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Climate Change Impacts on Animal Shex
Production
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Abstract Change in climate presents a serious peril to the animal species. Long-
term deviations in the global or regional climate patterns have evident repercussions
on the environment. Variance in the climatic pattern has a direct and indirect impact
on animal production, so for this reason, it is requisite to perceive the appropriate
way out not only to maintain the economy but also to reduce the hazardous
environmental pollutants that will mitigate the negative impacts of climate change.
The science of climate change signifies an increase in temperature of the sea surface,
plummeting of air quality, and disruption of the natural systems due to elevation in
the emission of greenhouse gases. Climatic variations are the utmost stressors of
animal production as it exerts great influence on the forage quality, water accessi-
bility, breeding, milk production, and the overall cattle farming sector. Salination of
freshwater river systems due to the upsurge in sea level lessens the hygienic status of
the production. Any transition in the temperature threatens the fish resources equally.
Besides warming, climatic variability generates acidic conditions in the water
bodies, which in turn curtail the global fish supply. Rising temperature hastens the
growth of parasites that intensifies the potential for morbidity and death. Augmen-
tation in heat stress reduces the yield in the dairy, beef, and poultry industry and thus
induces heavy economic loss. The animal industry in the USA witnessed a loss of
between 1.69 and 2.36 billion dollars annually due to heat stress. Animal products
are the principal agricultural products of food security across the globe. These
products provide 17% of worldwide consumption of energy in kilocalories and
33% of protein consumption globally. Climate change has adverse implications on
animal production and productivity which accordingly influence food security.
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11.1 Introduction

11.1.1 Global and Country Scenario of Climate Change

Climate change has a great influence on animal and plant lives, in every continent of
the world. Variation in the degree of warming by every small fraction makes a
difference, and any climate change is a serious threat to biological diversity in the
succeeding years. Global warming is considered the serious cause of the extinction
of species. Loss of species due to climatic changes may range from 0% to 54%
(Urban 2015). There is a reduction in the viability of species due to climate changes.
According to the Intergovernmental Panel on Climate Change, 2013 rise in global
temperature due to an increase in the concentration of greenhouse gases will lead to a
decrease in the snow and glaciers, and eventually sea level will also rise. There has
been a decline in Arctic sea ice extent by 7.4% per decade, and in both the Southern
and Northern Hemisphere, snow cover and glaciers have lessened (Yatoo et al.
2012). According to the United Nations Intergovernmental Panel on Climate
Change, there will be an increase of 1.8 to 4.0 °C in temperature, and sea level is
expected to rise between 18 and 59 cm in the next 90 years. Rising levels of
greenhouse gases, i.e., CO,, CHy, and N->O, in the atmosphere because of the
activities of humans is the key factor of climate change. The last 6 years, i.e., from
2014 to 2020, are recorded as the 6 warmest years. There is a surge in the sea level,
which further increases by the melting of glaciers. With the increasing carbon
dioxide concentration in the atmosphere, the concentration of carbon dioxide also
increases in the ocean which decreases the pH level of the water body, and the
phenomenon is called ocean acidification. All these climatic changes have an impact
on the biotic components present on the Earth’s surface. According to IPCC, an
average rise of 1.5 °C increases the risk of extinction of about 20-30% species.
Various plant and animal species will not be able to adapt themselves to climate
change. Climate change has pernicious repercussions on animal life, which can
prove disastrous in the upcoming times (Fig. 11.1). According to Food and Agri-
culture Organization (2020), there is a dire need to intumesce the livestock sector
globally owing to the escalating demand for animal-origin foods. Change in climatic
conditions poses a serious threat to animal production.

11.1.2 Animal Production Under Climate Variability

Livestock production plays a significant role in the maintenance of the food supply.
Change in climate conditions vitiates the production and quality of meat, milk, and
eggs as it influences the reproductive behavior, metabolism, health conditions, and
immunity of an animal. Conversion of forest land into barren lands due to drought
and deforestation decreases the food availability for grazing animals. In developing
countries, the livestock sector is growing expeditiously because of the elevated
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Fig. 11.1 Effect of alterations in climatic conditions

demand for animal products. However, in developed countries, this sector is endeav-
oring to become more efficient. It is predicted that in the near future, animal
production will get adversely affected in view of competition for land, water, food,
feed, and other changes looming in the environment. In developing countries, the
livestock sector is one of the rapidly thriving agricultural subsectors. Demand for
animal products in such countries is soaring at a rate of knots due to an increase in
the population growth, movement of people from the rural to urban areas, and
increase in per capita income (Delgado 2005). Animal production is the engine of
development in various countries across the globe. The majority of the people,
especially those dwelling in the developing countries, depend on animal production
to boost up the several attributes of their livelihoods (Thornton et al. 2006; Thornton
and Gerber 2010). Approximately, 30% of the Earth’s ice-free land surface area is
occupied by the livestock system (Steinfeld et al. 2006). The livestock sector proffers
employment to 1.3 billion people across the globe, and in the developing countries,
this sector directly augments the sustenance of 600 million poor farmers (Thornton
et al. 2006). Globally, animal products accord 17% to kcal consumption and 33% to
the consumption of proteins, although striking differences exist between the poor
and rich countries (Rosegrant et al. 2009). Fisheries form the primary source of food
for the increasing population across the world. They contribute to 17% of the world’s
total animal protein. They are important in developing tropical countries that depend
on the fish for 70% of their nutrition. Loss of fish as a source of protein will put up an
increased pressure on forests and other croplands.

11.1.3 Demand for Animal Products

There is an increased demand for animal productivity due to various reasons as
follows.
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11.1.3.1 Population Growth

According to the UNDP Annual Report (2008), it has been estimated that in the year
2050, the human population would be in the range of 7.96 to 10.46 billion, and much
increase in population will be espied in developing countries. This alacritous surge in
the population enunciates an increase in the food supply, which can be accomplished
by improving the production of animal products. Animal products will provide
nutrition security to the surging population. According to a report generated by
Alexandratos and Bruinsma (2002), over the next 40 years, it is expected that the
world population will increase by 2.25%, and so the global food production needs to
be increased by 70% with doubling the production from developing countries.

11.1.3.2 Growth in per Capita Income

In a country, an increase in per capita income by 1% effectuates growth in the output
of animal production by 0.21% (Chand and Raju 2008). Food preferences have been
changed owing to the rise in per capita income in developing nations. World GDP
revealed an annual increase of 3.85% between 1950 and 2002, which according to
Maddison 2003 resulted in an increase in the per capita income growth rate by 2.1%.
Across the globe, over the period of 40 years, global real per capita is expected to
augment by over 10,000 US dollars per capita.

11.1.3.3 Urbanization

Across the globe, more than four billion people reside in urban areas, and it has been
estimated that by the year 2050, approximately seven billion people will live in
urban areas. With the rise in income, people begin to migrate from rural to urban
areas. According to Yitbarek (2019), migration of people from rural space to urban
centers will continue at a rapid pace, and it is expected that 70% of the world’s total
population will be living in urban areas in the near future. In developing nations it is
prophesied that urbanization will continue at a swift rate, which in turn will influence
the consumption habits of the people, and evidence support that an increase in the
rate of urbanization may lead to an increase in consumption of animal products (Rae
1998; Delgado 2003). According to the studies done by Delgado (2005), urbaniza-
tion often whets improvements in technologies like cold chains, to allow the trade of
perishable animal products more widely and easily. In developing nations, due to
rapid urbanization, animal production plays an indispensable role in accomplishing
food security (Godber and Wall 2014).

Worldwide, more than 60 billion land animals are utilized for the production of
meat, egg, and dairy products. According to Yitbarek (2019), animal production will
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depict a significant increase by the year 2050, viz., pig meat by 290%, egg meat by
90%, poultry meat by 700%, milk by 180%, sheep and goat meat by 200%, and
buffalo and beef meat by 180%. Approximately, one-third of the global human
protein consumption is met by the food obtained from animals and other animal
products (Popp et al. 2010). The livestock sector acts as the source of livelihood
across the world for around one billion of the poorest people (Hurst et al. 2005).
According to the International Fund for Agricultural Development (2007) and
Kabubo-Mariara (2009), whenever there is a failure in crop production, at that
time animal products come to the rescue of the people by acting as an important
food source. Yawson et al. (2017) reported that the average per capita consumption
of meat is prognosticated to upsurge from about 34 kg in 2015 to 49 kg in 2050.
Demand for animal products is predicted to rise considerably in the near future.
According to the data provided by the Agricultural and Processed Food Products
Export Development Authority (2018), India accounts for approximately 5.65% of
egg production and 3% of the meat production over the world. India has the largest
population of milk-producing animals in the world. Various animal species are
important as they form the important food source having high nutritive value;
some species are important for industrial purposes as they supply hides, skin, and
fiber. Even some valuable by-products such as dung for fuel and manure and the
horns are also obtained for the production of fancy items. Animal production can be
a small-scale cottage industry or large-scale manufacturing industry and so helps in
providing part-time or full-time employment to the people. The livestock sector is
the source of regular income because of the quotidian production of dairy and
poultry products. Fluctuations in climatic conditions have a tremendous effect on
the fisheries sector. In the next few years, the air temperature and water temperature
will continue to rise, due to which the level of the sea will surge up as the glacial
mass will begin to melt. This will lead to acidification of water bodies owing to
increased absorption of carbon dioxide emissions (Bindoff et al. 2007). Climate
change even affects the distribution of fish in water bodies.

11.1.4 Institutes Working on Animal Production Under
Changing Climate

The Indian Council of Agricultural Research (ICAR)-National Institute of Animal
Nutrition and Physiology (NIANO), set up on November 24, 1995, at Bangalore,
plays a pivotal role in conducting elementary analysis with respect to resource
management of animal forage using various physiological-nutritional perspectives
to ameliorate the animal productivity. Animal Production Research Institute (APRI)
was established in the year 1908. Since then it is working to increase per capita
animal productivity and profitability of farmers involved in livestock production.
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This institute also aims to optimize the utilization of natural resources such as land
and water to safeguard and preserve the environment. The National Research
Institute of Animal Production was set up in Poland in 1950 and is authorized to
carry out development and research work related to genetics and breeding of animals
and all the issues related to animal production. Animal Production Research
Institute-Giza situated in Egypt facilitates innovative and effective research on
agri-food issues to achieve sustainable development outcomes. The Institute of
Animal Sciences and Pastures (IZ) at Sau Paulo State, Brazil, works with an aim
to research increasing animal productivity by using new technologies. This institute
is committed to face any kind of challenges in the near future. Post Graduate Institute
of Animal Sciences, Kattupakkam, situated in Chennai city, Tamil Nadu, was
founded in the year 1957. The institute aims to improve livestock productivity by
using various scientific techniques in the management of livestock. National Dairy
Research Institute-National Innovations on Climate Resilient Agriculture (NDRI-
NICRA), in Karnal, Haryana, effectuates pioneering research for animal welfare
while sustaining the animal productivity in changing climate conditions. The insti-
tute is striving hard for increasing livestock production by fighting against both
biotic and abiotic stress conditions. International Livestock Research Institute
(ILRI), a global research center based in Kenya, was established in the year 1994.
This institute is a member of the Consultative Group on International Agricultural
Research (CGIAR). The research work focuses on various livestock challenges such
as the vaccine for animal diseases, animal genetics, changing climatic conditions
adaptation and mitigation, rapidly emerging infectious diseases, and markets for
animal products. The Institute of Animal Husbandry was founded in 1948, in
Belgrade (Zemun), and it carries out research activities in the areas of animal
breeding, feeding, genetics, and physiology to enhance the productivity of animal
products. The National Animal Production Research Institute was set up in Zaria
(Nigeria) to develop new appropriate technologies for increasing animal production
to assure food security to the growing population.

11.1.4.1 Livestock Census

The 20th livestock census was set in motion during October 2018 in both the rural
and urban cities. This census was performed in approximately 6.6 lakh villages and
89,000 urban places across India and included more than 27 crore households and
non-households:

» Total livestock population = 535.78 million.
e Total bovine population = 302.79 million.

» Total cattle population = 192.49 million.

e Total cow population = 145.12 million.
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11.2 Quantification of Climate Change

11.2.1 Overview of Responses to Temperature, Drought,
and Carbon Dioxide

11.2.1.1 Temperature

According to the report generated, the US livestock industry suffered a loss of 1.69
to 2.36 US billion dollars due to warm conditions of the environment. Increased
temperature reduces the sperm quality and concentration in bulls, poultry, and pigs
(Karaca et al. 2002; Kunavongkrita et al. 2005). Temperature increases between
1 and 5 °C can whip up the mortality rate in grazing cattle (Howden et al. 2008). An
increase in the temperature of water alters the physiology and male-female ratio of
the fish species. Increasing temperature accelerates the rate of transmission of
communicable diseases. According to Tubiello et al. (2008), forage supply gets
affected by high temperature as it shifts C3 grasses to C4 grasses. Howden et al.
(2008) reported that the temperature rise has shifted Kobresia communities, the
highly productive alpine, to the Stipa communities that are less productive. In the
swine industry, Mayorga et al. (2019) reported huge loss linked with heat stress as
this decreases feed efficiency, carcass quality, and reproductive performance and
increases infection and death rate. Above a certain maximum limit of temperature,
intake of feed, production of poultry, milk, reproduction, hormonal activity, and the
immunity of an animal get suppressed (Das et al. 2016). Temperature changes
decrease the production of dairy and beef products that incur a striking loss in the
economy (Nardone et al. 2010).

11.2.1.2 Drought

Besides being affected by an increase in temperature due to changing climate,
livestock is susceptible to extreme events such as drought (Kanwal et al. 2020).
Drought poses a serious risk to the environment that influences the production of
livestock negatively. This prolonged period of scanty rainfall is considered a
momentous natural menace and is generally acknowledged as one of the dominant
causes of damage to the environment, farming, and ecosystem (Vicente-Serrano
et al. 2010). Dzavo et al. (2019) recorded water shortage as the most common cause
for the loss of cattle in semiarid and subhumid areas. Starvation was found to trigger
cattle loss due to lack of food. Fodder supply becomes sparse due to lack of rainfall
as a result of which the price of fodder also rises. In India, approximately 68% of the
sown area is at the risk due to drought, and every year it affects about 50 million
people. The deficiency of nutrition in the diet of livestock is balanced by the fat
resources in the body. Drought leads to fluctuations in the populations of livestock
by increasing death rate and decreasing birth rate (Ellis and Swift 1988; Oba and
Kotile 2001). According to the United Nations Environment Programme (1989),
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India is vulnerable to utmost events due to changing climate. The effect of a dry spell
is noticeable even in lactating animals (Kanwal et al. 2020). The scarcity of rainfall
has a strong influence on the sheep. Research studies have shown that drought leads
to depletion in offspring production and lessens milk production, and infertility
issues even cause serious diseases and death of an animal in certain cases. Studies
conducted by Salmoral et al. (2020) revealed that the drought that occurred in the
UK in the year 2018 imposed a remarkable impact on the growth of grass that affects
the availability of feed, prices, the income of farmers, and thus animal welfare.
Nanson et al. (2002) reported that more than 50% of the world’s surface area is
drained by the dryland rivers. The abundance of fish in these dryland rivers is
affected by the drought conditions as the water flow stops and most of the river
channels dry up (Knighton and Nanson, 2000). The drought conditions threaten the
resistance of the fish population which eventually leads to mass mortality in fish
(Hopper et al. 2020; Vertessy et al. 2019).

A decrease in abundance and biomass of trout in streams was observed in water
systems near Western Cascade Mountains during the drought year (Kaylor et al.
2019). Hakala and Hartman (2004) reported that in response to drought-like condi-
tions, the abundance of adult brook trout decreased by 60%. On similar lines, James
et al. (2010) observed a decline in population biomass of adult brown trout following
drought. Drought also presents an acute risk to the livestock sector as such condition
lowers the production of hay and fodder (Schaub and Finger 2020). Smit et al.
(2008) and Webber et al. (2018) had observed considerable diminution in the
production of grassland and feed crops. Changing climatic conditions have an
indirect effect on the production of poultry as it greatly affects the maize yield
production. Availability and the price of poultry feed get affected due to climate
change as reported by Liverpool-Tasie et al. (2019).

11.2.1.3 Carbon Dioxide

The livestock population is facing a serious challenge due to changing atmospheric
conditions. Over the last previous 200 years, levels of carbon dioxide in the
atmosphere have been increased by approximately 30%. Semple (1970) reported
that natural ecosystems act as the source of the majority of food supply to ruminants
and 95% of the livestock food is supplied by the rangelands (Holochek et al. 1989).
Plants produce their food by the process of photosynthesis and so act as the primary
producers. During this process, carbon dioxide is transformed into sugars such as
glucose; thus CO, is vital for the growth of plants. But the increased levels of CO,
drop the level of nitrogen in the leaves, which is considered as a most crucial nutrient
for animals that depend on plant-based food (Ehleringer et al. 2005). Under elevated
concentrations of carbon dioxide in the atmosphere, it has been reported that the
plants elevate the release of secondary metabolites due to which animals feeding on
such plants show a decrease in growth rate and increase in death rate (Percy et al.
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2002). Roughly, one-third of the CO, that is produced due to human activities
dissolves in the oceans which causes ocean acidification. Elevated levels of CO,
lead to difficulty in breathing in marine fishes, and as a result, it inhibits their food-
capturing ability and they become prone to predators. The most drastic effects of the
elevated CO, concentration are prophesied in oxygen minimum zones in the oceans,
where oxygen is found at very low concentrations (Brewer and Peltzer, 2009).

The quality of forages has been reduced due to morphological changes linked
with elevated CO, (Owensby et al. 1996). Due to the increased concentration of
carbon dioxide, more waxes get deposited in the plant leaves, which further lessen
the forage quality for livestock (Thomas and Harvey, 1983). In the future, the
production of livestock will most likely get distressed by increasing temperature
and increasing CO, levels as they modify the growing conditions of plants that are
used by animals for feeding purposes (Loholter et al. 2012). Preliminary analysis has
revealed that in 2020, the average concentration of carbon dioxide in the atmosphere
all over the globe was 412.5 ppm, which indicates a surge of 2.6 ppm over the levels
of CO, recorded in the year 2019. Levels of CO, have depicted an increase of 12%
since the year 2000.

11.2.2 Overview of Responses to Biotic Stress Such
as Parasites

Livestock animals such as sheep and goats act as the vital component of the dairy
farming section. Various helminths act as parasites in these animals and thus affect
the farming systems across the world. These parasites lessen the productivity of
these animals as they feed on the body or the blood of the host. Greer (2008) reported
that Haemonchus contortus absorbs nutrients from the gastrointestinal tract of the
host species, and this way the parasite damages the lining of their GI tract. As a
result, the host shows various symptoms such as a decrease in weight, hyperoxia,
and death in certain cases. Climate affects the copiousness and survival rate of
infective stages of parasites, thus increasing the infection rate of animals (O’Connor
et al. 2006). Stress triggered by the direct and indirect effects of bacteria, viruses,
insects, and nematodes is referred to as biotic stress. This stress leads to loss due to
pathogenicity and death in animals (Jaya et al. 2016). Changing climatic conditions
have a great influence on the infectious diseases in animals as they alter their spatial
distribution, disturb the seasonal and annual cycles, modify the vulnerability of
animals to diseases, and also change the prevalence and severity of diseases in
them (Patterson and Guerin, 2013; Bagath et al. 2019 and Filipe et al. 2020). Various
transmissible disease-causing organisms responsible for causing various diseases in
animals are sensitive to climate change especially rainfall, temperature, and mois-
ture. Pathogens transmitted through food, water, and soil are most probably affected
by the change in climatic conditions (McIntyre et al. 2017).
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11.3 Impact of Climate Change on Livestock Production
Systems

Long-term change in the climate of the Earth due to an increase in the average
temperature of the atmosphere is called climate change. Animal production is an
indispensable resource for the people living in poorly developed communities. Any
change in the environment of an animal affects the efficaciousness of the animal
production system as these changes markedly influence the growth, development,
and reproduction of all animals (Fig. 11.2).

11.3.1 Quality of Feed

Change in the climatic conditions such as fluctuating temperature, intense heat
waves, wind, precipitation, etc. in a certain region presents a great threat to the
animals. Animal production gets affected because of the decreased quality of the
forage available for feeding. Decrease in the production of herbs and increase in
lignification of plant tissues vitiate the forage digestibility by animals. Furthermore,
the area under the shrub cover is increasing with the change in climate that tends to
diminish both the quality and quantity of feed available to the animals (Hidosa and
Guyo 2017). The research findings have suggested that with the increase in temper-
ature and carbon dioxide levels, the primary productivity of greensward and grazing
lands decreases. Climate change decreases the productivity and grazing capacity of
pasture lands. Moreover, it changes the pasture composition and also increases the
offset of biomass yield (Attia-Ismail 2020). Plants growing on pasturelands entirely
rely upon rainfall, so any change in the pattern of rainfall will affect the plants.
Climatic changes such as reduced rainfall and the increase in drought-like conditions
will decrease the primary productivity of rangelands/pastures, which will lead to
overgrazing which may result in conflict over the scarce food resources. There is a
growing probability of an increase in weather events, and that will have a great
impact on the grazing systems in arid and semiarid areas especially at altitudes
(Hoffman and Vogel 2008). Similar kinds of effects can be expected in the

Fig. 11.2 Effect of climate
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non-grazing systems where the animals are confined to climate-controlled buildings.
Decreased agricultural production and the increase in the competition for food
resources will surge the prices of oilcake and grains, which are considered major
feed sources in non-grazing systems. In various regions of the world, wide fluctu-
ations in the pattern of rainfall will have a great impact on forage production (Sejian
et al. 2016). Studies done by Giridhar and Samireddypalle (2015) suggested that any
climatic change has an adverse impact on productivity, quality of species, production
of forage, and also the ecological roles of grasslands.

A dry spell over a long period also poses a great threat to pasture and feed
supplies, as this leads to a decrease in the availability of quality forage to the grazing
animals. Decreased precipitation and high temperature in the summer season in
certain areas cause intense droughts, which may affect crop production and thus
pose a significant problem for the animals that rely on grains for their food. So, it is
evident that climate change has a negative impact on the animal production system.

11.3.2 Health of Animals

Change in climate may have a direct or indirect influence on animal health. Studies
conducted by the National Research Council revealed that at a temperature above
30 °C, feed intake of cattle, sheep, goats, pigs, and chickens lessens by 3-5% with a
single-degree rise in temperature. The secretion of stress hormones is also provoked
by the temperature change. Reduced intake of feed due to prolonged exposure to
high air temperature dwindles the production of catecholamines, growth hormones,
and glucocorticoids. Studies done by Itoh et al. (1998a, b), Moore et al. (2005), and
Sano et al. (1983, 1985) depicted the change in the metabolism of glucose, lipids,
and proteins in animals that were under heat-stressed conditions. A decrease in the
intake of feed and availability of forage leads to acute rumen acidosis, which
increases the risk of laminitis and milk fat depression in animals. Heat stress impairs
the protective value of the colostrum in cows and pigs. Animals require different
types of nutrients such as minerals, vitamins, protein, and energy which vary with
the region and the type of animal (Thornton et al. 2009). Any disruption in the
availability of these nutrients due to heat stress affects both the process of digestion
and metabolism in animals (Mader 2003). The deficiency of sodium and potassium
in dairy cattle engenders metabolic alkalosis and increases the rate of respiration
(Chase 2012). The reproductive capability of hens decreases because of heat stress,
which has a significant effect on the production of eggs due to interference in the
process of ovulation. Change in climatic conditions in the different regions of the
world presents a great threat to the sustainability of animal production systems.
Under cold stress conditions, animals overfeed on the protein-rich feed to increase
the production of heat; howbeit it causes complications in the gastrointestinal tract.
Increased temperature reduces the activity of chymotrypsin, trypsin, and amylase
which decreases the nutrient digestibility in poultry (Amundson et al. 2006). An
increase in the temperature of water jeopardizes the existence of various fish species.
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Le Quesne and Pinnegar (2012) reported that ocean acidification decreases the
development of otolith and calcified structures in fishes.

11.3.3 Reproduction in Animals

Unpredictable changes in the rainfall pattern and temperature influence the maturity
and gonadal development of fishes during the breeding season. An increase in
temperature influences the spawning and maturation of fishes. So the overall pro-
ductivity of marine and freshwater ecosystems gets decreased due to any change in
climatic conditions. The transfer of energy between the animal and its surrounding
gets altered due to extreme changes in the climate which has an adverse effect on the
reproduction in animals. The time period of the estrous cycle varies due to seasonal
fluctuations in the environment of any animal. Heat and cold stress conditions bring
down the rate of conception. Moreover, the functioning of the endocrine system also
gets disrupted. Singh et al. (2013) reported that heat stress induces an increase in the
secretion of adrenocorticotrophin hormone and cortisol that results in obstruction of
sexual behavior induced by estradiol. According to Roth et al. (2000), ovarian
follicles get damaged and are not able to survive when the temperature of the body
surpasses 40 °C. Bilby et al. (2008) reported that high-temperature conditions lead to
infertility due to an increase in the production of uterine PGF (2 alpha). In the cold
season, the rate of conception was recorded to be 40-60%, whereas it decreases to
10-20% in hotter months (Cavestany et al. 1985). Balic et al. (2012) reported that an
increase in temperature alters hormonal balance, sexual behavior, and quality of
semen that has a significant impact on the overall reproductive performance of bulls.
Seasonal infertility has also been reported in pigs because of the changes in photo-
period and temperature conditions (Auvigne et al. 2010), due to which the swine
industry suffers a lot. Change in climate affects the process of reproduction in most
of the fishes (Pankhurst and Munday 2011). According to Pankhurst and King
(2010), in autumn-spawning fish species, increased temperature impedes the incep-
tion of ovulation, thus swaying the process of reproduction.

11.3.4 Diseases in Animals

The risk for the outbreak of diseases increases due to changes in the temperature of
water systems; thus this may incur huge economic losses in the aquaculture sector.
Prathap et al. (2017) reported that the temperature of the udder in dairy cows
increases due to heat stress which is recognized as the fons et origo of mastitis
disease. Animal productivity across the globe gets decreased by 25% due to various
livestock diseases (Grace et al. 2015). Heat stress can lead to acidic conditions in the
rumen of animals that cause lameness in dairy and beef cows (Cook and Nordlund
2009). A biting midge species, Culicoides imicola, serves as a vector for
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Schmallenberg virus and bluetongue virus in ruminants, and the studies done by
Wittmann et al. (2001) revealed that 2 °C rise in air temperature spreads this species
tremendously. These animal viruses are proliferating at a faster rate due to change in
climatic conditions. According to Caminade et al. (2019), with ascend in humidity to
about 85%, reproduction in ticks increases; thus climate change accelerates tick
infestation in animals. Clearing away of forests and decreasing the area under
vegetation lead to an imbalance in the ecosystem due to an increase in humidity
and temperature that augment the spread of vector-borne diseases. Fox et al. (2012)
reported that the larvae of Haemonchus contortus, a nematode, show an increase in
the development with the increase in temperature, thus causing severe anemic
conditions in sheep as this worm is responsible for the bloodsucking from the
stomach of the sheep. Animal diseases caused by the helminths are known to
increase with climate change. According to data generated by WHO (2008), alter-
ations in the climatic condition such as an increase in rainfall, temperature, and
humidity can augment the spread of spores of Bacillus anthracis that cause anthrax
disease in animals. Salinity affects the water that animals use for drinking purpose,
thus causing diarrhea in animals. Alam et al. (2017) revealed that changes in the
salinity of water bodies cause malfunctioning of the immune system and various
diseases related to the skin in animals, thus having a negative impact on the health of
animals. White et al. (2003) performed studies on Australian livestock and con-
cluded that outbreak of ticks leads to an 18% decrease in the bodyweight of animals.
In sheep, cutaneous myiasis increases with elevation in humid conditions and
rainfall during the summer season (Sutherst 1990). Due to a surge in humidity and
temperature, the developmental rate of parasites and the disease-causing organisms
increases as reported by Mashaly et al. (2004). Thus, it can be concluded that the
economy of the nation gets disturbed due to decreases in animal production owing to
various diseases with climatic changes. The aquaculture sector gets equally affected
by the change in the climate. Altered weather conditions have a negative influence
on both the wild and cultured fish population due to an increase in susceptibility to
sundry diseases. Elevated water temperature increases the risk of furunculosis and
white spot disease in fishes (Lopez et al. 2010). Alteration in climatic conditions has
a proclivity for various diseases in animals.

11.4 Impact of Climate Change on Animal Productivity
11.4.1 Milk Production

Heat stress has a great impact on animal productivity. Temperature-humidity index
lesser than 68 is apt for the performance of cattle in a temperate climate (Gauly et al.
2013). The temperature-humidity index of approximately 72 is desirable for high
milk-producing cows in the subtropical and tropical climate. Panting, sweating, and
standing for long periods indicate heat stress in dairy cows (Koirala and Bhandari
2019) due to which the cows eat less forage. Both composition and the quality of



324 R. Jasrotia et al.

milk decrease due to climatic changes. Various constituents of milk such as percent-
age of fat, amino acids, lactose, and casein content change due to an increase in the
temperature of the body that influences the synthesis of fat in the mammary gland.
Prathap et al. (2017) reported the production of milk is affected by the increase in
temperature as it causes an imbalance of various hormones such as lactotropin,
estrogen, birth hormone, growth hormone, and progesterone hormone. There is a
decrease in milk production in the animals when the temperature increases above
35 °C (Wheelock et al. 2010). Valtorta et al. (2002) recorded a 10-14% reduction in
the production of milk in dairy cows in response to heatwave conditions. Heat stress
has a negative effect on the production of milk and meat. According to Bernabucci
(2019), the hot environment negatively affects the quality of animal products besides
its quantity. Summer et al. (2018) pointed out that both the organic and inorganic
constituents of milk get affected by heat stress.

11.4.2 Wool Production

Unevenness in the rainfall pattern and concentration of carbon dioxide in the
atmosphere affects the quantity and quality of forage available to the animals. The
amount of water resources are declining, and so it is envisaged that the health of
animals will be badly affected by increasing temperature. Alterations in the forage
quality will lessen the productivity of clean wool. Reduction in the availability of
pasturelands will affect the diameter and strength of wool fiber (Howden et al. 2004).

11.4.3 Poultry Production

Climate change has a similar impact on the poultry industry. Tankson et al. (2001)
reported that an increase in temperature will decrease the body and carcass weight of
poultry which has a significant impact on the energy and the protein content of the
birds. Moreover, the rate of reproduction also declines due to climate changes.
Obtrusion of ovulation and decrease in the feed intake affect egg production
(Nardone et al. 2010). An increase in temperature also reduces the quality of eggs.

11.4.4 Meat Production

The findings of Nardone et al. (2010) have revealed that beef cattle with thick and
dark color coats are at more risk of increased temperature. In ruminants, global
warming can lessen down the size of the body, the thickness of fat, and the weight of
the carcass. Lucas et al. (2000) observed that the survival rate of the young ones of
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pigs decreases when the temperature rises above 25 °C. Moreover, there will be a
reduction in feed intake and carcass weight due to changes in climatic conditions.

11.5 Climate Change and Mortality

When the body temperature of an animal increases by 3 to 4 °C above normal, then it
may lead to heatstroke, heat cramps, and organ dysfunction in animals. Extreme
weather conditions increase the death rate among animals (Vitali et al. 2015). In the
year 2003, during the summer season in Europe, thousands of poultry, pigs, and
rabbits died due to severe heat waves. According to Howden et al. (2008), a rise in
temperature between 1 °C and 5 °C above-average levels leads to high mortality in
grazing animals. An increase in the death rate in Mecheri sheep was observed by
Purusothaman et al. (2008) in India during the summer months due to thermal stress
or heat stress conditions. Various events are on the record that depicts that extreme
weather conditions increase the mortality rate in animals. In Ethiopia, a drought
occurred in the years 1973—1974, which leads to mortality of 30% goats, 50% sheep,
and 90% cattle due to a decrease in the availability of water and feed (Kidus, 2010).
Elevated carbon dioxide concentration in water bodies has a detrimental impact on
the growth and viability of early life stages of fishes that inhabit the bottom of water
bodies as they do not possess a regulatory system for the maintenance of pH
(Frommel et al. 2014).

11.6 Modeling and Simulation

Changing climate leads to precariousness in livestock production. Climate models
apprise humans about the rising unevenness in the climate patterns. Climate change
adaptation has gained huge attention, and it is managed by making high-tech
innovations and new policies (Crane et al. 2011). Based on different climate
scenarios, various models such as regional circulation models (RCMs), general
circulation models (GCMs), economic models, etc. are used to depict the impact
of changing climate in the near future (Hein et al. 2009; Olson et al. 2008). General
circulation models figure out the potential causes of climate variability and project
climatic variations in the coming decades. GCMs are also called global climate
models. Sutherst et al. (1999) and Sutherst (2000) described CLIMEX, a bioclimatic
modeling software that validates the evolution of models which outline the abun-
dance and distribution of any species based on climate. Regional climate modeling
(RCM) is another alternative for global modeling, which simulates smaller portions
instead of the entire globe. According to Maure et al. (2018), CORDEX regional
climate models predicted that the western part of South Africa will receive less
rainfall and heat waves will increase that have a negative impact on various
productivity sectors like utilization of wildlife, apiculture, the fisheries sector, and
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livestock as the effective temperature for living species may surpass. Harrison et al.
(2016) utilized farm systems and economic modeling for predicting the effects of
climate change on the production and economy of dairy products. They used
historical climate data and regional climate change projections for the years 2040
and 2080 to determine the upcoming climate conditions. Biophysical modeling has
been used to predict the impact of climate change on consumption of pasturelands,
additional feeding, and milk productivity and also determines the risks to the
corporate sectors that are related to varying prices of milk and other input costs
(Harrison et al. 2017). Global Livestock Environment Assessment Model (GLEAM)
has been developed by the Food and Agriculture Organization (2020) that quantifies
the productivity and utilization of natural resources in the animal production sector.
This model identifies the impact of environmental changes on the animals, thus
contributing toward the evaluation of alteration and reduction scenarios to develop a
more sustainable animal sector. This modeling framework can be used both at the
regional and global levels.

11.7 Adaptation Options

Changing climate conditions undoubtedly have a negative impact on the health of
animals. Under the conditions of heat stress, modifications in the diet composition in
such a way that it either increases the feed intake by animals or compensates for the
less consumption of feed can help in improving animal productivity. Alteration in
the frequency and time of feeding can help in eluding excessive load of heat and thus
increases the chances of survival, particularly in poultry (Renaudeau et al. 2012).
Efficient cooking systems can be applied to decrease heat stress in animals. A
combination of cooling with other treatments can be used to ameliorate the fertility
rate in heat-stressed livestock (Bernabucci 2019). Climate change induces heat
stress, increases the incidence of disease, and brings a reduction in the availability
of the pasturelands, and the livestock tolerates these environmental constraints
through morphological, behavioral, hormonal, biochemical, and cellular adaptation
(Sejian et al. 2017). Adaptation strategies include modification both in the produc-
tion and management systems, breeding practices, amendment in policies, advance-
ment in technologies, and modifying the perception of farmers (Rowlinson et al.
2008; USDA 2013). According to IFAD (2010), integrating livestock animals with
crop production and forestry and altering the time and site of farm operations acts as
an adaptative measure for livestock production. Diverseness of livestock and variety
of crops can surge the tolerance for heatwaves and dry spell which intensifies the
production of livestock even when the animals are vulnerable to stresses of temper-
ature and rainfall. Besides this, crop and livestock animal diversity are effectual in
combating the diseases related to climate change (Batima et al. 2005;
Kurukulasuriya and Rosenthal 2003). According to the studies conducted by
Renaudeau et al. (2012), Thornton and Herrero (2010), and Havlik et al. (2013),
changes in feeding practices such as alteration of diet composition, modification of
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feeding time, and inclusion of agro-sylviculture species in the diet of animals can
help them to adapt in the changing climate conditions. All these practices lessen the
risk of changing climate by reducing feed insecurity during drought conditions,
decreasing extreme heat load, and reducing malnutrition and death rate in animals.
Transition in breeding practices can surge the tolerance for heat stress and diseases in
animals by ameliorating their breeding and growth (Henry et al. 2012). The devel-
opment of genebanks can enhance the breeding programs which will act as an
insurance policy for livestock animals (Thornton et al. 2008).

11.8 Conclusion

Certain steps are required to be taken by the government by focusing on the
advancement to lessen the effect of climate change on the livestock and aquaculture
sector. Climate change is viewed as a substantial threat to the continuance of life on
the earth, and it is one of the serious challenges of this century. The cognizance of
change in climate conditions and their impact on animal health is very limited across
the world. Climatic events have a serious impact on the biotic components of the
ecosystem. It is necessary to understand the alterations in climate, and certain
policies should be developed in response to these climatic variations. Varieties of
fodder that are resistant to drought-like conditions need to be developed so that
good-quality feed remains available to the animals. Shelter for animals should be
designed in such a way, keeping in mind the heat stress, comfort, and behavior of
animals (Ali et al. 2020). Climate alterations jeopardize the existence of the livestock
system. Adaptation to climate changes and framing various policies at the regional,
national, and international levels are ultra-critical to defend animal production. One
of the most propitious adaptations is to use various crop varieties as feed for the
livestock (Downing et al. 2017). Diversification of feed increases the tolerance
toward the alterations in climate changes. Advanced technologies can be utilized
to link data on climate change with the outbreak of various diseases.

Acknowledgments The authors would like to thank the Government of India (GOI) for providing
necessary facilities under FIST, PURSE, and RUSA programs. The valuable suggestions and help
provided by the Head, Department of Zoology, University of Jammu, are duly acknowledged.

References

Alam MZ, Carpenter-Boggs L, Mitra S, Haque M, Halsey J, Rokonuzzaman M, Saha B,
Moniruzzaman M (2017) Effect of salinity intrusion on food crops, livestock, and fish species
at Kalapara Coastal Belt in Bangladesh. J Food Qual:1-23

Alexandratos N, Bruinsma J (2002) World agriculture towards 2030/2050: the 2012 revision. ESA
working paper No. 12-03



328 R. Jasrotia et al.

Ali MZ, Carlile G, Giasuddin M (2020) Impact of global climate change on livestock health:
Bangladesh perspective. Open Veterinary J 10(2):178-188

Amundson JL, Mader TL, Rasby RJ, Hu QS (2006) Environmental effects on pregnancy rate in beef
cattle. ] Anim Sci 84:3415-3420

Attia-Ismail SA (2020) Influence of climate changes on animal feed production, the problems and
the suggested solutions. In: EwisOmran ES, Negm A (eds) Climate change impacts on agricul-
ture and food security in Egypt. Springer Water. Springer, Cham

Auvigne V, Leneveu P, Jehannin C, Peltoniemi O, Sallé E (2010) Seasonal infertility in sows: a five
year field study to analyze the relative roles of heat stress and photoperiod. Theriogenology 74:
60-66

Bagath M, Krishnan G, Devaraj C, Rashamol VP, Pragna P, Lees AM, Sejian V (2019) The impact
of heat stress on the immune system in dairy cattle: a review. Res Vet Sci 126:94-102

Balic IM, Milinkovic-Tur S, Samardzija M, Vince S (2012) Effect of age and environmental factors
on semen quality, glutathione peroxidase activity and oxidative parameters in Simmental bulls.
Theriogenology 78(2):423-431

Batima P, Bat B, Tserendash L, Bayarbaatar S, Shiirev-Adya S, Tuvaansuren G, Natsagdorj, L,
Chuluun T (2005) Adaptation to climate change, vol. 90. ADMON Publishing, Ulaanbaatar

Bernabucci U (2019) Climate change: impact on livestock and how can we adapt. Anim Front 9(1):
3-5. https://doi.org/10.1093/af/vty039

Bilby TR, Baumgard LH, Collier RJ, Zimbelman RB, Rhoads ML (2008) Heat stress effects on
fertility: consequences and possible solutions. The proceedings of the 2008 South Western
nutritional conference

Bindoff NL, Willebrand J, Artale V et al (2007) Observation, oceanic climate change and sea
level. In: Solomon S, Qin D, Manning M, Chen Z, Marquis M, Averyt KB, Tignor M, Miller HL
(eds) Climate change 2007: the physical science basis. Contribution of working group I to the
fourth assessment report of the Intergovernmental Panel on Climate Change. Cambridge
University Press, Cambridge, pp 385432

Brewer PG, Peltzer ET (2009) Limits to marine life. Science 324:347-348

Caminade C, MclIntyre KM, Jones AE (2019) Impact of recent and future climate change on vector-
borne diseases. Ann N 'Y Acad Sci 137:119-129

Cavestany D, EI-Whishy AB, Foot RH (1985) Effect of season and high environmental temperature
on fertility of Holstein cattle. J Dairy Sci 68(6):1471-1478

Chand R, Raju SS (2008) Livestock sector composition and factors affecting its growth Ind. Jn of
Agri Econ 63(2):1-13

Chase LE (2012) Climate change impacts on dairy cattle. Climate change and agriculture: Promot-
ing practical and profitable responses. http://www.climateandfarming.org/pdfs/FactSheets/II1.3
Cattle.pdf. Accessed 12 Feb 2013

Cook NB, Nordlund KV (2009) The influence of the environment on dairy cow behavior, claw
health and herd lameness dynamics. Vet J 179:360-369

Crane TA, Roncoli C, Hoogenboom G (2011) Adaptation to climate change and climate variability:
the importance of understanding agriculture as performance. NJAS Wageningen J Life Sci 57:
179-185

Das R, Sailo L, Verma N, Bharti P, Saikia J, Imtiwati KR (2016) Impact of heat stress on health and
performance of dairy animals: a review. Vet World 9(3):260-268

Delgado C (2003) Rising consumption of meat and milk in developing countries has created a new
food revolution. J Nutr 133:3907S-3910S

Delgado C (2005) Rising demand for meat and milk in developing countries: implications for
grasslands-based livestock production. In: McGilloway DA (ed) Grassland: a global resource.
Wageningen Academic Publisher, The Netherlands, pp 29-39

Downing MMR, Nejadhashemi AP, Harrigan T, Woznicki SA (2017) Climate change and live-
stock: impacts, adaptation, and mitigation. Clim Risk Manag 16:145-163


https://doi.org/10.1093/af/vfy039
http://www.climateandfarming.org/pdfs/FactSheets/III.3Cattle.pdf
http://www.climateandfarming.org/pdfs/FactSheets/III.3Cattle.pdf

11 Climate Change Impacts on Animal Production 329

Dzavo T, Zindove TJ, Dhliwayo CM (2019) Effects of drought on cattle production in sub-tropical
environments. Trop Anim Health Product Health 51:669-675. https://doi.org/10.1007/s11250-
018-1741-1

Ehleringer JR, Cerling TE et al (eds) (2005) A history of atmospheric CO, and its effects on plants,
animals, and ecosystems. Springer, New York

Ellis JE, Swift DM (1988) Stability of African pastoral ecosystems: alternate paradigms and
implications for development. Rangeland Ecol Manage/J Range Manage Arch 41(6):450-459

FAO (2020) Global Livestock Environmental Assessment Model (GLEAM). http://www.fao.org/
gleam/en/

Filipe JF, Herrera V, Curone G, Vigo D, Riva F (2020) Floods, hurricanes, and other catastrophes: a
challenge for the immune system of livestock and other animals. Front Vet Sci 7:1-8

Fox NJ, Marion G, Davidson RS, White PC, Hutchings MR (2012) Livestock helminths in a
changing climate: approaches and restrictions to meaningful predictions. Animals 2:93-107

Frommel AY, Maneja R, Lowe D, Pascoe CK, Geffen AJ, Folkvord A, Piatkowski U, Clemmesen
C (2014) Organ damage in Atlantic herring larvae as a result of ocean acidification. Ecol Appl
24:1131-1143

Gauly M, Bollwein H, Breves G, Brugemann K, Danicke S, Das G, Demeler J, Hansen H,
Isselstein J, Knnig S, Loholter M, Martinsohn M, Meyer U, Potthoff M, Sanker C,
Schroder B, Wrage N, Meibaum B (2013) Future consequences and challenges for dairy cow
production systems arising from climate change in Central Europe. Animal 7:843-859

Giridhar K, Samireddypalle A (2015) Impact of climate change on forage availability for
livestock. In: climate change impact on livestock: adaptation and mitigation

Godber OF, Wall R (2014) Livestock and food security: vulnerability to population growth and
climate change. Glob Chang Biol 20(10):3092-3102

Grace D, Bett B, Lindahl J, Robinson T (2015) Climate and livestock disease: assessing the
vulnerability of agricultural systems to livestock pests under climate change scenarios.
CCAFS Working Paper no. 116. Copenhagen, Denmark: CGIAR Research Program on Climate
Change, Agriculture and Food Security (CCAFS)

Greer AW (2008) Trade-offs and benefits: implications of promoting a strong immunity to
gastrointestinal parasites in sheep. Parasite Immunol 30:123-132

Hakala JP, Hartman KJ (2004) Drought effect on stream morphology and brook trout (Salvelinus
fontinalis) populations in forested headwater streams. Hydrobiologia 515:203-213

Harrison MT, Cullen BR, Rawnsley RP (2016) Modelling the sensitivity of agricultural systems to
climate change and extreme climatic events. Ag.Sys 148:135-148. https://doi.org/10.1016/j.
agsy.2016.07.006

Harrison MT, Cullen BR, Armstrong DP (2017) Management options for Australian dairy farms
under climate change: effects of intensification, adaptation and simplification on pastures, milk
production and profitability. Ag Sys 155:19-32. https://doi.org/10.1016/j.agsy.2017.04.003

Havlik P, Valin H, Mosnier A, Obersteiner M, Baker JS, Herrero M, Rufino MC, Schmid E (2013)
Crop productivity and the global livestock sector: implications for land use change and
greenhouse gas emissions. Am J Agric Econ 95:442-448

Hein L, Metzger MJ, Leemans R (2009) The local impacts of climate change in the Ferlo, Western
Sahel. Clim Chang 93:465-483

Henry B, Charmley E, Eckard R, Gaughan JB, Hegarty R (2012) Livestock production in a
changing climate: adaptation and mitigation research in Australia. Crop Pasture Sci 63:191-202

Hidosa D, Guyo M (2017) Climate change effects on livestock feed resources: a review. J Fisheries
Livest Prod 5(4):1-4

Hoffman MT, Vogel C (2008) Climate change impacts on African rangelands. Rangelands 30:12—
17

Holochek JL, Peiper RD, Herbel CH (1989) Range management: principles and practices,
501 p. Prentice-Hall, Inc., Englewood Cliffs

Hopper GW, Gido KB, Pennock CA, Hedden SC, Frenette BD, Barts N, et al. (2020). Nowhere
to swim: Interspecific responses of prairie stream fishes in Isolated Pools during severe drought.
AquatSci 82. https://doi.org/10.1007/s00027-020-0716-2


https://doi.org/10.1007/s11250-018-1741-1
https://doi.org/10.1007/s11250-018-1741-1
http://www.fao.org/gleam/en/
http://www.fao.org/gleam/en/
https://doi.org/10.1016/j.agsy.2016.07.006
https://doi.org/10.1016/j.agsy.2016.07.006
https://doi.org/10.1016/j.agsy.2017.04.003
https://doi.org/10.1007/s00027-020-0716-2

330 R. Jasrotia et al.

Howden SM, Harle KJ, Dunlop M, Hunt L (2004) The potential impact of climate change on wool
growing in 2029 a research brief conducted by CSIRO sustainable ecosystems for future
Woolscapes 1-27

Howden SM, Crimp SJ, Stokes CJ (2008) Climate change and Australian livestock systems:
impacts, research and policy issues. Aust J Exp Agric 48:780-788

Hurst P, Termine P, Karl M (2005) Agricultural workers and their contribution to sustainable
agriculture and rural development. FAO, Rome

IFAD (International Fund for Agricultural Development) (2010) Livestock and climate change.
http://www.ifad.org/Irkm/events/cops/papers/climate.pdf

International Fund for Agricultural Development (2007) Livestock and climate change. In: Rota A
(ed) Livestock thematic papers: tools for project design. International Fund for Agricultural
Development, Rome, pp 2-4

Itoh F, Obara Y, Rose MT, Fuse H, Hashimoto H (1998a) Insulin and glucagon secretion in
lactating dairy cows due to heat exposure. J Anim Sci 76:2182-2189

Itoh F, Obara Y, Rose MT, Fuse H (1998b) Heat influence on plasma insulin and glucagon in
response to secretogogues in non-lactating dairy cows. Dom Anim Endocrinol 15:499-510

James DA, Wilhite JW, Chipps SR (2010) Influence of drought conditions on brown trout biomass
and size structure in the Black Hills, South Dakota. N Am J Fish Manag 30:791-798

Jaya KS, Sinha B, Sinha SK, Paswan JK (2016) Focusing biotic stress in livestock. Indian Farmer
3(11):812-814

Kabubo-Mariara J (2009) Global warming and livestock husbandry in Kenya: impacts and adap-
tations. Ecol Econ 68:1915-1924

Kanwal V, Sirohi S, Chan P (2020) Effect of drought on livestock enterprise: evidence from
Rajasthan. Ind J Anim Sci 90(1):94-98

Karaca AG, Parker HM, Yeatman JB, McDaniel CD (2002) Role of seminal plasma in heat stress
infertility of broiler breeder males. Poult Sci 81:1904-1909

Kaylor MJ, VerWey BJ, Cortes A, Dana R (2019) Warren Drought impacts to trout and salaman-
ders in cool, forested headwater ecosystems in the western Cascade Mountains,
OR. Hydrobiologia 833:65-80

Kidus M (2010) The negative impact of climate change on Ethiopia

Knighton AD, Nanson GC (2000) Waterhole form and process in the Anastomosing Channel
system of Cooper Creek, Australia. Geomorphology 35:101-117. https://doi.org/10.1016/
S0169-555X(00)00026-X

Koirala A, Bhandari P (2019) Impact of climate change on livestock production. Nepalese Vet J 36:
178-183

Kunavongkrita A, Suriyasomboonb A, Lundeheimc N, Learda TW, Einarsson S (2005) Manage-
ment and sperm production of boars under differing environmental conditions. Theriogenology
63:657-667

Kurukulasuriya P, Rosenthal S (2003) Climate change and agriculture: a review of impacts and
adaptations. Climate change series paper no. 91. World Bank, Washington DC

Le Quesne WIJF, Pinnegar JK (2012) The potential impacts of ocean acidification: scaling from
physiology to fisheries. Fish Fish 13(3):333-344

Liverpool-Tasie LSO, Sanou A, Tambo JA (2019) Climate change adaptation among poultry
farmers: evidence from Nigeria. Clim Chang 157:527-544. https://doi.org/10.1007/s10584-
019-02574-8

Loholter M, Meyer U, Doll S, Manderscheid R, Weigel HJ, Erbs M, Holtershinken M,
Flachowsky G, Dinicke S (2012) Effects of the thermal environment on metabolism of
deoxynivalenol and thermoregulatory response of sheep fed on corn silage grown at enriched
atmospheric carbon dioxide and drought. Mycotoxin Res 28(4):219-227. https://doi.org/10.
1007/s12550-012-0137-8

Lopez MM, Gale P, Oidtmann B, Peeler E (2010) Assessing the impact of climate change on
disease emergence in freshwater fish in the United Kingdom. Transbound Emerg Dis 57(5):
293-304


http://www.ifad.org/lrkm/events/cops/papers/climate.pdf
https://doi.org/10.1016/S0169-555X(00)00026-X
https://doi.org/10.1016/S0169-555X(00)00026-X
https://doi.org/10.1007/s10584-019-02574-8
https://doi.org/10.1007/s10584-019-02574-8
https://doi.org/10.1007/s12550-012-0137-8
https://doi.org/10.1007/s12550-012-0137-8

11 Climate Change Impacts on Animal Production 331

Lucas EM, Randall JM, Meneses JF (2000) Potential for evaporative cooling during heat stress
periods in pig production in Portugal. J Agric Eng Res 76:363-371

Mader TL (2003) Environmental stress in confined beef cattle. J Anim Sci 81:110-119

Mashaly MM, Hendricks GL, Kalama MA (2004) Effect of heat stress on production parameters
and immune responses of commercial laying hens. Poult Sci 83:889-894

Maure G, Pinto I, Ndebele-Murisa M, Muthige M, Lennard C, Nikulin G, Dosio A, Meque A
(2018) The southern African climate under 1.5°C and 2°C of global warming as simulated by
CORDEX regional climate models environ. Res. Lett 13:065002

Mayorga EJ, Renaudeau D, Ramirez BC, Ross JW, Baumgard LH (2019) Heat stress adaptations in
pigs. Anim Front 9(1):54-61

Mclntyre KM, Setzkorn C, Hepworth PJ, Morand S, Morse AP, Baylis M (2017) Systematic
assessment of the climate sensitivity of important human and domestic animals pathogens in
Europe. Sci Rep 7:1-10. https://doi.org/10.1038/s41598-017-06948-9

Moore CE, Kay JK, VanBaale MJ, Collier RJ, Baumgard LH (2005) Effect of conjugated linoleic
acid on heat stressed Brown Swiss and Holstein cattle. J Dairy Sci 88:1732-1740

Nanson GCGC, Tooth S, Knighton AD (2002) A global perspective on dryland rivers: perceptions,
misconceptions and distinctions. In Bull L, Kirby M (eds) Dryland rivers: hydrology and
geomorphology of semi-arid channels. Wiley, Chichester, pp. 17-54. Available at: https://
books.google.gr/books?id=qjHoYZXQeeOC

Nardone A, Ronchi B, Lacetera N, Ranieri MS, Bernabucci U (2010) Effects of climate change on
animal production and sustainability of livestock systems. Livest Sci 130:57-69

O’Connor LJ, Walkden-Brown SW, Kahn LP (2006) Ecology of the free-living stages of major
trichostrongylid parasites of sheep. Vet Parasitol 142:1-15

Oba G, Kotile DG (2001) Assessments of landscape level degradation in southern Ethiopia:
pastoralists versus ecologists. Land Degrad Dev 12(5):461-475

Olson JM, Alagarswamy G, Andresen JA, Campbell DJ, Davis AY, Ge J, Huebner M, Lofgren BM,
Lusch DP, Moore NJ (2008) Integrating diverse methods to understand climate-land interac-
tions in East Africa. Geoforum 39:898-911

Owensby CE, Cochran RM, Auen LM (1996) Effects of elevated carbon dioxide on forage quality
for ruminants. In: Koerner C, Bazzaz F (eds) Carbon dioxide, populations, and communities.
Academic Press, Physiologic Ecology Series, pp 363-371

Pankhurst NW, King HR (2010) Temperature and salmonid reproduction: implications for aqua-
culture. J Fish Biol 76:69-85

Pankhurst NW, Munday PL (2011) Effects of climate change on fish reproduction and early life
history stages. Mar Freshw Res 62:1015-1026

Patterson CD, Guerin MT (2013) The effects of climate change on avian migratory patterns and the
dispersal of commercial poultry diseases in Canada-Part I. Worlds Poultry Sci J 69:17-26.
https://doi.org/10.1017/S0043933913000020

Percy KE, Awmack CS et al (2002) Altered performance of forest pests under atmospheres enriched
by CO, and O3. Nature 420:403—407

Popp A, Lotze-Campen H, Bodirsky B (2010) Food consumption, diet shifts and associated
non-CO, greenhouse gases from agricultural production. Glob Environ Chang 20:451-462

Prathap P, Archana PR, Joy A, Veerasamy S, Krishnan G, Bagath M, Manimaran V (2017) Heat
stress and dairy cow: impact on both milk yield and composition. Int J Dairy Sci 12:1-11

Purusothaman MR, Thiruvenkadan AK, Karunanithi K (2008) Seasonal variation in body weight
and mortality rate in Mecheri adult sheep. Livest Res Rural Dev 20(9):1-6

Rae AN (1998) The effects of expenditure growth and urbanisation on food consumption in
East Asia: a note on animal products. Agric Econ 18:291-299

Renaudeau D, Collin A, Yahav S, de Basilio V, Gourdine JL, Collier RJ (2012) Adaptation to hot
climate and strategies to alleviate heat stress in livestock production. Animal 6(5):707-728.
https://doi.org/10.1017/S1751731111002448

Rosegrant MW, Fernandez M, Sinha A, Alder J, Ahammad H, de Fraiture Charlotte, Eickhour, B,
Fonseca J, Huang J, Koyama O, Omezzine AM, Pingali P, Ramirez R, Ringler C, Robinson S,
Thornton P, van Vuuren D, Yana-Shapiro H (2009) Looking into the future for agriculture and
AKST. In: McIntyre BD, Herren HR, Wakhungu J, Watson RT (eds) International assessment


https://doi.org/10.1038/s41598-017-06948-9
https://books.google.gr/books?id=qjHoYZXQee0C
https://books.google.gr/books?id=qjHoYZXQee0C
https://books.google.gr/books?id=qjHoYZXQee0C
https://doi.org/10.1017/S0043933913000020
https://doi.org/10.1017/S1751731111002448

332 R. Jasrotia et al.

of agricultural knowledge, science and Technology for Development IAASTD): agriculture at a
crossroads, global report. Island Press, Washington, DC, pp 307-376

Roth Z, Meidan R, Braw-Tal R, Wolfenson D (2000) Immediate and delayed effects of heat stress
on follicular development and its association with plasma FSH and inhibin concentration in
cows. J Reprod Fertil 120(1):83-90

Rowlinson P, Steele M, Nefzaoui A (2008) Livestock and global climate change: adaptation I and
II. In: Rowlinson P, Steel M, Nefzaoui A (eds) Livestock and global climate change conference
proceeding. Cambridge University Press, Tunisia, pp 56-85

Salmoral G, Ababio B, Holman IP (2020) Drought impacts, coping responses and adaptation in the
UK outdoor livestock sector: insights to increase drought resilience. Land 9:202. https://doi.org/
10.3390/1and9060202

Sano H, Takahashi K, Ambo K, Tsuda T (1983) Turnover and oxidation rates of blood glucose and
heat production in sheep exposed to heat. J Dairy Sci 66:856-861

Sano H, Ambo K, Tsuda T (1985) Blood glucose kinetics in whole body and mammary gland of
lactating goats exposed to heat. J Dairy Sci 68:2557-2564

Schaub S, Finger R (2020) Effects of drought on hay and feed grain prices. Environ. Res. Lett.15:
034014

Sejian V, Hyder I, Maurya VP, Bagath M, Krishnan G, Aleena J, Archana PR, Lees AM, Kumar D,
Bhatta R, Naqvi SMK (2017) Adaptive mechanisms of sheep to climate change. In: Sejian V,
Bhatta R, Gaughan J, Malik P, Naqvi S, Lal R (eds) Sheep production adapting to climate
change. Springer, Singapore, pp 117-147. https://doi.org/10.1007/978-981-10-4714-5_5

Sejian V, Gaughan JB, Bhatta R, Naqvi SMK (2016) Impact of climate change on livestock
productivity. Broadening Horizons, Feedipedia

Semple AT (1970).Grassland improvement. CRC Press, Cleveland pp 1-400

Singh M, Chaudhari BK, Singh JK, Singh AK, Maurya PK (2013) Effects of thermal load on
buffalo reproductive performance during summer season. J Biol Sci 1(1):1-8

Smit HJ, Metzger MJ, Ewert F (2008) Spatial distribution of grassland productivity and land use in
Europe. Agric Syst 98:208-219

Steinfeld H, Gerber P, Wassenaar T, Castel V, Rosales M, de Haan C (2006) Livestock’s long
shadow: environmental issues and options. FAO, Rome

Summer A, Loral FP, Gottardo F (2018) Impact of heat stress on milk and meat production. Anim
Front 9(1):39-46

Sutherst RW (1990) Impact of climate change on pests and diseases in Australasia. Search 21(7):
230-232

Sutherst RW (2000) Climate change and invasive species—a conceptual framework,” in Invasive
species in a changing world, H. A. Mooney and R. J. Hobbs, Eds., pp. 211-240, Island Press,
Washington, DC

Sutherst RW, Maywald GF, Yonow T, Stevens PM (1999) CLIMEX® predicting the effects of
climate on plants and animals. CSIRO Publishing, Collingwood

Tankson JD, Vizzier-Thaxton Y, Thaxton JP, May JD, Cameron JA (2001) Stress and nutritional
quality of broilers. Poult Sci 80:1384-1389

Thomas JF, Harvey CN (1983) Leaf anatomy of four species grown under continuous CO,
enrichment. Bot Gaz 144:303-309

Thornton PK, Gerber P (2010) Climate change and the growth of the livestock sector in developing
countries. Mitigation Adapt Strateg Glob Change 15:169-184

Thornton PK, Herrero M (2010) The inter-linkages between rapid growth in livestock production,
climate change, and the impacts on water resources, land use, and deforestation. World Bank
policy research working paper, WPS 5178. World Bank, Washington, DC

Thornton PK, Jones PG, Owiyo TM, Kruska RL, Herrero M, Kristjanson P, Notenbaert A,
Bekele N, Orindi V, Otiende B, Ochieng A, Bhadwal S, Anantram K, Nair S, Kumar V, Kulkar
U (2006) Mapping climate vulnerability and poverty in Africa. 200p. Nairobi (Kenya): ILRI


https://doi.org/10.3390/land9060202
https://doi.org/10.3390/land9060202
https://doi.org/10.1007/978-981-10-4714-5_5

11 Climate Change Impacts on Animal Production 333

Thornton PK, Herrero M, Freeman A, Mwai O, Rege E, Jones P, McDermott J (2008) Vulnerabil-
ity, climate change and livestock: research opportunities and challenges for poverty alleviation.
International Livestock Research Institute (ILRI), Kenya

Thornton PK, Van de Steeg J, Notenbaert A, Herrrero M (2009) The impacts of climate change on
livestock and livestock systems in developing countries: a review of what we know and what we
need to know. Agric Syst 101(3):113-127

Tubiello F, Schmidhuber J, Howden M, Neofotis PG, Park S, Fernandes E, Thapa D (2008) Climate
change response strategies for agriculture: challenges and opportunities for the 21st century. The
World Bank, Washington, DC

UNDP (United Nations Development Programme) (2008) Human development report 2007/2008:
fighting climate change: human solidarity in a divided world. New York, USA

Urban MC (2015) Accelerating extinction risk from climate change. Science 348:571-573

USDA (United States Department of Agriculture) (2013) Climate change and agriculture in the
United States: effects and adaptation. USDA Technical Bulletin, Washington, DC. http://www.
usda.gov/oce/climate_change/effects_2012/CC%20and%20Agriculture%20Report%20%?2
802-04-2013%29b.pdf

Valtorta SE, Leva PE, Gallardo MR, Scarpati OE (2002) Milk production responses during heat
wave event in Argentina. 15th conference on biometereology and aerobiology — 16th interna-
tional congress on biometeorology, Kansas City, MO. American Meteorological Society,
Boston, pp 98-101

Vertessy R, Barma D, Baumgartner L, Mitrovic S, Sheldon F, Bond N (2019) Independent
assessment of the 2018-19 fish deaths in the lower darling. Australian Government, Canberra

Vicente-Serrano SM, Begueria S, Lopez J, Moreno 1 (2010) A multiscalar drought index sensitive
to global warming: the standardized precipitation evapotranspiration index. J Clim 23:01696—
01718. https://doi.org/10.1175/2009JCLI2909.1

Vitali A, Felici A, Esposito S, Bernabucci U, Bertocchi L, Maresca C, Nardone A, Lacetera N
(2015) The impact of heat waves on dairy cow mortality. J Dairy Sci 98:4572-4579

Webber H et al (2018) Diverging importance of drought stress for maize and winter wheat in
Europe. Nat Commun 9:4249

Wheelock JB, Rhoads RP, Van Baale MJ, Sanders SR, Baumgard LH (2010) Effect of heat stress
on energetic metabolism in lactating Holstein cows. J Dairy Sci 93(2):644—655

White N, Sutherst RW, Hall N, Whish-Wilson P (2003) The vulnerability of the Australian beef
industry to impacts of the cattle tick (Boophilus microplus) under climate change. Clim Chang
61:157-190

WHO (2008) Anthrax in humans and animals. World Health Organization, Geneva

Wittmann EJ, Mellor PS, Baylis M (2001) Using climate data to map the potential distribution of
Culicoides imicola (Diptera: Ceratopogonidae) in Europe. Rev Sci Tech 20:731-740

Yatoo MI, Kumar P, Dimri U, Sharma MC (2012) Effects of climate change on animal health and
diseases. Intl J Livestock Res 2(3):15-24

Yawson DO, Mulholland BJ, Ball T, Adu MO, Mohan S, White PJ (2017) Effect of climate and
agricultural land use changes on UK feed barley production and food security to the 2050s. Land
6(74):1-14

Yitbarek MB (2019) Livestock and livestock product trends by 2050: review. Intl J Anim Res 4:1—
30


http://www.usda.gov/oce/climate_change/effects_2012/CC%20and%20Agriculture%20Report%20%2802-04-2013%29b.pdf
http://www.usda.gov/oce/climate_change/effects_2012/CC%20and%20Agriculture%20Report%20%2802-04-2013%29b.pdf
http://www.usda.gov/oce/climate_change/effects_2012/CC%20and%20Agriculture%20Report%20%2802-04-2013%29b.pdf
https://doi.org/10.1175/2009JCLI2909.1

	Chapter 11: Climate Change Impacts on Animal Production
	11.1 Introduction
	11.1.1 Global and Country Scenario of Climate Change
	11.1.2 Animal Production Under Climate Variability
	11.1.3 Demand for Animal Products
	11.1.3.1 Population Growth
	11.1.3.2 Growth in per Capita Income
	11.1.3.3 Urbanization

	11.1.4 Institutes Working on Animal Production Under Changing Climate
	11.1.4.1 Livestock Census


	11.2 Quantification of Climate Change
	11.2.1 Overview of Responses to Temperature, Drought, and Carbon Dioxide
	11.2.1.1 Temperature
	11.2.1.2 Drought
	11.2.1.3 Carbon Dioxide

	11.2.2 Overview of Responses to Biotic Stress Such as Parasites

	11.3 Impact of Climate Change on Livestock Production Systems
	11.3.1 Quality of Feed
	11.3.2 Health of Animals
	11.3.3 Reproduction in Animals
	11.3.4 Diseases in Animals

	11.4 Impact of Climate Change on Animal Productivity
	11.4.1 Milk Production
	11.4.2 Wool Production
	11.4.3 Poultry Production
	11.4.4 Meat Production

	11.5 Climate Change and Mortality
	11.6 Modeling and Simulation
	11.7 Adaptation Options
	11.8 Conclusion
	References




