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ABSTRACT
The socio-economic contribution of livestock production to global
livelihood and food security offsets its negative effects on the environment
through greenhouse gas (GHG) emission. Livestocks are emitters of GHGs,
carbon dioxide (CO2) from land conversion and deforestation, nitrous
oxide (N2O) from manure and slurry, and methane (CH4) from animal
digestion which significantly contribute to climate change. Climate change
has both direct and indirect impacts on animal farming. Thus, the main
concern nowadays is toward the development of programs for adaptation
and mitigation of GHG emissions. This review provides knowledge about
climate change impacts on livestock production systems with the
identification of strategies for livestock adaptation to climate change and
mitigation of GHG emissions.
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INTRODUCTION
In the 2013 Maplecroft Climate Change Vulnerability Index (WFP,
2013), the Philippines ranked as the second most vulnerable country to
climate change (Figure 1). Climate change is expected to have a strong
impact on cities with changing weather patterns and increased intensity of
weather events. Climate change refers to the changes in our climate system
over a period of time (Capili et al., 2005). It is associated with modifications
in global temperature, precipitation pattern, soil moisture, and sea level
(PCARRD, 2009; Aydinalp and Cresser, 2008). Significant evidence of
o
increased global average air by 0.7 C and ocean temperatures, and rising
global average sea level by 25 cm was reported by IFAD (2009). According
to Aydinalp and Cresser (2008), climate change is caused primarily by the
release of greenhouse gases (GHG) that accumulate in the atmosphere
which result to global warming. Changes in our climate affect the planet's
various dynamic processes which certainly have impacts on crop and
livestock production, hydrologic balances, input supplies and other
components of agricultural systems as well as on forestry and on natural
resource management (Capili et al., 2005; Adams et al., 1998; PCARRD,
2009).
In terms of climate change, it is important to consider the agriculture
sector because it both contributes to and is affected by the changing
climate. Globally, GHG emissions in the entire agricultural sector consist of
about 9% carbon dioxide (CO2), 35-45% methane (CH4), and 45-55%
nitrous oxide (N2O) as shown in Figure 2 (WRI, 2005; McMichael et al.
2007; IPCC, 2007). Carbon dioxide enters the atmosphere through burning
of fossil fuels, solid waste, trees, and wood products. It is also a result of
certain chemical reactions such as the manufacture of cement. Major
source of carbon emissions is from deforestation due to agricultural
expansion and land conversion. It is removed from the atmosphere or
sequestered when it is absorbed by plants as part of the biological carbon
cycle. Carbon dioxide is only a small component of emissions in animal
agriculture. The largest share of GHG emissions is from CH4 and N2O which
are potent greenhouse gases (UNEP GEAS, 2012). Methane is emitted
during the production and transport of coal, natural gas, and oil. It also
comes from other agricultural practices and the decomposition of organic
waste. Most of the methane releases come from paddy fields (91%), from
animal husbandry (7%) and from the burning of agricultural wastes (2%)
while agriculture-based N2O emissions are emitted during agricultural and
industrial activities, as well as during combustion of fossil fuels and solid
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waste. Nitrous oxide is also obtained from nitrogen fertilizer usage, legume
cropping, and animal waste (Aydinalp and Cresser, 2008).
Effects of climate change on agriculture will vary across the world.
Determining how climate will affect agriculture is complex since varieties
of effects are likely to occur. Livestock production is not excepted from the
impact of climate change. Hounghton et al. (2001) concluded that direct
effects from air temperature, humidity, wind speed and other climate
factors influence animal performance: growth, milk production, wool
production and reproduction. Approximately 20-30% of animal species
o
are at risk of extinction if global average temperature exceeds 1.5-2.5 C
(FAO, 2007). As a result of climate change, food production is projected to
decrease because of high mortality, less productivity, and more
competition for natural resources (IFAD, 2009).
Adaptation strategies to climate change of livestock are limited to the
modification of the physical environment through housing management
which involves minimizing the effects of heat stress and the use of
commercial vaccines and supplements to build-up the immune system of
animal breeds. There are no definite programs for climate adaptation
through genetic development of less heat-sensitive breeds or strains and
for better feeding and nutritional strategies (PCARRD, 2009). The present
concern is the development of a program for sustainability and economic
viability of livestock production systems, while mitigating the negative
impacts of livestock on the environment.

CONTRIBUTIONS OF LIVESTOCK TO CLIMATE CHANGE
The livestock sector appears as one of the top two or three most
significant contributors to the most serious environmental problems
which include stresses such as deforestation, desertification, excretion of
polluting nutrients, overuse of freshwater, inefficient use of energy,
diverting food for use as feed, and emission of GHGs (Steinfeld et al., 2006;
Janzen, 2011). As stated by Steinfeld et al. (2006) and McMichael et al.
(2007), GHGs from livestock constitute nearly 80% of all agricultural
emissions. Meat production accounts for 18-25% of the world's emissions
for the entire food chain (WSPA, 2012).
There are three main sources of GHG emissions in the livestock
production system: the enteric fermentation of animals, manure, and
production of feed and forage (Dourmad et al., 2008). The World Society for
the Protection of Animals (WSPA, 2012) reported that animal farming
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Figure 1. Maplecroft Climate Change Vulnerability Index 2013 (WFP, 2013).

Figure 2. Contribution of agriculture sector to GHG emissions (WRI, 2005).
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contributes to GHG emissions through several routes. The most significant
are 32% CO2 from land use and its changes, 31% N2O from manure and
slurry and 25% CH4 from animal digestion. The raising of livestock results
in the emission of CH4 from enteric fermentation and N2O from excreted
nitrogen, as well as from the chemical nitrogenous (N) fertilizers used in
the production of feeds (Lesschen et al., 2011; Herrero et al., 2011; O'Mara,
2011; Janzen, 2011; Reay et al., 2012). Enteric fermentation from ruminant
production and manure management mostly from swine production are
the greatest contributors of CH4 emissions (Monteny et al., 2006). The type
of digestive system will also ascertain the amount of methane produced.
For instance, ruminant animals with four compartment stomachs are
designed for microbial fermentation of fibrous and high cellulose materials
wherein one of its by-products is methane (Stevens and Hume, 1998).
Methane is primarily produced in the rumen (87%) and to a small extent
(13%) in the large intestine (Gibbs and Leng, 1993). Rumen methane is
primarily emitted from the animal by eructation (Husted, 1994). Methane
production from ruminants is illustrated in Figure 3. Production of
methane depends on many factors especially the diet of the animal, its
retention time, and microbial population in the rumen (Shete and Tomar,
2010). Monogastric animals with simple stomach and little microbial
fermentation have less enteric methane production: methane is usually
produced in the large intestines (Frédéric et al., 2007). Dairy and beef
cattle are the largest emitters of enteric CH4, as they are the most numerous
and are larger in body size relative to other species such as sheep and goats
(UNEP GEAS, 2012; Del Grosso et al., 2011). However, the socio-economic
contribution of livestock to the livelihood and food security outweighs its
negative effect on the environment through GHG emissions (PCARRD,
2009).
There is a variety of factors affecting CH4 production in ruminant
animals: the physical and chemical characteristics of the feed, the feeding
level and schedule, the use of feed additives to promote production
efficiency, and the activity and health of the animal (EPA, 2011). It has also
been suggested that there may be genetic factors that affect CH4
production. Of all the factors, feed characteristics and feed rate have the
most significant impacts. Feed, diet, and growth rate have effects on the
amount and quality of manure that an animal excretes (Monteny, 2006).
According to Del Grosso et al. (2008) higher energy feeds result in manure
with more volatile solids, which increases the substrates from which CH4 is
produced. Depending on the species, this impact is somewhat offset
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because some higher energy feeds such as those that are fed to poultry are
more digestible than lower quality forages fed to ruminant animals and
therefore less waste is excreted. The energy content and quality of feed
affect the amount of methane produced in enteric fermentation where
lower quality feed and higher quantities of feed cause greater emissions
(USAFGG, 2008). In general, the greater the energy content of the feed, the
greater the potential for CH4 emissions (EPA, 2011). However, some higher
energy feeds are more digestible than lower quality forages, which can
result in less overall waste excreted from the animal. Poorer quality high
fiber diets will likely result in greater CH4 emissions than higher quality
diets that contain more protein (Del Grosso et al., 2011). Typically, CH4 is
usually produced following the degradation of carbon components during
digestion of feed and manure (Monteny et al., 2006). Feed intake is
positively correlated to animal size, growth rate, and production. It varies
among animal types as well as among different management practices for
individual animal types. In general, lower feed quality and/or higher feed
intakes lead to higher emissions.

Figure 3. Methane production from ruminants (Shete and Tomar, 2010).

The livestock manure management can produce anthropogenic CH4
and N2O emissions. Direct N2O emissions are produced as part of the N cycle
through nitrification and denitrification of the organic N in livestock dung
and urine (Groffman et al., 2000). Indirect N2O emissions are produced as a
result of the volatilization of N as ammonia (NH3) and NOx and runoff and
leaching of N during treatment, storage and transportation (Amon et al.,
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2006). Direct N2O emissions are most likely to occur in dry manure
handling systems that have aerobic conditions, but that also contain
pockets of anaerobic conditions due to saturation (Groffman et al., 2000).
Animal manure management is the second largest (second to cropping
practices) N2O emitter in the agricultural sector.
The type of manure management system affects the amount of
emissions and the type of gases that are emitted (EPA, 2011). Methane is
produced by the anaerobic decomposition of manure (Palmer and Reeve,
1993). When livestock manure is stored or treated in systems that promote
anaerobic conditions such as a liquid/slurry in lagoons, ponds, tanks, or
pits, the decomposition of materials in the manure tends to produce more
CH4 (EPA, 2011; USAFGG, 2008); but when manure is handled as a solid
such as in stacks or drylots, or deposited on pasture, range, or paddock
lands, it tends to decompose aerobically and produce little or no CH4
(Dunkley and Dunkley, 2013). Manure composition, which varies by
animal diet, growth rate, and animal's digestive system, likewise affects the
amount of CH4 produced (EPA, 2011). Also, ambient temperature,
moisture, and manure storage or residency time affect the amount of CH4
produced because they influence the growth of the bacteria responsible for
CH4 formation (Groffman et al., 2000; Amon et al., 2006; Del Grosso et al.,
2008). For non-liquid-based manure systems, moist conditions can
promote CH4 production. More than 90% of GHG emissions from managing
untreated dairy slurry originated from CH4 produced during storage with
80-day retention (Amon et al., 2006). Amon et al. (2006) concluded that
GHG abatement measures are most effective if they reduce CH4 emissions
during storage. Covering the storage with straw increased CH4 and N2O
emissions and resulted in the highest total GHG emissions. Petersen et al.
(2005) demonstrated that oxidation can remove CH4 under practical
storage conditions. Similarly, increases in GHG emissions following the
application of straw covers to slurry storage were reported by Berg et al.
(2006) in pig slurry and Cicek et al. (2004) in piggery lagoons. Possible
reasons for the increases include sinking straw providing an additional
carbon (C) source for methanogens, and that reduced surface mixing
maintains optimum anaerobic conditions, both of which result in
increased CH4 emissions. In addition, straw at the interface between Ncontaining slurry and the atmosphere provides an environment for
uncontrolled nitrification and denitrification and N2O emission (Cicek et
al., 2004). If the separated solids are not composted with due attention to
C:N, porosity and moisture content, CH4 emissions would remain high, and
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additional N2O emissions might be produced as a result of incomplete
denitrification or nitrification under unfavorable conditions (Amon et al.,
2006).
Harper (2000) stated that production and use of farmyard manure will
largely affect CH4 emissions. For instance, cattle raised on pasture or range
exhibit relatively high N2O emissions. In this system, manure and urine are
deposited directly on the soil reducing CH4 emission. When cattle are
raised under conditions where manure is collected and spread daily and
there is no storage before it is spread onto the soil, there are low CH4
emissions and no N2O emissions (Dunkley and Dunkley, 2013). Emissions
from swine and cattle reared in anaerobic lagoon management systems
have variable CH4 emissions as it is mostly dependent on the duration of
time the manure and slurry are stored in the lagoons (Harper, 2000). In this
system, the waste can be stored between 30 to 200 days; the longer the
storage time, the more likely the CH4 emissions will be high (Amon et al.,
2006).

IMPACTS OF CLIMATE CHANGE ON LIVESTOCK
The livestock sector contributes drastically to the country's total
agricultural output, but it is now threatened by both direct and indirect
climate change impacts. The direct impacts include high environmental
temperatures, excessive rainfall, flooding and droughts while the indirect
impacts include low forage supply, high cost of feed grains, high cost of
fossil fuel and emergence of new diseases (PCARRD, 2009). The economic
impact of climate change on livestock is normally experienced as a
decrease in productivity levels with low reproductive rates and reduced
growth rates, as well as increased mortality rates in ruminant animals
(Setshwaelo, 2001).
A. Water
Global water availability will be greatly affected by climate change and
it may increase or decrease depending on the area (IFAD, 2009; SFA, 2009).
This will not only affect the drinking water sources of livestock, but it will
also influence livestock feed production systems and pasture yield (IFAD,
2009). Water use in the livestock sector includes water used at farm level
for drinking, growing of feed crops, and other servicing and product
processing roles (Thornton et al., 2009). Steinfeld et al. (2006) provided
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quantitative estimates of direct and indirect water use in the livestock
sector.
Impacts of climate change on livestock's water demand are less
uncertain, but the response of increased temperatures on water demand
by livestock is well studied (Thornton et al., 2009). Thornton et al. (2009)
reported that for Bos indicus, water intake increases from about 3 kg/kg
DM intake at 10oC ambient temperature, to 5 kg at 30oC, and to about 10 kg
o
at 35 C (NRC, 1981). For Bos taurus, intake at the same three temperatures
is about 3, 8 and 14 kg/kg DM intake. Some of this water intake comes from
forage and forage water content may vary from close to 0–80%, depending
on species and weather conditions.
B. Feeds
Climate change is expected to have various impacts on feed crops and
grazing systems. Both grazing and stall-fed ruminants will suffer from
inadequate feed supply due to the occurrence of either drought or
excessive rainfall. Continuous rains, flooding, and typhoons will shorten
grazing period, while prolonged drought will extend grazing activity of
ruminants and deplete water supply for drinking and bathing of heatstressed animals (PCARRD, 2009). These scenarios will have reduced feed
intake of animals, thus, low in performance and productivity. In addition,
feed refusal increases with decreasing body weight at high ambient
temperatures (Close, 1989; Quiniou et al., 2000).
Land use and systems changes. Large tract of agricultural land is needed
for livestock grazing and feed crop production. With decreasing land area
due to industrialization and urbanization and an increasing demand for
animal products, animal production systems have shifted from extensive to
intensive system (PCARRD, 2009). As climate changes and becomes more
variable, niches for different plant species alter and this may change animal
diets (IFAD, 2009).
Changes in the primary productivity of crops, forage and rangeland. The
effects will depend greatly on location, system, and species (IFAD, 2009).
Changes in herbage growth may vary according to changes in atmospheric
CO2 concentrations and ambient temperature (Hopkins and Del Prado,
o
2007). For instance, in C4 species, a rise in temperature to 30-35 C may
increase the productivity of crops, fodder, and pastures. In C3 plants, rising
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temperature has a similar effect with C4 plants but increases in CO2 levels
will have a positive impact on the productivity of these crops (IFAD, 2009).
For food-feed crops, harvest indexes will change, as well as the availability
of energy that can be metabolized for dry-season feeding.
Changes in plant species composition. As temperature and CO2 levels
change, optimal growth for different plant species also change. In addition,
species alter their competition dynamics and the composition of mixed
grasslands changes such as modifications in the ratio of grasses to legumes
(Hopkins and Del Prado, 2007; IFAD, 2009). For example, higher CO2 levels
will affect the proportion of browse species which are expected to expand
as a result of increased growth and competition between each other.
Legume species will also benefit from CO2 increases and in tropical
grasslands the mix between legumes and grasses could be altered which
will affect the kind of plants that will be consumed by livestock (IFAD,
2009).
Quality of plant material. Rising temperatures cause an increase in
lignification of plant tissues, thereby, reducing the digestibility and the
degradation rates of plant species. The resultant reduction in livestock
production may have an effect on global food security. Interactions
between primary productivity and quality of grasslands will require
alterations in the management of grazing systems to attain production
objectives (IFAD, 2009). Disruption and frequent changes in the feeding
regime of animals brought about by shortage in feed supply and poor
quality of feeds will result in low productivity or increase in the cost of
prevention and control of the occurrence of nutritionally-related disease
(PCARRD, 2009).
C. Heat stress
Temperatures exceeding the higher critical level compromise animal
performance not only by changing the energy and nutrient metabolism,
but also by upsetting the body homeostasis, with detrimental
consequences both for immunocompetence and for product quality
(Babinszky et al., 2011). Warming will alter heat exchange between animal
and environment; feed intake, mortality, growth, reproduction,
maintenance, and production are all affected, potentially (SCA, 1990;
Thornton et al., 2009). Under a hot and humid environment, the behavioral
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and physiological cooling mechanisms of high-producing farm animals
such as reduction in voluntary feed intake, seeking shade, sweating,
hyperventilation, defecation, urination, and salivation may not be
sufficient to dissipate body heat. As a result, they succumb to excess heat
load resulting in thermal stress. High ambient temperature causes
hyperthermia in the body which reduces the activity of the appetite center
in the medulla oblongata, thus, higher temperature triggers the reduction
of voluntary feed intake which causes lower meat and milk production,
lower reproductive rate, poor growth performance, and poor health
condition (PCARRD, 2009; Rowlinson, 2008). The cause of the lower
efficiency of nutrient and energy utilization is partly the higher energy use
of animals due to heat stress, and partly the altered electrolyte balance of
body fluids that may impair the protein metabolism (Patience, 1990). To
lower heat production, farm animals reduce their physical activity (Collin
et al., 2001) and spend less time with eating (Brown-Brandl et al., 2001).
Several studies have demonstrated that heat stress may reduce disease
resistance or immune responsiveness of domestic animals; but, it depends
on several variables, such as species and breed, duration of the exposure,
severity of stress, and the type of immune response considered. A
moderate heat stress would probably not modify immunological
parameters (Lacetera et al., 2002); severe heat stress, however, may cause
immune suppression, such as lower number of circulating white blood
cells (Heller et al., 1979) and a reduction in antibody production (Zulkifi et
al., 2000). Due to the production potential oriented selection, intensive
genotypes are usually more susceptible to any disease. It should also be
noted that the increasing temperature provides better conditions for
microorganisms and viruses. At the same time the use of pharmaceuticals
such as antibiotics or other drugs in food-producing animals may impair
product quality and/or may constitute a food safety hazard, and can finally
lead to a loss of consumer confidence in the product.
Rötter and van de Geijn (1999) suggested that impacts of heat stress
may be relatively minor for the more intensive livestock production
systems where some control can be exercised over the exposure of animals
to climate. The wide geographic distribution of livestock production is
some evidence for its adaptability to different climates. Similarly, the
impacts of increased frequencies of extreme heat stress on existing
livestock breeds are not known. As well as the relationship between heat
stress and physiological impacts. Nevertheless, the tropics and subtropics
contain a wealth of animal genetic resources that could be utilized in
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relation to heat-stress-related issues. There is considerable value in better
understanding the match between livestock populations, breeds, and
genes with the physical, biological, and economic landscape. This
landscape livestock genomics approach should lead in the future to
understanding the genetic basis of adaptation of the genotype to the
environment (Seré et al., 2008). Over this longer term, ongoing genetic
improvement through both natural and artificial selection should allow a
certain degree of adaptation to gradual changes in climate (Thornton et
al., 2009).
Limited local studies related to the vulnerability of livestock to high
temperature and humidity conform to the findings of numerous studies
done in foreign countries. In a study conducted by Vega et al. (2002) in
swine, an analysis of three-year (2005 to 2008) monthly production data
of 24 commercial farms with a total of 1,761 sow level revealed a third
quarter swine reproductive syndrome, where values for farrowing
interval and non-productive days were found to be worst during the
months of July, August, and September. Among the possible reasons were
that the animals were subjected to prolonged heat stress during the hot
months of the second quarter (April-June) and continued until the hot and
humid months of the third quarter (July-August) in time for parturition.
Humidity has no direct negative impact on the animals, but when
combined with high temperature will result to the occurrence of heat
stress. Huynh et al. (2005) reported that ambient temperature strongly
affects the pigs' physiological changes and performance, whereas relative
humidity has a minor effect on heat stress in growing pigs; however, the
combination of high temperature and high relative humidity lowered the
average daily gain in pigs. Boars when subjected to 32-34oC for three
consecutive days have increased number of morphologically abnormal
sperm cells and lowered sperm motility. Thus, elevated temperature
conditions are detrimental to spermatogenesis (Wettemann et al., 1979).
Similar observations were reported by Tummuruk et al.(2002) in Thailand
on the seasonal effects of high ambient temperature on reproductive
performance of sows. Renaudeau et al. (2010) suggested that the apparent
inefficiency of the sow mammary gland in hot conditions could be
attributed to an increased rate of blood flow irrigating the skin capillaries
in order to dissipate body heat and this in turn results in a lower blood flow
to the mammary gland cells. Moreover, heat may also compromise the
parameters of fertility: the quality of eggs and sperm deteriorates, embryo
mortality between days 1 to 15 increases and maturity is delayed. In
consequence, the number of piglets per sow may be less when sows are
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exposed to high ambient temperatures for longer periods of time. Studies
with pair fed sows showed that the energy metabolism and hormonal
status changed during heat stress (Prunier et al., 1997; Messias de Bragan
et al., 1998). Studies have documented the decrease in feed intake of swine
fatteners by almost 50% and feed conversion efficiency by 20% with
o
o
increase in temperature from 15 C to 35 C (Myers and Bucklin, 2001).
Recent publications highlight the fact that high temperatures not only
impair growth but also change body composition and thus can impair the
o
nutritive value and quality of pork. Prolonged heat stress (30-33 C)
reduces the rate of protein deposition in growing and finishing pigs (Kerr et
al., 2003; Le Bellego et al., 2002). Heat stress has also detrimental effects on
the reproduction of buffaloes, although buffaloes are well adapted
morphologically and anatomically to hot and humid climate (Tailor and
Nagda, 2005). Upadhyay et al. (2007) stated that thermal stress on Indian
livestock particularly cattle and buffaloes has been reported to decrease
estrus expression and conception rate. Maurya (2010) concluded that the
length of service period and dry period of all dairy animals was increased
from normal during drought. Furthermore, experimental studies were
conducted by Mandal et al. (2002) on the effects of season and climate on
production, performance, and other physiological parameters of dairy
animals. The studies revealed that milk yield of crossbred cows in India are
negatively correlated with temperature-humidity index. The lower feed
intake and higher water consumption during heat stress result in a
modified fermentation and volatile fatty acid production in the rumen
since the high temperature may affect the functioning of rumen bacteria.
The altered rumen fermentation influences not only milk yield but also
milk composition by reducing its protein and fat content (Babinszky et al.,
2011).
D. Livestock diseases
The disease outbreak was observed to be correlated with the mass
movement of animals which in turn is dependent on the climatic factors.
The impacts of climate changes on infectious diseases depend on the
ecosystem affected, the type of land-use, disease specific transmission
dynamics, and the susceptibility of the populations at risk (Patz et al.,
2005a; Thornton et al., 2009). Changes in host-pathogen interactions
result in an increased incidence of emerging diseases and disease
epidemics (SFA, 2009). Climate change will affect not only those diseases
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that have high sensitivity to ecological change, but also significant health
risks associated with flooding (Thornton et al., 2009).
Effects on pathogens. Higher ambient temperatures may increase the
development rate of pathogens or parasites that spend some of their life
cycle outside their animal host, which may lead to larger populations
(Harvell et al., 2002). Other pathogens are sensitive to high temperatures
and their survival may decrease with climate warming. Similarly, those
pathogens and parasites that are sensitive to moist or dry conditions may
be affected by changes in precipitation, soil moisture, and the frequency of
flooding. Changes to winds could also affect the spread of certain
pathogens and vectors (Thornton et al., 2009).
Effects on hosts. Baylis and Githeko (2006) mentioned that mammalian
cellular immunity can be suppressed following heightened exposure to
ultraviolet B radiation which is an expected outcome of stratospheric
ozone depletion. Therefore, GHG emissions that affect ozone could have an
impact on certain animal diseases. A more important effect may be on
genetic resistance to disease; and while animals often have evolved genetic
resistance to diseases to which they are commonly exposed, they may be
highly susceptible to new diseases (Thornton et al., 2009). Climate change
may bring about substantial shifts in the distribution of disease, and severe
disease outbreaks could occur in previously unexposed animal
populations possibly with the breakdown of endemic stability (Thornton
et al., 2009).
Effects on vectors. There may be several impacts of climate change on
the vectors of disease such as flies, ticks, mosquitoes, and tsetse which are
all important vectors of livestock disease in the tropics. Hot–humid
weather conditions were found to aggravate the infestation of cattle ticks
like: Boophilus microplus, Haemaphysalis bispinosa and Hyalomma
anatolicum (Basu and Bandhyopadhyay, 2004). Changes in rainfall and
temperature regimes may affect both the distribution and the abundance
of disease vectors. It has also been shown that the ability of some insect
vectors to become or remain infected with viruses varies with temperature
(Wittmann and Baylis, 2000). The feeding frequency of arthropod vectors
may also increase with rises in temperature. As many vectors must feed
twice on suitable hosts before transmission is possible (to acquire and
then to transmit the infection), warmer temperatures may increase the
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likelihood of successful disease transmission (Thornton et al., 2009).
Vector-borne diseases could be affected through the expansion of vector
populations into cooler areas or into more temperate zones. Likewise, the
diseases could also be affected by the changes in rainfall pattern during
wetter years, which could also lead to expanding vector populations and
large-scale outbreaks of disease (IFAD, 2009).
Effects on epidemiology. Climate change may alter the rate of
transmission between hosts not only by affecting the survival of the
pathogen or parasite or intermediate vector but also by other means.
Future patterns of international trade, local animal transportation, and
farm size are factors that may be driven in part by climate change, and may
affect disease transmission (Thornton et al., 2009).
Other indirect effects. Climate change may also affect the abundance
and/or distribution of the competitors, predators, and parasites of vectors
themselves, thus influencing disease patterns. It may also be that changes
in ecosystems, driven by climate change and other drivers that affect landuse, could give rise to new mixtures of species, thereby exposing hosts to
novel pathogens and vectors and causing the emergence of new diseases
(WHO, 1996). In addition, Kovats et al. (2001) noted that there has been a
tendency to oversimplify the mechanisms by which climate change may
affect disease transmission. There are in general many factors operating,
and considerably more work is needed on disease dynamics and how these
may adapt to a changing climate (Thornton et al., 2009).
Climatic factors play important roles in the etiology of animal diseases,
particularly those of respiratory in nature. Outbreak of water-borne,
water-mediated, and vector-borne diseases is likely to increase morbidity
and mortality of animals during extreme climatic events.
E. Biodiversity
In some places there will be acceleration in the loss of the genetic and
cultural diversity already in agriculture as a result of globalization in
o
varieties of domestic animals. A 2.5 C rise in global temperature would
determine major losses: between 20 and 30% of all plant and animal
species assessed could face a high risk of extinction (IFAD, 2009). Of the
estimated 4000 breeds of ass, water buffalo, cattle, goat, horse, pig, and
th
sheep recorded in the 20 century, some 16% had become extinct by 2000,
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and 12% of what was left was rare. The 2007 FAO report on animal genetic
resources indicates that 20% of reported breeds are now classified as at
risk, and that almost one breed per month is becoming extinct (CGRFA,
2007). However, there is a considerable regional variation. Much of this
genetic erosion is attributed to global livestock production practices and
the increasing marginalization of traditional production systems and
associated local breeds (Thornton et al., 2009).
The potential for widespread genetic devastation in the future as a
result of inexorably rising temperatures is great. Ecosystems and species
are very likely to show a wide range of vulnerabilities to climate change,
depending on the imminence of exposure to ecosystem-specific, critical
thresholds. There is no doubt that the livestock sector itself is a major
driver in habitat and landscape change, and thus plays a significant role in
biodiversity loss (Thornton et al., 2009). The complexity of ecosystems
means that it is extremely difficult to assess the impacts of climate change
on biodiversity. Local and rare breeds could be lost as a result of the impact
of climate change and disease epidemics. Biodiversity loss has global
health implications and many of the anticipated health risks driven by
climate change will be attributable to a loss of genetic diversity (IFAD,
2009).
F. Indirect impacts
In addition to the direct impacts of changing climate on many aspects of
livestock systems, there are various indirect impacts that can be expected
to impinge on livestock keepers. One of the most significant of these is the
impact on human health. As with livestock diseases, the changes wrought
by climate change on infectious disease burdens may be extremely
complex. Patz et al. (2005b) listed several diseases as high priority for their
large global burden of disease and their high sensitivity to ecological
change. (Thornton et al., 2009)
Another major indirect impact of climate change on livestock is fungal
contamination (mycotoxins) of stored feed ingredients due to prolonged
rainfall (PCARRD, 2009).
ADAPTATION AND MITIGATION STRATEGIES TO CLIMATE
CHANGE
Livestock is more resistant to climate change than crops because of its
mobility and accessibility to feed. They play an important role in both
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mitigation and adaptation. Mitigation measures include technical and
management options to reduce GHG emissions from livestock,
accompanied by the integration of livestock into broader environmental
services (IFAD, 2009).
A. Adaptation strategies
Traditionally, livestock producers have adapted to various climatic
changes by building on their in-depth knowledge of the environment.
Sidahmed (2008) stated that through the expansion of human population,
urbanization, environmental degradation and increased consumption of
animal source foods, coping mechanisms have rendered ineffective. To
increase adaptation in the livestock sector the following have been
identified (FAO, 2008a; Thornton et al., 2008; Sidahmed, 2008):
Adjustments on livestock production. Modifying livestock practices
include: diversification, intensification and/or combination of pasture
management, crop and livestock production; changing land use and
irrigation; altering the timing of operations; nature and ecosystem
conservation; modification of stock routings and distances; and
introduction of mixed livestock farming systems (Thornton et al., 2008).
Livestock breeding plans. Most of the local breeds of animals are already
adapted to harsh living conditions. Adaptation strategies address not only
the tolerance of livestock to heat, but also their ability to survive, grow, and
reproduce in conditions of poor nutrition, parasites, and diseases
(Hoffmann, 2008). Adaptation measures could include: identifying and
strengthening local breeds that have adapted to local climatic stress and
feed sources; and improving local genetics through crossbreeding with
heat and disease tolerant breeds (FAO, 2008a; Sidahmed, 2008).
Institutional and policy changes. Removal or introduction of subsidies,
insurance systems, income diversification practices and establishing
livestock early warning systems like crisis-preparedness schemes could
benefit adaptation efforts (Thornton et al., 2008; Sidahmed, 2008).
Science and technology development. Better understanding of the
impacts of climate change on livestock, development of new animal breeds
and genetic types, improving animal health and enhancing water and soil
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management would support adaptation measures in the long term (FAO,
2008a; Sidahmed, 2008).
Capacity building for livestock keepers. Improvement of livestock
producers' capacity helps to understand and deal with climate change. In
addition, trainings on agroecological technologies for fodder production
and conservation improves animal feed supply and reduces malnutrition
and mortality in herds (Thornton et al., 2008; Sidahmed, 2008).
Livestock management systems. Efficient and affordable adaptation
technologies include (i) provision of shade and water to reduce heat stress
by providing natural and low cost shade with increased roof height; (ii)
reduction of livestock number wherein a lower number of more
productive animals leads to more efficient production and lower GHG
emissions (Batima, 2007); (iii) changes in herd composition through
selection of large animals rather than small; and (iv) improved water
resource management through the introduction of simple techniques for
localized irrigation, accompanied by infrastructure to harvest and store
rainwater.
Several reviews of different methods of environmental modifications
to relive heat stress have been published (e.g. Bucklin et al., 1991; Hahn,
1989). The different methods of environmental modification include:
shades, ventilation, combination of wetting, and ventilation. Shades, either
natural or artificial, are the simplest method to reduce the impact of high
solar radiation. Tree shades have proved to be more efficient (Hahn, 1985).
When natural shade is unavailable, artificial structures may be
constructed. Different aspects concerning design and orientation of
shades have been published (Bucklin et al., 1991; Buffington et al., 1983;
Hahn, 1989; Valtorta et al., 1997). In a study performed by Valtorta et al.,
(1996) on dairy cows, he found that protected animals presented lower
afternoon rectal temperature and respiration rate, and yielded more milk
and protein. The artificial shade structure did not differ from tree shades,
in terms of the effects on animal well-being (Valtorta et al., 1997). Air
moving according to air humidity and evaporative heat losses is an
important factor in the relief of heat stress. Natural ventilation should be
maximized by constructing open-sided housing (Bucklin et al., 1991).
Forced ventilation, provided by fans, is a very effective method if properly
designed. An effective way of cooling cattle is spray evaporative cooling
with several methods available such as mist, fog, and sprinkling systems
(Armstrong and Wiersma, 1986; Hahn, 1985; Schultz, 1988; Strickland et
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al., 1989; Turner et al., 1989). They discuss the effectiveness of these
systems under confined production schemes. The single use of a sprinkling
and fan system, for 30 minutes before milking, has proved to be useful to
relive dairy cows' heat stress, in terms of efficiency to reduce the impact of
heat waves under a grazing system (Valtorta et al., 2002).
B. Mitigation of GHG emissions
Unmitigated climate change will exceed natural and human systems
capacity to adapt. It is essential to identify mitigation measures which are
easy to implement and cost effective, to strengthen the capacity for climate
change adaptation. Livestock production contributes directly to global
climate change through the production of GHG emissions, and indirectly
through the destruction of biodiversity, degradation of land, and water and
air pollution. Indirect sources of GHGs from livestock are mainly
attributable to changes in land use and deforestation to create pasture land.
Mitigation of GHG emissions in the livestock sector can be achieved through
various activities, including (FAO, 2008b):
Selection of faster growing animal breeds. Increasing feed efficiency and
improving the digestibility of feed are potential ways to reduce GHG
emissions and maximize production and gross efficiency, as is lowering the
number of heads. All livestock practices such as genetics, nutrition,
reproduction, health and dietary supplements, and proper feeding
management could result in improved feed efficiency (IFAD, 2009).
Nutritional and management strategies. Successful methane emission
reduction options depend on several factors including climate, economic,
technical and material resources, existing manure management practices,
regulatory requirements and the specific benefits of developing an energy
resource, and a source of high quality fertilizer. Joblin (1999) and Martin et
al. (2010) listed some strategies to reduce enteric methane emissions such
as: direct inhibition of methanogenesis, lowering of the production of
hydrogen during fermentation, and providing alternative pathways for use
of hydrogen in the rumen.
Feed composition has some bearing on enteric fermentation and CH4
emission from the rumen (Dourmad et al., 2008). A higher proportion of
concentrate in the diet results in the reduction of methane emission (Lovett
et al., 2005). Methane production in the digestive system of the
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animal especially in ruminants can be reduced with the use of feed
additives, antibiotics or vaccines (UNFCCC, 2008).
The amount of feed intake is related to the amount of waste product.
Reducing the amount of feed required per animal has the potential to
reduce the production of GHGs (Beauchemin and McGinn, 2008). Feed
efficiency can be increased by developing breeds that are faster growing
with improved hardiness, weight gain or milk production. Feed efficiency
can also be increased by improving herd health through improved
veterinary services, preventive health programmes, and improved water
quality (SFA, 2009).
a. Type of carbohydrates. Cell wall carbohydrates fermentation
produces more methane than soluble sugars. High grain diet leads to high
rate of ruminal digestion and faster passage rate which favor higher
propionic acid production and will also lower ruminal pH that inhibits the
growth of methanogenic bacteria and protozoa (Shete and Tomar, 2010).
However, for a drop in CH4 production to occur, the finishing diet needs to
contain starch-based grain rather than high-fiber byproduct feeds and
must comprise more than 90% of the diet (Beauchemin and McGinn,
2008).
b. Forage species and maturity. Methane emissions are lower from
animals fed with legume forages compared with those fed with grasses
(McCaughey et al., 1999; Benchaar et al., 2001), but this relationship is
influenced by the maturity of the forage (Chaves et al., 2006). Increase
methane production in ruminants was observed with maturity of forage
fed and methane emission from the ruminal fermentation of legume
forages was generally lower than those from grasses (Shete and Tomar,
2010). The lower CH4 observed with legumes is attributed to lower fiber
content and faster rate of passage of feed through the rumen (Beauchemin
and McGinn, 2008).
c. Feeding frequencies. Low feeding frequencies cause an increase in
propionic acid production and reduce acetic acid. Also, there is a high
fluctuation in the ruminal pH which inhibits methanogens and reduces
methane production (Shete and Tomar, 2010).
d. Forage processing. Grinding or pelleting of forages improves the
utilization of ruminants which lessens methane production due to lowered
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fiber digestibility, decreased available organic matter in the rumen, and
faster passage rate (Shete and Tomar, 2010).
e. Forage preservation. Methane production is lower when forages are
ensiled due to extensive fermentation that occurs during silage-making.
Rumen fermentation of silage is characterized by higher molar proportion
of butyrate and lower proportion of acetate (Shete and Tomar, 2010).
Better waste management. Improving the management of animal waste
products through different mechanisms is important. The level of GHG
emissions from manure depends on the temperature and duration of
storage. Long-term storage at high temperatures results in higher GHG
emissions. In the case of ruminants, pasture grazing is an efficient way to
reduce CH4 emission from manure because no storage is necessary (IFAD,
2009). Methane mitigation options involve the capture of methane by
covered manure storage facilities, such as biogas collectors, which can be
flared or used to provide a source of energy for electric generators, heating
or lighting which can offset CO2 emissions from fossil fuels (SFA, 2009).
Treatments involving anaerobic digestion, aeration, and solids
separation were effective at reducing GHG emissions compared with
untreated slurry (Amon et al., 2006). Separated solids must undergo true
aerobic composting to mitigate GHGs. Minimal intervention composting or
stockpiling solids without turning is a simple and effective, although slow,
means of reducing volume and volatile solids. Lopez-Real and Baptista
(1996) found that forced aeration and turned windrows were effective
composting procedures and substantially reduced CH4 emissions
compared with static stockpiles.
Hegarty’s (2001) recommendation was to minimize the volume of
manure produced by ensuring that the energy requirements of the animals
are met from the highest digestibility feed available and are fed only at
levels required for the desired animal performance. The less the amount of
volatile solids and N to be decomposed, the less will be the emissions of CH4
and N2O.
Grazing management. Increased use of pasture to provide feed and good
management through rotational grazing are potentially the most cost
effective ways to reduce and offset GHG emissions (SFA, 2009). Grazing
animals also help reduce emissions attributable to manure storage.
Introducing grass species and legumes into pasture area can enhance
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carbon storage in soils (IFAD, 2009). Improved grazing management also
generally improves the profitability of production.
Lowering livestock production and consumption. Lowering the
consumption of meat and milk is a short-term response to GHG mitigation
(IFAD, 2009).
Reducing deforestation. Deforestation for new pasture or land for feed
crop production releases more CO2 than any other livestock-related
activity. Intensification of pasture management and feed production can
reduce the land requirements per unit of animal product produced, thus,
shortening land-use expansion (SFA, 2009).
Improve animal productivity. When animal productivity is improved
through nutrition, management, and reproduction or genetics, methane
production per unit of milk or meat is reduced because the number of
animals required to produce the same amount of milk or meat is lessened.
In general, the approach of reducing CH4 emissions by increasing animal
productivity works best when a supply management system limits the
total amount of product produced (Beauchemin and McGinn, 2008).
Different production enhancing agents like bovine somatotropin (bST) are
also available but is not recommended for use due to health risks (Shete
and Tomar, 2010).
Manipulation of Rumen Fermentation. Zijderveld (2011) accounted
some of the feeding management strategies to mitigate GHG emissions
which include: improving the nutritive value of poor quality roughages by
urea treatment or molasses spraying; usage of mineral blocks; application
of ionophores, probiotics and prebiotics to improve rumen fermentation;
utilization of secondary plant metabolites such as tannins and phenolic
compounds to reduce methanogenesis in ruminants; and biotechnological
interventions to reduce methanogenic archia in rumen.
a. Addition of fats. Supplementing diets with fats and oils lowers
enteric CH4 emissions. Dietary fat is not fermented in the rumen and,
consequently, less hydrogen per unit of feed is produced when higher fat
levels are included in the diets for ruminants. Addition of fats in feed
increase the energy density of diet thereby causing lower intake of fibrous
feed resulting in low methane production (Shete and Tomar, 2010). Fats
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also lower the number of protozoa in the rumen, many of which are
physically associated with the methanogens. Some fats may depress CH4
emissions because they are toxic to the rumen methanogens. Fats rich in
unsaturated fatty acids also reduce CH4 formation in the rumen because
they compete with methanogens for H2 (Beauchemin and McGinn, 2008).
With each 1% fat that is added to the diet, CH4 production is reduced by
about 5.6% (Beauchemin et al., 2008). The response also depends on the
fat source, the form in which the fat is administered, and the type of diet
(Shete and Tomar, 2010).
Increasing the dietary fat content has therefore been proposed as a
promising strategy to reduce methane emissions from ruminants (Eugene
et al., 2008; Martin et al., 2010). Moreover, individual fatty acids have been
considered to have specific anti-methanogenic properties, and methane
production could be further reduced by using these specific fatty acids
(Czerkawski et al., 1966; Ajisaka et al., 2002; Machmuller, 2006). Addition
of dietary fats and oils has been shown to lower methane emissions from
ruminants in numerous studies (Machmuller et al., 2003; Jordan et al.,
2006; Martin et al., 2008). Oils containing high concentrations of longchain fatty acids (LCFA), such as oilseeds and animal fats, have reduced CH4
emissions (Beauchemin et al., 2008), and are reported to have a greater
effect compared with MCFA (Machmüller, 2006). This is partially
attributed to reduced fiber degradation and decreased dry matter intake
(DMI) when animals are supplemented with LCFA (Beauchemin et al.,
2008). Long chain fatty acids reduce CH4 production by consuming H2 as
they undergo hydrogenation in the rumen, which differs from the
proposed antimicrobial mechanism of MCFA (Machmüller, 2006).
b. Propionate precursors. Increasing the presence of propionate
precursors such as pyruvate, oxaloacetate, malate, fumarate, and succinate
result to more hydrogen to be used for propionate production. The
dicarboxilic acids, fumarate and malate are potential hydrogen acceptors
that reduce methane production in ruminants (Shete and Tomar, 2010).
c. Defaunation. Methanogenic bacteria are generally attached to the
exterior surface of rumen ciliate protozoa in the rumen and therefore,
removal of protozoa from the rumen through defaunation has been
associated with reduction in methane production (Shete and Tomar, 2010).
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d. Stimulation of acetogens. Rechanneling substrates for methane
production to another product is another way to decrease methane
production. The production of acetic acid by the reduction of carbon
dioxide with hydrogen of some acetogenic bacteria lowers methane
production when added to rumen fluid in vitro. Even if a stable population
of acetogens could not be established in the rumen, it is possible to achieve
the same metabolic activity using the acetogens as a daily feed additive
(Shete and Tomar, 2010).
e. Ionophores. Ionophores are known to inhibit growth of
methanogens leading to the reduction of methane production. Monensin,
lasalocid, and salinomycin are some examples of ionophores (Shete and
Tomar, 2010).
Monensin, a commonly used ionophore in ruminant nutrition, is
widely used for the control of bloat in cattle, and has production benefits
for dairy cows in terms of milk production and feed conversion efficiency
(McGuffey et al., 2001; Ruiz et al., 2001; Ipharraguerre and Clark, 2003). It
has antimicrobial properties that affect gram-positive microbes, such as
protozoa, which are associated with a high proportion of H2 production
and can indirectly account for up to 20% of methanogenesis in the rumen
(Guan et al., 2006). It shifts the volatile fatty acid (VFA) pattern in the
rumen towards propionate, thereby providing an alternative hydrogen
sink. Decreases in CH4 production up to 10% are possible with monensin,
depending upon the dose but the reduction of CH4 is not always sustained
over time (Beauchemin and McGinn, 2008). The long-term persistency of
monensin in methane mitigation is not clear, with studies demonstrating a
persistent effect (Odongo et al., 2007), while another study showed the
effect to be transient (Guan et al., 2006).
f. Secondary plant metabolites. Many plant extracts, for instance,
tannins, saponins, and essential oils have been screened in vitro for their
potential to directly inhibit methanogenesis as reviewed by Calsamiglia et
al. (2007) and Garcia-Gonzalez et al. (2008). Plant secondary compounds
are present in some legumes and herbs and have been found to lower CH4
yield. However, not all of these compounds appear effective at reducing
CH4 yield and needs further research to elucidate the impact of dietary
chemical composition, potential degradation rates, and digesta kinetics of
fresh forages on ruminant CH4 emissions. The addition of lipids with
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antimicrobial activity to the animal diet may increase the energy density of
the diet and improve animal production, while lowering CH4 emissions
(Beauchemin et al., 2008). Refined oils, such as coconut oil, contain high
concentrations of medium-chain fatty acids (MCFA), particularly lauric and
myristic fatty acids (Machmüller et al., 2001). Reductions in CH4 yield
attributed to coconut oil are reported to be mediated by these MCFA
(Dohme et al., 2001) as they have antimicrobial properties and are toxic to
methanogens. Reductions in both protozoa and methanogen numbers in
response to MCFA have been reported by Machmüller (2006).
g. Methane oxidizers. An experiment demonstrated that methane
oxidizing bacteria from gut of young pigs decrease methane accumulation
when added to rumen fluid in vitro. However, this approach has not been
validated in vivo (Shete and Tomar, 2010).
h. Immunization with methanogen vaccine. In a study conducted in
Australia with the vaccination of sheep with a number of experimental
vaccine preparations against methanogens, it showed that sheep were able
to produce antibodies against methanogens (Shete and Tomar, 2010).
Methane production was reduced by 11% to 23% in vaccinated animals
and productivity was also improved. Some new approaches like use of
bacteriocins, bacteriophages, herbal products, genetic manipulation of
methanogens, etc. were tried by researchers (McAllister and Newbold,
2008).

CONCLUSION
Climate change exhibit impacts on the profitability and performance of
livestock by lowering feed intake, nutrient utilization, growth rate,
reproduction, and disease resistance. Several strategies for adaptation to
the effect of climate change and mitigation options to lessen GHG emissions
are available for application. Thus, knowledge with effective utilization of
these strategies may reduce the negative impacts of the changing climate
on livestock production system for sustainable and productive animal
farming.
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