid changes takes place
in SST. The high resolution infrared daily SST data are used to identify such
regions. Apart from this, the chlorophyll data which is sensed by the satellite as
ocean colour is used as a direct marker of biological productivity. Regions in
which SST gradients occur along with a higher chlorophyll concentration are
considered to be strong potential for fishing. The figures below show the SST
fronts, chlorophyll fronts and sample PFZ map.
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Fig 1. Satellite derived SST map showing the thermal fronts (Left) and
Chlorophyll a map showing the chlorophyll fronts (Right) (Wall et al., 2008).
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PFZ Advisory for Kerala Advisory validity: One day from 10/03 /2017
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Fig 2. PFZ map of Kerala coast prepared by INCOIS, Hyderabad. The thick black
curved line indicates the PFZ.

I Monitoring the coastal habitats
The most important advantage of Remote Sensing is its synoptic view and
repetitively. Due to this advantage we can use it monitor different areas of earth

with comparatively less efforts. The below satellite images show how the coastal
areas of Ernakulam has changed over time.
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Landsat 8 image of Ernakulam, Google Map of the Corresponding

Fig 3. The three images above show the utility of satellite remote sensing in
monitoring the earth surface / our environment. The yellow box indicates the
areas where drastic changes had taken place.
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Black Soldier Fly larvae based 1 1
Biovalorization: Transforming Waste into

Sustainable Wealth

Sanal Ebeneezar., Linga Prabu D., Sayooj P., Chandrasekar S., Adnan H. Gora.,
Vipinkumar V. P. and Kajal Chakraborty.
ICAR-Central Marine Fisheries Research Institute, Kochi-682018, Kerala

ICAR-CMFRI has developed an innovative Black Soldier Fly (BSF) biovalorization
technology, revolutionizing organic waste management while advancing
sustainable aquaculture. This eco-friendly approach upcycles organic waste
into high-quality fish feed, promoting a zero-waste circular economy with a low
carbon footprint. By aligning with the Swachhata Hi Seva campaign, this
initiative embodies the waste-to-wealth vision, ensuring environmental
responsibility while enhancing India's blue economy. Through BSF
bioconversion, ICAR-CMFRI sets a benchmark for green technology, paving the
way for a more sustainable and resource-efficient future.

Black Soldier Fly (BSF) biovalorization technology is emerging as a game-
changer in sustainable waste management and aquaculture by addressing the
pressing need for an alternative to unsustainable fishmeal in aquafeeds.
Traditional fishmeal production relies heavily on wild-caught fish, contributing
to overfishing, marine ecosystem depletion, and a high carbon footprint.

In aquafeeds, fishmeal has been the gold standard due to its high protein
content (45-63%), essential amino acids, and digestibility (above 90%). However,
its increasing cost, overfishing concerns, and sustainability challenges have
necessitated alternative protein sources. One of the most promising
replacements is Black Soldier Fly Larvae (BSFL) meal. BSF larvae offer a circular
economy solution by upcycling organic waste into high-quality insect protein,
serving as a viable replacement for fishmeal. Moreover, BSF-derived protein is
highly digestible and rich in essential amino acids, making it an excellent
feedstock for aquaculture while reducing dependence on unsustainable marine
resources. The frass by-product further enhances soil health, promoting
regenerative agriculture and closing the loop in sustainable food production.

Advantages of BSFL as a Fishmeal Replacement:
e High Protein Content: BSFL meal contains approximately 40-60% crude
protein, comparable to fishmeal.

e Essential Amino Acids: BSFL provides essential amino acids required for
fish growth and development.
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e Sustainability: BSFL can be produced from organic waste, contributing
to circular economy models. The carbon footprint of fish meal can range
from 2 to 5 kg of CO2 per kg of fish meal (Hognes et al., 2011) while for
BSFL protein, it is 0.2 - 2.5 kg of CO2 per kg (Tadesse, 2023).

e Cost-Effectiveness: Large-scale BSFL production can significantly
reduce feed costs compared to fishmeal-based diets.

e Nutritional Benefits: BSFL has beneficial lipids and bioactive
compounds that enhance fish immunity and growth.

BSFL based == Nutritional
bioconversion : evaluation

Food waste
B , Bioconversion
performance

Phylogenetic

BSFL harvesting analysis
R

Defatted BSFL meal

[ Feed ingredient ][ Biodiesel ] Compost

Research on Black Soldier Fly Larvae (BSFL) for Sustainable Aquaculture

This initiative was aimed to develop an efficient model for converting organic
waste into high-value protein for aquaculture (Waste-biomass conversion
ratio= 6.80, Bioconversion efficiency (%)= 24.31+0.62, Substrate reduction (%) =
72.38%1.37) (Sanal-Ebeneezar et al., 2021). Nutritional analysis revealed that
BSFL contains 40.42% crude protein, 39.89% crude lipid, 8.16% crude fiber,
10.71% total ash, and 0.82% nitrogen-free extract (NFE). Additional studies on
nutritional evaluation, bioconversion efficiency, and phylogenetic assessment
were conducted.

Expansion of infrastructure for R & D in Black soldier fly larvae as a aquafeed
ingredient and bio-waste valorization
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BSF ZW: A Zero-Waste Bio-Conversion System was established at the CMFRI
headquarters in Kochi. This specialized setup utilizes black soldier fly larvae
(Hermetia illucens) to convert organic waste into high-quality fish feeds. The
major components of the unit include- Dark-light chamber for breeding, egg
laying and pupal incubation, Unit for early larval rearing (up to 6 DOL), Unit for
advanced larval rearing, Self-harvesting bioconversion unit and Units for
composting of frass. The pilot-scale system, is a testament to his commitment
to sustainable and innovative solutions for bioconversion and waste
valorization. Organic waste including canteen waste and fish sampling wastes
from the various research Divisions of CMFRI are being valorized into alternative
protein and lipid rich aquafeed ingredients and compost. This facility includes
a dark-light chamber for breeding, an egg-laying and pupal incubation unit, an
early larval rearing unit, an advanced larval rearing section, a self-harvesting
bioconversion unit, and composting units for frass processing. Capable of
handling 50 to 60 kilograms of organic waste per day, this unit efficiently
converts waste into high-quality insect protein, oil, and organic manure. In
recognition of this initiative, the BSFL-based bioconversion unit was
inaugurated by Shri George Kurian, Hon'ble Minister of State for Fisheries,
Animal Husbandry, and Dairying, on September 26, 2024, as part of the
Swachhata Hi Seva campaign.
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Inauguration of the Black soldier fly larval rearing cum bioconversion
unit by Shri George Kurian, Hon’ble Minister

BSFL as a Sustainable Fish Feed Alternative

The use of BSFL as a fish feed ingredient was validated through feeding trials
on Indian pompano (Trachinotus mookalee). A sixty-five-day feeding trial
assessed the potential of BSFL meal (BSFLM) as a substitute for traditional fish
meal (FM) in fish diets. Nine treatments with varying combinations of FM, BSFLM,
and taurine were tested. Results showed that the diet containing 100% BSFLM
with 1% taurine supplementation resulted in the highest weight gain and
optimal feed utilization. Digestive enzyme activities, such as amylase, lipase,
and protease, were comparable across treatments, while antioxidant enzyme
activity in the liver and gills was significantly higher in the control group. No
histopathological abnormalities were detected in fish fed BSFLM-based diets,
confirming its safety and efficiency. The study concluded that BSFLM-based
diets can completely replace fish meal in Indian pompano (Trachinotus

mookalee).
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Release of Cadalmin™ BSF Pro- fishmeal free feed for Indian Pompano

Commercialization and Licensing of BSFL aquafeed Technology

A major milestone was the commercialization and licensing of BSFL-based fish
feed technology to two start-ups. On October 22, 2024, ICAR-CMFRI signed a
Memorandum of Understanding (MoU) with Amala Ecoclean Pvt. Ltd., Kerala, for
the production of insect protein-based fish feed. Another MoU was signed on
January 6, 2025, with Bhairav Renderers, Coimbatore, Tamil Nadu, for similar
technology transfer. This initiative supports sustainable aquaculture by
promoting insect protein as a viable fish meal alternative. The project has also
gained global recognition, being featured in FeedStrategy, an international
magazine specializing in animal feed sector innovations.




Signing of MoUs with Amala Ecoclean Pvt. Ltd., Kerala, and Bhairav Renderers,
Coimbatore, Tamil Nadu
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Role of Probiotics in Aquaculture 1 2
Nutrition and Health Management

Anusree V. Nair., Sayooj P. and Parvathy S.
ICAR-Central Marine Fisheries Research Institute, Kochi-682018, Kerala

Introduction

Aquaculture as one of the fastest-growing food production sectors globally,
which is largely driven by increasing protein demands of a growing human
population, which is projected to reach 9.7 billion by 2050 (Rahayu Silvana, 2024,
Torres-Maravilla E 2024). Intensification of aquaculture practices has brought
with it several challenges, including deteriorating water quality, increased
susceptibility to infectious diseases cause’s disease outbreaks, and the overuse
of antibiotics and chemotherapeutics (FAO, 2022). These issues not only result
in significant production losses but also pose threats to environmental
sustainability and public health due to the emergence of multidrug-resistant
pathogens, chemical residues in aquaculture products which is threatening food
security. Thus the search for eco-friendly, sustainable, and effective alternatives
to conventional disease management strategies has gained momentum. Among
these alternatives, probiotics have received considerable attention in recent
decades.

Probiotics is defined as “live microorganisms when administered in adequate
amounts, confer a health benefit on the host” (Ngasotter 2025). The exploration
of probiotics in aquatic environments have opened a new frontier in nutritional
and health management. Commonly used probiotics in aquaculture include
beneficial bacteria from genera such as Bacillus, Lactobacillus, Enterococcus,
Pediococcus, Saccharomyces etc. In aquaculture, these microorganisms are
delivered through water, feed, or live-feeds to improve host nutrition, enhance
immunity, modulate gut microbiota and mitigate disease outbreaks (Ring¢ et
al., 2020). Their impact is in benefiting the host animal, the aquatic environment,
and the microbial community within the culture system. The integration of
probiotics into aquaculture practices also supports the global drive towards
reducing antibiotic dependence, aligning with the principles of sustainable
aquaculture and one health. By reducing reliance on antibiotics and chemicals,
probiotics not only safeguard aquaculture productivity but also protect
consumer health and environmental integrity. With the rise of advanced tools
such as next-generation sequencing and metagenomics, new avenues have
opened for the identification, characterization and application of effective
probiotic strains tailored to specific aquaculture systems.
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2 Benefits of Probiotics in Aquaculture
2.1 Improvement of Growth Performance

Probiotics have gained widespread attention for their ability to enhance growth
performance and feed efficiency in a variety of cultured aquatic species. These
beneficial microorganisms, when administered through feed or the aquatic
environment, contribute to better nutrient absorption, digestive health, and
overall physiological function of aquatic animals. When probiotics colonise the
gastrointestinal tract of host animals, they helps to maintain a balanced
microbiota and reduce gut inflammation. Additionally, it improves the structure
of the intestinal lining by increasing villi height and crypt depth which increases
the surface area available for nutrient absorption. The improved gut health
leads to better energy conversion from feed to body mass, resulting in increased
weight gain and growth rate weight gain, feed conversion ratio (FCR) and specific
growth rate (SGR).

2.2 Nutrient digestibility

It refers to the ability of the fish to break down and absorb essential
macronutrients—proteins, lipids and carbohydrates—as well as micronutrients
from their diet. Probiotic bacteria are known to produce extracellular enzymes
such as amylases, proteases, and lipases, which complement the digestive
enzymes of the host and facilitate more efficient breakdown and absorption of
nutrients from feed. Several probiotic strains, particularly Bacillus,
Lactobacillus, and Pediococcus, can secrete enzymes such as amylase, protease,
cellulase and lipase, which augment the host's own digestive enzyme activity.
This facilitates more efficient breakdown and absorption of nutrients from feed.
This enzymatic contribution leads to improved assimilation of proteins,
carbohydrates and lipids, thereby supporting faster growth and better feed
utilization. Additionally, it plays an increasingly recognized role in the
nutritional enhancement of fish by contributing to the synthesis and
bioavailability of essential nutrients. These include amino acids, vitamins, fatty
acids and minerals, all of which are crucial for optimal growth, immunity and
physiological functioning in aquaculture species. It further supports lipid
metabolism by improving the digestion and absorption of dietary lipids. Some
probiotic strains may assist in the emulsification and breakdown of fats,
enhancing the availability of essential fatty acids like EPA and DHA. This is
particularly valuable in larval and juvenile stages of fish when the requirement
for essential lipids is high. Further it produces short-chain fatty acids (SCFAs)
such as acetate, propionate and butyrate during carbohydrate fermentation.
These SCFAs serve not only as energy sources for intestinal cells but also
enhance the absorption of minerals such as calcium and magnesium,
contributing to better nutrient utilization. Organic acids produced during
fermentation, such as lactic acid and acetic acid, can lower the pH in the
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intestinal tract, thereby increasing the solubility and uptake of minerals like
calcium, magnesium, phosphorus, and iron. In addition, some strains can
chelate minerals or produce siderophores that facilitate iron acquisition,
further supporting metabolic activity and hemoglobin synthesis. These findings
suggest a direct link between probiotic-mediated nutrient provision and
enhanced growth performance.

2.3 Disease Control and Health Management

Probiotics are also known to enhance both innate and adaptive immune
responses, leading to improved resistance against bacterial, viral and parasitic
infections. Disease outbreaks are a major challenge in aquaculture, often
leading to significant economic losses. Probiotics enhance the innate immune
response by increasing the activity of phagocytic cells, production of lysozyme
and expression of immune-related genes. This immune stimulatory effect
enables the host to mount a quicker and more efficient defense against invading
pathogens. In addition to strengthening the immune system, probiotics enhance
overall disease resistance. By maintaining a favourable gut microbiome,
probiotics prevent colonisation by harmful bacteria such as Vibrio, Aeromonas
and Pseudomonas. Probiotics occupy physical niches on the gut epithelium,
effectively blocking pathogens from adhering to the intestinal lining and also
by competitive exclusion. This protective effect reduces the likelihood of
gastrointestinal infections and systemic diseases. It competitively exclude and
antagonize pathogenic bacteria by producing antimicrobial compounds such as
bacteriocins, lactic acid, and hydrogen peroxide and short-chain fatty acids.
These substances inhibit the growth of pathogens by disrupting their cell walls,
lowering pH, or interfering with microbial signaling systems. The incorporation
of probiotics into aquaculture systems has proven to be an effective strategy
for improving both nutritional efficiency and health outcomes. Their immune
stimulatory and antimicrobial properties make them essential tools for disease
management and environmental adaptation.

2.4. Water Quality Improvement and Environmental Impact

Probiotics not only benefit the host but also plays a vital role in maintaining
water by participating in nutrient cycling and decomposition of organic matter
in aquaculture systems. It includes nitrifying (Nitrosomonas sp., Nitrobacter sp.)
and denitrifying bacteria (Pseudomonas, Bacillus) which converts toxic
ammonia to less harmful nitrate and nitrogen gas. Intensive aquaculture
practices often lead to the accumulation of organic wastes, including uneaten
feed, feces, and excreted metabolites such as ammonia, nitrite, and hydrogen
sulfide, which can deteriorate water quality and predispose cultured species to
stress and disease outbreaks Probiotics also support nutrient cycling which
helps to stabilize the aquatic system. Additionally, some probiotics suppress the
growth of harmful waterborne microbes and limit the proliferation of harmful
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algae. Collectively, these probiotic-mediated improvements in water quality not
only enhance growth and survival rates of farmed species but also contribute to
environmentally friendly and sustainable aquaculture practices.

3. Administration of probiotics

The efficacy of probiotics in aquaculture largely depends on their mode of
delivery, optimal dosage and duration of administration, which together
determine colonization success, microbial balance and host benefits. Probiotics
are administered in aquaculture through three methods.

e Incorporating with feed
e Adding directly to aquatic system
e Encapsulating with live feeds such as rotifers and artemia

Feed supplementation is the incorporation of probiotics into feed formulations,
either during manufacturing or through topical application. It is the most widely
used method as it ensures direct delivery to the gastrointestinal tract, where
probiotics can exert their beneficial effects on digestion and immune function.
However, this approach requires probiotic strains that can survive feed
processing conditions (mainly pelleting) and remain stable during storage.
Direct water application is another method used for extensive and semi-
intensive systems. This approach allows probiotics to act on both the aquatic
environment and the host, by improving water quality and potentially benefit
the host indirectly by colonising the external surfaces. For early larval stages
where digestive systems are underdeveloped, water application is often the
only feasible method. It can be influenced by environmental variables such as
temperature, pH, salinity, and dissolved oxygen, which may affect the survival
and activity of the microorganisms. Therefore, careful management and regular
dosing are essential to maintain an effective probiotic population in the water.
To improve probiotic stability and targeted release in the gastrointestinal tract,
encapsulation techniques are increasingly employed. Encapsulation involves
encasing probiotic cells within protective materials such as alginate, chitosan,
lipids, or polymers. This provides a barrier against adverse environmental
factors such as stomach acid, bile salts, or high pelleting temperatures.
Encapsulation not only improves the shelf-life and survivability of probiotic
strains but also enables controlled release, ensuring that a significant number
of viable cells reach the intended site of action in the host’s gut. All methods of
probiotic administration play essential roles in aquaculture health
management.
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Methods of Probiotic
Administration in Aquaculture

ORAL WATER

Feed Encapsulation

4, Commercial Formulations

The use of probiotics as an environmentally friendly alternative in aquaculture
has grown significantly, supported by both scientific evidence and practical
application. The global probiotic market, encompassing ingredients,
supplements and functional foods, has expanded rapidly, reflecting increasing
demand in aquaculture production systems. Today, a wide range of commercial
probiotic preparations containing one or more live microorganisms are
available to enhance the health and productivity of aquatic species. These can
be applied directly to culture tanks or incorporated into feed, and many now
include prebiotics such as mannans, glucans and yucca extract to further
stimulate beneficial microbial activity. Commercially available probiotics
originate from various microbial sources, including Bacillus spp., Lactobacillus
spp., Enterococcus spp., Clostridium spp. and beneficial yeasts like
Saccharomyces cerevisiae. They have been shown to improve survival rates, feed
conversion, growth performance, immune response, reproductive efficiency and
disease resistance in species such as shrimp, tilapia, catfish, rainbow trout and
eels. Interestingly, studies reveal that higher probiotic dosages do not always
correlate with better protection, underscoring the importance of optimal dosing
strategies. Mixed-culture preparations often deliver superior results, boosting
nonspecific immune parameters, lysozyme activity, neutrophil migration and
plasma bactericidal capacity. Advances in formulation technology have
improved the stability and efficacy of probiotics. They are now produced in
liquid and powdered forms, with optimized fermentation processes that ensure
high microbial viability and functional activity. Microencapsulation techniques
using materials like alginate, chitosan, or pectin now protect probiotics from
harsh conditions such as low pH and digestive enzymes, ensuring they reach the
intestine alive. Methods like emulsion, extrusion, spray drying and adhesion to
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starch are widely applied, and encapsulated probiotics have been shown to
survive gastrointestinal transit in various fish species. Lyophilized (freeze-dried)
products offer advantages for storage and transport, but proper reconstitution
considering temperature, hydration and osmolarity is crucial to preserve
bacterial viability. Ultimately, effective commercial probiotics in aquaculture
must survive both storage and passage through the host’'s digestive tract,
remain metabolically active and deliver measurable health and productivity
benefits. According to producers and field experience, modern formulations are
safe, reliable and play a vital role in maintaining the health and sustainability
of aquatic farming systems.

Conclusion

Probiotics in aquaculture not only contributes to improved growth performance
and feed efficiency but also supports sustainable production by reducing the
need for antibiotics and enhancing animal welfare. It offers a promising,
multifaceted approach to boost health and performance without compromising
environmental or food safety. Continued advancements in probiotic
formulation, strain selection, and delivery methods will further enhance their
efficacy of probiotics in aquaculture not only supports improved growth and
feed utilization but also aligns with the goals of sustainable aquaculture. With
responsible application and ongoing research, probiotics will remain a
cornerstone of sustainable aquaculture health management.
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Introduction

Aquaculture industry has experienced significant growth in recent decades, and
has become a major contributor to global fish consumption. According to the
Food and Agriculture Organization (FAO 2022), approximately half of the world's
fish consumption comes from aquaculture. However, this growth has brought
about challenges, particularly in terms of feed production and sustainability.
Among the different dietary components, protein is the single most important
and expensive nutrient in fish feed, typically accounting for 30-50% of the diet.
It plays a vital role not only in supporting growth and tissue development but
also in maintaining immune competence, reproduction and overall health.
Unlike terrestrial animals, fish have limited capacity to utilize carbohydrates
and often depend more heavily on dietary protein for both energy and structural
functions, making the choice of “protein source critical for aquaculture
productivity and profitability. Conventional aquaculture feeds often contain
expensive and potentially unsustainable ingredients such as fishmeal, soya
bean meal etc., which are facing increasing demand and limited availability. To
address these challenges, researchers have been actively seeking alternative
feed ingredients to reduce the production costs and address sustainability
concerns while meeting the nutritional requirements of aquatic organisms
(Maulu et al., 2022, Xiong et al., 201). This focus on developing sustainable and
cost-effective feed alternatives which are crucial for the continued growth and
long-term viability of the aquaculture industry.

For decades, fishmeal has served as the “gold standard” in aqua feeds due to
its high protein content (60-72%), excellent amino acid balance, superior
digestibility and high palatability. Its inclusion has been closely linked to
optimal growth rates, improved feed efficiency and enhanced disease
resistance. Alongside fishmeal, other animal-derived ingredients such as
poultry by-product meal, blood meal and fish offal are also used as protein
sources. On the plant side, soybean meal, corn gluten meal and cottonseed meal
have become the most common alternatives due to their availability and cost-
effectiveness. However, these conventional sources have notable limitations.
Fishmeal production depends heavily on wild-caught fisheries, raising concerns
over sustainability, climate vulnerability and fluctuating prices. Plant proteins,
while more accessible, often contain anti-nutritional factors (e.g., trypsin
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inhibitors, lectins, phytic acid) and may lack essential amino acids such as lysine
or methionine, potentially affecting nutrient utilization and fish health.

These challenges have driven research toward innovative protein alternatives
that are nutritionally viable, environmentally sustainable and economically
feasible. Novel ingredients such as insect meals, single-cell proteins (SCPs) and
algal biomass have attracted significant attention. Insects like the black soldier
fly can efficiently convert organic waste into high-quality proteins, while
microbial proteins (from vyeast, fungi, or bacteria) and algal non-fertile
substrates, reducing competition with human food production. Beyond their
nutritional value, several of these alternatives also contribute functional
benefits, including enhanced gut health, immunity and stress tolerance.

Recent advances in feed formulation have enabled many of these alternative
proteins to move from experimental stages to commercially viable ingredients.
However, barriers such as production costs, variability in nutrient composition
and long-term impacts on fish performance still need to be addressed.
Nevertheless, the adoption of alternative proteins represents a critical step
toward building a sustainable and resilient aquaculture sector.

Major Protein Sources in Aquafeeds
1. Fish Meal

Fish meal has long been regarded as the benchmark protein source in
aquaculture diets. It typically contains 60-72% crude protein, with a highly
digestible amino acid profile that closely matches the nutritional requirements
of most cultured fish species. Its palatability, high digestibility (often exceeding
90%) and balanced content of essential amino acids (EAAs) make it a superior
ingredient for promoting growth, feed efficiency and disease resistance.
Additionally, fish meal provides essential fatty acids, vitamins and minerals that
support overall fish health.

However, reliance on fish meal is increasingly problematic. Production is
dependent on wild-caught fisheries, which are vulnerable to overexploitation,
climate variability and ecosystem pressures. Rising demand coupled with
limited supply has led to significant price volatility, posing economic challenges
for feed manufacturers and farmers. Sustainability concerns—both
environmental and socio-economic—have therefore driven the search for
alternative protein sources that can partially or fully replace fish meal in
aquafeeds.

126



2. Soybean Meal (Plant-Based Protein)

Soybean meal is the most widely used plant-derived protein in aquaculture
feeds. It contains around 44-48% crude protein, with a relatively balanced
amino acid profile, although it is often deficient in methionine, an essential
amino acid required for optimal fish growth. Soy protein concentrate, a more
refined form, offers higher protein levels (65-70%) and reduced levels of anti-
nutritional factors, improving digestibility.

Soybean meal is valued for its abundant availability, cost-effectiveness and
adaptability in fish diets, making it a practical alternative to fish meal in many
formulations. However, its inclusion is limited by the presence of anti-
nutritional factors such as trypsin inhibitors, lectins, saponins and phytic acid,
which can impair digestion, nutrient absorption and gut health if not properly
processed (e.g., heat treatment). Moreover, over-reliance on soy cultivation
raises concerns related to land use, deforestation and competition with human
food supply.

Limitations of Major Protein Sources

While fish meal remains the gold standard in aquafeeds due to its superior
digestibility and balanced amino acid profile, its use is constrained by several
limitations, including high cost, price volatility and heavy dependence on wild-
caught fisheries, which raises sustainability concerns related to overfishing,
climate change and ecological imbalance. In addition, competition with
livestock and pet food industries further intensifies pressure on its limited
supply. On the other hand, soybean meal, the most common plant-based
alternative, though more accessible and cost-effective, is restricted by the
presence of anti-nutritional factors such as trypsin inhibitors, lectins, saponins
and phytic acid that reduce digestibility and can impair gut health. It also suffers
from amino acid imbalances, particularly deficiencies in methionine and lysine,
reduced palatability at higher inclusion levels and variable digestibility
depending on processing. Moreover, large-scale soybean cultivation carries
environmental drawbacks, including deforestation, high land use and
competition with human food resources, making its sustainability questionable
when used excessively in aquafeeds.

Major Alternative protein sources
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Insect-Based Protein Meals
Black Soldier Fly (BSF, Hermetia illucens)

The black soldier fly (BSF) larval meal has rapidly emerged as one of the most
promising and commercially viable alternatives to fish meal in aquaculture
feeds. BSF larvae are highly efficient bioconverters, capable of transforming
low-value organic by-products, agricultural residues and food waste into high-
quality protein, thereby contributing to waste reduction and circular bio
economy principles. The crude protein content of BSF meal generally ranges
between 40-55%, depending on processing and fat removal and it contains a
favourable essential amino acid (EAA) profile that closely matches the
requirements of many fish species. In addition, BSF meal provides bioactive
compounds such as antimicrobial peptides, medium-chain fatty acids (notably
lauric acid) and minerals like calcium, which may improve fish immunity, gut
health and disease resistance.

Several studies have shown that partial replacement of fish meal with BSF meal
(10-50%) supports comparable growth performance, feed conversion efficiency
and survival rates across a variety of cultured species, including tilapia,
salmonids and catfish. The optimal inclusion level, however, is species- and life-
stage dependent. High dietary inclusion can be limited by the presence of chitin,
a structural polysaccharide in the insect exoskeleton, which may reduce protein
digestibility and nutrient availability. Processing strategies such as defatting,
chitinase enzyme supplementation, or microbial fermentation have been
explored to improve digestibility and nutrient utilization.

Despite its promise, BSF meal still faces challenges. Nutrient composition can
vary considerably depending on the rearing substrate used, which affects
protein, fat and mineral levels. Large-scale production also requires consistent
rearing conditions, processing technologies and regulatory approval to ensure
safety and quality standards. Additionally, the current cost of production is
higher than conventional plant proteins, though advances in mass rearing,
automation and waste valorization are expected to reduce costs in the near
future.

Overall, BSF larval meal is not only a sustainable and environmentally friendly
protein source but also a functional feed ingredient with potential health-
promoting properties. With ongoing technological improvements and
supportive regulatory frameworks, insect-based proteins such as BSF meal are
likely to play a significant role in reducing reliance on fish meal and enhancing
the sustainability of global aquaculture.
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Plant Proteins

Plant-based protein sources are widely used in aquaculture feed due to their
availability, cost-effectiveness and relatively high protein content. Common
plant protein sources include corn gluten meal, cottonseed meal and soy
protein concentrate, with protein levels ranging from 15% to 50% depending on
the type and processing method.

Corn Gluten Meal

This by-product of corn processing contains 60-70% protein, making it a
concentrated source. However, it is low in lysine, an essential amino acid,
limiting its use as a sole protein source. Corn gluten meal is highly digestible
and can promote growth when properly balanced with other protein sources.

Cottonseed Meal

Containing around 40-45% protein, cottonseed meal is relatively cheap, but its
use is limited due to the presence of gossypol, a naturally occurring toxic
compound. Proper detoxification or limiting its proportion in feed is essential
to prevent negative effects on fish health. Cottonseed meal is generally low in
lysine and sometimes methionine, requiring supplementation for optimal
growth.

Soy Protein Concentrate

Soy protein concentrate (SPC) is defined as a commercial vegetable protein
product derived from soybeans that contains a mixture of soy proteins,
including a-, B-, and y-conglycinins and glycinin, and has applications in food
due to its foaming, gelation, and binding properties. However, SPC is not highly
water soluble and is limited in use for certain aqueous food systems. This is a
more refined form of soybean protein with protein levels of 65-70%, produced
by removing most of the soluble carbohydrates. It has higher digestibility and
lower levels of anti-nutritional factors compared to soybean meal. While it is
rich in most amino acids, supplementation of methionine is often necessary for
species with higher methionine requirements.

Animal by-products and shellfish wastes
They are valuable components in aquaculture feed due to their high protein
content, excellent digestibility and rich amino acid profiles, often closely

approaching that of traditional fish meal. Common sources include poultry by-
product meal, fish offal, blood meal and shellfish waste.
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Poultry by-product meal (PBM)

It is produced from rendered parts of poultry such as heads, feet, viscera and
undeclared meat fractions. It contains 55-65% crude protein and a well-
balanced amino acid profile, particularly rich in lysine and methionine, making
it a good alternative to fish meal. Digestibility is generally high, but the quality
depends heavily on raw material composition and processing conditions—
overheating during rendering can reduce protein availability and damage
certain amino acids.

Fish offal

Such as heads, viscera and trimmings from fish processing, can be rendered into
fish protein meals. These sources have high protein content (60-70%) and retain
essential amino acids, including arginine and lysine, which are critical for
carnivorous fish. When properly processed through controlled cooking and
drying, fish offal-based meals maintain high digestibility and palatability.

Blood meal

Usually obtained from poultry or cattle, is an extremely rich protein source
containing 80-90% crude protein. It is particularly high in lysine but deficient in
some sulfur-containing amino acids such as methionine and cysteine. Blood
meal is highly digestible if processed carefully to avoid excessive heat, which
can cause protein denaturation.

Shellfish waste

From the time of processing, including shells, heads and exoskeletons, is rich in
protein (45-60%) and minerals such as calcium and chitin, which may improve
fish growth and enhance immunity. However, high chitin content may reduce
digestibility in some species, so partial de-chitinization or moderate inclusion
is recommended.

Algae and single-cell proteins

Emerging as promising alternative protein sources in aquaculture due to their
high protein content and presence of bioactive compounds that can enhance
fish health. Microalgae, such as Chlorella, Spirulina and Nannochloropsis,
typically contain 40-70% protein and are rich in essential amino acids, vitamins,
minerals and polyunsaturated fatty acids, particularly omega-3 fatty acids,
which are important for growth and immune function in fish. Macroalgae, or
seaweeds, contain lower protein levels (10-30%) but provide other bioactive
compounds, such as polysaccharides and antioxidants, which may improve gut
health and disease resistance.
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Single-cell proteins derived from yeast, bacteria, or filamentous fungi are
produced through fermentation of various substrates, including agricultural
residues or industrial by-products. These microbial proteins can provide 50-
80% protein with a well-balanced amino acid profile, making them a good
alternative to conventional protein sources. In addition to nutritional benefits,
they may contain immune stimulatory components such as B-glucans and
nucleotides that support fish immunity and stress resistance.

Conclusion

Due to the high cost and fluctuations in the availability of fish meal, different
alternative sources of protein have been constituted as the most viable option
for replacement in aquaculture feed. In conclusion, it can be stated that
depending on the species, food habits and cultivation conditions, alternative
protein possesses adequate nutritional characteristics to be included in fish
cultivation.
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Introduction

The global human population is anticipated to surpass 9 billion by 2050 and 11
billion by 2100 (UN, 2017), placing immense pressure on meeting growing food
demands. In response to the rising need for marine protein, marine aquaculture
presents a promising avenue for increasing seafood production. Mariculture, the
farming of marine species, has emerged as a key sector for enhancing and
diversifying global food systems, with ~249 species currently under cultivation
(Hedge et al., 2023). Recognised as a major sub-sector of the aquaculture
industry, mariculture contributes significantly to sustainable food production
and supports the economic development of coastal communities. Presently,
commercial mariculture operations are active in 102 countries across all
continents except Antarctica. Over the past 30 years, mariculture production has
grown nearly five-fold (Gentry et al., 2023). However, production remains
concentrated in a few nations, with China alone accounting for over one-third
of global output. Between 2000 and 2018, mariculture expanded at a compound
annual growth rate (CAGR) of ~5.2%, compared to the CAGR of ~5.6% for the
overall aquaculture sector (World Aquaculture, 2022). In 2020, global aquatic
animal production reached an estimated 178 million tonnes, of which 63% (112
million tonnes) was sourced from marine environments, with 70% from capture
fisheries and 30% from aquaculture (The State of World Fisheries and
Aquaculture, 2022).

Diseases in mariculture

Marine fish health plays a pivotal role in the sustainability of global aquaculture
operations. Infectious and non-infectious diseases can significantly affect fish
populations, resulting in economic losses, reduced productivity, and disruption
of ecological balance. The increasingly intense fish farming practices, however,
have led to the emergence and re-emergence of various infectious diseases
among the cultured animals. Noninfectious diseases usually arise from
environmental stressors (poor water quality, ammonia/nitrite toxicity, low
oxygen, changes in water physio-chemical characteristics), nutritional stressors
like nutritional deficiencies, presence of toxins and pollutants, etc. Effective and
accurate diagnosis and control measures are crucial for reducing the economic
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losses caused by diseases in marine aquaculture and ensuring its sustainable
development. Common pathogenic diseases in marine fish mainly include
bacterial, viral, fungal, and parasitic diseases. Lafferty et al. (2015) estimated
that bacteria, viruses, protists, and metazoans constitute about 25, 34, 19, and
18% of the total infectious agents causing diseases in marine aquaculture. The
common bacterial diseases include vibriosis, streptococcosis, furunculosis, and
photobacteriosis (Remuzgo-Martinez et al. 2014). In marine fish, the most critical
etiologies for vibriosis are V. parahaemolyticus, V. harveyi, V. alginolyticus, Vibrio
anguillarum, and V. vulnificus. Viral infections are also a significant concern in
aquaculture and can cause high mortality rates in infected populations. Some
common viral diseases affecting marine fish include Red Sea Bream Iridoviral
disease, viral hemorrhagic septicemia, viral nervous necrosis, infectious
pancreatic necrosis, infectious hematopoietic necrosis, and lymphocystis
disease virus. Parasitic diseases cannot usually cause a direct loss due to fish
mortality, but increase production costs through treatment or reduction in
growth and the product quality. Many parasites affecting sea cage mariculture
are ectoparasites. Amyloodiniosis caused by Amyloodinium ocellatum, a
parasitic dinoflagellate, is a major threat to marine aquaculture, causing
significant mortality in various fish species. Ichthyophonus hoferi is another fish
pathogenic protist which causes a granulomatous systemic infection, called
ichthyophoniasis, resulting in heavy mass mortalities of more than 80
freshwater and marine species, leading to huge economic losses. Fungal
infections in aquaculture are less common than bacterial, viral, and parasitic
diseases, but can still cause significant economic losses. Pathogens in the fungal
diseases are divided into two groups. One of them is marine Oomycetes, which
include members of the genera Lagenidium, Haliphthoros, Halocrusticida,
Halioticida, Atkinsiella, and Pythium. The fungal diseases caused by mitosporic
fungi in marine fish and shellfish include members of the genera Fusarium,
Ochroconis, Exophiala, Scytalidium, Plectosporium, Cladosporium spp. and
Acremonium.

Disease diagnostic techniques in marine fish

Monitoring mortality patterns in a culture system can provide valuable insights
into potential disease diagnosis. A relatively uniform pattern of mortality
involving several different species often points to fluctuations in environmental
parameters such as temperature, dissolved oxygen, salinity, or pH. In contrast,
sporadic or random mortality typically suggests a potential infectious or
localized issue, warranting immediate submission of affected animals to a
diagnostic facility. Any mortality rate exceeding 0.3% per day should be
investigated to identify underlying causes. A daily mortality rate greater than
1.5% should be considered an epizootic, requiring urgent response. For clinical
disease cases with mortality above 0.5% per day, a diagnostic sample of 10
moribund fish or shellfish is generally adequate. In the absence of noticeable
mortality or clinical signs, a larger sample size, typically around 60 healthy-
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looking individuals is recommended for routine screening or surveillance. A
typical disease diagnosis of fish includes mainly five steps, as collection of
detailed history/anamnesis, inspection of the farming site, sampling, necropsy
and detailed investigation in the lab. During sampling, along with animals, we
have to sample water, sediment and feed if possible. Collecting the
physiochemical characteristics of the water is very important in fish disease
diagnosis. Careful observation of external symptoms and behaviour prior to
necropsy plays a crucial role in the early diagnosis of fish diseases. Clinical signs
such as abnormal swimming patterns, skin lesions, excessive mucus production,
fin erosion, or changes in body coloration often serve as initial indicators of
underlying health issues. Following this, post-mortem examination provides
further insights by revealing gross pathological changes in internal organs such
as enlarged spleen, necrotic liver tissue, or fluid accumulation in the body
cavity. While not conclusive on their own, these clinical and gross pathological
findings offer valuable preliminary clues that help narrow down the list of
potential pathogens. During necropsy, after documenting gross lesions,
standard protocols should be followed for parasitological examination (Palm &
Bray, 2014; Hennersdorf et al., 2016). Initially, fish should be inspected for any
visible ectoparasite infestations immediately upon sample collection. In the
laboratory, a thorough visual examination of the skin, mouth, fins, and gills is
carried out to detect any macroscopically visible parasites, cysts, or nodules.
This is followed by direct microscopic examination of wet impression smears
prepared from the skin, fins, gills, and various internal organs, as well as from
the stomach and intestinal contents, to identify the presence of microscopic
parasites or cysts. For bacteriological investigations, blood and internal organs
(kidney, spleen, liver and brain) are collected aseptically. The pooled tissue
samples are homogenized in sterile normal saline solution, serially diluted and
spread onto different media, like Zobell marine agar (Himedia), 1/10%" strength
nutrient agar (Himedia) and thiosulphate citrate bile salt sucrose agar
(Himedia). Morphologically unique colonies at
the end of incubation are purified and
identified based on conventional
microbiological tests (Bergey et al. 2012) and
16S rRNA gene sequence analysis. For
screening viruses, supernatant prepared from
tissue homogenate of various internal organs
is inoculated onto a confluent monolayer of
fish cell line and examined for cytopathic
effects. Histopathological examination of
tissue sections stained with hematoxylin and
eosin (H&E) is an important diagnostic
technique and helps to detect tissue : o T
damages, granulomas, and intracellular organisms. An example of
histopathological examination showing the typical penetrating hyphae of fungi
is shown in Fig. 1.
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Molecular techniques like polymerase chain reaction (PCR), real-time PCR
(gPCR), and loop-mediated isothermal
amplification (LAMP) also provide

rapid, sensitive, and specific detection

of a wide range of pathogens. An
example of a gel visualization after
agarose gel electrophoresis after a  =come -
diagnostic PCR for V. vulnificus is

shown in Fig. 2. These methods can

detect pathogens even in
asymptomatic carriers or early
infections. Additionally, emerging technologies such as next-generation
sequencing (NGS) and metagenomics are now being explored for
comprehensive disease profiling.

Role of ICAR-CMFRI in fish disease diagnosis

The ICAR-Central Marine Fisheries Research Institute (ICAR-CMFRI) plays a
pivotal role in enhancing fish health management in India, particularly within
the marine and brackishwater sectors. As a premier research institute under the
Indian Council of Agricultural Research, ICAR-CMFRI is actively involved in the
surveillance, diagnosis, and management of diseases affecting marine finfish
and shellfish. The institute has established well-equipped fish health
laboratories across its regional centers, providing diagnostic services that
support mariculture, hatchery operations, and monitoring of wild stocks.

ICAR-CMFRI also offers decision-support services to farmers during disease
outbreaks, guiding them in adopting timely and effective interventions. When a
disease is reported, ICAR-CMFRI undertakes sample collection following
standardized guidelines. A comprehensive case history (anamnesis) is
documented, and water quality parameters are assessed to identify deviations
from optimal ranges. This is followed by detailed diagnostic procedures,
including bacteriological, virological, parasitological, and mycological analyses
of blood and tissue samples. Based on the definitive diagnosis, tailored
management strategies, encompassing preventive and remedial measures, are
recommended to the farmers to mitigate losses and restore stock health.
Further, ICAR-CMFRI plays a critical role in pathogen screening during the
quarantine of imported aquatic and marine species to prevent the introduction
and spread of transboundary aquatic animal diseases. The institute supports
the Animal Quarantine and Certification Service (AQCS) Centre at Kochi, Kerala,
by screening imported marine fish and shellfish for World Organization for
Animal Health (WOAH)-listed pathogens. This ensures compliance with
international biosecurity standards and safeguards the sustainability of India’s
aquaculture sector. Additionally, ICAR-CMFRI conducts regular screening of wild
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and farmed bivalve populations along India’s east and west coasts, including
the Lakshadweep and Andaman Islands, under the National Surveillance
Program for Aquatic Animal Diseases (NSPAAD).

Through its dedicated research efforts, ICAR-CMFRI has already identified and
documented several novel diseases and pathogens affecting India’s marine and
brackishwater ecosystems. Recognizing the importance of timely and accurate
disease identification, the institute has developed and employed advanced
biotechnological tools for pathogen detection in marine fish and shellfish.
Furthermore, ICAR-CMFRI has established and maintained diagnostic clones
representing antigenic regions of major fish pathogens. These clones serve as
positive controls in molecular diagnostics, contributing to the standardization
and quality assurance of PCR-based protocols across various national fish
disease surveillance programs.

Conclusion

Effective disease diagnosis is fundamental to sustaining marine aquaculture
and safeguarding wild fish populations. A combination of clinical observations,
parasitological, microbiological, histopathological, and molecular techniques
enable accurate identification of pathogens affecting marine finfish and
shellfish. Timely and precise diagnosis aids in implementing appropriate control
measures and helps in minimizing economic losses and ensuring biosecurity in
farming systems. In this context, the ICAR-CMFRI plays a pivotal role in
strengthening aquatic animal health management in India.
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The 'Science Technology and Innovation (STI) Hub in the Fisheries Sector' at
Kochi Corporation, Ernakulam district, Kerala, is an externally funded initiative
granted to the ICAR-Central Marine Fisheries Research Institute (CMFRI) by the
Department of Science & Technology (DST), New Delhi, for the duration of 2022-
2025, with a budget of 3.2 crores.

Through the mobilization and strengthening of Self-Help Groups (SHGs) and
individual businesses in the marine fisheries sector in central Kerala, the project
seeks to empower Scheduled Caste (SC) fishermen. Finding location-specific,
fishery-based microenterprises that support Entrepreneurial Capacity Building
(ECB) and meet the demands of SC stakeholders is a major goal of this effort.
This is accomplished by implementing focused training initiatives and
embracing sustainable and profitable microbusinesses. In order to support the
STl Hub, the initiative also aims to clarify and record successful ECB cases
among SHGs and individual SC entrepreneurs by utilizing information and
communication technology (ICT) interventions. In order to ensure long-term
empowerment and sustainability in the sector, a key element of this project is
fostering connections between SHGs/entrepreneurs and technical, institutional,
and financial entities.

Strategic Implementation Plan

Self-Help Groups (SHGs) and individual businesses in the marine fisheries sector
in central Kerala are to be strengthened and mobilized by the Science,
Technology, and Innovation (STI) Hub in the Fisheries Sector in order to
empower Scheduled Caste (SC) fishermen. This initiative's primary goal is to find
fishery-based microenterprises that are location-specific and serve the
interests of SC stakeholders while fostering entrepreneurial capacity building
(ECB). This is accomplished through the adoption of sustainable and profitable
microbusinesses and focused training initiatives. Additionally, the initiative
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uses information and communication technology (ICT) interventions to support
the STI Hub by elucidating and documenting successful ECB cases among SHGs
and individual SC entrepreneurs. Facilitating connections between technical,
institutional, and financial entities and SHGs/entrepreneurs is an essential part
of this project.

Conceptual Framework of the STI Hub

The Science, Technology, and Innovation (STI) Hub Project is designed to
empower Self-Help Groups (SHGs) and individual entrepreneurs by establishing
and strengthening their linkages with government agencies and financial
institutions, enabling improved access to financial credit, livelihood
entitlements, and resources through targeted Human Resource Development
(HRD) interventions. Focused on promoting self-sustainability, the project
ensures that SHGs can independently manage income-generating enterprises
by applying the experiential knowledge gained through participation.
Functioning under the Central Marine Fisheries Research Institute (CMFRI), the
STl Hub operates collaboratively with institutional units such as the Agricultural
Technology Information Centre (ATIC), Fishery Resource Assessment, Economics
and Extension Division, Programme Monitoring and Evaluation Cell, and Krishi
Vigyan Kendra (KVK). To further ensure market sustainability and economic
viability, the initiative leverages the ATIC sales counter as a dedicated outlet for
SHG products, thereby facilitating effective marketing and long-term success of
the interventions.
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Implementation area

The STI Hub Project is strategically implemented in the central zone of Kerala,
primarily focusing on the Ernakulam district to build a strong Science,
Technology, and Innovation (STI) ecosystem within the fisheries sector. The
initiative targets coastal regions with a significant presence of Scheduled Caste
(SC) households, such as Vypin, Narakkal, Elamkunnappuzha, Cherai,
Vallarpadam, Chellanam, and Paravoor, while also extending its reach to border
areas of Thrissur, Alappuzha, and Kottayam districts to ensure wider coverage
and inclusivity. The project directly engages 500 SC fisherfolk, including men,
women, and transgender individuals, representing an equal number of
households. Through this focused intervention, it aims to create a multiplier
effect, indirectly benefiting around 2,500 individuals, thereby contributing to
enhanced livelihood opportunities, economic resilience, and social
empowerment among SC fisherfolk communities.

Practical Implementations of the STI Hub: Empowering SC Fisherfolk through
Entrepreneurial Capacity Building

The STI Hub aims to enhance Entrepreneurial Capacity Building (ECB) for Self-
Help Groups (SHGs) of Scheduled Caste (SC) beneficiaries and individual
entrepreneurs through practical training in advanced fisheries-based
technologies. Main areas of emphasis encompass cage culture, pearl spot seed
generation, fish sales, fish fertilizer manufacturing, value enhancement,
integrated fish farming, fish rearing, mussel farming, oyster farming, clam
harvesting, fish drying, and sophisticated fish value addition methods.

Training will be carried out methodically in three stages: awareness initiatives,
orientation sessions, and practical demonstration workshops. To guarantee
lasting effects, every piece of data, success stories, and technological
advancements in fisheries will be carefully digitized and recorded in the
advanced Data Documentation Centre at the STI Hub of CMFRI. This facility will
house an Entrepreneur Consultancy Cell, an Entrepreneur Technology Park, and
a Digital Training Hall, functioning as a knowledge hub and practical guide for
maintaining and expanding fisheries-related business initiatives.

To broaden its presence in possible areas, the STI Hub's field efforts will utilize
a Mobile Training Unit containing necessary laboratory equipment, canoes with
safety equipment, and advanced digital tools like high-resolution cameras and
drones for immediate documentation and evaluation of interventions. This
proactive method guarantees efficient spread of technology-based fisheries
innovations, promoting self-sufficiency and financial empowerment within SC
fisherfolk communities.
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Progress and Impact: Advancing Fisheries-Based Microenterprises under the
STl Hub

The STI Hub Project has made significant strides in promoting fisheries-based
microenterprises across eight districts of Kerala, including Ernakulam, Thrissur,
Kottayam, Alappuzha, Kozhikode, Kannur, Pathanamthitta, and Kollam. A total
of 84 microenterprises have been successfully initiated in various parts of the
state.

These microenterprises cover a diverse range of fisheries-related activities,
including cage culture, pearl spot seed production, fish vending, fish culture,
ornamental fish culture, integrated fish farming, fish fertilizer production,
value-added fish products, mussel culture, oyster culture, clam processing, and
dry fish production units.

To date, the initiative has directly benefited 469 beneficiaries, comprising 249
males (53%) and 220 females (47%) and 6 transgender beneficiaries, empowering
them with sustainable livelihood opportunities and enhancing their economic
resilience through technology-driven fisheries entrepreneurship.

Transforming Livelihoods: The Impact of the STI Hub on SC Fisherfolk
Communities

The Science, Technology, and Innovation (STI) Hub Project is an innovative effort
designed to improve the livelihoods of Scheduled Caste (SC) fisherfolk by
implementing 12 different fisheries-based microenterprises, replicated across
84 targeted initiatives.

Among these initiatives, cage culture has proven to be a promising approach for
enhancing livelihoods and nutritional security. It holds considerable potential
to create more job opportunities, elevate the socioeconomic conditions of
fisherfolk, and increase aquaculture production on a global level. The pearl spot
seed production project tackles ongoing issues such as seed shortages, low
survival rates, and poor-quality stock, ensuring a steady supply of high-quality
fish seeds for sustainable aquaculture.

The creation of value-added fish product units has enabled continuous
production and availability of processed fish products throughout the year,
improving economic sustainability. Fish vending units, featuring transparent
display cases, allow customers to choose fresh fish while extending the
product’s shelf life by 4 to 5 days, thereby increasing profits for sellers. Fish
drying, mainly performed by fisherwomen in coastal areas, has been
transformed through the use of modern drying technologies, enhancing
hygiene, ensuring food safety, conserving fishery resources, and increasing
income opportunities.
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The STI Hub promotes strong linkages among Self-Help Groups (SHGs),
individual entrepreneurs, government bodies, and financial institutions to
enhance access to credit, livelihood opportunities, and resource mobilization
through focused Human Resource Development (HRD) initiatives. Its
sustainability is further strengthened through strategic partnerships with the
Agricultural Technology Information Centre (ATIC) of CMFRI and the Krishi Vigyan
Kendra (KVK). The ATIC sales outlet functions as a dedicated platform for
marketing SHG-produced goods, ensuring the long-term viability of these
initiatives even after the project’s funding phase concludes.

Furthermore, the fully digitized STI Hub at CMFRI operates within a broad
network of institutional and community partnerships that include Knowledge
Institutions (KIs), local NGOs, voluntary organizations (VOs), and last-mile
delivery systems. The project fosters backward linkages with scientific
organizations and agricultural/fisheries universities to promote technology
transfer and innovation, while simultaneously developing forward linkages with
SHGs, Farmer Producer Organizations (FPOs), and Farmer Producer Companies
(FPCs). This integrated approach ensures the sustainability and scalability of
fisheries-based entrepreneurial ventures.

The project has thus not only enhanced livelihoods but also promoted
inclusivity, skill development, and self-reliance among SC fisherfolk. To ensure
wider adoption, horizontal technology transfer through videos, pamphlets, and
demonstrations can be effectively leveraged. Overall, the initiative stands as a
replicable model of integrating technology dissemination, entrepreneurship,
and social empowerment for sustainable community development.
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Report of the Training Programme

BSc (Ag) students of Kerala Agricultural University

As part of our Experiential Learning Program, we embarked on an ICAR
institution visit to the Central Marine Fisheries Research Institute (CMFRI) in
Kochi, from July 14" to July 18™. The visit was expertly guided by our teachers
from the Department of Agricultural Extension, providing us with valuable
insights and hands-on experience in marine fisheries research and
management. This exposure is expected to enhance our understanding of
sustainable fisheries practices and entrepreneurial opportunities in the sector.

Central Marine Fisheries Research Institute (CMFRI) - Introduction

The Central Marine Fisheries Research Institute (CMFRI) is India's leading
tropical marine fisheries research institution, established on February 3, 1947.
Over 75 years, CMFRI has pioneered marine resource assessment, stock
management, conservation, mariculture, biotechnology, and technology
transfer through its various divisions, including Fishery Resources Assessment,
Finfish and Shellfish Fisheries, Mariculture, Marine Biotechnology, and Marine
Biodiversity. With its headquarters initially in Madras and later shifting to Kochi,
CMFRI assesses India's marine fishery resources across its 8,000+ km coastline
using its signature Stratified Multistage Random Sampling method. The institute
has made significant contributions, including developing hatchery techniques
for high-value fish and molluscs, Integrated Multi-Trophic Aquaculture (IMTA),
and marine nutraceuticals like Cadalmin. CMFRI also provides policy support,
having developed analytical frameworks for India's National Marine Fisheries
Code and contributing to the 2017 National Marine Fisheries Policy. As we
commemorated seven decades of CMFRI's impactful journey through a video, it
highlighted the institute's remarkable achievements and milestones. With over
10,000 scientific publications and national and international awards, CMFRI is a
cornerstone of India's marine fisheries research and development, showcasing
a blend of scientific excellence and societal impact.

Day - 1(14/07/2025)

The first session at our visit to CMFRI was taken by Dr. ). Jayashankar, Principal
Scientist and Head of the Fishery Resources Assessment, Economics &
Extension (FRAEE) Division, who is renowned for his work on data in agriculture
and allied sectors. During his session, he highlighted that the development of
agriculture has been shaped by several key factors. The Green Revolution, for
instance, increased productivity with high-yielding varieties, but also led to
decreased cropping intensity and increased fertilizer and chemical application.
Land reformation acts were implemented to address depreciating soil quality,
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while lease-based agriculture has also influenced the sector. Today, data
analysis plays a crucial role in agriculture, with traditional methods utilizing
search engines and newer approaches leveraging artificial intelligence to inform
decision-making and improve practices. By combining these approaches,
farmers and agricultural professionals can make more informed decisions and
work towards sustainable and efficient agricultural practices.

In the afternoon, we had the privilege of attending an enlightening session led
by Dr. Grinson George, the Director of ICAR-Central Marine Fisheries Research
Institute (CMFRI). The session stood out for its interactive nature, where instead
of a one-way lecture, Dr. George engaged us with thought-provoking questions
and real-world scenarios. The central focus of the session was the impact of
climate change on marine ecosystems and agriculture. Dr. George explained
how rising temperatures, ocean acidification, sea level rise, and erratic weather
patterns are severely disrupting marine biodiversity, fish populations, and
coastal livelihoods. He also emphasized how agricultural fields are becoming
more vulnerable due to shifting rainfall patterns, increased frequency of
droughts and floods, and declining soil health.

What made the session truly impactful was how he connected scientific insights
with our daily lives, helping us realize that climate change is not just a distant
environmental issue—it's a pressing reality affecting our food, economy, and
communities. Through this session, Dr. George not only increased our awareness
about the environmental crisis but also inspired us to think critically about
sustainable practices, responsible consumption, and the urgent need for
climate action. His ability to bridge science with society left a lasting impression
on all of us.

This was followed by a comprehensive class led by Dr. Vipinkumar V.P., Principal
Scientist, FRAEE Division, focusing on "Personal Effectiveness for Professional
Excellence." Dr. Vipinkumar delivered an in-depth discussion on various pivotal
aspects of leadership and personal growth, including the extension aspects of
leadership, motivation theories, and Maslow's need hierarchy. The session also
covered the Johari window model, highlighting self-awareness and
interpersonal dynamics, as well as managerial skills and managerial grids,
emphasizing effective leadership strategies. Additionally, Dr. Vipinkumar
explored the stages of learning, providing insights into the progression from
novice to expert. A significant part of the discussion was dedicated to
recognizing and mitigating negative aspects that can impede personal and
professional growth, with practical strategies for overcoming these challenges.
The class was highly effective and motivating, offering participants valuable
insights, practical tools, and a renewed perspective on achieving professional
excellence. The session's engaging nature and expert delivery made it a valuable
experience for all attendees.
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Day - 2 (15/07/2025)

As part of our visit to the Central Marine Fisheries Research Institute (CMFRI), we
had the opportunity to engage in a series of educational sessions. One of the
highlights was the class led by Dr. Somy Kuriakose, Principal Scientist and head
of the FRAEE division. Madam delivered an engaging and informative session on
"Data in Agriculture and Allied Sector". The comprehensive class covered a range
of essential topics, including descriptive statistics, hypothesis testing, data
collection and surveying methods, measurement of central tendency, and the
nuances of interval and nominal data, all within the context of agriculture and
allied sectors. With her expertise, Dr. Somy Kuriakose provided valuable insights
into statistical concepts and their practical applications in agricultural research,
making the session both enlightening and fruitful. The class significantly
enhanced our understanding of the importance of data in agriculture and allied
sectors, and the topics discussed were highly relevant and informative.

Overall, the session was a productive learning experience that equipped us with

a deeper appreciation of statistical analysis in agriculture. This session was a
valuable addition to our CMFRI visit, providing a solid foundation in statistical
concepts and their research applications in agriculture, making it a memorable
learning experience.

After this session, Dr. Reshma Gills, Senior scientist at NAARM delivered an
insightful online session on Data measurement level & Data collection. The
session provided a comprehensive understanding of the distinction between
data and information, as well as a detailed overview of data classification based
on source and type. We also learned about measurement levels in data
collection, and various data collection methods, including surveys, interviews,
and experiments etc. Dr. Reshma Gill's expertise and real-life experiences
enriched the session, making it highly interactive and engaging.

In the first afternoon session, Dr.Shoba Joe Kizhakudan, Principal Scientist and
Head of the Fin Fisheries Division, led a session on Fish Resource Conservation
and Management, focusing on crucial topics such as the Monsoon Trawl Ban,
Prohibited Fishing Methods, and Minimum Legal Size (MLS) regulations. The
Finfish Fisheries Division plays a vital role in assessing and managing marine
finfish stocks, with a strong emphasis on research areas like fish population
dynamics, climate change impacts, and human resource development. The
division's notable achievements include developing comprehensive databases,
standardizing fishery forecasting protocols, and publishing Non-Detriment
Findings for CITES-listed species. These efforts demonstrate the division's
commitment to advancing finfish fisheries management and promoting
sustainable fishing practices.

The monsoon trawl ban is a key conservation measure that allows marine
resources to breed and grow without excessive fishing pressure. The Central
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Marine Fisheries Research Institute (CMFRI) supports this initiative through
research, policy guidance, and sustainability efforts, ultimately balancing the
needs of fishermen and conservation goals. To further enhance fisheries
management, visual monitoring systems and licensing systems are employed.
Visual monitoring utilizes technologies like CCTV cameras, drones, and
underwater cameras to track fishing activities and detect any illegal practices.
Licensing systems regulate fishing operations by specifying allowable catch
limits, gear types, and fishing areas.

Moreover, initiatives like Sagar Mitra engage coastal communities and provide
them with scientific knowledge and awareness, promoting sustainable fishing
practices and supporting conservation efforts. By combining these approaches,
the fisheries sector can ensure long-term sustainability, prevent overfishing,
and achieve conservation goals.

The fourth session of the day was conducted by Dr. Shelton Paduva, who gave a
detailed lecture on Geographic Information Systems (GIS), Remote Sensing, and
GPS technologies. The session focused on the practical applications of these
technologies, especially in the field of fisheries management. Dr. Shelton Sir
explained how GIS helps in resource mapping, spatial analysis, and monitoring
environmental conditions. The integration of GPS and remote sensing was also
discussed in terms of their real-time data utility and accuracy.

He shared examples of how these tools are used to track fish populations,
identify suitable fishing zones, manage coastal ecosystems, and even predict
disaster risks. GIS plays a vital role in decision-making and planning in multiple
sectors. Fisheries, agriculture, forestry, and urban development are some of the
major fields where GIS and remote sensing are applied. GPS enhances data
collection accuracy and enables real-time tracking. Spatial technologies
support sustainable resource management and policy formulation.

Day - 3 (16/07/2025)

Today, we had the opportunity to visit the laboratories at the Central Marine
Fisheries Research Institute (CMFRI). The visit was divided into five major lab
sessions, each providing us with insights into specific areas of marine research
and fisheries science.

1. Central Laboratory - Instrumentation and Core Techniques

The visit began with an orientation at the Central Laboratory, where we were
introduced to a range of advanced scientific instruments used across
disciplines. This lab supports histology, molecular biology, and biochemical
analysis. Key equipment observed include hot air oven, automatic tissue
processor and microtome, cryostat, PCR thermal cycler, Milli-Q water purifier
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and so on. These instruments are vital for carrying out precise molecular and
biochemical analyses in fishery science.

2. Genetics and Genomics Lab — Molecular Systematics

The Genomics and Genetics Laboratory plays a crucial role in decoding the
genetic makeup of marine species such as sardines and green mussels. The lab
focuses on genome sequencing and contributes to global genetic databases for
stock structure analysis. The insights gained are particularly significant for
aquaculture development, especially for non-cultured and emerging species.
Key highlights of the lab include DNA-based species identification and
phylogenetic mapping and sustainable fishery management through genetic
stock sketching.

3. Nutrition Lab - Fish Feed & Composition Analysis

In the Nutrition Lab, we explored methods used for marine fish feed analysis
and nutritional profiling using AOAC protocols. Analytical parameters covered in
the lab are moisture content, crude protein (Kjeldahl method), crude fat, crude
fibre, crude ash & acid insoluble ash (used to detect adulterants like silica) and
Nitrogen - Free Extract (NFE). These parameters are essential for optimizing fish
nutrition, ensuring healthy aquaculture production.

4. Ageing Lab - Otolith and Growth Studies

The Fish Ageing Lab session led by Dr. Remya focused on biological stock
assessment techniques, particularly ageing analysis. Ageing techniques involve
examination of hard parts like Otoliths, scales, dorsal spines, and vertebrae.
Types of Otoliths are Sagittae (largest), Lapilli, Asterisci. These studies are
crucial for understanding growth rates, population dynamics, and sustainable
harvest levels.

5. Pathology Lab - Fish Health & Inmunobiology

Our final session was at the Pathology Lab, where we studied fish diseases and
the immune responses of aquatic organisms. Focus areas are, microbiome &
immunome studies, immune gene expression, gill analysis etc. This lab plays a
central role in diagnosing and controlling diseases that threaten aquaculture
productivity.

The visit to CMFRI's advanced laboratories gave us valuable exposure to real-
world applications of marine biology, fish health, molecular genetics, and
nutritional science. Each session broadened our understanding of the
multidisciplinary approach required in fisheries research and its role in
sustainable marine resource management.
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The first session in the afternoon was led by Dr. Sanal Ebeneezar who conducted
an engaging session on fish feed formulations for our class, explaining the
importance of balanced nutrition in aquaculture. He discussed the selection of
raw materials, required nutrient compositions, and practical aspects of feed
formulation in a clear and structured manner, making the session highly
informative for all students.

During the session, sir demonstrated the practical steps involved in feed
preparation, including sieving the ingredients to remove impurities, drying to
reduce moisture content, and thorough mixing to ensure uniform nutrient
distribution. He also demonstrated the briquette-making process, allowing
students to observe and understand how formulated feed is prepared for
practical application in fish farming.

This session was followed by a class by Dr.T.G Sumithra, Senior scientist
[MBFNHD] about the importance of microbes in ocean research and disease
diagnosis in marine fishes . The session was informative and fruitful, covering
various aspects of microbiology in marine ecosystems.

The major aspects dealt with are as follows

1. Marine Microbes: Dr. Sumithra introduced us to the diverse range of microbes
in the ocean, highlighting their importance in marine ecosystems and their role
in diseases affecting fish and other marine organisms.

2. Antimicrobial Resistance (AMR):We learned about the growing concern of AMR,
which WHO has termed a “silent tsunami.” Dr. Sumithra emphasized the need to
address this issue and its implications for human and animal health.

3. Studying Unculturable Microbes:Dr. Sumithra discussed the challenges of
studying the 1% of microbes that cannot be cultured in labs and potential
approaches to explore these microorganisms.

4. Microbiological Aspects in Agriculture: We explored the role of beneficial
microbes in disease control and pest management in agriculture, highlighting
the potential for sustainable practices.

5. Molecular Techniques: Dr. Sumithra explained the differences between RT-
PCR and PCR, and how to interpret results by comparing with standard reference
bands to determine whether a microbe is positive.

Dr. Sumithra’s expertise and enthusiasm made the session engaging and
informative. We appreciate her efforts in sharing knowledge and inspiring us to
explore the fascinating world of microbiology.
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Day - 4 (17/07/2025)

Today marked the fourth day of our academic visit as part of Experiential
Learning Programme at the Central Marine Fisheries Research Institute (CMFRI),
Kochi.

A comprehensive training session on Marine Ornamentals was led by Dr. Rajesh
N. The session covered various aspects of ornamental fish identification,
collection, breeding, and maintenance, highlighting the distinctions between
freshwater and marine species. Marine ornamentals, often referred to as
aquatic jewels, include various aquatic organisms such as ornamental fish and
pearls, typically found in coral reef ecosystems with significant commercial and
ecological value.

The training emphasized sustainable fish collection practices, discouraging
destructive techniques like cyanide poisoning and dynamite blasting that cause
long-term damage to reef ecosystems. Breeding conditions for freshwater fish
were discussed, including temperature (25-30°C), pH (6-8), and soft water
preferences. Hormonal induction in fish breeding was also covered, with
Ovaprime used for freshwater fish and HCl, for marine fish due to breeding
challenges in captivity. Additionally, the session highlighted the importance of
aquarium setup, including lighting, protein skimmers, pH management, salinity
control, and filtration systems, with an initial setup cost for marine aquariums
starting at 51,000 and above.

The session concluded by emphasizing the importance of captive breeding
technologies for marine species and opportunities for aquaculture-based
entrepreneurship. Key species and breeding traits were discussed, including
clownfish and damselfish, which account for only 2% of marine cultured species.
The training also touched on the regional focus of North-East India, which is rich
in freshwater ornamental biodiversity and contributes significantly to India’s
freshwater ornamental fish trade. Overall, the session provided valuable
insights into promoting biodiversity conservation and eco-sensitive ornamental
fish farming.

The next session was led by Dr. S. Lakshmi Pillai, Principal Scientist of the
Crustacean Fisheries Division, CMFRI. With her vast expertise in crustacean
biology and fisheries management, she delivered an insightful lecture on the
topic “Crustacean Fisheries Resources”. She began by introducing the scope of
crustacean research, particularly focusing on Shrimp fisheries biology and
management, Crustacean taxonomy.

Key highlight of the session was a detailed classification of crustaceans, with
focus on shrimps, crabs, and lobsters and explained the distinction between
penaeid and non-penaeid shrimps, along with their scientific names and
habitats. She mentioned about Stock Assessment of major exploited crustacean
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resources to understand their population dynamics and health. She also
described the life cycle of penaeid shrimps, emphasizing their developmental
stages and commercial importance. and discussed inshore vs. deep-sea
shrimps, highlighting the ecological and economic significance of deep-sea
shrimp species. She also provided insights into different crab species, including
edible and ornamental types, and their unique morphological features and
introduced us to lobsters, their types, breeding biology, and life cycle. Then she
briefly discussed about stomatopods (mantis shrimp). Mantis shrimp are
carnivorous marine crustaceans of the order Stomatopoda and discussed their
aggressive behavior, ecological role, and significance in marine biodiversity.

The session was a valuable addition to our learning at CMFRI, offering both
scientific depth and practical relevance. We gained a clearer understanding of
the role crustaceans play in marine ecosystems and fisheries economics, and
the importance of research-based management for their sustainable
exploitation. It was a truly captivating learning experience that will remain a
highlight of our CMFRI visit.

The third forenoon session on July 17, 2025, as part of the five-day training
program at ATIC, CMFRI, focused on the "Exploitation and Conservation of
Shellfishes in India." The session was expertly delivered by Dr. Geetha
Sasikumar, Principal Scientist of the Molluscan Fisheries Division at CMFRI. The
session proved to be highly interactive, providing participants with a
comprehensive overview of various cephalopods, including squids, octopuses,
and other molluscs like clams and snails. Furthermore, the session introduced
attendees to different methods of bivalve cultivation, specifically focusing on
mussel and oyster farming practices prevalent in India.

Overall, the class was engaging and insightful, offering new perspectives on
shellfishes and their multifaceted applications, thereby enriching the
participants' understanding of this important marine resource.

In the afternoon, we had the opportunity to visit the Krishi Vigyan Kendra (KVK),
Ernakulam, where we were introduced to a wide range of ongoing research and
innovative practices in the field of aquaculture and integrated farming.

At KVK, we observed fascinating research on various aquatic species such as
Pangasius, clownfish, and other marine fishes. It was exciting to see how
scientific advancements are being applied to enhance fish breeding and
conservation. One of the most captivating parts of the visit was the algae
production laboratory, where we learned about the critical role algae plays in
aquatic ecosystems and its potential as a sustainable resource.

We also got a closer look at the cage culture system of Rabbitfish, which is an
emerging method in aquaculture for effective fish farming in open waters.
Following this, we were taken on a refreshing boat ride, giving us a hands-on
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experience of field conditions and the natural aquatic environment. The day
became even more inspiring when we were introduced to the concept of
integrated farming, which harmoniously combines crops, livestock, and
aquaculture to maximize productivity with minimal waste. This sustainable
approach gave us a fresh perspective on modern agricultural practices.

Our final visit was to the farm of Mrs. Sheela a passionate and dedicated lady
farmer whose love for agriculture was truly inspiring. Her farm is a rich treasure
trove of biodiversity, featuring 18 different varieties of mangoes, a wide range
of vegetables, and exotic fruits like baraba (star apple), passion fruit, and
mangosteen. Her enthusiasm and commitment to sustainable, organic farming
left a deep impression on all of us.

This entire visit was not just informative, but deeply insightful. It broadened our
understanding of integrated farming systems, women’s role in agriculture, and
innovative aquaculture practices. It was a perfect blend of learning, exploration,
and inspiration.

Day - 5 (18/7/25)

On July 18, 2025, we concluded our five-day program at the Central Marine
Fisheries Research Institute (CMFRI) with a series of engaging activities. Our day
began with a visit to the CMFRI Museum, which houses an impressive collection
of 2,300 marine specimens, including various species of fish, crustaceans,
mollusks, and echinoderms. The museum is a valuable resource for scientists,
teachers, students, and the general public, playing a crucial role in education
and research.

Next, we visited the aquarium, where we observed a diverse array of marine life,
including clownfish, damselfish, surgeonfish, lobsters, and more. The aquarium
provided a fascinating glimpse into the marine ecosystem.

The valedictory function followed, where dignitaries including Vipin Sir,
Jayshankar Sir, and other department heads addressed us, offering words of
encouragement and best wishes for our future endeavors. A feedback session
was also conducted, during which Nehala and Anoop shared their thoughts on
the past four days spent at CMFRI, highlighting the valuable information and
experiences gained. The program concluded with a vote of thanks by Parvathy
Miss, followed by a song sung by Vipin Sir, and a group photo to commemorate
the occasion.

After the valedictory function, we visited the CMFRI library, where Arun Sir
provided us with an overview of the library's resources and services. The library
boasts an extensive collection of over 16,500 books, theses, dissertations,
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reports, and other materials related to fisheries and marine sciences. The digital
library offers access to a wide range of digital resources, including videos, and
is integrated with various databases and platforms.

Overall, our 5 day training at CMFRI was a memorable and enriching experience,
providing us with valuable insights into marine research and resources.

Conclusion

The five-day experiential learning programme at ICAR-Central Marine Fisheries
Research Institute (CMFRI), Kochi, provided an excellent opportunity to gain
practical exposure and in-depth knowledge on diverse aspects of fisheries
science, marine resource management, aquaculture, climate resilience, data
analytics, fish health, nutrition, marine biodiversity, and emerging technologies.
The programme successfully bridged theoretical concepts with real-world
applications through expert lectures, laboratory visits, field demonstrations,
and interactive discussions. The insights gained during this training have
significantly enhanced our understanding of sustainable fisheries and marine
ecosystem management while inspiring us to pursue scientific excellence and
innovation in our respective fields.

We express our sincere gratitude to Dr. Grinson George, Director, CMFRI, for his
visionary leadership and for sharing valuable insights on climate change and
sustainable marine resource management. We are deeply thankful to Dr.
Vipinkumar V.P., Principal Scientist and ATIC Manager, for his excellent
coordination of the programme and for his inspiring sessions on personal and
professional excellence. We also extend our heartfelt thanks to Dr. J. Jayasankar,
Principal Scientist and Head, FRAEE Division, for his valuable guidance and
enlightening sessions on data-driven development in agriculture and allied
sectors.

We gratefully acknowledge Dr. Jenni B., along with all the scientists, faculty
members, technical staff, and supporting personnel of CMFRI, for their
wholehearted support, expert guidance, and hospitality throughout the
programme. Their dedication and commitment made this learning experience
truly enriching, memorable, and beneficial for all participants. We remain
grateful to CMFRI for providing us with this unique opportunity to learn from
some of the finest experts in fisheries and marine sciences.
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