
Abstract

Agro-ecosystems of South Asia are characterized by high diversity at both the species and genetic
levels and are highly vulnerable to climate change. In addition to human-induced pressure, climate
change has exerted severe pressure on the globally significant biodiversity in many countries,
especially in the South Asian region. It is imperative to manage the biodiversity in agro-ecosystems
in a sustainable way and to use it systematically to cope with environmental challenges such as
climate change. Agricultural biodiversity (agrobiodiversity) provides many benefits within
production systems, contributing directly to production and productivity, ecosystem function, and
human well-being. The sustainable use of genetic resources for food and agriculture in the wake of
climate change will be the foundation for many of the strategies required to ensure long-term food
security in the South Asian region. Maintaining this diversity of crop plants and farm animals and
their wild relatives will not only protect the agriculture system from total failure, but it could also be
used by breeders to develop new crop varieties and farm animal breeds to cope with climate change.
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1. Introduction

Climate change poses a formidable challenge via widespread impacts on human and natural
systems. Each of the last three decades has been successively warmer at the Earth’s surface than
any preceding decade since 1850 (IPCC, 2014). Over the period 1880–2012, the average of the
combined land and ocean surface temperature at the global scale has shown a warming of 0.85
˚C (0.65 to 1.06 ˚C). According to the World Meteorological Organization (2014), 14 of the 15
hottest years were reported since 2000 and each successive decade since 1980 has been warmer
than the previous one. The decade 2001–2010 was recorded as the warmest decade ever, and
2014 was the hottest year on record.

The human influence on the climate system has been clearly highlighted by recent studies
(IPCC, 2014). The recent anthropogenic emission of greenhouse gases, which is the main factor
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determining global warming, has been the highest in the history. A report by the Asian
Development Bank (Ahmed and Suphachalasai, 2014) stated that South Asia, where nearly 33%
of the population of 1.5 billion is still living in poverty, faces a major challenge due to climate
risks resulting in significant economic, social, and environmental damage, thus compromising
their growth potential and poverty reduction efforts. The mean sea level increased by 0.19 m
during the last century and is projected to rise even faster during the 21st century (IPCC, 2014).
Seasonal melting of major ice sheets and glaciers has accelerated during the recent past, and
significant areas of snow cover have permanently disappeared. These changes in global climate
could lead to negative physical and socio-economic outcomes around the globe. Sustainable
Development Goal (SDG)-13 of the United Nations, under the 2030 Agenda for Sustainable
Development (United Nations, 2015), regards “climate action” and highlights the need to combat
climate change and its impacts during the 2015–2030 period.

The Convention on Biological Diversity (CBD) defines biodiversity as “the variability among
living organisms from all sources including, inter alia, terrestrial, marine and other aquatic
ecosystems and the ecological complexes of which they are part; this includes diversity within
species, between species and of ecosystems” (CBD, 2015). Biodiversity is determined by many
factors, including mean climate conditions and climate variability, as well as disturbance regimes
caused by changes of tectonic, climatic, biological, anthropogenic, and other origin. It is now
generally accepted that global biodiversity will be significantly affected by climate change,
although its precise impacts are still unclear. Food production depends on biodiversity and the
services provided by ecosystems, as different crop varieties and animal breeds are founded in the
rich genetic pools of species. Biodiversity is also the basis for soil fertility, pollination, pest
control, and all aspects important for producing the world’s food. 

At the global scale, governments have already made a number of commitments to protect
biodiversity. A key achievement was the adoption of the United Nations’ Strategic Plan for
Biodiversity 2011–2020 and the Aichi Biodiversity Targets (CBD, 2010). The strategic plan set
out its vision as follows: “By 2050, biodiversity is valued, conserved, restored and wisely used,
maintaining ecosystem services, sustaining a healthy planet and delivering benefits essential for
all people.” The plan highlights the importance of conserving biodiversity to ensure ecosystem
health, services, and resilience. The importance of the strategic plan and its Aichi targets was
reaffirmed by governments at Rio+20, and the United Nations General Assembly has
encouraged Parties to consider it in the elaboration of the post-2015 United Nations development
agenda. The SDG-15 regarding “life on land” (United Nations, 2015) aims to “protect, restore
and promote sustainable use of terrestrial ecosystems, sustainably managed forests, combat
desertification, halt and reverse land degradation and halt biodiversity loss.”

Agriculture and food systems are at the center of debates around post-2015 development goals
and targets. Hunger and food insecurity remain as the major challenges and development
priorities at the global scale. The situation has been made worse by climate change, price
volatility and over-consumption in wealthy countries (Sustainable Development Knowledge
Platform, 2015). Current food systems are capable of producing adequate food for all. However,
the existing practices place major stress on environmental assets including soils, water, fisheries,
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and biodiversity. Although the technical solutions available to meet these challenges are well
advanced, their implementation and adoption have not succeeded due to failure in understanding
and appreciating the political and economic systems, as well as the social barriers to these
changes.

This paper deals mainly with the agricultural biodiversity (agrobiodiversity) in Asia, South
Asia, and Sri Lanka. We particularly highlight the impact of climate change on the precious
genetic resources in agro-ecosystems in the selected regions.

2. Biodiversity in Asia, South Asia, and Sri Lanka

Asia occupies only 8.6% of the world’s land area but is home to over 60% of the global
population. South Asia covers about 4.4 million km2, which is 10% of the Asian continent.
Overall, South Asia accounts for about 34% of Asia's population (or over 16.5% of the world's
population). The population in Asia and South Asia is growing quickly, and many of the
countries are considered poor.

The countries of Asia have great biodiversity importance and richness, ranking with South
America as the richest place on Earth for variety of living forms; hence these regions contain
some of the most important biodiversity hotspots in the world. Specifically, for an area to be
considered a biodiversity hotspot it must: (i) contain at least 1500 species of vascular plants as
endemics (species found nowhere else on Earth) and (ii) have lost at least 70% of its original
habitat (Conservation International, 2012). Of the world’s 34 recognized biodiversity hotspots,
eight are in Asia (Fig. 1) (Mittermeier et al., 2004). These hotspots cover the entire region of the
Association for South East Asian Nations and the Western Ghats of India, Sri Lanka,
southwestern China, and the eastern Himalayan countries of Nepal, Bhutan, and India. The
Hengduan Mountain area of China is the richest temperate ecosystem in the world.
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Fig. 1 Biodiversity hotspots (adopted from Mittermeier et al., 2004)



Biodiversity in Sri Lanka is considered to be the richest per unit area in the Asian region with
regard to mammals, reptiles, amphibians, fishes, and flowering plants, surpassing several mega-
diversity countries such as Malaysia, Indonesia, and India. Sri Lanka’s exceptionally high
biodiversity is due to the broad range of ecosystems it carries and the diverse species those
ecosystems harbor (Ministry of Environment and Renewable Energy, 2014). The rates of
endemism of both flora and fauna species are very high. For instance, around 28% of Sri Lanka’s
3154 species of indigenous angiosperms are endemic to the country (Weerakoon, 2012), and
among the faunal species, the highest endemism is seen among freshwater crabs (98%),
amphibians (86%), land snails (81%), reptiles (59%), freshwater fishes (55%), and spiders (51%)
(Table 1). The global importance of Sri Lanka’s biodiversity is highlighted by the fact that it has
four forests recognized as Natural World Heritage Sites and four Biosphere Reserves within
UNESCO’s World Network based on their exceptional biodiversity value due to high endemism.
Furthermore, six RAMSAR Convention sites identified in Sri Lanka show the importance of the
country’s wetland ecosystems.

Humans mobilize approximately 40% of the total primary production on land per annum,
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exerting a heavy pressure on biodiversity. Estimates show that more than 40% of the world’s
economy and 80% of the needs of the world’s poor are derived from biodiversity (MacKinnon,
2015). This alone emphasizes the huge dependency on biodiversity and the need for its wise
management. On the other hand, biodiversity of the Asian region is increasingly threatened by
the demand generated by rapid economic development. With pressures on biodiversity
escalating, it is not surprising that one-third of all the threatened species are found in Asia
(International Union for Conservation of Nature, 2009). Table 2 shows the status of plant and
animal species in Asia’s biodiversity hotspots.

3. Benefits and Value of Biodiversity in Asia and South Asia

The benefits derived from biodiversity can be grouped into four categories: (i) direct
harvesting, including plants or animals for food, fodder, medicine, fiber, dyes, fuel, construction
materials, and other uses; (ii) social values, including aesthetic, cultural, recreational, education,
and research benefits; (iii) ecosystem services such as climate regulation, flood and drought
control, consistent water supply, nutrient recycling, natural pest control, pollution cleansing, and
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soil generation; and (iv) development potential, through domestication, development and
improvement of genetic resources, and biotechnology. The total value of these products and
services is enormous, and as a whole it contributes substantially to the economy. For example, in
2009, Asia provided wood products valued at US$28.4 billion, representing 27.4% of the world’s
total, and non-timber forest products, such as rattan and bamboo, valued at US$7 billion,
representing 37.8% of the world’s total (FAO, 2010b). The value of biodiversity for China alone
has been estimated at US$257–421 billion per annum (Council for International Cooperation on
Environment and Development. 1996), which totals to US$5000 billion (State Environmental
Protection Agency, 1998). Asia also has the most productive freshwater fisheries in the world,
which make a significant contribution to the national economies, improve food security as a
source of protein, and provide a livelihood for the rural poor (Baran et al., 2008). According to
the FAO (2010b), Asia contributes 66.4% of global inland fisheries production. The marine
ecosystems in Asia provide significant economic goods and services that contribute to the
livelihoods, food security, and safety of millions of people (World Resource Institute. 2011).

Components of biodiversity provide fresh water for domestic and industrial uses and underpin
the socio-economically vital areas of agriculture and livestock production, fisheries, forestry,
tourism, traditional medicine, and several important manufacturing industries. For example, Sri
Lanka’s biodiversity provides a wide range of ecosystem services, which include providing fresh
water, ameliorating the climate, reducing soil erosion, regulating surface runoff, and providing
biological resources for subsistence use as well as domestic and export-oriented markets.
Biodiversity of the coastal and marine ecosystems of Sri Lanka provides over 65% of the animal
protein requirement of the country. Thus, many components of biodiversity are vital to meet the
consumptive and economic needs of the society.

4. Biodiversity in Agro-ecosystems

Agriculture is the largest global user of biodiversity. Selection and value addition to wild
biodiversity have occurred for more than 10,000 years of agrobiodiversity management.
Agrobiodiversity contributes significantly to reduce malnutrition, alleviate poverty, and combat
challenges from climate change. This diversity has been in decline over the years and is now in
danger of disappearing. Agro-ecosystems and agrobiodiversity help to sustain livelihood security
at the local, national, and global levels by providing a range of goods and services including
food, fodder, climate change mitigation, biodiversity conservation, and water quality options.
Farmers and farming communities play an important role in the preservation and conservation of
these resources and ecosystems. However, the role of agriculture in the provision of ecosystem
services depends on the incentives available to the ecosystem. At present, incentives are
designed to pay for the goods rather than the services provided by agricultural ecosystems.

Agrobiodiversity remains the main raw material for agro-ecosystems to cope with climate
change because it contains the reservoir of traits for both plant and animal breeders and farmers
to select resilient, climate-ready germplasm and produce new cultivars or breeds. The traditional
farming systems in Sri Lanka are the results of centuries-long evolution of production systems to
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suit local conditions. Agrobiodiversity in any form can only be effectively maintained and
adapted with the human management systems that created it, including indigenous knowledge
systems and technologies, specific forms of social organization, customary or formal law, and
other cultural practices (Marambe  et al., 2012).

Sri Lanka has a high diversity of traditional varieties of rice, vegetables, and cash crops that
are clearly resistant to diseases and insect pests and are well suited for the various soil and
climatic conditions on the island. The nation also has many wild relatives of rice and other crops
in farmers’ holdings, forests, and wetlands, amounting to 410 species (Fonseka and Fonseka,
2010). Of these, 289 species are indigenous and 77 are endemic to the island. This diverse gene
pool can be used in crop breeding programs to enhance crop production and food security for the
nation. The development of the livestock sector in Sri Lanka is based on cross-breeding or
grading up of local stocks of cattle, goat, swine, and poultry with imported high-yielding breeds.
The main target of this effort is to preserve the characteristics of local poultry and livestock as
much as possible while improving the productivity. Local livestock breeds are more resistant to
disease and parasites than imported breeds, are well adapted to local conditions, and have low
nutritional requirements.

5. Loss of Biodiversity and the Underlying Drivers

Biologically diverse ecosystems, apart from providing basic ecosystem services like climatic
stabilization and carbon sinks, are also a vital resource for technological development in
agriculture, pharmaceuticals, and value addition. The loss of biodiversity reduces an ecosystem’s
ability to adapt to change and is an issue of profound concern for its own sake. Biodiversity also
underpins the functioning of ecosystems that provide a wide range of services to human
societies. Its continued loss, therefore, has major implications for current and future human well-
being. This is of concern to nations in South Asia such as Sri Lanka, where the country’s
exceptionally rich biodiversity is central to its national identity and is required to maintain the
numerous ecosystem services essential for the 21 million people living there at present and
future generations.

Habitat destruction, such as habitat conversion, degradation, and fragmentation, is linked to
biodiversity decline in the South Asian region. In spite of the implementation of conservation
and reforestation projects, the rates of deforestation and forest degradation are still high in the
region. The relatively recent widespread deforestation and the associated fragmentation of
natural habitats are expected to accelerate biodiversity decline in the coming years. In broad
terms, habitat destruction processes are driven by a combination of proximate and underlying
factors. Proximate factors of biodiversity loss are those human activities that directly affect
habitats, such as agricultural expansion, biofuel production, wood extraction, infrastructure
development, and biomass burning. They operate mainly at the local scale. In addition, the
underlying drivers include population growth, poverty, urbanization, policy failures, institutional
failures, trade, and globalization, as well as climate change and variability. In contrast to
proximate factors, the underlying drivers of biodiversity decline can operate at scales ranging
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from the national to the global. Other processes that contribute to biodiversity loss in the region
include biodiversity overexploitation and the introduction of invasive species.

Over the period 2002–2009, nearly 2500 species in Asia and the Pacific were recorded in the
Red List of the International Union for Conservation of Nature as “critically endangered”,
“endangered,” or “vulnerable” (UNEP, 2010). Thirteen of the 34 biodiversity hotspots
designated by Conservation International are also in this area (East Melanesian Islands,
Himalayas, Indo-Burma, Japan, mountains of southwestern China, New Caledonia, New
Zealand, Philippines, Polynesia-Micronesia, southwestern Australia, Sundaland, Wallacea, and
Western Ghats and Sri Lanka). Compared to the global average, mammals have suffered the
steepest increase in risk of extinction in South and Southeast Asia.

6. Climate Change and Biodiversity Loss in Asia and South Asia

The potential impacts of climate change are of considerable concern worldwide and have been
given due consideration by both the CBD and the United Nations Framework Convention on
Climate Change. The findings of the Intergovernmental Panel on Climate Change (IPCC) and the
attention given to this subject by the Conference of Parties to the CBD suggest that, although
there are potentially serious threats to biodiversity, it is possible to adapt to climate change while
conserving biodiversity. Climate change is likely to be an additional threat to agricultural
biodiversity, increasing genetic erosion of landraces or ecotypes and threatening wild species,
including crop wild relatives. The IPCC has reported that, globally, up to 30% of species are at
increasing risk of extinction, whereas approximately 15 to 40% of ecosystems are being affected
by climate change. Changes in temperature and precipitation mostly affect the key components
of biodiversity such as the individual organisms, populations, species distribution, and
ecosystem compositions and functions.

Scientists have estimated that rice production in Asia could decline by 4% due to altered
timing and magnitude of rainfall leading to drought or flood injury to rice crops (Swaminathan,
2009). Thomas et al. (2004) estimated that 15–37% of wild plant biodiversity would be
threatened with extinction by 2050 due to climate change. Jarvis et al. (2008) predicted that up to
61% of Arachis species, 12% of potato (Solanum) species, and 8% of Vigna species could
become extinct within 50 years. Hence, analogue crop areas for many future climates should be
promising locations to focus on collection and conservation of crop genetic resources (Lenne and
Wood, 2011). The FAO has predicted that climate change could cause up to 10% reduction in
staples such as rice and more than 10% reduction in millet and maize production (FAO, 2010a).
Localized extreme events and sudden pest and disease outbreaks are already resulting in greater
unpredictability of production from season to season and year to year, and require rapid and
adaptable management responses. Grain harvests in China may also drop by 37% by 2050 due to
weather extremes, whereas extreme drought (i.e., doubling in severity and frequency) in
northeastern China could result in 12% crop losses (or 13.8 million t) by 2030.

Climate change will cause heat stress and reduce feed intake of farm animals, thus influencing
both growth and reproduction. High-output breeds, on which more than 90% of world’s livestock
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and poultry production depends, are more susceptible to heat stress (IPCC, 2014). The areas and
incidence of diseases and parasites will be increased, causing greater exposure of farm animals.
In addition, the expected adverse effects on crop yields and quality will seriously affect animal
diet composition. Changes in community composition of microorganisms and crop pests and
diseases will create additional problems. The impact of climate change on freshwater ecosystems
will modify the habitat characteristics and alter the distribution and abundance of species now
found in those environments. These threats exacerbate the ongoing threat to river systems in
Asia due to existing dams and plans for construction of more dams in the future. Sea level rise is
another consequence of global warming that will influence freshwater ecosystems and species.
As saltwater intrudes upon freshwater areas, only salt-tolerant species will be able to adapt to
these changes. Climate change can alter flowering/fruiting and flushing in forest species and
crops, and disrupt the breeding and reproduction of wild fauna and livestock (FAO, 2010a;
Ministry of Environment and Renewable Energy, 2014). The inordinate spread of invasive
species (Marambe, 2008; Marambe et al. 2009; 2014; Silva, 2009) inevitably leads to an increase
in the number of threatened indigenous species and species extinctions. Changes in rainfall
regimes due to climate change could lead to pronounced water scarcity, droughts, and floods that
will disrupt cropping cycles and cause socio-economic upheavals among farming communities,
affect human well-being, and impede national development ( Ministry of Environment and
Renewable Energy, 2014).

In the context of South Asia, climate change will have a major impact on the biological
resources of the region, including agricultural biodiversity and availability of water. A 2 ˚C
temperature rise and 7% increase in precipitation has been estimated to cause a 3% loss in net
farm revenues (Jerath et al., 2009). This can seriously undermine the economy of the South
Asian region. Grain harvests in South Asia have also been predicted to drop by 30% by 2050 due
to weather extremes (Lenne and Wood, 2011). In Bangladesh, for example, reductions in
production could be as high as 17–28% for rice and 31–68% for wheat (Karim et al., 1999) due
to increased temperature. Reduction of monthly rainfall by 100 mm could reduce productivity of
tea by 30–80 kg per hectare (Wijeratne et al, 2007). Extended dry spells and excessive cloudiness
during the wet season can reduce coconut yield, with annual losses of US$32–73 million.
However, during a high rainfall year, the economy could gain by US$42–87 million due to high
coconut yields. Future projections on coconut yield suggest that production after 2040 may not
be sufficient to cater to local consumption (Eriyagama et al., 2010). It has also been suggested
that climate change will have a significant impact on smallholder profitability. Reductions in
precipitation during key agricultural months in Sri Lanka can be devastating for farmers. At the
aggregate level, a change in net revenues of between –23% and +22% can be expected,
depending on the climate change scenario. These effects will vary considerably across
geographic areas from losses of 67% to gains that more than double current net revenues.

Fisheries production is one of the many ecosystem services that disappear when a reef is
affected. When water is too warm, corals expel the algae (zooxanthellae) living in their tissues,
causing the coral to turn completely white (NOAA). In the central Indian Ocean, such bleaching
has been shown to have direct impacts on 90% of the traditional artisanal fishing communities
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(Cesar, 2004). Initial studies estimate that dead, crumbling reefs could lose 50% of their fisheries
value. In 1998, coral bleaching was estimated to cost as much as US$8 billion in the Indian
Ocean in terms of fisheries, tourism loss, and reduced coastal protection (Cesar, 2004).

7. Synthesis

Climate change could alter natural systems connected to the water cycle, ecosystems, and
biodiversity of a country or a region, leading to the decline of many ecosystem services that are
indispensable for the welfare of human populations. As a phenomenon with impacts looming at
the global, regional, national and local levels, climate change calls for multiple actions at all
levels. Agro-ecosystems are characterized by high diversity at both species and genetic levels,
suggesting that they have a relatively good potential to adapt to climate change. High crop
genetic diversity is especially useful for adapting to climate change, which is already being felt
in the agricultural sector. Over-reliance on a handful of crops and livestock place global food
security at a higher risk, especially in the context of climate change. It is imperative to manage
agrobiodiversity in a sustainable way and to use it systematically to cope with environmental
challenges. Collecting samples of endangered species to be preserved in gene banks will be the
primary step, but also protecting the habitats where they thrive is essential to ensure the in situ
evolutionary processes of wild species contributing to agrobiodiversity.

Minimal efforts are in place with respect to mainstreaming of agricultural activities toward
conservation of agrobiodiversity and eliminating rural poverty. There is a need to provide
traditional varieties of both plants and livestock to promote biodiversity conservation and to
strengthen community-level crop and livestock improvement programs (e.g., participatory plant
and livestock breeding) toward establishing community seed banks and farms. A lack of
responsible institutions with coordinated action, together with necessary funds and staff, makes
it difficult to mainstream these activities. 

The wealth of traditional knowledge that exists in South Asia, especially in Sri Lanka, was
hardly recognized or harnessed in the past for development (e.g., agriculture) or biodiversity
conservation. It is now increasingly recognized that the traditional wisdom and the lifestyles of
people with minimal demands on natural resources must play a vital role to ensure sustainable
development while conserving nature. This aspect is of particular importance in the areas of
agriculture, control of pests/parasites and plant/animal diseases, and curative purposes for
humans and livestock, especially to face the exigencies of climate change. 

Habitat modifications due to changing rainfall patterns and temperature threaten the range,
distribution, and diversity of terrestrial species. High temperature and prolonged drought may
increase the risk of forest fire, which will also threaten species and habitats. Rising temperatures
affect flowering and seasonality and have particularly dramatic effects at high latitudes and
elevations. Thus, climate change will have a disproportionate impact on alpine and high-
elevation areas, including significant effects in the Himalayas and the Tibetan plateau, the
sources of much of Asia’s freshwater supply. Food is very much a product of biodiversity, and
biodiversity can play a major role in the development of crop and animal agriculture in the
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future. The rich genetic diversity that exists within indigenous crops and livestock species offer a
great potential for genetic improvement. Traditional varieties of crops that are acclimatized to
various climatic conditions, wild relatives of crops, and indigenous livestock breeds offer
potential to address challenges that may arise for agriculture in the future. Conserving
agrobiodiversity and the systems in which these species occur, as well as conserving traditional
knowledge associated with agriculture and livestock rearing, are increasingly important for
developing the agriculture sector in the face of climate change.

The consequences of biodiversity loss of this magnitude are profound. Most significant is the
destruction of species and ecosystems that are vital for the functioning of global life support
systems. Others are loss of wild relatives of crop plants and domesticated animals that serve as
gene banks when economically valuable breeds have to combat disease or adapt to climate
change. Many species with potential medicinal or economic value may also become extinct
before they are discovered. Developing countries, which are the main repositories of global
biodiversity, do not have the financial and technical resources to manage and conserve their
indigenous biological resources, which exacerbates biodiversity loss. Developed countries
contribute to biodiversity loss by providing lucrative markets for timber from tropical forests,
ornamental fish, and other endangered species. While the ultimate prerogative for conservation
and management of a country’s biodiversity lies with its national government, the global
implications of continued biodiversity loss have resulted in increased international cooperation
to strengthen national efforts. International efforts comprise bilateral and multilateral financial
assistance for biodiversity conservation, international treaties, and conventions such as the
Convention on International Trade in Endangered Species, the Convention on Wetlands of
International Importance (RAMSAR Convention), and, most significantly, the CBD. The links
between biodiversity and climate change run both ways: biodiversity is threatened by climate
change, but the proper management of biodiversity can reduce the impacts of climate change.
There is ample evidence that climate change has already affected biodiversity and will continue
to do so. The Millennium Ecosystem Assessment ranks climate change among the main direct
drivers affecting ecosystems and their biodiversity.

The genetic diversity of the plants and animals in the South Asian region provides a range of
options that would be extremely valuable for climate change adaptation. Hence, one of the most
important ways of coping with the impact of climate change on food security is to maintain a
diversity of crop plants and farm animals and their wild relatives. This will not only protect the
agriculture system from total failure in extreme climate events, but also help in the development
of new crop varieties and farm animal breeds to cope with the challenges of changing climate.

Being cognizant of the detrimental impact of climate change on ecosystems services,
biodiversity and agrobiodiversity, and food security, Asian countries have taken many initiatives
to deal with climate change impacts with a strong level of policy support. For example, the
Government of Sri Lanka has established the Climate Change Secretariat (CCS) under the
Ministry of Mahaweli Development and Environment, which is also the national designated
entity for the United Nations Framework Convention for Climate Change, to spearhead activities
in the national initiative. The CCS has made two major achievements, namely, the development
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of the National Climate Change Adaptation Strategy for Sri Lanka 2011–2016 and adoption of
the National Climate Change Policy formulated in 2012. The National Climate Change
Adaptation Plan is currently nearing completion. All these documents have given due
recognition of the need to safeguard the country’s precious biological resources under a changing
and variable climate.

References

Ahmed, M. and Suphachalasai, S., 2014. Assessing the costs of climate change and adaptation in South
Asia, Asian Development Bank, Philippines.

Baran, E., Jantunen, T. and Chong, C.K., 2008. Values of inland fisheries in the Mekong River Basin, In:
Tropical river fisheries valuation: background papers to a global synthesis [Neiland, A.E. and C. Béné
(eds.)], The World Fish Center Studies and Reviews No. 1836, pp. 227-290. World Fish Center.
Penang, Malaysia.

CBD (Convention on Biological Diversity), 2005. Handbook of the Convention on Biological Diversity,
3rd ed. 

CBD (Convention on Biological Diversity), 2010. available at https://www.cbd.int/sp/.
Cesar, H., 2004. Paying the price of climate change, IUCN Bulletin - World Conservation (Rediscovering

Planet Ocean), 1/2004: 28–29
Conservation International, 2012. Biodiversity hotspots, available at: http://www.conservation.org/where/

priority_areas/hotspots/Pages/hotspots_main.aspx.
Council for International Cooperation on Environment and Development, 1996. Biodiversity Working

Group, available at: http://monkey.ioz.ac.cn/bwg-cciced/english/bwg-cciced/annual%2096.htm.
Eriyagama, N., Smakhtin, V., Chandrapala L. and Fernando K., 2010. The impacts of climate change on

water resources and agriculture in Sri Lanka: A review and preliminary vulnerability mapping,
International Water Management Institute, Colombo.

FAO (Food and Agriculture Organization), 2010a. Biodiversity for Food and Agriculture: Contributing to
Food Security and Sustainability in a Changing World, Food and Agriculture Organization of the
United Nations, Rome. 66 pp.

FAO (Food and Agriculture Organization), 2010b. Global Forest Resources Assessment 2010, FAO
Forestry Paper 163, available at: http://www.fao.org/forestry/fra/fra2010/en/.

Fonseka, H.H. and Fonseka, R.M., 2010. Problems and prospects of using CWR in National Crop
Improvement Programmes, In: Conservation and Utilization of Crop Wild Relatives of Sri Lanka
[Marambe, B and Wijesekera, A (ed)], Book of Abstracts, Department of Agriculture and Ministry of
Environment and Natural Resources.

International Union for Conservation of Nature, 2009. IUCN red list of threatened species, available at:
http://www.iucnredlist.org.

IPCC (Intergovernmental Panel for Climate Change), 2014. Synthesis report: Summary for policymakers,
pp. 31.

Jarvis, A., Lane, A. and Hijmans, R., 2008. The effect of climate change on crop wild relatives, Agr.

Ecosyst. Environ., 126: 13–23.
Jerath, N., Boojh, R. and Singh, G., 2009. Report: International Conference on “Climate Change,

Biodiversity and Food Security in south Asian Region”, Punjab State Council for Science and
Technology, Chandigar.

Karim, Z., Huq, S., Asaduzzaman, M. and Mahtab F. (eds.), 1999. Vulnerability and Adaptation to Climate
Change for Bangladesh, Kluwer Academic Publishers, Dordrecht, The Netherlands, pp. 113–124.

146 Impact of Climate Change on Biodiversity in South Asia



Lenne, J.M. and Wood, D. (eds.), 2011. Agrobiodiversity Management for Food Security: A Critical
Review, CAB International, UK.

MacKinnon, J., 2015. Status of biodiversity in Asia. International Centre for Environmental Management,
available at http://www.icem.com.au/documents/biodiversity/bioplan/bio_status.pdf.

Marambe, B., 2008. Research priorities on invasive alien species in Sri Lanka. In: Proceedings of the
National Symposium on Invasive Alien Species [Ranwala, S.M.W. (ed.)], pp 7-12, Sri Lanka
Association for the Advancement of Science, National Science Foundation of Sri Lanka and
Biodiversity Secretariat of the Ministry of Environment, Sri Lanka.

Marambe, B., Pushpakumara, G. and Silva, P., 2012. Biodiversity and agrobiodiversity in Sri Lanka:
Village tanks systems, In: The Biodiversity Observation Network in the Asia-Pacific Region: Toward
Further Development of Monitoring, Ecological Research Monographs [S.-I. Nakano, T. Yahara,?and
T. Nakashizuka, (eds.)], Springer, Japan, DOI 10.1007/978-4-431-54032-8_28.

Marambe, B., Wijesundera, S. and Silva, P., 2009. Climate change in invasive alien species. In:
Proceedings on Global Climate Change and Its Impacts on Agriculture, Forestry and Water in the
Tropics [Nissanka S.P. and Sangakkara U.R. (eds.)], 10-11 September, Clean Development Study
Centre, University of Peradeniya, Sri Lanka.

Marambe, B., Wijesundera, S., Silva, P. and Silva, A., 2014. Climate change and invasive alien species
threatening the globally significant biodiversity of Sri Lanka. In: Soba: Special Publication on the
World Environment Day [Jayatunga R.D.S., Wijesinghe A.H.L.D.G. and Dulani H.N.K.T. (eds.)], pp
96–101, Ministry of Environment and Renewable Energy, Sri Lanka.

Ministry of Environment and Renewable Energy, 2014. Sri Lanka’s fifth national report to the Convention
on Biological Diversity, Biodiversity Secretariat, Ministry of Environment and Renewable Energy,
128 pp.

Mittermeier, R.A., Robles-Gil, P., Hoffmann, M., Pilgrim, J. D., Brooks, T. B., Mittermeier, C.G.,
Lamoreux, J. L. and Fonseca, G.A.B., 2004. Hotspots revisited: Earth’s biologically richest and most
endangered ecoregions, CEMEX, Mexico City, Mexico, 390 pp.

NOAA (National Oceanic and Atmospheric Administration), National Ocean Service, available at:
http://oceanservice.noaa.gov/facts/coral_bleach.html.

State Environmental Protection Agency, 1998. China’s Biodiversity: A Country Study, Beijing, China
Environmental Science Press.

Silva, P., 2009. Climate change and livestock. In: Proceedings on Global Climate Change and Its Impacts
on Agriculture, Forestry and Water in the Tropics [Nissanka S.P. and Sangakkara U.R. (eds.)], 10–11
September, Clean Development Study Centre, University of Peradeniya, Sri Lanka.

Sustainable Development Knowledge Platform, 2015. available at https://sustainabledevelopment.un.org/
index.php?Page= view&type=9502&menu=1565&nr=1

Swaminathan, M.S., 2009. Science and shaping the future of ice. In: Science, technology and trade for
peace and prosperity [Agarwal, P.K., Ladha, J.K., Singh, R.K., Devakumar, C. and Hardy, B. (eds.)],
pp 3–14, International Rice Research Institute, Los Banos, The Philippines. 

Thomas, C.D., Cameron, A., Green, R.E., Bakkenes, M., Beaumont, L.J., Collingham, Y.C., Erasmus,
B.F.N., Ferreira De Siqeira, M., Grainger, A., Hannah, L., Hughes, L., Huntley, B., Van Jaarsveld,
A.S., Midgley, G.F., Miles, L., Ortega-Huertas, M.A., Peterson, A.T., Phillips, O.L. and Williams,
S.E., 2004. Extinction risk from climate change, Nature, 427: 145–148.

UNDP (United Nations Environment Programme), 2010. State of biodiversity in Asia and the Pacific,
United Nations Environment Programme, Thailand. 7 pp.

United Nations, 2015. Transforming our world: the 2030 agenda for sustainable development, United
Nations A/RES/70/1.

Weerakoon, D., 2012. A brief overview of the biodiversity of Sri Lanka, The National Red List 2012 of Sri

147Impact of Climate Change on Biodiversity in South Asia



Lanka: Conservation Status of the Fauna and Flora. Ministry of Environment. xvii–xix.
Wijeratne, M., Anandacumaraswamy, A., Amaratunge, M.K.S.L.D., Ratnasiri, J., Basnayake, B.R.S.B. and

Kalra N., 2007. Assessment of impact of climate change on productivity of tea (Carmellia sinensis L.)
plantations in Sri Lanka, J. Nat. Sci. Found. Sri Lanka, 35(2): 119–126.

WMO (World Meteorological Organization), 2014. Warming trends continues in 2014, Available at
https://www.wmo.int/media/content/warming-trend-continues-2014.

World Resource Institute, 2011. Reefs at risk revisited, available at: http://www.wri.org/sites/default/files/
pdf/reefs_at_risk_revisited_hi-res.pdf.

148 Impact of Climate Change on Biodiversity in South Asia




