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Foreword

Congratulations on putting together such an impressive set of papers that examine 
our coasts, estuaries, and lakes! Please accept this brief foreword that aims to syn-
thesize and shine light upon this important book:

Coasts, estuaries, and lakes are critical zones globally where humans interact and 
often conflict with nature. These Earth features are complex in morphology and 
inherently dynamic as a result of a multitude of processes that shift their form and 
change their functioning. Communities depend on the water and shoreline for sus-
tenance, revenue, and countless aspects of life. The challenges of living in coastal 
zones, of both lakes and marine areas, are ever increasing as shoreline populations 
continue to climb and demand for food and financial sustainability increases. 
Moreover, climate change is creating new threats and perturbations that require 
humanity and governments to react, often rapidly, to water surpluses or shortages or 
shifting land and seascapes. Research is required to advance our understanding of 
these complicated systems and human impacts, and around the world, people must 
strive to share insights and to learn from each other. Beyond research, communities 
need wise planning and smart public and private action that is rooted in and driven 
by science. In addition to reading and studying about Earth processes and systems, 
scientists and students are encouraged to engage with governments and communi-
ties to help them understand our evolving world and guide careful 
decision-making.

The book Coasts, Estuaries and Lakes: Implications to Sustainable Development 
is an excellent collection of 29 chapters in 7 parts that delve into critical science and 
related challenges. From processes to pollutants, the chapters examine fundamental 
aspects, but are too numerous and detailed to review or attempt to synthesize suc-
cinctly here. Led by Dr. N.  Jayaraju from the Department of Geology at Yogi 
Vemana University, the experienced editorial team includes Drs. Sreenivasulu, 
Madakka, and Manjulatha. Part I addresses two immediate and important topics, 
flooding and pollution. Water quality and sedimentary aspects are explored in Parts 
II and III, respectively. Parts IV and V address biodiversity and climate change 
which are key concerns for coasts, estuaries, and lakes, and Parts VI and VII exam-
ine socioeconomic considerations and geospatial tools that are essential to and will 
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inform sustainable development. The compilation of papers is truly impressive, cov-
ering a wealth of information and including examples at varying scales – from local 
and national studies in India, Kuwait, and elsewhere to global insights from past and 
recent work.

In summary, the book collection will provide an excellent resource for years to 
come, and the various chapters will serve as invaluable references for experts and 
students around the world. The unfortunate reality is that our coasts, estuaries, and 
lakes are facing unprecedented challenges. Science must be used in partnership with 
continuous stakeholder engagement and wise governance to allow our shores and 
seas to sustain society for future generations. 

Director, Coastal Resources Center & Professor J. P. Walsh
Graduate School of Oceanography, URI-GSO Bay Campus, 
Narragansett, RI, USA

Foreword
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Foreword

Coasts, estuaries and brackish lakes support an important biodiversity and large 
human populations, and they deliver many ecosystem services from which society 
gains goods and benefits. However, at the same time, they are the sites of many 
hazards which give rise to risks and threats to natural and human populations. These 
threats have been summarised as a “triple whammy” – that the areas are subject to 
three major threats: an increasing urbanisation and industrialisation; an increasing 
use of resources such as fish, water and space; and a decreasing resistance and resil-
ience to external, wide-ranging factors such as climate change. These threats and 
risks may be even greater in developing countries which may have a lesser capabil-
ity to deal with them.

Given the above features, there is the need to summarise the characteristics of all 
areas and to gain better information and data to help us manage the areas sustain-
ably. In this way, both nature and society benefit from a healthy environment. This 
requires natural and social scientists to work together and to work with policymak-
ers and policy implementers. It requires gathering knowledge and data at local, 
regional, national and global levels and summarising these for a greater benefit. It 
requires us to be clear about why we need information and how it can be used, often 
based on studying and monitoring the areas.

Against this background, in its five parts, this book integrates the science and 
management and gives attention to various features for many Indian areas, includ-
ing hot spots within those, although other geographical locations are also men-
tioned. The editors and many authors have done an excellent job of bringing together 
information and data on local and regional processes and dynamics. These cover 
sediment contamination and its effects, and coastal flooding, thereby covering 
physico-chemical interactions, water quality and hydrological processes for the 
coastal and catchment areas. Using evidence from various regions, and as well as on 
different spatial scales, it covers temporal scales including long-term natural and 
anthropogenic forcing on marine, coastal and estuarine ecosystems and multi-year 
biogeochemical observations.
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It is axiomatic that we cannot understand the ecological structure and function-
ing of an area unless we understand the physical and chemical structure and interac-
tions. Hence the book covers saline water intrusion, and sediment physical, chemical 
and geochemical features. The seasonal and spatial features of local beaches, the 
substratum and suspended sediment dynamics and mineral chemistry give a back-
ground to a greater understanding. This in turn will enable environmental manage-
ment which has to be based on fit-for-purpose science and good analytical 
techniques, which are also described.

The physical and chemical background then allows an interrogation of the bio-
logical and ecological features. As such, the contributors give the background with 
greater information on biodiversity and ecology. The chemical conditions then 
result in contamination of the biota, reflected here in studies on a range of taxa from 
foraminifera to molluscs and fishes. This contamination often leads to pollution 
effects, defined as a decline in the health of organisms, their populations and com-
munities, and indeed a reduction in their fitness-for-survival. Understanding these 
aspects requires us to define and apply bioindicators and follow this with detailed 
monitoring. As shown here, chemical contamination can have biochemical effects 
in organisms and lead to the sequestration of the contaminants in shells and other 
hard structures of organisms.

As shown in this book, the features of an area may be affected by pressures, 
defined as the mechanisms of change on the natural and human systems. These may 
relate to local factors and activities, such as industrial discharges, leading to what 
may be termed endogenic managed pressures, where the causes and consequences 
of environmental change both occur in a given area being managed. However, all 
areas are also exposed to what may be called exogenic unmanaged pressures, in 
which the causes of change are outside the area being managed but the consequences 
have to be managed locally. The most important example of this is global climate 
change which may be manifest as alterations in weather patterns, storminess, sea- 
level rise, flooding and erosion, all of which increase the vulnerability of our coasts, 
estuaries and brackish lakes. Hence, although the causes of climate change have to 
be managed on a global scale, the consequences have to be managed locally.

The editors and contributors summarise these local, regional and global effects 
and look at the implications of climate change for the geographical regions covered 
by the book. These features are important and so have an interest beyond the local 
areas. In particular, it is important for all natural and social scientists and policy-
makers to understand such changes in wider global areas. Because of this, the book 
will be of interest to coastal and estuarine scientists worldwide. 

Mike ElliottChair in Estuarine & Coastal Sciences, Research Professor,  
Department of Biological and Marine Sciences
The University of Hull
Hull, UK

Foreword
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Formerly Director, the former Institute  
of Estuarine & Coastal Studies (IECS)
Hull, UK 

Director, International Estuarine  
& Coastal Specialist Ltd
Beverley, UK

Co-Editor-in-Chief, Estuarine Coastal  
& Shelf Science
Hull, UK

Foreword
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Foreword

In 2015, the United Nations General Assembly established its position on Sustainable 
Development Goals (SDG). These 17 inter-linked global goals are designed to be a 
“blueprint to achieve a better and more sustainable future for all” and should be in 
place by 2030. While some of the goals (e.g., gender equality, peace, justice and 
strong institutions) are exceptionally broad in outlook, several relate to environmen-
tal issues, especially No. 13 (Climate Action). This goal is designed to “take urgent 
action to combat climate change and its impacts”. Geoscientists have, for many 
years, been presenting evidence to the Inter-Governmental Panel on Climate Change 
(IPCC) that there was a clear separation of “natural climate change” from modern, 
“anthropogenic” climate change. Meetings, such as COP26 (Glasgow, 2021), have 
identified a number of changes consequent on a global temperature rise of 1.5–1.8 °C 
(e.g., sea level rise, coastal erosion, reduction of dissolved O2 in the oceans, ocean 
acidification, coral bleaching, loss of biodiversity and extreme weather events). 
Many of these outcomes of climate change require geoscience awareness to resolve 
the potential problems, sustain ecosystem services and provide leadership in areas 
such as flooding and coastal zone management.

Many of these topics feature in this volume, where sustainable development is 
considered from a geoscience perspective. Our lakes, estuaries, and coastal seas are 
archives of the Pleistocene, Holocene and “Anthropocene” and provide an under-
standing of the rates of change involved. This volume is also a contribution to SDG 
No. 4 (Quality Education) in communicating the sustainability issues.

To some, geoscience is the problem (e.g., mining and mining pollution, oil explo-
ration, and coalfield development) but it is also clear that, in many aspects of envi-
ronmental understanding, geoscience knowledge will also be part of the solution. 
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Emeritus Professor of Micropalaeontology Malcolm Hart
University of Plymouth 
Plymouth, UK

Foreword
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Foreword

This volume titled Coasts, Estuaries and Lakes: Implications for Sustainable 
Development covers a wide range of topics in coastal science, primarily in reference 
to the Indian subcontinent. The studies cover topics including coastal and estuarine 
water quality, suspended sediments and trace elements, beach morphology and sedi-
ments, biodiversity and marine pollution in coastal waters, the impacts of climate 
change on coasts in this region, consideration of sustainable development of coastal 
resources, and the usefulness of geospatial tools for monitoring and investigation in 
the coastal zone.

The wide range of topics, study locations, methods and authors involved in this 
volume is indicative of an extremely vibrant community of coastal researchers 
working in this field and who care deeply about preservation and future manage-
ment of coastal and estuarine environments around the Indian subcontinent. The 
editors have done an excellent job in pulling this volume together, and I expect that 
it will become essential reading for researchers interested in the breadth of work 
being undertaken within coastal science in this region. 

President of the INQUA Commission,  
(INQUA= International  
Union for Quaternary Research) 
Coastal and Marine Processes, Department  
of Geography, Durham University, 
Durham, UK

Sarah Woodroffe
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Foreword

Coastal communities are prone to a range of hazards that can result in the loss of 
life, damage to infrastructure, economic hardship, and the degradation of ecosys-
tems. While coastal issues of this nature are influenced by a range of biological, 
chemical, and physical processes, and increasing anthropogenic pressure, many sci-
entific works focus on a subset of these contributors to coastal change. The book 
Coasts, Estuaries and Lakes: Implications to Sustainable Development is a timely 
and multidisciplinary synthesis of physical and biological processes impacting 
coastal environments and examines the role they play in sustainable development. 
The chapters cover a broad, yet well-integrated, spectrum of Earth science disci-
plines ranging from coastal environments, Earth system processes, and the link 
between socioeconomics and sustainable development. That sets this volume apart 
from related books is the multidisciplinary aspect, not only regarding the book as a 
whole but also the individual chapters. The case studies focus mainly on the vulner-
able coastlines of India, but they can be applied globally as they explore issues and 
solutions that are both relevant and informative to many of the world’s coastlines. 
As co-leader of IGCP Project 725 “Forecasting Coastal Change,” I am particularly 
pleased to see that this book provides a comprehensive understanding of many of 
the drivers, processes, and scale of coastal change and how this improved under-
standing enhances a community’s ability to manage the coastal zone and better 
support sustainable development. Researchers, students, practitioners, and enthusi-
asts alike will find value in this book that is carefully organized and edited by Drs. 
N. Jayaraju, G. Sreenivasulu, M. Madakka, and M. Manjulatha.
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Co-Leader, UNESCO/IGCP 725&, Tier II Canada  
Research Chair 

Jessica Pilarczyk

Department of Earth Sciences, Simon Fraser University, 
Burnaby, BC, Canada

Foreword
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Preface

Global warming and climate change continue to pose a severe threat to the coasts 
and the fragile marine marginal fringes. Coastlines need to be managed effectively 
and responsibly. Considering the fact that the Earth’s surface consists of about 70% 
water, oceans are crucial for the existence of life on earth. It is indispensable for 
sustaining all life forms, hence conservation of coastlines is key towards protection 
of the vulnerable ecosystem as well as human life.

The Earth has around 620,000 km of coastline. With the growing human popula-
tion and an increasing number of people living near the coasts, it is all the more 
reason to conserve and look for new ways to protect the natural ecosystems, which 
is often home to a wide range of spectacular and species-specific biodiversity. On 
land, they harbor key ecosystems such as freshwater or marine marginal wetlands, 
which are considered to be vital for migratory bird sanctuaries and other terrestrial 
biota. In wave-protected zones, they house mangroves, salt marshes, deltas, and sea 
grasses, among others, all of which can support replenishment and reproduction of 
aquatic biosphere. Rocky shores along coasts support for a wide range of both ben-
thic and sessile species and several types of seaweed. Colonies of coral reefs are 
usually found at depths of around 50 m along the shores of tropical regions in clear 
and warm water.

Other coastal attractions like beaches, tourist islands, and seaside resorts spin a 
huge economy through coastal tourism. The coastal fragile ecosystems generally 
provide protection against erosion, rise in sea level, and natural tsunamis, if planted 
and protected with mangroves and marine vegetation. In several countries, man-
groves are the main source of firewood for fuel and domestic usage. Ecosystems 
such as mangroves and sea grasses have a much bigger ability for carbon sequestra-
tion over several well-known terrestrial ecosystems. Thus, they can play a vital role 
to mitigate, monitor, and manage the impact of climate change by uptake of anthro-
pogenic carbon dioxide pumping. However, because of how economically signifi-
cant coasts are, many of these communities are susceptible to climate change, which 
increases the frequency of extreme weather events, sea level rise, and related prob-
lems like beach erosion, saltwater intrusion, and marine transgression, which 
includes flooding. The anthropogenic uses of the coast are further complicated and 
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its vulnerable marginal coastal zones are threatened by a number of additional 
chronic coastal challenges, including marine trash, microplastic waste, coastal 
development activities, and marine ecosystem dispersion.

Globally, coastal ecosystems are in decline as a result of the combined effects of 
climate change, bio habitat imbalance, uncontrolled overfishing, and water pollu-
tion (microplastic pollution). This decade (2021–2030) has been designated as the 
UN Decade on Ecosystem Restoration by the UN. Rare attention has been paid to 
the rehabilitation of delicate marine habitats. This is due to the fact that coastlines 
are always changing, making it impossible to calculate their precise perimeter. 
Today, however, coastal regions are home to the majority of the world’s population. 
Forty-four percent of the world’s population, according to the United Nations’ atlas, 
lives about 160 km from the ocean. Many huge cities are situated near harbors and 
have lavish access to port facilities. Some countries defend and safeguard their 
coasts against military attacks, marine smugglers, and illegal migrants. This has 
added a crucial importance to the coasts. Therefore, research on this fragile and 
economically vital part is mandatory at the present juncture.

The Intergovernmental Oceanographic Commission (IOC) of UNESCO, which 
focuses on ocean observations, data, services, and associated capacity building. The 
International Decade of Ocean Science for Sustainable Development, or 2021–2030, 
has been designated by the United Nations. The 2030 Agenda, which the United 
Nations endorsed in 2015, was closely related to the idea of an ocean decade. It is 
intended that the decade would inspire the ocean community to take action on cru-
cial issues including the preservation and usage of the ocean, including research and 
technology advancements in oceanography. In order to support this sincere and sci-
entific endeavor, we have taken the responsibility of bringing out this edited book to 
mark the IOC–UNESCO Ocean decade celebrations.

With this background, a humble beginning has been made by us to compile and 
edit research papers on several burning issues related to the marine marginal bodies 
including marine pollution. This endeavor has attracted several investigations deal-
ing with the most basic to critical issues like coastal resources, pollution, erosion, 
restoration, and so on.

We hope that the research, recommended study, and suggestions will provide the 
needed baseline data for the researchers, stakeholders, policy makers, students, and 
others who are in constant touch with the coastal zone for science, survival, sight-
seeing, tourism, economy, and preservation of fragile marine ecosystems. Ocean 
protection and responsibility at regional and global level is paramount for healthy 
sustenance of life in the waters. It is imperative to prevent further ecological degra-
dation that in turn affects human well-being and the environment at large.

Kadapa, Andhra Pradesh, India N. Jayaraju
Tirupati, Andhra Pradesh, India G. Sreenivasulu
Kadapa, Andhra Pradesh, India M. Madakka
Jeonju, South Korea M. Manjulatha 

Preface
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Preface

Nanotechnology is a cutting-edge science and technology with numerous scientific 
and technological applications. Rapid breakthroughs in nanosciences and nanotech-
nologies have opened up new possibilities for many industrial and consumer sec-
tors, including aquaculture and agriculture and associated fields, which have 
recently been considered a hotspot of a new industrial revolution.

Aquaculture, or the farming of aquatic organisms in inland and coastal settings, 
is the world's fastest expanding food-generating sector, thanks to technological 
advancements and diversification. It is widely perceived that the high-quality pro-
teins found in fish are superior to that found in meat and fowl. Annually, the aqua-
culture industry generates substantial advances in the creation of technology to 
boost food production.

Nanotechnology has played an important role in the development of an eco-
nomic and sustainable pathway for different aspects of aquaculture for benefit of the 
human race. It has led to the development of new tools for aquaculture, fish biotech-
nology, fish genetics, fish reproduction, and aquatic health, among other things. The 
fisheries and aquaculture industries can be changed by integrating nanotechnology 
with new tools such as rapid disease diagnosis, improving fish’s ability to absorb 
medications such as hormones, vaccinations, and nutrients, and so on.

In this book, we have tried to put together a detailed account of the different roles 
nanotechnology plays in the fast-developing and progressive path toward aquacul-
ture growth. The different aspects of nanotechnology in aquaculture have been 
amalgamated into a single book. This book will be beneficial for young researchers, 
postgraduates, and of course the general populace to know in detail about the topic 
of nanotechnology and aquaculture.

Phagwara, Punjab, India Vishnu Kirthi Arivarasan
Salem, Tamil Nadu, India Karthik Loganathan
Kotekar, Karnataka, India Iddya Karunasagar
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Foreword

Origins

The field of distributional ecology revolves around the question of why a species is
where it is, and why is the species not where it is. This question may seem simple, in
the sense that ranges of species have been a central focus in biology for more than a
century. Now, for many species, it is quite easy to find a range map, or occurrence
data, or some source of information about the “where” question. So why should
answering this question be so difficult?

These challenges of obtaining high-quality distributional information for species
have been approached using myriad frameworks and tools. Early approaches cen-
tered on so-called habitat suitability modeling (e.g., Scott et al. 1996), and saw
application of several multivariate statistical approaches to the question (e.g., Austin
et al. 1990). A next generation of progress brought the many advantages (and
disadvantages) of machine learning approaches (Stockwell and Peters 1999; Phillips
et al. 2006), which had the in-hindsight-dubious quality of being able to fit more
complex response types (Elith et al. 2006).

Curiously, at least in my own humble opinion, a next (and key) major advance
was that of bringing a more rigorous conceptual underpinning to distributional
ecology. Building on the foundational work of Grinnell (Grinnell 1917a, b) and
Hutchinson (Hutchinson 1957, 1978) and a few subsequent authors (Austin 1987;
Austin et al. 1990; Austin et al. 1994; Pulliam 2000), a consortium of authors
published a first conceptual framework for the field (Peterson et al. 2011). Based
on this framework, many additional advances became possible, such as
comprehending the importance of accessible areas in fitting models (Barve et al.
2011; Machado-Stredel et al. 2021), establishing appropriate approaches for
evaluating models (Peterson et al. 2008), etc.

vv



vi Foreword

Key Elements in the Process

The typical niche modeling application is a multi-step process, which (to be honest)
is not laid out in any standard methodology in any one textbook or standard
reference book. Nonetheless, it is generally a process of (1) assembling point
occurrence data for the species in question, (2) assembling relevant environmental
data for the region in question, (3) choosing a region over which to fit models,
(4) actually fitting the model, and (5) post-processing and interpretation of model
outputs to respond to the questions that were originally posed. These steps have been
achieved via standard statistical tools (Guisan et al. 2017), modular sets of tools
(Cobos et al. 2019), or via standalone platforms that package many or all of the
necessary steps (Kass et al. 2018). Beyond these basics, however, a few points
remain important to emphasize, as follows.

A key emphasis is on the use of primary biodiversity data—i.e., data that
document the presence of an individual of a species at a particular place at a
particular time—as the basis for these modeling efforts. Although it is certainly
tempting to appeal to easier and more readily available sources of occurrence
information, such as range maps or atlas summaries, use of secondary sources of
biodiversity data for model inputs introduces significant noise into the results. In
essence, the primary occurrence data and the environmental data should go hand in
hand in terms of spatial grain and resolution, such that neither is too general, and
such that discords and mismatches are not pervasive in the modeling effort. The
subjectivity introduced by secondary data sources is an additional source of uncer-
tainty and confounding effects for the models, such that important features of the
distributional ecology may be lost from the analysis.

A further emphasis should be on the use of methods that are quantitative,
repeatable, scalable, and portable, at all points in the process. Although many
present-day analyses simply provide general, text-based descriptions of methodo-
logical steps, program code (e.g., in R) or full-blown workflows can now be
developed or implemented that make the methodology entirely portable, transferra-
ble, and scalable. The code can be shared as part of the publication process, which
makes the methodology repeatable, and ready for application in any other analysis
by any investigator.

Challenges

Although this methodology has now been used in thousands of analyses and
thousands of published papers, its development is not complete. That is, a number
of advances remain to be explored and documented, so that the approach is as
maximally informative and useful as is possible. The following are several such
areas that remain under exploration and development, but that can certainly be seen
as fruitful areas for future research.
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Estimate the Right Sort of Object Fundamental ecological niches are likely to be
relatively simple, convex objects in environmental space (Maguire 1973). Nonethe-
less, the methods in vogue currently in distributional ecology often estimate objects
that are quite a bit more complex, with gaps, holes, and infoldings—in this sense,
workers in this field are using inappropriate tools for the task. As such, an important
step forward will be to develop and use tools that estimate objects that “look like”
fundamental ecological niches, and are simple and convex, and that do not have
bimodal environmental responses, or any other such complexities. Some initial steps
have been taken toward such a methodology (Jiménez et al. 2019; Jiménez and
Soberón 2022), but much work remains to be done.

Use the Right Environmental Information Workers in the field of distributional
ecology have long used environmental information in the form of long-term average
values to characterize species’ occurrences in terms of the environments that are
manifested at the site of occurrence. It is well known, however, that an average can
be a poor representation of the conditions at any particular moment, and an individ-
ual or a population can be extinguished with even a short period of time spent under
unsuitable conditions. As such, recent research efforts (Ingenloff and Peterson 2020)
have explored the potential for representing environmental conditions associated
with occurrences of species as a function of latitude, longitude, and time, such that
conditions specific to an occurrence are identified more precisely.

Consider Dispersal Ecological niche models, if done well, present a view of the
area that is suitable for a species in terms of abiotic conditions (note that the next
item in this list refers to the question of suitability in biotic terms). A crucial
consideration, however, is that the ability of the species to access those suitable
sites is not generally considered. As a consequence, too often, conclusions in
ecological niche modeling studies are based on rather simple assumptions about
dispersal ability (e.g., no dispersal or universal dispersal). A few efforts have now
been made to incorporate dispersal processes more powerfully into these methods
(Engler and Guisan 2009; Machado-Stredel et al. 2021), but applications have been
relatively few—adding this component into modeling efforts and interpretations is
crucial to making this methodology and the resulting conclusions more powerful.

Incorporate Biotic Interactions A further dimension that is too often left out of
ecological niche model-based studies is that of biotic dimensions—in essence, the
set of biotic considerations that makes a site suitable or unsuitable for a species. As
has been pointed out in several conceptual treatments, consideration of the full
dynamics of the broad suite of potential biotic interactors for any given species
may prove to be impossible. Nonetheless, it is feasible to incorporate at least known
interactor species in two- or multi-species models (e.g., Anderson 2017; Ashraf et al.
2021), and network analysis approaches may be relevant to identifying such
interactor species more rigorously (Fath et al. 2007).



viii Foreword

This Book

This volume, entitled Ecosystem and Species Modeling for Conservation and Res-
toration: Mainstreaming Modeling Approaches in Policy Planning, comprises a set
of papers that revolve around models of ecosystems and species, and their niches and
distributions, in the context of guiding policy. Although I have not yet had the
opportunity to read each of the contributions, the list of titles, topics, and authors is
impressive—this volume will create a rich picture of the state of the field and will
illustrate many of the possible applications of this methodology. As a consequence, I
am so very pleased to have been invited to preface the volume with a few thoughts,
ideas, and comments.

University of Kansas Biodiversity Institute A. Townsend Peterson
Lawrence, KS, USA 28 October 2022
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Foreword    

It is my great pleasure to write this 
foreword for a very timely book, 
“Immunomodulators in Aquaculture 
and Fish Health,” edited by my 
colleagues, Preetham Elumalai, Mehdi 
Soltani, and Sreeja Lakshmi. 

As a believer in identifying opportuni- 
ties and linking scientific evidence, 
innovation with improved sustainable 
aquatic production, together with my 

professional commitment in the aquaculture industry of over 
40 years, I have found this volume of work to be a very extensive 
review. The wealth of information on the potential therapeutic 
and preventative roles of immunomodulators, in combating 
diseases in farmed aquatic species is truly insightful. 

The importance of this book defines an era, where the 
performance of aquatic foods has been greatly recognized and 
concerted efforts have been initiated to enhance production and 
to bridge the ever-expanding supply-demand gap, for aquatic 
blue foods worldwide. 

The burden of disease is high in aquatic production and 
currently estimated as $10 billion USD annually. With the 
decades of experience and lessons learned in aquatic animal 
health management, it is convinced that prevention is better 
than cure for aquatics and investing in prevention is more cost- 
effective than investing in therapy. 

In this regard, I believe we should be aiming for more tools 
and procedures such as vaccines and vaccination and more 
research efforts should be supported, both at academic and 
commercial levels. 

I congratulate the editors for this comprehensive volume and 
hope it will serve the purpose of increasing awareness of 
immunomodulators towards the implementation within aquatic 
animal health management. 

Dr Rohana Subasinghe  
Founder + Director,  

FUTUREFISH Co. Ltd.  
www.futurefish.org  

Aquaculture plays a vital role in global 
food security and economic development. 
It is the fastest-growing food production 
sector in the world and has been for some 
considerable time, with an average annual 
growth rate over the last 50 years of 8%. 

The latest FAO State of the World Fisheries and Aquaculture 
Report (2022) estimated global aquaculture production of aquatic 
animals at a record 87.5 million tonnes, with a value of USD 
264.8 billion; this equates to 49% of total aquatic animal supply 
by volume and 65% by value. Approximately 2.5 million people 
are directly employed in the aquaculture sector around the 
world, with most of these in Asia, followed by Africa and Latin 
America. Women comprise 28% of these employment figures, 
slightly more than the average of 25% for the agriculture sector as 
a whole. 

Infectious diseases represent a major constraint to the 
continued growth of global aquaculture, with estimated annual 
losses of at least USD 6 billion. The industry is particularly prone 
to disease outbreaks because of high stocking densities which 
increase pathogen transmission rates and reduce water quality, 
and also because of low genetic diversity in many breeding 
stocks, which may compromise the immune response to infection 
of cultured animals. Antimicrobials and antiparasitics are used 
therapeutically and prophylactically, but these treatments are 
often expensive and there is concern over the potential adverse 
effects of their widespread use, particularly the promotion of 
antibiotic resistance. Vaccination is another option for disease 
control, but vaccines often have limited efficacy, particularly for 
juvenile fish which do not have a fully developed immune 
response. There is therefore increasing interest in alternative 
approaches to disease control in aquaculture. 

Immunomodulators are substances that affect the functioning 
of the immune system. A range of natural and synthetic products 
have been used or proposed, with varying degrees of scientific 
evaluation, to control infectious diseases in aquaculture. This 
book provides a very comprehensive and timely exploration of 
their efficacy and potential role in an aquatic animal health 
management system. The various sections of the book provide an 
overview of immunomodulators and their mode of action; the 
potential of immunomodulators to provide a more sustainable 
approach to disease control; the current use of immunomodulator 
products in aquaculture; and finally, their efficacy, limitations, 
and future prospects for the aquaculture industry. The book will 
be of great benefit to researchers in aquatic animal health, aquatic 
veterinarians, aquaculture managers, and all of us who wish to 
promote an economically viable and environmentally sustainable 
aquaculture industry. 

Professor Alan Lymbery 
Director, Centre for Sustainable Aquatic Ecosystems 

Harry Butler Institute, Murdoch University 
Australia   
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Immunomodulators: An Introduction 
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1.1 Introduction 

Before going into detail about immunomodulators, it’s important 
to understand how immune systems work and how different 
variables can stimulate the immune system in different ways. 
Many substances are known to exist in our environment, and they 
are always capable of affecting the immune systems of living 
beings. For example, it has been shown that the immune system 
plays an important role in aquatic organisms subjected to various 
physical stress conditions (Mauro et al. 2021), noise pollution 
(Mauro et al. 2020), drug pollution (Mauro et al. 2022), or bac-
terial activity (Vizzini et al. 2021). Several biomarkers are also 
used to evaluate the health status of important animals in aqua-
culture (Mauro et al. 2022). In addition, aquatic organisms are 
also an excellent source of molecules with antimicrobial and 
antitumor activity (Mauro et al. 2022). In this chapter, we briefly 
introduce the function and role of immunomodulators, especially 
in the fish immune system. Fish have an immune system that is 
similar to that of higher vertebrates. As a result, every living entity 
must preserve its integrity and health status when challenged and 
must be able to recognise and distinguish between “self” (its 
molecules, cells, and tissues) and “non-self” (all other organisms 
or substances). The purpose of the immune system is to recognise 
the millions of non-self organisms that are potentially harmful to 
the self and to eliminate them or reduce their impact so that no 
damage occurs to the self (Takx-Köhlen 1992). This chapter does 
not explain self-immunity or self-tolerance phenomena that lead 
to suppression of the immune system and the spread of many 

autoimmune diseases in fish. We prefer to divide the immune 
system into two broad categories based on function, namely the 
innate immune system (non-specific immune system) as the first 
line of defence against pathogens (Carbone & Faggio 2016) 
and the adaptive immune system (specific or acquired immune 
system) (Marshall et al. 2018). 

1.2 How Do the Immunostimulants Work in 
Fish? 

Since their embryonic life stage, fish have relied on their innate 
immune system, and their survival depends on it. The skin is the 
principal non-specific defence in fish and plays a key role in 
protecting and preventing the entry of pathogens into the epi-
thelium through the secretion of a mucus layer involved in the 
immunity system (Salinas et al. 2011). The cells and mediators 
involved will differ depending on the time, the trigger, the 
anatomical location (inflammation can affect any tissue), and the 
severity of the inflammation (Calder et al. 2013). Teleosts have a 
cellular defence system that includes macrophage-like phago-
cytic cells, neutrophils, and natural killer (NK) cells, as well as T 
and B lymphocytes, as well as various humoral defence com-
ponents like complement (classical and alternative pathways), 
lysozyme, natural hemolysin, transferring factor, and C-reactive 
protein (Watts et al. 2001). Furthermore, teleosts and elasmo-
branchs are the most primitive groups that possess the major 
histocompatibility complex (MHC) and T-cell receptors, which 
are the primary components of the immune response against 
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pathogenic organisms (Zou & Secombes 2016). Sakai et al. 
(2021) investigated the role and function of cytokines in fish 
(interferon, interleukin 2, and macrophage activating factors), 
whereas among the lymphoid organs found in fish to mediate the 
responses have been the thymus, spleen, and kidney (Zapata 
1996). The collaboration of fish innate and adaptive (memory) 
immune systems to eliminate intruders or activate defensive 
mechanisms is now well recognised; these two systems are 
classified into cell-mediated defence and humoral components 
(soluble substances). Figure 1.1 describes their main functions. 

The innate system is made up of three parts: the tegument 
(skin and mucus), cellular components (granulocytes, mono-
cytes, macrophages, and natural killer cells), and humoral 
components (granulocytes, monocytes, macrophages, and nat-
ural killer cells) (the complement system, antimicrobial enzyme 
system, and non-specific mediators such as interferon and 
interleukin). Furthermore, inflammation is thought to be an 
innate immune response driven by complex interactions between 
cellular and humoral components. Granulocytes are the first cells 
to arrive at the site of inflammation and are responsible for 
killing infections. Innate and adaptive immune systems normally 
work in concert, with innate responses serving as the host’s first 
line of defence and enabling adaptive responses by antigen- 
specific T and B cells to produce antibodies in the presence of 
specific humoral components called histocompatibility mole-
cules and glycoprotein receptors encoded by genes in the major 
histocompatibility complex (MHC). 

1.3 Immunomodulators 

The immunomodulators are all antigens (chemical or phys-
ical) that manage to vary the immune system’s activities. 

When an agent depresses the immune system, also known as 
an immunosuppressant, they can cause a negative response. 
Immunosuppression is described by Dohms and Saif (1984) 
as “a state of transient or persistent dysfunction of the 
immune response resulting from insults to the immune 
system and increasing susceptibility to disease,” and the 
qualifier “and frequently a suboptimal antibody response.” 
Otherwise, if an immunomodulator can increase or promote 
activity, it is called an immunostimulant. Finally, another 
category is immune adjuvants, which hold the promise of 
being the actual modulators (De Paula Barbosa 2014) of the 
immune response, especially to enhance the vaccine’s effi-
cacy. An example in this regard is Freund’s complete adju-
vant, which is being used to enhance the potency of poor 
immunogenic substances (Tengjaroenkul & Yowarach 2011). 
Very often, the same agent can have both immunostimulant and 
immunosuppressive effects on an organism. Studies showed 
that the physiological response of fish to different doses of 
immune system stimulants could be different (Petit 2019). 
In other words, in some cases, excessive use of several im-
munostimulants simultaneously may cause immunosuppression 
in fish (Raa 1996). 

1.4 Immune Suppressors 

Immunosuppressive compounds are chemical, biochemical, and 
physical agents that suppress, decrease, or disrupt the immune 
system functions in fish. Studies show that all immuno-
suppressant compounds carry a severe risk of infection. Various 
types of immunosuppressive materials may change the immune 
response in fish when challenged by pathogens (Hidasi 2017). 
Most immunosuppressants may weaken the immune system by 

FIGURE 1.1 The immune system assumption in teleostfish. 

The above figure represents types of immune system in fish. Innate immunity provides primary defence against pathogens by activating phago-
cytosis and antimicrobial, complement activation. On the other hand, adaptive immune system functions by stimulating specific lymphocytes.    
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altering the gene expression of immune parameters. However, 
some immunosuppressive materials may decrease the absorption 
of vitamins and dietary supplements. Furthermore, immuno-
suppressive compounds reduce the ability of fish’s innate and 
specific immune systems to respond to foreign objects. The 
interaction of immune suppressants with drugs may also reduce 
their effectiveness. The following part explains some immune 
suppression effects on the fish immune system. 

1.4.1 Environmental Stressors 

The functions of the immune system of fish depend on nutrition, 
environmental conditions, health, gender, and ontogeny. 
Temperature, dissolved oxygen, salinity, pH, and hardness 
ranges may also differ between fish species. Therefore, en-
vironmental fluctuations could alter the fish’s physiological 
status and immunological response. For example, hyperosmotic 
stress could decrease the immune system response of 
Scatophagusargus to bacterial infection (Lu et al. 2022). In 
hostile biological conditions, fish may not be able to feed 
properly. As a result, they will not have enough energy to 
allocate to the immune system (Estensoro et al. 2012). 
Moreover, breeder malnutrition may lead to epigenetic changes 
in the offspring’s immune and metabolic genes. Improper fish 
nutrition under stressful conditions can also lead to impaired 
immune priming by dendritic cells and monocytes and impair 
the function of effective memory T-cells. Acute and chronic 
stress are critical agents in suppressing the immune functions of 
fish (Guo et al. 2021). 

Environmental stress can suppress the immune response in 
fish. As a result, fish that live in stressful environments may have 
a weaker immune system than fish that live in normal conditions. 
Guo et al. (2022) discovered that exposing Wuchang Bream 
(Megalobramaamblycephala) to ammonia nitrogen reduced 
immunoglobulin M (IgM), interleukin 1 (IL-1), and tumour 
necrosis factor (TNF-) levels while decreasing TLR mRNA 
expression. Following exposure to ammonia, there was a con-
siderable drop in IgM and component C3 levels and lysozyme 
activity in the spleen and head kidney of Pelteobagrusvachellii 
(Qi et al. 2017). Moreover, those latter authors showed that high 
ammonia concentrations in the environment could disrupt the 
expression of immune-related genes in crucian carp (Carassius 
auratus) (Mazini et al. 2022). It was observed that the immune 
system’s response would be decreased when fish were exposed 
to the stress of transporting between different farms. They 
discovered that an increase in corticosteroids was linked to 
immunological suppression in fish. Corticosteroids may affect 
the effectiveness of the immune system by altering mRNA ex-
pressions implicated in immunological parameters. Therefore, to 
better understand the impact of environmental stressors, each of 
the stressors has been discussed separately. 

1.4.1.1 Agrochemicals 

Agrochemicals include fertilisers, phytohormones, and pesti-
cides (e.g., insecticides, pesticides, herbicides, and fungicides) 
used in the agriculture industry. Agrochemicals also include 
medications, disinfectants, hormones, and growth stimulants 
used in cattle, poultry, and aquaculture. Suppression of the 

immune system in fish exposed to agrochemicals can increase 
the susceptibility and vulnerability of fish to various pathogens 
(Banaee et al. 2019; Farag et al. 2021). Changes in intrinsic 
and specific immunological indices are perhaps the most 
important reason for suppressing the immune system of fish 
exposed to agrochemicals (Hassan et al. 2022). This section 
explains the reasons for the decay of the fish immune system 
after exposure to agrochemicals. 

Due to their lipophilic nature, most pesticides easily cross 
biological barriers and enter the aquatic body. Pesticides can 
suppress the immune system by interacting with immune 
agents or causing oxidative damage in tissues involved in the 
immune system (Farag et al. 2021). Previous studies have 
shown that fish exposure to pesticides can cause changes in 
haematological parameters, including a decrease in leucocytes 
and an alteration in the differential count of white blood cells 
(Banaee et al. 2008). In fish treated with pesticides, decreased total 
immunoglobulin, C3, and C4 complement activities have also 
been reported (Hatami et al. 2019). A significant decrease was 
reported in lysozyme activity, respiratory burst activity, and total 
immunoglobulin levels in Nile tilapia (Oreochromis niloticus) 
exposed to cypermethrin (Abdel-Tawwab et al. 2020). Exposure 
to pesticides can also lead to changes in the gene expression of 
inflammatory cytokines such as TNF-, IL-1, and IL-6 (Acar et al. 
2021; Wang et al. 2020).One study found that glyphosate ex-
posure altered the levels of interferon- (IFN-) and IL-1 in the 
hematopoietic tissues of common carp (Cyprinus carpio). 

1.4.1.2 Heavy Metals 

Exposure to heavy metals at levels higher than the accepted 
dosages could suppress the immune response in fish. Also, the 
transmission of heavy metal contamination through the food 
chain can affect fish immune systems (Mohiseni et al. 2017). A 
significant decrease in immune functions of Vardar chub 
(Squalius vardarensis, Karaman) may be due to histopatholog-
ical damage to the kidney and spleen (Jordanova et al. 2017).  
Bernier et al. (1995) demonstrated that bioaccumulation of 
heavy metals could cause suppression of the immune system, 
autoimmune diseases, increased susceptibility to pathogens, and 
inflammation reactions in fish. Banaee et al. (2019) demon-
strated that alterations in humoral immune parameters in fish 
exposed to heavy metals indicated quenching of innate immune 
responses. Manganese reduced lysozyme activity and IgM levels 
while increasing the expression of tlr3, tnf-, il-1, and il-6 in 
juvenile yunlong groupers (Epinephelus maureus and E. lan-
ceolatus) (Wang et al. 2022). Heavy metals were exposed to 
Centrarcus lal.rax. changes in bactericidal activity in the skin 
mucosa of gilthead seabream (Sparus aurata) after heavy metal 
exposure have also been reported (Guardiola et al. 2015). A 
significant decrease in HK-B cell proliferation, IgM level, and 
serum bactericide potential was observed in catfish exposed to 
arsenic (Ghosh et al. 2007). Heavy metal exposure in fish 
may affect leucocyte counts. Furthermore, changes in the 
granulocyte/granulocyte ratio suggest that heavy metals 
trigger the fish immune system. A significant increase in 
monocyte and neutrophil numbers and a significant decrease 
in lymphocyte numbers were reported in goldfish (C. auratus) 
after exposure to manganese (Aliko et al. 2018). 
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Genotoxicity may be linked to oxidative stress, DNA 
damage, and changes in mRNA expression. Indeed, Ghazy 
et al. (2017) found that the gene expression in the immune 
system changed in Nile tilapia that lived in waters contami-
nated with heavy metals. Heavy metals altered the expression 
of IL1, TNF-, IFN, Mx, Lyz, C3B, and CXCL-Clc in zebrafish 
(D. rerio) embryos (Cobbina et al. 2015). Moreover, signifi-
cant changes in the mRNA transcription of immune-related 
genes were observed in the leucocytes of European sea bass 
exposed to cadmium, lead, and mercury (Morcillo et al. 2015). 

1.4.2 Other Xenobiotics 

Segner et al. (2021) showed that xenobiotics could bind to the 
aryl hydrocarbon receptor (AhR) as a vital transcription factor. 
Then, complex AHR and xenobiotics were set on sequence 
response elements and changed immune-related gene expres-
sion. Suppression of the immune system in aquatic animals 
exposed to xenobiotics may be due to energy shifts for detoxi-
fication. Decreased energy allocated to the immune system may 
reduce its performance. 

1.4.3 Natural Toxins 

Qiao et al. (2013) investigated the immunotoxicity of cyano-
bacteria in Crucian carp. The immunological fish response 
might be boosted by blood cyanobacteria, according to authors  
Rymuszka and Adaszek (2013), who assessed the effects of 
microcystin derived from cyanobacteria on carp leucocyte 
proliferation under in vitro conditions. They showed micro-
cystin could increase apoptosis rates in white blood cells. 
Rymuszka and Sieroslawska  (2018) showed that carp leuco-
cytes’ half-life decreased after exposure to nodularin, a cya-
nobacteria toxin. Contamination of food with aflatoxin toxins 
can reduce the potency of non-specific immune systems in fish 
(Bitsayah et al. 2018). In common carp fed with aflatoxins- 
contaminated feed, Bitsayah et al. (2018) found a substantial 
shift in complement C3, C4, and CH50, lysozyme activity, and 
total immunoglobulin content. 

1.4.4 Anti-nutritional Agents 

Some antinutritional compounds in the diet can suppress the 
immune system in aquatic animals. However, the im-
munodepressive effects of anti-nutritional compounds on the 
immune system depend on their bioavailability and their dosages 
in feed. By generating cytotoxicity, anti-nutritional substances 
may have an impact on immune function. Furthermore, by 
producing inflammation or modifying the quantity of inflam-
matory markers in the blood, these substances may impair 
immunological function. Inhibiting the absorption of micro-
nutrients in the intestine by anti-nutritional compounds can also 
play a role in suppressing the aquatic immune system (Abdel- 
Tawwab et al. 2018). The immune system may be harmed by 
phytotoxins such as cyanogenic glycosides (Cho et al. 2013). 
Glycinin is a dietary allergen in soy, which can harm an animal’s 
immune system (Sun et al. 2008). Gossypol, an anti-nutritional 
compound found in cottonseed, can cause apoptosis by acti-
vating caspase-3 (Sadahira et al. 2014). 

1.4.5 Diseases 

Increased inflammatory cytokines in chronic diseases may be a 
reason to suppress the immune system. Furthermore, toxins 
and enzymes secreted by the primary pathogen can reduce the 
immunity of fish against secondary pathogens (Ilgová et al. 
2021). Simultaneous fish infection with two or more pathogens 
can weaken the immune system (Shameena et al. 2021). Ilgová 
et al. (2021) found that chronic pathogen infections could 
significantly delay the immune system response of fish. They 
showed that infection with monogeneans could increase the 
susceptibility of fish to secondary pathogens. Ilgová et al. 
(2017, 2020) demonstrated that infection with Eudiplozoon 
nipponicum reduced TNF-gene expression in common carp 
macrophages in vitro. 

1.4.6 Sex Hormones 

Hormone manipulation and changes in the steroid hormones 
may affect gene expression in a fish’s immune response. 
Therefore, a decrease in the immune system capacity of adult 
fish may be related to changes in sex hormones. Szwejser et al. 
(2017) found that fish leucocytes have receptors and cyto-
chrome P450 aromatase. As a result, oestrogen levels in the 
blood might affect the fish’s immune system. Cabas et al. (2018) 
found a link between oestrogen levels and autoimmune illness 
and chronic inflammation in fish and discovered that fluctuations 
in sex steroids affected the immune systems of spotted snake-
heads (Channa punctatus). They found that increased sex ste-
roids could mitigate innate and cellular immune responses.  
Dietrich et al. (2021) showed that hormone therapy in common 
carp could change mRNA expression in hematopoietic tissues. 

1.4.7 Drugs and Antibiotics 

Antibiotics can suppress the fish immune system by disrupting 
the regulation of NF-B signalling and immunotoxic pathways 
(Qiu et al. 2020). Yang et al. 2020 indicated that antibiotics are 
toxic to fish at high dosages. They also showed that treatment 
with a high dose of antibiotics would suppress the fish’s immune 
system. Increased mortality and an inflammatory response were 
observed in zebrafish treated with 260  ng of L-1 sulfameth-
oxazole (Zhou et al. 2016). Common carp exposed to sulfa-
methoxazole has reportedly seen a similar outcome (Iftikhar 
et al. 2022). Liu et al. (2020) found that exposure of zebrafish 
larvae to high doses of sulfamethoxazole could change the 
mRNA expression of cytokines such as IL-1, IFN-, IL-11, and 
TNF-. The genotoxicity effects of antibiotics on leucocytes 
could mitigate the efficiency of cellular immunity in fish 
(Grondel et al. 1985). 

1.5 Immunostimulants 

Immunostimulants have a crucial role in activating the non- 
specific defence mechanism in fish protection against patho-
gens, and they are valuable for controlling fish diseases. 
Previous studies have shown that numerous immunostimulants 
may be useful to fish cultures in aquafeed. Particularly for 
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enhancing and improving the immunity and disease resistance 
in fish, increasing non-specific defence mechanisms immune 
stimulants may also be an effective strategy to increase fish 
performance. Although the use of immunostimulants in the 
aquaculture industry has been successful in some cases, 
research in this field is still ongoing (Jadhav et al. 2006). 

Chemical agents, bacterial components such as probiotics 
(Abdel-Latif et al. 2022), polysaccharides (e.g., from plants) 
(Faggio et al. 2016, 2015), animal or vegetable extracts (plant- 
based) (Rashidian et al. 2021), feed additives and herbal ex-
tract (Elumalai, as pointed out above, immunostimulants) 
might mainly facilitate the function of phagocytic cells and 
increase their bactericidal activities (Abarike et al. 2019). 
Moreover, natural killer cells, complement, lysozyme, and 
other antibody responses may be stimulated by different types 
of immunostimulants. Immunological function and activation 
are associated with improved protection against infectious 
diseases in aquaculture due to their ability to serve as an 
alternative and supplement to vaccination. Moreover, they also 

have additional effects on growth performance and the survival 
rates of the fish under stress (Heo et al. 2001) (Figure 1.2). 

1.5.1 Chemical Agents 

Since immune system stimulants contain many chemical 
compounds that may affect the function of the aquatic immune 
system, they can be administered alone or in combination with 
vaccination. Some immunostimulants have been shown in studies 
to improve vaccination efficiency. Shahbazi and Bolhassani 
(2016) found that some biochemical compounds such as 
vitamin C and E, lactoferrin, interferon, growth hormone, pro-
lactin, and recombinant cytokines can act as immunostimulants. 
The chemical agents could disrupt immunological structures and 
functions, making animals more susceptible to both infections 
and non-infectious agents. A wide range of substances target the 
immune system and prolonged exposure to these compounds 
can result in immunological dysfunction (Koller 2001). For ex-
ample, levamisole is the most useful chemical agent used and is a 

FIGURE 1.2 Different categories of immunostimulants for fish. 

Various natural and synthetic agents that enhance immunological activity in fish are depicted in the figure. Bacterial agents, specifically pre-
biotics and probiotics are of high potential, along with immensely used phytochemicals, yeast derivatives, chemical agents and metals.    
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levo-isomer of tetramisole (Findlay & Munday 2000). It is a 
polysaccharide that can increase macrophage activity and provide 
resistance to specific harmful microorganisms. On the other hand, 
chitosan is a de-N-acetylated version of chitin. Both chitin and 
chitosan have the potential to be significant components in 
aquaculture. Chitosan treatment by injection or immersion was 
found to enhance brook trout (Salvelinus fontinalis) resistance to 
an A. salmonicida infection. Chitosan treatments had a substantial 
influence on the non-specific immunity and immunological 
response of both healthy and cortisol-treated Labeo rohita 
(Barman et al. 2013). 

1.5.2 Biological Substances and Bacterial Derivates 

The most common biological substances are bacterial deriva-
tives, also known as killed pathogens, and their products. The 
use of immunostimulants such as probiotics and prebiotics has 
always been considered (Bachère 2003). Probiotics are a col-
lection of non-pathogenic microorganisms often found in 
aquatic animal digestive systems. Oral administration of pro-
biotics can change bacterial flora, boost the immune system, 
and stimulate growth performance (Villamil et al. 2002). 
Previous studies show that the administration of probiotics can 
significantly increase antibody production and non-specific 
immune parameters in fish (Abareethan & Amsath 2015). 
Therefore, it is essential to identify and isolate different strains 
of microorganisms to produce probiotics. Among the different 
probiotic strains commonly used in fish are Bacillus, e.g., B. 
subtilis and B. licheniforms; Lactobacillus sp. such as L. del-
brueckii subsp., L. bulgaricus, and L. acidophilus; and 
Bifidobacterium sp. Numerous reports on the use of probiotics 
in aquatic environments have been published (Van Doan et al. 
2020; Jahangiri & Esteban 2018; Chauhan & Singh 2019), and 
for more details, readers are referred to Chapter 10. 

1.5.3 Lipopolysaccharide 

Lipopolysaccharide (LPS) is the main component of the outer 
membrane of gram-negative bacteria such as Salmonella ty-
phimurium and Escherichia coli (Miura & Mizushima 1968), 
and its preparations include O-antigens and endotoxins. The 
biological activity of LPS is a consequence of both hydro-
phobic domains known as lipid A (or endotoxin), a “core” 
oligosaccharide, and a distal polysaccharide (or O-antigen) 
(Neidhardt 1996). Moreover, LPS has been used as a potential 
immunostimulant. Toll-like receptor (TLR)-4 is mainly 
involved in the activation of the immune system by LPS 
through the specific recognition of its endotoxin (lipid A) 
moiety. LPS studies were made on fish both in vitro and in 
vivo, and they reported that LPS influences the growth and 
health status of fish. (Guttvik et al. 2002) showed that Atlantic 
salmon fry fed with LPS-coated feed (0.1% LPS) for 63 days 
had a reduced survival rate when challenged with a virulent 
strain of A. salmonicida. Furthermore, Paulsen et al. (2003) 
discovered that LPS stimulates plasma lysozyme activity 
originating from macrophages in various organs (e.g., blood 
polymorphonuclear and cells isolated from the head, kidney, 
and intestine) in their experiment on Salmo salar. In an in vitro 
experiment, Paulsen et al. (2001) in Salmo salar found that in 
head kidney macrophages grown in the presence of LPS, there 
was an increase in lysozyme production in the culture super-
natants, which coincided with an accumulation of lysozyme 
gene transcript in stimulated cells. 

1.5.4 Hormones and Cytokines 

Hormones and cytokines are part of the neuroendocrine 
system. Their role as immunomodulators in the immune 
system has been studied in recent years. Acute stress may often 
be associated with fish life stages and have an impact on fish 
immunity and health (Figure 1.4). An example could be stress 
(resulting in potential advantages), thus involving short-term 
challenges resulting in immune activation or enhancing pro-
cesses. Hormones generally can directly affect macrophages, 
lymphocytes, NK cells, and mitotic activity. Cortisol, growth 
hormone (GH), prolactin (PRL), reproductive hormones, 
melanin-concentrating hormone (MCH), and pro-opioid mel-
anocortin (POMC)-derived peptides have all been shown to 
affect immune function in many fish species (Harris & Bird 
2000). The growth hormone (GH, or somatropin) is a hormone 
from the family of prolactin and somatostatin; the main role of 
GH and insulin-like growth factor-I (IGF-I) is in the regulation 
of body size in growing animals. Previous studies showed that 
the administration of exogenous growth hormone (GH) im-
proves many aspects of immune function, for example, cyto-
toxic (Sakai et al. 1996), phagocytic (Yada et al. 2006), 
haemolytic (Kim et al. 2013), and lysozyme activities (Harris 
et al. 2000) as non-specific defences, and immunoglobulin 
production as specific defences Yada (2007) observed that the 
activation of immune function during seawater adaptation was 
closely associated with increased plasma GH levels in some 
euryhaline fishes. Moreover, a previous study (Yada et al. 
2006) showed that ghrelin (an important regulator of GH 
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FIGURE 1.3 Benefits of probiotics.  

Figure 1.3 illustrates the functions of probiotics as an 
immunostimulant in aquaculture. Probiotics promote 
immunity, growth, digestion, reduce stress and improve 
the feed value and quality of microflora in fish.     
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secretion) stimulates superoxide production associated with 
phagocytosis in trout leucocytes. While GH increased the 
mRNA levels of superoxide dismutase, which catalyses the 
dismutation of superoxide into oxygen and hydrogen peroxide, 
Also, Pontigo & Vargas-Chacoff (2021) found that GH may 
modulate the immune response in the SHK-1 cell line and 
leucocyte cultures of the head kidney in Atlantic salmon. 
Therefore, their work points out the independent action of GH 
on the immune system and the GH/IGF axis. 

Cytokines are low-molecular-weight glycoproteins involved 
in regulating the immune system. These molecules are mainly 
secreted by cells of the innate and adaptive immune systems, 
but they play an important role in the innate immune response 
in fish. Kono et al. (1996) reported that IL-1 plays an essential 
role in fish immunity by activating lymphocytes and phago-
cytic cells and increasing resistance to A. hydrophila infection. 
Type I IFNs (homologs to human IFN- and IFN-) also have 
antiviral activity. Secombes & Belmonte (2016) discovered 
that type II IFN (IFN-) had bactericidal activity against intra-
cellular parasitic bacteria. Studies to elucidate cytokines’ 
functions in fish have recently begun. Still, more work is 
needed to select their appropriate functions, such as im-
munostimulants and vaccine adjuvants, to prevent infection in 
farmed fish. Sakai et al. (2021) developed a multiplex reverse 
transcription-polymerase chain reaction assay to investigate 
the immune response of fish when activated by an im-
munostimulant. Moreover, cytokines are also defined as bio-
logical response modifiers because of their ability to enable 
communication between different cell populations, in agree-
ment with what was reported by Wilson et al. (2002). 

Conforming to changes in environmental factors such as 
water quality, salinity and diseased conditions, the T-cell 
proliferation and cytokine expression also range, which is 
mediated through hormonal regulations. Hormones expressed 
during sexual maturation and larval growth enhance the ex-
pression of these immunological mediators. 

1.5.5 Phytogenic Immunostimulants 

(Plant extracts, herbals, garlic, ginger, triterpenic acid, poly-
phenols, olive oil, seaweeds) 

Phytogenics are plant-derived natural products characterised 
by their richness in biologically active compounds that are 
mainly incorporated into the feed to enhance the innate immu-
nity, health status, and growth performance of the animals. In 
farmed fish, phytogenics have been reported to contribute as 
antimicrobials, antioxidants, anti-inflammatory agents, im-
munostimulants, and sedatives. They work as promoters of 
growth and appetite stimulators, and they could influence the 
bile secretion and several enzymes associated with digestion 
(Chakraborty et al. 2011, Firmino et al. 2021, and Caipang et al. 
2021). Botanicals, including herbs and spices, contain aromatic 
compounds and essential oils (extracted from parts of plants 
such as leaves, flowers, roots, and fruits), and many other 
medicinal plants come under phytogenics (Caipang et al. 2021). 
Plant extracts are active substances with desirable properties that 
are extracted from plant tissue for specific purposes, such as 
immunostimulant use. They have been known to have increased 
lysozyme activity, complement activity, phagocytic activity, an 
antibody response, elevated respiratory burst activity, and higher 
plasma protein (albumin and globulin) (Reverter et al. 2014;  
Harikrishnan R et al. 2011a). Saponin compounds, herbs, ginger, 
triterpenes from fungi and plants and seaweeds, etc. are some of 
the compounds and products which have an immunostimulatory 
effects on fish health and welfare and are discussed in detail in 
this book. 

1.5.6 Nutritional and Dietary Factors 

(Dietary amino acids, vitamin C, vitamin E, dietary nucleotides, 
organic acids, polysaccharides, probiotics, and food waste) 

Nutrition plays a crucial role in maintaining the body’s func-
tioning and health. It provides all the essentials required by the 

FIGURE 1.4 Interconnections between the general immune system and the endocrine system about environmental processes and fish life stages.    
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body to maintain life, like metabolic energy and elements and 
compounds that act as co-factors for various physiological pro-
cesses. When we talk about immunostimulants, dietary nutri-
tional components include dietary amino acids (AA), vitamin C, 
vitamin E, dietary nucleotides, organic acids, polysaccharides, 
probiotics, food waste, etc. Dietary amino acids are essential 
acids that can improve the haemocyte count, phagocytic activity, 
respiratory burst in haemolymph, and lysozyme activity in cell- 
free haemolymph (CFH). Moreover, they can remarkably 
downregulate the malondialdehyde content (Luo et al. 2021). In 
addition to these, AAs are necessary for endogenous synthesis of 
protein and act as important energy substrates. These can also 
modulate the necessary metabolic pathways (Dawood et al. 
2021) (Figure 1.6). 

Vitamins are organic compounds necessary for animal growth 
and development. They are required in small quantities and must 
be provided with food, as they cannot be synthesised in the body. 
At present, vitamins C and E have gained popularity as im-
munostimulants (Kono et al. 1996). Vit E (tocopherols) are 
bioactive phenolic compounds, and a proper dose of this can (i) 
promote the differentiation and proliferation of lymphocytes and 
cytokines, (ii) enhance the production of antibodies and enhance 
complement activity when encountered with an antigen, and (iii) 
it can also improve phagocytosis activity and cytotoxicity. In 
channel catfish and turbot, VE enhances macrophage phagocy-
tosis (Barman et al. 2013). Vitamin C (ascorbic acid) is involved 
as a cofactor in many bioactive processes, like neuromodulation, 
collagen synthesis, and cellular activities related to hormones, 
and the immune system. 

Dietary nucleotides, chitin, and organic waste do also have 
compounds with immunostimulatory effects and are discussed 
in subsequent chapters. Bacterial and yeast cell walls mostly 
consist of glucans. When glucan was given to feed, it activated 
phagocytic cells in fish, and they also demonstrated an increase 
in the development rate of Litopenaeus vannamei juveniles, 
enhancing phagocytosis and the capacity of the cells to elim-
inate harmful pathogens. Additionally, they increase comple-
ment and lysozyme activity (Kono et al. 1996). Additionally, 
glucans improve the non-specific defence mechanisms of fish 
and shellfish and offer defence against bacterial infections 
(Barman et al. 2013). Prebiotic compounds called fungal 
polysaccharides are commonly regarded as a dietary compo-
nent for controlling growth and health issues. Higher fungi are 
excellent providers of a variety of crucial natural compounds 
(Mohan et al. 2019). More details are discussed in subsequent 
chapters (Figure 1.7). 

1.5.7 Trace Elements and Metals 

Minerals that are less abundantly present in living tissues are 
referred to as trace elements (or trace metals). They are con-
sidered to be nutritionally essential, although if consumed at 
sufficiently high levels, they may prove toxic. Copper, chro-
mium, iron, iodine, fluoride, manganese, molybdenum, sele-
nium, and zinc are considered as essential trace elements. 
General functions of minerals include structural constituents of 
tissues, formation of the exoskeleton, osmotic pressure balance, 
muscle contractions, and nerve impulse transmission. They are 
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FIGURE 1.5 Activities of plant extract as an immunostimulant.  

Figure 1.5 represents the role of plant extracts in enhancing 
immunity in fishes. Plant extract stimulate immunity by different 
cellular mechanism like phagocytosis, respiratory burst, antibody 
mediated responses, lysosymal antibacterial activity, and stimulate 
immunogenic plasma proteins.     

Channel catfish
(Ictalurus punctatus) Arginine Increased disease resistance to the

bacteria Edwardsiella ictaluria

Gilthead seabream
(Sparus aurata) Trypthophan

Enhanced innate immune
response

Channel catfish (I.
punctatus) Glutamine Improve immune response

FIGURE 1.6 Effects of different amino acids on fish health.  

Essential amino acids such as arginine and tryptophan and non essential aminoacid like glutamine have increased effect on fish immunity. 
Arginine, in channel catfish improve the resistance in fish against Edwardsiella ictaluria. Tryptophan in Gilthead seabream has a transient 
immune enhancement activity in the fish. Similarly, glutamine improve the immune response in channel catfish.    
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also prime components for co-factors in metabolism, catalysts, 
enzymes, enzyme activators, hormones, pigments, and vitamins. 

1.5.8 Synbiotics 

Synbiotics are a combination of both prebiotics and probiotics 
and work as growth and immunity promoters. These have been 
used in aquaculture for over a decade, but the functional 
mechanism is still not very clear. Prebiotics, which are parts of 
synbiotics when hydrolysed to simpler mono- or disaccharides, 
show an exceptional increase in biomass and colonisation of 
probiotic bacteria on the surface of intestinal epithelial cells in 
the host. By releasing extracellular bacterial enzymes and 
bioactive substances from their metabolic activities, they also 
contribute to the growth of aquatic animals. These enzymes 
also improve the nutrient absorption capacity, which in turn 
help in effective utilisation of feed. Synbiotics stimulate the 
immune system’s synthesis of nitric oxide, phagocytosis, and 
respiratory burst activity in fish. 

1.5.9 Yeast Hydrolysate 

Yeast is known for keeping the digestive system of an animal’s 
body healthy and in balance; hence, it is widely used as a sup-
plement in aquatic feeds. Yeast has a high protein and energy 
content, as well as high micronutrient content. Aside from being 
high in amino acids and proteins, yeast products also have im-
munomodulatory compounds like mannan oligosaccharides 
(MOS), chitin, glucans, and nucleic acids. Mannan oligo-
saccharides are well known to enhance the growth performance 
of rainbow trout (Oncorhynchus mykiss), Aespeciallyes cerevi-
siae is a well-known yeast from which glucan is extracted and 
purified, and an intraperitoneal injection of this improves both 
specific and non-specific immune responses in carp (Cyprinus 
carpio) to the bacterial challenge posed by A. hydrophila. Yeast 
hydrolysate is a hydrolysate of yeast cells obtained through 
various methods like acids, enzymes, or other hydrolysis. The 
extract may be obtained through autolysis, where the enzymes 
found in yeast itself are used to break down the protein, or 
through hydrolysis, where enzymes are added from external 
sources as depicted in Figure 1.8 (Gong et al. 2019). 

1.6 How to Administer the Immunomodulators 
to Fish? 

Overall, the immunostimulants could be administered through 
different routes. Although injection methods are the best strategy 
to enhance non-specific immune system responses, this method is 
costly and time-consuming. Furthermore, injection methods are 
only performed by experts. Therefore, it is applied in experiments 
where the fish are intended as brook stock in genetic studies. 
Another method is immersion, but its efficiency is less than that 
of injection; however, it requires crowding and an increase in the 
handling of fish stocks. Immune system stimulants may be pre-
scribed as oral supplements. However, the immunostimulants‘ 
concentration in the diet depends on the size, ontogeny stages, 
and initial weight of the fish. This method consists of oral 
ingestion, produces a suitable non-specific immune response, and 
can be the most cost-effective method of administration. Top 
dressing can help you achieve these. The surface of the food is 
treated with the pure immunostimulant in this case. This is 
comparable to employing a layer of fish oil to top-dress antibiotic 
granules. This technique produces variable results depending on 
how well the immunostimulant adheres to the feed. At last, one 
method that is much more advanced is bio-encapsulation. 

Prebiotics

Antimicrobi
al activity

Immunostim
ulantory
effects

Hypoglyce
mic activity

Gut health
maintanence
(improving
the growth
of intestinal
microbiota)

Disease
resistance

Enhance
innate

immune
responses

Promote
growth

FIGURE 1.7 Functional properties of prebiotics. 

Prebiotics have an enhancing effect on fish growth, antimicrobial 
activity, and disease resistance. They improve favourable intestinal 
microbiota and stimulate immune system in teleost.     
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FIGURE 1.8 Extraction of hydrolysate. 

Demonstrate the pathway for the extraction of hydrolysate from yeast to use as an immunostimulant for fishes. The yeast (Saccharomyces 
cerevisiae) are collected, autolyzed yeast is subjected to nuclease, peptidase, and protease to get the hydrolysed product, which is subsequently 
purified using condensing and drying.    
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1.7 Limitations of Immunostimulants  

• Though showing extraordinary growth in the field of 
aquaculture, one of the important disadvantages of some 
immunostimulants is their high cost.  

• The administration of the drug is important to consider 
as it depends on its efficacy. Immunostimulants show 
limited efficiency upon parental administration.  

• Immunostimulants are not completely effective against 
all diseases.  

• Overdoses of immunostimulants in feeds may cause 
immunosuppression.  

• In some cases, aquatic animals may also fail to provide 
enhanced protection or an increase in immunity.  

• Immunostimulants are successfully used in aquaculture 
against various infections and pathogens; however, the 
ability to improve innate resistance against many dis-
eases (e.g., columnaris disease) has not been studied. 

1.8 Factors Affecting the Efficiency of 
Immunostimulants 

The effectiveness of an immunostimulant can depend on var-
ious factors, as follows:  

• Solubility: Laminaran is an algal extract that can boost 
respiratory burst activity in leucocytes of the anterior 
kidney and activate macrophages in Atlantic salmon 
because it is more soluble than the fungal and yeast 
glucans. It has also been demonstrated to be a potential 
chemical for diet usage due to its greater solubility, so 
the solubility is considered an important aspect for 
immunostimulants.  

• Duration of dose: Salmon that received M-glucan 
injections only took 2 days to produce their peak leu-
cocyte responses. After 4–7 days of therapy with yeast 
beta-glucan, the respiratory burst activity increased. This 
demonstrated how immunostimulants might improve 
non-specific immunity with very brief dosages.  

• Dosage: A high dose or overdose certainly does not seem 
to have an enhancing effect and can, in turn, inhibit the 
immune responses. At concentrations of 0.1–1  g/mL, the 
respiratory burst activity of glucans-treated macro-
phages increased. Whereas glucan had no effect at a 
concentration of 10  g/mL, it was inhibitory at a con-
centration of 50  g/mL. Very high vitamin E levels in 
feed, such as those of a >1,000–5,000 IE/kg diet, have 
an immunosuppressive effect. So, the dose per unit 
weight has a significant effect on efficacy.  

• Time of administration: applying immunostimulants at 
the right time is very important in aquaculture. Mostly, 
application is needed before the outbreak of disease so 
that losses due to disease can be reduced. 

• Method of Administration: The administration of im-
munostimulants through injection has been reported to be 

most effective against a range of pathogens. Vaccination 
seems to be impractical for small fish. Immersion is 
commonly used in intensive culture systems, despite the 
fact that it is less expensive than injection, produces a less 
non-specific immune response, and stresses the fish 
during handling. It is most effective during the acclima-
tion of juveniles to ponds in field conditions. Oral 
ingestion is good for extensive aquaculture systems. It is 
cost-effective and enhances non-specific immune 
responses (Barman et al. 2013). 

1.9 Evaluating the Efficacy of 
Immunostimulants 

In vivo and in vitro methods can be used to assess the efficacy 
of an immunostimulant. The in-vivo method employs fish 
pathogens to assess the efficacy of immunostimulants, whereas 
the in-vitro method examines cellular and humoral immune 
mechanisms. In-vivo and in-vitro methods should be per-
formed together to check the basic mechanisms for providing 
protection. In preliminary studies, in vitro methods are pre-
ferred. In vitro evaluation is based on lymphocyte prolifera-
tion, complement activation, total erythrocyte and leucocyte 
counts, chemokinesis, chemotaxis, lysozyme activity, and 
RBA phagocytosis. Other parameters include monitoring nat-
ural cytotoxic activity, macrophage-activating factor (MAF) 
levels, and C-reactive protein levels. However, these tests are 
too expensive to be conducted to check the efficacy of im-
munostimulants. A deep level of research is required to check 
the efficacy of various compounds for aquaculture species and 
their pathogens and to ultimately decrease the cost of the 
immunostimulants. 

1.10 Timing of Administration 

It is very important to use immunostimulants at the correct 
time and in the right concentration to boost the immune 
system. Anderson proposed in 1992 that it is best to use im-
munostimulants prior to the possibility of disease outbreaks in 
order to minimise disease-related loss. Furthermore, the 
effective dose and timing of exposure have a significant impact 
and are complicated by the culture system and feeding sce-
nario. Studies in Atlantic salmon showed that the maximum 
non-specific disease resistance is attained only after the third 
week of injecting glucan at 10  mg/100  g, whereas the effects 
of low dosing at 1  mg/100  g last only for 1 week. Similarly, in 
African catfish, administration of glucan led to a maximum 
increase in the phagocytic cells at 7 days but not after 14 days. 
So, it is preferable to use them well in advance and at regular 
intervals (Barman et al. 2013). 

1.11 Detection of Immunostimulants 

Detection of immunostimulants in fish body is detected by 
using ‘omic’ technologies. 
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Methods of detection of immunostimulation are as follows 
and it is discussed in further chapters in detail:  

• In vitro measurement  

• In vivo measurement  

• Phagocytic activity 

1.12 Attributes of Immunostimulants 

The most important attribute of an immunostimulant is that it 
directly influences the animal’s health. It is biodegradable and 
biocompatible, and therefore safe for the environment. It en-
hances the immune system of animals, promoting good health, 
and is non-toxic to both fish and shellfish with no side effects 
observed. In aquaculture, it provides disease resistance to an-
imals against a broad spectrum of pathogens and reduces 
mortality caused by opportunistic pathogens. It can also keep 
the host safe by providing enhanced immune stimulation to 
fight viral diseases. It increases the effectiveness of many an-
timicrobial substances, vaccines, and antibiotics. Moreover, it 
is cheap, easily available, and most importantly, an eco- 
friendly method for immune stimulation (Barman et al. 2013). 

1.13 Vaccine 

A vaccination is a biological treatment that increases immunity 
to a specific disease. Vaccine often comprises an agent that re-
sembles a microorganism that causes a disease and is frequently 
created from weaker or dead versions of the pathogen. In order 
for the immune system to more quickly identify and eliminate 
any further interactions with this disease-causing micro-
organism, The agent prompts the body’s immune system to 
identify the agent as foreign, eliminate it, and “remember” it so 
that the immune system will be better able to identify and 
eliminate any of these microorganisms that it comes into contact 
with in the future. “Prevention is better than cure” is the core 
tenet of a vaccination. The name “vaccine” originated from 
Edward Jenner’s usage of the phrase “cow pox” in 1796 (Latin 
“variolvaccin,” which was borrowed from the Latin “vaccn-us,” 
from “vacca” cow). He was a pioneer in the use of cowpox 
vaccinations to stop the spread of smallpox. 

Fish immunisation started in 1942 when David C. B. Duff 
successfully immunised trout orally against the bacteria 
Aeromonas salmonicida (the first fish vaccine). He is known 
“Father of Fish Vaccination”. The first commercially approved 
fish vaccination was a dead Yersinia ruckeri vaccine against 
enteric redmouth disease that was administered by immersion 
in 1976. 

1.14 Immunostimulants vs Vaccine 

Table 1.1 is the comparison of immunostimulants and vaccines 
(Dawood et al. 2021). 

1.15 New Paradigm 

1.15.1 Nutrigenomics 

Nutrigenomics is a branch of science that integrates bio-
informatics, nutrition, genomics, molecular biology, and epi-
demiology. It links the relationship between nutrients and 
cellular processes and shows how the dietary components alter 
the genetic makeup. Although the relationship between nutrition 
and the immune system is generally known, it is still unclear 

FIGURE 1.9 Vaccination via injection.  

Figure 1.9 represents vaccine administration through injection via 
intramuscular or intraperitoneal method to increase resistance against 
pathogens by stimulating immune system.     

TABLE 1.1 

The Comparison of Immunostimulant with Vaccines    

Immunostimulants (IS) Vaccine   

• More treatments are required as the prophylactic effect is short term  
• Efficacy of immunostimulants is good  
• IS possess wide spectrum of activity  
• Nontoxic with less side effects  
• No toxic residue accumulation  
• Positive/no environmental impact  
• Mainly enhance non-specific immune system before specific immune system 

matures.  
• Can be used at any stage of life cycle  
• Easy to supply to larvae of fish and shrimp  
• Cost-effective  

• One or two treatments are enough as prophylactic effect is 
long  

• Efficacy of vaccine is excellent  
• Vaccine possess limited spectrum of activity  
• Nontoxic with less side effects  
• No toxic residues accumulation  
• No environmental impact  
• Enhance specific and nonspecific immune response  
• Cannot be used at any stage of life cycle  
• Difficult to supply to larvae of fish and shrimp  
• Costly 
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how nutrition, animal energy status, and immune function are 
linked together. The effects of diet on the immune system are 
becoming more transparent because of emerging omics tech-
nologies like transcriptomics (microarray and RNA-seq) and 
proteomics. Modules of genes can reveal changes in both local 
(intestinal) and systemic immune function by applying molec-
ular pathway enrichment analysis. Using the omics, researchers 
can now investigate the effects of dietary manipulations such as 
fasting, feed additives, and protein replacement on gene ex-
pression, protein synthesis, and immune functions. It is a rela-
tively new approach in aquaculture, but the scope it provides to 
understand the mechanism behind gene alteration through 
nutrition may lead to more intense research and the development 
of aquaculture (Samuel and Martin 2017). 

1.15.2 Trained Innate Immunity 

It is a concept that argues that not only can adaptive immunity 
provide immunity by memorising the pathogen, but an innate 
immune response can also recognise the pathogen and adapt to 
provide an immune response after exposure. It stimulates de-
fence and increases nonspecific resistance to infection. One 
such example is the prophylactic effects of glucan injection in 
fish against Vibrio salmonicida. Though technological ad-
vancements and research have revealed the mechanism 
responsible for such immune responses to be effective pro-
gramming of cells like monocytes, NK cells, macrophages, etc. 
through pattern recognition (MAP kinase dependent), we are 
still far from knowing the actual effectiveness, mechanism, and 
potential side effects it may cause. The approach is opening 
doors of application in various aquaculture fields like brood 
stocking, larval rearing, and first-feeding fish; however, as-
sessments of this approach using modern tools like tran-
scriptomics, epigenetics, proteomics, and metabolomics are 
needed (Zhangzuobing et al. 2019). 
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xxii

Microplastics (MPs) are emerging global contaminants, and the scientific community is becoming increasingly 
interested in this topic. This book discusses recent developments in multidisciplinary research on MPs, including 
their distribution in the soil, hydrosphere, and aerosphere, as well as their sources, fates, distribution, toxicity, and 
management. Particularly during the SARS- CoV- 2 pandemic, there has been tremendous production and 
 consumption of single- use MPs. But although most MPs are produced on land, they are eventually deposited in 
the marine environment. This book reviews the state of single- use plastics and MPs in the atmosphere, the ocean, 
soil systems, and the food chain and food web along with treatment technologies and management.

The sampling, processing, and analytical procedures employed to date to identify MPs are complex. Leaching 
MPs from landfills and industrial wastewater, vector transport of pollutants, and MPs found on beaches and in 
marine settings are all evaluated in the hydrosphere. Additionally, MPs in sewage sludge, soils fertilized with 
sludge, and soils irrigated with wastewater are explored, as well as any potential consequences for plants and 
human health. Important management strategies are also covered, including suggestions for useful information 
for policymakers, non- experts, environmental researchers, ecologists, and toxicologists. The interplay of MPs at 
the macro and molecular levels with the human, animal, and environmental domains is highlighted (Figure 1). 
As MPs enter or accumulate in the food chain or participate in the food web, their fate in the ecosystem is crucial. 
It is well- recognized that MPs have a significant capacity for adsorbing a wide range of pollutants, particularly 
organic toxins. Therefore, it is anticipated that all of the findings will contribute to the establishment of necessary 
environmental laws and policies as well as pinpoint knowledge gaps regarding MP pollution and contamination.

MPs in the environment originate from a variety of sources and are distributed worldwide. Sources include 
abrasion of synthetic textiles during laundry, tire abrasion while driving, city dust, spills, road markings, weather-
ing and abrasion by vehicles, marine coatings, etc., in addition to domestic items such as personal care products 
and industrial uses such as plastic pellets in manufacturing, transport, and recycling. MPs also come from marine 
accidents such as the X- Press Pearl maritime disaster in 2021, which released thousands of tons of plastic nurdles 
and other polymers into the marine environment, contaminating coral reefs, seagrass beds, and the food chain. 
The pathways of global MP cycling include the road runoff pathway, wastewater pathway, wind pathway, and 
ocean pathway. The fate of MPs in the environment is particularly important because they are transferred to and 
accumulate in the food chain and become part of the food web.

Management of plastics and MPs is critical for many reasons:

1) Every year, several million tons of primary and secondary MPs leak into the oceans.
2) Discarded plastics could wrap around the earth four times in a single year.
3) Disposable plastic items represent 50% of marine litter.
4) About 95% of disposable plastic packing is wasted.
5) Plastics can survive in the environment for up to 500 years.
6) Recycling plastics takes 88% less energy than making new plastic. We can save a huge amount of gasoline by 

recycling plastics.

Preface

 10.1002/9781119879534.fm
atter, D

ow
nloaded from

 https://onlinelibrary.w
iley.com

/doi/10.1002/9781119879534.fm
atter by K

erala U
niversity of Fisheries and O

cean Studies, W
iley O

nline L
ibrary on [09/06/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



Preface xxiii

“Mission Starfish 2030: Restore Our Ocean and Waters” is a document prepared by an independent commission 
of the European Union for Healthy Oceans, Seas, and Coastal and Inland Waters. Its overall goal is to restore the 
earth’s oceans and waters by 2030. More concretely, inspired by the shape of a starfish, the Mission highlights four 
interdependent challenges  – unsustainable footprint; climate change; lack of understanding, connection, and 
investment; and inadequate governance – by proposing five overarching objectives for 2030:

a) Filling the knowledge and emotional gap
b) Regenerating marine and water ecosystems
c) Zero pollution
d) Decarbonizing our waters, ocean, and sea waters
e) Revamping governance

This book is relevant for helping to achieve the Mission Starfish goals via plastic abatement.

Figure 1  The word cloud map generated from the titles and keywords of the chapters in this book.
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took place in the geological past, as well as how the climate changed throughout 
history, and how polar regions were affected by global warming. It also discusses 
how we might expect polar climate to change in the future. A frm understanding 
of the cryosphere region’s geological perspectives helps students and geoscientists 
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Foreword 
The Paris Accords in 2015 is an outcome of global concern about climate change, 
which plays a pivotal role to determine whether the UN mandated Sustainable 
Development Goals will be achievable by 2030. The polar regions of the Earth 
are best suited for studying the cause-and-effect relationships of climate change. 
Geodynamics is one of the many natural factors of climate change, and a broad 
understanding of the inter-relationships between deep Earth processes and their sur-
face manifestations is a signifcant advancement in our knowledge. Viewed in these 
contexts, this book presents a collection of studies related to climate change and 
geodynamics with a focus on the polar regions. The Arctic polar region situated in 
the northernmost part of the Earth with the North Pole is characterized by distinc-
tively polar conditions of climate, plant and animal life, and other physical features. 
Likewise, the spectacular “icy continent” of Antarctica is the southernmost continent 
with the South Pole being a virtually uninhabited and largely ice-covered landmass. 
The main distinction between these two polar regions is that the Arctic is an ocean 
surrounded by land whereas, the Antarctic is the land surrounded by an ocean. The 
Himalayas, considered to be the Third Pole, aroused general interest to generate feld 
and laboratory data for a better understanding of the geodynamic evolution of these 
spectacular features and to assess the impacts of global warming on the Himalayan 
glaciers along with other two polar regions. 

Over the past 30 years, the Arctic has warmed at roughly twice the global rate. It 
is attributed to a phenomenon known as Arctic amplifcation, enhanced by anthropo-
genic factors. Similarly, new data indicates that climate change is negatively impact-
ing Antarctica and the Himalayas (e.g. melting of glaciers). 

Evidence suggests that the West Antarctic Peninsula is one of the fastest-warming 
areas on Earth, since Antarctica is large, climate change is not having a uniform 
impact. It has been observed that some areas experience increases in sea ice extent, 
on the contrary, in other regions, sea ice is decreasing. The unprecedented warming 
in the Arctic, Antarctic and the Himalayan region is severely causing changes not 
only to the physical environment but to the entire ecosystem. It is believed that under-
standing climate change impacts on all these three poles (the Arctic, the Antarctic, 
and the Himalayas) is a matter of critical importance not only for the region alone 
but globally. 

The Arctic region is an element of a geodynamic system that includes the ancient 
Eurasian continent and intensely developing younger Arctic Ocean. The Circum-
Arctic terrains comprise a series of complex geological structures, with fragments 
of Archaean to Paleoproterozoic shields and platforms, remains of orogenic belts 
of Neo-Proterozoic to Cenozoic ages. Recent seismicity indicates ongoing geody-
namic processes. New surveys and data provide insights into Arctic continental ter-
rains, basins and tectonic structures. Antarctica has geometric signifcance for global 
plate kinematic studies owing to its linkage to the seafoor spreading systems of the 
Indian, Atlantic Oceans and the Pacifc. On the contrary, the Himalayan region, a site 
of continent-continent collision and disappearance of the Tethys is yet another site to 



 

 

 

 
 

viii Foreword 

understand various climate change impacts and geodynamical events apart from the 
Arctic and the Antarctic. The great mountain ranges of the Himalayas are the Earth’s 
unique features. This region came into existence mainly due to the successive accre-
tions of various isolated continental and arc terranes with the converging Indian and 
Eurasian land masses during Late Mesozoic-Early Tertiary. 

Therefore, the Arctic, Antarctic and the Himalayan region are the hotspots of 
climate change assessment and are sites for understanding geodynamical processes. 
The present book, Climate Change and Geodynamics in Polar Regions, aptly pro-
vides a comprehensive account of Indian efforts to help understand the impact of 
climate change and the geodynamics of the Arctic, Antarctic, and the Himalayas. 

The book begins with the Arctic through an assessment of the Geomorphology 
around the Kongsfjorden and Krossfjorden system, Svalbard, by Pattanaik et al. 
Interestingly the signifcance of the Antarctic Climates and glacial dynamics using 
mass balance over the Antarctic ice sheet has been highlighted by Kumar et  al. 
On the other hand, Singh et  al. have detailed the Antarctic Climate history and 
its relationship with global climate changes gleaning clues from ice core records. 
Signifcant attempts have been made to study the glacial geomorphology around 
Schirmacher oasis, Antarctica by Pattanaik and Baba. Similarly, Chaturvedi and 
Khare highlighted the signifcance of foraminiferal studies from the southern high 
latitudes in assessing global climate change coupled with Sunil et al.’s ionospheric 
response over Antarctica during the Total Solar Eclipse on December 4, 2021. On the 
contrary, Reshmi et al. dealt with the isotope hydrochemistry of Antarctic lakes and 
ponds while a limnological assessment of water bodies of extreme Antarctic climatic 
conditions has been made by Khare et al. 

In a signifcant attempt, Singh et al. focused on the glacial morpho-sedimentology 
and processes of landscape evolution in the Himalayan region with special emphasis 
on the Gangotri Glacier area, Garhwal Himalaya. 

Altogether, this book provides a comprehensive, up-to-date account of how cli-
mate changes and various geodynamical processes occur in the poles (the Arctic, the 
Antarctic, and the Himalayas). The book provides a holistic picture of the impacts 
of rising temperatures over the cryosphere region with a highly cross-disciplinary 
approach to refect the importance of the Arctic, Antarctic, and the Himalayas in 
addressing the global issues of climate change. 

It will be of immense value to all researchers keen to understand the science 
of climate change in these sensitive regions. It will also help the Decision Support 
System and the development of climate models. 

Somnath Dasgupta 
INSA Senior Scientist at Indian Statistical Institute, 
Kolkata and Honorary Professor at Indian Institute 

of Science Education & Research, Kolkata 

Date: May 2022 
Place: Kolkata 
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Preface 
The polar regions are the center stage of the evolution of all surrounding continental 
bodies separated millions of years ago. The entire world is experiencing the looming 
danger of global warming where the Arctic, Antarctic, and Himalayas have again 
emerged as the keystone in a changing world. It reinforces the importance of con-
tinual changes in these cryosphere regions, their history, and the impact of these 
changes on global climates. 

Geodynamics and environmental geodesy cover the entire gamut of research 
activities on the deformation of the solid Earth including its fuid envelope. It also 
encompasses the modelling of the past ice history of the Earth, climate change and 
its impact on polar ice sheets, and sea-level variations. Similarly, the studies on elas-
tic tidal deformation of the Earth and seismogenic tectonic deformation are also sig-
nifcant components of the research activities which can easily be addressed through 
geoscientifc instrumentation such as Interferometric Synthetic Aperture Radar, GPS 
etc. Recently introduced space-geodetic techniques such as the Gravity Recovery 
and Climate Experiment (GRACE) and satellite altimetry provide new observations 
of the changing nature of our mother planet 

Such tools play a signifcant role to investigate how climate change is affecting 
the environment, of these cryosphere regions (the Arctic, the Antarctic, and the 
Himalayas) 

It is a fact that many glaciers have retreated and ice shelves have either collapsed 
severely or are being retreated that formerly fringed the peninsula. Such visible 
signs of the climate changes over the Arctic, Antarctic and Himalayas are respon-
sible for causing physical changes and the living environment by bringing notably 
changes in sea level, rates of melting of polar ice caps and even ground water stor-
age. Consequently, the melting of ice sheets has the reverse effect, causing uplift of 
continents and increases in ocean volumes. 

Undoubtedly the study of climate change in the Arctic, Antarctica, and Himalayas 
is important to enabling researchers to prepare the predictive models accurately and 
put forth future climate change scenarios and help contribute to the decision support 
systems for the policy makers. 

We need to understand and recognize the warming pattern. If global warming 
continues, it may not be uniform. In the context of global warming, we must address 
the more signifcant issue of climate change and geodynamics in polar regions on 
which the present book places emphasis. 

The book begins with the Arctic regions which are important in geomorphologi-
cal studies as the region is characterised by the lowest sediment fuxes. While assess-
ing the Geomorphology around Kongsfjorden and Krossfjorden systems, Svalbard, 
Pattanaik et al. pointed out that the Arctic region is characterised by a large sedi-
ment store and a favorable topography for sediment transport. The Svalbard archipel-
ago in the Arctic has been widely studied in terms of its landscape, glacial dynamics, 
sediment transports and paleoclimatic studies. The fjord system is the transition zone 
between the terrestrial and marine environment, acting as an important archive that 
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will have geomorphological features that have been formed as a result of both terres-
trial and marine processes. It is a potential site to study paleoenvironmental changes 
as the region provides a high-resolution sedimentary archive. Diverse geomorpho-
logical features developed in Svalbard are due to the interplay of climate and surfcial 
processes active in that region. A study on these features will provide an opportunity 
to understand the sequence and mechanism of the surfcial processes. 

The polar regions act as a sensitive barometer to the climate changes occurring 
on the global scale. Kumar et al. present a snapshot of glaciological studies carried 
out in Schirmacher Oasis and the Nivlisen ice shelf in Central Dronning Maud Land 
(cDML), East Antarctica during Indian Antarctic Expeditions. Systematic observa-
tions have been meticulously carried out since 1996 to document the changes in the 
~9 km long Polar Ice Front along the southern margin of the Schirmacher Oasis. 
Ice stakes have been installed to monitor the accumulation/ablation and estimation 
of surface mass balance over a 14000-sq.-km area. Ice dynamics and estimation of 
velocity using differential GPS were done to calculate the surface mass balance. Ice 
thickness data using ground penetrating radar is used to calculate the net mass bal-
ance in the area. According to them, the Dakshin Gangotri Polar Ice Front (DGPIF) 
shows an annual retreat of 1.32 m during 2018–19 and a cumulative retreat of 14.9 
m since 1996. The polar ice front at Schirmacher Oasis shows an annual retreat of 
2.79 m during 2018–19 and a cumulative retreat of 42.08 m since 2001. The average 
annual accumulation of 0.98 m is observed in the high Polar ice sheet area which 
is equivalent to 394.01 kg/m² Snow Water Equivalent (SWE). Impeded Polar Ice 
sheet area shows an average ablation that ranges from 133.12 kg/m² to 183.25 kg/m² 
SWE. The ice velocity during 2018–19 varies from 1.98 m/y to 51.65 m/y with an 
average velocity of 21.16 m/y in parts of the High Polar Ice sheet area, whereas the 
ice velocity was 4 m/y to 97 m/y for the same time during 2017–18. The ice sheet 
movement with an average of 6.78 m/y in parts Impeded Polar Ice sheet area has been 
recorded, whereas the ice sheet movement over DGPIF is found to be of the order 
of 5.23 m/y which reveals a total 6.55 m annual degeneration of DGPIF wall during 
2018–19, which is equivalent to 6006.35 kg/m2 loss of ice mass at DGPIF area. Out 
fux of ice mass for estimation of mass balance in the region shows 1.7504 gigatonnes 
of ice mass loss from the out-fux gate at Nivlisen ice shelf during 2017–2018, as 
compared to 1.66 gigatonnes during 2016–17. An increase in the ice loss is attributed 
mainly to a faster rate of movement of the ice sheets during that period. The cumula-
tive ice loss from the area would have contributed to a rise in mean sea level by about 
0.0045 mm and 0.0048 mm during 2017–18 and 2018–19, respectively. 

On the other hand, Singh et  al. have provided an overview of the Antarctic 
Climate history through ice core records. They highlighted that the Ice core studies 
in the last two decades have made important conceptual advancements in our under-
standing of the climate forcing factors and climate response at millennial time scales. 
Antarctic climate and its variability in the last 800 kyr have been revealed through 
the study of long ice core records obtained from a few important strategic localities 
in Antarctica. According to them, Ice cores have many advantages over the marine 
and continental sedimentary records in terms of their completeness; ability to cali-
brate actual and measured temperature data through proxies. Ice core records have 
truly preserved the signatures of variations in the rate of snowfall, and temperature, 
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of the region where they are located. In addition, the wind-blown dust and sea salt 
record, and the trapped air bubbles containing major and trace gases of the prevailing 
atmosphere, all provide us clues to the climate changes through ages and over wide 
regions. The ice cores have improved our understanding to our understanding of the 
various forcing factors and their mutual impact on the climate system. The nonlin-
earity of the climate system involves an important threshold of some of the forcing 
factors like greenhouse gas concentration and Meridional Ocean Circulation. The 
long ice core records have thrown light on such threshold which gave rise to abrupt 
climate events. Also, the comparison of the Antarctic and Greenland ice core records 
led to important concepts like bipolar seesaw and lag and lead of the north and south 
They also opined that while climate change in the low latitude region is governed by 
a multitude of factors including land use, anthropogenic activities, ocean circulation, 
greenhouse gas emission and the external forcing like sun’s radiation, the climate 
change at the poles, particularly Antarctica are mainly controlled by greenhouse 
concentration, orbital forcings, and feedback processes. That probably is a key factor 
for Antarctic amplifcation which is a manifestation of a climate signal two to three 
times the global average. For a clear understanding of the Antarctic amplifcation, the 
ice core records provide an excellent opportunity. One of the most signifcant fnd-
ings from the long Antarctic ice core has been to understand the nature of the glacial 
and interglacial intervals including their amplitude and profle. Their comparison 
of the paleoclimate record of the Antarctic ice cores with mid-latitude marine sedi-
mentary records reveals teleconnections in the climate through the ocean and atmo-
spheric circulation. Also, the abruptness of the climate change in the north pole is not 
so evident in Antarctica where the changes are rather gradual. The Antarctic Ice core 
record compared with the Greenland Ice Core record enables us to understand the 
interhemispheric coupling at the millennial scale. The ice core studies have revealed 
that during the last glacial period, the Dasngaard-Oeschger events in Greenland 
and millennial-scale warm events in Antarctica are strongly coupled with a time 
lag through the Atlantic meridional overturning circulation showing teleconnections 
between north and south. The bipolar seesaw is to a great extent proved by comparing 
Byrd (Antarctica) and Greenland ice core records. In addition, the Antarctic climate 
is connected to the climate of the tropics. They highlighted that the Antarctic sea ice 
extent is related to the Indian and African monsoon. The Antarctic ice expansion and 
sea ice extension are related to enhanced summer monsoon. Well, dated stalagmite 
δ18Orecord between 88 and 22 kyr BP from Yongxing Cave in central China charac-
terizes changes in Asian monsoon (AM) strength and the studies have shown that the 
record is strongly anti-phased with Antarctic temperature variability on sub-orbital 
timescales during the Marine Isotope Stage (MIS) 3, thus establishing teleconnec-
tions between monsoon and Antarctic climate. Another major contribution to the ice 
core record has been the Antarctic Isotope Maxima Events (AIM). During MIS 3, 
the Antarctic climate is marked by some warming events when the temperature has 
gone up to 1 to 3 degrees Celsius and a high oxygen isotope value. These warming 
events are known as Antarctic isotopic Maxima (AIM) events and are characterized 
by gradual warming and cooling. This is in contrast to the Dansgaard—Oeschger 
events in the North where rapid warming (8–16 degrees Celsius) is followed by grad-
ual cooling to Greenland Stadials. This shows a distinct difference in the pattern of 



 xii Preface 

the warming events in the north and south. Several theories have emerged to explain 
the bipolar seesaw including the development of a southern heat reservoir during 
Greenland stadials. Thus we see that the Antarctic Ice core records provide us with 
a great understanding of the climate system, feedback, forcing factors, response sys-
tem, and global Tele connectivity from north to south and from polar to tropical lati-
tudes. Though the oldest record goes back only to 800 Kyrs, it provides conceptual 
advancements in our understanding of the cause and effect relationship and physical 
processes of linkages, that can be applied for time beyond 800 Kyrs. 

On the other hand, Pattanaik and Baba provided an exhaustive account of 
the glacial geomorphology around Schirmacher oasis which is an ice-free area of 
Dorning Maud Land, East Antarctica. This area is sandwiched between a continen-
tal ice sheet in the south and an ice shelf in the north. The ice-free region provides 
opportunities to study lithology, paleoclimate, glacial process and glacial geomor-
phology of Antarctica. The landscape and the glacial-geomorphological features 
found in the Schirmacher oasis help to understand the glacial process active in the 
region. Striations on bedrocks and erratics indicate the glaciers’ movements and 
deglaciation phases of the Oasis. A considerable amount of sediments found in the 
oasis as till, pattern ground, moraines, block felds, and outwash plains witnessed 
the past glacial processes. Retreat and advancement of polar ice have resulted in the 
formation of various landforms such as valleys, glacial troughs, cliffs, moraines, and 
roche moutonnées. Sediment archives from the lakes provide paleoclimatic informa-
tion about the oasis. Permanent Indian research station Maitri and Russian research 
station Novolazarevskaya provide a platform for the researchers for conducting vari-
ous research works in the Schirmacher oasis. 

In view of the signifcant infuence of the southern high latitudes on global climatic 
change, it is important to understand the role of the Southern Ocean and Antarctica 
(SOA) in climatic change both at present as well as during the geologic past. The 
role of the southern high latitudes in climatic change during the geologic past can 
best be evaluated by using foraminiferal characteristics in sediments from beneath 
the ocean, from lakes, and uplifted on land. Numerous studies have been carried 
out in which foraminiferal characteristics have been used to assess paleoclimatic/ 
paleoceanographic changes at southern high latitudes. Chaturvedi and Khare aim 
at reviewing the fndings of major foraminiferal studies carried out on sediments 
from southern high latitudes. The changes in foraminiferal characteristics can help 
to understand the present and past Physicochemical aspects of the high-latitude 
Southern Ocean. The application of advanced and recently developed techniques 
on foraminifera recovered from the SOA enabled the reconstruction of the seawater 
temperature and the extent of the continental ice sheets during the geologic past. The 
foraminiferal studies from the Antarctic Circum-polar Current and the regions north 
of it vastly helped to understand the past variations in productivity as well as changes 
in the positions of the various polar fronts and the production of deep and intermedi-
ate waters. Although the surface distribution of foraminifera has been studied from 
many regions of the Southern Ocean, there still are several gaps in coverage. In addi-
tion, the potential of foraminifera recovered from the Antarctic lake sediments has 
not been fully explored. 
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Interestingly the total solar eclipse that occurred on December 4, 2021, gener-
ated signifcant electron density variations over Antarctica. Sunil et al. tracked and 
observed the ionospheric responses over Antarctica during this important period. 
They observed clear electron density depletions are observed along the eclipse total-
ity path followed by gradual recoveries. Total Electron Content (TEC) derived from 
35 Global Positioning System (GPS) stations located over West Antarctica was used 
to study the ionospheric electron density variations during the eclipse. They found 
that the absence of solar radiations following the eclipse onset resulted in the drop of 
charged particle density at various ionospheric layers, which in turn resulted in the 
decrease of TEC values. 

Among the major features of the Antarctic landscape, water bodies stand as a 
potential source of information as most of these water bodies are of glacial ori-
gin, relatively small and date from the Pleistocene epoch of the Quaternary Period. 
During warmer austral spring and summer periods when the ice melts, the Antarctic 
water bodies receive the majority of their sediment supply. It is, therefore important 
to understand that the climatic changes infuence the sediments and fauna/fora of 
the Antarctic water bodies. Hence these water bodies could emerge as an important 
source of paleoclimatic and global change information. To understand the inter-rela-
tionship between various aquatic communities, the study of the physical, chemical 
and biological conditions of the ambient water is signifcant. Similarly, the detailed 
study of biotic communities of the Antarctic water bodies is essential because the biota 
inhabiting the region today is of relatively recent re-colonization, which undoubtedly 
accounts for some of the distinctive species distribution. Furthermore, the Oasis and 
Hills in East Antarctica host many lakes and transient ponds in the ice-free regions 
formed by the advection heat and differential albedo promoting increased melting 
of Polar ice. Reshmi et al. studied one such Oasis, the Schirmacher and Larsemann 
Hills areas of the East Antarctica region to probe the chemical and isotopic evolu-
tion of the lake waters. They noticed that lake water in the Schirmacher Oasis is fed 
by the glacial melt water with a relatively low ionic load, whereas the lakes from the 
Larsemann Hills had a high concentration of dissolved ions. Inter ionic variability 
showed that weathering of silicate rocks is the prime source of ions in these lakes, 
followed by ion exchange and evaporation. According to them, Isotopic ratios were 
also distinctly different in the lake water in both regions. Diffusion controlled kinetic 
effect at the liquid-ice interface for different water isotopologues is the prime deter-
minant of the isotopic composition in Schirmacher Oasis lakes, whereas, in addition 
to it, evaporative enrichment of heavier isotopes from open water bodies affects the 
lakes in Larsemann Hills. 

Indubitably, any modifcation of the catchment region gets refected in the lake 
system, which is more easily studied from the lake sediments, than the catchment 
itself because water bodies are natural sumps of large catchment areas. It is impor-
tant to mention that the limnological studies can also reveal the structural features 
and geomorphology of the region in which they are situated. Being the largest and 
one of the deepest water bodies of the Schirmacher Oasis, central Dronning Maud 
Land region, of East Antarctica, the sediments of Priyadarshini water body provide a 
continuous record of high-resolution paleoclimatic information. To retrieve the long 
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sediment core the need to get the information about lake bathymetry, bottom topog-
raphy and an estimation of the distribution, thickness and stratigraphy of the sedi-
ments underlying the lake foor utilizing acoustic techniques such as echo-sounding 
and sub-bottom seismic refection profling of the Antarctic lakes is emphasized in 
the present study. The preparation of a detailed map of the Priyadarshini water body 
will help to understand the potential pathways for the sediment and water infux 
to the waterbody. The results of the present study coupled with the results of the 
sub-bottom profler will help in marking potential coring locations. Having realised 
such importance of the Antarctic’s water bodies, Khare et al. undertook a detailed 
morphometric assessment of Priyadarshini water body and also attempt to assess the 
limnological parameters of the water body (Priyadarshinin Lake) under the extreme 
Antarctic climatic conditions. 

While addressing the danger of ongoing global warming on the Himalayan gla-
ciers, Singh et al. focused on the paleo-depositional and paleo-climatic conditions. 
Glacier dynamics and resulting geomorphic features are the characteristics of vari-
ous stages of glacial fuctuations. Various geomorphic features/landforms such as 
Lateral Moraines (LM), Terminal/Recessional Moraines (RM), Outwash Plain 
Deposits (OWP) and Kame Terraces were identifed in the feld. The feld observa-
tions and lithological analysis refect that these morphological features are evolved 
by the glacial (Gl), glacio-fuvial (Gf), and mass movement activities. The sediment 
size decreases whereas sorting, roundness and percentage of matrix increase from 
the Gl-Gf process. These geomorphic features are modifed by catastrophic events 
such as Landslide Lake Outburst Flooding (LLOF) and Glacier Lake Outburst 
Flooding (GLOF). Therefore, the geomorphic features/landforms are evolved by gla-
cial processes under the direct control of tectonics and climate and further reshaped 
by LLOF and/or GLOF. 

Thus, the present book emphasizes deciphering the climate records in ice cores, 
geologic cores, and those inferred from rock outcrops. Its chapters on scientifcally 
signifcant and addressing a specifc issue of climate change and geodynamics over 
the polar region will be of interest to policy makers, researchers, and scientifc 
institutions 

Neloy Khare 
Date: April 2022 
Place: New Delhi 
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1.1 INTRODUCTION 

Polar environments are distinctly sensitive to climatic changes as it belongs to 
the lower end of the energy spectrum of our planet. Hence, it is susceptible to 
ecosystem variation, landscape evolution and anthropoid infuence. The Arctic 
region has its characteristic geomorphic features which indirectly indicate the 
geology, climatic condition and different geomorphic forces that are/were active 
in the area. The abundance of standing waters is a characteristic feature of the 
Arctic region (Pienitz et  al., 2008). Presence of certain geomorphological fea-
tures can be used to understand the climatic conditions and geomorphological 
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agents prevalent in the area. Periglacial land forms such as ice-wedges, rock 
glaciers, pingos, solifuction, avalanches, debris fows, rockfalls and nivation; 
glacial land forms like surge glaciers and different aeolian land forms are few 
example to this. Compared to other coastlines, Arctic coasts have experienced 
substantial modifcations (Overduin et al., 2014). Since the LGM (Last Glacial 
Maximum), there has been a large degree of glacial retreat from the coastal tract 
resulting in the predominance of paraglacial processes (Bourriquen et al., 2018; 
Gjermundsen et al., 2013). Considering the geomorphological studies from the 
Arctic region, it is important to note that despite having the 30% of the global 
coastline in the Arctic, only 1% of Arctic coasts have been studied (Lantuit et al., 
2010). Arctic mountains are always been important in geomorphological studies 
as the region is characterized by the lowest sediment fuxes, even though it is 
characterized by a large sediment store and a favorable topography for sediment 
transportation (Mithan et al., 2019). The Svalbard archipelago in the Arctic circle 
has been widely studied in terms of its glacial dynamics and its implications for 
climate change. However, a wide variety of geomorphological features formed as 
a result of a single major (ice) geomorphological agent, make it diffcult to inter-
pret the underlying geomorphological processes. Svalbard is located in the Arctic 
sea between latitudes of 74° to 81°N and displays a vast expanse of ice caps 
(≈ 60%) and valley/fjord glaciers (Hagen et al., 1993). Spitsbergen is the largest 
island of Svalbard archipelago (Miccadei et al., 2016). Kongsfjorden-Krossfjord 
systems are located between 78° 40´ and 77° 30´ N latitudes and 11° 3´ and 
13° 6́  E longitudes (Svendsen et al., 2002). Kongsfjorden is aligned from south-
east to northwest and the orientation of Krossfjorden is from North to South. 
The coast of Kongsfjorden is defned by the Blomstrandbreen area in the North, 
Broggerhalvoya toward the South, Ossian Sarsfjellet and Colletthogda in the East 
(Miccadei et  al., 2016). Fjord systems and the lowland areas in the Arctic are 
important as they experience both terrestrial and coastal processes. Fjords are 
semi-enclosed marine basins that are deepened by glacier activity and generally 
represent a transition region between terrestrial and marine environments (Howe 
et al., 2010). 

Numerous fjords of different dimensions are present in the Svalbard archi-
pelago and the longest fjords, Storfjorden, separate Spitsbergen from Barentsøya 
and Edgeøya. The major fjords of Svalbard are listed in Table 1.1. Krossfjorden-
Kongsfjorden system together constitute a basin area of 3074 km2 and 74% of the 
area is covered by ice (i.e. 1651 km2) and 2257 km2 area island. The system has a 
glacier volume of 308 km3 (Svendsen et al., 2002). Kongsfjorden-Krossfjorden sys-
tems are located near Arctic and Atlantic water mass and it is infuenced by the west 
Spitsbergen current and freshwater from glacier runoff (Kumar et al., 2018). Seasonal 
sea ice-rafted, across gravity-driven and the glacier generated sediments control the 
sedimentation process in the Kongsfjorden-Krossfjorden fjord system. The sedi-
ments deposited in the fjords and the landforms formed by glaciers in the region are 
less modifed and hence this is an ideal location for climatic research (Trusel et al., 
2010). Geomorphology of the Kongsfjorden-Krossfjorden system is studied by the 
systematic appreciation of geology and geomorphic processes responsible for land-
scape evolution. 



  

    

  

  

 

 

3 Geomorphology around Kongsfjorden-Krossfjorden System 

TABLE 1.1 
Major Fjords of Svalbard Based on Length 

Name of the Region in Length S. N. Name of Region in Length 
Sl. no fjords Svalbard (km) the fjords Svalbard (km) 

1 Storfjorden Spitsbergen 132 19 Lady Franklinfjorden Nordaustlandet 25 

2 Wijdefjorden Spitsbergen 108 20 St. Jonsfjorden Spitsbergen 21 

3 Isfjorden Spitsbergen 107 21 Bellsund Spitsbergen 20 

4 Van Mijenfjorden Spitsbergen 83 22 Brennevinsfjorden Nordaustlandet 20 

5 Woodfjorden Spitsbergen 64 23 Raudfjorden Spitsbergen 20 

6 Wahlenbergfjorden Spitsbergen 46 24 Smeerenburgfjorden Spitsbergen 20 

7 Tjuvfjorden Edgeøya 45 25 Ekmanfjorden Spitsbergen 18 

8 Rijpfjorden Nordaustlandet 40 26 Grønfjorden Spitsbergen 16 

9 Duvefjorden Nordaustlandet 35 27 Sassenfjorden Spitsbergen 15 

10 Lomfjorden Spitsbergen 35 28 Tempelfjorden Spitsbergen 15 

11 Austfjorden Spitsbergen 32 29 Lilliehöökfjorden Spitsbergen 14 

12 Billefjorden Spitsbergen 30 30 Vestfjorden Spitsbergen 12 

13 Hornsund Spitsbergen 30 31 Adlersparrefjorden Nordaustlandet 10 

14 Krossfjorden Spitsbergen 30 32 Möllerfjorden Spitsbergen 9 

15 Liefdefjorden Spitsbergen 30 33 Magdalenefjorden Spitsbergen 8 

16 Van Keulenfjorden Spitsbergen 30 34 Recherche Fjord Spitsbergen 7 

17 Dicksonfjorden Spitsbergen 30 35 Fuglefjorden Spitsbergen 6 

18 Kongsfjorden Spitsbergen 26 36 Kobbefjorden Spitsbergen 3.5 

Note: The locations of the fjords are indicated. Some of the branches/tributaries/distributaries of the major 
fjord system are also included here. 

1.2 GEOLOGY AROUND KONGSFJORDEN-KROSSFJORDEN 
SYSTEM 

The Kongsfjorden-Krossfjorden fjord system is located near a major tectonic bound-
ary and hence the region has diverse petrology (Streuff, 2013). This tectonic bound-
ary separates the Northwestern Basement Province to the northeast and the Cenozoic 
fold- and thrust belt of western Spitsbergen to its southwest (Bergh et  al., 2000). 
Igneous, metamorphic, and sedimentary rocks are reported from the Kongsfjorden-
Krossfjorden system. According to the Norwegian Polar Institute, the eastern bound-
ary of the island is dominated by sandstone, siltstone and shale with small patches 
of gabbro or metagabbro rock type. These layered rocks are of the Devonian age. 
The southern boundary of the island has the maximum diversifcation and exhibits 
sedimentary rocks such as chert, silicifed limestone and sandstone and metamorphic 
rocks like marble alternating with other metasediments. Sandstone, siltstone and 
shale with gabbro or metagabbro patches are also present here along with bituminous 
shale, phyllite and metapelites schists. Phyllites and quartzites are often found locally 
with layers of other rocks. These rock types are of Paleogene to Neogene, Middle 
Jurassic–early Cretaceous, Triassic–Middle Jurassic, and Carboniferous and Permian 
sequences. The southwest boundary of the island is characterized by limestone and/ 
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or dolostone, conglomerate, tilloid rocks, garnet-mica schist, calc-pelitic schist and 
marble, quartzite, and other high-pressure metamorphic rock types. The northwest-
ern boundary is majorly occupied by gneisses and schists. Patches of marble with 
phyllite and metapelitic schist are often observed along this boundary with granite 
or granodiorite patches. The bedrocks in this region belong to Mesoproterozoic. The 
Kongsfjorden-Krossfjorden fjord system is surrounded by phyllite and meta-pelitic 
schist with patches of marble. Quaternary continental and coastal deposits overlie the 
bedrock sequences. Surfcial continental deposits include till and diamicton, talus, 
rockfalls, fuvial and beach deposits. 

1.3 LANDSCAPE TYPES 

Landscape in the Svalbard region can be divided into several categories depending 
upon the geomorphological processes and the localities where it is found. As per the 
scheme adopted by the Norwegian Polar Institute, landforms are classifed into various 
categories as listed in Table 1.2, Sl. No. 1, under terrestrial landforms. Other landscape 
types are listed under glacial landforms and surface deposits (Table 1.2). Depending on 
the landforms that found in the different localities, these features can be grouped under 
coastal landforms, landforms developed in the slope, mountain ranges and valleys. 

1.3.1 COASTAL LANDFORMS 

Sediment distribution by retreating glaciers and the effciency of the fuvial system to 
transport sediment towards the shoreline controls the overall evolution of the coastal 
region (Bourriquen et al., 2018). Coastal zones with continuous sediment supply have 
undergone coastal progradation and the areas that lost the sediment supply experienced 
coastal recession (Bourriquen et al., 2018). Most of the coastal part of the system is 

TABLE 1.2 
Different Landscape Types and Geomorphological Features Found in 
Svalbard 

Sl. No Landscape types Geomorphological feature 

1 Terrestrial landforms Coastal low land, sandur, or river fat within coastal lowland or 
U-shaped valley, moraine feld, ice feld and ice cap, valley glacier and 
glacier cirque, glacial denudation fat, open, and hilly landscape, 
mountainous landscape with rounded shapes, plateau mountainous 
landscape, edge dominated and alpine mountainous landscape 

2 Glacial landforms Fjord, Pingo, pattern ground, glaciers, U-shaped valley, moraine feld, 
Drumlins, and glacial futes 

3 Surface deposits Ice, recent moraines, moraine and till, glacial-fuvial and fuvial 
deposits, marine deposits, gelifuction deposits, slope deposits, 
weathering materials 

4 Other features Thermal spring, karst or thermo-karst landforms, exposed bedrocks 



  

 

 

 
 
 
 
 

 

5 Geomorphology around Kongsfjorden-Krossfjorden System 

FIGURE 1.1 Map showing important landscape types and geomorphological features in and 
around Kongsfjorden-Krossfjorden system. 

covered with Quaternary deposits of moraines, marine shore, and fuvial deposits 
(Ingvaldsen et al., 2001; Kumar et al., 2018). 

The coastal geomorphology of Svalbard is dominated by Coastal cliffs, spit-
barrier lagoons, deltas, fats and raised beaches. Wind, rain or/and wave action in 
coastal areas erode the soft rocks, resulting in the formation of cliffs that belongs 
to hard rock remnants of the shore lithology. Longshore drift in the coastal areas 
results in spit-barrier lagoons. These common features associated with the coast 
are formed in accordance with the variation in sediment supply, longshore drift 
and exposure to fetch (Brückner and Schellmann, 2003). River incisions of bed-
rocks in the coastal area form steep scarps and channels perpendicular to the coast 
(Berthling et al., 2020). 

Coastal lowlands with well-developed raised beaches are a characteristic feature 
of Svalbard. However, its distribution is not uniform, and they are on wide display 
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along the western boundary. The genesis of raised beaches is related to post-glacial 
isostatic rebound (Berthling et  al., 2020). The western coastline of Spitsbergen is 
characterized by a series of marine terraces. Strandfats are common in coastal areas, 
which are mostly bounded by mountains and low coastal cliffs with beaches towards 
the sea. Raised beaches are preserved on the strand fats (Streuff, 2013). Currently, 
the coast is covered with linear and pocket-sized rocky cliffs and gravel beaches, 
including Lagoons and deltas. The western rocky shoreline of Kongsfjorden-
Krossfjorden fjord system exhibits vertical cliffs with caves and pocket beaches. 
Low-lying areas of Broggerhalvoya in the Kongsfjord-Krossfjord system have well 
developed Patterned ground and sorted circles (Svendsen et al., 2002). Lagoons and 
single bars are common along all the coasts (e.g. Brandallaguna). 

Coastal Sandur deltas are another important coastal landform. These are formed 
during the glacial retreat which leads to the exposure of terrigenous sediments and 
further transport and deposition resulting in the Sandur delta (Bourriquen et al., 2018). 
The sandur deltas of the Brogger peninsula are some of the examples formed by this 
geological process (Austre Lovénbreen, Midtre Lovénbreen, and Vestre Lovénbreen 
glaciers). Stone circles and patterned grounds are observed on the coastal part of 
Kvadehuken and in the lowland areas of Broggerhalvoya (Kumar et al., 2018). 

1.3.2 SLOPE LANDFORMS 

Talus slopes and cones, rock falls and pro talus remparts are the important slope 
landforms in Kongfjorden-Krosfjorden fjord system. Rock slopes exhibit char-
acteristic fan-shaped landforms. These landforms indicate a transition zone 
between coastal features and mountain ranges where debris fall and deposition is 
high. Periglacial processes on the slope generate talus deposits, which may form 
pro-talus ramparts, and rock glaciers e.g., at the foot of Zeppelinfjellet (Zeppelin 
Mountain) and Stuphallet (Stup Cliff) on Broggerhalvoya, and in the northern part 
of Blomstrandhalvoya (Svendsen et al., 2002). Debris that gets piled up to a charac-
teristic angle of repose is called talus slope. The deposits related to rock slopes are 
fan-shaped landforms. Certain climatic processes favor the development of slope 
processes, rockfalls, debris and solifuction covers. Steep mountain slopes cut by 
gullies, lower gradient slope with debris covers and slopes with solifuction lobes and 
sometimes fattened parts dominated by shales are some of the features formed by 
the runoff of melting snow or/and snow avalanches and gullies formed alluvial fans 
(Zwoliński et al., 2013). 

1.3.3 MOUNTAIN RANGES AND WIDE VALLEYS 

The overall distribution of mountain ranges and wide valleys follow geological 
structures and the meridian of the location (Zwoliński et al., 2013). Hecahoek 
rocks, formed of metamorphosed crystalline rocks, quartzite, marble and slate 
appear as mountain ranges (Zwoliński et  al., 2013). Fjords of Spitsbergen 
might indicate the path of the old valley system, which was reformed in 
Quaternary glaciations (Zwoliński et al., 2013). The downslope flow of valley 
glaciers creates a trough, which is called a U-shaped valley (Fredin et  al., 
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2013). Hence, this flat bottomed and steep-walled landform is a product of the 
erosive action of glaciers. This erosive action is called glacial plucking, which 
generally occurs at the bottom of the valleys. The mountain peaks on the south-
ern side of inner Kongsfjorden, Nunataks surrounding the inner Kongsfjorden, 
the pyramidical peaks of Tre Kroner and high mountains surrounding Fjord 
Krossfjorden, North of Kongsfjorden are some of the examples of mountain 
ranges in the Krossfjorden-Kongsfjorden system. The mountain ranges in the 
Kaffioyra generally occur as narrow ridges with narrow crests and steep slopes 
(Svendsen et al., 2002). 

Landforms associated with limestone terrain are also reported here. Dissolution 
of limestone bedrocks resulted in landscape with Karst topography. Most of these are 
small-scale surface features, however, some larger features like caves also occur, e.g. 
caves in Blomstrandhalvoya (Blümel, 1971). 

1.4 SURFACE MATERIAL IN AND AROUND 
KONGSFJORD-KROSSFJORD REGION 

The border area around Kongsfjorden-Krossfjorden fjord system is largely covered 
by marine deposits, slope deposits and weathering material (Kristiansen and Sollid, 
1986). Glacio-fuvial, fuvial and recent moraine are also present. Patches of exposed 
bedrock can also be seen in the area. 

Glaciers: More than 60% land area of Svalbard is covered with glaciers (Etzelmüller 
et  al., 2000). In Svalbard, glaciers of every kind can be seen. In Spitsbergen, val-
ley glaciers are predominate, and massive ice caps are frequent in Nordaustlandet, 
Edgerya, and Barentsrya. Glaciological research began in the late 19th century and 
became very popular in the 20th century. They include ice-core studies and research 
in meteorology, mass balance, glacier fow, glacial erosion, and radio-echo sounding 
(Liestøl, 1988). Since many of the glaciers in Svalbard are known to surge frequently 
(86 have surged till the beginning of 20th century), it is challenging to use fuctuations 
of glaciers as climatic indicators. Important morphological feature developed during 
the glacier advance and deglaciation is river valleys, through which the water drains 
from the glaciers (Svendsen et al., 2002). At the Kongfjorden fjord, the glaciers can be 
found directly calving into the sea. These glaciers are both subpolar and polythermal, 
indicating that they have both warm (above or near zero, where meltwater can exist), 
and cold (below zero) zones. Surging glaciers are common in the study area. 

Von Postbreen, a large land-terminating glacier; Kongsvegen and Tunabreen, 
large tidewater glaciers; Midtre Lovénbreen, Tellbreen and Longyearbreen, small 
valley glaciers, Kongsvegen and Midtre Lovénbreen are examples of some of 
the important glaciers in the main island of Spitsbergen (Sevestre et  al., 2015). 
Kongsfjorden and Krossfjorden are dominated by tidewater glaciers: Lilliehookbreen 
at the head of Krossfjorden (Lilliehookfjorden) and fve other calving glaciers along 
its eastern coast. Kronebreen and Kongsvegan at the head, and Conwaybreen and 
Blomstrandbreen on northern coast of Kongsfjorden. Glacial, periglacial and hydro- 
glacial processes infuence the landscape. 

The main glacierized area consists of a large glacier complex in the inner part 
of the fjords, which has many calving fronts at its head. These glaciers drain 
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the large icefelds of Isachsenfonna and Holtedalfonna. Blomstrandbreen on the 
northern side of Kongsfjorden also has a calving front. On the southern side, 
there are several valleys or cirque glaciers (Svendsen et al., 2002), and None of 
them reaches the fjord. Glaciers are associated with a different types of moraine 
deposits and their front portion is characterized by rivers and outwash plains 
(Berthling et al., 2020). 

Moraines: Towards the end of glaciers, large amounts of rock debris get deposited 
beneath the active glacier. The size of accumulated debris ranges from meter-sized 
boulders to millimeter-sized dust particles. This random mixture of rock particles 
is called till and mounds, sheets or sinuous ridges of sediment deposits are called 
moraines (Elvevold et al., 2007). Austre Lovénbreen, Midtre Lovénbreen and Vestre 
Lovénbreen are some of the examples for terminal moraines (Bourriquen et al., 2018). 

1.5 SUMMARY 

Arctic regions are important in geomorphological studies as the region is character-
ized by the lowest sediment fuxes. However, this region has large sediment storage 
and a favorable topography for sediment transportation. The Svalbard archipelago 
in the Arctic has been widely studied in terms of its landscape, glacial dynamics, 
sediment transports, and paleoclimate. The Fjord system is a transition zone between 
the terrestrial and marine environment, acting as an important sediment archive that 
infuenced by both the environments. These archives provide ample opportunity for 
high-resolution studies on paleo-environmental changes. Diverse geomorphological 
features developed in Svalbard are due to the interplay of active climate and surfcial 
processes. Detailed study on these features will help to understand the sequence and 
mechanism of the surfcial processes. 
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Foreword

Aquaculture is one of the cheapest animal protein farming practices that has shown
tremendous growth over the past few decades. Currently it contributes about 52 per-
centage of the total fish for human consumption globally (FAO 2020). Asian
countries are major drivers that produce about 80 percentage of the total global
production and contribute directly and indirectly to economic and food security. To
accelerate the production in an ecologically safe and environmentally sound manner,
responsible use of resources and quality inputs deserve due care and importance
considering the sustainability of aquaculture. However, with the growing demand of
the cheap quality protein, unsustainable intensification of the industry has been
proliferated and getting popular in several parts of the globe, resulting in growing
incidences of disease outbreak. With the further expansion of aquaculture, incidence
of outbreaks of infectious disease is also expected to increase multi-fold and even at
serious epizootological level, thus causing serious threat and limiting the growth of
the industry. Biotechnological applications play a key role in aquaculture health
management as it facilitates the rapid and reliable detection and identification of
virulent pathogens. In the era of omics evolution, modern state-of-the-art
technologies such as transcriptomics, proteomics, metabolomics, microbiomics,
RNA interference and cell culture techniques would offer excellent application to
decode the molecular mechanism of disease progression and in developing their
control and management strategies.
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This book has been compiled with chapters that encompass the fundamental
facets connected with the biotechnological advances of disease management in
aquaculture. Recent advances on the role of various dietary supplements, viz.
probiotics, prebiotics, synbiotics, immunostimulants, etc., in health management
have also been extensively covered, which would offer enormous benefits to global
readers of all categories and also provide insights into the underlying mechanism of
health promotion in aquaculture.

I sincerely would like to place a record of appreciation to the book editors and
specialist contributors for their sincere efforts in the comprehensive collation of
brilliant chapters on biotechnological advances in aquaculture health management. I
would like to urge the reader to gain insights from the valuable compilation and to
join the editors in this enthralling, exciting and gratifying attempt.

International Civil Service (FAO of UN), ICAR CIFE
Mumbai, India
28 May 2021

Dilip Kumar
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Foreword

Aquaculture is a multi-billion-dollar industry that is expanding rapidly to cater to the
demands of livelihood and nutritional security of humankind globally. The sector
has been confronting serious challenges which are sophisticated and multidimen-
sional. Among these challenges, prevalence of infectious diseases takes the lion’s
share leading to huge economic losses. The annual loss of revenues incurred due to
disease upsurges is estimated to the tune of six billion US dollars. The figure is
projected to surpass 40% of the global production with emergent diseases in the
shrimp sector. This poses a major threat towards the collapse of the aquaculture
industry in several developing nations of Asia. Additionally, there are also upcoming
issues of climate change and antimicrobial resistance that have aggravated the risks
associated with this sector and need to be addressed judiciously on a priority basis.
Hence, it is imperative to upgrade the application of technological advances in this
sector under the umbrella of environmental sustainability and health promotion of
the cultured species.

Understanding the potential of biotechnological tools such as transcriptomics,
metabolomics, microbiomics, genome editing and RNA interference would not only
prove to be the cornerstone in tackling the incidence of disease outbreak but also
pave the way for the development of diagnostics and curative measures. The
importance of disease prevention by boosting the inherent immunity of fish via
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diet supplementation and vaccination, rather than disease management, would prove
to be a paradigm shift in the enhancement of safety against infectious pathogens.

The biotechnological inventions can be applied towards refining the health
strategies for qualitative and quantitative production from the aquaculture sector in
a holistic manner. This book is a humble effort towards the compilation of the
multifarious aspects of technological advances in aquaculture health management.

The book will be useful to readers who are exploring opportunities to make
contributions in the field of aquaculture health management. The updated literature
survey highlights the voids in the area that may be crucial to realize the potential of
blue economy. I applaud the entire team of editors and contributors for putting their
best efforts towards building a comprehensive compilation in the form of this book
entitled Biotechnological Advances in Aquaculture Health Management. It should
be helpful to both academicians (students, teachers, researchers) and aqua-preneurs
for upgrading their skills and knowledge in the area of aquaculture health manage-
ment driven by biotechnological advances.

Laboratory of Aquaculture and
Artemia Reference Center, Ghent University
Ghent, Belgium
28 May 2021

Peter Bossier
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Preface

Globally, the aquaculture industry has witnessed phenomenal growth in the last two
decades that has contributed to enhance the preference of protein-rich meat in the
diet of the poorest of the poor. Aquaculture produce are recognized as one of the
healthiest foods on the planet, as it holds great promise in transforming food systems,
and eradication of hunger as well as malnutrition in numerous developing countries
of the world. As per recent reports of FAO, the total fish production is expected to
expand from 179 million tonnes in 2018 to 204 million tonnes in 2030. Out of
which, aquaculture production is anticipated to touch 109 million tonnes in 2030, an
escalation of 32% (26 million tonnes) over 2018 (FAO). With the increasing
production, the global average annual fish consumption has also risen to the tune
of 20.30 kg in 2017 (FAO). The global aquaculture market is projected to grow with
a healthy growth rate of more than 7.1% during the estimated period of 2020–2027.
Growing demand for quality fish products has promoted both horizontal and vertical
expansion of aquaculture activities globally. However, the major obstacles in the
sustainable growth of aquaculture are seriously challenged with the prevalence of
disease outbreak caused by a diverse group of infectious pathogens and several
non-infectious agents. Such detrimental circumstances often lead to deprived
growth, compromised immune response and intense mortality and ultimately ham-
per the aquaculture production. Therefore, to rescue this sunrise sector, application
of biotechnological interventions or tools could be a milestone step to ensure long-
term economic and social benefits towards food security. The advent of high-
throughput sequencing technology and omics approaches such as genomics,
transcriptomics, microbiomics and metabolomics has enabled scientists/researchers
not only to understand the complex biological processes and underlying molecular
mechanism but also helped in precise and targeted invention of remedial measures to
curb huge economic losses to farmers. The development of molecular diagnostics for
the identification of diseases, prophylactic measures for control, management and
analysis of biological resources are some of the prime concerns that have been
detailed in this book. Prevention at the host’s end is equally important in this aspect
which paves the way to immunomodulation via dietary supplementation of prebi-
otic, probiotics, synbiotics and immunostimulants. The aquaculture sector needs
innovative biotechnological approaches to overcome challenges such as water
quality management, rapid disease diagnostic services, disease prevention and
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management of outbreaks, supply of disease-free or high health broodstock and
seed. Of late, biotechnological science is growing rapidly and has endowed us with
several new tools and technology to create new horizons in aquaculture, especially
health management. Some of the advanced biotechnological approaches such as
vaccination, antimicrobial peptides, gene editing, metagenomics, RNA interference
and cell culture techniques have shown promising results in managing the health of
cultured aquatic organisms over different agro-climatic condition across the globe.
Nanotechnology has emerged as an alternative approach with innovative materials
and protocols to solve persisting issues in fish health management. Biofloc technol-
ogy is becoming increasingly popular as an emerging avenue in aquatic animal
healthcare and directed to maximize aquaculture productivity by using microbial
biotechnology.

Apart from economic potential for the fisheries sector, health management
through biotechnology also holds promise for sustainable management of aquacul-
ture practices, which is crucial for the prevention of environmental degradation due
to intensive farming within the aquaculture industry.

The editors have tried their best to make comprehensive coverage of the biotech-
nological advances in aquaculture health management. This book updates the
subject matter, illustrations and problems to incorporate new concepts and issues
related to biotechnological aspects of health management. The publication of this
book has been possible through the enthusiastic support, assistance and cooperation
of dedicated scientists/researchers of different institutions working in the areas of
aquaculture and fisheries across the globe. The processing and editing of various
chapters has taken a long time, and we express our sincere gratitude to all the
contributors for bearing with us.

I wish this book would be of immense benefit to researchers, scientists, students,
entrepreneurs, and even industry players working in the field of aquaculture, bio-
technology, fish health management and fisheries.

Ranchi, Jharkhand, India Sanjay Kumar Gupta
Seoul, South Korea Sib Sankar Giri
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Preface

Aquaculture has the potential to contribute significantly to universal food sanctuary,
but new venture is required to light expected request. In general, aquaculture’s small-
scale and organic growing has made it tough to normalize, contributing to an
extreme level of risk for new investors. Aquaculture’s major risk factors are primar-
ily determined by water management, production intensity, and the proximity of fish
farms to one another. Aquaculture now has a place of importance in fisheries
administrations and private sector industries, despite decades of hesitation or out-
right skepticism. Though aquaculture has been a way of life for farmers in many
Asian countries for centuries, its status in terms of global food production, aquatic
resource management, and rural socioeconomic development has remained a point
of contention until recently. With changes in global fisheries and the spectacular
success of certain types of aquaculture ventures, the scenario has changed
dramatically.

Aquaculture is a vital and rapidly expanding segment of global agriculture. Soon,
new technological advancements and increased demand for fish as an animal protein
source are expected to accelerate the industry’s growth. As the industry grows, the
cultivation methods have become more intensive to produce higher yields per unit
area. In intensive culture operations, infectious disease is the leading cause of
financial loss. Current disease treatment options in both developing and developed
countries are partial to a small amount of government-approved antibiotics or
chemotherapeutics that are only marginally effective. High cost, creation of
antibiotic-resistant pathogens, required withdrawal period, and ecological contami-
nation are some of the issues that arise from the use of the drugs, whether through
medicated diets or water treatments. Aqua culturists are interested in developing
cost-effective preventative measures to prevent outbreaks or reduce the severity of
epizootics for these reasons. One such preventive measure is the development of
various nutritional strategies that may reduce or eliminate diseases, which the
aquaculture industry is currently investigating.

Over the past era, scientists have recognized the importance of nutrition in
maintaining the health of humans and other animal species, including fish. Humans
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and other terrestrial animals were the focus of previous research on the links between
nutrition, immune response, and disease resistance. However, attempts to conduct
similar studies using fish have met with limited success in the last two decades due to
a lack of understanding of the immune response in fish. Evidence from unintentional
or intentional infection of fish in some of these nutritional studies suggests that most,
if not all, dietary nutrients have an impact on immune role and disease resistance. A
nutrient deficiency or excess could have a significant impact on fish infection and
survival, owing to its effects on host defense mechanisms.

Other factors that affect fish health include nutrient bioavailability and interac-
tions, the occurrence of immunostimulants and toxins, and feeding organization.
This clearly demonstrates the potential role of nutrition in improving fish immune
response and disease resistance. The book contains the chapters on nutrition, feed
and feed additives, ecology, immunology, microbiology, toxicology, biochemistry,
nanotechnology, pharmacology, and biotechnology, among other fields of basic and
applied research. The chapters will serve as introductions to these fields and up-to-
date reviews of recent research advances. This book is intended for a wide range of
readers, including nutritionists, disease specialists, feed formulators, students, exten-
sion specialists, and farmers, as well as university teachers, graduates, and doctoral
students in zoology, physiology, aquaculture, and biology in general.

Our sincere gratitude goes to the contributors for their insights on applications of
various feed additives in aqua sector.

We sincerely thank Dr William Achauer, Director, Springer; Dr Anil Chandy,
Managing Director, Springer; Ms. Emmy Lee, Associate Editor, Biomedicine & Life
Science Books, for their generous assistance, constant support, and patience in
finalizing this book.

Seoul, Korea (Republic of) Balamuralikrishnan Balasubramanian
Zhanjiang, China Wen-Chao Liu
Dimapur, Nagaland, India Govindharajan Sattanathan
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Foreword

It is a great pleasure to write a foreword for the book Aquatic Lectins: Immune
Defense, Biological Recognition and Molecular Advancements” edited by Dr.
Preetham Elumalai, Dr. Baskaralingam Vaseeharan, and Dr. Sreeja Lakshmi. I am
sure that this book will prove to be good reading material for upcoming academi-
cians, researchers, and students.

The curiosity and questions put into a chain of series end up in novel findings that
open up new fields of science. The traditional aspect is extended nowadays by
contemporary knowledge on methodologies renovating the applicability of
advanced and novel ideas of young scientific minds. The success of a study is
when it reaches towards the betterment of society. Lectins, indeed a new category,
are found to be a highly debated scientific component pertaining to their ability to
defend the invading pathogens and conferring immunity.
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Preserving healthy environments and practices to improve disease management
by enhancing the innate immune response is a highly debated current topic. Lectins
hold a pivotal role in disease resistance, having been identified as proteins that
possess a specific carbohydrate-binding site. Apart from the widespread natural
existence, lectins can also be synthesized by the recombinant technology.

I found the vision of the book very innovative in applied science pertaining to
modern knowledge that guides young researchers to take up research activities in the
related area in order to extend the basic knowledge on advanced immunological
parameters contributed by lectins for researchers/academicians working in the cur-
rent area.

I am sure this book will captivate a wide readership, and I appreciate the sincere
efforts by the authors and editors for bringing this compendium.

Shri. Parshottam Rupala
The Hon’ble Minister for Fisheries,

Animal Husbandry & Dairying
Government of India, Krishi Bhawan

New Delhi, India
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Foreword

I consider it a great privilege to have an opportunity to pen this foreword for the book
entitled Aquatic Lectins: Immune Defense, Biological Recognition and Molecular
Advancements. I sincerely believe this important volume must be the output of the
long years of research experience in the subject and concerted efforts of Dr. E.-
P. Preetham and co-editors Dr. B. Vaseeharan and Dr. Sreeja Lakshmi. The book
provides an overview of lectins with special reference to their therapeutic applica-
tions and emphasizes their sweeping development in immune defense properties.
Each chapter of this book is intended to provide specific aspects of lectins, and I am
sure readers will be able to explore the basics of the elaborative biological functions
of aquatic lectins. I truly complement the authors and editors for their efforts to
gather and integrate all related information for the successful outcome of this book.

Ever since the term Lectin was coined by Prof. Boyd during the 1960s, the
research on lectin, particularly its function in the immune system, witnessed phe-
nomenal growth. Lectin is widely distributed in bacteria, fungi, viruses, plants, and
animals. Even the skin of several animal species, including fish, is identified to be a
rich source of novel and new unreported lectins. In addition to this, skin mucus,
stomach, liver, intestine, gills, eggs, and plasma of fish are reported to have lectins.

Different types of lectins such as ficolins, galectins, calnexin, pentraxin, F-type
lectins, intelectins, and mannose-binding protein (MBP) are known to play
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important roles in innate immunity and disease resistance. Other main functions of
fish lectins are agglutination of bacteria, fungi, parasites, and viruses, immobilization
with complement-mediated neutralization and death of pathogens.

Lectins not only have roles in cellular recognition but also interact with carbo-
hydrates. The complement system plays a vital role in protecting against invading
microorganisms and acts through three activation pathways: the classic, alternative,
and lectin pathways. In the lectin pathway, upon binding of the Mannan-binding
lectin serine protease (MASPs) complexes to carbohydrates on the surface of
pathogens, MASPs are activated and cleave the complement components C4 and
C2. This results in the elimination of pathogens after a chain reaction of proteolysis
of complement components and protein assembly. However, this defense mecha-
nism is poorly understood in fish. Therefore, identification of immune-related genes
and studying their expression patterns during these pathways are imperative. The
book comprehensively provides up-to-date information on lectin-immune system
pathways and immune gene expression analysis.

I truly appreciate the authors for their scholarly contributions to cover a wide
range of aspects of lectins including their classifications, functions, and character-
izations. I am sure the book will excite, educate, and encourage the next generation
of researchers in exploring the ever-expanding field of lectin research.

Dr. J. K. Jena
Indian Council of Agricultural Research

Krishi Anusandhan Bhavan-II
Pusa, New Delhi, India
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Foreword

The discovery and characterization of the first lectin (named “agglutinin” at the time)
from the edible snailHelix pomatia by Camus in 1899 promoted a series of follow-up
studies, initially in aquatic invertebrates and later in vertebrates, that eventually led to
the realization that carbohydrate-binding proteins are ubiquitous in animal taxa.
Although the initial studies were focused on the carbohydrate specificity of the
newly discovered proteins, the lack of true immunoglobulin antibodies in invertebrate
species suggested that they may represent their functional analogues as recognition
proteins involved in defense against microbial pathogens. Since then, this book
Aquatic Lectins: Immune Defense, Biological Recognition and Molecular Advance-
ments edited by Drs. P. Elumalai, V. Baskaralingam, and S. Lakshmi is the first
collection of review articles focused on lectins from aquatic organisms encompassing
taxa from algae to invertebrates and fish, and their roles in innate immunity.

Lectins are carbohydrate-binding proteins that among multiple biological func-
tions play key roles in innate immunity. For example, multivalent lectins can
recognize a wide range of microbial pathogens, immobilize them by cross-linking,
and promote their uptake and killing by phagocytic cells. Lectins are characterized
by a carbohydrate recognition domain (CRD), and based on their structural fold and
unique sequence motifs in their CRDs, these proteins are classified into several
families, such as C-, P-, F-, R-, and I-types, galectins, ficolins, and pentraxins, all
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known to play important roles in a variety of functions. The binding properties
towards microbial surface structures have led to the inclusion of some lectins as
pattern-recognition receptors (PRRs), a heterogeneous group of molecules that
recognize microbial-associated molecular patterns (MAMPs) shared by broad clas-
ses of microorganisms. As cell surface components are essential for the microbe’s
survival, MAMPs are highly conserved among different microbial pathogens, and
their structural features are widely recognized by innate immune receptors in their
potential hosts.

Aquatic animals rely on a variety of recognition and effector factors for defense
against potential infectious agents. Invertebrates lack the typical adaptive immunity
of vertebrates characterized by immunoglobulins, B and T cells, and mostly rely on
diverse repertoires of lectins, antimicrobial peptides, and other innate immune
factors for defense against viral, bacterial, parasitic, and fungal infection. Further,
although both cartilaginous and bony fish display most components of the adaptive
immunity of mammals, they also depend on lectins for the rapid and effective
responses targeting invading microorganisms. In both invertebrates and vertebrates,
the recognition properties of lectins are amply complemented by their effector and
regulatory functions that enable not only the rapid destruction of the potential
pathogen, for example by the complement pathway, but also the activation and
regulation of adaptive immune mechanisms.

The chapters of this book systematically and comprehensively address the rec-
ognition, effector, and regulatory functions of lectins from aquatic animals and
algae, as well as their impact on biomedical sciences, including applications in
diagnosis and novel therapeutic approaches. The chapters have been selected
based on examples of different lectin families from a variety of animal species, in
an attempt to provide an integrated view of the biological functions of these proteins
that have been characterized by the implementation of interdisciplinary experimental
approaches to relevant examples from different aquatic taxa.

It is clear that the future discovery of novel lectins from aquatic organisms will
continue to increase the current repertory of defense molecules that are active in
these organisms, and contribute to our knowledge about their structural, functional,
and evolutionary relationships, as well as their potential translational value for
biomedicine and aquaculture. In this regard, the editors and authors of the first
edition of this book have engaged in the commendable task of organizing and
integrating a substantial body of information in this field, and the resulting volume
will be a very useful resource for a wide readership.

Prof. Gerardo R. Vasta
Microbiology and Immunology

Institute of Marine and
Environmental Technology

Baltimore, MD, USA
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Preface

Aquaculture has the potential to contribute significantly to universal food sanctuary,
but new venture is required to light expected request. In general, aquaculture’s small-
scale and organic growing has made it tough to normalize, contributing to an
extreme level of risk for new investors. Aquaculture’s major risk factors are primar-
ily determined by water management, production intensity, and the proximity of fish
farms to one another. Aquaculture now has a place of importance in fisheries
administrations and private sector industries, despite decades of hesitation or out-
right skepticism. Though aquaculture has been a way of life for farmers in many
Asian countries for centuries, its status in terms of global food production, aquatic
resource management, and rural socioeconomic development has remained a point
of contention until recently. With changes in global fisheries and the spectacular
success of certain types of aquaculture ventures, the scenario has changed
dramatically.

Aquaculture is a vital and rapidly expanding segment of global agriculture. Soon,
new technological advancements and increased demand for fish as an animal protein
source are expected to accelerate the industry’s growth. As the industry grows, the
cultivation methods have become more intensive to produce higher yields per unit
area. In intensive culture operations, infectious disease is the leading cause of
financial loss. Current disease treatment options in both developing and developed
countries are partial to a small amount of government-approved antibiotics or
chemotherapeutics that are only marginally effective. High cost, creation of
antibiotic-resistant pathogens, required withdrawal period, and ecological contami-
nation are some of the issues that arise from the use of the drugs, whether through
medicated diets or water treatments. Aqua culturists are interested in developing
cost-effective preventative measures to prevent outbreaks or reduce the severity of
epizootics for these reasons. One such preventive measure is the development of
various nutritional strategies that may reduce or eliminate diseases, which the
aquaculture industry is currently investigating.

Over the past era, scientists have recognized the importance of nutrition in
maintaining the health of humans and other animal species, including fish. Humans
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and other terrestrial animals were the focus of previous research on the links between
nutrition, immune response, and disease resistance. However, attempts to conduct
similar studies using fish have met with limited success in the last two decades due to
a lack of understanding of the immune response in fish. Evidence from unintentional
or intentional infection of fish in some of these nutritional studies suggests that most,
if not all, dietary nutrients have an impact on immune role and disease resistance. A
nutrient deficiency or excess could have a significant impact on fish infection and
survival, owing to its effects on host defense mechanisms.

Other factors that affect fish health include nutrient bioavailability and interac-
tions, the occurrence of immunostimulants and toxins, and feeding organization.
This clearly demonstrates the potential role of nutrition in improving fish immune
response and disease resistance. The book contains the chapters on nutrition, feed
and feed additives, ecology, immunology, microbiology, toxicology, biochemistry,
nanotechnology, pharmacology, and biotechnology, among other fields of basic and
applied research. The chapters will serve as introductions to these fields and up-to-
date reviews of recent research advances. This book is intended for a wide range of
readers, including nutritionists, disease specialists, feed formulators, students, exten-
sion specialists, and farmers, as well as university teachers, graduates, and doctoral
students in zoology, physiology, aquaculture, and biology in general.

Our sincere gratitude goes to the contributors for their insights on applications of
various feed additives in aqua sector.

We sincerely thank Dr William Achauer, Director, Springer; Dr Anil Chandy,
Managing Director, Springer; Ms. Emmy Lee, Associate Editor, Biomedicine & Life
Science Books, for their generous assistance, constant support, and patience in
finalizing this book.

Seoul, Korea (Republic of) Balamuralikrishnan Balasubramanian
Zhanjiang, China Wen-Chao Liu
Dimapur, Nagaland, India Govindharajan Sattanathan
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Foreword

It is a great pleasure to write the foreword to the book Functional Foods and
Therapeutic Strategies for Neurodegenerative disorders edited by Dr. Preetham
Elumalai and Dr. Sreeja Lakshmi. The book carries importance in the current context
where people practice healthy ageing encompassing natural treatment strategies.

Diseases are never ending as far as human life is concerned. Disorders of brain
destroy us both physically and mentally. Ageing remains as the major risk factor for
many diseases. The highly debated neurodegenerative disorders procure enormous
fruitful investigations over the past years, towards a plethora of treatment strategies
as these diseases make one’s life really challenging owing to their disastrous
approach and leaving a high healthcare cost. As age progresses, people suffering
from neurodegenerative disorders like Alzheimer’s, Parkinson’s and Huntington’s
diseases are unable to bear the side effects as well as the cost of the medications
prescribed for the same. As science inclines to natural treatment practices, scientific
researches are successfully ahead with exploring natural resources for bioactive
compounds that can be applied as efficient tools for treating diseases.

The book is a comprehensive collection of contemporary treatment strategies
employing natural bioactive compounds as well as modern diagnostic applications
with nanoparticles, biomarkers and in silico techniques towards neurodegenerative
disorders. I take this opportunity to appreciate the editors and authors for their
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sincere effort to bring this book to enlighten and uplift the knowledge on the
management and treatment of neurodegenerative disorders.

K. K. Shailaja Teacher
Former Kerala Health Minister,

Member, Kerala Legislative Assembly,
Mattannur, Kannur, Kerala, India
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Foreword

I am so pleased to have an opportunity to write the foreword for the book Functional
Foods and Therapeutic Strategies for Neurodegenerative Disorders edited by
Dr. Preetham Elumalai and Dr. Sreeja Lakshmi.

“Old age is the supreme evil, because it deprives us of all pleasures, leaving
us only the appetite and it brings with it all sufferings. Nevertheless, we fear
death, and we desire old age.”- Giacomo Leopardi.

Aging and related health disorders have become an unavoidable phase in the life
cycle of every human being. The mechanisms underlying aging, age-linked suscep-
tibility to diseases and the consequential medical treatments for age-related health
disorders are emerging as excellent researchable issues among researchers across the
world. Neurodegenerative disorders have always been an invaluable research topic,
and the most common type of diseases such as Alzheimer’s, Parkinson’s and
Huntington’s disease has seen long fruitful years of productive research during the
past four decades. Neurodegenerative disorders are most frequently viewed as one of
the life-threatening ailments and therefore highly challenging as they bring about
heavy burden not only to the patients but to their families and societies at large which
attract exorbitant healthcare costs.

We all need healthy brain. Nowadays people understand the importance of
healthy aging and scientific practices to contain diseases through diet, lifestyle
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factors, exercises, etc. Owing to the high risk of side effects of medicines for
neurodegenerative disorders, science is more inclined nowadays to naturopathy
which is easily accessible, cost-effective and relatively free from side effects.

In the present book, the authors comprehensively illustrate contemporary treat-
ment protocols in respect of diverse neurodegenerative disorders incorporating
bioactive compounds from natural resources as well as advanced interdisciplinary
diagnostic practices including nanoparticles, biomarkers and in silico techniques. I
sincerely appreciate the painstaking efforts made by the authors in articulating this
book which will definitely provide an enchanting reference material for validating
the progress attained in the therapy and management of neurodegenerative disorders
besides serving as a valuable addition to the existing body of knowledge.

Prof. Dr. B. Madhusoodana Kurup
Founder Vice Chancellor,

Kerala University of Fisheries and Ocean Studies,
Former Advisor to Minister for Fisheries,

Govt. of Kerala,
Chairman, Scientific Advisory Committee,

RGCA, MPEDA, Govt. of India

Chairman, Research Advisory Committee,
ICAR-CIBA, CIFRI,
Cochin, Kerala, India
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Preface

Aging is an inevitable phenomenon creating entropy in one’s life by deteriorating
one’s physiological systems and anatomical structures. Senescence is associated
with increased risk for a plethora of diseases and some of them end up with loss of
homeostasis and finally death. As age progresses many of the biological processes as
well as environmental factors conjointly lead to progressive neurodegeneration.
Neurodegeneration is an inherent condition characterised by structural and func-
tional impairment of neurons. The most prevalent neurodegenerative disorders—
Alzheimer’s disease (AD), Parkinson’s disease (PD), Huntington’s disease (HD),
and Amyotrophic lateral sclerosis (ALS)—are often hired as life threatening as well
as a social and economic burden to the healthcare system. Despite the conventional
beliefs and strategies, science along with the healthcare system has taken initiatives
to step forward with healthy aging for better living of aged people. Past few year’s
scientific research has explored novel remedies, incorporating diet, lifestyle factors,
and bioactive compounds/immunostimulants from natural resources to treat neuro-
degenerative disorders in the context where therapeutic drugs were found ineffective
in reverting or pausing neurodegenerative disorders. Moreover, these natural anti-
dotes are depicted as highlighters that boons the sustainability of healthy brain
rendering protection against neurodegeneration.

Our book is anticipated to provide an overview of the current status of research
and future perspectives in the field of treating neurodegenerative disorders. The book
will integrate different aspects such as advancements in current treatment scenario
incorporating prebiotics, phytochemicals, polyphenols and potential marine bioac-
tive compounds towards the treatment strategies along with leading contemporary
methods for prophylactic and diagnostic practices, comprising nanoparticles, in
silico techniques and biomarkers. We expect that the contents of the book provide
potential knowledge regarding future perspectives in the management of neurode-
generative disorders.

Cochin, Kerala, India Preetham Elumalai
Sreeja Lakshmi
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Preface

Natural biomaterials have gained considerable attention in recent years for the devel-
opment of medical products. For example, chitooligosaccharide (COS) is a natural
biopolymer and is extensively studied in medical applications. COS is a chitosan
derivative and can be produced using chemical and enzyme hydrolysis techniques.
The essential advantages of COSs are their solubility in the neutral condition. This
solubility property of COS opens up away to research various applications, including
cosmeceutical and pharmaceutical applications.

This book aims to provide COS synthesis and its biological and biomedical appli-
cations. This book is mainly focused on medical product development using COS
and its derivatives. In the initial part of the book, the chapters are focused on the
chemical and enzymatic preparation of COS from marine crustacean shell wastes.
In some of the book chapters, systematic and step-by-step approaches were included
for the production of COS. Different enzymes involved in the development of COS
production were discussed. In addition, the isolation of chitinolytic enzymes and the
development of COS were also discussed. Furthermore, the influence of isolation
conditions on the physicochemical COS from crustacean shell wastes was presented.
Finally, some of the chapters are focused on the synthesis of COS derivatives for
biological applications.

In the middle of the book, chapters are covered on the biological applica-
tion of COS. These biological applications are antimicrobial, antioxidant, anti-
inflammatory, anti-allergy, and anticancer activities. Chapters reveal the current
status, and future trends in disease-preventing bioactivities of COS are discussed. In
addition to this biological activity, the mechanistic pathways for the various biolog-
ical applications, including effects of matrix metalloproteinases, inhibitory effects
for cancer studies, and immunomodulatory effects of COS and their derivatives,
were included in the book. The development of single COS and their roles in various
bioactivities are also reviewed.

The final part of the book includes the biomedical applications of COS. Nanopar-
ticles, hydrogels, and biocomposites made up of COS are also discussed for medical
applications. In addition, wound healing materials, tissue engineering, drug delivery,
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and food, and nutraceutical applications of COS are included in the book. The book
provides a basic understanding of COS for medical product development.

Seoul, South Korea Prof. Se-Kwon Kim
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Foreword by Dr. Devaraj & Dr. Niranjali
Devaraj

It is our pleasure to write the foreword for the book titled Lectins: Innate Immune
Defense and Therapeutics, which contains quality and informative chapters that
enable the reader to understand the role of lectins in current science. In recent years,
fruitful investigations have led to new insights into lectins, making them exciting
topics of debate. The book provides a comprehensive overview of lectins, with
special reference to their therapeutic applications and their role in immune defense.
Each chapter is intended to provide specific aspects of lectins.

The immune system of vertebrates involves both innate and acquired immune
responses. Innate immunity is more generalized with a robust response whereas the
latter has a highly specific response to pathogens. The innate immunity components
which identify sugars are called as lectins. The innate immune recognition process
depends largely on the pattern-based recognition of microbial targets as “non-self”
by host lectins and related proteins and their subsequent destruction by complement
and phagocytic cells.

All lectins possess one carbohydrate recognition domain (CRD) which specifi-
cally and reversibly binds to a specific carbohydrate. Lectins are widely distributed
in bacteria, fungi, viruses, plants and animals. Lectins are found in serum, plasma,
mucosal surfaces and egg surface. The skin of several animal species, including fish,
is assumed to be a rich source of novel and new unreported lectins. Different types of
lectins such as ficolins, galectins, calnexin, pentraxin, F-type lectins, intelectins, and
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mannose-binding protein (MBP) are known to play important roles in innate immu-
nity and disease resistance.

The complement system plays an essential role in protecting against invading
microorganisms and acts through three activation pathways, namely, the classic,
alternative and lectin pathways. In the lectin pathway, binding of the lectin-Mannose
Binding Serine Proteases (MASPs) complexes to carbohydrates on the surface of
pathogens activates MASPs to acquire proteolytic activity against complement
components C4 and C2, resulting in the elimination of pathogens after a chain
reaction of proteolysis of complement components and protein assembly. However,
this defense mechanism is poorly understood. Therefore, identification of immune-
related genes and their expression studies are imperative.

The collective efforts of the authors and editors of this book are greatly appreci-
ated. It is our hope that the book will be both engrossing and inspiring to the
scientists so that they can gain more knowledge in this specific field.

Best wishes

Dr. H. Devaraj, D.Sc.
Former Vice Chairman, UGC

UGC-BSR Faculty Fellow
Department of Zoology

University of Madras, Guindy Campus
Chennai, India

Dr. S. Niranjali Devaraj
Former Professor and Head
Emeritus Scientist, ICMR

Department of Biochemistry
University of Madras, Guindy Campus

Chennai, India
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Foreword by Prof. Sadasivam J. Kaushik

It is my pleasure to write a foreword for this book entitled Lectins: Innate Immune
Defense and Therapeutics, edited by Dr. Preetham Elumalai and Dr. Sreeja Lakshmi.
The book covers a complete range of subjects dealing with lectins of diverse origin
and on their potential roles in health and immune defense. I am convinced that this
book will provide updated information on lectins of diverse origin to a wide
audience of readers from academia, research and education.

As proteins which bind to specific carbohydrate structures, mono- or oligosac-
charides, hundreds of “lectins” have been identified in almost all phyla, plants,
animals or microbials. Knowledge on the identification, classification and their
role as hemo-agglutinating agents has been increasing ever since the first discovery
in the late nineteenth century.

The book covers indeed a full range of subjects dealing with these more or less
ubiquitous proteins and their involvement in the immune system of higher animals
and humans. In animal or human nutrition, lectins of plant origin are often consid-
ered as anti-nutritional, pathogenic factors. The book also covers the mechanisms
involved in the actions of lectins within the target organisms. The implication of
some lectins in eliciting innate-immune response is an aspect which is duly covered,
adding new dimensions to the putative beneficial roles of specific lectins. The book
also provides information on the possibility of producing lectins of interest using
biotechnological tools. Given the phenomenal growth in knowledge on and
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application of lectins, it is but timely to welcome such a complete book covering
different aspects of lectins in an integrated and systematic manner.

I am sure this book will be well received with a wide readership, and I commend
the sincere efforts by the authors and editors for bringing this compilation.

Prof. Sadasivam J. Kaushik, D.Sc.
Honorary Director, EcoAqua Inst, ULPGC

Former European Research Area (ERA) Chair, Ecoaqua
Past Director of Research, INRA, France

Ecoaqua University Institute
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Preface

Lectins: Innate Immune Defense and Therapeutics focuses on exploring the impor-
tance of lectins in immune defense and modern therapeutic approaches. Lectins are
protein molecules, widely distributed in different species in almost all organisms
including plants, animals, viruses, bacteria, cyanobacteria and yeasts. They serve as
receptors for recognizing carbohydrate moieties present on the pathogenic surfaces
and exert a specific interaction with them. Following the discovery of animal lectins,
research in basic and applied biosciences experienced an accelerated thrust because
of its role in mediating cell-cell interactions, host cell-pathogen interactions, anti-
microbial activity, drug discovery, etc. Our book is anticipated to provide an
overview on different types of lectins and future perspectives in scientific research
as recognition and effector molecules in innate immunity or regulators of adaptive
immune responses. We really appreciate the contributions of the authors for their
expertise and skilful renditions. The facts about Lectins presented in this book will
provide an overview to newcomers and a meticulous illustration to the specialists in
the field.

Cochin, Kerala, India Preetham Elumalai
Sreeja Lakshmi
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Foreword by Dr. Devaraj & Dr. Niranjali
Devaraj

It is our pleasure to write the foreword for the book titled Lectins: Innate Immune
Defense and Therapeutics, which contains quality and informative chapters that
enable the reader to understand the role of lectins in current science. In recent years,
fruitful investigations have led to new insights into lectins, making them exciting
topics of debate. The book provides a comprehensive overview of lectins, with
special reference to their therapeutic applications and their role in immune defense.
Each chapter is intended to provide specific aspects of lectins.

The immune system of vertebrates involves both innate and acquired immune
responses. Innate immunity is more generalized with a robust response whereas the
latter has a highly specific response to pathogens. The innate immunity components
which identify sugars are called as lectins. The innate immune recognition process
depends largely on the pattern-based recognition of microbial targets as “non-self”
by host lectins and related proteins and their subsequent destruction by complement
and phagocytic cells.

All lectins possess one carbohydrate recognition domain (CRD) which specifi-
cally and reversibly binds to a specific carbohydrate. Lectins are widely distributed
in bacteria, fungi, viruses, plants and animals. Lectins are found in serum, plasma,
mucosal surfaces and egg surface. The skin of several animal species, including fish,
is assumed to be a rich source of novel and new unreported lectins. Different types of
lectins such as ficolins, galectins, calnexin, pentraxin, F-type lectins, intelectins, and
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mannose-binding protein (MBP) are known to play important roles in innate immu-
nity and disease resistance.

The complement system plays an essential role in protecting against invading
microorganisms and acts through three activation pathways, namely, the classic,
alternative and lectin pathways. In the lectin pathway, binding of the lectin-Mannose
Binding Serine Proteases (MASPs) complexes to carbohydrates on the surface of
pathogens activates MASPs to acquire proteolytic activity against complement
components C4 and C2, resulting in the elimination of pathogens after a chain
reaction of proteolysis of complement components and protein assembly. However,
this defense mechanism is poorly understood. Therefore, identification of immune-
related genes and their expression studies are imperative.

The collective efforts of the authors and editors of this book are greatly appreci-
ated. It is our hope that the book will be both engrossing and inspiring to the
scientists so that they can gain more knowledge in this specific field.

Best wishes

Dr. H. Devaraj, D.Sc.
Former Vice Chairman, UGC

UGC-BSR Faculty Fellow
Department of Zoology

University of Madras, Guindy Campus
Chennai, India

Dr. S. Niranjali Devaraj
Former Professor and Head
Emeritus Scientist, ICMR

Department of Biochemistry
University of Madras, Guindy Campus

Chennai, India
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Foreword by Prof. Sadasivam J. Kaushik

It is my pleasure to write a foreword for this book entitled Lectins: Innate Immune
Defense and Therapeutics, edited by Dr. Preetham Elumalai and Dr. Sreeja Lakshmi.
The book covers a complete range of subjects dealing with lectins of diverse origin
and on their potential roles in health and immune defense. I am convinced that this
book will provide updated information on lectins of diverse origin to a wide
audience of readers from academia, research and education.

As proteins which bind to specific carbohydrate structures, mono- or oligosac-
charides, hundreds of “lectins” have been identified in almost all phyla, plants,
animals or microbials. Knowledge on the identification, classification and their
role as hemo-agglutinating agents has been increasing ever since the first discovery
in the late nineteenth century.

The book covers indeed a full range of subjects dealing with these more or less
ubiquitous proteins and their involvement in the immune system of higher animals
and humans. In animal or human nutrition, lectins of plant origin are often consid-
ered as anti-nutritional, pathogenic factors. The book also covers the mechanisms
involved in the actions of lectins within the target organisms. The implication of
some lectins in eliciting innate-immune response is an aspect which is duly covered,
adding new dimensions to the putative beneficial roles of specific lectins. The book
also provides information on the possibility of producing lectins of interest using
biotechnological tools. Given the phenomenal growth in knowledge on and
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application of lectins, it is but timely to welcome such a complete book covering
different aspects of lectins in an integrated and systematic manner.

I am sure this book will be well received with a wide readership, and I commend
the sincere efforts by the authors and editors for bringing this compilation.

Prof. Sadasivam J. Kaushik, D.Sc.
Honorary Director, EcoAqua Inst, ULPGC

Former European Research Area (ERA) Chair, Ecoaqua
Past Director of Research, INRA, France

Ecoaqua University Institute
University of Las Palmas de Gran Canaria (ULPGC)

Las Palmas, Spain

x Foreword by Prof. Sadasivam J. Kaushik



Preface

Lectins: Innate Immune Defense and Therapeutics focuses on exploring the impor-
tance of lectins in immune defense and modern therapeutic approaches. Lectins are
protein molecules, widely distributed in different species in almost all organisms
including plants, animals, viruses, bacteria, cyanobacteria and yeasts. They serve as
receptors for recognizing carbohydrate moieties present on the pathogenic surfaces
and exert a specific interaction with them. Following the discovery of animal lectins,
research in basic and applied biosciences experienced an accelerated thrust because
of its role in mediating cell-cell interactions, host cell-pathogen interactions, anti-
microbial activity, drug discovery, etc. Our book is anticipated to provide an
overview on different types of lectins and future perspectives in scientific research
as recognition and effector molecules in innate immunity or regulators of adaptive
immune responses. We really appreciate the contributions of the authors for their
expertise and skilful renditions. The facts about Lectins presented in this book will
provide an overview to newcomers and a meticulous illustration to the specialists in
the field.

Cochin, Kerala, India Preetham Elumalai
Sreeja Lakshmi
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Foreword

Antarctica is the last great untouched wilderness. Antarctica’s frozen continent is
an incredible continent of stunning and alien beauty with a rich history of adven-
ture, exploration, and discovery. It is known for diversified uniqueness and is a key
to understanding how anthropogenic activities adversely impact the world’s climate
and carry an associated impact on it. Indubitably, Antarctica is also essential for
science because of its profound effect on the Earth’s climate and ocean systems
which has also revealed much about the impact of human activity on the natural
world.

The looming danger of globalwarming onAntarctica is not confined but spreading
fast across the continent, long thought to be untouched by warming. But now, the
glaciers and ice shelves in this frigid region are showing signs of melting. Such
unprecedented development portends dramatic rises in sea levels in this century and
beyond. The collapse of the Larsen C ice shelf warns us against the Antarctic’s
fragile environment. The subtle climatic changes may primarily pose dire global
consequences because collapsing ice shelves prompt the glaciers behind them to
retreat more quickly, causing further sea-level rise, thus increasing peril, especially
for island countries.

Some of the changes Antarctica is facing are already irreversible, and the situation
may turn out to be devastating if the issues are not timely managed through appro-
priate strategies. To tackle the potential impact of climate, it becomes imperative to
prepare futuristic climate change trends to prepare humankind in a larger perspec-
tive. It necessitates an in-depth assessment of the Antarctic Environment through an
integrated approach.

Over four decades, India has been actively pursuing Antarctic research commen-
suratewith its scientific strength and global visibility.A particular focus has been paid
towards climate change. The present book,Assessing the Antarctic Environment from
Climate Change perspective: An Integrated Approach, provides a comprehensive
overview of Antarctic Environmental changes in space and time and assesses climate
change scenarios in the present context global warming. It is aptly brought out with
eighteen dedicated chapters, where each chapter has its specific significance.

v



vi Foreword

The book begins withDhanasree Jayaram’s detailed account on current geopolit-
ical issues arising out of ongoing environmental shift due to unfavourable activities
elsewhere, causing damage to the icy continent’s pristine nature requiring a firm
committed and transparent Antarctic Governance. Dastidar and Khare used the data
obtained from the web of science and analysed various trends and patterns from the
scientific literature onAntarctic Climate Change science. Such analyses significantly
impact the direction of the present research to help understand climate change and
variability. Subsequently, a detailed assessment is made byChoudhary and Khare on
how climate change over the Antarctic and the Southern Ocean impacts the global
climate system. Gleaning clues drawn from the marine sedimentary records. Singh
et al. illustriously elaborated Cenozoic Evolution of Antarctic Ice sheet, Circum
Antarctic Circulation and Antarctic climate.

To understand theAntarctic region’s climate scenarios, a firmunderstanding of the
past climatic evolution is exciting and a key factor.Baba et al. studied the variations in
the cosmogenic radionuclides. They reconstructed the climatic conditions and glacial
history over the DronningMaudland region. Whereas’ Shrivastava et al. utilised
yet another proxy (Terrestrial Diamicts and Lacustrine Sediments) to illuminate
Late Quaternary Climate Change in Schirmacher Region, East Antarctica. It is well
corroborated withGovil and Mazumder’s focused review on lacustrine signatures of
the palaeoclimatic conditions. Glacial-interglacial paleoenvironmental records have
been retrieved from lake sediments of Schirmacher Oasis, East Antarctica, byWarier
et al.

On the contrary, Nutrient cycling and productivity in Antarctic lakes have been
detailed by Choudhary et al. In contrast, the Chemical and isotopic characterisation
of lakes in the Larsemann Hills, East Antarctica, has been addressed by Reshmi et al.

Gwal et al. studied the effect of Ionospheric scintillation and observed the loss of
lock-in GPS signals. Further the effect of Ionospheric Scintillation on the positional
error and loss of lock of GPS Signal have also been investied in details by Gwal
et al. Towards understanding biological response to ongoing climate changes over
the Antarctic region, Pande and Kuppusamy highlighted that the rapid changes in the
physical environment of the Antarctic and the Southern Ocean affect marine life at all
trophic levels, from the primary prey species (zooplankton including Antarctic Krill)
tomesopredators (like squids) to top predators such asmarinemammals and seabirds.
They also postulated that the Seabird populations across the globe are threatenedwith
human-induced changes. Long-term monitoring programs have highlighted exciting
trends, including foreseen threats and the declining status of seabirds worldwide.

Similarly, Nayaka and Rai have examined the response of Antarctic lichen to
climate change. Their evaluation was primarily based on the evidence from natural
gradients and temperature enchantment. Simultaneously, Singh et al. found a higher
Pigment Synthesis rate in Antarctic Plants as an adaptive survival strategy under U.V.
radiation.

Catherine et al. have provided an overview of Antarctica’s Geoscience studies.
In contrast, the Antarctic region’s seismogenesis and seismic potential have been
assessed for the future comprehensive study by Mishra. On the contrary, Sunil
et al. demonstrated the Antarctic plate’s new kinematics using GPS and GRACE
data.



Foreword vii

Understanding is a continuous process, so theScientific advancements inAntarctic
Science may pose a more significant database to attend to challenging scientific
questions. It requires enhanced monitoring, long-ranged time series climate data,
efficient models and strong international collaborations to help understand Antarctic
climates’ evolution.

This book aptly consolidates recent scientific findings and insights related to
the ongoing climate change in and around the Antarctic region through an integrated
approach. This book will act as a ready reference to all avid researchers and students.

This book will be a good source of information about the Antarctic climate and
act as a reference for students, professionals and researchers.

April 2021 A. E. Muthunayagam
Former Secretary, Department

of Ocean Development
Government of India

Thiruvananthapuram, India



Preface

Over 100 million years ago, Antarctica was part of the supercontinent Gondwana.
Gondwana gradually broke apart with passing time, and Antarctica in its present
situation was formed around 25 million years ago, owing to the opening of the Drake
Passage between it and SouthAmerica. The vast frozen landmass at the southernmost
part of the planet is more than just spectacular icing worldwide. The Antarctic ice
deflects some of the sun’s rays away from the Earth, keeping temperatures liveable.
It could be vital for our survival too.

Historically, the first confirmed sighting of mainland Antarctica was recorded
on January 27, 1820. Antarctica’s discovery is attributed to the Russian expedition
led by Fabian Gottlieb von Bellingshausen and Mikhail Lazarev. They discovered
an ice shelf at Princess Martha Coast, subsequently known as the Fimbul Ice Shelf.
This continent carries many superlatives like it holds most of the world’s freshwater
but remains a desert. Antarctica used to be as warm as any other tropical place. The
Antarctic, which has active volcanoes and several subglacial lakes, has no time zone.

Owing to ongoing global warming, the Antarctic Peninsula has become one
of Earth’s most rapidly warming areas. The high ice sheet and the polar loca-
tion make Antarctica a powerful heat sink that strongly affects the climate of the
whole Earth. The Antarctic ice sheet contains sufficient ice to raise worldwide sea
level bymore than 60meters ifmelted completely. ThroughAntarctica,we can under-
stand the Earth’s past, present, and future. It also exhibits a platform to understand
and value our planet. The ice sheets over the Antarctic region also holds over half-
million-years old climatic change signatures. Themajor threats to this pristine region
are climate changewhich is the greatest long-term threat to the area, increased fishing
pressure and illegal fishing, marine pollution, persistent organic pollutants (POPs),
and invasive species. It is now a fact that Antarctica and its surrounding waters are
under pressure from a variety of forces that are already transforming the area. The
most immediate threats are regional warming, ocean acidification, and sea ice loss, all
linked to global levels of carbon dioxide. Environmental impacts in Antarctica occur
at a range of scales. Global warming, ozone depletion, and global contamination
have planet-wide consequences. These affect Antarctica at the most significant scale.
Fishing and hunting have more localized impacts but still, have the potential to cause

ix
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region-wide effects. Indubitably, if all the ice covering Antarctica, Greenland, and
mountain glaciers worldwide were to melt, the sea level would rise about 70 meters.
The ocean would cover all the coastal cities, and the land area would shrink signifi-
cantly. However, all the ice is not going to melt. Altogether, Greenland and Antarc-
tica have lost 6.4 trillion tons of ice since the 1990s. The resulting meltwater boosted
global sea levels by 0.7 inches. Therefore, it is essential but vital to understand the
environmental conditions vis-a-vis the impact of global climate change on this icy
continent.

The present book Assessing the Antarctic Environment from Climate Change
perspective: An Integrated Approach attempts to address various facets of the
climate change being witnessed over the Antarctic region. The book begins with the
Geopolitics, Environmental Change and Antarctic Governance ably highlighted by
Dhanasree Jayaram. Although the Antarctic Treaty (AT) is considered a successful
example of science diplomacy, as countries have set aside their territorial claims and
the continent is a nuclear-free zone by shifting focus to scientific cooperation, its
future remains uncertain with these developments. Science diplomacy always goes
hand in hand with geopolitics. The AT that reflects Cold War geopolitics needs to
be modified to represent present-day geopolitical realities for it to be enduring. A
transformative approach to Antarctic governance (including the Southern Ocean),
especially in terms of its resources, needs to be adopted. This chapter is followed
by detailed data analyses obtained from the web of science dealing with the climate
change-related research over Antarctica by world’s researchers by Dastidar and
Khare. Their efforts observe peculiar trends and patterns in the climate change
research suggesting priority for climate change research since the 1970s. Choudhary
and Khare have addressed the climate change over the Antarctic and the Southern
Ocean and its impact and bearing on the global climate system. They advocated for a
thorough understanding and knowledge of the causes and impacts of climate change
and the duration and rates of change, requiring the integration of observational and
modelling knowledge from all Earth system-based scientific disciplines.

In a significant manner, Singh et al. put forth the evolution of the Antarctic
Ice sheet, Circum Antarctic Circulation, and Antarctic climate during Cenozoic
by gleaning clues from marine sedimentary records. This chapter ably covers the
geological evidence for the origin and evolution of the Antarctic Ice sheet, which
primarily includes marine sediments deposited from southern to lower latitudes and
summarizes crucial research regarding the origin and development of the Antarctic
Ice Sheet (AIS) and offers some future directions for research.

While Baba et al. utilized cosmogenic radionuclides to reconstruct the glacial
history of the Dronning Maudland region of East Antarctica, this chapter delib-
erates on the comprehensive outline of DML, basics of cosmogenic radionuclide
and its application, and major glacial events from DML. Further, meltwater pulse
due to deglaciation of EAIS and evidence related to the marine isotope stages are
discussed to understand the impact of deglaciation on the global ocean. This region
shows sparse or no evidence of ice thickening during the last glacial maximum
(LGM). Field observations and ice core models show that the ice sheet’s interior
parts, the ice dome, were possibly 100 m lower during LGM than the present. On the



Preface xi

other hand, Shrivastava et al. discussed the Late Quaternary climate change in the
Schirmacher region, based on the terrestrial diamicts and lacustrine sediments. The
multi-proxy data, generated from the moraines and sediment cores of a variety of
lakes from the Schirmacher region, cDML, has provided better insight into the Late
Pleistocene toHolocene paleoclimatic evolution of the region during the LateQuater-
nary. This chapter highlights the glacial signatures, which are very well preserved
in all kinds of sediments of this region. The clay minerals indicate a gradual shift
in the weathering regime and that in climate from strongly glacial to fluvio-glacial
during Late Quaternary. The results of surface textures of quartz grains have been
discussed depth wise and in the same samples. In general, it shows dominant glacial
and glaciofluvial actions. The OSL chronology on moraines has provided infor-
mation on different events of deglaciation in Schirmacher region, East Antarctica.
An overview of the paleoclimate changes archived in the lacustrine sediments has
been provided by Govil and Mazumder. Major palaeoclimatic/palaeoenvironmental
studies from this region reveal the presence of several episodes of alternating warm–
cold events during Holocene and even beyond, based on a large number of proxies,
mainly biological, geochemical, and sedimentological parameters. On the basis of
these data, the morphological evolution of the lakes and palaeoclimatic reconstruc-
tion of the Schirmacher Oasis have been deciphered. The lacustrine signatures have
further been explored to synthesize a glacial–interglacial paleoenvironmental condi-
tions of Schirmacher Oasis, East Antarctica. Paleoclimatic studies using lake sedi-
ments drew scientific attention due to its efficiency to record long, high-resolution
climate records. Recent studies have employed multiple proxies like environmental
magnetism, isotope geochemistry, petrography, sedimentology, and geochronology
on lake sediments of SchirmacherOasis to decipher the past climate and the prevailing
environmental conditions. The existing studies poorly record climatic events such
as the Mid-Holocene Warm period, Hypsithermal and neoglacial cooling. Despite
better chronometric control in these studies, coarse temporal resolution and sparsely
documented finer scale climatic variations place the need for future high-resolution
works in the East Antarctic region. To fill up this gap,Warier et al. have synthesized
glacial–interglacial paleoenvironmental records from lake sediments of Schirmacher
Oasis, East Antarctica. The nutrient cycling and productivity in Antarctic lakes have
been addressed by Choudhary et al., who used sedimentary organic matter from the
Antarctic lakes as the source of various proxies to study productivity changes. A
total of three sediment cores have been analyzed for TOC, total nitrogen (TN), total
phosphorus (TP), biogenic silica (BSi), and their ratios were computed to understand
the nutrient cycling and productivity in Antarctic lakes. On the contrary,Reshmi et al.
studied chemical and isotopic characterization of lakes in the Larsemann Hills, East
Antarctica. The ionic and isotopic ratios of some lakes kinetic controlled ice-water
fractionation and evaporation processes are found to affect the isotopic evolution of
lake water.

In the field ofAntarctic ionospheric research, the effect of ionosphere scintillations
on the loss of lock inGPS signals has been detailed byGwal et al. during the fivemost
disturbed days of the December 2006. During all the disturbed days weak, moderate
or intense geomagnetic storms were observed. The amplitude and phase scintillation
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become frequently, the visible PRNSs does not remain stable for longer periods.
The loss of lock occurs frequently whenever the GPS signals scintillate. Similarly,
Gwal et al. also attempted to understand the effect of Ionospheric Scintillation on the
Positional Error and Loss of Lock of GPS Signal in Antarctic Region. They reported
that during all the five geomagnetically disturbed days, the positional error increases
significantly.

In Antarctic Biology, Pande and Kuppusamy provided an insight into the impacts
of ongoing climate changes on Antarctic birds. They have assessed the population
status, distribution, and genetic structure of key seabird species (Adelie penguin,
snow petrel, south polar skua,Wilson’s storm petrel) breeding around Indian research
stations,whereasNayaka andRai have detailed the response of lichens to temperature
rise. The extreme climatic conditions such as temperature, precipitation, and smaller
ice-free regions allow only cryptogams like bryophytes and lichens to grow domi-
nantly. Lichens are well-known biomonitors and bioindicators of climate change,
environmental pollution, and anthropogenic perturbations, they have explored their
potential. The study points out that climatewarmingwill cause the extinction of sensi-
tive species. Simultaneously, some will increase their geographical extension due to
the increasedwater availability and nutrients in changed ecosystems. On the contrary,
Singh et al. assessed the Strategy ofAntarctic plants for survival underUV radiations.
Antarctic cryptogams are growing in the photosynthetically active radiation (PAR),
and ultraviolet radiations (UV-R), closely associated with the synthesis of photo-
synthetic and photo protective pigments. Antarctic cryptogams cope with high UV
radiation stress by synthesizing UV-absorbing compounds; UV-B absorbs pigments
and other compounds; the pigment synthesis provides protection to cryptogamic
flora.

An exhaustive collation of significant geoscientific studies in Antarctica has been
made byCatherine et al.,with special mention of CSIR-NGRIwhich has been partic-
ipating in these expeditions and has established seismological andGPS observatories
for monitoring seismicity and to understand the tectonics of the Antarctica plate and
has carried out some geological and geophysical studies too. They summarize some
of the important contributions of CSIR-NGRI. While seismogenesis and seismic
potential of Antarctic region has not yet been well understood because of unique and
complex tectonic settings of the region, besides several causative factors associated
with natural and anthropogenic, which are still enigmatic in sense to unravel the fact
what and how the genesis of earthquakes is related to the glacial dynamics. Mishra
have ably provided a comprehensive overview on these aspects to suggest future
course of action to undertake detailed study on the glacial mass change induced
earthquakes (GMCIE) for the Antarctic regions. The book ends with a dedicated
chapter dealing with the Gravity Recovery and Climate Experiment (GRACE) satel-
lites data by Sunil et al. which indicates global sea level rise by 0.35 millimetres per
year. Antarctic GPS and GRACE data were reanalyzed and discussed to understand
in this chapter to understand and estimate the kinematics of Antarctic plate.
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The present book shall act as a ready reference to all researchers/academicians
who have curiosity to know about various dimensions of the Antarctic climate. The
latest insight and data shall be of immense use to climate scientists and policymakers.

New Delhi, India
April 2021

Neloy Khare
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for 3–4 timed and scaled more than 20,000 ft for sample and data collections. He
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hazards, therefore, concentrated on various aspects of the Ganga basin, helpful in
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Foreword

Cities are expanding and so are the number of people inhabiting these cities.
Following the current trend, the global urban population is expected to be 70% or
6.3 billion by 2050, nearly doubling up from the urban population in 2010, i.e. 3.5
billion. This increase will not only be concentrated in megacities, but also across
small- and medium-sized cities across the world. Pressure on the urban resources is
anticipated to increase manifold including, but not limited to, depleting green and
blue spaces, water scarcity, air pollution, urban heat islands, increasing disaster risks,
noise pollution, waste dumping, etc. Maintaining a healthy and habitable urban life
is one of the major challenges facing the Anthropocene.

There have been quite a few studies on urban infrastructural facilities like
transportation systems, wastewater treatment, solid waste disposal, water supply,
electricity supply and urban settlements. On the other hand, urban ecological
infrastructures like open spaces, parks, waterbodies, urban wetlands, etc., collec-
tively referred to as ‘Blue-Green Infrastructure’ (BGI), are the first prey to urban
expansion and, yet they fail to get ample attention. Though much has been written
about the benefits provided by urban ecosystems, development of new blue-green
infrastructures and their mainstreaming in urban policy planning is yet to be realized,
especially in the Global South. This book Blue-Green Infrastructure Across Asian
Countries—Improving Urban Resilience and Sustainability fills up this gap impec-
cably. The book clearly exemplifies the importance of the Blue-Green Infrastructures
through various case studies across different Asian countries and suggests convinc-
ing ways to mainstream this infrastructure in urban policy planning.

This book not only explores the benefits and challenges of Blue-Green
Infrastructures, but also explores the different advances that can be adopted like
citizen science initiatives, spatial planning and socio-ecological technological
approaches to monitor and implement them. Different environmental designs are
proposed for the inclusion of Blue-Green Infrastructures in urban settings. For
example, home gardens of Sri Lanka delineate the multifunctional role of ecological
infrastructures and present a unique design where both blue- and green-
infrastructures can be designed together at a relatively smaller space. The different
environmental designs presented in this book provide an opportunity to replicate
them to include in other urban areas with some modifications, if needed.

vv



Blue infrastructures in urban areas find a special place in this book. Very little
information on urbanization impacts on blue infrastructures is available except for
spatial maps that show the shrinkage in urban waterbodies. Starting from the ancient
waterbodies in India to nature-based solutions for marine and coastal ecosystems to
alleviating the impacts of disasters like flood, the role of blue infrastructures is
explored in detail and their implementation discussed. The book opens up new
avenues of research on the roles of blue infrastructure that will ameliorate the quality
of life of urban dwellers. Likewise, case studies on the importance of EcoDRR
demonstrate the role of Blue-Green Infrastructure in urban resilience building and
disaster risk mitigation.

Considering the urban complexities and uncertainties, it is timely and important
to explore alternative interventions for a sustainable urban future, as detailed in this
book. The book not only quantifies and explores the importance of Blue-Green
Infrastructure, but also suggests on mainstreaming it in the urban policy planning
process which will eventually help in implementing the ecological infrastructures.
Academicians, policy planners, city planners, local communities and both local
government and non-governmental agencies will find this book helpful as the
book delivers an integrated knowledge on Blue-Green Infrastructure and makes a
valuable contribution towards building a sustainable and resilient urban future.

I congratulate the authors for presenting diverse concepts, cases and novel
approaches on the subject that are relevant for diverse stakeholders including
urban planners and policy makers. I also warmly congratulate the editors: Shalini
Dhyani, Mrittika Basu, Harini Santhanam and Rajarshi Dasgupta—for their timely
efforts to produce this insightful volume of concepts, innovations and case studies.
This book is an important and timely contribution to the knowledge pool of urban
ecosystems, nature-based solutions, disaster risk reduction and climate change
adaptations. Readers will be highly benefited from the insightful chapter content
and analysis presented in this book. I wish the editors and authors all success in their
endeavour.

Resilience to Disasters and Conflicts
Support Branch, UNEP
Geneva, Switzerland

Muralee Thummarukudy
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Preface

Estuaries, located at the interface between land and coastal oceans, are dynamic, 
highly productive systems that, in many cases, have been historically associated 
with the development of many of the great centers of early human civilization. 
Biogeochemistry of estuaries offers a comprehensive and interdisciplinary 
approach to understanding biogeochemical cycling in estuaries. Estuary and river 
systems play a critical role in the natural self-regulation of Earth’s surface condi-
tions by serving as a significant sink for anthropogenic CO2. Approximately 90% 
of global carbon burial occurs in ocean margins, and the majority of this carbon 
remains buried in large delta-front estuaries. Many of the existing books in estua-
rine science comprise a suite of edited volumes, typically focused on specific top-
ics in estuaries all over the world. However, the present book entitled Estuarine 
Biogeochemical Dynamics of the East Coast of India provides a unique founda-
tion for the first time on the east coast of India. This book utilizes numerous illus-
trations and an extensive literature base to impart the current state-of-the-art 
knowledge in this field on the east coast of India adjacent to the Bay of Bengal. 
We collated chapters on geomorphology, carbon dynamics, bacterial population, 
estuarine pollution, and nutrient cycling of this region. The book also comprised 
the role of microbial diversity, microzooplankton variability in estuaries, CDOM 
dynamics of the east coast of India, and anthropogenic impacts of Indian 
Sundarbans (the largest mangrove forest in the world) with linkages to physical 
and biological processes in estuarine sciences. Consequentially, these systems 
have and continued to be severely impacted by anthropogenic inputs. This timely 
book can act as the foundational basis of elemental cycling in estuaries of the east 
coast of India and estuarine management issues. Estuarine and marine scientists, 
ecologists, biogeochemists, and environmentalists around India and other parts of 
the world would find interest in the present title. Intermediate to advanced level 
students can benefit by going through this book. This book presents both review 
and original study findings involving estuaries on the east coast of India. The 
future state of all of these estuaries may be a sensitive indicator of shifts in global 
weather patterns.
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The book opens with an introductory chapter by the editors (Dr. Sourav Das and 
Prof. Tuhin Ghosh). Then, Mr. B.  K. Saha (Former Senior Deputy Director-
General, Geological Survey of India) presents a brief account of the geology of the 
east coast of India. Studies about the estuarine carbon dynamics along the east 
coast of India have seen tremendous growth over the past decade. Dr. Kunal 
Chakraborty (Scientist-E, INCOIS, Govt. of India) has reviewed these works in 
one of the chapters. A synthesis of previous research works on the biogeochemis-
try of the Mahanadi estuarine ecosystem is presented in one of the chapters by Dr. 
Tamoghna Acharyya (focusing on increased anthropogenic interferences). Dr. 
Abhra Chanda (Assistant Professor, School of Oceanographic Studies, Jadavpur 
University) has reviewed different pollution parameters along the east coast of 
India in three of the chapters (focusing on persistent organic pollutants, heavy met-
als, eutrophication, algal bloom, fecal coliform, organic matter, and petroleum 
hydrocarbon). Dr. Anirban Mukhopadhyay illustrated the variability of suspended 
particulate matter with the help of geo-statistical analysis. Dr. Rajdeep Roy 
(Scientist-E, National Remote Sensing Centre, India) has described the nutrient 
cycling, phytoplankton community structure, and seasonal dynamics of primary 
production of the estuarine waters of the east coast of India. Mercury-resistant 
marine bacterial population has been synthesized by Dr. Surajit Das. Dr. Biraja 
Kumar Sahu covered the microzooplankton studies carried out in estuaries, man-
groves, and lagoons of the east coast of India. The book continues with a chapter 
by Dr. Sudarsanarao Pandi covering all the information and gap on CDOM-related 
researches carried out in estuaries and rivers draining into the Bay of Bengal. The 
book closes with an overview of the current understanding of biogeochemical 
dynamics and anthropogenic impacts on the Indian Sundarbans ecosystems by 
A.  C. G.  Henderson (Faculty, School of Geography, Politics & Sociology, 
Newcastle University, UK), Dr. S.  Das, Prof. T.  Ghosh, Dr. V.  N. Panizzo, Dr. 
H. L. Moorhouse, Dr. L. R. Roberts, Dr. R. E. Walton, Dr. Y. Zheng, Dr. A. M. Bass, 
and Dr. S. McGowan.

Kolkata, India  Sourav Das
 Tuhin Ghosh  

Preface
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Preface

Semi-arid regions of the earth are today suffering from lack of sustainable water and
groundwater. There is a growing demand throughout the world for sustainable
watershed development, management, and planning. The demand is more significant
in the rain-fed and drought-prone areas of earth surface, where watershed manage-
ment is poorer and groundwater is limited. The primary focus of the book is the
improvement of groundwater, aquifer mapping, soil and water conservation plan-
ning, suitable zones of groundwater development, flood mapping with surface
runoff, trends of rainfall, land use impact on the groundwater, watershed develop-
ment and planning, and water resource and environmental management. Conserva-
tion measures involve the preparation and implementation of various projects to
improve the management of watershed functions that affect the plants, animals, and
human communities within the watershed boundary. Rapid, accurate, and cost-
effective latest technologies, Modflow software, machine learning, artificial intelli-
gence, and geospatial technologies can be used for planning for groundwater
development in the semi-arid region.

The book discusses on the groundwater related issues such as groundwater flow,
watershed development, land use, rainfall, delineation of groundwater potential
zones, soil and water conservation planning, and development of water and soil
resources in the semi-arid region. The book highlights the recent application areas of
groundwater flow modelling software, wavelets techniques, remote sensing, GIS,
methods in rainfall trends, water conservation techniques in the field of watershed
development, groundwater planning, changes of land use, monitoring and modelling
of groundwater and aquifer mapping, hydrological modelling, and sustainable land
management. This book has 26 chapters contributed by various researchers, scien-
tists, and professors from various countries.

The book includes the research work of professors, planners, scientists, and
research scholars from various universities, international organisation, and institu-
tions from India as well as from other countries of the world, such as National
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Institute of Hydrology, University of Bergen, Geophysical Institute, CIMA Research
Foundation—International Centre on Environmental Monitoring, Helmholtz-
Zentrum für Umweltforschung, Fiji National University, James Cook University,
Australia, Bahir Dar University, University of Mumbai, Maulana Azad National
Urdu University, Indian Institute Technology Roorkee, Indian Institute of Technol-
ogy (BHU), Varanasi, École des mines d’Alès, avenue de Clavières, National
Institute of Technology Raipur, Sathyabama Institute of Science and Technology,
Bharathidasan University, All India Coordinated Research Project for Dryland
Agriculture, Dr. Panjabrao Deshmukh Krishi Vidyapeeth, Akola, M. Kumarasamy
College of Engineering, Chemiqua Water & Wastewater Company Kraków, Uni-
versity of Naples Federico II, RWTH Aachen University, National Centre for Earth
Science Studies, University of Kerala, The Gandhigram Rural Institute-Deemed to
be University, University of Lucknow, Indian Institute of Remote Sensing, ISRO,
and Asian Institute of Technology, Bangkok.

Amravati, Maharashtra, India Chaitanya Baliram Pande
Akola, Maharashtra, India Kanak N. Moharir
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MESSAGE  

 
National Institute of Agricultural Extension Management 

(MANAGE), Hyderabad is an autonomous organization under the 
Ministry of Agriculture & Farmers Welfare, Government of India. The policies of 
liberalization and globalization of the economy and the level of agricultural 
technology becoming more sophisticated and complex, calls for major initiatives 

towards reorientation and modernization of the agricultural extension system. 
Effective ways of managing the extension system needed to be evolved and 
extension organizations enabled to transform the existing set up through 
professional guidance and training of critical manpower. MANAGE is the response 

to this imperative need. Agricultural extension to be effective, demands sound 
technological knowledge to the extension functionaries and therefore MANAGE has 
focused on training program on technological aspect in collaboration with ICAR 
institutions and state agriculture/veterinary universities, having expertise and 

facilities to organize technical training program for extension functionaries of state 
department.  
 
New and reemerging zoonoses have evolved throughout the last three decades 

partly as a consequence of the increasing interdependence of humans on animals 
and their products and our close association with companion animals. Zoonosis is 
the single most critical risk factor to human health and well-being, with regard to 
infectious diseases. The first, and the most significant step towards the 

management of outbreak of zoonotic diseases is forecasting the occurrence of 
outbreaks. There have been unprecedented advancements in use of technology 
during the pandemic. ICT tools gives significant credence to the importance of 
examining health effects across species, in order to fully understand the public 

health and economic impact of such diseases and to help implement treatment and 
preventive programs by veterinarians.   
 
It is a pleasure to note that, SAU-Kerala Veterinary and Animal Sciences University, 
Centre for One Health Education, Advocacy, Research and Training, (COHEART), 

Wayanad, Kerala and MANAGE, Hyderabad, Telangana is organizing a collaborative 
training program on ICT Tools for Knowledge Management and Control of Emerging 
Zoonoses and Animal Health Threats from 20-23 September, 2021 and coming up 
with this joint publication as e-book as immediate outcome of the training program.  

 
I wish the program be very purposeful and meaningful to the participants and also 
the e-book will be useful for stakeholders across the country. I extend my best 
wishes for success of the program and also I wish SAU-Kerala Veterinary and 

Animal Sciences University, Centre for One Health Education, Advocacy, Research 
and Training, (COHEART), Wayanad, Kerala many more glorious years in service of 
Indian livestock sector ultimately benefitting the farmers. I would like to 
compliment the efforts of Dr. Shahaji Phand, Center Head-EAAS, MANAGE and Dr. 

M. K. Narayanan, Director of Entrepreneurship, KVASU for this valuable 
publication. 
 
 

 
Dr. P. Chandra Shekara 

Director General, MANAGE 
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MESSAGE   

 
Livestock sector contributes nearly one-fourth to the 

national GDP; still the animal health and productivity 

remains a major concern in the country. The existing 
lacunae in the animal husbandry sector such as 

inappropriate managemental practices, infectious as well as metabolic 

diseases, inadequate marketing infrastructure, and unorganised marketing 

could only be transformed into full productive potential meeting quality 
livestock support services by exploiting the use of ICT or web based tools 

and also by improving the knowledge provided to the Veterinarians as well 

as para-veterinarians. Zoonoses are yet another significant public health 
concern that cause considerable socioeconomic problems globally. A wealth 

of new technologies is becoming increasingly available for more accurate 

monitoring of zoonotic disease activity.  
In changing times, ICT tools could provide effective media for 

spreading awareness about the latest scientific managemental practices 

among Veterinarians as well as para-vets with an intention to improve the 
production performance and health status of animals of the country. With 

the recent resurgence of COVID pandemic, the significance of ICT tools in 

various sectors including, animal husbandry has increased manifold. Hence, 
it is pertinent to note that the Directorate of Entrepreneurship and Centre 

for One Health Education Advocacy Research and Training (COHEART) of 

our university in collaboration with MANAGE, Hyderabad is organising a 

four-day training programme in online mode (Sept. 20-23). It gives me 
pleasure to note that the topic of training ‘ICT Tools for Knowledge 

Management and Control of Emerging Zoonoses and Animal Health Threats’ 

is relevant. As we grapple with the gigantic task to manage the COVID-19 
pandemic, ICT tools will broaden the horizon for its control. 

I understand that this training has been designed in such a way to 

provide ample exposure to the participants in assimilating the thematic 
concept of ICT tools in knowledge dissemination for the control of public 

health threats and applying this doctrine in their respective domains of 

expertise. It is of utmost importance to note that this deliberation envisages 
the participants to learn and discuss across disciplines beyond boundaries 

and in close association with the stake holders in capacity building and 

evolve suitable models for regional, national as well as global leadership. 

Let me congratulate the dynamic team behind conceptualization of 
this training into reality. Without their commitment and contributions, this 

e- book would not been possible and successfully delivered at this time. 

Once again, I wish the faculty and participants all the best.  
With warm regards, 

 

 
 

 

Prof. (Dr.) M.R. Saseendranath 
Vice Chancellor, KVASU 
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MESSAGE  

 

Animal welfare is human welfare too. It is all the most 

revealed in the current scenario of pandemic. In most of the 
infectious disease, we can observe an involvement of 

animals in its course of spread which mark the relevance of “One Health” 

approach. The health and veterinary sectors in the country has undergone 
considerable transformation during this pandemic. The major breakthrough 

is the introduction of Information technology and Artificial Intelligence 

based approaches to control Emerging Zoonoses and Animal Health 

Threats. Such tools can reduce the risk of Zoonoses becoming epidemics 
and pandemics, by understanding disease origins, their drivers and 

dynamics. An early warning or forecasting system communicates 

information about impending risk to vulnerable population before a hazard 
event occurs. Thus, ICT initiatives will be the futuristic requirements of the 

society, immensely helping in conceptualizing and strategizing control 

measures of zoonotic diseases.  
 

 It is of immense pleasure to organize the training on "ICT Tools for 

Knowledge Management and Control of Emerging Zoonoses and Animal 
Health Threats" in collaboration with National Institute of Agricultural 

Extension Management (MANAGE), Hyderabad.  I would like to underline 

and reiterate the fact that a healthy nation could only be built by the 

healthy individuals and the animals and the surrounding environment. As 
we are in the era of global health crisis due to COVID-19 pandemic, the 

animal husbandry and allied sectors should take all the care and measures 

for controlling the emerging zoonoses and health threat in animals at large 
for which we will have to make best use of ICT tools. Also, technologies 

evolve rapidly as new tools become available, allowing for the development of 

more sophisticated surveillance methods and more accurate predictive 
models. To make it a reality One Health collaboration between institutions, 

scientists and public health networks involved in diseases surveillance is 

important in order to timely detect and respond to novel threats and 
pandemics. 

 

 I am pleased to note the joint publication of e-book as the outcome of 

the training program. I also hope, the deliberations held during the training 
would bring out the vital understanding on the use of ICT Tools for Control 

of Emerging Zoonoses and Animal Health Threats. I wish the training a 

grand success. 
 

 
Prof. (Dr.) M. K. Narayanan 

Director of Entrepreneurship, KVASU 
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PREFACE 

 

       This e-book is an outcome of collaborative online training program on “ICT 

Tools for Knowledge Management and Control of Emerging Zoonoses and 

Animal Health Threats”. This is intended to sensitize the veterinarians and 

related health workers to learn about various ICT tools for Knowledge 

management and control of emerging zoonoses as well as other animal health 

threats, and also to practice and implement One Health approach, as back-up 

to the Global Health Security Agenda using technology driven approach. 

Furthermore, this e-book will update their knowledge regarding recent 

advances in technologies and innovations in the domain of zoonoses and 

animal health threats 

 

 Veterinary and Human health systems must continuously adapt and evolve 

to their contexts giving significance to latest technologies. ICT tools are such 

technologies that provide access to information through telecommunications, and 

includes networks, the Internet, wireless, mobile devices and other 

communications-related technology. The content of training programme was 

designed to provide updated information towards capacity building in proposed 

area. Attempt has been made to cover topics on Emerging Zoonoses and Animal 

health threats, Epidemiological Surveillance and Disease Modeling, tools such as 

National Animal Disease Referral Expert System and Integrated Health Information 

Platform. Focus was also on Artificial Intelligence driven approach for control of 

vector borne diseases, existing early warning system for the spread of emerging 

diseases and Application of Artificial Intelligence for animal health threats. The 

topics shall also cover GIS and Web based tools for Disaster risk mapping and 

innovative Participatory Disease Surveillance model that is successfully used in 

various countries. The applied aspects of the use of ICT tools for knowledge 

management of wild animal health as well as for Animal Husbandry are also 

covered.  

 

 Taken together, these experiences are enriched with technical insights and 

operational know-how. They provide practical evidence of actions that have proven 

imperative for improving services delivery.ICTs tools have the potential to transform 

the way in which the veterinary and health services are accessed and delivered. 

ICTs can provide information systems for reporting and research, and deliver 

healthcare services and advice to even the most remote locations. 

 

The valuable suggestions for future improvements are always welcome. 

 

 

September, 2021                              Editors 
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OVERVIEW OF EMERGING ZOONOSES AND EARLY WARNING SYSTEMS 

Prejit, Officer-in-Charge,  

Centre for One Health Education, Advocacy Research and Training  

Kerala Veterinary and Animal Sciences University, Pookode, Wayanad- 673576  

 

 

Introduction 

Emerging and re-emerging zoonoses are a significant public health concern and cause 

considerable socio-economic problems globally. The COVID-19 pandemic has made us to 

realize that man do not have complete dominion over animals, nature or even minute 

organisms like virus. There are about 60 per cent of human infectious diseases that are 

zoonotic (Taylor et. al., 2001) and among the latest one (Emergng) 75% are zoonotic in 

nature. Emerging zoonoses are those which are newly identified and previously unknown, 

that cause public health problems either locally or internationally (eg: Avian Influenza, 

Ebola, Nipah, Zika, MERS COVID etc). Re-emerging zoonoses are those that have been 

known for some time, had fallen to such low levels that they were no longer considered 

public health problem and are now showing upward trends in incidence or prevalence 

worldwide (eg: Chikungunya, Japanese Encephalitis etc). The factors that make India a hotspot 

of zoonoses include its large area (32,87,263 sq. km, 2.4% of worlds surface area), coastal area of 

7516.6km, border sharing with 7 countries , diversity of climate and physical conditions, great 

variety of fauna (over 92,037 species), whopping population of 135.26 crores (17.7% of world's 

population) and having agriculture in more than 58% of the population. 

 

  India has initiated One Health action strategies for control of emerging zoonoses 

such as Avian Influenza. Multi-sectoral approaches under a One Health (OH) umbrella are 

more expedient and effective, and lead to efficient utilization of limited resources (Heymann 

et al., 2014). Kerala has demonstrated One Health success stories for control of emerging 

zoonoses such as Kyasannur Forest Disease. As it is recognized that emerging infectious 

diseases occur at the interface of human, animal, and ecosystem health, the world now 

promotes a trans-sectoral approach to address infectious disease risk management.  Emerging 

infectious diseases will continue to challenge health infrastructure, test credibility of health 

services, and threaten to devastate health and economic development unless a strategic vision 

and an effective plan of action are developed to combat these. 
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Emerging Zoonoses 

Zoonoses are not something that is rare but it still remains one of the world’s greatest 

threats to human and animal life, the environment, local communities and economies. A vast 

majority of the emerging and remerging infectious diseases have their origins in animals. 

Emerging zoonosescould be as a result of the globalization of trade, breakdown of public 

health measures, expanding human population, intensification of wildlife farming, change in 

land use (Japanese encephalitis, Lyme disease), agricultural industry, medical industry, food 

industry, International travel and commerce (SARS, MERS, COVID 19), disasters (plague, 

leptospirosis), climate and weather (West nile fever), human demography & behavior (KFD), 

bush meat consumption (Ebola). Early detection helps keep infection to its area of origin, 

which in our increasingly mobile world is vital in stopping life threatening diseases such as 

Zika, Ebola and Yellow Fever.  

From age old Rabies to the recent COVID-19, the list of zoonoses keeps growing day 

by day. But the major hurdle in combating the zoonoses is the presence of animal reservoirs. 

In global scenario, there is a significant increase in the emergence of zoonotic diseases 

causing about 1 billion cases of illness and millions of deaths every year  (Karesh et al., 

2012). In the last two decades, emerging diseases had direct costs of more than US$100 

billion; if these outbreaks had become human pandemics, the losses would have amounted to 

several trillion dollars (World Bank, 2012). The greatest burden on human health and 

livelihoods is caused by endemic zoonoses that are persistent regional health problems 

around the world (ILRI, 2012). Given the high economic and societal cost of recent outbreaks 

(World Bank, 2012), policy decisions and investments can be oriented to create incentives for 

advancing a One Health approach aimed at preventing (and not just responding to) disease 

outbreaks.Globally, the top 13 zoonoses deemed most impactful to poor livestock keepers in 

developing countries are responsible for an estimated 2.7 million deaths and 2.4 billion cases 

of human illness each year (Grace et al., 2012). The Livestock Revolution paradigm is 

leading to rapid increases in livestock populations in developing countries, which increases 

the likelihood of disease transmission (Pica-Ciamarra and Otte, 2011) with repeated 

outbreaks from meat, eggs, milk, and cheese, or meat by-products (Kareshet al., 2012). 

After the emergence of SARS in 2002 and MERS in 2012, COVID 19 was the third 

coronavirus resulting in a major global public health crisis. At the end of the SARS epidemic, 

there were more than 8,000 cases of the disease and 774 deaths, with a case-fatality rate of 

7% (Anderson et al., 2004). Following, MERS epidemic there were a total 2494 cases of 

disease and 858 deaths with 34.4% case-fatality rate (Al-Omari et al., 2019). Currently 
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COVID 19 has become a serious global public health concern. In the current scenario, the 

SARS-CoV-2 has spread rapidly to various parts of the world (Yoo and Yoo,  2020). As 

COVID-19 spreads, there is a significant role for veterinarians under One Health framework 

to reduce the economic impacts on the livestock industry and food supply (Yoo and Yoo,  

2020). Thus, the global impact of emerging and endemic zoonoses on both human and animal 

populations make their control and prevention a natural starting point for collaboration 

between human and animal health sectors (Ristet al., 2014).  

Early warning systems   

 The use of technology has been under constant expansion following pandemic. Early 

detection of diseases and infections at animal source will help us to understand the etiology, 

epidemiology and pathogenesis of them and will pave a way to prevent transmission of them into 

humans.  The first, and the most significant step towards the management of outbreak of 

zoonotic diseases is forecasting the occurrence of outbreaks. Forecasting refers to the monitoring 

of specific risk factors that could lead to the occurrence, and subsequent spread of the disease. 

The early warning or forecasts can be considered as "alert signals" intended to increase epidemic 

preparedness of the public. It will save the time as well as resources during an emergency. 

Prevention and control of zoonoses is the best strategy one could adopt in a crisis situation. Apart 

from emerging viral zoonoses, there are several emerging food borne zoonoses such as 

enterohaemorrhagic Escherichia coli (E coli O157:H7) and silent pandemics like anti microbial 

resistance that are becoming a major concern now. The major components of early warning 

system involves; routine surveillance of the targeted disease and identification of its risk 

indicators, examination of feasibility of their monitoring using existing data sources or modeling 

the risk of disease based on historical surveillance and contemporary environmental data, 

forecasting future risk through the use of predictive models and continued epidemiological and 

environmental surveillance.  

Epidemiologists use ‘predictive models’ as to analyse when and where the next 

occurrence may occur. The use of Geographical Information System (GIS) to study associations 

between environmental variables like temperature, humidity, vector density etc. using satellite 

mapping has been gaining acceptance as a disease forecasting tool. Initiatives, such as GLEWS 

(Global Early Warning and response System), a joint system developed by WHO, OIE and FAO, 

assists in prediction, prevention and control of zoonotic disease outbreak through field work, 

epidemiological analysis, and sharing of the acquired information. Disease-specific 

collaborations such as the network for animal influenza (OFFLU), are active between the three 

Organizations. These collaborations range beyond surveillance to incorporate joint response 
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mechanisms as events demand. The Joint FAO/OIE Crisis Management Centre for Animal 

Health supports rapid response capacities to assist countries for animal diseases events 

(domestic, wildlife, terrestrial or aquatic), and has collaborated in outbreak 

responses with WHO and the Global Outbreak Alert and Response Network 

(GOARN). Similarly, a cross-sectoral ‘One Health’ approach is increasingly being 

adopted within and amongst countries to address these problems. 

OIE-WAHIS (OIE World Animal Health Information System) is a unique 

comprehensive database through which information on the animal health situation 

worldwide is reported and disseminated throughout the world. OIE-WAHIS data 

reflects the information gathered by the Veterinary Services from OIE Members 

and non-Members Countries and Territories on OIE-listed diseases in domestic 

animals and wildlife, as well as on emerging diseases and zoonoses. 

Existing Surveillance systems in India include, integrated Disease 

Surveillance Project (IDSP, Medical Sector), National Animal Disease Reporting 

System(NADRS) and National Animal Disease Referral Expert System 

(NADRES, Veterinary Sector), ICAR - NIVEDI (Epidemic diseases), ICAR – 

NIHSAD (Exotic diseases), Inter-sectorial collaboration on avian influenza: Joint 

Task Force & Joint Monitoring Group and also on zoonoses (National Standing Committee on 

Zoonoses ).Decreasing interactions with wild animals lowers our exposure to diseases such as 

Kysannur Forest Disease which is endemic in karnataka and now in Kerala, Tamil nadu and Goa. 

Studies of the incidence and prevalence of such diseases are necessary in the endemic areas. If a 

disease is preventable by vaccination, it is better to vaccinate the susceptible populations. For 

diseases such as rabies, apart from vaccinating the pet animals, stray dog population control is a 

much needed strategy.   

Conclusion 

 Prevention is a broad and continuous effort that requires people’s participation and 

expert knowledge. The prerequisites for controlling emerging infectious disease includes 

availability of diagnostic assays for mass-scale testing of samples, generating baseline data 

about the disease, new and better vaccines, intensify border checking at entry points at borders, 

enforce strict quarantine measures. Furthermore, the use of ICT based system has great 

advantages such as Geographic Imaging Systems, IT tools monitoring disease dynamics, 
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dashboards for surveillance and forecasting, risk mapping tools for knowing wild life sources 

for diseases.  
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PARTICIPATORY ONE HEALTH DISEASE DETECTION (PODD) TOOL TO 

DETECT EMERGING ANIMAL AND ENVIRONMENTAL HEALTH THREATS: A 

THAILAND EXAMPLE MODEL 

Terdsak Yano 

Department of Food Animal Clinics, Faculty of Veterinary Medicine, Chiang Mai University 

Introduction 

 The COVID-19 is the great example of pandemic which effect the global in several 

aspects, especially in economic. In tourism industry, COVID-19 causes a loss of more than $4 

trillion to the global GDP during 2020 and 2021 (UNCTAD,2021). It has high potential of 

emerging disease occur and affect human, mostly possibly originating from animal.  Animal-

health surveillance provides an essential component of the evidence required to protect animal-

health, facilitate trade, and ultimately protect public health, especially from zoonosis. Through 

early detection and informed response, surveillance reduces the impact of animal disease on 

animal production and welfare and on public health. Effective surveillance also ensures that 

confidence in the health status of animal moving between countries is maintained and ensures that 

trade barriers are justified. When trade is maintained, the impact of disease outbreaks on the 

economy is reduced, including: Severe Acute Respiratory Syndrome (SARS); Bovine Spongiform 

Encephalopathy (BSE); Foot-and-Mouth Disease (FMD); and Highly Pathogenic Avian Influenza 

(HPAI). The frequent movement of animals and their products around the world means that there 

is an increasing risk that infection will spread. Therefore, there is a need for exchange of 

comparable information about disease incidence and lead to protect population’s health.   

        One Health approach is an effective concept that allow people monitor disease in animal and 

environment before spilling over to human ( t rk   et al., 2015). One health indicated the strong 

relationship of health among animal, human and environment. It plays an important role in global 

disease prevention with engaging multidiscipline to achieve better health. The people in 

community can be a part ofOne Health by participate the disease or abnormal health event 

reporting. The community also can responses those reports in advance before the authority takes 

any action.  

 Since the digital technology has been exploded, people increase the usage of mobile 

phone and internet. It has been introduced disease surveillance system and allow people to 

participate by reporting via their mobile or computer.  The US Flu Near You system having 

previously demonstrated how participatory reporting using digital tools can help detect 
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influenza outbreaks in human populations faster than traditional surveillance (Smolinski et 

al., 2015) 

PODD system 

 PODD system or “Participatory One-health Digital Disease Detection” system has 

been developed, which integrated One-health into disease surveillance activities in 

community level. The aim of PODD system is to early detect and response the animal health, 

human health and environmental problems in communities by the collaborative efforts of 

authorities, Local governments (LGs) and people in communities. There are 3 key elements, 

LG, volunteers and digital system, that are the structure of PODD system (figure 1). 

Volunteer reporters, who are members of the communities, report abnormal events in their 

communities through application on smartphone, called “PODD”, then an automated system 

verify the reported and notify all stakeholder (i.e., researchers, provincial and district DLD 

officers, provincial and district public health officers and LG staff). LGs are the front-line 

teams of problem response and be supported by authorities, either district or provincial level.  

 

Figure 1 The key elements of PODD system, consist of Local government (LG), PODD 

volunteers and digital technology.  

 

 The primary objective of PODD in pilot phase was to detect abnormal deaths in 

backyard animal in order to elicit rapid investigation and response. Abnormal numbers or 

types of death can be a signal of zoonotic diseases which transmits to human and causes 

pandemic as a subsequence, such as abnormal death in poultry could be an early clinical sign 

of highly pathogenic avian influenza (HPAI), a potential precursor of an AI pandemic in 
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humans. Use of smart phones and digital technology is one of the key factors making the 

PODD system workable. The daily reports of poultry health and abnormal poultry death are 

automatically captured, filtered with predefined case and outbreak definitions, and projected 

onto a GIS mapping system. The real time analysis of incoming reports allows rapid 

detection of outbreaks and the generation of automatic SMS warning messages to activate 

community contingency plans. A disease investigation team is dispatched to confirm the 

outbreak by clinical examination and, as necessary, laboratory confirmation. The system 

follows up automatically until 3 weeks after the last report of sick animals or death in the 

affected area. All stakeholders are notified after complete recovery to normal (figure 2) 

 

Figure 2 The workflow of PODD system for abnormal health surveillance, which aim to 

early detect and rapid respond. 

 Not only animal disease, but human health and environmental health have been added 

in PODD mobile application. Dengue and zoonosis in human, animal bite which has potential 

to be rabies, food safety issue, annoyance issues in community and disaster have been 

expanded the range of reporting. The PODD volunteers can report cover animal, human and 

environmental health through PODD mobile application (Yano et al., 2018). 

The success 

 The PODD system has been developed and preliminary implemented in 75 LGs in 

Chiang Mai, Thailand, in early 2015. The community at sub-district level has been engaged 

to develop and own the system. After two years of implementation, the PODD system has 

been extended to other provinces throughout Thailand.  From January 2015 to August 2021, 

total of 378,010 reports were sent to PODD system. Those reported included zero report and 

abnormal event reports. Currently, PODD system has been used in 30 provinces, within 201 
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LGs, together with the support of 838 active community reporters who uses PODD mobile 

application.  

 The PODD system empowered community to prevent, detect and respond disease 

outbreak, either human and animal, through the One-Health Operation Center and the support 

from PODD system. In January 2017, NongKhwai and Ban Pae LGs controlled disease 

outbreak in their area by the operation of the One-Health Operation Center. After PODD 

volunteer reported an abnormal death in chicken and owner showed flu-like symptoms, the 

notification was sent to LGs, district livestock and public health officers. The center activated 

the operation and staffs from LGs were indicated to work in the affected area and the 

outbreak could be controlled within a week. From August 2016 until March 2017, 38 from 68 

One-Health Operation Centers have started their activity and 4 outbreaks can be controlled by 

the center.  

Next step 

 The PODD research project has been transformed to be the “PODD center” in 2020. 

The center aims to promote and engage LGs throughout Thailand to use PODD system in 

their community. The PODD system added more features to reach LG’s requirement, such as 

bedridden patients, accidental risk area or road, larva counting for Dengue prevention, 

COVID-19 monitoring, etc. For COVID-19 monitoring, the PODD system has been applied 

to monitor COVID-19 in selected communities since late 2020. The community volunteers 

report the strangers or people, who is not community member, come into the community, 

especially the people who do not notify the community headman. In the near future, the tons 

of data is coming to the PODD center and it will be the asset for the center. The data 

management and manipulation will be performed to create an impact information for the 

health society. 

Conclusion 

 The community participatory combine with digital technology can be integrated with 

One Health approach for early disease detection and rapid response. It also empowers 

community to encounter the pandemic and establish the collaboration between community 

and authority to control disease outbreak. These practices can help the global to fight the new 

diseases in the future.  
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INFORMATION NETWORK FOR ANIMAL PRODUCTIVITY & HEALTH 

e-resource provided by: S. K. Rana  

National Dairy Development Board 

  

            In today’s ever-changing world, the way you disseminate information assumes great 

significance. We must provide the right people with right information at the right time. 

Keeping this in view, an advanced information network has been created that can be easily 

accessed by all key stakeholders. This technology-driven user-friendly information network 

would provide reliable and timely information to enable better decision-making for 

improving productivity. At the heart of such a system is the unique identity assigned to each 

animal.  

 Developed and implemented by NDDB, the Information Network for Animal 

Productivity and Health (INAPH) would support the delivery of animal identification, 

breeding, nutrition, extension and health services at the doorstep of farmers. The system has 

multi-lingual capability and is based on best practices and Standard Operating Procedures 

(SOPs) recommended by domain experts.  

            Ear-tagging with a unique 12 digit number is mandatory for each animal registered in 

the network which enables tracking and monitoring of these animals. NDDB administers and 

centrally manages the animal identification system in the country.  

 

Animal Breeding  

          INAPH captures data related to animal registration, artificial insemination (AI), 

pregnancy diagnosis, calving, milk recording, milk sample collection for component analysis, 

typing, body measurement for growth rate monitoring and animal movement. 

          Data captured is processed for use in field activities under Progeny Testing and 

Pedigree Selection programmes. Operational, review and analytical reports, alerts and SMS 

messages are generated and forwarded to all concerned.  

         INAPH helps in monitoring AI delivery system to assess and improve conception rate, 

minimise inter-calving period. It also helps to evaluate breeding values of bulls as well as 

identification of elite animals.  
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Animal Nutrition  

          INAPH supports the Ration Balancing Programme (RBP). It has a data library on 

chemical composition of commonly available feed resources in India and the nutrient 

requirements based on body weight, milk yield/milk fat, pregnancy status etc. Based on the 

feeding practices, prevailing nutrient status can be seen. As per the availability of feed 

resources and area specific mineral mixture, a least cost ration is worked out, which is then 

given to the milk producers in local language, in a format easy to understand.  

 

          Balanced ration advisory services through INAPH based on data of one and a half lakh 

cows/buffaloes resulted in increase in net daily income of milk producers between ` 15-35 per 

animal, by enhancing daily milk yield/milk fat and/or reduction in cost of feeding per litre of 

milk. 
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Animal Health  

The Animal Health module of INAPH is designed to capture health related data of animals 

such as vaccinations, de-worming, disease testing, treatment, outbreak management and 

fertility camps. The complete health profile of each animal is being maintained by the system, 

enabling better health management and treatment. Data can also be captured at the village 

level on most health related interventions  

 

INAPH is currently providing support to over 220 lakh animals belonging to around 127 lakh 

farmers in more than 1.70 lakh villages spread across 29 states. The system is being used by 

over 1.19 lakh field users in the country.  
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System Architecture & Deployment  

The system is designed to meet the various information needs of farmers, field technicians, 

End Implementation Agencies (EIAs) such as Milk Unions/Federations, Producer 

Companies, analysts and policy makers. The application can be operated through 

computers/netbooks as well as hand-held devices (Android phone & tablets) with internet 

connectivity. Data collected in the field is stored in the central database at NDDB, Anand. In 

the absence of network connection (offline mode), there is a provision for data to be captured 

and stored for later synchronisation with the central server through the GPRS network. 
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INAPH is equipped to send messages to farmers, providing appropriate advice regarding their 

animals, when required. Web based reports are available to the managerial team and other 

decision makers for analysis.  

Benefits  

 Unique identification of animal along with the pedigree facts, lactation yields and 

owner details  

 Record keeping of all activities related to Breeding, Nutrition & Health  

 Identification of superior bull & elite female  

 Tracking disease outbreak & disease pattern for different species/breed/village/district  

 Healthier/productive animals increase earning of farmers  

 Assess the efficiency & effectiveness of AI services & Ration Balancing Advisory               

Services  

 Monitor and follow up genetic improvement and Ration Balancing Programmes 

         INAPH helps in monitoring AI delivery system to assess and improve conception rate, 

minimise inter-calving period. It also helps to evaluate breeding values of bulls as well as 

identification of elite animals.  
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RESISTANCEMAP: AN ICT BASED TOOL FOR GLOBAL DATA ON 

ANTIMICROBIAL USE AND RESISTANCE 

Geetanjali Kapoor 

Research Fellow, The Center for Disease Dynamics Economics & Policy 

 

About ResistanceMap 

        Resistance Map (ResMap) is a web-based collection of data visualization tools 

that allows interactive exploration of antimicrobial resistance (AMR) and antibiotic use 

trends in countries across the globe, now including several low- and middle-income countries 

(LMICs). CDDEP first developed ResistanceMap in 2010 to display national and some 

subnational AMR data for the United States, Canada and over 30 European countries for the 

year 2009, as well as antibiotic use data for United States from 2000 to 2009. 

                  In the current iteration, which is supported by a new grant from the Bill & 

Melinda Gates Foundation, CDDEP has expanded ResistanceMap to include more up-to-date 

AMR data from invasive isolates only (blood and cerebrospinal fluid) from the countries 

included in the previous iteration of ResistanceMap, as well as additional countries including 

South Africa, India, Thailand, Vietnam, Kenya, Argentina, Chile, Equador, Mexico, 

Venezuela, Australia, and New Zealand. Where available, data are displayed at the national, 

subnational or regional level. The primary sources of data are public and private laboratory 

networks that routinely collect AMR test results. 

                In addition to updated and expanded AMR data, this iteration of ResistanceMap 

also includes antibiotic consumption data from 75 countries from years 2000 to 2014 

obtained from IQVIA's MIDAS and Xponent databases. Moreover, this iteration includes an 

update to the web tool itself, so that non-technical users can more easily explore trends in 

antibiotic use and resistance around the world. 

Antimicrobial Resistance Data 

              Resistance data from 46 countries are represented in ResMap. AMR data are 

available from 1999 to 2017, depending on the country.  

             Twelve organisms are included - Acinetobacter baumannii, Entero bacteraerogenes/ 

cloacae, Enterococcus faecalis/ faecium, Escherichia coli, Klebsiella pneumoniae 

, Pseudomonas aeruginosa, Salmonella Typhi/ Paratyphi, Staphylococcus aureus  and  

Streptococcus  pneumoniae. Details of AMR data and methods for calculating resistance 

proportions are described in the methodology section. 
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Antibiotic Consumption Data 

                Antibiotic consumption data from 76 countries are represented. Antibiotic 

consumption data are available from 2000 to 2015. Sub-national antibiotic consumption data 

are available only for the United States through 2017. Data sources are IQVIA XPonent and 

IQVIA MIDAS databases. 

                 Seventeen antibiotic classes are included: aminoglycosides, broad-spectrum 

penicillins, carbapenems, cephalosporins, chloramphenicols, glycopeptides, glycylcyclines, 

lipopeptides, macrolides, monobactams, narrow-spectrum penicillins, oxazolidinones, 

phosphonics, polymixins, quinolones, tetracyclines, and trimethoprim combinations.  

                  Details of antibiotic use data and methods for calculating antibiotic consumption 

are described in the methodology section. 

Citing Resistance Map 

Please cite data or figures from ResistanceMap in the following style: 

The Center for Disease Dynamics Economics & Policy. ResistanceMap: [Page Name]. 

2018. [URL]. Date accessed: [Date]. 

Methodology 

1) Antibiotic Resistance 

 ResistanceMap (ResMap) aggregates data on antibiotic resistance from several 

sources. The data have been harmonized to present similar definitions of resistance across 

countries and regions to enable comparisons between countries. However, comparing 

resistance rates between countries should be undertaken with some caution as the breadth of 

testing varies between countries. 

           The following sections describe the source of the data, the bacterial species included, 

and the pathogen-antibiotic combinations used to determine resistance rates. 

Sources: The underlying data are obtained from multiple sources in one of two formats: (1) 

microbiology and test data at isolate level; (2) aggregated data listing at a minimum, the 

number or percentage of isolates resistant and the number of isolates tested. The following 

table details the source of data for each country. 

Bacterial species: Depending on the country, resistance data is currently available for all or 

some of the following bacterial species: 

 Acinetobacter baumannii 

 Enterobacteraerogenes/cloacae 

 Enterococcus faecalis 
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 Enterococcus faecium 

 Escherichia coli 

 Klebsiellapneumoniae 

 Pseudomonas aeruginosa 

 Salmonella paratyphi 

 Salmonella typhi 

 Staphylococcus aureus 

 Streptococcus pneumoniae 

Isolates were classified as susceptible (S), intermediate (I), or resistant (R). Clinical 

and Laboratory Standards Institute (CLSI) or European Committee on Antimicrobial 

Susceptibility Testing (EUCAST) breakpoints were used for antimicrobial susceptibility 

testing in the laboratories contributing the data. For example, laboratories in the United 

States use CLSI guidelines, while European countries use EUCAST guidelines. 

              The data presented on ResistanceMap include only invasive isolates obtained from 

blood, cerebrospinal fluid or both. In addition, all non-susceptible isolates (I+R) are classified 

as resistant and the data is presented for a pathogen only when 30 or more isolates were 

tested against an antibiotic. Some countries do not have data for every pathogen-antibiotic 

combination listed, and for certain combinations, only a few countries have data. For 

instance, India is currently the only country with Salmonella data available. 

          For each data point we calculated the 95% confidence interval using the Wilson score 

method for binomial data. 

Pathogen-antibiotic combinations: Antibiotics are classified into several groups as needed 

to compensate for the lack of susceptibility data on every antibiotic and to facilitate 

examination of resistance based on clinical relevance. Antibiotic groups are often classes of 

antibiotics, but not always. Resistance to an antibiotic group was defined as non-

susceptibility to at least one antimicrobial agent in that group, though not all isolates were 

tested against every antibiotic in a group. The pathogens and the groupings of antibiotic 

agents against which they are tested can be obtained from methodology on antibiotic 

resistance. 

2) Antibiotic use 

Sources: Data on antibiotic use for all countries currently included comes from the IQVIA 

MIDAS database. This database estimates antibiotic consumption from the volume of 

antibiotics sold in retail and hospital pharmacies based on national sample surveys done by 

https://clsi.org/standards/
http://www.eucast.org/clinical_breakpoints
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pharmaceutical sales distribution channels (i.e. from manufacturer to wholesaler to retailer). 

In each sector, data are collected regularly to estimate direct sales from antibiotic drug 

manufacturers and indirect sales from wholesalers. The sales estimates from this sample are 

projected with use of an algorithm developed by IQVIA to approximate total volumes for 

sales and consumption. The algorithm uses regional, sectorial-specific, and distribution-

channel-specific factors to project national estimates of antibiotic consumption. However, 

precise details of the algorithm are withheld for proprietary reasons. 

                        Data on antibiotic sales in standard units (SUs) and kilograms were obtained 

from the IQVIA MIDAS database. SU is an IQVIA designation that represents a single dose 

unit such as a pill, capsule, or equal amount of liquid. Sales expressed in kilograms were 

converted into defined daily doses (DDDs) using the Anatomical Therapeutic Chemical 

Classification System (ATC/DDD, 2016) developed by the WHO Collaborating Centre for 

Drug Statistics Methodology. For molecules not included in the ATC/DDD index, DDD 

values were estimated from other sources or as the average of DDD unit values by class. 

DDD unit values were provided in the ATC/DDD index for 199 of the molecules in the 

IQVIA MIDAS database. When possible, DDD unit values not available through the 

ATC/DDD index were estimated from other sources. Data in SUs were available for all years, 

whereas kilogram data were available only for the period 2005-2015. The ratio of SUs to 

kilograms for 2005-2015 was used to estimate kilograms and DDDs for 2000 to 2004. 

Countries' annual antibiotic consumption rate in DDDs per 1,000 inhabitants was calculated 

using population estimates from the World Bank DataBank. In countries where hospital and 

retail data were both reported for some but not all years (2000-2015), consumption in the 

missing sector was estimated by interpolation, using the ratio of antibiotic consumption in the 

hospital and retail sectors for the years data had been reported. Data collection procedures 

imposed additional limitations for a few countries that could not be (completely) accounted 

for. For example, some countries had sales data reported for only hospital or retail sectors, 

and in some cases, certain types of antibiotic sales—such as those in supermarkets or through 

government channels—were not included. 

                        To allow for a meaningful comparison across countries, standard units/DDDs 

per 1,000 population was calculated by dividing the reported number of standard units/DDDs 

by population estimates from the World Bank. Taiwan’s population size data was not 

available in the World Bank’s database, so the values from Penn World Table 7.1 were used. 

Antibiotic use data was available only at a grouped regional level for some countries. For the 

two regional groupings—Central America and French West Africa—that had such data, we 

http://data.worldbank.org/indicator/SP.POP.TOTL
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pooled the population estimates for the constituent countries to generate standard units/DDDs 

per 1,000 population. 

For the United States, additional data was available at a subnational level. This data 

comes from IQVIA's Xponent database. The Xponent database contains data on dispensed 

drug prescriptions collected from retail pharmacies (chain, mass merchandisers, independent 

pharmacies, and food stores) in the United States. The database covers more than 70% of all 

prescriptions filled in the United States, and records are then weighted to project 100% of 

total prescriptions dispensed. Precise details of the weighting algorithm are withheld for 

proprietary reasons. These data are available at the zip code level and have been aggregated 

into state-level values. Data were then divided by state population estimates from the US 

Census to give the number of prescriptions per 1,000 people. 

Antibiotics: All the antibiotic products listed in MIDAS and Xponent databases constituted 

90 different antibiotic molecule types. These generic antibiotics have been further combined 

into 18 different classes for comparisons across countries. The distribution of antibiotics into 

classes can be obtained from methodology on antibiotic use. 

 

3) Drug Resistance Index 

The Drug Resistance Index (DRI) is a composite measure that combines the ability of 

antibiotics to treat infections with the extent of their use in clinical practice. Described 

by Science Magazine as a Dow Jones for Drug Resistance, the DRI provides an aggregate 

trend measure of the effectiveness of available drugs, akin to the way composite economic 

indices are used to track movement in consumer prices and stock market values. DRI was 

developed by CDDEP researchers led by Professor RamananLaxminarayan. 

The DRI can be calculated at the country, region, state, or even hospital level. 

Country-level DRI estimates were recently published in BMJ Global Health for a subset of 

countries for a single year to demonstrate the power of the DRI to communicate problems 

with resistance. Here we present that data, plus additional countries and years for which we 

have gathered enough data to calculate a composite DRI. The results underscore the urgent 

challenges facing the globe as DRI values are high (meaning poorer efficacy of antibiotics) in 

many countries, particularly many low- and middle-income countries. In the highly 

connected world in which we live, the disparity in efficacy is a threat to global public health 

as resistant pathogens can rapidly spread between countries. The DRI can also be applied to 

national and regional data.  

 

https://www.census.gov/topics/population/data.html
https://www.census.gov/topics/population/data.html
https://www.sciencemag.org/news/2010/11/dow-jones-drug-resistance
https://gh.bmj.com/content/4/2/e001315.info
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                Integrated Health Information Portal (IHIP) is designed and developed by WHO at 

the request of MoHFW in order to have a holistic picture of data reported under different 

National Health Programmes with "One-Health Approach" on a common platform. It is a 

web-enabled, near real time electronic health information system that is embedded with all 

applicable Government of India's e-governance standards, Information Technology (IT), data 

& meta data standards to provide state-of-the-art single operating picture with geospatial 

information for obtaining village wise and case-based disease surveillance data in real time 

mode & managing disease outbreaks in the Country.  

              The Integrated Disease Surveillance Programme (IDSP) is a nationwide disease 

surveillance system in India incorporating both the state and central governments aimed at 

early detection and long-term monitoring of diseases for enabling efficient policy decisions. 

It was started in 2004 with the assistance of the World Bank. A central surveillance unit has 

been set up at the National Centre for Disease Control in Delhi. All states, union territories, 

and district headquarters of India have established surveillance units. Weekly data is 

submitted from all the peripheral units. 

               Data from medical colleges, health centres, hospitals, labs, etc. is being utilized for 

the purpose of tracking and reporting of diseases.The data is being collected on ‘ ’ 

syndromic; ‘P’ presumptive; & ‘L’ laboratory formats using standard case definitions. 

                Under IDSP data is collected on epidemic prone diseases on a weekly basis 

(Monday–Sunday) and entered on the IDSP weekly portal. Whenever there is a rising trend 

of illnesses in any area, it is investigated by the Rapid Response Teams (RRT) to diagnose 

and control the outbreak. 

    Currently, IHIP portal is used for online reporting under Integrated Disease 

Surveillance Programme (IDSP) according to real time bases through peripheral units from 

different logins. 

 

 

 



ICT Tools for Knowledge Management & Control of Emerging Zoonoses & Animal Health Threats                         32 | P a g e  
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                       Livestock disease Forecasting system is an important component of livestock 

disease risk management strategies under livestock disease surveillance program. This 

minimizes the morbidity and mortality of animals and subsequently helps in building efficient 

production system.  India is endowed with vast livestock resources of 535.78 million 

livestock heads includes 192.49 million cattle population of which 50.42 million are 

exotic/Crossbreed, 109.85 million buffaloes, 74.26 million sheep, 148.88 million goats, 9.06 

million pigs, 4.4 lakhs of Mithun& yaks etc., (20th Livestock Census of India, Department of 

Animal Husbandry & Dairying (DAHD)under the ministry of Fisheries, Animal husbandry & 

Dairying, Govt of India) with increased production of milk at 187.75 million tonnes by 

increase of 6.5% over previous year and per capita availability of milk stood at 

394.gms/day(2018-19) compared to previous year 375 grams/day.   The main purpose of 

forecasting system is to assess the risk of disease in given area and issue warnings. 

Forecasting systems for livestock diseases in India comprises four inter-related elements. 1. 

Assessment and knowledge of livestock disease risks in the area, 2. Local hazard monitoring 

and warning service, 3. Disease risk dissemination and communication service and 4. 

Community response capabilities. This type of multifunctional system improves the 

community preparedness & awareness for risk of livestock disease occurrence, in terms of 

both warnings and increased understanding of risks associated and response of policy makers, 

veterinarians and farmers. 

               Epidemiological surveillance systems that are ongoing and systematic, that use 

standardized routines for quality assurance, and that provide for analysis and timely 

dissemination of of information are critical for Expert system. Human activities are 

generating wave of change in the natural environment, while new technologies and 

globalization continue to alter economic and social patterns across the planet. It is known that 

global climate change and degradation of air, land and water in many areas are capable of 

endangering animal health. In light of this, it is to examine the potential of these changes to 
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exacerbate the spread of infectious diseases.  Systematic climatic and non-climatic 

observations are an important component of any forecasting system. 

               Ecological observations and climate forecasts can potentially be used in efforts to 

predict the appearance of a pathogen and thus allow opportunities to minimize its 

transmission. This approach is likely to have a much lower predictive value, however, given 

the uncertainties associated with most climate/disease relationships and the confounding 

influences of other factors. It is highly unlikely that precise predictions of an epidemic could 

be made solely on the basis of climate forecasts and environmental observations. Yet, this 

information can feasibly be used as the basis for issuing an alert (or a “watch”) that 

environmental conditions are conducive to disease outbreak, which in turn can trigger 

intensive surveillance efforts for the area in question. If surveillance data is available, then 

one can confirm the presence of the pathogen or an increase in its abundance subsequent 

warnings could be issued as needed, 

                  An early warning system or forecasting system is an instrument for 

communicating information about impending risk to vulnerable population before a hazard 

event occurs, thereby enabling actions to be taken to mitigate potential harm, and sometimes, 

providing an opportunity to prevent the hazardous event from occurring. Early warning 

systems are routinely used for hazardous natural events such as hurricanes and volcano 

eruptions. In contrast, to date very little attention has been paid to the development of such 

systems for infectious disease epidemics in livestock. The goal of a disease early warning 

system would be to provide veterinary health officials and the farmers with as much advance 

notice as possible about the likelihood of a disease outbreak in a particular location, thus 

widening the range of feasible response options. 

                Machine Learning (ML) models has background concept which requires fewer 

assumptions and coherent statistical methods for dealing with overlaps between presence and 

background points. ML models are numerical tools that combine observations of species 

occurrence or abundance, it will be used to correlate disease outbreaks with environmental 

variability. The models will be evaluated using discrimination capacity in which the power of 

the model is the discrimination of epi units or geo-spaces of outbreaks and no-outbreaks. The 

reliability of ML models refers to the capability of predicted probabilities to reflect the 

observed proportion of locations where disease events are measured. 

Finally, risk communication used to be viewed primarily as the dissemination of 

information to the public about health risks and events, such as outbreaks of disease and 

instructions on how to change behaviour to mitigate those risks. Risk communication has 
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been identified as a core competence for guiding public health responses to infectious disease 

threats. It is a call to build capacity and a comprehensive understanding of health risks before 

a veterinary health emergency to allow systematic and coherent communication, response and 

management. Research studies indicate that while outbreak and crisis communication 

concepts and tools have long been on the agenda of veterinary health officials, there is still a 

need to clarify and integrate risk communication concepts into more standardised practices 

and improve risk communication and health, particularly among disadvantaged populations. 
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1. Introduction 

                        Geospatial Technology is a blend of computer hardware and software 

designed to capture, store, display and analyses geographic (Chaudhary, N., 2014). The 

capturing of geographic data often relies on remote sensing and global positioning 

technology. Remote sensing is a common term used for data acquisition from platforms such 

as aircraft or satellites, that provide a bird’s eye view Remote sensing (RS) is the observation 

of an object, surface or phenomenon through the use of a variety of recording devices that are 

wireless, or not in physical or intimate contact with the object. An aircraft, spacecraft, 

satellite or ship may be used for this purpose and equipped with recording devices such as 

camera, laser, radar, sonar etc.  

Stages in Remote Sensing  

 A source of electromagnetic energy  

 Transmission of Energy from the source to the surface of earth  

 Interaction with the intervening atmospheres  

 Interaction of EMR with the earth's surface  

 Transmission of Energy from the surface to the remote sensor  

 Sensor Data output  

 Data transmission, Processing and Analysis 

                 Remote sensing deals with inventory, monitoring and assessment of natural 

resources through analysis of data obtained from remote sensing platform.  Remote Sensing 

measures energy such as ultra-violet, infrared, microwave, which that can- not be reached by 

human vision. Remote sensing data has a unique advantage of multidisciplinary application. 

The basic principle involved in remote sensing is that different objects reflect or emit 

radiations in different wavelengths and intensities depending upon properties of the objects 

serves as the main communication link between the sensor and the objects. All object matter 

that has temperature higher than absolute zero 0
0
 emit EMR continuously.  The intensity of 
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the emitted radiation depends upon the composition and temperature of the body. A 

blackbody is an ideal body that absorbs all radiation incidents on it without any reflection. It 

represents a continuous spectral emission curve, in contrast to natural bodies that emit only at 

separate spectral bands. Temperature plays great role on the intensity of blackbody emitted 

radiation. This relationship is called Wien's displacement Law. Law represents as: max = A/ 

T where max is the wavelength (cm) where highest radiation occurs. A is constant (= 0.29 cm 

K) and T is the temperature (K) of the object. Using this law, it can estimate the temperature 

of objects by measuring the wavelength of peak radiation. The above figure shows spectral 

distribution of energy radiated from black bodies of various temperatures such as sun, 

incandescent lamp, fire and Earth. For the Sun max occurs at 0.48 µm, which measures the 

temperature of the Sun approx. as 6000 K similarly for the earth, the ambient temperature is 

3000 K and max occurs at 9.7µm. The ambient temperature of fire is 5000 K and for 

incandescent lamp it is 4000 K. Most useful regions of the EMR are visible, Infra-red and 

thermal and microwave for carrying out RS activities. The human eye can detect energy in 

the visible portion of the electromagnetic spectrum. Photographic cameras are sensitive to 

broader range of wavelength ranges from 0.3 µm — 0.9 µm, the near ultraviolet to the near 

infrared. Thermal scanners operate in the thermal infrared portion of the spectrum. 

Multispectral scanners operate over a broad range of wavelengths from ultraviolet to thermal 

infrared. Passive microwave and active radar systems operate in microwave portion of the 

electromagnetic spectrum. 

 

Spectral reflectance signature 

                     The reflectance characteristics of the different features of the earth surface are 

measured by the incident energy that is reflected by the surface. This spectral reflectance of 

natural features is collected and stored by satellite sensors. Spectral reflectance of any object 

usually varies according to the wavelength of the EMR. A graph showing the spectral 

reflectance of an object for various wavelengths is known as a Spectral Reflectance Curve. It 

helps in selecting the wavelength bands for identifying the object. Spectral reflectance 

characteristics are the most important aspect for feature classification in any satellite imagery. 

Typical spectral reflectance curve for soil, vegetation, water is shown in below graph.  
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Spectral reflectance of vegetation, soil and water 

 

Geographical Information System (GIS) 

                  GIS is a computer-based system used to digitally represent and analyze the 

geographical features and events taking place. In ancient time people used maps as a tool to 

represent and share information about earth surface. Geographic surveyors, navigators, 

explorers have made many efforts to collect map data for various purposes. Science of map 

making has undergone many changes. Today there is a new dimension of spatial data 

handling with respect to various natural resources, and features. A GIS is a collection of 

computer hardware, software, and geographic data for digitally capturing, managing, 

analyzing, and displaying all forms of geographically referenced information. It allows us to 

capture, view, understand, acquire, interpret, and visualize data. The various themes of the 

same area such as Land cover/ land Use, water, soil, street can be integrated to reveal 

relationships, patterns, and trends in the form of maps, globes, reports, and charts. 

                   A GIS is a computer application program that stores Spatial and Non-Spatial 

information in a digital form. Location Information describes where a particular geographic 

feature is situated on Earth. Attribute Information describes the feature details like what it is, 

how much it is, what it contains, etc. Non-Spatial data, also called as attribute data, which 

refers to information like demographic distribution of a town or a village, daily discharge of a 
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river at a particular place, Traffic contiguity of a road etc. The fundamental key of GIS is 

that, the association of Geographic features present on earth' surface, which can be geo-

referenced with a database related to it. The figure shows the tree location and its description 

such as age, height, and species. GIS manages all variety of data in a single electronic file in 

a computer by storing different spatial features as sub-files. These sub-files are called map 

layers / themes (soil, water, street etc) These map layers are conveniently stored and accessed 

with the computer in a same scale which are very much helpful for regional planner or any 

administrative body to accurate study of the earth features. GIS can open all the layers 

showing all features. It can be displayed and overlaid depending on the requirements. For 

example, the land-use layer may be displayed along with elevation contours by keeping 

another layer off. 

 

2. Application of Geospatial technology in drought management 

                      Drought is the major climatic threat that affects agriculture of arid areas. 

Detection and evaluating the impact of drought with traditional methods has been laborious 

and time consuming. Recently methods for drought monitoring are improved. Space 

technology has made substantial contribution in all the three phases such as preparedness, 

prevention and relief phases of drought disaster management. The Earth Observation 

satellites which include both geostationary and polar orbiting satellites provide 

comprehensive, synoptic and multi temporal coverage of large areas in real time and at 

frequent intervals and ‘thus’ - have become valuable for continuous monitoring of 

atmospheric as well as surface parameters related to droughts and floods (Jeyaseelan, 2003). 

Geo-stationary satellites provide continuous and synoptic observations over large areas on 

weather including cyclone monitoring. Polar orbiting satellites have the advantage of 

providing much higher resolution imageries, even though at low temporal frequency, which 

could be used for detailed monitoring, damage assessment and long-term relief management. 

Advancements in the remote sensing technology and the Geographic Information Systems 

help in real time monitoring, early warning and quick damage assessment of both drought 

and flood disasters. 

                       Monitoring and assessment of drought through remote sensing and GIS depend 

on the factors that cause drought and the factors of drought impact. Based on the causative 

factors, drought can be classified into Meteorological, Hydrological and Agricultural 

droughts. An extensive survey of the definition of droughts by WMO found that droughts are 

classified on the basis of: (i) rainfall, (ii) combinations of rainfall with temperature, humidity 
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and or evaporation, (iii) soil moisture and crop parameter, (iv) climatic indices and estimates 

of evapotranspiration, and finally (v) the general definitions and statements. 

 

                 Drought is a normal, recurrent feature of climate and occurs in all climatic zones, 

although its characteristics vary significantly from one region to another. Drought produces a 

complex web of impacts that span many sectors of the economy and reach well beyond the 

area experiencing physical drought. Drought impacts are commonly referred to as direct or 

indirect. Reduced crop, rangeland, and forest productivity; increased fire hazard; reduced 

water levels; increased livestock and wildlife mortality rates; and damage to wildlife and fish. 

Drought Preparedness Phase 

                 Long before the drought event occurs, the preparedness in terms of identifying the 

drought prone / risk zone area and the prediction of drought and its intensity is essential. 

Drought Prone/Risk zone identification. The drought prone area or risk zone identification is 

usually carried out on the basis of historic data analysis of rainfall or rainfall and evaporation 
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and the area of irrigation support. The conventional methods lack identification of spatial 

variation and do not cover man’s influence such as land use changes like irrigated area 

developed and the area affected due to water logging and salinity. The remote-sensing based 

method for identification of drought prone areas (Jeyaseelan and Chandrasekar, 2002) uses 

historical vegetation index data derived from NOAA satellite series and provides spatial 

information on drought prone area depending on the trend in vegetation development, 

frequency of low development and their standard deviations. 

 

Drought prediction 

                     The remote sensing use for drought prediction can benefit from climate 

variability predictions using coupled ocean/atmosphere models, survey of snow packs, 

persistent anomalous circulation patterns in the ocean and atmosphere, initial soil moisture, 

assimilation of remotely sensed data into numerical prediction models and amount of water 

available for irrigation. Nearly-global seasonal climate anomaly predictions are possible due 

to the successful combination of observational satellite networks for operational 

meteorological, oceanographic and hydrological observations. Improved coupled models and 

near-real time evaluation of in situ and remote sensing data - allows for the first time 

physically-based drought warnings several months in advance, to which a growing number of 

countries already relate their policies in agriculture, fisheries and distribution of goods. 

                  The quality of seasonal predictions of temperature and precipitation (NCRC) of 

United States, the European Centre for Medium Range Weather Forecasts (ECMWF), the 

India Meteorological Department (IMD), the National Centre for Medium Range Weather 

Forecast of India (NCMRWF) is a function of the quality and amount of satellite data 

assimilated into the starting fields (e.g., SST from AVHRR and profiles from TOVS on 

NOAA satellites, ERS-2 scatterometer winds, SSM/I on DMSP satellites and all 

geostationary weather satellites: Geostationary Operational Environmental Satellites (GOES), 

i.e. GOES-East, GOES-West of USA, METeorologicalSATellite (METEOSAT) of Europe, 

Geostationary Meteorological Satellites (GMS) of Japan, Indian National Satellites (INSAT) 

of India etc.). The new assimilation techniques have produced a stronger impact of space data 

on the quality of weather and seasonal climate predictions. The potential contribution by 

existing satellites is by far not fully exploited, since neither the synergy gained by the 

combination of satellite sensors is used nor all the satellite data are distributed internationally.  

For example, better information flow is needed from satellite data producers to the 

intermediary services such as CLIPS (Climate Information and Prediction Services) project 
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of World Meteorological Organisation (WMO), and prediction centres including the 

European Centre for Medium Range Weather Forecasts (ECMWF), National Centres for 

Environmental Predictions (NCEP), Japan Meteorological Agency (JMA), India 

Meteorological Department (IMD), National Centre for Medium Range Weather Forecast, 

India (NCMRWF) etc. to local services and ultimately to end users. Further the drought 

predictions need to be improved with El Niño predictions and should be brought down to 

larger scales. anomalies by various centres such as the National Climate Research Centre. 

 

Drought Prevention Phase 

Drought Monitoring and Early Warning 

                 Drought monitoring mechanism exists in most of the countries based on ground-

based information on drought related parameters such as rainfall, weather, crop condition and 

water availability, etc. Earth observations from satellite are highly complementary to those 

collected by in-situ systems. Satellites are often necessary for the provision of synoptic, wide-

area coverage and frequent information required for spatial monitoring of drought conditions. 

The present state of remotely sensed data for drought monitoring and early warning is based 

on rainfall, surface wetness, temperature and vegetation monitoring. Currently, multi-channel 

and multi sensor data sources from geostationary platforms such as GOES, METEOSAT, 

INSAT and GMS and polar orbiting satellites such as National Oceanic Atmospheric and 

Administration (NOAA), EOS-Terra, Defense Meteorological Satellite Program (DMSP) and 

Indian Remote Sensing Satellites (IRS) have been used or planned to be used for 

meteorological parameter evaluation, interpretation, validation and integration. These data are 

used to estimate precipitation intensity, amount, and coverage, and to determine ground 

effects such as surface (soil) wetness. In addition, web based real time drought assessment is 

also proposed by Gopinath et al. (2015) and Gopinath et al (2020).  
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Source Gopinath et al., 2015. 

3. Application of geospatial technology in Landslide susceptibility mapping 

A landslide is a type of mass wasting process that acts on natural and engineered slopes. It is 

the movement of a mass of rock, debris, or earth down a slope, under the influence of gravity. 

Landslides involve flowing, sliding, toppling, falling, or spreading, and many landslides 

exhibit a combination of different types of movements, at the same time or during the lifetime 

of the landslide. Landslides are present in all continents, and play an important role in the 

evolution of landscapes. In many areas they also pose a serious threat to the population 

(Petley, 2012; Swetha& Girish Gopinath 20220; Achu et al., 2021a). Landslides are complex 

geomorphic processes influenced by several geo-environmental factors such as regional 

lithology, morphological characteristics, soil type, rainfall, slope and land use pattern, makes 

is difficult to predict the spatial and temporal occurrences. However, with the introduction of 

geospatial technology, many researchers predicted landslide susceptibility (likelihood of 

occurrences) by applying various heuristic, deterministic and statistical methods (Achu et al., 

2020: Feby et al., 2020; Pham et al., 2021).The landslide susceptibility modelling have three 

major phases, starting from collecting previous landslide location, finding the suitable 

landslide influencing parameters like slope angle, lithology etc and modelling the probability 
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of occurrences using weighted overlay/AHP or other statistical/ machine learning modellings 

as shows below. 

 

A general methodology for landslide susceptibility analysis (Source Achu et al., 2020) 

 

Example of landslide susceptibility map (Source Feby et al., 2020) 
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4. Application of Geospatial technology in forest fire prediction and mapping  

                Forest Fire is a natural phenomenon. It is part of the nitrogen cycle and it helps 

forests to grow healthy. However, “wildfire” is a huge and out of control fire which destroys 

human wealth and therefore, it is kind of disaster. The very first strategy to defend the forests 

against wildfire is to avoid it. So fire risk maps are produced and even prescribed burning is 

done. Nevertheless, wildfire happens and the only choice in this case is to control it. Knowing 

the fire behavior, one can use forest fire simulation to predict and control the wildfire. 

Nowadays application of Geospatial Information Systems (GIS) in disaster management has 

extended considerably and, in some cases, it is even unavoidable. Forest fire happens from 

time to time and this has given human a chance to observe and develop different models for 

forest fire behavior. GIS as a powerful tool for management of spatial information, has also 

proved its potential in forest fire management. There are different applications of GIS in 

forest fire management out of which the most important ones are hazard map production, 

forest fire simulation and resource management. Simulation by itself has a main role in the 

management of forest fire. GIS uses various information layers such as Digital Elevation 

Model (DEM) and index of flammability along with different models for the purpose of 

forest fire management. Models can be simple or complex. Simple models have few 

parameters and can be implemented even without GIS, however, because of their simplicity 

their results are not so reliable. On the other hand, very complex models which use detailed 

physical characteristics of fire are not reliable either as there is not either enough or up to date 

information on their parameters. So, finding an optimum model that takes advantage of 

sufficient number of parameters while has an acceptable level of simplicity is very important. 

         GIS is a powerful spatial processing tool which is used to solve many complex 

problems. In the context of forest fire some applications of GIS are as following: 

1. GIS in fire risk/probability assessment 

2. GIS in prescribed burn planning 

3. GIS in preventing fire and its spread 

4. GIS in fire simulation 

5. GIS in post fire assessment and monitoring 

6. GIS in disaster management 

Below figure shows a live tracking of active forest fire and other burned areas in Wayanad 

district using Sentinel 2 Satellite images. 
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Forest fire inventory: Sentinel 2A 12-8-4 band combination with NASA fire archive data (a) 

Bandipur National Park, (b) Kurichiat forest range, (c) Chembra hills and (d) Banasura hills. 

(Source AchuA L 2021b) 

 

Methodology flow chart for forest fire susceptibility modelling using machine learning 

models (Source Achu et al., 2021b) 
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Forest fire susceptibility map using machine learning models in Wayanad district (Source 

Achu et al., 2021b). 

 Application of geospatial technology in flood modelling and mapping Kerala flood 

                Accurate and current floodplain maps can be the most valuable tools for avoiding 

severe social and economic losses from floods. Accurately updated floodplain maps also 

improve public safety. Early identification of flood-prone properties during emergencies 

allows public safety organizations to establish warning and evacuation priorities. Armed with 

definitive information, government agencies can initiate corrective and remedial efforts 

before disaster strikes. GIS is ideally suited for various floodplain management activities 

such as, base mapping, topographic mapping, and post-disaster verification of mapped 

floodplain extents and depths. For example, GIS was used to develop a River Management 

Plan for the Santa Clara River in Southern California. A GIS overlay process was used to 

further plan efforts and identify conflicting uses along the river and areas for enhancing 

stakeholder objectives. A 1 inch = 400 ft (1 cm = 122 m) scale base map was created to show 

topography, planimetric features, and parcels. Attribute data were entered into a separate 

database and later linked to the appropriate map location. Six layers were created for flood 

protection related work: 100-year floodplain, 100-year flood way, 25-year interim line, 

existing facilities, proposed facilities, and flood deposition. The lessons learned from this 

mapping project indicate that GIS is useful in capturing and communicating a vast amount of 

information about the study area and the river. While the use of GIS and the process to gather 
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and record data were not without problems, the overall value of GIS was found to overweigh 

those challenges. 

 

Kerala flood (Source NASA 2018) 

Spatial probability of flood occurrence can be computed using GIS, often called flood 

susceptibility modelling. 

5. Application of Geospatial technology in coastal vulnerability mapping  

                Coastal zone for the purpose of this paper, shall mean the area, on both side of the 

actual land water interface, where both territorial as well as Marine environmental influences 

each other. In addition, interaction between various natural processes and human activity are 

important factor in the coastal area. The coastal zone shows high population density with 

large number of urban conglomeration and in consequence, a fast population growth. Again, 

as a consequence, coastal zone are characterized by a high concentration of economic and, in 

particular, industrial activities with all the resulting problems of resource consumption, waste 

management and technological risk. On coastal water side, fisheries and aquaculture exploits 

a generally highly productive system. Very specific, and valuable as well as vulnerable, 

typical coastal ecosystems include estuaries, salt marshes, mangroves, coral reefs etc. 

Offshore activities such as oil and gas, as well as mining, are additional forms of exploitation 

of the coastal zone. In addition, the coastal zone is also the recipient of all water borne waste 

streams, primarily attributable to agriculture, its fertilizers and agrochemical, and all treated 

and untreated waste water the hinter land produce in their respective catchment. Determining 

the accurate length of the coastline is important for such coastal zone management 
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application as shoreline classification, monitoring erosion, mapping biological resources, 

habitat assessment and for the planning and response to nature (e.g., storm surges) and man-

made disasters (e.g. oil spills). Coastal zone management, by definition, is spatial 

management. Geo referenced spatial data is map data in a digital form which mean that each 

of the earth’s features that are stored as spatial data has a unique geographic reference such as 

latitude and longitude. The increasing use of spatial data and GIS (Geographic Information 

System) by organizations and researchers is a valuable tool to help solve the planning and 

management issues in the coastal zone. There are many different Geographic Information 

 ystems in use today and they tend to differ in certain aspects such as “how they link 

geographic location with information about those locations, the accuracy with which they 

specify Geographic location, the level of analysis they perform and the way they present 

information as graphic drawing”. Following is an example of shore line changes along the 

coast of Kerala using time series satellite images. 
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Map showing the changes along the Kerala state during 1990–2017 (source Kumar et al., 

2019) 
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References  

Achu, A.L., Aju, C.D. and Reghunath, R., 2020. Spatial modelling of shallow landslide 

susceptibility: a study from the southern Western Ghats region of Kerala, India. 

Annals of GIS, 26(2), pp.113-131. 

https://doi.org/10.1080/19475683.2020.1758207 

Achu, A.L., Joseph, S., Aju, C.D. and Mathai, J., 2021a. Preliminary analysis of a catastrophic 

landslide event on 6 August 2020 at Pettimudi, Kerala State, India. Landslides, 

18(4), pp.1459-1463. https://doi.org/10.1007/s10346-020-01598-x 

Achu, A.L., Thomas, J., Aju, C.D., Gopinath, G., Kumar, S. and Reghunath, R., 2021b. 

Machine-learning modelling of fire susceptibility in a forest-agriculture mosaic 

landscape of southern India. Ecological Informatics, p.101348. 

https://doi.org/10.1016/j.ecoinf.2021.101348 

Chaudhary, N., 2014. Geospatial technology: Opportunity in fostering social entrepreneurship. 

Annual Research Journal of, p.82. 

Colwell, J.E. 1974. Vegetation canopy reflectance. Remote Sens. Environ., 3: 175-183. 

Deering, D.W., 1978. Rangeland reflectance characteristics measured by aircraft and 

spacecraft sensors (Doctoral dissertation, Texas A&M University. Libraries). 

Feby, B., Achu, A.L., Jimnisha, K., Ayisha, V.A. and Reghunath, R., 2020. Landslide 

susceptibility modelling using integrated evidential belief function based logistic 

regression method: A study from Southern Western Ghats, India. Remote Sensing 

Applications: Society and Environment, 20, p.100411. 

https://doi.org/10.1016/j.rsase.2020.100411 

Gopinath, G., Ambili, G.K., Gregory, S.J. and Anusha, C.K., 2015. Drought risk mapping of 

south-western state in the Indian peninsula–A web-based application. Journal of 

environmental management, 161, pp.453-459. 

https://doi.org/10.1080/19475683.2020.1758207
https://doi.org/10.1007/s10346-020-01598-x
https://doi.org/10.1016/j.ecoinf.2021.101348
https://doi.org/10.1016/j.rsase.2020.100411


ICT Tools for Knowledge Management & Control of Emerging Zoonoses & Animal Health Threats                         50 | P a g e  

Gopinath, G., Surendran, U., Abhilash, S., NagaKumar, K.C.V. and Anusha, C.K., 2020. 

Assessment of drought with a real-time web-based application for drought 

management in humid tropical Kerala, India. Environmental Monitoring and 

Assessment, 192(11), pp.1-15. 

Hook, S.J., A.R. Gabell, A.A. Green and P.S. Kealy 1992. A comparison of techniques for 

extracting emissivity information from thermal infrared data for geological 

studies. Remote Sens. Environ., 42: 123-135. 

Jeyaseelan, A.T. and Chandrasekar, K. 2002. Satellite based identification for updation of 

Drought prone area in India. ISPRS-TC-VII, International Symposium on 

Resource and Environmental Monitoring, Hyderabad. 

Jeyaseelan, A.T., 2003. Droughts & floods assessment and monitoring using remote sensing 

and GIS. Satellite remote sensing and GIS applications in agricultural 

meteorology, 291. 

Kahle, A.B. 1986. Surface emittance, temperature and thermal inertia derived from Thermal 

infrared multispectral scanner (TIMS) data for Death Valley, California. 

Geophysics, 52 (7): 858-874. 

Kahle, A.B., D.P. Madura and J.M. Soha, 1980. Middle infrared multispectral aircraft scanner 

data: analysis of geological applications. Appl. Optics, 19: 2279-2290. 

Petley, D., 2012. Global patterns of loss of life from landslides. Geology 40 (10), 927–930. 

http://dx.doi.org/10.1130/G33217.1. 

Pham, Q.B., Achour, Y., Ali, S.A., Parvin, F., Vojtek, M., Vojteková, J., Al-Ansari, N., Achu, 

A.L., Costache, R., Khedher, K.M. and Anh, D.T., 2021. A comparison among 

fuzzy multi-criteria decision making, bivariate, multivariate and machine learning 

models in landslide susceptibility mapping. Geomatics, Natural Hazards and Risk, 

12(1), pp.1741-1777. 

Kumar, K.C.V.N., Demudu, G., Dinesan, V.P., Gopinath, G., Deepak, P.M., 

Lakshmanadinesh, K. and Rao, K.N., 2019. Erosional Responses of Eastern and 

Western Coastal Regions of India, Under Global, Regional, and Local Scale 

Causes. In Coastal Zone Management (pp. 155-179). Elsevier. 

Swetha T V and Girish Gopinath (2020) Landslides susceptibility assessment by analytical 

network process: a case study for Kuttiyadi river basin (Western Ghats, southern 

India), SN Applied Science, Springer Nature Switzerland AG, DOI: 

10.1007/s42452-020-03574-5 

 

http://dx.doi.org/10.1130/G33217.1


ICT Tools for Knowledge Management & Control of Emerging Zoonoses & Animal Health Threats                         51 | P a g e  

APPLICATION OF ICTs IN LIVESTOCK PRODUCTION 

AND HEALTH MANAGEMENT 

Dr.Vivek M. Patil 

Associate Professor & Head, Dept. of Livestock Production and Management, 

Veterinary College Hebbal, Bangalore, Karnataka, India 

     

 

Information and Communication Technologies (ICT) is a broader term as compared 

to Information Technology (IT), and refers to all communication technologies, including the 

internet, wireless networks, cell phones, computers, software, middleware, video-

conferencing, social networking, and other media applications and services enabling users to 

access, retrieve, store, transmit, and manipulate information in a digital form (FAO, 

2021).ICT encompasses both the internet-enabled sphere as well as the mobile one powered 

by wireless networks. It also includes antiquated technologies, such as landline telephones, 

radio and television broadcast -- all of which are still widely used today alongside cutting-

edge ICT pieces such as artificial intelligence and robotics (Pratt, 2019). 

 

Modern ICTs applications are made up of four layers, namely the cloud, edge, 

physical, andnetwork layers. The cloud layers is made up of the virtual server with the 

presence ofbig data analytics. There is also the presence of database clusters with potential 

for datavisualization and enabled machine learning (ML) and artificial intelligence (AI) 

potentials.The edge layer is where the users’ computational activities are enabled with the 

existenceof ML and AI models and data processing capability.The physical layer is the layer 

responsible for enabling the sensors that are placed on the animalsand fittedinto farm 

equipment to collect data. The network layer performs thefunction of offering the gateway to 

allow data communication and connectivity (Akhigbe et al., 2021). 

 

ICT-enabled applications which enhance the efficiency of livestock farms and aid in 

precision farming can be broadly grouped into four categories – Sensors, Automation, 

Decision Support Systems (DSS) and Information dissemination.  

A. Sensors: These can be of various types depending on the requirement.Bio-sensors can 

either be wearable (neck, ears, legs, tail, skin surface) or implanted (sub-cutaneous, intra-

ruminal, intra-vaginal). They can record temperature, pH, activity (accelerometer), heart 

rate, respiration rate, mounting pressure, GPS location, biomarkers etc. depending on their 
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location and utility. External sensors which can record animal data comprise video 

camera, microphone, thermal infrared camera and load cells. Other sensors record 

environmental parameters like temperature, humidity, air speed, light intensity and levels 

of noxious gases. In dairy farms, special sensors in the milking parlour can record milk 

quantity, flow rate, temperature, composition, electrical conductivity, somatic cell count, 

progesterone levels and antibiotic residues. In most cases, a combination of sensors is 

utilized to achieve desired management objective. 

B. Automation: In view of the rising costs and unreliability of skilled labour, and the 

reduction in prices of automatic farm equipment, many livestock farms have adopted 

automation in routine operations milking, feeding, livestock handling, weighing, body 

condition scoring and climate control. This enables timely and precise farm operations. 

The data generated from automatic farm equipment is vital for handling large herds/flocks. 

C. Decision Support Systems: Data from biosensors, environmental sensors and external 

sources is fused to form a Decision Support System which aids the farmer in taking 

appropriate management decisions. These can in the form of livestock breeding, feeding, 

herd management and disease control. Computerization of these process increases speed 

of decision making and reduces errors. Incorporation of ICTs leads to change in livestock 

management strategy from Reactive to Proactive to Predictive, with the system being able 

to predict the best management response in the future based on past data. 

D. Information Flow: Creating awareness about scientific livestock management practices is 

vital for enhancing efficiency and saving of scare national resources. With the advent of 

wider mobile network coverage and low-cost smartphones and internet data, mobile apps 

have become the preferred route for information dissemination as compared to earlier 

technologies like information kiosks or CDs. They have advantages in the form of multi-

lingual text, audio and video content, and timely updates and notifications. In addition to 

extension activities, critical information regarding extreme weather events, emerging 

diseases and vaccination drives can also be shared using ICT tools. Access to market 

information and online trading of livestock, livestock products and inputs like feed 

ingredients etc. can greatly enhance the profitability of farmers by removing middlemen. 

Advanced digitalization technologies can help modern farms optimizeeconomic 

contribution per animal, reduce the drudgery of repetitivefarming tasks, and overcome less 

effective isolated solutions. Thereis now a strong cultural emphasis on reducing animal 

experiments andphysical contact with animals in-order-to enhance animal welfare andavoid 

disease outbreaks. This trend has the potential to fuel moreresearch on the use of novel 
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biometric sensors, big data, and blockchaintechnology for the mutual benefit of livestock 

producers, consumers,and the farm animals themselves (Neethirajan and Kemp, 2021).Some 

of the ICT-enabled applications which enhance the efficiency of livestock farms and aid in 

precision farming are given below: 

1. Identification: Development and commercialization of animal identification systems has 

reached a very advanced state. A variety of systems based on Radio Frequency 

Identification (RFID) are available, some of which work reasonably well and have been 

adopted at the country level. These systems greatly facilitate the traceability and 

certification of products, particularly of meat, and therefore are crucial tools to minimize 

the losses and market disruptions caused by localized diseases. RFID systems 

communication with other ICT enabled systems to aid data logging in milking, feeding, 

and weighing equipment. 

 

2. Instrumentation: This involves acontrol system that consists of sensors that measure 

variables related to the system's state and actuators that provide input of mass, 

momentum or information to the system towards directional modification of the state. 

Animal state is estimated by the history up to a recent time, position, activity, 

temperature, live weight and other physiological variables of all individuals in the herd. 

This is especially observed in commercial poultry farms where controlled environmental 

conditions are essential for the profitability in high producing lines. 

 

3. GPS: The use of GPS collars for livestock and wildlife has opened the possibility of 

recording detailed position information for long periods of time, thus allowing a more 

complete understanding of the habits and causes of spatial distribution of ruminants. 

Current commercial GPS technology can determine position of individual animals with a 

precision of 10 m or better. The position information can be stored on small flash cards 

together with large amounts of behaviour and physiological data and it can be 

transmitted to a management centre in real time or in periodical sessions. 

 

4. Animal behaviour sensors: The data recorded by these sensors is somewhat ambiguous, 

but models can be developed to infer activity. Various types of sensors are necessary for 

a detailed record of behaviour. Accelerometers have been useful to document not only 

head movements but also walking and lying behaviour. Sensors have been tested for 

measuring head angle, head acceleration, leg acceleration, steps (pedometers), 
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swallowing, jaw movements, biting and chewing sounds, weight, heart rate, core 

temperature etc.  

 

5. Health monitoring: Sensors and techniques for heath monitoring are well developed for 

dairy production under confined conditions. Behaviour and changes in behaviour can be 

used to detect health problems before disease affects animal productivity. Sensors were 

able to detect 80% of health problems related to ketosis, locomotion and lameness at 

least one day sooner than the farm staff by analysis of short-term feeding. Use of the 

estrus mount detectors, pedometer and advanced time series analysis to detect oestrus in 

dairy cows has been quite successful. Mastitis detection using in-line sensors which 

evaluate electrical conductivity and somatic cell count have proven to be very effective 

in detecting sub-clinical mastitis. Rumen pH sensors enable early detection of acidosis 

and aid in proper feeding. Thermal infrared imaging, especially of the eye region can 

monitor stress and detect disease 4-6 days earlier than traditional methods (Neethirajan 

and Kemp, 2021). Other devices like thermometers, accelerometers, and microphones, 

and camerasallow farmers to monitor temperature, activity levels, sound levels in the 

barn (e.g., vocalizations, sneezing, and coughing) and specific behaviors (e.g. aggression 

in pigs, pain estimation using ‘grimace scale’). 

 

6. Weighing: Body weight measurement, either using statically or walk over load cells, or 

through captured digital images have very good accuracy and minimise the stress 

associated with restraint and body weight measurement. 

 

7. Body Condition Scoring: This can be done either with image processing from video 

cameras or using thermal imaging. The captured images and associated expert score are 

used to train the computer neural network model, which can predict BCS of animals with 

very high accuracy. 

 

8. Lameness score: This can be measured using data from load cells during milking or 

while the animal is walking over a grid of load cells. Newer techniques use video 

tracking and gait analysis; these, however, need an unobscured view of the flank of a 

single cow. Accuracy of these methods is still not adequate for commercial use. 
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9. Herd management software: The ability to digitally store herd information is a 

valuable tool for all farms. Data can be entered into this software application manually or 

automatically through the use of other digital devices (such as milk meters, cow 

weighing scales) linked to this database. This enables the farmer to easily view, analyze, 

manipulate and sort data. Such information storage and manipulation capabilities provide 

farmers with an extremely valuable resource to aid them in their farm management 

activities and decisions.  

 

10. Big data analytics and Machine learning:The use of biometric sensors and biosensors 

for monitoring the health and welfare of livestock results in huge amounts of data that 

need to be processed and analysed to provide meaningful insights for animal 

management.Precision livestock farming relies upon proper use of big data analytics and 

modelling to inform management about nutritional needs, reproductive status, and 

declining trends in productivity, that may indicate animal health and welfare issues. Big 

data models extract information from sensors, process it, and then use it to detect 

abnormalities in the data that may be affecting the animals. Machine learning technology 

allows computer algorithms to progressively learn from sensor big data sets and improve 

themselves accordingly, eliminating the need for a human data analyst(Neethirajan and 

Kemp, 2021). 

 

11. Blockchain: This technology provides several important benefits to livestock agriculture, 

including decentralized, automated transactions that could contribute to more efficient 

auditing systems for certification and regulatory organizations, system integration, 

organized records of chain transactions throughout the life of an animal from farm to 

table and greater traceability and transparency within livestock agriculture. 

 

Conclusions 

Livestock production is in a period of rapid adjustment and development, both 

regionally and globally. ICT has the potential to change the economy of livestock, 

agriculture, and rural artisans in India. There are intense pressures and concurrent 

opportunities associated with the need to produce safe and environmentally friendly livestock 

products. This has created the need and opportunity to use ICTsin the form of computer 

software, sensors and other electronic material in regards to livestock disease control, dairy 

herd management, livestock production, and marketing of livestock and livestock produce. 
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Simultaneously, advances in electronic communications and GPS technologies have driven 

major declines in prices and improvements in performance, opening a window of opportunity 

to create cost-effective systems for large scale precision livestock production.  
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Public Health surveillance can be described as “the ongoing, systematic collection, 

analysis and interpretation of health-related events or data with the a priori purpose of 

preventing or controlling health hazards (disease outbreaks) and identifying unusual events 

of health importance, followed by the dissemination and use of such information for public 

health action” (Bordieret al., 2020). Effective health surveillance systems require reliable, 

high-quality, and timely data for decision making.  

 

Why animal health surveillance is important? 

The important objectives of animal health surveillanceare (Hoinvilleet al., 2013): 

• It helps in protection of animal health and welfare. The effective surveillance also 

provides the real scenario on the health status of the livestock population which helps in 

the upliftment of national and international trade in animal and animal food products 

• To protect the public health by informing our understanding of incidences of zoonoses 

and its prevention and assuring food safety to the consumers.  

• To fulfil the requirements of international organizations, viz. World Organization for 

Animal Health (OIE)– such as reporting of outbreaks, preparing emergency reports, 

weekly updates etc. 

The data collection, analysis and dissemination are important components of surveillance 

system. The various types of widely used surveillance systems are depicted in Table 1. 

Table 1. Types of Surveillance systems with their description 

Surveillance 

Category 

Brief description 

Active 

surveillance 

(‘Proactive 

surveillance’)  

It includes ‘investigator-initiated’ collection of targeted disease data 

using a defined protocol to perform scheduled actions. 

Disadvantage: Not economical, especially for rare diseases where large 

sample sizes are necessary because of the low expected prevalence. 

Passive 

surveillance 

It includes ‘observer-initiated’ provision of health data (e.g., voluntary 

notification) or the use of pre-existing data for surveillance.  
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(‘Reactive 

surveillance’) 

Disadvantage: In practice, apart from underreporting, the sensitivity and 

timeliness of passive surveillance are often not optimal. 

Sentinel 

surveillance 

Depending on the objective, sentinel surveillance can either be passive or 

active. It comprises the group of unexposed non-vaccinated 

population/regions that are managed at fixed locations and sampled 

regularly for investigation of the disease.  

Vector 

surveillance  

Systematic identification of potential vector(s) can be correlated with 

particular relevance to targeted vector-borne diseases in a given ecology.  

Disadvantage: Not recommended as routine procedure due to its labour-

intensive protocols. 

Serological 

surveillance 

Detection of antibodies against specific diseases is highly effective 

method to detect infection in a population. However, the positive results 

must be interpreted carefully within one of the 04 categories, viz., natural 

infection, maternal antibodies, vaccination, false positive  

Syndromic 

surveillance 

It is based on the use of pre-diagnostic indicators which can be used for 

early detection of health events in a population (e.g., clinical cases, high 

mortalities, post-mortem findings) which can be defined as syndromes.  

Disadvantage: The indicators used in syndromic surveillance are not 

very specific and can lead to many false positives.  

Targeted 

surveillance 

and  

Risk-based 

surveillance 

It is recommended when the frequency of given health event is higher in 

target group. In risk-based surveillance, exposure and risk assessment 

methods can been applied together with traditional design approaches. 

Disadvantage: It can be expensive as it uses structured epidemiological 

surveys and needs a clear definition of the objectives. 

Scanning 

surveillance 

In scanning surveillance, the health services records can be used to obtain 

relevant information. 

Disadvantage: Underreporting and low-quality data are the limitations.  

Event-based 

surveillance 

It is organised collection of unstructured ad hoc information regarding 

health events or risks and is a functional component of early warning and 

response systems. 

Disadvantage: The information collected is diverse and originate from 

multiple sources 

Indicator-based It is routine collection of structured data of ‘indicators’ in health-based 
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surveillance formal sources and usually measure the impact of health programmes 

Disadvantage: The data cannot be employed for early warning and 

response systems 

 

As per Dufour and Audige (1997), the important set of criteria for the classification of 

surveillance networks are:  

1. The type of disease to be monitored (exotic disease versus endemic diseases) 

2. The number of diseases to be covered: focused networks versus broad networks 

(including multiple health events) 

3. The area to be covered(regional, national or international) 

4. The population to be monitored (suspected, susceptible, infected etc.) 

5. Sampling strategy: sample-based networks versus exhaustive networks covering large 

population 

6. Method of data collection (active or passive) 

7. Network management (autonomous management versus integrated networks) 

Key considerations for surveys and use of diagnostic tools in surveillance system: The 

choice of sample size, required design prevalence and confidence interval for surveys should 

be justified based on prevailing epidemiological situations. The sample size should be large 

enough to detect the infections even at a predetermined minimum rate (Bediet al., 2021).   

The proper validation of the sensitivity and specificity of the diagnostic tests for 

targeted species should be exercised. In addition, it is important to differentiate ‘vaccinated 

versus infected’ animals by the diagnostic test for interpretation of the surveillance data. The 

surveillance framework can be supported by development of inexpensive, rapid and reliable 

screening tests along with the expansion of powerful information management systems to 

disseminate the information to the stakeholders. 

Disease modelling 

“A model is a representation of a system, which allows the behaviour of that system to 

be simulated, and manipulated, under controlled conditions”. Models are used to test (verify) 

and improve the understanding of a system, and to analyse the behaviour of different 

components of the complex system (Power and Sharda, 2007). 

To build a model of an infectious disease outbreak, the knowledge of epidemiological 

aspects of disease is very crucial so that the components of the model can be put together 

correctly. In animal health settings, the infectious disease models can be used for 

retrospective analysis of the past epidemics, contingency and resource planning, can be used 
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as ‘virtual epidemic simulators’ for training purposes, and real time decision support (Potter, 

2019).  

Modelling disease transmission 

The epidemiological models make better use of existing and potential data sources for early 

warning surveillance.The epidemiological models can be classified as: 

1. Deterministic and stochastic models: The deterministic models use single point value for 

inputs and hence outputs; whereas the stochastic models include the ‘uncertainty and 

variability’ by using range of values for inputs and hence can produce varying outputs. 

The stochastic models are considered as more appropriate for modelling the real-life 

biological systems (Garner and Hamilton, 2011). 

2. Compartmental (or state-based) and individual-based (agent-based) models: The 

compartmental (or state-based) models group individuals into different states as per the 

characteristics of the infectious disease processes. E.g., SIR (susceptible–infected–

recovered) model and its variant. Whereas, the individual-based (agent-based) models 

explicitly represent the differentiation in biology or behaviour of individuals. Being 

stochastic, they offer more value when individual heterogeneity in transmission and 

structure of intervention is important. 

Example of Compartmental (or state-based) model: 

           The infectious disease can be modelled as a state-transition model using an iterative 

approach. The common three states of transitions in basic S-I-R models are: susceptible, 

infected and recovered (immune) or removed.  

 

 

ß = Infection rate (transmission rate) 

I = Number of infections 

S/N = Proportion of susceptible 

1/γ = Infectious period 

In the outbreak of a contagious disease, the new cases of disease in a population occur as 

a result of infected units having ‘effective contact’ with susceptible units. These effective 

contacts are depending on many underlying factors like: 

• the number of infected units 

• the population density and intensity of mixing of the population – determined by the 

management system and environment 

• the intensity of contact needed to be ‘effective’ – a property of the disease itself 

S --------> I --------> R 
ß x I x S/N γ x I 
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It is important to understand the spread of disease in terms of basic reproduction number 

(R0), that is, ‘the number of new cases produced by each infected person’ (assuming that no 

one is immune in the population). Most of the disease control programs aim to reduce R0 to < 

1, such that each infected human/animal, on average, transmits to less than one other 

human/animal.  

In simple equation, R0 = C x P x I 

C = Contact rate (i.e., how many people get contact with infected person in unit time) 

P = Probability of transmission for a given contact 

I = How long an infected person can transmit the infection (infectiousness of disease) 
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Introduction 

The term disaster was originated from the Greek word ‘krinon’ which implies a 

turning point, specifically in terms of diseases and dangeroussituations in political, social, 

and economical problems (Soltani, 2015). Usually, disaster is regarded as a turning point that 

could lead to an inevitablechange (Said and Rezapour, 2010). Disasters are often followed by 

an unexpected series of covert and overt consequences so that thedisaster managers must 

always be well prepared to deal withthese consequences in a suitable manner (Ali, 2002). 

Hence, the mass media along with various ICT tools is regarded as the first organization by 

frequent reporting and reviewing all incidents and rescue actions during disasters afterward 

and thus became the most significant strategic tools in disaster management.  

Although the complexity of health- related communication through mass media 

exposes professionals to the significant challenges in diverse disciplines, mass media are 

often considered as important tools for the transfer of various ideas and information to the 

public, and even contributes for achievement of public health goals. It is believed that the 

catastrophic impacts of disasters on animal and human sufferings can considerably be 

reduced through an international devoted system of co-operation, incorporating public health 

education, improved early warning systems, proper disaster preparedness and mitigation 

(Sonet, 2018).  

Mass media could indulge in any stage of disaster risk reduction (DRR) cycle, starting 

from the pre-disaster phase to the preparedness phase, response, and immediate relief phase, 

finally ending in a post- disaster phase. Within a fraction of second, people around theworld 

are informed about the horrific news reports at their fingertips, communicated by various 

sources of the media at the speed of light. Immediately after a few moments of any disaster, 

public might have perceived the news and would anxiously be awaiting the updates and facts, 

from all the corners of theworld (An and Gower, 2009).  
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It is therefore clearly convincing that the mass media could effectively perform the 

bridging and channelling between people and other coordinating bodies along with NGOs 

and any other community level organizations in successfully dealing with disaster risk 

reduction cycle (Hardjosoekartoet al., 2013). Hence, by creating new insights regarding 

disasters and promoting the belief that mutual help and co-operation can bring down the 

adverse effects of disasters among the public, mass media has now become an inseparable 

part of disasters (Williams and Oliniranb, 2002). Moreover, a complete coordination and 

effective working relationship between media and disaster management organizations has to 

be established and well maintained for the fulfillment of disaster risk reduction roles of the 

media. Despite the sensitivity makes media into a subsidiary power of bases, it clearly 

focusses on the necessity of careful, and calculated planning toturn itself into a tool that 

enables the effective remedy to the problem insteadof making things worse (Taherian, 2009). 

Technology in media 

The two types of media that exists nowadays are electronic media and print media. 

Among the electronic media, radio and television are the most prominent players, whereas 

newspaper, magazines and journals form the integral components of the print media. 

Technology plays a crucial role in the acquisition of information, analysis, forecasting 

as well as its dissemination. Newer advancement in information communication technologies 

(ICT) offer considerable improvement both in the prediction of sudden onset of disaster as 

well as dealing with its consequences. However, communication itself virtually underlines all 

elements of hazard mitigation. Nowadays, the capabilities of communications, data gathering 

and data management technology have leaped forward in parallel with our increasing 

knowledge in tracing out the origins and behavior of natural hazards as well as mitigation of 

these effects. In addition, recent advancements in the telecommunications and computer 

sciences are the major contributors for the recognition of the most appropriate technology 

which can significantly reduce the impacts of natural hazards.  

The use of super computers along with the deployment of geosynchronous satellites 

for telecommunications and earth observation for the analysis of data gathered from space 

has led to the development of highly sophisticated models of tropical storm formation and 

providing earlier information for planning evacuations and hazard mitigation strategies. 

Moreover, the changes in the color of earth’s surface can be effectively monitored by remote 

sensing, thereby enabling insect infestation. Similarly, seismological devices linked with 

super computers also provide updated knowledge about earthquake propagation. This 

updated information related to the anticipation of disasters will enable us in time to give early 



ICT Tools for Knowledge Management & Control of Emerging Zoonoses & Animal Health Threats                         64 | P a g e  

warnings to get prepared and plan mitigation strategies for various meteorological events 

(Dave, 2004). 

Role of mass media: 

1. Providing early warning to people: Electronic media like radio and television can 

provide early information about the likely disasters and could thereby save lives of 

human beings and livestock. Besides, the loss brought about to the property can also 

be minimized to a considerable extent. Indeed, it can also play a significant role in 

preparing the community by means of training and making them aware about do’s and 

don’ts during disasters. 

2. As a watchdog on disaster machinery: During the rehabilitation works of post- 

disaster, media plays the crucial role of a watch dog. In the present democratic set up, 

the pressure of media is tremendous, and it should be utilized in a constructive and 

responsible manner for the benefit of the society. The responsibility of supplying 

resources necessary for rehabilitation such as relief materials, search and rescue 

equipment and money lie with the government. Nevertheless, sometimes the system 

becomes lethargic, and all these responses takes some time to effect. Specifically, 

during these circumstances, media plays a vital role by continuous monitoring of 

rehabilitation works by being a watch dog and keeps the disaster machinery active. 

3. In creating an appeal to the people: The responsive image of media in front of 

public can be effectively utilized for the generation of resources to help disaster 

management efforts. Additionally, the real pictorial depiction of miseries through the 

media acts as an eye opener to the people to come forward to render help in various 

ways. 

4. In the prevention of panic and rumors: During the post-disaster period, with the 

complete breakdown of communications, rumors can have a negative impact on the 

relief work. By conveying the right information regarding the immediate measures to 

be taken, media can considerably reduce the spread of rumors. 

5. Facilitating the creation of early warning systems: By providing information on the 

risks and existing technologies, media can help the disaster mitigation experts for the 

creation of early warning systems. Emergency Alert System (EAS) consisting of 

radio, television and cable network across USA for providing early warning prior to 

disasters is one such example. 
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6. Aid prioritization of disaster risk issues: By influencing the government in 

prioritization of disaster risk issues, it strictly ensures that the political interests are 

not emphasized at the expense of the wide population. 

7. Increase of international donations: Media pushes the government to increase the 

budgetary allocations of disaster response programs. Additionally, the media invites 

international attention for donations subsequent to the disaster occurrence. 

8. Co-ordination of risk assessment activities: Media can make a considerable 

improvement in co-ordination of risk assessment activities between policy makers and 

donor communities. The increased resource availability and improved work programs 

created as a result of integrated efforts pave the way for saving lives of vulnerable 

communities of affected population. 

9. Control of law-and-order situation: The antisocial elements trying to take 

advantage of situations can be highlighted by the media. In addition, they can assist 

the law-and-order machinery in peace restoration and harmony of the affected 

community (Soltani, 2018) 

Impacts of media 

It is the media who informs the and highlights its awareness among the public. This 

awareness created by the media play a pivotal role in determining the plan of disaster 

management actions which is to be executed and level of attention that the relief agencies 

have to pay for it (Dave, 2004). 

Positive effects of media 

1. Trusted source of updated information  

2. Continuous and factual coverage of events during and after disaster aids in evoking 

immediate response and decision making, thereby saving lives 

3. Rapid dissemination of information regarding public safety at times of disaster 

4. Gives a glimpse of affected communities to the outside world  

Negative effects of media  

1. Exaggeration of events and creation of unnecessary panic 

2. Chances of bias due to manipulation of certain matters for personal or political gains 

3. Biased coverage by irresponsible news reporters for purposeful sensationalism 

4. Create chances of looting and lawlessness 

Role of ICT tools for disaster risk reduction in Indian scenario 

Disaster management and supporting IT infrastructure is firmly rooted at the 

state/local level in the Indian scenario. Being the responsible authority during the disaster 
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events, it is the responsibility of the state government to provide most of the resources, 

infrastructure and personnel; majority of these ICT infrastructure would be used by the state 

government. In addition, the crucial role for facilitation of ICT infrastructure necessary for 

linking state-central and state-state government organizations along with standards and 

guideline protocols to be followed by each state is instituted by the national government. In 

fact, the ICT design, adoption and acquisition on pan- India basis for the purpose of disaster 

management is quite challenging due to the distributed responsibility of disaster management 

and geo-political diversities across the country within the Indian system (Dave, 2012). 

The EOC network 

The Government of India has integrated administrative strategy for disaster 

management at the national, state and sub-district levels.  

At the event of disaster, the state government affords the basic responsibility of 

undertaking rescue, relief and rehabilitation measures. The efforts of state government are 

supplemented with the financial and logistic support. The departments of relief and 

rehabilitation handles the relief at the state level. These coordinated efforts have been 

restructured to form the State Disaster Management Authority (SDMA), which indulges in 

the relief and rehabilitation activities besides preparedness and mitigation. Moreover, the lead 

role in managing response during disasters goes to the administrative hierarchy of 

government revenue departments.  

At the district level, the same system is followed by the district co-ordination and 

relief committee and the district magistrate would the major coordinating officer to 

coordinate these activities. The incident response system (IRS) guidelines issued by the 

NDMA recommends the network of emergency operation center (EOC) up to the district 

level in each state for ensuring seamless coordination, communication and collaboration 

activities during the disaster management cycle. 

EOC is an offsite facility functioning from the National/State/District headquarters 

encompassing an augmented control room with data acquisition, analysis, compilation, risk 

assessment, video projections, and communication, alert and warning facilities to 

accommodate various ESFs. The EOC analyzes emerging situation and facilitate assessment, 

identification, mobilization and deployment of required resources. It is on the basis of EOC 

service requirements and geographical coverage considerations, the ICT infrastructure for 

emergency response and disaster management need to be planned and established. 
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GIS and decision support system 

GIS and spatial data have characteristic role in preparing, detecting, responding and 

recovering from the natural as well as technological disasters (Amdahel, 2002). As the spatial 

data are major inputs for GIS and Emergency Response Modelling and Simulation Systems 

(ERMSS)s, in their absence the process of disaster management will be ineffective. 

Furthermore, with recent advancements in geomatic engineering and spatial data 

management incorporating information communication technology (ICT), with integration of 

Remote sensing, Geographical information services (GIS) and Global positioning system 

(GPS), the different phases of disaster management have undergone significant improvement 

(Dave, 2012). 

Conclusions  

The media plays a quintessential role in all stages of disaster management from before 

disaster to after disaster and during rebuilding efforts. For effective achievement of disaster 

management roles, a well-built institutional framework and close working relationship has to 

be established between the disaster management agencies and the media. It is necessary that 

the media as well as ICT tools should emphasize on the close linkages with disaster 

mitigation community and shares their information gathering and transmission resources with 

these organizations. In addition, media can educate people and increase the awareness among 

the public, leading to increased involvement of different parts of society and can also help use 

these new involvements in disaster risk reduction and minimizing its adverse effects. Taking 

the fact into consideration that the disasters can happen at any moment and anywhere, it is 

advised to make use of the mass media for improving the society’s involvement in disaster 

management and its prevention or else help to lessen its adverse effects. Moreover, a new 

group of disaster correspondents, as a part of disaster journalism, can improve the supply of 

information about nature and high-tech hazards. 

References 

Ali R. 2002. Principles of Organization and Management. 4
th

 ed. Tehran: The Study 

and Formulation Books Humanities Universities. p. 526 

Amdahl, G. 2001. Disaster response: GIS for public safety (Vol. 13). Redlands, CA: 

(Disaster and Authority, 2004) ESRI press. 

An, S.K. and Gower, K.K. 2009. How do the news media frame crises? A content analysis of 

crisis news coverage. Public relations review, 35(2), pp.107-112. 

Dave, R.K. 2004. Role of Media in Disaster Management. http://osou.ac.in/eresources/role-

of-media-in-disaster-management.pdf (Accessed on 15.09.2021). 

http://osou.ac.in/eresources/role-of-media-in-disaster-management.pdf
http://osou.ac.in/eresources/role-of-media-in-disaster-management.pdf


ICT Tools for Knowledge Management & Control of Emerging Zoonoses & Animal Health Threats                         68 | P a g e  

Dave, R.K. 2012. Developing ICT infrastructure for Disaster Risk Reduction (DRR) in India. 

In International Workshop and Exhibition on Disaster Risk Reduction and 

Contingency Planning. 

Hardjosoekarto, S., Yovani, N. and Santiar, L., 2014. Institutional strengthening for the role 

of mass media in disaster risk reduction in Japan and Indonesia: an application of 

SSM-based action research. Systemic Practice and Action Research, 27(3), pp.227-

246. 

Said A, Rezapour A., 2010. Health Services Administration. 3
rd

 ed. Qazvin: Hadith 

Today, p. 457. 

Sonet, S.M. 2018.The role of mass media in disaster management of Bangladesh. 

file:///C:/Users/Admin/Downloads/The_Role_of_Mass_Media_in_Disaster_Manag

%20(1).pdf (Accessed on 15.09.2021) 

Soltani, F. 2015. Mass media and its role in increasing society's involvement in disaster 

management. International Journal of Health System and Disaster 

Management, 3(5), p.12. 

Taherian, M. 2009. In the Lead Role of the Media, Settle and Crisis Management. Media 

Crisis Management [2]: Media Research Group, No. 38. 0.157 to 192 ps. Source 

Site Available from: http://www.noormags.ir/view/fa/articlepage/905252. 

Williams, D. and Olaniran, B. 2002. Crisis communication in racial issues. Journal of 

Applied Communication Research, 30(4), pp.293-313. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

file:///C:/Users/Admin/Downloads/The_Role_of_Mass_Media_in_Disaster_Manag%20(1).pdf
file:///C:/Users/Admin/Downloads/The_Role_of_Mass_Media_in_Disaster_Manag%20(1).pdf
http://www.noormags.ir/view/fa/


ICT Tools for Knowledge Management & Control of Emerging Zoonoses & Animal Health Threats                         69 | P a g e  

WILDLIFE MONITORING AND MANAGEMENT USING  

REMOTE SENSING AND GIS 

Laxmi N. Goparaju 

Vindhyan Ecology and Natural History Foundation, Mirzapur, Uttar Pradesh, India. 

---------------------------------------------------------------------------------------------------------------- 

Introduction 

                  Mapping the wildlife and monitoring their habitats has long been one of the aims 

of Geospatial technology. Traditional methods of inventorying wildlife have always left some 

lacuna and hindered in providing a good database. The advent of remote sensing satellites has 

eased this labour intensive task by making use of satellite data which is measured remotely 

with sensors and cameras in different spatial, spectral and temporal resolution. Thus, this 

serves as the quickest possible method for inventorying and observing the natural resources. 

The advantage of remotely sensed data is that it provides synoptic, regular, near real time and 

quite accurate data which can be utilized by the wildlife managers for assessing the species-

habitat relationship and how they are impacted by the environment (Keller et al., 2014). The 

latest satellite images provide with higher spatial, spectral and temporal resolutions which are 

now made available for free via USGS, NOAA and Copernicus portal 

(https://earthexplorer.usgs.gov/; https://www.copernicus.eu/en).Besides, availability of big 

data in cloud has made computations easier. One such platform is Global Forest Watch which 

is based on Google Earth Engine platform and makes use of Landsat data from the past 

40years. It helps in analyses by indirect methods such as species occurrence indicators for 

example forest fragmentation (Riiters et al., 2014). The progress made in other technologies 

like in in situ sensors for example bioacoustics, tags and camera traps help in providing non – 

destructive and partially automated ground surveying opportunities (Lausch et al., 2016; 

Hansen et al., 2013).  Animals are associated with their environments at different spatial and 

temporal scales, and they differ in having specific ranges. Animal locations on ground 

coupled with remote sensing data and its analysis in Geographic Information System (GIS) 

domain provides us with better results regarding their habitat and ranges and also their 

interaction with the environment. Thus, conservation policies can be benefitted from such 

technological solutions. 

Learning Outcomes 

 Wildlife Habitat Suitability analysis using remote sensing and GIS 

https://earthexplorer.usgs.gov/
https://www.copernicus.eu/en


ICT Tools for Knowledge Management & Control of Emerging Zoonoses & Animal Health Threats                         70 | P a g e  

 Some online interactive web applications like Map of Life, FIRECAST, Global Forest 

Watch and Half-life. 

Before going further, I would like to introduce what is satellite remote sensing and GIS? 

Remote sensing satellites 

 

                 A satellite with remote sensors to observe the Earth and its features is called a 

remote-sensing satellite, or Earth observation satellite. They are characterized by their 

altitude, orbit and sensor. The data is available in various types of resolution; they are 

spectral, radiometric, spatial and temporal resolution. Resolution is defined as the ability of 

an entire remote-sensing system, including lens antennae, display, exposure, processing, and 

other factors, to render a sharply defined image.   

1. Spectral Resolution: of a remote sensing instrument (sensor) is determined by the 

band-widths of the Electro-magnetic radiation of the channels used. High spectral 

resolution, thus, is achieved by narrow bandwidths width, collectively, are likely to 

provide a more accurate spectral signature for discrete objects than broad bandwidth. 

2. Radiometric Resolution: is determined by the number of discrete levels into which 

signals may be divided. Thus, it is a measure of how many grey levels are there 

between pure black and pure white. It is measured in bits, 7bit (0-127); 8bit (0-255); 

9bit (0-511) and 10bit (0-1023). Examples: IRS -1A/1B (1988, 1991) measure images 

in 7 bits. Cartosat -2 (2007) produces images in 10-bit radiometric resolution.16-bit 

images are obtained from IRS -P3 (1996) MOS –A, MOS –B and MOS – C. 

3. Spatial Resolution: in terms of the geometric properties of the imaging system, is 

usually described as the instantaneous field of view (IFOV) that is defined as the 

maximum angle of view in which a sensor can effectively detect electro-magnetic 

energy.  

 4. Temporal Resolution: is related to the repetitive coverage of the ground by the 

remote sensing system.  For example, the temporal resolution of Landsat 4/5 is 

sixteen days. 

 

                    Remote Sensing science and application can be summarized in the following 

segments: 1) Source of electromagnetic energy (sun, transmitter carried by the sensor) 2) 

Transmission of energy from the source to the surface of the earth and its interaction with the 

intervening atmosphere 3) Interaction of energy with the earth surface 4) Transmission of the 

reflected/emitted energy to the remote sensor placed on suitable platform 5) Detection of the 
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energy by the sensor converting into photographic image or electrical output 6) 

Transmission/recording of the sensor output 7) Preprocessing of the data for generation of 

data products 8) Collection of ground truth and other collateral information and 9) Data 

processing and interpretation. 

 

Geographic Information System 

The main components involved are computer software and hardware systems for 

creating, managing, manipulating, evaluating, condensing, and displaying spatial data. Many 

GIS packages represent geographic features in the form of points, lines and polygons. This 

format is known as vector as illustrated by points, lines and polygons which are connected to 

each other by vectors (directional line segments). Each feature in GIS database has its own 

identity and is associated with its coordinates and attributes. It is capable of querying and 

answering searches based on one’s interests. The biggest advantage of GI  is that it integrates 

various thematic layers and finally displays as a single map for better comprehension and 

visualization. 

 

Google Earth Engine 

The problem of big data management was overcome by the Google Earth Engine 

which goes a long way in providing solutions within a smaller time frame. Large datasets can 

be used from local to regional levels, reduced the computation time. A repository of coves 

written in Javascript helps the researchers to utilize them with proficiency even though not 

being a professional. Active online support of developers is also commendable. The 

limitations of desktop computing are overcome, the major role is played by Application 

Programming Interface (API) and a web based Interactive Development Environment (IDE) 

(Tamiminia, 2020). The time series analysis (Time-lapse of GEE) and Climate Engine App 

helps in monitoring temporal changes. 

 

Wildlife Habitat Suitability 

              Traditional methods and ground based studies have been employed in studying 

wildlife habitat and corridor use (Bhat and Rawat 1995, Johnsingh and Joshua 1994, Mishra 

and Johnsingh 1996). They are time consuming and inefficient in hilly and inaccessible areas. 

Studies in wildlife using geospatial technology have been gaining importance since the past 

few decades in India and have emphasized its role in habitat evaluation, identification and 
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management of wildlife corridors (Khanna et al. 2001, Kushwaha and Hazarika 2004, Nandy 

et al. 2007). 

                   From the conservation point of view, if wildlife habitats are known those areas 

can be protected and conserved from degradation and destruction. GIS platform helps in 

modelling wherein various parameters are included like water, land use and land cover, 

forests, roads, railways, streams, drainage and slope. Various criteria are decided by the 

researcher/analyst based on literature and ground knowledge. All the thematic layers are 

combined using weighted overlay technique in GIS is used to derive a suitability map. 

Species distribution models are prepared using various data, which identify other regions 

with similar environment conditions which can be potential habitat for a specific species. 

Such models use raster based layers such as land use/land cover and other above mentioned 

layers. This data is then combined with ground based information and statistical 

computations which predict the suitability and potentiality of the habitat (Goparaju et al., 

2017; Ahmad et al., 2018). 

 

Map of Life: Putting Biodiversity on the Map. 

                  Utilizing various sources of data which describe species distribution worldwide, 

The Map of Life plays a major role in integrating them. Various organizations like 

International Union for Conservation of Nature (IUCN), World Wide Fund for Nature 

(WWF), Global Biodiversity Information Facility (GBIF) have provided data like expert 

species range maps, species occurrence points, ecoregions, and protected areas which have 

been put together into a cloud platform where the data is stored, managed, backed up and also 

can be accessed. Thus, one of the target areas where Map of Life is focusing is “the best – 

possible” species range information and species list for any geographic area. Besides, by 

accumulating a wide range of knowledge about species distributions and their dynamic state 

over a period of time, it also aims to support effective global biodiversity education, research 

and monitoring and guiding decision support system for policy makers. 

MoL (https://mol.org/) provides 

 Information on Species range and species list for any geographic area on Earth. 

 There are multiple tools to assist in exploring species habitat and trends in 

biodiversity. 

 There is also a Mobile App which can be used for discovering, identifying and 

recording biodiversity. 

https://mol.org/
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 https://www.gbif.org/ GBIF provides free and open access to data regarding all type 

of lifeform throughout the world. 

Forest health assessment: Web based systems like Fire Information for Resource 

Management System (FIRMS) and FIRECAST 

            This is a web-based platform which disseminates Near Real Time active fire data 

within 3 hours of satellite overpass. It also generates web-based fire maps, email alerts and 

also has provision for active fire data download (SHP, TXT, and KML). FIRECAST utilizes 

satellite data observations to track ecosystem disturbances such as fires, fire risk conditions, 

deforestation and protected area encroachment, and ensure the details are delivered to 

decision makers via E-mail alerts, maps and reports. It also detects active fires (MODIS AND 

VIIRS), satellite-based weather conditions are also studied (https://firecast.conservation.org). 

GLOBAL FOREST WATCH (https://www.globalforestwatch.org/) 

              The best available data about forests is available for free on Global Forest Watch 

Platform. Global Forest Watch (GFW) is an online platform that provides satellite data and 

other tools for monitoring forests. Alerts informed via E-mails and community participation 

has help governments and companies accountable for illegal activities. It was launched in 

2014, its aim for to provide transparent data and scientific information about the forests to 

preserve them and decimate deforestation. GFW is free and user friendly, enabling anyone to 

create customized maps, analyze the changes in forest and study the trends from local to 

regional scale, subscribe to alerts, or download data for their local area or the entire world. 

Users can also contribute to GFW by sharing data and stories from the ground via GFW's 

crowdsourcing tools, blogs, and discussion groups. 

Half – Earth Project: (https://www.half-earthproject.org/) 

            This is a combined initiative of E RI and  ir E. O. Wilson’s Biodiversity Foundation 

which aims to conserve half the earth’s lands and seas in order to protect 85 percent or more 

of the planet’s biodiversity to reverse the current species extinction crisis. According to 

Wilson, out of the 10million species present on the earth, only 2 million have been 

successfully documented. They have introduced the concept of National Report cards which 

will evaluate countries based on conservation efforts taken by them. It is expected that this 

innovative way will help theEarth restore back its green cover and could save many more 

species. 

 

 

 

https://www.gbif.org/
https://www.globalforestwatch.org/
https://www.half-earthproject.org/
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MONITORING & ENHANCING CURRENT STRATEGIES OF INTERVENTIONS 

Satish Cherukumalli 

Co-Founder; CEO 

 

Technology Background  

               Mosquito sensor system is based on multiple classification rules to separate 

mosquitoes from other flying insects.  It is widely known that mosquitoes can be identified by 

measuring their wing beat frequency (Batista, G et al., 2011; Chen, Y et al., 2014).   The use 

of sound to detect and classify flying insects was first reported in the literature from work 

done at Cornell University in 1945.  Since then, many other researchers (see references 

below) have shown that the wing beat frequency can be used as one of the parameters to 

classify the flying insect. In fact, wing beat frequency alone can yield 75% to 85% accuracy 

from other insect populations.  If wing beat frequency is converted from the time domain to 

the frequency domain, then increased accuracy can be obtained.  Work at Iowa State 

University (Raman, D et al., 2007) and at the University of California, Riverside has been 

instrumental in developing algorithms that a can be used in the accurate classification of 

flying insects using relatively inexpensive sensors and be light weight enough so the 

computations can be done by the sensors’ microcontroller.  Previously mosquito 

classification devices, such as the device developed by NASA (NASA Tech. Briefs., 2007) 

made use of an on-sight computer and expensive hardware and software from NI Labview or 

MatLab.  Our sensor makes use of a lightweight transform and probability algorithms to carry 

out most of the classification at the sensor level before sending the data to our cloud-based 

server. 

            Wing beat frequency will be measured by the disturbance of light on a phototransistor 

array as a mosquito enters the target zone of the sensor.  Large flying insects will be 

prohibited from entering the zone by a 7 mm screen.  Light is emitted from a constant light 

source.  This light is reflected back onto phototransistors.  Any disturbance of the light on the 

phototransistors is detected as a change in the current from the transistors (Unwin, D.M and 

Ellington, C.P., 1979). 

Our sensor system uses several other measures for classification of mosquitoes.  It makes use 

of the time of intercept and classifies on the basis of the known differences in circadian 

rhythm. It is known for instance that the circadian rhythm for the Aedes mosquito is different 
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from the anopheles mosquito.  The frequency spectrum for the Aedes and the Culex mosquito 

genus has significant overlap.  As a result, frequency alone is not as accurate as needed.  If 

the time of intercept is in the morning the AedesAegyptimay be distinguished from the Culex.  

In the evening however, the CulexPipien and the Aedes Detritus are both active. By 

combining both the frequency spectrum and the time of intercept, the probability accuracies 

are increased (Kim, D et al., 2021).  

                  The system also makes use of location of intercept.  Different genus and species 

are found in different locations.  By adding just these three factors in classification, accuracy 

can be improved beyond 95%.  Location of intercept initially is based on what is known 

about the types of mosquitoes in the area.  As data is collected for area or even a sensor 

location, the accuracy can be increased based on the continually expanding history.  Although 

the frequency of the Aedes and Culex genus has significant overlap, the central tendency for 

the one is higher than for the other.  This can shift the weighting of the frequency based on 

the specific sensors’ location and history.  Another obvious location factor is the terrain.  

Some mosquitoes are more prevalent in urban areas and others are more prevalent near water. 

                  Coloration, light, sound and location will be used to help attract mosquitoes to the 

sensors.  It is important to realize for any given sensor in a specific location, the data 

collected prior to and after vector control measures can be compared.  The comparison can be 

made as a repeated measure on a particular sensor as well as across numerous sensors in a 

specified area of concern.   

Solution: 

Moskeet solution is a Smart Mosquito Diseases Control System that uses state-of-the-art 

sensors (IoT) and Artificial Intelligence (AI) technology to operate autonomously and 

provides real-time mosquito population data both by location and species.  We believe that 

you must understand the problem before you solve it, and our network does just that.  There 

are four key components to the solution - Sensor network, Social network, Real-time 

analytics, and Predictive analytics.  The network of sensors ( traps) across the communities 

identifies where problems exist, the efficacy of control methods, and when to reapply.  

Moskeet sensors use novel artificial intelligence (AI) algorithms to classify mosquitoes.  The 

application provides density heat maps, conditions affecting breeding, health information, 

and vector control history.  The platform is designed to capture data across several areas like 

epidemiology, entomology, human population, socioeconomic conditions, location, and the 

weather to help in the effective management of diseases.  Using advanced assays and RT-
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LAMP to identify disease-related RNA in mosquito saliva, we can pinpoint the most urgent 

areas and the type of vector control needed to reduce disease. 

Moskeet platform integrates several stakeholders like citizens, governments, pest control and 

pesticide companies, hospitals, research agencies, foundations etc., to share and consume 

real-time data to promote efficient & transparent vector & disease control operations.  

TrakitNow’s approach is to disrupt the Health  ecurity sector by shifting the focus to 

“prevention” from “treatment” using deep technologies – AI (Artificial Intelligence) and 

Sensors (IoT – Internet of Things). 

Moskeet platform provides situational awareness through its “always on”, surveillance of 

mosquito population count, species make-up, and disease pressure showing the effectiveness 

of control measures against the vectors of infectious mosquito-borne disease.  By providing 

historical, current, and predictive data, it allows agencies to make data-driven decisions as to 

what efforts are working, what efforts need to be improved, and where/when more effort is 

required.  Getting mosquito-borne diseases under control and monitoring for potentially new 

diseases by exclusion requires a unified view shared across multiple activities with multiple 

agencies.  Our system allows such a view, scalable to add new relevant data from emerging 

sources and to be analyzed with the latest AI and analytical tools including result graphing 

and geospatial mapping. 

Impact: 

                  The activity of collecting species-specific population data provides an output 

showing the increase or decrease the potential of the vector which is used to determine if the 

vector control methods are working and how efficiently.  Another outcome of this activity is 

determining when reapplication is required, whether the application is being appropriately 

applied or the population is becoming resistant to pesticides. 

                 The activity of determining the viral or parasitic load present at a given location 

provides an output showing where vector control needs are critical to curtailing outbreaks.  

The outcome of further control can lead to alerting the health community to take steps to 

reduce the disease potential by working with the potentially affected population of mitigating 

steps they can take. The activity of combining all known relevant data into a unified, holistic 

view provides the output of actionable data which can lead to an outcome of better 

understanding the impact of the vector control activities, leading to revising their strategies 

and focusing their resources more effectively.  These outcomes can all lead to a long-term 

goal in the reduction of mosquito-borne disease and reduce the physical, emotional, and 

economic impact thereof. 
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                Surveillance is borne on the premise that control requires being able to observe and 

then measure the targeted event.  Our system provides the ability of stakeholders to observe 

and measure the effectiveness of their control activities on several levels of disease 

prevention.   

Patents: 

World Intellectual Property Organization International Bureau 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT 

COOPERATION TREATY (PCT) 

 Pub. No .: US 2020/0245604 A1 

 Pub. Date :Aug.6, 2020 

Discussion: 

Moskeet’s major benefit is to reduce the disease burden.  A single disease occurrence in a 

family can push it into poverty and force the kids to stop school and go to work.  Other key 

benefits include lowering the cost of control operations, reduce pesticide usage thereby 

reducing the impact of pesticides on the environment, facilitate awareness campaigns and 

reduce the health care costs at public and family levels.  Data generated across the public and 

private is also shared with leading pest control & pest repellent companies.  This approach 

helps to sustain and expand the platform thereby reaching out to a large percentage of the 

population.  This in turn helps us to be cost-effective and provide better strategic value to 

customers.  Our data from our initial deployments indicated the following trends, 

1) Improve pesticide effectiveness 

2) Reduce pesticide usage 

3) Reduce operational costs  

4) Lower disease burden  

5) Reduction in mosquito populations  
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INDIAN NETWORK OF FISHERIES AND ANIMAL ANTIMICROBIAL 

RESISTANCE (INFAAR)- UNDERTAKING SURVEILLANCE OF AMR IN 

ANIMAL HEALTH SECTOR 

Rajesh Bhatia 

FAO Consultant 

 

“Antimicrobial resistance (AMR) is a global threat to health, livelihoods and the 

achievement of the  ustainable Development Goals ( DG),” the statement by UN  ecretary 

Generalduring May 2019 in relation to SDG Goal 3 "Good Health and Wellbeing" 

(https://undocs.org/en/A/73/869) was enough to raise alarm bells of shift in human pathogen 

interactions. World Health Organization has called AMRas one of the most important public 

health threats of the 21
st
 century. Currently, death of 700,000 people per annum is linked to 

AMR and is estimated to rise to10 million annual deaths by 2050
1
. The AMR is projected to 

cause $100 trillion loss to global economy by 2050 which is equivalent to 3.5% reduction in 

global GDP
1
. In May 2015, the sixty-eighth World Health Assembly endorsed the Global 

Action Plan on AMR (https://apps.who.int/gb/ebwha/pdf_files/WHA68-

REC1/A68_R1_REC1-en.pdf#page=27). India responded with a National Action Plan (NAP) 

on AMR which was launched by Ministry of Health and Family Welfare in 2017 

(https://www.ncdc.gov.in/WriteReadData/linkimages/AMR/File645.pdf). 

Antimicrobial resistance (AMR) is the ability of micro-organisms to resist the effects 

of antimicrobials. AMR can occur naturally as all microbes can adapt to their surrounding 

environment. However, AMR is increasing by inappropriate and excessive use of 

antimicrobials in both human healthcare and the animal sector. In 2014, India was the highest 

consumer of antibiotics in human sector, followed by China and the United States (Reference 

and please recheck if it is highest quantity used or number of doses). India was the fifth 

largest consumer of antibiotics in food animals in 2010. Antibiotic consumption is projected 

to grow by 312%, making India the fourth-largest consumer of antibiotics in food animals by 

2030
2
.  

Antimicrobials are used in animal production practices to manage animal and fish 

health, and also as growth promoters at a sub-therapeutic level. In recent decades, the 

intensification of animal production due to the increasing demand for animal protein has led 

to an increasing overall use of antimicrobials. AMR makes disease treatments ineffective, 

increase severity of disease, reduces productivity and leads to economic losses. In addition, 

https://undocs.org/en/A/73/869
https://apps.who.int/gb/ebwha/pdf_files/WHA68-REC1/A68_R1_REC1-en.pdf#page=27
https://apps.who.int/gb/ebwha/pdf_files/WHA68-REC1/A68_R1_REC1-en.pdf#page=27
https://www.ncdc.gov.in/WriteReadData/linkimages/AMR/File645.pdf
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more than half the quantity of antimicrobials used in animals/fish are excreted in waste 

contaminating soil, water and the environment. This also contributes to the emergence and 

spread of AMR through selection pressure on pathogens in environment. Besides, 

antimicrobials residues can be present in animal/fish products which also increases public 

health risks. 

Currently, there is limited data available on AMR in livestock and aquaculture sector 

in India, which is based on individual studies with limited geographical coverage, samples 

and questionable quality. Thus, it is important to quantify the burden of AMR in food 

producing animals and aquaculture through structured surveillance with pan India coverage. 

Implementation of a systematic approach to generate AMR data has been initiated through 

forging and operationalization of the Indian Network for Fisheries and Animal Antimicrobial 

Resistance (INFAAR) is aimed to document antibiotic resistance levels in different 

production systems, describe the spread of resistant bacterial strains and resistance genes, 

identify trends in resistance and generate hypotheses about sources and reservoirs of resistant 

bacteria. The crucial data emerging on spatial level will be input to formulate strategies and 

policies to prevent and reduce the spread of AMR in farmed animals and fish and 

subsequently to human population.  

INFAAR is a technical collaboration program between Indian Council of Agricultural 

Research (ICAR) and Food and Agricultural Organization (FAO) since August, 2018 with 

financial support from the ICAR, State agriculture Universities and the USAID. In INFAAR 

network, ICAR-NBFGR, Lucknow, is the leading institute for Fisheries and ICAR-IVRI, 

Bareilly for Animal Science. To assure maximum national coverage, INFAAR is being 

operationalized through 21 centers (18 ICAR and 3 State agriculture Universities) with 8 

partners from fisheries and 13 from livestock sector. The INFAAR envisions to (i) undertake 

surveillance of antimicrobial resistance (AMR) in target microorganisms isolated from 

healthy farmed animals and fish/shellfish with an aim to quantify its burden and monitor the 

spatial and temporal trends of AMR in India. (ii) improve awareness and understanding of 

AMR among the farming community, veterinary and fish health professionals and policy 

makers, through effective communication, education and training so as to promote judicious 

use of antimicrobials in farmed food animals and fish.  

The priority microorganisms identified under fisheries component of INFAAR are E. 

coli, Staphylococcus aureus, other Coagulase negative Staphylococcus species (CONS) and 

Aeromonas species in farmed freshwater fish; and E. coli, S. aureus, CONS and Vibrio 

species including Vibrio parahemolyticus in farmed shrimps and cage cultured marine fish. 
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Standard operating procedures (SOP) for isolation, identification and antibiotic sensitivity 

testing (AST) of microorganisms for fisheries sector has been developed for use by partners
3
. 

A field-based questionnaire is used to survey of farms to establish link between AMR data 

and actual use of antibiotic in culture practices. The results are analysed using internationally 

accepted WHONET software.  

 The issue of AMR also needs to be addressed by raising awareness amongst all 

stakeholders and especially farmers and industries on AMR and by implementing good 

practices to reduce the need for antimicrobials. Every year INFAAR creates awareness on 

"judicious use of antibiotics" among public focusing on farmers, students, school children, 

especially during "World Antibiotics Awareness Week" celebrated between 18-24th 

November in different parts of the country and world. INFAAR has launched a dedicated 

website (www.infaar.icar.gov.in), which provides the latest information on AMR in the 

country specifically on policy meetings, trainings, and other activities related to INFAAR its 

SOP, as well as recent and forthcoming activities of INFAAR. 

 The functioning and the activities of INFAAR are being regularly guided and 

reviewed, twice a year, by the INFAAR Advisory Board established by the Government of 

India.  

The INFAAR is working towards safe food production for human consumption 

without the risk of transmitting AMR to humans through food production cycle. Safe food 

production without AMR risk will promote healthier human and animal health; and clean 

environment. The data generated by INFAAR will lead to identification of strategies to 

prevent and reduce the development and spread of AMR in aquaculture and food animals. 

Successful implementation of the program will be a key component of National Action Plan 

on AMR for protection of human health, animal health and food safety in India. 
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ONE HEALTH APPROACH AND REGIONAL DISEASE SURVEILLANCE 

NETWORKS 
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Kerala Veterinary and Animal Sciences University, Pookode, Wayanad- 673576 

  

 

The One Health (OH) approach is about collaboration between the different sectors 

such as human medicine, veterinary medicine, and environmental sciences. The world is 

experiencing increasing interaction of people and domestic animals in the last few years that 

led to events of emerging and re-emerging infectious diseases. Zoonotic diseases have always 

been, and are still today, a major burden for human and animal populations (Morens et al., 

2004). This burden is particularly high in low middle income countries (Molyneux et al., 

2011), and India is considered as the hot spot for many infectious diseases (Kessler and 

Peterson, 2008). Understanding the ecology of zoonotic diseases at the human–animal 

interface is a complex challenge. Furthermore, increasing incidence of antimicrobial 

resistance (AMR) has been recognized as a serious public health and animal health threat. 

The challenges of EIDs and AMR require a One Health approach that supports a holistic, 

multisectoral, coordinated and collaborative network. The international organizations such as 

WHO, FAO, OIE (under Tripartite agreement), and other international non-governmental 

organizations (NGOs) such as Rockefeller Foundation, the SGTF and the Bill and Melinda 

Gates Foundation, amongst others have been supporting One Health approach and 

establishment of regional networks for early detection and sharing of information, and 

responding to outbreaks in a coordinated and collective manner by multiple countries. 

Animals can be used as surveillance tools for monitoring naturally occurring 

environmental & human health hazards. They are ideal surveillance tools because they share 

the same environment as humans & spend more time outdoors than humans increasing their 

exposure risk. Identifying the biological and environmental factors that cause interspecies 

pathogen leaps to predict the future zoonotic outbreaks has so far been cumbersome. But 

even with growing understanding of pathogen behaviour along with data pointing to regions 

where spillover might occur, precise outbreak predictions cannot be guaranteed. Connecting 

Organizations for Regional Disease Surveillance (CORDS) is an international non-

governmental organization focused on information exchange between disease surveillance 

networks in different areas of the world. By linking regional disease surveillance networks, 
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CORDS, an umbrella network organization based in France, builds a trust-based social fabric 

of experts who share best practices, surveillance tools and strategies, training courses, and 

innovations. CORDS exemplifies the shifting patterns of international collaboration needed 

to prevent, detect, and counter all types of biological dangers – not just naturally occurring 

infectious diseases, but also terrorist threats. Representing a network-of-networks approach, 

the mission of CORDS is to link regional disease surveillance networks to improve global 

capacity to respond to infectious diseases. The regional networks (Southeast Asia, East 

Africa, South East Europe, Southern Africa, and Middle East) were created in many regions 

of the worlds 

The One Health approach 

COVID-19 is one of the baleful pandemic the world had ever witnessed. The 

continued emergence and re-emergence of zoonoses point to the need for changes in the 

disease monitoring and management systems and the best solution is adopting one health 

approach.  In 2010, recognizing the need for multidisciplinary collaboration to address health 

threats at the human–animal–ecosystem interface, the FAO-WHO-OIE formalized their 

collaboration and identified zoonotic diseases as a priority area to collaborate (OIE, 2017). 

The success of One Health approaches was reported in many instances such as, controlling 

Cysticercosis in Portugal (Fonseca et al., 2018),  Rabies in the Serengeti ecosystem 

(Cleavelandet al., 2003), Brucellosis in Mongolia (McDermott et al., 2013) and Malta 

(Buttigieget al., 2018),  West Nile in Northern Italy (Paternoster et al., 2017).  In consonance 

with IHR (2005), One Health approach has been advocated by the WHO, FAO and OIE for 

combating health threats to humans and animals and a tripartite agreement between these 

three organizations has been in vogue since 2010 to apply One Health approach (WHO, 

2017; OIE, 2017) . The essence of One Health approach is that the actions are more 

strategically and collaboratively planned rather than having a reactive approach. A close 

networking between veterinary and medical laboratories and professionals at different levels 

has to be developed, along with sociologist, epidemiologists, environmentalists and 

climatologists. All the concerned professionals must become part of Rapid Response force to 

investigate epidemics of zoonoses and to formulate and enforce control strategies. The inter-

faces that exist between man, livestock, wildlife, and environment are recognized as the 

hotspot for emerging infectious diseases. Such hotspot is considered as multifaceted problem 

zone that calls for multifaceted solutions where no one particular discipline can act wisely to 

control such threats (Prejit, 2017). We need to break the silos and plan a joint strategy by 

integrating ideas of the connections among humans, animals and ecosystems within the 
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political, economic and social systems in which they operate. A clear advantage of One 

Health is that interventions in animal populations can result in public health and societal 

benefits more cost-effectively than just interventions in humans (Prejit, 2017).  

Regional Disease Surveillance networks 

The Asia-Pacific Strategy for Emerging Diseases (APSED) develops Member State and 

regional surveillance and response capacity through a policy of intersectoral collaboration 

and coordination, with FAO and OIE, for detection and control of zoonotic disease emerging 

at the human/animal/ecosystem interface. Some of the active regional disease surveillance 

networks includes, The Mekong Basin Disease Surveillance network 

(MBDS)(established in 2003)comprised of Cambodia,  Southern China, Lao PDR, Myanmar, 

Thailand, and Vietnam, coordinates efforts to mitigate H5N1, cholera, and Dengue  

Hemorrhagic Fever, and to develop joint strategies for containing disease in the region. 

Middle East Consortium on Infectious Disease Surveillance (MECIDS) 

(established in 1999) is a disease surveillance network made up of public health experts and 

ministry of health officials from Israel, the Palestinian Authority, and Jordan. This group has 

had success in finding common ground across borders in conflict and has acted together to 

meet disease threats, including 2009 H1N1 influenza. The Southern African Centre for 

Disease Surveillance (SACIDS) (established in 2009)includes diseaseexperts from Tanzania, 

Mozambique, Zambia, Democratic Republic of Congo, and South Africa, works to improve 

the capacity of African institutions to detect, identify, and monitor infectious diseases 

affecting humans and animals, including new infectious diseases of animal origin. The 

network has partnered with a number of institutions, includingSokoine University of 

Agriculture (SUA), the Royal Veterinary College, and the London School of Hygiene and 

Tropical Medicine, to create an interdisciplinary network that embodies the One Health 

approach for collaboration between human and animal health sectors. The East African 

Integrated Disease Surveillance Network (EAIDSNet) (established in 2000)is a regional, 

inter‑governmental collaborative initiative of the national ministries responsible for 

humanand animal health as well as the national health research and academic institutions of 

the five East African Community Partner States, namely the Republic of Burundi, the 

Republic of Kenya, the Republic of Rwanda, the Republic of Uganda, and the United 

Republic of Tanzania. The main objectives of EAIDSNet are to: (1) enhance and strengthen 

cross‑country and cross‑institutional collaboration through regional coordination of activities 

for the prevention and control of both human and animal diseases under the One Health 

Initiative; (2) promote exchange and dissemination of appropriate information; (3) harmonize 
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integrated disease surveillance systems in the region; (4) strengthen capacity for 

implementing integrated disease surveillance and control activities; and (5) ensure continuous 

exchange of expertise and best practices for integrated disease surveillance and response 

(CORDS.2011) 

Conclusion 

Although we face many outbreaks of emerging zoonoses, it is also true that the world 

has made significant strides in tackling major public health challenges over the last several 

decades. One of the reasons are the collaboration among stakeholders between different 

disciplines, efficient and timely conveyance of information to various strata associated with 

disease control, and imparting proper training to public health workers and susceptible 

population. Effective surveillance and timely multidisciplinary action should be coupled with 

education and research for shackling emerging and re-emerging zoonoses. This is possible by 

certain strong networks that work in an One Health mode like CORDS, which unites regional 

disease surveillance networks from critical hotspots around the world to promote exchanges 

of best practices in surveillance and catalyze innovation in early disease detection. Such 

collaborative surveillance unit cultivates networks of professionals who have the collective 

strength to translate information into near-real-time action during emergency situations. The 

need for innovations and more effective scale-up of existing ICT tools is required so that we 

can control many of the emerging diseases.  
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  World Health Organisation defines telemedicine as the delivery of health care 

services, where distance is a critical factor, by all health care professionals using information 

and communication technologies for the exchange of valid information for diagnosis, 

treatment and prevention of disease and injuries, research and evaluation, and for the 

continuing education of health care providers, all in the interests of advancing the health of 

individuals and their communities. While telehealth is defined as the delivery and facilitation 

of health and health-relatedservices including medical care, health information services and 

self care via telecommunications and digital communication technologies.  

Tele veterinary medicine can be defined as extension of veterinary medical service to a 

remote location, using information and communication technologies. In general, the term tele 

veterinary medicine can be used to denote veterinary clinical services delivered by a 

registered veterinary practitioner while the term tele veterinary health can be used to denote 

use of technology for delivery of veterinary health and health related services including tele 

veterinary medicine. The registered veterinary practitioner or specialist may use any 

telemedicine tool suitable for carrying out technology-based consultation eg. telephone,video, 

devices connected over LAN, WAN, Internet, mobile or landline phones, chat platforms like 

WhatsApp, Facebook Messenger, etc., or Internet based digital platforms for telemedicine or 

data transmission systems like Skype/email/fax etc. irrespective of the tool of communication 

used, the core principles of tele veterinary medicine practice remain the same.  

Let us divide Telemedicine in Veterinary practice into   

 Real-time telemedicine - Here, the consulting veterinary expert or specialist will see 

and discuss the case real-time with the referring veterinarian.  

 Store-and-forward telemedicine - Here, electronically stored information related to a 

case is forwarded to a consultant who reviews the case later.  

A variant of the above two where the electronically stored information related to a case is 

sent to a specialist and the referring vet discuss the same with the specialist over telephone 

for getting the interpretation of the case and for decision making.  

Few disciplines where Telemedicine can be practised in Veterinary are 
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1. Tele radiology 

2. Tele ultrasonography  

3. Tele ECG 

4. Tele pathology  

5. Tele ophthalmology  

6. Tele cytology 

7. Tele dermatology 

8. Tele endoscopy 

9. Tele-guided surgery 

The prospects of this emerging field in veterinary practice are plenty. The paper describes a 

basic knowhow, possibilities and challenges of telemedicine in veterinary practice, along 

with experience of tele-guiding few surgeries abroad for correction of challenging surgical 

conditions in puppies. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ICT Tools for Knowledge Management & Control of Emerging Zoonoses & Animal Health Threats                         91 | P a g e  

 

 

 

 
 

 
Jointly Published By 

Directorate of Entrepreneurship, COHEART, KVASU & MANAGE, Hyderabad 

ISBN: 978-93-91668-22-8 
 





Climate Change in  
the Arctic



Maritime Climate Change: 
Physical Drivers and Impact

Series Editor:
Neloy Khare

As global climate change continues to unfold, the two-way links between the  tropical 
oceans and the poles will play key determining factors in these sensitive regions’ 
climatic evolution. Now is the time to take a detailed look at how the tropical oceans 
and the poles are coupled climatically. The signatures of environmental and climatic 
conditions are well preserved in many natural archives available over land and ocean. 
Many efforts have been made to unravel such mysteries of climate through many 
natural geological archives from tropics to the polar region. This series makes an 
effort to cover in pertinent time various depositional regimes, different proxies – 
planktic, benthic, pollens and spores, invertebrates, geochemistry, sedimentology, 
etc., and emerged teleconnections between the poles and tropics at regional and 
global scales, besides sea-level changes and neo-tectonism. This book series will 
review theories and methods, analyse case studies, identify and describe the evolving 
spatial-temporal variations in climate, and provide a better process-level understand-
ing of these patterns. It will discuss significantly, generalisable insights that improve 
our understanding of climatic evolution across time – including the future. It aims to 
serve all professionals, students and researchers, scientists alike in academia, indus-
try, government and beyond.

Climate Change in the Arctic
An Indian Perspective

Neloy Khare



Climate Change in  
the Arctic

An Indian Perspective

Edited by

Neloy Khare



First edition published 2022
by CRC Press
6000 Broken Sound Parkway NW, Suite 300, Boca Raton, FL 33487-2742

and by CRC Press
2 Park Square, Milton Park, Abingdon, Oxon, OX14 4RN

© 2022 Taylor & Francis Group, LLC

CRC Press is an imprint of Taylor & Francis Group, LLC

Reasonable efforts have been made to publish reliable data and information, but the author and pub-
lisher cannot assume responsibility for the validity of all materials or the consequences of their use. 
The authors and publishers have attempted to trace the copyright holders of all material reproduced 
in this publication and apologize to copyright holders if permission to publish in this form has not 
been obtained. If any copyright material has not been acknowledged please write and let us know so 
we may rectify in any future reprint.

Except as permitted under U.S. Copyright Law, no part of this book may be reprinted, reproduced, 
transmitted, or utilized in any form by any electronic, mechanical, or other means, now known 
or hereafter invented, including photocopying, microfilming, and recording, or in any information 
storage or retrieval system, without written permission from the publishers.

For permission to photocopy or use material electronically from this work, access www. copyright.
com or contact the Copyright Clearance Center, Inc. (CCC), 222 Rosewood Drive, Danvers, MA 
01923, 978-750-8400. For works that are not available on CCC please contact  mpkbookspermissions@
tandf.co.uk

Trademark notice: Product or corporate names may be trademarks or registered trademarks and are 
used only for identification and explanation without intent to infringe.

Library of Congress Cataloging‑in‑Publication Data
Names: Khare, Neloy, editor. 
Title: Climate change in the Arctic : an Indian perspective / edited by 
Neloy Khare. 
Description: First edition. | Boca Raton : CRC Press, [2022] | Series: 
Maritime climate change: physical drivers and impact | Includes 
bibliographical references and index. 
Identifiers: LCCN 2021044897 | ISBN 9780367482695 (hbk) | 
ISBN 9781032207780 (pbk) | ISBN 9781003265177 (ebk) 
Subjects: LCSH: Arctic regions—Environmental conditions. | Climatic 
changes—Arctic regions. | Pollution—Arctic regions. | Environmental 
protection—Research—India. | Ecology—Arctic regions. 
Classification: LCC GE160.A68 C56 2022 | DDC 551.6911/3—dc23/eng/20211119 
LC record available at https://lccn.loc.gov/2021044897

ISBN: 9780367482695 (hbk)
ISBN: 9781032207780 (pbk)
ISBN: 9781003265177 (ebk)

DOI: 10.1201/9781003265177

Typeset in Times
by codeMantra

https://doi.org/10.1201/9781003265177
http://www.copyright.com
http://www.copyright.com
mailto:mpkbookspermissions@tandf.co.uk
mailto:mpkbookspermissions@tandf.co.uk
https://lccn.loc.gov


Dedicated to

Late Prof Shashi Bhushan Bhatia

(18.03.1980–01.05.2021)

Prof Shashi Bhushan Bhatia was born on 18 March 
1930 at Lucknow. Prof Bhatia post graduated 

in 1950 from the Lucknow University, obtained 
Ph.D. degree from the London University and 
D.I.C. from the Imperial College of London. 

He joined the Lucknow University as a Lecturer in 
1953. In 1958, he was selected in the Geological 

Survey of India. Subsequently in 1959, Prof Bhatia 
was appointed as a Reader in the newly created 

Department of Geology in the Panjab University, 
Chandigarh, where he superannuated as a Professor 

and then continued as an Emeritus Professor.



Prof Bhatia’s contributions to the Indian geology 
cover a vast time span. Foraminifera was his original 

field of specialisation. He is credited with the first 
discovery of the Permian foraminifera in India. Later 

he made important contributions to the study of 
Cretaceous and Paleogene ostracods. His research 
on the Cretaceous sediments aided in determining 

the time of extinction of the dinosaurs and initiation 
of the Deccan Volcanicity. Another important 

input to the Cretaceous was the report of bryozoa 
in the Neelkanth Formation – considered at that 
time a part of the Tal Group. The most important 
contributions made by Prof S. B. Bhatia, however, 
are to the Palaeogene sediments of the Himalaya. 

He studied fauna of the Subathu, Dagshai and 
Siwalik sequences. His findings precisely fixed the 

lower age limit of the Kakara sediments at 56.5 Ma, 
which signifies the time of collision of the Indian and 

Asian Plates. His research on the Subathu and the 
Dagshai formations makes significant contributions 

to the biostratigraphy, event stratigraphy and 
environment of deposition of that time. He put 

India on the world map of Chara studies.

Prof Bhatia had around 250 publications in reputed 
journals. He guided a dozen students for Ph.D. 

degree. He was a highly decorated scientist. In 1958, 
he was appointed as Indian Correspondent of the 
Journal of Micropaleontology. He was a Fellow of 
the prestigious Indian National Science Academy 

and recipient of L. Rama Rao award. Oil and 
Natural Gas Corporation decorated him with a silver 
plaque. He was an excellent teacher with exceptional 

skills of communication. He was a perfectionist 
and demanded the best from his students.

Prof Shashi Bhushan Bhatia breathed his 
last peacefully on 1 May 2021. His death 

is a great loss to Indian geology.
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Foreword
Undertaking research in the Polar Regions is complex and challenging. The  sustained 
vitality of polar research is intrinsically linked to the specialised logistics and 
 infrastructural support available, which allows scientists to work in a challenging 
environment. It necessitates strong international cooperation and sharing of resources 
and infrastructural facilities. Ny-Ålesund at Svalbard in the Arctic has emerged as 
a vibrant symbol of international partnership. The Norwegian Government has ably 
guided many non-Arctic countries to research new areas of Arctic Science.

Having achieved a long and resilient experience in Antarctica, India forayed 
into Arctic Science over a decade back and recently joined the Arctic Council as 
an Observer. In collaboration with Norway, India has established its research base 
‘Himadri’ at Ny-Ålesund, the well-known ‘Science village’ in the Arctic. With more 
than a decade’s effort, many exciting findings and results have emerged, especially in 
the science of climate change as evident in the Arctic region. With quality scientific 
output in a short period, India has made its presence strongly felt in Arctic Science 
and has contributed significantly to the knowledge base of Arctic research. Indian 
scientists have attempted to unravel the past and understand the present in order to 
elucidate the future trends on climate change patterns.

The multi-sectoral climate issues associated with Arctic change transcend national 
boundaries. The stakeholders including governments, indigenous communities, civil 
society, policymakers and industry need to be equally concerned. For any adapta-
tion and mitigation efforts, informed decisions on the Arctic must be evidence-based 
and not geopolitically driven. Scientists, therefore, have a cardinal role to play in 
providing insightful data that can be translated to enable policy paradigm and sound 
advisory mechanism on climate change and its impact on the globe.

The Indian efforts made in Arctic climate science must be synthesised so that 
a comprehensive picture could emerge. The present book Climate Change in the 
Arctic: An Indian Perspective is an illustrious effort in this direction, covering a 
wide range of topics addressing various aspects of climate change in the Arctic. As 
changes in the Arctic region will have a profound effect on human life on Earth, there 
is a need for our polity and people including the industry leaders to have up-to-date 
and robust information on the science of Arctic climate change. This book amply 
provides a clear picture of the ongoing global climatic changes, their impacts on the 
Arctic and how the changing Arctic will influence the rest of the world. The message 
conveyed is clear: we must collectively work to reduce our carbon footprint to save 
one of the last frontiers on planet Earth, the Arctic.

Arbinda Mitra
Scientific Secretary

Date: June 2021
Place: New Delhi
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Preface
The Polar Regions are an essential focus of research as unique systems, but they also 
play a pivotal role in global Earth systems. Situated at the northernmost part of Earth, 
the Arctic is a spectacular polar region. It is a unique area among Earth’s ecosystems. 
The unique characteristics and cultures of the Arctic indigenous peoples are an adap-
tive mechanism to cope with the cold and extreme conditions. Historically, the Arctic 
regions’ scientific activity is intimately linked with the post-World War II and the 
subsequent Cold War era’s geopolitical circumstances. It has always been a pristine 
environment owing to least human interventions. For many years, the Arctic region 
was designated as a North ‘dead land’ that was not perceived as a place for living or 
economic activities. However, the situation during the past few decades has changed 
significantly. Now the Arctic is connected to global natural and anthropogenic chemi-
cals via winds, ice movement and marine currents. Global warming has made the 
Arctic region more accessible and desirable. It is a complex region that is experiencing 
unprecedented changes. Based on long-term monitoring, it has been found that the 
Arctic is warming up much faster than expected, essentially due to Arctic amplifica-
tion of the worldwide warming scenario. The Arctic holds the world’s largest remain-
ing oil and gas reserves, an enormous untapped mineral wealth.

A reduction in Arctic summer ice cover has become more intense in recent years, 
culminating in an area of a record low of 3.4 million square kilometres in 2012. Ice 
melting opens a place for new research and economic activities. It allows for explor-
ing the possible amount of natural resources in the Arctic region.

The Arctic’s responses to global change are too sensitive. It may be capable of 
initiating dramatic climatic changes through alterations induced in the oceanic ther-
mohaline circulation by its cold, southward-moving currents or through its effects on 
the global albedo resulting from changes in its total ice cover.

Many scientific disciplines and engineering applications have significantly 
advanced based on the knowledge gained from polar research. Many of the discov-
eries that took place over Polar Regions have provided a critical understanding of 
direct benefit to humanity and served the society. It makes sense that access to the 
polar areas is fundamentally vital from its scientific viewpoints. Evidence continues 
to accumulate that the scientific value of the Arctic warrants significant investment 
for polar research. Sustained efforts must be on to continue and indeed flourish over 
the next several decades.

The Arctic Ocean is primarily surrounded by land and has difficult, terrain and 
adjacent shorelines. The ice and extreme weather conditions make it further chal-
lenging to reach. The logistics constraints make it difficult to conduct research on 
land and coastal areas; thus, such observations tend to be sparse.

Atmospheric processes in the Arctic are distinctive and scientifically significant. 
Among many, the transport and disposition of solar radiation, the formation and 
persistence of clouds, and variability in the atmospheric pressure fields exhibit large-
scale patterns that influence the global climate.
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A more detailed understanding and representation of these global climate models’ 
processes are essential to improving future climate predictions. It requires intensive 
observations of the Arctic atmosphere over the oceans with specialised (ice breaker) 
vessel support.

Similarly, sea ice provides the interface between atmosphere and water, and it is 
one of the essential components of the system. Inadequate spatiotemporal observa-
tions limit our ability to describe the variability, change, and extremes of the polar 
region environment. Records of past environmental conditions, retrieved from paleo-
archives such as ice cores or sediments, provide clues to nature’s response to climate 
change force. Still, these too are incomplete, especially in terms of spatial coverage.

The Arctic Basin plays a pivotal role in the global carbon balance. Nonetheless, 
the mechanism by which this carbon is transported from the Arctic continental shelf 
to the deep basin is yet to be adequately understood.

The apparent changes are occurring in the intricate balance between Pacific’s and 
Atlantic’s waters. These may bring out a subtle change in the thermohaline profile 
features because the heat and salt balance prevents melting of surface ice.

The tectonics of ocean gateways, which allow passage of warm and cold cur-
rents between oceans, is useful for understanding climate changes in the Arctic 
region. India takes the honour to have a separate ministry dealing with the Earth 
System Sciences under which the entire gamut of polar science and logistics falls. 
Having acute concern on the global climate change issues and the significance both 
poles carry in a deeper understanding of the climate change system holistically, 
India opted to adopt a bipolar scientific approach by venturing into Arctic Science. 
The rich scientific and logistics experience gained through a glorified and mean-
ingful journey of launching more than 40 annual scientific expeditions to the icy 
continent ‘Antarctica’ was an ambitious plan to launch unique scientific expedi-
tions to the Arctic region addressing diversified climate-related issues apart from 
many other scientific objectives to be accomplished through Arctic Science. As a 
humble beginning, India deputed an exploratory team to visit the Arctic and estab-
lish tie-ups with the Norwegian colleagues as the site identified for India was the 
Norwegian territorial region. Having fruitful, supportive and healthy linkages with 
the Norway, India was initially allowed to use Norway’s International Research 
Facilities at Ny-Ålesund, Svalbard. And a full-fledged Indian Arctic Research base 
namely ‘Himadri’ was finally set up in 2008 at Ny-Ålesund amidst the research 
bases of other participating countries. During this period,  Indian researchers visited 
the Arctic a number of times in a year and conducted their exceptional dedicated 
experimentation to obtain observational data. Many significant studies have been 
undertaken by Indian Climate Scientists focusing on the Arctic Climate changes 
and their global relevance including Indian tropical climates, specialising in the 
Indian Summer Monsoon (ISM).

This book titled Climate Change in the Arctic: An Indian Perspective highlights 
some of the most exciting Arctic research conducted by Indian scientists ever since 
India entered the Arctic Science foray. Indian polar researchers have contributed to 
a wide range of disciplines, in a bid to get an insight into the essential information 
about Earth’s systems and how they operate. Nevertheless, the research conducted by 
Indian scientists addressing various facets of the climate change occurring over the 
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Arctic region has exclusively been collated in 15 chapters to put forth Arctic climate 
changes through an Indian perspective.

Accordingly, Khare introduces the theme in the first chapter highlighting the over-
all climate change assessment over the Arctic through the Indian Polar Programme. 
Under Arctic Atmosphere Weather and Climate Change theme, Maheskumar and 
Sunitha Devi discuss in detail the Arctic weather and climate patterns, Gwal et al. 
investigate GPS-derived total electron content (TEC) and Scintillation Index for the 
Arctic and Antarctic Stations, and Sonbawne et al. monitor the atmospheric aerosols 
to help assess their sources and effects on Arctic climate.

To get an insight into the signatures of climate change through sediments, Singh 
et al. concentrate on the sedimentary parameters of the Arctic region in space and 
time to reconstruct past climatic conditions. On the contrary, Choudhary et al. have 
identified biogenic silica as an indicator of paleo productivity in lacustrine sediments 
of Svalbard, Arctic. They provide a comprehensive review of the studies that dealt 
with the biogenic silica over the Arctic region. Tiwari and Megan Da Lima Leitao 
touch upon the critical role of persistent organic pollutants and mercury in the Arctic 
environment. Also, they discuss about the indirect impact of these pollutants on cli-
mate change. Besides, Gopikrishna et al. studied the fjord sediments for their con-
tamination and Implications for the Arctic Climate changes.

The impact of climate change on Arctic life has been assessed by Hatha and 
Krishnan who reported non-polar isolates in the Arctic fjords and Tundra and 
pointed out a warming trend in the Arctic environment. Simultaneously, Jasmine 
Purushothaman et al. concentrate on the Mesozooplankton community structure in 
Kongsfjorden, the Arctic, and assess impacts of climate changes through space and 
time. On the contrary, Aswathy Shaji and Anu Gopinath characterise the humic 
acids isolated from diverse Arctic environments.

The most critical aspect of the great potential Arctic microbes possess for phar-
maceutical purposes lies in the biotechnological processes which have various char-
acteristics. Such aspects have been detailed by Dubey and Babel. Interestingly, 
bio-optical characteristics in relation to phytoplankton composition and productivity 
in the Arctic fjord ecosystem have been highlighted by Tripathy.

In the Polar Regions, the present-day Circum-Arctic region comprises a variety of 
tectonic settings due to varied geophysical conditions: from active seafloor spread-
ing in the North Atlantic and Eurasian Basin, and subduction in the North Pacific, 
to long-lived stable continental platforms in North America and Asia. A detailed 
account on the recent advances in seismo-geophysical studies conducted so far for 
the Arctic region in different tectonic environs has been provided by Mishra et al. 
in a bid to understand the efficacies of various geophysical and seismological tools.

On the contrary, Luis and Roy have addressed the impact of climate change on 
sea ice. They have studied the decadal Arctic Sea-Ice Variability to observe the pat-
tern and its implication to climate change.

As Arctic Science advances, more and more challenging scientific questions 
will require sustained and continuous observations and measurements in the Arctic 
regions. It will help us understand the evolution of northern climates. Prediction of 
future changes can be based only on a full understanding of the Arctic and Antarctic 
systems.



xiv Preface

This book collates recent scientific findings and sights related to the ongoing cli-
mate change in and around the Arctic region from the Indian perspective. This book 
will help satisfy the curiosity; usually, young minds carry. These youngsters and 
budding researchers will get an insight into the ongoing climate changes taking place 
over the Arctic region.

Neloy Khare
Date: June 2021

Place: New Delhi
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Climate Change 
Assessment over 
the Arctic Region
Initiatives through Indian 
Polar Programme

Neloy Khare
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The Arctic Ocean, surrounding the North Pole, which consists of a large ocean sur-
rounded by land, is like no other ocean on earth because of its unique location and 
climate. It is the region above the Arctic Circle (at approximately 66° 34′N). The sun 
does not set on the summer solstice and does not rise on the winter solstice above 
the Arctic Circle.
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2 Climate Change in the Arctic

The industrial revolution produced an excess of carbon dioxide and other green-
house gas emissions. The rising temperatures in the Polar regions result in the 
rapid melting of the glaciers. The glaciers are diminishing from the land, calving 
off into the sea (http://www.sciencemag.org/news/2013/08/scienceshot). The impact 
of changing climate over the Arctic region is reflected in the Arctic amplification 
and reflected by the Arctic Ocean’s shrinking sea ice cover in summer. Decrease in 
the snow cover over land in the Arctic, especially in spring, and glaciers in Alaska, 
Greenland and northern Canada is retreating. The permafrost, also known as the fro-
zen ground in the Arctic, is thawing due to warming. Scientists began gathering evi-
dence of changes in Arctic climate since the 1980s, which have become much more 
pronounced. The Arctic is experiencing unprecedented extremes in sea ice, tem-
perature and precipitation, which remained unreported in the historical records and 
emerged as an enigma of climate mystery. Indubitably global warming has severely 
impacted the Arctic’s climate, with many strange climatic events such as witnessing 
a rainy season almost equal to India’s and up to 10 months without snow.

Since the late 1970s, the sea ice in the Arctic has decreased dramatically. 
According to National Snow and Ice Data Center, the Arctic summer sea ice extent 
in September 2012 was a record low, shown (in white) compared to the median sum-
mer sea ice extent for 1979–2000 (shown in orange) (Figure 1.1).

Climate change is a reality and has exhibited dramatic patterns across the Arctic 
(The National Oceanic and Atmospheric Administration (NOAA) and its partners –  
Annual Arctic Report Card – 2019). Some salient findings of this report (https:// 
arctic.noaa.gov/Report-Card/Report-Card-2019) are enumerated below:

• The average annual surface air temperature in the Arctic from October 2018 
through August 2019 was the second warmest in the observational record. 
Satellite recorded the second-lowest Arctic sea ice extent in 2019.

FIGURE 1.1 The Arctic summer sea ice extent measured in 2012 (white outline) compared 
with the observed changes from 1979 to 2000 (orange outline). In 2013, the Arctic summer 
sea ice extent rebounded somewhat but was still the sixth smallest extent on record. (Source: 
National Snow and Ice Data Center)

http://www.sciencemag.org
http://arctic.noaa.gov
http://arctic.noaa.gov
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• The Bering Sea saw record low winter sea ice in 2018 and 2019.
• Birds are being affected, including the breeding population of ivory gull in 

the Canadian Arctic falling 70% since the 1980s.
• Greenland’s ice sheet also experienced rapid melting in 2019, beginning 

earlier than usual and reaching 95% of the surface.

Arctic’s climate changes are significant because the Arctic acts as a barometer of 
global climate change. Such ongoing changes in the Arctic climate harm the food 
chain, including phytoplankton and many marine mammals. It includes seals, wal-
rus, whales, and polar bears. Well-known feedback mechanism acting in the Arctic 
region may lead to further warming. The Arctic amplified response to global warm-
ing is the repercussion of global temperature rise. Consequently, Greenland’s ice 
sheet is shrinking drastically at an alarming rate (http://news.uga.edu/releases/article/
study-2015-melting-greenland-ice-faster-arctic-warming-0616/, Tedesco et al. 2016).

1.1  FEEDBACK MECHANISM AND ARCTIC AMPLIFICATION

Due to sea ice melting in summer, dark open water areas are exposed, absorbing 
more heat from the sun (Figure 1.2). More ice melts due to excess heat. The sea ice’s 
loss is one of the Arctic amplification drivers (Figure 1.3) (Slivka 2012; Goldenberg 
2012). Permafrost may also play a role in positive feedbacks. As the thawing of per-
mafrost starts, plants and animals frozen in the ground begin to decay. Their decom-
position releases carbon dioxide and methane back to the atmosphere. It can further 
induce warming. The shifting Arctic vegetation also affects the surface brightness 
and adds up to warming. More water vapour is held up due to more warming of the 

FIGURE 1.2 Feedback mechanism at the Arctic.

http://news.uga.edu
http://news.uga.edu
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Arctic atmosphere, which is an important greenhouse gas (Slivka 2012; Goldenberg 
2012). In the Arctic, warming is causing further warming in the following manner.

There is no doubt that global warming tends to increase temperatures in the 
Arctic. It tends to melt ice, decreasing the area covered by sea ice and expanding the 
scope of darker exposed ocean, which tends to reduce sunlight reflection, as ice is 
far more reflective than the newly exposed Ocean. It tends to increase the sunlight 
that is absorbed by the sea. It tends to add to global warming, and the cycle repeats.

Other feedbacks from the loss of Arctic Ocean ice, ranging from a possible slow-
down of the so-called “global ocean conveyor belt” to significant shifts in the north-
ern hemisphere’s jet stream, could also have severe climatic impacts.  

The main consequences of global warming on the Arctic are the increase in 
temperatures (air and sea), loss of sea ice and melting of the Greenland ice sheet 
with a related cold temperature anomaly, observed since the 1970s (Foster 2012; 
Slivka 2012; Goldenberg 2012). Ongoing climate change over the Arctic region is 
also expected to impact ocean circulation changes, increased input of freshwater 
(Graeter 2018; Rabe et al. 2011) and ocean acidification (Qi et al. 2017), potential 
methane releases through the thawing of permafrost and methane clathrates (Schuur 
et al. 2015).

It has also been postulated that due to the potential climate teleconnections to 
mid-latitudes, these regions are expected to witness a greater frequency of extreme 
weather events (flooding, fires and drought) (Cohen et al. 2014). It will lead to ecolog-
ical, biological and phenological changes. Other factors include physical migrations 
and extinctions (Grebmeier 2012), natural resource stresses, human health, displace-
ment and security issues.

FIGURE 1.3 Arctic amplification.
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1.2  INDIA AND THE ARCTIC

India’s engagement with the Arctic dates back to a century. It was in 1920 when 
British overseas Dominions signed the Treaty with other signatories like the US, 
Denmark, France, Italy, Japan, the Netherlands, Norway, Great Britain, Ireland and 
Sweden concerning Spitsbergen’s ‘Svalbard Treaty’ in February 1920 in Paris.

India has been closely following the Arctic region’s developments in the backdrop 
of the emerging opportunities and challenges due to the global warming-induced 
melting of the Arctic ice cap. Science, environment, commerce and strategy are the 
main concerns of India in the Arctic region.

India paved its way in the Arctic by launching a research programme in 2007 to 
thrust on climate change in the circumpolar north. The primary objectives of the 
Indian research in Arctic region are as follows:

 1. To study the hypothesised teleconnections between the Arctic climate and 
the Indian monsoon by analysing records archived in the sediment and ice 
cores from the Arctic glaciers and the Arctic Ocean.

 2. To characterise sea ice in the Arctic using satellite data to estimate the effect 
of global warming on the northern Polar region.

 3. To research Arctic glaciers’ dynamics and mass budget focusing on the 
impact of melting glaciers towards sea level changes.

 4. To assess the Arctic flora and fauna vis-à-vis their response to anthropo-
genic activities. Besides, a bi-polar comparison is proposed to be under-
taken in life forms.

India launched its first scientific expedition to the Arctic Ocean in 2007. A research 
base named “Himadri” was established at Ny-Ålesund, Svalbard, Norway, in July 
2008 for researching disciplines like glaciology, atmospheric sciences and biologi-
cal sciences. The area used for the Indian research base is the International Arctic 
Research Base at Svalbard. A Memorandum of Understanding (MOU) has also 
been signed with the Norwegian Polar Research Institute of Norway, for coopera-
tion in science, as even with Kings Bay (a company of the Norwegian Government) 
Ny-Ålesund. It provides logistics and infrastructure facilities for undertaking Arctic 
research and maintaining the Indian research base ‘Himadri’ in the Arctic region.

Several scientists from various national institutions have participated in our Arctic 
programme. India became a member of the Council of the International Arctic 
Science Committee (IASC) in 2012. India’s claim for Observer Status received atten-
tion in 2012 with widespread support from all member countries. In recognition 
of India’s commitment and sustained interest in Arctic science, during the Eighth 
Biennial meeting of the Arctic Council held in Kiruna, Norway on 1 May 2013, under 
Sweden’s Chairmanship, India was provided Observer Status to the Arctic Council.

1.3  BLACK CARBON

In contrast to most atmospheric aerosols, black carbon (BC) aerosols are good 
candidates for absorbing solar radiation. Due to such absorption, a warming effect 
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on the planet is perceived. On the contrary, other aerosols such as sulphate aero-
sols provide the cooling effect due to scattering. BC aerosols play a critical role 
in affecting the climate system by changing and heating the clouds (semi-direct 
effect) or acting as cloud condensation nuclei (indirect effect). BC aerosols have 
emerged as third among the most extensive human-generated causes. CO2 and CH4, 
having a present-day radiative forcing of ~0.40 W/m2 which is ~25% more of the 
pre-industrial period (Fifth Assessment Report of the Intergovernmental Panel on 
Climate Change 2014).

Despite its importance, only a few modelling studies have addressed BC aerosols’ 
effectiveness in warming the planet relative to CO2 forcing (e.g. Roberts and Jones 
2004; Cook and Highwood 2004; Hansen et al. 2005; Stjern et al. 2017; Smith et al. 
2018). The results indicate that the BC aerosols are less effective in warming the 
earth than CO2 (Yoshimori and Broccoli 2008). The concept of ‘efficacy’ to measure 
forcing agents’ effectiveness was introduced by Hansen et al. (2005). The efficacy 
of BC aerosols emitted by burning of fossil fuel and biomass was 0.930 and 0.80, 
respectively, when effective radiative forcing (ERF) definition is used to estimate 
the radiative forcing (Hansen et al. 2005). This cloud enhancement in the lower tro-
posphere dramatically reduces the direct warming effect of the BC aerosols. Stjern 
et al. (2017) found that multi-model median efficacy of the BC aerosols is less than 
one (0.80).

The decrease in efficacy with BC aerosols’ altitude has been found in some recent 
studies (Ban-Weiss et al. 2012; Samset and Myhre 2015). Ban-Weiss et al. (2012) 
showed that near-surface BC aerosols cause warming. On the contrary, when BC 
aerosols are at heights, the varying climate response from BC aerosols at different 
sizes arises primarily due to various fast climate adjustments. These are defined as 
the climate response before any change in the average surface temperature globally 
(Bala et al. 2010; Ban-Weiss et al. 2012). BC warms the surface through diabatic 
heating. At heights in increased longwave radiation without heating the body, the 
absorbed solar radiation is lost to space. We note that the efficacy decreases with 
the size of BC aerosols. BC aerosols’ efficiency to exert more significant radiative 
forcing due to the direct aerosol effect strengthens with altitude (Samset and Myhre 
2011, 2015).

Because of the above, it may be postulated that the in-modulating Arctic Climate 
BC aerosols play an influential role in further strengthening the feedback mecha-
nism, leading to Arctic amplification, and therefore a detailed investigation on this 
aspect must be made.

The consequences of the impact of rapid changes in the Arctic region go beyond 
the coastal states. To respond to such challenges warrants the active participation of 
all those actors who have a stake in global commons’ governance. It requires a legiti-
mate and credible mechanism. The interplay between science and policy can signifi-
cantly contribute to addressing the complex issues facing the Arctic. India, which has 
significant expertise in polar research matters due to its long experience of launch-
ing annual scientific expeditions to the Antarctic and association with the Antarctic 
Treaty System, can play a constructive role in securing an influential position in 
Arctic affairs. As a permanent observer in the Arctic Council, India is committed to 
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contributing to evolve and strengthen the effective cooperative partnerships that can 
contribute to a safe, stable and secure Arctic.

The warming of the Arctic region has recently gained worldwide attention due 
to its projected impacts on the global climate system. The effect of anthropogenic 
BC aerosol on snow is of enduring interest due to its role in aerosol radiative forcing 
(ARF) and further consequences for the Arctic and global climate changes. Having 
demonstrated its sincere pursuit of Arctic science ever since the Indian research base 
is set up at Ny-Ålesund (Svalbard), India has been continuously generating data on 
BC aerosol over the Arctic region. MoES-Indian Institute of Tropical Meteorology 
(IITM), Pune (India), participated in the Arctic expedition to study BC over the 
Himadri research base, Ny-Ålesund. Similarly, CSIR-National Physical Laboratory, 
New Delhi (India), participated in the Arctic expedition to measure the concentration 
of carbon monoxide (CO) over the Arctic region to compare it with the CO concen-
tration in the Antarctic area. We discuss here briefly some of the Indian contributions 
to the assessment of BC and CO in a bid to help understand Arctic climate change 
and associated amplification vis-à-vis its teleconnection with the tropical countries 
like India.

1.4  ASSESSMENT OF BLACK CARBON AEROSOLS AND 
SOLAR RADIATION OVER HIMADRI, NY-ÅLESUND

India ventured into assessing the BC and measuring solar spectral at ‘Indian Arctic 
Station, Himadri’, Ny-Ålesund, during 2011–2014. The contribution from long-range 
transport of pollutants from far-away places is found to dominate the local sources 
such as emissions from shipping and power plants to the annual cycle with maximum 
BC mass concentration during winter/early-spring season and minimum during the 
summer season. Moreover, higher BC concentrations were observed during 2012 as 
compared to other years during the study period. The aerosol optical depth’s (AOD) 
spectral variations observed during the summer months indicate an immense contri-
bution of fine-mode aerosol particles to the BC mass concentration, particularly dur-
ing 2012. Further, the zenith skylight spectra in the spectral range of 200–1100 nm 
indicate maximum particle scattered intensity around 500 nm (Dr. S.M. Sonbawne, 
personal communication). These results play a vital role in the earth-atmosphere 
radiation balance and hence exhibit profound influence on regional and global cli-
mate changes (Stohl et al. 2013).

Raju et al. (2011) attempted to study the BC radiative forcing over the Indian 
Arctic Station, Himadri, during the Arctic summer of 2012 by using an aetha-
lometer. Measurements of BC aerosols were carried out continuously over the 
Indian Arctic Station, Himadri, during the Arctic summer (23 July to 19 August) 
of 2012. The monthly mean BC mass concentration during July and August was 
0.093 ± 0.046 and 0.069 ± 0.050 μg/m3, respectively. BC mass concentration 
showed maximum loading during 0800–1600 LT. Transport from distant sources 
(as observed from air mass back trajectories) apart from some local anthropogenic 
activities (emissions from shipping and power plants) could be the possible sources 
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for the observed BC concentration at Himadri. Using the OPAC and SBDART mod-
els, optical properties and ARF in the spectral range of 0.2–4 μm for composite 
aerosol and without-BC aerosol at the top of the atmosphere, surface and atmo-
sphere were computed. The presence of BC resulted in positive radiative forcing 
in the atmosphere leading to a warming effect (+2.1 W/m2), whereas cooling was 
observed at the top of the atmosphere (−0.4 W/m2) and surface (−2.5 W/m2). BC 
formed about 57% of atmospheric ARF.

1.5  PRODUCTION OF CARBON MONOXIDE FROM ICE PACKS

Carbon monoxide is the most critical atmospheric gas which is produced due to the 
combustion of fossil fuel. It is also produced in large amounts by industries and 
motor vehicles. Carbon monoxide is a poisonous gas that has a short composition 
in the atmosphere. The hydroxyl radical (OH) gets combined with it chemically and 
converts it into non-poisonous material. It helps in monitoring the quantity of the 
hydroxyl compound. Hydroxyl being an oxidiser controls the composition of many 
greenhouse gases of the atmosphere. Recent studies show that carbon monoxide is 
continuously produced and liberated in large amounts in glacier areas. Indian sci-
entists also conducted experiments related to carbon monoxide at Indian Research 
Centre, Maitri, situated in Antarctic Islands. With the help of various experiments, 
they know about the regular production cycle of carbon monoxide because of reg-
ular consideration of solar actinic rays. Consequently, scientists realised that car-
bon monoxide production is due to a photochemical reaction in Antarctic glaciers  
(Dr B.C. Arya, personal communication).

It is considered that some organic materials, like formaldehyde (HCHO), that 
are entrapped in ice crystals are decomposed through photochemical reactions and 
produced CO. Carbon monoxide, oxygen, nitrogen oxide analyser, solar photometer, 
portable climate centre, pyrometer, etc. are the main instruments on which experi-
ments are generally conducted in Polar regions.

Indian scientists performed various experiments to produce carbon monoxide 
from snowpacks and came to know about the regular alterability in carbon monoxide 
production in Ny-Ålesund in 2008, especially in March and August. Despite all, 
Indian scientists  also measured the concentration of BC, the size, distribution and 
composition of aerosols, and the amount of water vapour in the atmospheric air of 
Ny-Ålesund. In the summer of 2008, ozone analyser was used to measure surface 
ozone concentration (Dr B.C. Arya, personal communication).

Lucknow University, Lucknow, Birbal Sahni Institute of Paleosciences, Luck-
now, Jawahar Lal Nehru University, New Delhi, Indian Institute of Technology, 
Kharagpur, Wadia Institute of Himalayan Geology, Dehradun, and MoES-
National Centre for Polar and Ocean Research, Goa, among many others, have 
participated in the research and contributed to the understanding of climate 
change in the Arctic regions and its global impacts. Some of the significant 
Indian initiatives to address climate change issues impacting Arctic regions are 
detailed below.
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1.6  CLIMATE CHANGE AND ARCTIC GLACIERS

Many changes of glaciers of the Arctic have been noticed in previous years. Indian 
scientists have also shown much interest to get information related to these changes 
in glaciers. They have studied West Craig, Borger, and Mindralavan Glaciers in this 
reference.

1.7  GEOMORPHOLOGY AND SEDIMENTOLOGY 
OF DIVERSIFIED MORPHOLOGICAL ZONES OF 
GLACIATED TERRAIN OF THE NY-ÅLESUND

Diversified surface processes of the Ny-Ålesund region carve the landscape and 
exhibit distinguished Arctic’s landforms. Many studies are done on climate change 
using various proxies. Yet, meagre attention has been paid to geomorphological and 
sedimentological parameters. Sediment characteristics, AMS14C dates and geomor-
phic features have been used to reconstruct paleoclimate. Based on the landforms 
and sediments, this region has been classified into five morphological zones: glacial 
(moraines GL), proglacial (lacustrine deposits LD), outwash plain (sand deposits 
OWP), fluvial deposits (FD) and coastal cliff (CC). The glacial moraines (GL) suggest 
devoid of any sedimentary structures and coarse-grained, matrix-supported boulders, 
and it is composed of unconsolidated, unstratified, massive.

In contrast, OWP, LD, FD and CC are semi-consolidated, stratified, fine-grained 
layers of sand, silt, and clay with gravels and faint sedimentary structures. CC’s and 
LD’s sediments are very poorly sorted, very positively skewed and very leptokurtic, 
and is comprised of medium to fine sand, silt and clay. The sediment characteristics 
of various morphological zones’ geomorphic features explain that this region was 
carved and dominated by glaciers (Prof. D.S. Singh, personal communication).

The poorly sorted sediments of all the geomorphological zones explain the deposi-
tional environment’s fluctuating energy, especially under warm climate at interglacial 
stages during 44, 27, 12, 10.5 ka BP. It may be inferred that the prevailing environment 
was not consistent and persistent for an extended period (Schuur et al. 2015).

1.8  QUARTZ GRAIN MICROTEXTURE AND MAGNETIC 
SUSCEPTIBILITY ASSESSMENT OF THE NY-ÅLESUND REGION

The quartz grain microtexture reveals predominant glacial activities in the top 
40 cm of the section, while the middle 40–55 cm part represents some aeo-
lian activities along with glacial signatures. The bottommost part, in addition 
to glacial markers, exhibits some aqueous evidence as well. The lithology shows 
medium-grained sand in the upper leg and coarse-grained sand with occasional 
shell pieces in the lower leg. Angular gravels (2–12 mm) are present throughout 
with increasing size from top to bottom. Based on the above observations and 14C 
AMS dates, it can be summarised that after the Last Glacial Maximum (LGM), 
the pre-Holocene period shows rapid glacial retreat, followed by a warmer period 
during the early Holocene. Mid- and late Holocene is marked by a predominantly 
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glacial environment characterised by meltwater streams originating from the gla-
ciers and flowing into the fjord. Magnetic susceptibility studies have also been 
attempted. Four alternate stages of colder and warmer phases have been established  
(Dr R. Kar, personal communication). Though some similarities among the different 
climatic phases are discernible between the quartz grain microtexture and magnetic 
susceptibility studies, they are not entirely compatible, probably due to their differ-
ent responses to the climatic variations (http://www.sciencemag.org/news/2013/08/
scienceshot-arctic-warming-twice-fast-rest-world).

Indubitably, the sea ice is frozen ocean water that grows and melts in the ocean. 
On the contrary, icebergs, glaciers and ice shelves float in the sea, having originated 
on the land. Sea ice is typically covered with snow, and Arctic sea ice keeps the Polar 
regions cool. It also helps modulate and control the global climate. Having a bright 
surface, 80% of the sunlight that strikes sea ice gets reflected into space. As sea ice 
melts in the summer, it exposes the dark ocean surface. Therefore, instead of reflect-
ing 80% of the sunlight, the ocean absorbs 90% of the sunlight. Thus, the oceans heat 
up, and Arctic temperatures rise further.

A slight rise in temperature at the poles leads to still more significant warming 
over time, thus making the Polar regions the most sensitive areas to a subtle change in 
earth’s climates. Accordingly, both the thickness and extent of the Arctic’s summer 
sea ice have shown a dramatic decline over the past 30 years, consistent with obser-
vations of a warming Arctic. The loss of sea ice can also accelerate global warming 
trends and change climate patterns.

Sea ice extent is a measurement of ocean area where there is at least some sea ice. 
Usually, scientists define a minimum concentration threshold to mark the ice edge; 
the most common cut-off is 15%.

The Arctic sea ice extent is focused more closely than other aspects of sea ice 
because satellites measure the volume more accurately than other measurements, such 
as thickness. The Arctic’s sea ice minimum is considered when the Arctic’s sea ice 
exhibits the lowest areal extent. It occurs at the end of the summer melting season. The 
Arctic sea ice maximum is regarded as the day of the year when Arctic sea ice reaches 
its most considerable areal extent. It occurs at the end of the winter cold season.

1.9  REMOTE SENSING OBSERVATIONS AND MODEL REANALYSIS

Applications of remote sensing techniques and modelling have been applied to assess 
and quantify the Arctic sea ice loss in July–September, with particular attention to 
September on a daily, monthly, annual and decadal basis.

Coincidently, the 12 lowest extents in the satellite era occurred in the last 12 years. 
It is attributed to the impacts of land-ocean warming and the northward heat advection 
into the Arctic Ocean over the past 40 years (1979–2018); actual warming rates have 
been identified in the Arctic Ocean in the last 40 years. The study demonstrates the 
linkages of sea ice dynamics to ice drifting and accelerated melting. It occurs due to 
persistent low pressure and high air-ocean temperatures, supplemented by the coupled 
ocean-atmospheric forcing (http://news.uga.edu/releases/article/study-2015-melting-
greenland-ice-faster-arctic-warming-0616/). The accelerated decline is recorded 
in the Arctic sea ice extent and sea ice concentration over the past four decades.  

http://www.sciencemag.org
http://www.sciencemag.org
http://news.uga.edu
http://news.uga.edu
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The ocean-atmosphere coupled mechanism plays a vital role in the global climate 
change. Sea ice variability and trends were computed using satellite and model 
reanalysis measurements for the whole Arctic and each of its nine regions: (i) Seas 
of Okhotsk and Japan, (ii) the Bering Sea, (iii) Hudson Bay, (iv) the Baffin Bay/
Labrador Sea, (v) Gulf of St. Lawrence, (vi) Greenland Sea, (vii) Kara and Barents 
Seas, (viii) the Arctic Ocean and (ix) Canadian Archipelago. Overall, Arctic sea ice 
declined in all seasons and on a yearly average basis, although the highest and lowest 
negative trends were recorded in summer and winter/spring, respectively. The study 
reveals that the Arctic Ocean, Kara and Barents Seas, the Greenland Sea, and the 
Baffin Bay region are majorly responsible for the total negative sea ice extent trend in 
the Arctic (Dr. Avinash Kumar, personal communication). The study  demonstrated 
the interannual and seasonal variabilities of Arctic sea ice and interactions among the 
atmosphere, ice and ocean (Tedesco et al. 2016).

1.10  ASSESSMENT OF SPATIO-TEMPORAL VARIABILITY 
OF SNOWMELT ACROSS SVALBARD

Indian researchers have monitored snowmelt over the Svalbard region as significant 
changes in the interannual variation of Arctic snow and sea ice are connected to the 
global climate changes using active microwave sensors. These sensors are frequently 
used to detect surface melting because of their sensitivity to the presence of liquid 
water in snow/ice. Data of QuikScat, OSCAT, ASCAT, and OSCAT-2 are used to 
map the annual melt duration and summer melt onset for the Svalbard archipelago. It 
provides one of the most extended and continuous radar backscatter records to esti-
mate snowmelt onset and melt duration on Svalbard spanning from 2000 to 2017. A 
single threshold-based model was used to detect snowmelt timing; the threshold was 
calculated using meteorological data from the human-crewed weather stations. The 
results capture the timing and extent of melt events caused by warm air temperature 
and precipitation because of the influx of moist, mild air from the Norwegian and 
Barents seas. The highest melt duration and earlier melt onset occurred in southern-
most and western Svalbard in response to the influence of the warm west Spitsbergen 
current. Compared to previous studies, we found considerable interannual variability 
and regional differences. Though the record is short, there is an indication of an 
increasing trend in total days of melt duration and earlier summer melt onset date 
possibly linked to the general warming trend (Dr A.J. Luis, personal communica-
tion). Climate indices such as Interdecadal Pacific Oscillation and Pacific Decadal 
Oscillation are well correlated with onset melt and duration across Svalbard. With 
the reported year-after-year decrease in sea ice cover over the Arctic Ocean, the trend 
towards longer snowmelt duration inferred from this study is expected to enhance the 
Arctic amplification (McCarthy 2011).

1.11  ASSESSMENT OF MASS BALANCE OF THE ARCTIC GLACIERS

Prof. A.L. Ramanathan (personal communication) studied the changes in the area 
from 1993 to 2018 and mass balance of Vestre Broggerbreen glacier, Ny-Ålesund, 
Arctic from 2011 to 2017. The glaciated area had decreased from 3.96 km2 in 1993 
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to 3.57 km2 in 2018. Its range varied between 0.011 and 0.02 km2, resulting into a 
total area loss of 0.39 km2 (~10% at 0.016 km2 a-1). A comparatively rapid decrease 
in the glaciated area was found during 1998–2010 (0.02 km2 a-1), whereas less retreat 
rate was found in 1993–1998 (0.011 km2 a-1) and 2010–2018 (0.012 km2 a-1 13). The 
Vestre Broggerbreen glacier’s mass balance was negative throughout the entire study 
period (2011–2018). Mass balance ranged between −0.08 (2013–14) and −1.22 m 
w.e. (2015–2016) with a cumulative mass balance of −4.31 m w.e. (0.016 km2 a-1). A 
strong relationship between mass balance and summer temperature was found with 
R2  = 0.97 at P < 0.05 (Rajmund 2007).

1.12  SCIENTIFIC EXPLORATION OF KONGSFJORDEN

Kongsfjorden, an icy archipelago with a length of about 40 km and a width ranging 
from 5 to 10 km, is a glacial-fjord in the Arctic (Svalbard) which lies in the N-W 
coast of Spitsbergen, the main island of Svalbard. It is a site where warmer waters 
of the Atlantic meet the colder waters of the Arctic. An open fjord without a sill 
is primarily under the influence of the adjacent shelf processes. The Transformed 
Atlantic Water (TWA) from the west Spitsbergen current and the glacier-melt fresh-
water at the inner fjord create intense temperature and salinity gradients along the 
fjord’s length. Southerly winds will result in down-welling at the coast. Such winds 
also hinder the exchange processes that take place between the shelf and the fjord, 
while the northerly winds will move the TWA water below the upper layer towards 
the coast. During summer, the meltwater not only stratifies the upper water column 
but significantly alters the turbidity.

It also impacts the seasonal changes in the biomass of phytoplankton. Thus, any 
altered interaction between the Atlantic water and the (turbid) meltwaters from tidal 
glaciers on a seasonal to interannual timescale is likely to affect the fjord’s aquatic 
ecosystem. The long-term changes in the fjord hydrography and sedimentation will 
affect the benthic ecosystem.

Against the above backdrop of the fjord system’s climate sensitivity, India has 
evolved a multi-institutional programme of long-term monitoring of the Kongsfjorden. 
It was initiated by the deployment of an ocean-atmosphere mooring system along 
regular repeat transects. It was designed to measure seasonal physical, chemical and 
biological parameters to establish a long-term comprehensive data set on physical, 
chemical, biological and atmospheric measurements. The influence of interaction 
between the warm Atlantic water and the cold glacial-melt fresh water and their 
effects on the biological productivity and phytoplankton species composition and 
diversity within the fjord are equally essential to be addressed.

1.13  DEPLOYMENT OF UNDERWATER MOORED 
OBSERVATORY IN THE KONGSFJORDEN FJORD

The Kongsfjorden is a natural laboratory. It is ideal for studying Arctic climate vari-
ability. Scientists predict that the melting of the Arctic glaciers will trigger patterns of 
weather and ocean circulations. Such changes could affect the climate of other parts 
of the world. One of the significant limitations in the logistics has been to reach the 
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location and collect data, especially during the severe Arctic winter. The IndARC 
observatory is an attempt to overcome this lacuna. Data collected by IndARC would 
be used for climate modelling studies to understand the Arctic processes that influ-
ence Indian monsoons. The IndARC, the country’s first underwater moored obser-
vatory deployed in the Kongsfjorden fjord, halfway between Norway and the North 
Pole, represents a significant milestone in India’s scientific endeavours in the Arctic 
region. The engineers and scientists from the MoES-National Centre for Polar and 
Ocean Research (NCPOR), MoES-National Institute of Ocean Technology (NIOT) 
and MoES-Indian National Centre for Ocean Information Services (INCOIS) devel-
oped the IndARC. It was deployed from RV Lance, a research vessel belonging to 
the Norwegian Polar Institute. The observatory is moored and anchored at a depth of 
192 m. It has an array of 10 state-of-the-art oceanographic sensors strategically posi-
tioned at various depths in the water. The sensors were programmed to collect real-
time data on seawater temperature, salinity, ocean currents and other vital parameters 
of the fjord (https://ncpor.res.in/).

The correlation between less and more ice in the Arctic is very close to how the 
monsoon behaves. Just as we know that the El Nino effect (hot ocean temperatures in 
the Equatorial Pacific) is having a global impact on weather patterns, including the 
Indian monsoon, we learn that the Arctic ice also has a significant effect. The Arctic 
precipitation and temperatures from June to October hint at the monsoon likely to 
occur in the coming year. The oscillation in the air creates the western disturbance as 
it moves over ice and snow in the Arctic. If there is less oscillation, the air will have 
less moisture, leading to less rainfall in the monsoons.

1.14  EXPLORING TELECONNECTION BETWEEN ARCTIC 
CLIMATE AND TROPICAL INDIAN MONSOON

The climate change over the Arctic region and North Atlantic shows a mechanistic link 
with the Indian Summer Monsoon (ISM) during the Holocene. The marine and con-
tinental archives of ISM precipitation suggest significant shifts during the Holocene 
aligned with the Arctic climate over multi-time scales. The ISM strengthened during 
the Greenlandian (11.7–8.3 kyr BP), showing variable but overall decreasing precipi-
tation during the Northgrippian (8.3–4.2 kyr BP). Synchronicity exists in palaeocli-
matic records. It could be due to possible age errors and resolution and proxy response 
to the changing climate. During the Meghalayan age (4.2 kyr to recent), the Indian 
subcontinent witnessed a protracted dry event beginning at ~4.2 kyr BP and ended 
at ~3.4 kyr BP. Other significant events of the Meghalayan age include the Medieval 
Climate Anomaly (MCA). The Current Warm Period (CWP) showing a strong ISM, 
interrupted by the Little Ice Age (LIA) – a cold phase with low precipitation in the 
Indian subcontinent (Prof. A.K. Gupta, personal communication). The millennial-
scale variability in the ISM is associated with the Heinrich and Bond events. The 
cooling in the Arctic sea, ice expansion in the North Atlantic and weakening of the 
Atlantic overturning meridional oscillations due to high freshwater flux and ice raft-
ing in the North Atlantic caused weak ISM precipitation over the south and southeast 
Asia (http://www.rivm.nl/en/Documents_and_publications/Common_and_Present/
Newsmessages/2016/Documentary_Sea_Blind_on_Dutch_Television).

https://ncpor.res.in
http://www.rivm.nl
http://www.rivm.nl
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In conclusion, we may submit that India is striving to obtain deep insight into the 
climate changes occurring over the Arctic region as its impacts are expected to influ-
ence Indian climate. Sustained monitoring and observational network shall be an 
added advantage to strengthen our understanding of Arctic climate and its telecon-
nection with Indian monsoons.
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and then continued as an Emeritus Professor.



Prof Bhatia’s contributions to the Indian geology 
cover a vast time span. Foraminifera was his original 

field of specialisation. He is credited with the first 
discovery of the Permian foraminifera in India. Later 

he made important contributions to the study of 
Cretaceous and Paleogene ostracods. His research 
on the Cretaceous sediments aided in determining 

the time of extinction of the dinosaurs and initiation 
of the Deccan Volcanicity. Another important 

input to the Cretaceous was the report of bryozoa 
in the Neelkanth Formation – considered at that 
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contributions made by Prof S. B. Bhatia, however, 
are to the Palaeogene sediments of the Himalaya. 

He studied fauna of the Subathu, Dagshai and 
Siwalik sequences. His findings precisely fixed the 

lower age limit of the Kakara sediments at 56.5 Ma, 
which signifies the time of collision of the Indian and 

Asian Plates. His research on the Subathu and the 
Dagshai formations makes significant contributions 

to the biostratigraphy, event stratigraphy and 
environment of deposition of that time. He put 

India on the world map of Chara studies.

Prof Bhatia had around 250 publications in reputed 
journals. He guided a dozen students for Ph.D. 

degree. He was a highly decorated scientist. In 1958, 
he was appointed as Indian Correspondent of the 
Journal of Micropaleontology. He was a Fellow of 
the prestigious Indian National Science Academy 

and recipient of L. Rama Rao award. Oil and 
Natural Gas Corporation decorated him with a silver 
plaque. He was an excellent teacher with exceptional 
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last peacefully on 1 May 2021. His death 

is a great loss to Indian geology.
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Foreword
Undertaking research in the Polar Regions is complex and challenging. The  sustained 
vitality of polar research is intrinsically linked to the specialised logistics and 
 infrastructural support available, which allows scientists to work in a challenging 
environment. It necessitates strong international cooperation and sharing of resources 
and infrastructural facilities. Ny-Ålesund at Svalbard in the Arctic has emerged as 
a vibrant symbol of international partnership. The Norwegian Government has ably 
guided many non-Arctic countries to research new areas of Arctic Science.

Having achieved a long and resilient experience in Antarctica, India forayed 
into Arctic Science over a decade back and recently joined the Arctic Council as 
an Observer. In collaboration with Norway, India has established its research base 
‘Himadri’ at Ny-Ålesund, the well-known ‘Science village’ in the Arctic. With more 
than a decade’s effort, many exciting findings and results have emerged, especially in 
the science of climate change as evident in the Arctic region. With quality scientific 
output in a short period, India has made its presence strongly felt in Arctic Science 
and has contributed significantly to the knowledge base of Arctic research. Indian 
scientists have attempted to unravel the past and understand the present in order to 
elucidate the future trends on climate change patterns.

The multi-sectoral climate issues associated with Arctic change transcend national 
boundaries. The stakeholders including governments, indigenous communities, civil 
society, policymakers and industry need to be equally concerned. For any adapta-
tion and mitigation efforts, informed decisions on the Arctic must be evidence-based 
and not geopolitically driven. Scientists, therefore, have a cardinal role to play in 
providing insightful data that can be translated to enable policy paradigm and sound 
advisory mechanism on climate change and its impact on the globe.

The Indian efforts made in Arctic climate science must be synthesised so that 
a comprehensive picture could emerge. The present book Climate Change in the 
Arctic: An Indian Perspective is an illustrious effort in this direction, covering a 
wide range of topics addressing various aspects of climate change in the Arctic. As 
changes in the Arctic region will have a profound effect on human life on Earth, there 
is a need for our polity and people including the industry leaders to have up-to-date 
and robust information on the science of Arctic climate change. This book amply 
provides a clear picture of the ongoing global climatic changes, their impacts on the 
Arctic and how the changing Arctic will influence the rest of the world. The message 
conveyed is clear: we must collectively work to reduce our carbon footprint to save 
one of the last frontiers on planet Earth, the Arctic.

Arbinda Mitra
Scientific Secretary

Date: June 2021
Place: New Delhi
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Preface
The Polar Regions are an essential focus of research as unique systems, but they also 
play a pivotal role in global Earth systems. Situated at the northernmost part of Earth, 
the Arctic is a spectacular polar region. It is a unique area among Earth’s ecosystems. 
The unique characteristics and cultures of the Arctic indigenous peoples are an adap-
tive mechanism to cope with the cold and extreme conditions. Historically, the Arctic 
regions’ scientific activity is intimately linked with the post-World War II and the 
subsequent Cold War era’s geopolitical circumstances. It has always been a pristine 
environment owing to least human interventions. For many years, the Arctic region 
was designated as a North ‘dead land’ that was not perceived as a place for living or 
economic activities. However, the situation during the past few decades has changed 
significantly. Now the Arctic is connected to global natural and anthropogenic chemi-
cals via winds, ice movement and marine currents. Global warming has made the 
Arctic region more accessible and desirable. It is a complex region that is experiencing 
unprecedented changes. Based on long-term monitoring, it has been found that the 
Arctic is warming up much faster than expected, essentially due to Arctic amplifica-
tion of the worldwide warming scenario. The Arctic holds the world’s largest remain-
ing oil and gas reserves, an enormous untapped mineral wealth.

A reduction in Arctic summer ice cover has become more intense in recent years, 
culminating in an area of a record low of 3.4 million square kilometres in 2012. Ice 
melting opens a place for new research and economic activities. It allows for explor-
ing the possible amount of natural resources in the Arctic region.

The Arctic’s responses to global change are too sensitive. It may be capable of 
initiating dramatic climatic changes through alterations induced in the oceanic ther-
mohaline circulation by its cold, southward-moving currents or through its effects on 
the global albedo resulting from changes in its total ice cover.

Many scientific disciplines and engineering applications have significantly 
advanced based on the knowledge gained from polar research. Many of the discov-
eries that took place over Polar Regions have provided a critical understanding of 
direct benefit to humanity and served the society. It makes sense that access to the 
polar areas is fundamentally vital from its scientific viewpoints. Evidence continues 
to accumulate that the scientific value of the Arctic warrants significant investment 
for polar research. Sustained efforts must be on to continue and indeed flourish over 
the next several decades.

The Arctic Ocean is primarily surrounded by land and has difficult, terrain and 
adjacent shorelines. The ice and extreme weather conditions make it further chal-
lenging to reach. The logistics constraints make it difficult to conduct research on 
land and coastal areas; thus, such observations tend to be sparse.

Atmospheric processes in the Arctic are distinctive and scientifically significant. 
Among many, the transport and disposition of solar radiation, the formation and 
persistence of clouds, and variability in the atmospheric pressure fields exhibit large-
scale patterns that influence the global climate.
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A more detailed understanding and representation of these global climate models’ 
processes are essential to improving future climate predictions. It requires intensive 
observations of the Arctic atmosphere over the oceans with specialised (ice breaker) 
vessel support.

Similarly, sea ice provides the interface between atmosphere and water, and it is 
one of the essential components of the system. Inadequate spatiotemporal observa-
tions limit our ability to describe the variability, change, and extremes of the polar 
region environment. Records of past environmental conditions, retrieved from paleo-
archives such as ice cores or sediments, provide clues to nature’s response to climate 
change force. Still, these too are incomplete, especially in terms of spatial coverage.

The Arctic Basin plays a pivotal role in the global carbon balance. Nonetheless, 
the mechanism by which this carbon is transported from the Arctic continental shelf 
to the deep basin is yet to be adequately understood.

The apparent changes are occurring in the intricate balance between Pacific’s and 
Atlantic’s waters. These may bring out a subtle change in the thermohaline profile 
features because the heat and salt balance prevents melting of surface ice.

The tectonics of ocean gateways, which allow passage of warm and cold cur-
rents between oceans, is useful for understanding climate changes in the Arctic 
region. India takes the honour to have a separate ministry dealing with the Earth 
System Sciences under which the entire gamut of polar science and logistics falls. 
Having acute concern on the global climate change issues and the significance both 
poles carry in a deeper understanding of the climate change system holistically, 
India opted to adopt a bipolar scientific approach by venturing into Arctic Science. 
The rich scientific and logistics experience gained through a glorified and mean-
ingful journey of launching more than 40 annual scientific expeditions to the icy 
continent ‘Antarctica’ was an ambitious plan to launch unique scientific expedi-
tions to the Arctic region addressing diversified climate-related issues apart from 
many other scientific objectives to be accomplished through Arctic Science. As a 
humble beginning, India deputed an exploratory team to visit the Arctic and estab-
lish tie-ups with the Norwegian colleagues as the site identified for India was the 
Norwegian territorial region. Having fruitful, supportive and healthy linkages with 
the Norway, India was initially allowed to use Norway’s International Research 
Facilities at Ny-Ålesund, Svalbard. And a full-fledged Indian Arctic Research base 
namely ‘Himadri’ was finally set up in 2008 at Ny-Ålesund amidst the research 
bases of other participating countries. During this period,  Indian researchers visited 
the Arctic a number of times in a year and conducted their exceptional dedicated 
experimentation to obtain observational data. Many significant studies have been 
undertaken by Indian Climate Scientists focusing on the Arctic Climate changes 
and their global relevance including Indian tropical climates, specialising in the 
Indian Summer Monsoon (ISM).

This book titled Climate Change in the Arctic: An Indian Perspective highlights 
some of the most exciting Arctic research conducted by Indian scientists ever since 
India entered the Arctic Science foray. Indian polar researchers have contributed to 
a wide range of disciplines, in a bid to get an insight into the essential information 
about Earth’s systems and how they operate. Nevertheless, the research conducted by 
Indian scientists addressing various facets of the climate change occurring over the 
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Arctic region has exclusively been collated in 15 chapters to put forth Arctic climate 
changes through an Indian perspective.

Accordingly, Khare introduces the theme in the first chapter highlighting the over-
all climate change assessment over the Arctic through the Indian Polar Programme. 
Under Arctic Atmosphere Weather and Climate Change theme, Maheskumar and 
Sunitha Devi discuss in detail the Arctic weather and climate patterns, Gwal et al. 
investigate GPS-derived total electron content (TEC) and Scintillation Index for the 
Arctic and Antarctic Stations, and Sonbawne et al. monitor the atmospheric aerosols 
to help assess their sources and effects on Arctic climate.

To get an insight into the signatures of climate change through sediments, Singh 
et al. concentrate on the sedimentary parameters of the Arctic region in space and 
time to reconstruct past climatic conditions. On the contrary, Choudhary et al. have 
identified biogenic silica as an indicator of paleo productivity in lacustrine sediments 
of Svalbard, Arctic. They provide a comprehensive review of the studies that dealt 
with the biogenic silica over the Arctic region. Tiwari and Megan Da Lima Leitao 
touch upon the critical role of persistent organic pollutants and mercury in the Arctic 
environment. Also, they discuss about the indirect impact of these pollutants on cli-
mate change. Besides, Gopikrishna et al. studied the fjord sediments for their con-
tamination and Implications for the Arctic Climate changes.

The impact of climate change on Arctic life has been assessed by Hatha and 
Krishnan who reported non-polar isolates in the Arctic fjords and Tundra and 
pointed out a warming trend in the Arctic environment. Simultaneously, Jasmine 
Purushothaman et al. concentrate on the Mesozooplankton community structure in 
Kongsfjorden, the Arctic, and assess impacts of climate changes through space and 
time. On the contrary, Aswathy Shaji and Anu Gopinath characterise the humic 
acids isolated from diverse Arctic environments.

The most critical aspect of the great potential Arctic microbes possess for phar-
maceutical purposes lies in the biotechnological processes which have various char-
acteristics. Such aspects have been detailed by Dubey and Babel. Interestingly, 
bio-optical characteristics in relation to phytoplankton composition and productivity 
in the Arctic fjord ecosystem have been highlighted by Tripathy.

In the Polar Regions, the present-day Circum-Arctic region comprises a variety of 
tectonic settings due to varied geophysical conditions: from active seafloor spread-
ing in the North Atlantic and Eurasian Basin, and subduction in the North Pacific, 
to long-lived stable continental platforms in North America and Asia. A detailed 
account on the recent advances in seismo-geophysical studies conducted so far for 
the Arctic region in different tectonic environs has been provided by Mishra et al. 
in a bid to understand the efficacies of various geophysical and seismological tools.

On the contrary, Luis and Roy have addressed the impact of climate change on 
sea ice. They have studied the decadal Arctic Sea-Ice Variability to observe the pat-
tern and its implication to climate change.

As Arctic Science advances, more and more challenging scientific questions 
will require sustained and continuous observations and measurements in the Arctic 
regions. It will help us understand the evolution of northern climates. Prediction of 
future changes can be based only on a full understanding of the Arctic and Antarctic 
systems.
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This book collates recent scientific findings and sights related to the ongoing cli-
mate change in and around the Arctic region from the Indian perspective. This book 
will help satisfy the curiosity; usually, young minds carry. These youngsters and 
budding researchers will get an insight into the ongoing climate changes taking place 
over the Arctic region.

Neloy Khare
Date: June 2021

Place: New Delhi
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Abbreviation List
A.O. Arctic Ocean
AAS Atomic absorption spectrometry
ABL Atmospheric boundary layer
AMDEs Atmospheric mercury depletion events
AMAP Arctic Monitoring and Assessment Programme
ANOVA Analysis of variance
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ATOS Antarctic Tourism Opportunity Spectrum
BDL Below the detection limit
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CA California
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CG Congeners in the gas phase
CUPs Current-use pesticides
CVAFS Cold vapour atomic fluorescence spectrometry
D.M. Diabetes mellitus
DB_XLB Type of GC column
DB-5 Type of GC column
DBA Dibromoanisole
DCM Dichloromethane
DDC-CO Dechlorane plus
DDE Dichlorodiphenyldichloroethylene
DDT Dichlorodiphenyltrichloroethane
DF Detection frequency
DOC Dissolved organic carbon
DPTE 2,3-Dibromopropyl-2,4,6-tribromophenyl ether
ECD Electron capture detection
EDGARv4.tox2 Emission Database for Global Atmospheric Research v4.tox2
ENV SPE Cartridge Bond Elut-ENV for extraction of polar residues
ESSO Earth System Science Organisation
Et-FOSA N-Ethyl perfluorooctane sulphonamide
Et-FOSEs Ethyl perfluorooctane sulphonamido ethanols
ETHeBB 2-Ethyl-1-hexyl-2,3,4,5-tetrabromobenzoate
EVA Ethylene-vinyl acetate copolymer
FLD Fluorescence detection
FOSAs Perfluorooctane sulphonamides
FTAs Fluorotelomer acrylates
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GEM Gaseous elemental mercury
GFFs or GF/Fs Glass fibre filters
GOM Gaseous oxidized mercury
GRAHM Global/Regional Atmospheric Heavy Metals
HBB  Hexabromobenzene 2,3-dibromopropyl-2,4,6-
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HDPE High-density polypropylene
HFRs Halogenated flame retardants
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HP/H.P. Hewlett Packard
HPLC High-performance liquid chromatography
HS-SPME Headspace solid-phase microextraction
HVS High-volume samplers
HYSPLIT Hybrid Single-Particle Lagrangian Integrated Trajectory
ICP/OES Inductively coupled plasma - optical emission spectrometry
ICP-AES  Inductively coupled plasma atomic emission spectrometry
L/minute Litre per minute
LCCP Long-chain chlorinated paraffins
LDPE Low-density polyethylene
LOD Loss on drying
LRAT Long-range atmospheric transport
LVS Low-volume sampler
MCCP Medium-chain chlorinated paraffins
Me-FBSA N-Methyl perfluorobutane sulphonamide
Me-FBSE N-Methyl perfluorobutane sulphonamidoethanol
Me-FOSA N-Methyl perfluorooctane sulphonamide
Me-FOSEs Methyl perfluorooctane sulphonamido ethanols
MeHg Methylmercury
MEKC Micellar electrokinetic chromatography
merB, hgcA Methylation genes and analogues
Mg/a1 Penetration of light/penetration depth unit
MMHG or MMHg Monomethyl mercury
MoES Ministry of Earth Sciences
MPs Microplastics
MSD Mass spectrometer detector
MSD GC-ECNI-MS  Mass spectrometer detector gas chromatography with 

electron capture negative ion mass spectrometry
NBFRs New/novel brominated flame retardants
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NCPOR National Centre for Polar and Ocean Research
NEEM North Greenland Eemian Ice Drilling
NIC Nippon Instruments Corporation
NILU Norwegian Institute for Air Research
NU Nunavut
OBPs Organo-brominated pesticides
OCPs Organo-chlorinated pesticides
OCS Oxidation of carbonyl sulphide
ODE Ozone depletion events
–OH Hydroxyl functional group
PAD-3 Type of polymer resin cartridge
PAHs Polycyclic aromatic hydrocarbons
PBBz Pentabromobenzene
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PBM Particulate bromine mercury
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SOM Soil organic matter
SPE Solid-phase extraction
SPSS Statistical software
SVOCs Semi-volatile organic compounds
TBA Tribromoanisole
TBPH Bis(2-ethyl-1-hexyl) tetrabromophthalate
TCMX 2,4,5,6-Tetrachloro-m-xylene
TGM Total gaseous mercury
THg  Total mercury
TLC Thin-layer chromatography
TMS Trimethylsilyl
TWP Tyre wear plastics
USEPA United States Environmental Protection Agency
UV Ultraviolet
XAD Adsorbent resin for dioxins and furans



1

Climate Change 
Assessment over 
the Arctic Region
Initiatives through Indian 
Polar Programme

Neloy Khare
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The Arctic Ocean, surrounding the North Pole, which consists of a large ocean sur-
rounded by land, is like no other ocean on earth because of its unique location and 
climate. It is the region above the Arctic Circle (at approximately 66° 34′N). The sun 
does not set on the summer solstice and does not rise on the winter solstice above 
the Arctic Circle.
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2 Climate Change in the Arctic

The industrial revolution produced an excess of carbon dioxide and other green-
house gas emissions. The rising temperatures in the Polar regions result in the 
rapid melting of the glaciers. The glaciers are diminishing from the land, calving 
off into the sea (http://www.sciencemag.org/news/2013/08/scienceshot). The impact 
of changing climate over the Arctic region is reflected in the Arctic amplification 
and reflected by the Arctic Ocean’s shrinking sea ice cover in summer. Decrease in 
the snow cover over land in the Arctic, especially in spring, and glaciers in Alaska, 
Greenland and northern Canada is retreating. The permafrost, also known as the fro-
zen ground in the Arctic, is thawing due to warming. Scientists began gathering evi-
dence of changes in Arctic climate since the 1980s, which have become much more 
pronounced. The Arctic is experiencing unprecedented extremes in sea ice, tem-
perature and precipitation, which remained unreported in the historical records and 
emerged as an enigma of climate mystery. Indubitably global warming has severely 
impacted the Arctic’s climate, with many strange climatic events such as witnessing 
a rainy season almost equal to India’s and up to 10 months without snow.

Since the late 1970s, the sea ice in the Arctic has decreased dramatically. 
According to National Snow and Ice Data Center, the Arctic summer sea ice extent 
in September 2012 was a record low, shown (in white) compared to the median sum-
mer sea ice extent for 1979–2000 (shown in orange) (Figure 1.1).

Climate change is a reality and has exhibited dramatic patterns across the Arctic 
(The National Oceanic and Atmospheric Administration (NOAA) and its partners –  
Annual Arctic Report Card – 2019). Some salient findings of this report (https:// 
arctic.noaa.gov/Report-Card/Report-Card-2019) are enumerated below:

• The average annual surface air temperature in the Arctic from October 2018 
through August 2019 was the second warmest in the observational record. 
Satellite recorded the second-lowest Arctic sea ice extent in 2019.

FIGURE 1.1 The Arctic summer sea ice extent measured in 2012 (white outline) compared 
with the observed changes from 1979 to 2000 (orange outline). In 2013, the Arctic summer 
sea ice extent rebounded somewhat but was still the sixth smallest extent on record. (Source: 
National Snow and Ice Data Center)

http://www.sciencemag.org
http://arctic.noaa.gov
http://arctic.noaa.gov
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• The Bering Sea saw record low winter sea ice in 2018 and 2019.
• Birds are being affected, including the breeding population of ivory gull in 

the Canadian Arctic falling 70% since the 1980s.
• Greenland’s ice sheet also experienced rapid melting in 2019, beginning 

earlier than usual and reaching 95% of the surface.

Arctic’s climate changes are significant because the Arctic acts as a barometer of 
global climate change. Such ongoing changes in the Arctic climate harm the food 
chain, including phytoplankton and many marine mammals. It includes seals, wal-
rus, whales, and polar bears. Well-known feedback mechanism acting in the Arctic 
region may lead to further warming. The Arctic amplified response to global warm-
ing is the repercussion of global temperature rise. Consequently, Greenland’s ice 
sheet is shrinking drastically at an alarming rate (http://news.uga.edu/releases/article/
study-2015-melting-greenland-ice-faster-arctic-warming-0616/, Tedesco et al. 2016).

1.1  FEEDBACK MECHANISM AND ARCTIC AMPLIFICATION

Due to sea ice melting in summer, dark open water areas are exposed, absorbing 
more heat from the sun (Figure 1.2). More ice melts due to excess heat. The sea ice’s 
loss is one of the Arctic amplification drivers (Figure 1.3) (Slivka 2012; Goldenberg 
2012). Permafrost may also play a role in positive feedbacks. As the thawing of per-
mafrost starts, plants and animals frozen in the ground begin to decay. Their decom-
position releases carbon dioxide and methane back to the atmosphere. It can further 
induce warming. The shifting Arctic vegetation also affects the surface brightness 
and adds up to warming. More water vapour is held up due to more warming of the 

FIGURE 1.2 Feedback mechanism at the Arctic.

http://news.uga.edu
http://news.uga.edu
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Arctic atmosphere, which is an important greenhouse gas (Slivka 2012; Goldenberg 
2012). In the Arctic, warming is causing further warming in the following manner.

There is no doubt that global warming tends to increase temperatures in the 
Arctic. It tends to melt ice, decreasing the area covered by sea ice and expanding the 
scope of darker exposed ocean, which tends to reduce sunlight reflection, as ice is 
far more reflective than the newly exposed Ocean. It tends to increase the sunlight 
that is absorbed by the sea. It tends to add to global warming, and the cycle repeats.

Other feedbacks from the loss of Arctic Ocean ice, ranging from a possible slow-
down of the so-called “global ocean conveyor belt” to significant shifts in the north-
ern hemisphere’s jet stream, could also have severe climatic impacts.  

The main consequences of global warming on the Arctic are the increase in 
temperatures (air and sea), loss of sea ice and melting of the Greenland ice sheet 
with a related cold temperature anomaly, observed since the 1970s (Foster 2012; 
Slivka 2012; Goldenberg 2012). Ongoing climate change over the Arctic region is 
also expected to impact ocean circulation changes, increased input of freshwater 
(Graeter 2018; Rabe et al. 2011) and ocean acidification (Qi et al. 2017), potential 
methane releases through the thawing of permafrost and methane clathrates (Schuur 
et al. 2015).

It has also been postulated that due to the potential climate teleconnections to 
mid-latitudes, these regions are expected to witness a greater frequency of extreme 
weather events (flooding, fires and drought) (Cohen et al. 2014). It will lead to ecolog-
ical, biological and phenological changes. Other factors include physical migrations 
and extinctions (Grebmeier 2012), natural resource stresses, human health, displace-
ment and security issues.

FIGURE 1.3 Arctic amplification.
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1.2  INDIA AND THE ARCTIC

India’s engagement with the Arctic dates back to a century. It was in 1920 when 
British overseas Dominions signed the Treaty with other signatories like the US, 
Denmark, France, Italy, Japan, the Netherlands, Norway, Great Britain, Ireland and 
Sweden concerning Spitsbergen’s ‘Svalbard Treaty’ in February 1920 in Paris.

India has been closely following the Arctic region’s developments in the backdrop 
of the emerging opportunities and challenges due to the global warming-induced 
melting of the Arctic ice cap. Science, environment, commerce and strategy are the 
main concerns of India in the Arctic region.

India paved its way in the Arctic by launching a research programme in 2007 to 
thrust on climate change in the circumpolar north. The primary objectives of the 
Indian research in Arctic region are as follows:

 1. To study the hypothesised teleconnections between the Arctic climate and 
the Indian monsoon by analysing records archived in the sediment and ice 
cores from the Arctic glaciers and the Arctic Ocean.

 2. To characterise sea ice in the Arctic using satellite data to estimate the effect 
of global warming on the northern Polar region.

 3. To research Arctic glaciers’ dynamics and mass budget focusing on the 
impact of melting glaciers towards sea level changes.

 4. To assess the Arctic flora and fauna vis-à-vis their response to anthropo-
genic activities. Besides, a bi-polar comparison is proposed to be under-
taken in life forms.

India launched its first scientific expedition to the Arctic Ocean in 2007. A research 
base named “Himadri” was established at Ny-Ålesund, Svalbard, Norway, in July 
2008 for researching disciplines like glaciology, atmospheric sciences and biologi-
cal sciences. The area used for the Indian research base is the International Arctic 
Research Base at Svalbard. A Memorandum of Understanding (MOU) has also 
been signed with the Norwegian Polar Research Institute of Norway, for coopera-
tion in science, as even with Kings Bay (a company of the Norwegian Government) 
Ny-Ålesund. It provides logistics and infrastructure facilities for undertaking Arctic 
research and maintaining the Indian research base ‘Himadri’ in the Arctic region.

Several scientists from various national institutions have participated in our Arctic 
programme. India became a member of the Council of the International Arctic 
Science Committee (IASC) in 2012. India’s claim for Observer Status received atten-
tion in 2012 with widespread support from all member countries. In recognition 
of India’s commitment and sustained interest in Arctic science, during the Eighth 
Biennial meeting of the Arctic Council held in Kiruna, Norway on 1 May 2013, under 
Sweden’s Chairmanship, India was provided Observer Status to the Arctic Council.

1.3  BLACK CARBON

In contrast to most atmospheric aerosols, black carbon (BC) aerosols are good 
candidates for absorbing solar radiation. Due to such absorption, a warming effect 
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on the planet is perceived. On the contrary, other aerosols such as sulphate aero-
sols provide the cooling effect due to scattering. BC aerosols play a critical role 
in affecting the climate system by changing and heating the clouds (semi-direct 
effect) or acting as cloud condensation nuclei (indirect effect). BC aerosols have 
emerged as third among the most extensive human-generated causes. CO2 and CH4, 
having a present-day radiative forcing of ~0.40 W/m2 which is ~25% more of the 
pre-industrial period (Fifth Assessment Report of the Intergovernmental Panel on 
Climate Change 2014).

Despite its importance, only a few modelling studies have addressed BC aerosols’ 
effectiveness in warming the planet relative to CO2 forcing (e.g. Roberts and Jones 
2004; Cook and Highwood 2004; Hansen et al. 2005; Stjern et al. 2017; Smith et al. 
2018). The results indicate that the BC aerosols are less effective in warming the 
earth than CO2 (Yoshimori and Broccoli 2008). The concept of ‘efficacy’ to measure 
forcing agents’ effectiveness was introduced by Hansen et al. (2005). The efficacy 
of BC aerosols emitted by burning of fossil fuel and biomass was 0.930 and 0.80, 
respectively, when effective radiative forcing (ERF) definition is used to estimate 
the radiative forcing (Hansen et al. 2005). This cloud enhancement in the lower tro-
posphere dramatically reduces the direct warming effect of the BC aerosols. Stjern 
et al. (2017) found that multi-model median efficacy of the BC aerosols is less than 
one (0.80).

The decrease in efficacy with BC aerosols’ altitude has been found in some recent 
studies (Ban-Weiss et al. 2012; Samset and Myhre 2015). Ban-Weiss et al. (2012) 
showed that near-surface BC aerosols cause warming. On the contrary, when BC 
aerosols are at heights, the varying climate response from BC aerosols at different 
sizes arises primarily due to various fast climate adjustments. These are defined as 
the climate response before any change in the average surface temperature globally 
(Bala et al. 2010; Ban-Weiss et al. 2012). BC warms the surface through diabatic 
heating. At heights in increased longwave radiation without heating the body, the 
absorbed solar radiation is lost to space. We note that the efficacy decreases with 
the size of BC aerosols. BC aerosols’ efficiency to exert more significant radiative 
forcing due to the direct aerosol effect strengthens with altitude (Samset and Myhre 
2011, 2015).

Because of the above, it may be postulated that the in-modulating Arctic Climate 
BC aerosols play an influential role in further strengthening the feedback mecha-
nism, leading to Arctic amplification, and therefore a detailed investigation on this 
aspect must be made.

The consequences of the impact of rapid changes in the Arctic region go beyond 
the coastal states. To respond to such challenges warrants the active participation of 
all those actors who have a stake in global commons’ governance. It requires a legiti-
mate and credible mechanism. The interplay between science and policy can signifi-
cantly contribute to addressing the complex issues facing the Arctic. India, which has 
significant expertise in polar research matters due to its long experience of launch-
ing annual scientific expeditions to the Antarctic and association with the Antarctic 
Treaty System, can play a constructive role in securing an influential position in 
Arctic affairs. As a permanent observer in the Arctic Council, India is committed to 
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contributing to evolve and strengthen the effective cooperative partnerships that can 
contribute to a safe, stable and secure Arctic.

The warming of the Arctic region has recently gained worldwide attention due 
to its projected impacts on the global climate system. The effect of anthropogenic 
BC aerosol on snow is of enduring interest due to its role in aerosol radiative forcing 
(ARF) and further consequences for the Arctic and global climate changes. Having 
demonstrated its sincere pursuit of Arctic science ever since the Indian research base 
is set up at Ny-Ålesund (Svalbard), India has been continuously generating data on 
BC aerosol over the Arctic region. MoES-Indian Institute of Tropical Meteorology 
(IITM), Pune (India), participated in the Arctic expedition to study BC over the 
Himadri research base, Ny-Ålesund. Similarly, CSIR-National Physical Laboratory, 
New Delhi (India), participated in the Arctic expedition to measure the concentration 
of carbon monoxide (CO) over the Arctic region to compare it with the CO concen-
tration in the Antarctic area. We discuss here briefly some of the Indian contributions 
to the assessment of BC and CO in a bid to help understand Arctic climate change 
and associated amplification vis-à-vis its teleconnection with the tropical countries 
like India.

1.4  ASSESSMENT OF BLACK CARBON AEROSOLS AND 
SOLAR RADIATION OVER HIMADRI, NY-ÅLESUND

India ventured into assessing the BC and measuring solar spectral at ‘Indian Arctic 
Station, Himadri’, Ny-Ålesund, during 2011–2014. The contribution from long-range 
transport of pollutants from far-away places is found to dominate the local sources 
such as emissions from shipping and power plants to the annual cycle with maximum 
BC mass concentration during winter/early-spring season and minimum during the 
summer season. Moreover, higher BC concentrations were observed during 2012 as 
compared to other years during the study period. The aerosol optical depth’s (AOD) 
spectral variations observed during the summer months indicate an immense contri-
bution of fine-mode aerosol particles to the BC mass concentration, particularly dur-
ing 2012. Further, the zenith skylight spectra in the spectral range of 200–1100 nm 
indicate maximum particle scattered intensity around 500 nm (Dr. S.M. Sonbawne, 
personal communication). These results play a vital role in the earth-atmosphere 
radiation balance and hence exhibit profound influence on regional and global cli-
mate changes (Stohl et al. 2013).

Raju et al. (2011) attempted to study the BC radiative forcing over the Indian 
Arctic Station, Himadri, during the Arctic summer of 2012 by using an aetha-
lometer. Measurements of BC aerosols were carried out continuously over the 
Indian Arctic Station, Himadri, during the Arctic summer (23 July to 19 August) 
of 2012. The monthly mean BC mass concentration during July and August was 
0.093 ± 0.046 and 0.069 ± 0.050 μg/m3, respectively. BC mass concentration 
showed maximum loading during 0800–1600 LT. Transport from distant sources 
(as observed from air mass back trajectories) apart from some local anthropogenic 
activities (emissions from shipping and power plants) could be the possible sources 
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for the observed BC concentration at Himadri. Using the OPAC and SBDART mod-
els, optical properties and ARF in the spectral range of 0.2–4 μm for composite 
aerosol and without-BC aerosol at the top of the atmosphere, surface and atmo-
sphere were computed. The presence of BC resulted in positive radiative forcing 
in the atmosphere leading to a warming effect (+2.1 W/m2), whereas cooling was 
observed at the top of the atmosphere (−0.4 W/m2) and surface (−2.5 W/m2). BC 
formed about 57% of atmospheric ARF.

1.5  PRODUCTION OF CARBON MONOXIDE FROM ICE PACKS

Carbon monoxide is the most critical atmospheric gas which is produced due to the 
combustion of fossil fuel. It is also produced in large amounts by industries and 
motor vehicles. Carbon monoxide is a poisonous gas that has a short composition 
in the atmosphere. The hydroxyl radical (OH) gets combined with it chemically and 
converts it into non-poisonous material. It helps in monitoring the quantity of the 
hydroxyl compound. Hydroxyl being an oxidiser controls the composition of many 
greenhouse gases of the atmosphere. Recent studies show that carbon monoxide is 
continuously produced and liberated in large amounts in glacier areas. Indian sci-
entists also conducted experiments related to carbon monoxide at Indian Research 
Centre, Maitri, situated in Antarctic Islands. With the help of various experiments, 
they know about the regular production cycle of carbon monoxide because of reg-
ular consideration of solar actinic rays. Consequently, scientists realised that car-
bon monoxide production is due to a photochemical reaction in Antarctic glaciers  
(Dr B.C. Arya, personal communication).

It is considered that some organic materials, like formaldehyde (HCHO), that 
are entrapped in ice crystals are decomposed through photochemical reactions and 
produced CO. Carbon monoxide, oxygen, nitrogen oxide analyser, solar photometer, 
portable climate centre, pyrometer, etc. are the main instruments on which experi-
ments are generally conducted in Polar regions.

Indian scientists performed various experiments to produce carbon monoxide 
from snowpacks and came to know about the regular alterability in carbon monoxide 
production in Ny-Ålesund in 2008, especially in March and August. Despite all, 
Indian scientists  also measured the concentration of BC, the size, distribution and 
composition of aerosols, and the amount of water vapour in the atmospheric air of 
Ny-Ålesund. In the summer of 2008, ozone analyser was used to measure surface 
ozone concentration (Dr B.C. Arya, personal communication).

Lucknow University, Lucknow, Birbal Sahni Institute of Paleosciences, Luck-
now, Jawahar Lal Nehru University, New Delhi, Indian Institute of Technology, 
Kharagpur, Wadia Institute of Himalayan Geology, Dehradun, and MoES-
National Centre for Polar and Ocean Research, Goa, among many others, have 
participated in the research and contributed to the understanding of climate 
change in the Arctic regions and its global impacts. Some of the significant 
Indian initiatives to address climate change issues impacting Arctic regions are 
detailed below.
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1.6  CLIMATE CHANGE AND ARCTIC GLACIERS

Many changes of glaciers of the Arctic have been noticed in previous years. Indian 
scientists have also shown much interest to get information related to these changes 
in glaciers. They have studied West Craig, Borger, and Mindralavan Glaciers in this 
reference.

1.7  GEOMORPHOLOGY AND SEDIMENTOLOGY 
OF DIVERSIFIED MORPHOLOGICAL ZONES OF 
GLACIATED TERRAIN OF THE NY-ÅLESUND

Diversified surface processes of the Ny-Ålesund region carve the landscape and 
exhibit distinguished Arctic’s landforms. Many studies are done on climate change 
using various proxies. Yet, meagre attention has been paid to geomorphological and 
sedimentological parameters. Sediment characteristics, AMS14C dates and geomor-
phic features have been used to reconstruct paleoclimate. Based on the landforms 
and sediments, this region has been classified into five morphological zones: glacial 
(moraines GL), proglacial (lacustrine deposits LD), outwash plain (sand deposits 
OWP), fluvial deposits (FD) and coastal cliff (CC). The glacial moraines (GL) suggest 
devoid of any sedimentary structures and coarse-grained, matrix-supported boulders, 
and it is composed of unconsolidated, unstratified, massive.

In contrast, OWP, LD, FD and CC are semi-consolidated, stratified, fine-grained 
layers of sand, silt, and clay with gravels and faint sedimentary structures. CC’s and 
LD’s sediments are very poorly sorted, very positively skewed and very leptokurtic, 
and is comprised of medium to fine sand, silt and clay. The sediment characteristics 
of various morphological zones’ geomorphic features explain that this region was 
carved and dominated by glaciers (Prof. D.S. Singh, personal communication).

The poorly sorted sediments of all the geomorphological zones explain the deposi-
tional environment’s fluctuating energy, especially under warm climate at interglacial 
stages during 44, 27, 12, 10.5 ka BP. It may be inferred that the prevailing environment 
was not consistent and persistent for an extended period (Schuur et al. 2015).

1.8  QUARTZ GRAIN MICROTEXTURE AND MAGNETIC 
SUSCEPTIBILITY ASSESSMENT OF THE NY-ÅLESUND REGION

The quartz grain microtexture reveals predominant glacial activities in the top 
40 cm of the section, while the middle 40–55 cm part represents some aeo-
lian activities along with glacial signatures. The bottommost part, in addition 
to glacial markers, exhibits some aqueous evidence as well. The lithology shows 
medium-grained sand in the upper leg and coarse-grained sand with occasional 
shell pieces in the lower leg. Angular gravels (2–12 mm) are present throughout 
with increasing size from top to bottom. Based on the above observations and 14C 
AMS dates, it can be summarised that after the Last Glacial Maximum (LGM), 
the pre-Holocene period shows rapid glacial retreat, followed by a warmer period 
during the early Holocene. Mid- and late Holocene is marked by a predominantly 
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glacial environment characterised by meltwater streams originating from the gla-
ciers and flowing into the fjord. Magnetic susceptibility studies have also been 
attempted. Four alternate stages of colder and warmer phases have been established  
(Dr R. Kar, personal communication). Though some similarities among the different 
climatic phases are discernible between the quartz grain microtexture and magnetic 
susceptibility studies, they are not entirely compatible, probably due to their differ-
ent responses to the climatic variations (http://www.sciencemag.org/news/2013/08/
scienceshot-arctic-warming-twice-fast-rest-world).

Indubitably, the sea ice is frozen ocean water that grows and melts in the ocean. 
On the contrary, icebergs, glaciers and ice shelves float in the sea, having originated 
on the land. Sea ice is typically covered with snow, and Arctic sea ice keeps the Polar 
regions cool. It also helps modulate and control the global climate. Having a bright 
surface, 80% of the sunlight that strikes sea ice gets reflected into space. As sea ice 
melts in the summer, it exposes the dark ocean surface. Therefore, instead of reflect-
ing 80% of the sunlight, the ocean absorbs 90% of the sunlight. Thus, the oceans heat 
up, and Arctic temperatures rise further.

A slight rise in temperature at the poles leads to still more significant warming 
over time, thus making the Polar regions the most sensitive areas to a subtle change in 
earth’s climates. Accordingly, both the thickness and extent of the Arctic’s summer 
sea ice have shown a dramatic decline over the past 30 years, consistent with obser-
vations of a warming Arctic. The loss of sea ice can also accelerate global warming 
trends and change climate patterns.

Sea ice extent is a measurement of ocean area where there is at least some sea ice. 
Usually, scientists define a minimum concentration threshold to mark the ice edge; 
the most common cut-off is 15%.

The Arctic sea ice extent is focused more closely than other aspects of sea ice 
because satellites measure the volume more accurately than other measurements, such 
as thickness. The Arctic’s sea ice minimum is considered when the Arctic’s sea ice 
exhibits the lowest areal extent. It occurs at the end of the summer melting season. The 
Arctic sea ice maximum is regarded as the day of the year when Arctic sea ice reaches 
its most considerable areal extent. It occurs at the end of the winter cold season.

1.9  REMOTE SENSING OBSERVATIONS AND MODEL REANALYSIS

Applications of remote sensing techniques and modelling have been applied to assess 
and quantify the Arctic sea ice loss in July–September, with particular attention to 
September on a daily, monthly, annual and decadal basis.

Coincidently, the 12 lowest extents in the satellite era occurred in the last 12 years. 
It is attributed to the impacts of land-ocean warming and the northward heat advection 
into the Arctic Ocean over the past 40 years (1979–2018); actual warming rates have 
been identified in the Arctic Ocean in the last 40 years. The study demonstrates the 
linkages of sea ice dynamics to ice drifting and accelerated melting. It occurs due to 
persistent low pressure and high air-ocean temperatures, supplemented by the coupled 
ocean-atmospheric forcing (http://news.uga.edu/releases/article/study-2015-melting-
greenland-ice-faster-arctic-warming-0616/). The accelerated decline is recorded 
in the Arctic sea ice extent and sea ice concentration over the past four decades.  

http://www.sciencemag.org
http://www.sciencemag.org
http://news.uga.edu
http://news.uga.edu
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The ocean-atmosphere coupled mechanism plays a vital role in the global climate 
change. Sea ice variability and trends were computed using satellite and model 
reanalysis measurements for the whole Arctic and each of its nine regions: (i) Seas 
of Okhotsk and Japan, (ii) the Bering Sea, (iii) Hudson Bay, (iv) the Baffin Bay/
Labrador Sea, (v) Gulf of St. Lawrence, (vi) Greenland Sea, (vii) Kara and Barents 
Seas, (viii) the Arctic Ocean and (ix) Canadian Archipelago. Overall, Arctic sea ice 
declined in all seasons and on a yearly average basis, although the highest and lowest 
negative trends were recorded in summer and winter/spring, respectively. The study 
reveals that the Arctic Ocean, Kara and Barents Seas, the Greenland Sea, and the 
Baffin Bay region are majorly responsible for the total negative sea ice extent trend in 
the Arctic (Dr. Avinash Kumar, personal communication). The study  demonstrated 
the interannual and seasonal variabilities of Arctic sea ice and interactions among the 
atmosphere, ice and ocean (Tedesco et al. 2016).

1.10  ASSESSMENT OF SPATIO-TEMPORAL VARIABILITY 
OF SNOWMELT ACROSS SVALBARD

Indian researchers have monitored snowmelt over the Svalbard region as significant 
changes in the interannual variation of Arctic snow and sea ice are connected to the 
global climate changes using active microwave sensors. These sensors are frequently 
used to detect surface melting because of their sensitivity to the presence of liquid 
water in snow/ice. Data of QuikScat, OSCAT, ASCAT, and OSCAT-2 are used to 
map the annual melt duration and summer melt onset for the Svalbard archipelago. It 
provides one of the most extended and continuous radar backscatter records to esti-
mate snowmelt onset and melt duration on Svalbard spanning from 2000 to 2017. A 
single threshold-based model was used to detect snowmelt timing; the threshold was 
calculated using meteorological data from the human-crewed weather stations. The 
results capture the timing and extent of melt events caused by warm air temperature 
and precipitation because of the influx of moist, mild air from the Norwegian and 
Barents seas. The highest melt duration and earlier melt onset occurred in southern-
most and western Svalbard in response to the influence of the warm west Spitsbergen 
current. Compared to previous studies, we found considerable interannual variability 
and regional differences. Though the record is short, there is an indication of an 
increasing trend in total days of melt duration and earlier summer melt onset date 
possibly linked to the general warming trend (Dr A.J. Luis, personal communica-
tion). Climate indices such as Interdecadal Pacific Oscillation and Pacific Decadal 
Oscillation are well correlated with onset melt and duration across Svalbard. With 
the reported year-after-year decrease in sea ice cover over the Arctic Ocean, the trend 
towards longer snowmelt duration inferred from this study is expected to enhance the 
Arctic amplification (McCarthy 2011).

1.11  ASSESSMENT OF MASS BALANCE OF THE ARCTIC GLACIERS

Prof. A.L. Ramanathan (personal communication) studied the changes in the area 
from 1993 to 2018 and mass balance of Vestre Broggerbreen glacier, Ny-Ålesund, 
Arctic from 2011 to 2017. The glaciated area had decreased from 3.96 km2 in 1993 
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to 3.57 km2 in 2018. Its range varied between 0.011 and 0.02 km2, resulting into a 
total area loss of 0.39 km2 (~10% at 0.016 km2 a-1). A comparatively rapid decrease 
in the glaciated area was found during 1998–2010 (0.02 km2 a-1), whereas less retreat 
rate was found in 1993–1998 (0.011 km2 a-1) and 2010–2018 (0.012 km2 a-1 13). The 
Vestre Broggerbreen glacier’s mass balance was negative throughout the entire study 
period (2011–2018). Mass balance ranged between −0.08 (2013–14) and −1.22 m 
w.e. (2015–2016) with a cumulative mass balance of −4.31 m w.e. (0.016 km2 a-1). A 
strong relationship between mass balance and summer temperature was found with 
R2  = 0.97 at P < 0.05 (Rajmund 2007).

1.12  SCIENTIFIC EXPLORATION OF KONGSFJORDEN

Kongsfjorden, an icy archipelago with a length of about 40 km and a width ranging 
from 5 to 10 km, is a glacial-fjord in the Arctic (Svalbard) which lies in the N-W 
coast of Spitsbergen, the main island of Svalbard. It is a site where warmer waters 
of the Atlantic meet the colder waters of the Arctic. An open fjord without a sill 
is primarily under the influence of the adjacent shelf processes. The Transformed 
Atlantic Water (TWA) from the west Spitsbergen current and the glacier-melt fresh-
water at the inner fjord create intense temperature and salinity gradients along the 
fjord’s length. Southerly winds will result in down-welling at the coast. Such winds 
also hinder the exchange processes that take place between the shelf and the fjord, 
while the northerly winds will move the TWA water below the upper layer towards 
the coast. During summer, the meltwater not only stratifies the upper water column 
but significantly alters the turbidity.

It also impacts the seasonal changes in the biomass of phytoplankton. Thus, any 
altered interaction between the Atlantic water and the (turbid) meltwaters from tidal 
glaciers on a seasonal to interannual timescale is likely to affect the fjord’s aquatic 
ecosystem. The long-term changes in the fjord hydrography and sedimentation will 
affect the benthic ecosystem.

Against the above backdrop of the fjord system’s climate sensitivity, India has 
evolved a multi-institutional programme of long-term monitoring of the Kongsfjorden. 
It was initiated by the deployment of an ocean-atmosphere mooring system along 
regular repeat transects. It was designed to measure seasonal physical, chemical and 
biological parameters to establish a long-term comprehensive data set on physical, 
chemical, biological and atmospheric measurements. The influence of interaction 
between the warm Atlantic water and the cold glacial-melt fresh water and their 
effects on the biological productivity and phytoplankton species composition and 
diversity within the fjord are equally essential to be addressed.

1.13  DEPLOYMENT OF UNDERWATER MOORED 
OBSERVATORY IN THE KONGSFJORDEN FJORD

The Kongsfjorden is a natural laboratory. It is ideal for studying Arctic climate vari-
ability. Scientists predict that the melting of the Arctic glaciers will trigger patterns of 
weather and ocean circulations. Such changes could affect the climate of other parts 
of the world. One of the significant limitations in the logistics has been to reach the 
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location and collect data, especially during the severe Arctic winter. The IndARC 
observatory is an attempt to overcome this lacuna. Data collected by IndARC would 
be used for climate modelling studies to understand the Arctic processes that influ-
ence Indian monsoons. The IndARC, the country’s first underwater moored obser-
vatory deployed in the Kongsfjorden fjord, halfway between Norway and the North 
Pole, represents a significant milestone in India’s scientific endeavours in the Arctic 
region. The engineers and scientists from the MoES-National Centre for Polar and 
Ocean Research (NCPOR), MoES-National Institute of Ocean Technology (NIOT) 
and MoES-Indian National Centre for Ocean Information Services (INCOIS) devel-
oped the IndARC. It was deployed from RV Lance, a research vessel belonging to 
the Norwegian Polar Institute. The observatory is moored and anchored at a depth of 
192 m. It has an array of 10 state-of-the-art oceanographic sensors strategically posi-
tioned at various depths in the water. The sensors were programmed to collect real-
time data on seawater temperature, salinity, ocean currents and other vital parameters 
of the fjord (https://ncpor.res.in/).

The correlation between less and more ice in the Arctic is very close to how the 
monsoon behaves. Just as we know that the El Nino effect (hot ocean temperatures in 
the Equatorial Pacific) is having a global impact on weather patterns, including the 
Indian monsoon, we learn that the Arctic ice also has a significant effect. The Arctic 
precipitation and temperatures from June to October hint at the monsoon likely to 
occur in the coming year. The oscillation in the air creates the western disturbance as 
it moves over ice and snow in the Arctic. If there is less oscillation, the air will have 
less moisture, leading to less rainfall in the monsoons.

1.14  EXPLORING TELECONNECTION BETWEEN ARCTIC 
CLIMATE AND TROPICAL INDIAN MONSOON

The climate change over the Arctic region and North Atlantic shows a mechanistic link 
with the Indian Summer Monsoon (ISM) during the Holocene. The marine and con-
tinental archives of ISM precipitation suggest significant shifts during the Holocene 
aligned with the Arctic climate over multi-time scales. The ISM strengthened during 
the Greenlandian (11.7–8.3 kyr BP), showing variable but overall decreasing precipi-
tation during the Northgrippian (8.3–4.2 kyr BP). Synchronicity exists in palaeocli-
matic records. It could be due to possible age errors and resolution and proxy response 
to the changing climate. During the Meghalayan age (4.2 kyr to recent), the Indian 
subcontinent witnessed a protracted dry event beginning at ~4.2 kyr BP and ended 
at ~3.4 kyr BP. Other significant events of the Meghalayan age include the Medieval 
Climate Anomaly (MCA). The Current Warm Period (CWP) showing a strong ISM, 
interrupted by the Little Ice Age (LIA) – a cold phase with low precipitation in the 
Indian subcontinent (Prof. A.K. Gupta, personal communication). The millennial-
scale variability in the ISM is associated with the Heinrich and Bond events. The 
cooling in the Arctic sea, ice expansion in the North Atlantic and weakening of the 
Atlantic overturning meridional oscillations due to high freshwater flux and ice raft-
ing in the North Atlantic caused weak ISM precipitation over the south and southeast 
Asia (http://www.rivm.nl/en/Documents_and_publications/Common_and_Present/
Newsmessages/2016/Documentary_Sea_Blind_on_Dutch_Television).

https://ncpor.res.in
http://www.rivm.nl
http://www.rivm.nl
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In conclusion, we may submit that India is striving to obtain deep insight into the 
climate changes occurring over the Arctic region as its impacts are expected to influ-
ence Indian climate. Sustained monitoring and observational network shall be an 
added advantage to strengthen our understanding of Arctic climate and its telecon-
nection with Indian monsoons.
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xxi

There is a growing global concern about environment and sustainable development. The 2030 
Agenda for Sustainable Development was launched in 2015 to end poverty and set the world on a 
path of peace, prosperity and opportunity for all on a healthy planet (UN Sustainable development 
goals 2015). The 17 Sustainable Development Goals (SDGs) demand nothing short of a transfor-
mation of the financial, economic and political systems that govern our societies today to guaran-
tee the human rights of all. They require immense political will and ambitious action by all 
stakeholders. Global efforts to date have been insufficient to deliver the desired to current and 
future generations. Due to COVID-19, globally visible and an unprecedented health emergency, 
economic and social crisis, threatening lives and livelihoods jeopardizing the SDG’s Agenda’s 
promise to the current and future generations.

In this regard an integrated approach of management and restoration of ecosystems is a clear 
global concern. With increasing population explosion and exploitation of natural capital pressure 
on the planet earth is steeply increasing. In the last half century, the world human population has 
doubled, the consumption of natural resources has been multiplied by six, biodiversity has 
drastically decreased and the degradation of many ecosystems and global environmental 
modifications are glaring.

Odum H.T., used the term “ecological engineering” in 1960s, in several publications. Mitsch and 
Jøørgensen highlighted the necessity of ecological engineering in 1989.

Ecology and Ecosystems study is the only scientific field capable of providing the scientific bases 
necessary to implement ecosystem manipulations e.g. to mitigate the effect of global climatic changes. 
Such ecosystem manipulations could potentially have very negative impacts if not well designed.

Conversely, modern scientific ecology needs concrete examples of applied management 
Practitioners, stakeholders, and policy makers for ecosystem engineering are indeed good forcing 
processes to encompass the range of the studied ecological variables in terms of heterogeneity, 
limits and the occurring interactions between these variables.

In the same vein, the full development of ecological engineering requires stakeholders, scien-
tists from engineering sciences, socio-economical sciences, and all environmental sciences to 
work together both to build a common general framework and to ground their work on concrete 
common projects.

Ecological engineering is also particularly relevant for developing countries. Indeed, the need for 
sustainable exploitation of ecosystems is very high in these countries where populations are still 
quickly growing and where individuals and institutions have often difficulties to develop practices 
based on high input rates (energy, water, mineral nutrients).

Preface
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Prefacexxii

In this context this book assumes considerable significance. Thus, this book aimed at integrating 
multiple ecosystem services of the “Earth Ecosystem” resources (biotic and abiotic) keeping in 
view the UN 17 Sustainable Development Goals. Phytobiome and microbiome services that 
humans derive are focussed. Essentially Ecological and Ecosystem Engineering principles of 
the global ecosystem (Earth) for sustainable development will be dealt in this work

Goals of Ecological Engineering are

1) the restoration of ecosystems that have been substantially disturbed by human activities such 
as environmental pollution or land disturbance

2) the development of new sustainable ecosystems that have both human and ecosystems, and 
ecological value.

3) Ecological restoration - the return of an ecosystem to a close approximation of its  condition 
prior to disturbance

Terms that are synonyms, subdisciplines, or fields similar to the crux of this books are: 
Bioengineering, biomanipulation, biospherics, ecohydrology, ecological engineering ecosystem 
rehabilitation, ecotechnology, engineering ecology, habitat reconstruction, nature cure, nature 
engineering, reclamation ecology, restoration ecology, river and lake restoration, solar aquatics, 
sustainable development, agroecology, synthetic ecology and wetland restoration.

Ecological Engineering - the design of sustainable ecosystems that integrate human ecosystems 
with its natural environment for the benefit of both. An attempt has been made and designed for 
the benefit of Environmental Engineers, Pollution Engineers and Energy Engineers, Researchers 
working in Water, Energy footprints, Carbon foot print, Environmental Biotechnologists etc. 
Researchers and academicians, undergraduate and graduate students in the broad area of 
Environmental Sciences, Ago-forestry and agronomy, Land scape engineers etc.

65 Authors from 9 countries viz., Brazil, Germany, India, Ireland, Poland, Portugal, Romania, 
Russia and Sri Lanka participated and contributed to various topics listed below:

1) Ecological engineering and ecosystem services - theory and practice
2) Ecological and ecosystem engineering for economic and environmental revitalization
3) Environmental issues and priority areas for ecological engineering initiatives
4) The role of Soil meso and macrofauna indicators for restoration assessment success in 

rehabilitated mine site
5) Urban Environmental issues – solutions by ecological and ecosystem engineering
6) Mitigation of Urban Environmental issues by applying ecological and ecosystem 

engineering
7) Soil fertility restoration, theory and practice
8) Extracellular soil enzymes act as moderator to restore carbon in the soil habitats
9) Ecological engineering for solid waste reduction and resource recovery

10) Urban floods and mitigation by applying ecological and ecosystem engineering
11) Ecological engineering and restoration of mine ecosystems
12) Restoration of abandoned mines
13) Wetland and watershed Lake restoration
14) Restoration of Riverine Health: An Ecohydrological Approach - Flow Regimes and Aquatic 

Biodiversity
15) Ecosystem services of phoomdi islands of Loktak, a dying Ramsar site in north-east India
16) The application of reefs in shoreline protection

 10.1002/9781119678595.fm
atter, D

ow
nloaded from

 https://onlinelibrary.w
iley.com

/doi/10.1002/9781119678595.fm
atter, W

iley O
nline L

ibrary on [09/06/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



Preface xxiii

17) Mangroves, as shore engineers, are nature-based solutions for ensuring coastal protection
18) Forests degradation prevention through nature-based solution: an Indian perspective
19) Restoring Ecosystem Services of Degraded Forest Ecosystems in a Changing Climate
20) Forest degradation prevention
21) Use of plants for air quality improvement
22) Phylloremediation for Mitigating Air Pollution
23) Air quality improvement using green cover
24) Air quality improvement using phytodiversity and plant architecture
25) Information explosion in digital science and ecosystems
26) Nanotechnology in Ecological and Ecosystem Engineering

Editor
22-10-2020
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Foreword

Honey is one of the nature's marvellous gifts to mankind finding mention in various
valued ancient texts. This delicious edible substance produced by honey bees has
been consumed by humans since times immemorial to supplement diet and cure
various ailments. For its innumerable medicinal properties and health benefits, from
ancient times honey has been used in traditional medicines to cure wounds, eye
diseases, hiccups, constipation, piles, eczema, ulcers, etc. The various medicinal
benefits of honey based on its antioxidant, anti-inflammatory, anti-cancerous,
neuroprotective, anti-fibrotic and anti-diabetic properties are attributed to the pres-
ence of certain active ingredients in it. Flavonoids and polyphenols, the main
bioactive compounds found in honey, are known potent antioxidants. Recent and
modern studies have attributed the presence of these bioactive compounds to its
therapeutic effects against illnesses related to nervous system, cardiovascular sys-
tem, diabetes mellitus, gastrointestinal system and even the most dreaded cancers.

The book entitled Therapeutic Applications of Honey and its Phytochemicals
(Volume II) is an in-depth compilation of recent research on this subject. The editors
Dr. Muneeb U. Rehman and Prof. Sabhiya Majid have compiled the book splendidly
shedding light on all the valuable research literature currently available on the topic.
Volume II is based on prevention and treatment of various diseases by honey and its
phytochemicals, providing finest details related to their possible mechanism of
action. The main highlights of this volume are book chapters by collaborators
from around the globe. Scientists from USA and Saudi Arabia have detailed the
molecular mechanistic approach of anti-leukemic bioactive compounds in honey.
Another chapter deals with the neuro-protective effect of honey and its mechanistic

viivii



basis. A group from Saudi Arabia and UAE has discussed neuro-protection via
NAD+ pathway in various neuro-degenerative diseases. Collaborators from India
and Saudi Arabia have discussed the molecular mechanisms underlying prevention
and treatment of cancers by honey and its phytochemicals. Another group from India
has elaborated upon the role of the phytochemicals from honey as MAP-kinase
inhibitors. Besides these, the other major chapters included in this book are focussed
on mechanistic basis of prevention and treatment of various diseases including
fibrosis, diabetes, metabolic disorders, dermatitis, cardiovascular diseases, arthritis,
wound healing and fatty liver disease by honey and its phytochemicals.

Therapeutic Applications of Honey and its Phytochemicals (Volume II) is an
exhaustive and finest compilation of its kind. It specifically presents a holistic view
of the available literature on honey and its medicinal value. The editors have
incredibly provided solid foundation of the subject to meet the requirements of
researchers, medical practitioners and entrepreneurs. For medical practitioners
including those of alternative medicine, herbal therapists, and dieticians this book
will be of immense clinical benefit. For academicians, scientists, teachers and
students, this book will be a rich source of information from where they can satiate
their quest for knowledge.

University of Kashmir
Srinagar, India

Khurshid Iqbal Andrabi
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