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Abstract

Apart from contributing to the climate change phenomenon, sheep production sys-
tem is also sensitive to its adverse impacts. This poses a great challenge for develop-
ing sheep sector around the world. Currently the economic viability of the sheep
production system worldwide is jeopardized due to the devastating effects of cli-
mate change. Among the multiple climatic stresses faced by sheep, heat stress seems
to hugely destabilize production efficiency of the animals. Heat stress jeopardizes
the growth, wool, meat and milk production in sheep. Further, climate change leads
to several vector borne diseases to sheep by compromising the immune status of the
animals. The animal employs several adaptive mechanisms to maintain homeosta-
sis through behavioural, physiological, neuroendocrine, cellular and molecular
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responses to cope up to the existing climatic condition. Sheep also significantly
contributes to climate change through enteric methane emission and manure man-
agement. Further, climate change can alter the rumen function and diet digestibility
in sheep. Hence, enteric methane mitigation is of paramount importance to prevent
both the climate change and dietary energy loss which may pave way for sustaining
the economic return from these animals. Further, various other strategies are
required to counter the detrimental effects of climate change on sheep production.
The management strategies can be categorized as housing management, animal
management and monitoring of climate, and these strategies are ultimately targeted
to provide suitable microclimate for optimum sheep production. Nutritional inter-
ventions involving season-specific feeding and micronutrient supplementation may
help the animal to sustain its production during adverse environmental conditions.
Body condition scoring system developed specifically for sheep may help to opti-
mize economic return in sheep farms by minimizing the input costs. Finally, suffi-
cient emphasis must be given to develop appropriate adaptation strategies involving
policymakers. These strategies include developing thermotolerant breeds using bio-
markers, ensured water availability, women empowerment, early warning system
and capacity building programmes for all the stakeholders. These efforts may help
in augmenting sheep production in the climate change scenario.

Keywords
Adaptation * Climate change ¢ Heat stress ® Sheep ® Housing ¢ Sprinkling
Thermotolerance
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1.1 Introduction

Climate change has emerged as the major threat ever experienced by humankind
(IPCC 2013). It has turned up to be the global phenomenon and is mostly concerned
about the intimidous atmosphere it is creating worldwide. Accelerated rate of green-
house effect arising from the abruptly increasing anthropogenic emission of green-
house gases (GHGs) like carbon dioxide (CO,), methane (CH,) and nitrous oxide
(N,O) is considered to be the primary root cause of climate change. Through its
growing potency to destabilize the ecological balance of the earth and to debilitate
the global economy, the phenomenon draws global attention. Population explosion
is another global event exacerbating the adversities of climate change since the
anthropogenic contribution to climate change is crucial. The world population is
projected to increase from its present level of 7.5 billion in 2017 to 9.7 billion by
2050 which is quite alarming (FAO 2013). Food security is greatly at stake in the
changing climate scenario because of the alarming consequences imposed on the
agricultural production system (FAO 2009). Further, alterations in temperature, pre-
cipitation, atmospheric CO, levels and water availability arising from the
anthropogenic-driven climate change greatly impact the agriculture and animal pro-
ductivity (Hatfield et al. 2008; Melillo et al. 2014).

Global earth surface temperature is rising at an alarming level. Projection is that
surface temperature will rise between 2.6 and 4.8 °C, and sea level is expected to
increase 0.45-0.82 m by the end of 2100 which has deleterious effects on both natu-
ral and human systems (IPCC 2013). Weather is getting more variable with effects
like changes in El Nino or thermohaline circulation (Gregory 2010). Precipitation
pattern and seasonal monsoon are fluctuated resulting from altered hydrological
cycle due to temperature rise. Sea surface temperature rise accompanied with ocean
acidification is significantly influencing marine ecosystem and curtailing the ocean
productivity and hence the economic output from this sector. The probability of
occurrence of extreme events like severe heat emission, droughts, floods, cyclones
and wildfires is more in the changing climate. Crops may be susceptible to new
insect and disease problems declining agricultural production (FAO 2013). Climate-
related disasters are on the rise and since 2004, 262 million people were affected by
the extreme climatic events (Blaikie et al. 2014). Developing countries are more
prone to such disasters because of lack of proper early warning system and infra-
structure. Anticipating the future in the changing climate scenario, concerted efforts
for developing proper adaptation, mitigation and amelioration strategies have
become the need of the hour for sustaining the survival of species in our planet.

The interference of anthropogenic activities oriented GHG emission to climate
change has stimulated the global research efforts pertaining to livestock contribu-
tion to global warming. Efforts are further needed to comprehensively assess the
multifaceted impacts of climate change on different components of ecosystems to
have a thorough understanding on the subject (Naqvi and Sejian 2011; Shinde and
Sejian 2013). Among the different sectors, agriculture generated considerable inter-
est in the last couple of decades as evident from the detailed research efforts that
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established the disadvantageous position of this sector for the adverse impacts of
climate change (Baumgard et al. 2012).

Sheep industry, which ensures the livelihood security and economic sustenance
of the poor farmers, is practiced in almost all climates ranging from cold to hot and
dry and hot and humid climates. Among the various climatic factors, heat stress
seems to be the major intriguing factor which hampers the productive and reproduc-
tive performance traits of sheep (Sejian 2013). Prolific sheep breeds in hot and
humid coastal region, excellent carpet wool breeds in hot and dry regions, fine wool
breeds in cold and dry temperate climate and mutton breeds in hot and humid plains
evolved through the process of adaptation. Open fleece in hot and humid region
facilitates the dissipation of body heat while close fleece in temperate region helps
in conservation of body heat, both the fleece character plays an important role in
balancing heat dynamics. Similarly, prolificacy trait in coastal sheep breeds is asso-
ciated with higher temperature coupled with humidity. Fine wool breeds of temper-
ate countries performed poorly in the tropics because of unfavourable climate,
which does not allow them to sustain and produce (Shinde and Sejian 2013). It has
been realized from earlier attempts that fine wool production is feasible in temperate
locations of the country.

The adaptation of sheep breeds to different locations/climates depends upon
temperature, humidity, vegetation and wool cover and resistance/susceptibility to
various diseases. Sheep breeds can tolerate a wide range of climate and convert
poor-quality forage into quality animal protein. These characters favour their rear-
ing under extensive system among poor rural people in harsh climate (Shinde and
Sejian 2013). The future anticipated changes in climate may cause shifting of sheep
from one region to another, change in breed composition, change in livelihood and
nutritional security of farmers, shifting trend of sheep breeds from wool to mutton
type, emergence, re-emergence of newer diseases, etc. Therefore, efforts are needed
to develop world-class resource materials compiling the research efforts from dif-
ferent parts of the world pertaining to sheep production adapting to climate change.
This could help researchers to battle against climate-induced vagaries on sheep pro-
duction and optimize the economic return for the poor and marginal farmers around
the globe.

Therefore this particular volume attempts to collate and synthesis information
pertaining to multifaceted impacts of climate change on sheep production and
contribution of sheep to climate change. Efforts were also made in this volume to
describe the different adaptation strategies to find solution to sheep-induced cli-
mate change by curtailing their GHG emission. Further, attempts have been made
to highlight various adaptation strategies to reverse the adverse impacts of cli-
mate change on sheep production. These details on adapting sheep production to
climate change are addressed elaborately in four different sections of this
volume.
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1.1.1 Climate Change and Livestock Production

Livestock sector plays a major role in securing the global economy. Animal hus-
bandry contributes to around 40% of global agricultural gross domestic product
(GDP). Livestock is a main source of income for poor people around the globe and
provides employment opportunities for over 1.3 billion people (FAO 2006).
Livestock sector contributes milk, meat, wool, hides, egg, manure, etc. But nowa-
days production from livestock sector is found to be decreasing as a result of
increased frequency of weather-related natural calamities. Climate change affects
livestock sector through many ways by altering feed grain production price and
availability, quality of pastures, quality of water availability and pest and disease
outbreak and by affecting directly the animal production, reproduction and health
(IPCC 2013).

Increased ambient temperature is one of the most exacerbating attribute impos-
ing severe consequences on livestock production. Heat-stressed animals reduce feed
and water intake. This can alter the endocrine profile thereby increasing the energy
requirements for maintenance leading to negative impact on the production perfor-
mance of livestock (Gaughan and Cawdell-Smith 2015; Sejian et al. 2016).
Extensive and semi-intensive systems of sheep rearing are more vulnerable to the
devastating effects of climate change than the intensive production systems
(Nardone et al. 2010). Similarly, the magnitude of decrease in meat and milk pro-
duction is higher in grazing-based livestock systems, and this could be attributed to
less foraging of animals as they try to remain in the shade during hot weather condi-
tions (IPCC 2013).

Milk production is reduced during heat stress, and in general high-producing
animals are more vulnerable as compared to the low-producing animals (Pragna
et al. 2017). Further, beef cattle with intense and darker hair coat are very sensitive
to heat stress (Nardone et al. 2010). Heat stress affects the meat quality by increas-
ing the pH of the meat and decreasing the Warner—Bratzler shear force causing
darker meat (Nardone et al. 2010). Heat stress greatly affects poultry industry
through consequences on body weight changes and carcass characteristics (Tankson
et al. 2001; Feng et al. 2008).

Livestock production and climate change are a two-way phenomenon compris-
ing the impacts of climate change on its production as well as its role in climate
change through release of GHGs (Naqvi and Sejian 2011). Therefore if efforts are
made to improve sheep production during climate change, they must invariably tar-
get both these pathways. This warrants simultaneously efforts to reduce sheep-
related GHGs as well as reduce the impacts of climate change. These are all the type
of efforts that are needed to improve sheep production in the era of climate change.
Figure 1.1 highlights the different concepts associated with sheep production adapt-
ing to climate change.
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Fig. 1.1 Concepts associated with climate change and sheep production

1.1.2 Climate Change and Types of Environmental Stresses

Apart from the usual suspect heat stress, there are numerous other environmental
stresses such as nutrition, water and walking stresses (Sejian et al. 2016; Shaji et al.
2016b). During summer season there is severe depreciation of pastures which ham-
pers the livestock production drastically (Sejian et al. 2011a). It is not only the quan-
tity but also the quality that gets compromised during extreme heat stress condition
(Sejian et al. 2014a). Further, the animals have to walk a long distance in search of
these limited pasture resources. This locomotory activity also imparts severe stress
to the animals (Sejian et al. 2012a). Ideally during a summer season, all these
stresses happen simultaneously, and hence research efforts are needed to quantify
these cumulative stress responses rather than establishing heat stress impact alone
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(Sejian et al. 2012b, 2013a). Such cumulative environmental stresses may have
much more lethal impact on livestock production as compared to one stress at a
time. This adverse stress response could be attributed to inability of the animals to
cope to different stressors simultaneously as well as lack body resources to support
life-sustaining activities (Sejian et al. 2010a; Shaji et al. 2016a).

1.2  Climate Change Impact on Sheep Production

Section I is covered in eight different chapters addressing the adverse impacts of
climate change on sheep production. Special attempt was made to highlight the
impact of climate change on growth, wool production, meat production, reproduc-
tion, immune response and adaptive capability of sheep. Efforts were also made to
highlight the different emerging diseases in sheep as a result of climate change.
Further, this section also elucidates the genetic diversity and breed differences asso-
ciated with sheep adaptation to climate change. Additionally, this section also
addresses in detail the water stress and the impact it had on the sheep production.

1.2.1 Sheep Production in the Changing Climate Scenario

Increased extreme weather events emerging due to climate change have received
greater attention in the recent decades. Although climate change is a global phe-
nomenon, its damaging effects are more severe in developing countries as a result
of strong dependence on natural resources (Wheeler and Von Braun 2013) and weak
institutional support. Variable climate, less accessibility to feed and water and
extensive system of rearing have compromised productivity of the animals in tropi-
cal regions (Sejian et al. 2010a; Vermeulen et al. 2012). Small ruminants are well
adapted to the extreme climatic conditions compared to other livestock species and
add livelihood security for poor and marginal farmers in the tropical environment
(Shinde and Sejian 2013). Sheep possess superior ability to convert more fibrous
and low-quality feed to meat than cattle. Native sheep breeds of arid and semiarid
regions have higher adaptability to harsh environmental conditions compared to
exotic breeds. Hence, appropriate breed selection is an effective tool to sustain pro-
duction in the changing climatic conditions (Iniguez 2005). Even though sheep
show higher adaptation to harsh environment, the fast-changing climate could affect
the sustainable production through low feed intake, variation in energy and mineral
metabolism, alterations in water and protein balances, etc. (Finocchiaro et al. 2005;
Marai et al. 2007). The key constraints such as thermal-, nutritional- and water-
related stresses reduce productivity of the sheep in hot and dry regions (Kandemir
et al. 2013; Sejian 2013). In addition, the indirect effects of increased incidence of
disease and parasite infection and reduced pasture availability also contribute to
additional stress and produce decreased wool, milk and meat production in sheep
(Singh et al. 2012). Since most of the sheep population are owned by poor sections
of the society, loss of production may lead to severe poverty in rural areas. Hence,
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development of appropriate amelioration strategies is very much essential for sus-
taining the sheep production during adverse environmental condition.

1.2.2 Impact of Climate Change on Sheep Production

Animals can maintain their thermal balance within a range of thermal environment
through their behavioural and physiological responses (Sejian et al. 2013b). The
dissipation of heat from the animal body is influenced strongly by the environmen-
tal variables such as high temperature, high humidity and solar radiation. Exposure
to such extreme weather events elicits the compensatory and adaptive mechanisms
in the animals to re-establish homeothermy, and such an effort is very essential for
the survival of the animals. Thus while trying to adapt to the extreme environmental
condition, their productive performance are compromised primarily due to the devi-
ation energy consumed to adaptive processes (Indu et al. 2014).

Climate change affects sheep production both directly and indirectly. The pro-
duction losses incurred for climate change in sheep could be attributed to the low
pastures, low water availability and disease outbreaks (Sejian et al. 2014a). Changes
in the availability of pastures during summer season can affect sheep production by
altering the supply of feed (Sejian et al. 2014a; Indu et al. 2015). Quantity and qual-
ity of wool is declining in marginal agricultural areas. Likewise a reduction in wool
fibre diameter has been reported in response to deteriorating pasture quality and
availability (Howden et al. 2003). Heat stress can reduce the productivity of sheep
flock by tumbling the growth rate of animal by appetite suppression (West et al.
1991; Harle et al. 2007).

Increased ambient temperature negatively affects sheep production by drastically
affecting all the growth parameters (Indu et al. 2015). Collective effects of decreased
feed intake and increased energy allocated for heat dissipation, gut physiological
and metabolic process could be the reason for reduced body weight (Indu et al.
2015). The altered growth performance during heat stress could be attributed to the
increased tissue catabolism and decreased anabolic activity (Marai et al. 2006;
Kandemir et al. 2013). Further, the reduced body condition score (BCS) of the ani-
mals could be attributed to the less feed intake during heat stress condition (Sejian
et al. 2010a). In addition, during summer season the reduced BCS along with heat
stress can negatively influence the reproductive efficiency and lambing rate in sheep
(Sejian et al. 2010b). Reduced feed intake and nutritional constraints resulting from
the high ambient temperature negatively affects the conception rate, oocyte quality
and reproductive hormone levels in sheep (Sejian et al. 2010a). Heat stress has sig-
nificant influence on meat quality and carcass characteristics in sheep. Dressing
percentage declines in heat-stressed sheep (Rana et al. 2014). Similarly an increase
in meat pH and darkness of meat has been reported in male Ujumgin wool sheep
during heat stress condition (Liu et al. 2012). Figure 1.2 highlights the impact of
heat stress on various reproductive activities in sheep
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Fig. 1.2 Description of heat stress influencing various reproductive activities in sheep
1.2.3 Climate Change Impact on Immune Response

Climate change and its devastating impacts on livestock sector are now well-
established facts gaining much global attention. With growing demand for livestock
products for keeping pace with the population rise which is about to surpass 9.5
billion by 2050, attention is drawn more towards the production losses from this
sector (Yatoo et al. 2012). Besides the direct effect of changing climate by excess
temperature, indirect effects arise through feed and water shortages, microbial pop-
ulations, vector-borne diseases and host resistance to infectious agents impacting
animal health.

Different components of innate and adaptive immune responses are mostly jeop-
ardized during heat stress (Daramola et al. 2012; Sophia et al. 2016a). Neutrophils
serve the first line of defence against pathogens by recognition of distinct pathogen-
associated molecular patterns (PAMPs) using specific Toll-like receptors (TLRs)
(Salak-Johnson and McGlone 2007). Adaptive immunity plays the role of producing
specific antibodies against antigens or foreign proteins which are derived from cells
such as T- and B-lymphocytes, antigen-presenting cells and natural killer (NK) cells.

During environmental stresses the animal elicits a number of thermoregulatory
activities including behavioural, physiological, neuroendocrine and cellular responses
in order to maintain the homeostatic balance and survival (Gaughan 2012). But dur-
ing the process, immune responses in the animal usually get suppressed (Aggarwal
and Upadhyay 2013; Shini et al. 2010). Primary and secondary lymphoid organs, T
cell in blood, antibodies and competence against Newcastle disease in heat-stressed



