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ABSTRACT:

The article reviewed the major issues concerningn@te change and livestock production in Nigeria.
The mechanism of the greenhouse effect (GHE) of tharth’s atmosphere as well as the relative
importance of greenhouse gases (GHGs) in terms ofemhouse effect (GHE) and global warming
potential (GWP) are presented. The probable changesglobal climate as a result of atmospheric
enrichment with greenhouse gases from results agfislated changes in atmospheric greenhouse gases
are also presented. Emission scenarios and climegtange models, atmospheric enrichment with GHGs
were shown to have a net negative impact on glotlahate leading to global warming, more variable
and unpredictable climatic and weather patterns ¢lnding tendencies for extreme events), net decesas
in yield of grain, forage and pasture crops for égtock as well as changes in the epidemiology and
dynamics of livestock diseases, pests and vecilidiese stressors meant greater challenges on livesto
production in terms of well being, reproduction angerformance. A number of adaptation schemes
which include environmental modification, selectivereeding and modifications in the nutritional
environment of animals were suggested. The integmat of these adaptive measures in livestock
production systems in Nigeria will minimize and/éorestall the negative impacts of climatic changedc
climate variability on livestock production in Nige.

INTRODUCTION

Livestock production systems be they intensive, of each animal species (Boyazoglu and Nardone,
semi-intensive or extensive are an assemblage of 2003; Baylis and Githeko, 2006). The forests of
myriad of interacting factors which result from the humid and sub-humid ecosystems, the shrub
complex actions that implicate the transformation and woody grasslands of the arid and sahel, as well
of organic and inorganic substances into organicas the grass pastures of the cold and rainy
animal materials and products (Boyazoglu and mountainous areas are all products of climate and
Nardone, 2003). Each of the numerous processesoil characteristics. Rainfall in association with
involved is influenced by a number of natural and temperature determine the classification of tropica
human factors (Nardone, 2000; Hatfietd al., ecosystems into desertic, subarid, arid, semi-arid,
2008). The human factors include culture and sub-humid and humid ecosystems (Sankataat.,
tradition, population and social structure, 2005). Water availability for human use and for
economic and technological development, as welllivestock and crop farming depends on the
as human needs for food security. The animalfrequency and intensity of rainfall (Pollest al.,
factors include the species and within these, the2000). Human actions result in the production of
breeds better adapted to exploit specific ecoldgica elements that instigate climate change and thus
niches. Major components of the natural factors influence natural systems including global and
are the climate with its various characteristic local climates and these shape and reshape his
variables: temperature, rainfall, humidity, solar environment and that of his animals (Boyazoglu
radiation and airflow which determine not only the and Nardone, 2003). The unprecedented rise in
guality and quantity of cultivated and spontaneous anthropogenic carbon dioxide (&® methane
animal feed resources (grain, forage and pasturgCH,), nitrous oxide (NO), ozone (@),
crops) but also the quality of life and performance halocarbons (e.g. carbon fluoro chloride), etc are
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fingered as mostly responsible for negative shifts with its attendant shifts in natural climatic syste
in the earth climatic systems (Morghan, 2005; is therefore, of considerable economic importance
IPCC, 2007; Hegeriet al., 2007;Hatfield et al., to agricultural systems (crop and animal farming)
2008). The specific behavioural and performancein Nigeria. Drought, elevated temperatures, high
attributes of each animal species or breed ishumidity, variable and unpredictable rainfall
therefore, the result of the complex interactions pattern and other adverse weather conditions
with its environment, nature and nurture (Magti  including extreme events (heat waves, hurricanes,
al., 1999; Boyazoglu, 2000; Sewt al., 2002; flood, erosion, rain and sand storms, etc) are
Marai and Rashwan, 2004). Climate, therefore, hasimportant limiting factors to livestock production
strong influence on livestock production. in Nigeria and climate change will exacerbate their
According to the values of the parameters which negative effects (BNRCC, 2008). This is in
define them, they discriminate by species, breedaddition to the impacts of shifts in the
and animal type by acting directly depending on epidemiology and dynamics of animal diseases,
the animal’s comfort zone or indirectly through its pests and vectors (Thomseh al., 2004; Baylis
effects on fodder production and on the breedingand Githeko, 2006).
(reproduction) and management  systems The present review highlights the myriad of
(Boyazoglu, 1998; 2000; Valtorta, 2002; Fragtk  probable climate change impacts on livestock
al., 2004). The poor performance of tropical production in Nigeria. This is aimed at sensitigin
breeds is an adaptation to the harsh environmentapolicy makers at all levels and stakeholders in the
conditions of the tropics: scarce feed resources,livestock sub sector to the need to integrate ¢éma
poor forage quality, challenge of pests and change adaptation and mitigation measures into
diseases, hot, humid and dry conditions, variablelivestock production in Nigeria.
rainfall pattern, poor soil quality and land
degradation (Da Silva, 2000a; Hatfield, 2009; The earth’s atmosphere, greenhouse gases,
IFAD, 2009). Climate also influences the spread of elements and drivers of climate change
animal diseases and pests as well as their vectorhe earth is made up of the atmosphere - a layer of
(Da Silva, 2000a; Valtorta, 2002; Thomsenal., mixture of gases, water vapour and dust - dynamic
2004; Baylis and Githeko, 2006). The combination in composition and in dynamic equilibrium; the
of rainfall and seasonal temperature averages inhydrosphere (water bodies) and the lithosphere
the various sub climates of the world, control the (land) (Buchdahl, 1999; 2002). The parts of the
length of the plant growth period. Natural plant earth that hold life forms are collectively callia
growth and crop production, therefore, coincides biosphere (thin layer of atmosphere, hydrosphere
mostly with the periods of sufficient rainfall and and lithosphere). The global biosphere s
moderate temperatures in all ecosystems. Thecharacterized by cycles: energy cycle and chemical
resultant important seasonality of production of cycle and by means of the atmosphere (the
natural vegetation (quantity and quality) and greatest, fastest and most reliable natural trahspo
cultivated crops influence livestock production in system) substances, energy and chemicals circulate
terms of well being and performance. Specific through the biosphere- atmosphere, hydrosphere
environmental conditions induce specific plant and lithosphere.
associations. This creates particular ecosystems As shown in figure 1 sample of air
that provide the forage resources available for (atmosphere) will normally contain about 78%
grazing. nitrogen (N), 21% oxygen (& and about 1% of a
Nigeria’s climate structure mirrors the African collection of gases (Carbon dioxide (§0Ozone
and global climate system in terms of its complex (Os), Methane (Ch), Nitrous oxide (NO), Argon
weather pattern and subdivision into sub-climatic (Ar), Hydrogen (H), etc) called trace gases on
zones: humid rainforest, savanna, derived savannaccount of their low volume compared to the main
and arid/sahelian zones characterized by differentconstituents of air (Manicore, 2007).
rainfall and temperature regimes. Climate change
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Argon (Ar)
%

{_All other gases, 0.04%
Carbon dicxide (COy) | 0.035%
Neon (Ne) 0.0018%
Helium (He) 0.00052%
Methane (CH,) 0.00:014%:
Krypton (Kr) 0.00010%
Nitrous oxide (N»O) | 0.00005%
Hydrogen (H,) 0.00005%%
Ozone (O,} 0.000007 %

Figure 1: Percentage composition of atmosplgases; Source: Buchdahl (2002)

Nitrogen in air is not used directly by living balance. The natural atmospheric composition of
organisms but it is very essential for life on bart GHGs is, therefore, beneficial. The current
being a major component of both plant and animal negative attributes to the GHGs emanated from an
proteins. Oxygen is required for respiration by overload of the atmosphere by additional volumes
both plants and animals and is used directly fromof GHGs from uncontrolled human activities
air. Carbon dioxide is used by plants for associated with agriculture, fossil fuel combustion
photosynthesis. These substances move througlieforestation, changes in solar radiation and land
the layers of the earth existing in different forms use as well as soil degradation (EC, 2006; IPCC,
and are used by different organisms at different2007). The consequent alteration in the energy
times. The trace gases especially,COH,;, N,O, balance brings about radiative forcings (IPCC,
O;, H,0g, and the halocarbons are called 2007) which result in climate change - changes in
‘greenhouse gases’ (GHGSs) based on the idea thathe intensity, frequency, and variability of
like the glass walls of a greenhouse, they trapelements of climate: temperature, rainfall,
(hold) heat energy and thus prevent heat energyhumidity, solar radiation and airflow - as well as
radiated from the earth from escaping into spacethe tendency for extreme events: heat waves,
(Buchdahl, 1999). The gases hence, act astornados, floods, erosions, drought, etc.(IPCC,
effective global insulators. They are responsible 2007; Hatfieldet al.,2008; Stonet al.,2008). The

for the green house effect (GHE) of the earth’s anthropogenic GHGs and the processes that
atmosphere. In addition, they prevent the harmful increase their emission, reduce their sequestration
radiations from the sun (ultraviolet, infrared and and change surface albedos (the reflectivity of
far-infrared radiations) from penetrating to the surfaces) (Pielke, 2005; IPCC, 2007) are the
earth, but generally allow the visible light frotret  drivers of climate change (IPCC, 2007,
sun to pass through to the earth (Buchdahl, 2002;Ramanathan and Carmichael, 2008; UNEP, 2009).
Manicore, 2007). By means of this mechanism, theThe GHGs have differential GHE and global
atmosphere is responsible for the suitable warming potentials (GWP). In terms of natural
temperature range 10-100C, average 1%)  GHE, water vapour is the most important GHG but
available on earth which is suitable for our active in terms of anthropogenic GHE, G@& the most
biosphere. The space is freezing cold and will important (Paustiaret al., 2006; Steinfeldet al.,
drain the earth of all heat energy without the 2006; IPCC, 2007; Koneswaran and Nierenberg,
presence of the GHGs and without the GHE of the 2008). However, for ability to absorb long wave
earth’s atmosphere, the earth will be too cold, radiation (global warming potential, GWP) the
mean -18C (Buchdahl, 1999; 2002). To maintain halocarbons are the most important. Table 1
the required concentration of the GHGs and so thecontains the anthropogenic GHGs, their relative
integrity of the atmospheric greenhouse structure, GHE and GWP.

the rate of natural production and uptake of GHGs
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Table 1. GHE and GWP of Anthropogeni&GHGs

Gas Formular GHE (%) Relative GWP/C®(100 years)
Carbon dioxide GO 55 1
Methane CH, 15 25
Halocarbons &,Hal, 10 NA
i. Perfluorocarbons HE2,+2 NA 7400-12200
ii. Hydrofluorocarbon CoHmFe NA 12C-1480(
iii. Sulfur hexafluoride SF NA 22800
Nitrous oxide )0 5 298
Ozone (03 10 NA

Source: IPCC (2007); Manicore (2007); NA: Not aahié; N.B: Water vapour is not included becaushrapbgenic influence is
negligible (Manicore, 2007).

Climate Models and Emission Scenarios: (Hatfield et al., 2008). Globally, atmospheric
Simulating the impact of climate change water vapour and precipitation are estimated to
The potential impacts of climate change on increase with increase in global warming.
livestock and other agricultural systems are bestGenerally, cooler climates (middle and high
appreciated through simulation studies and altitudes) will experience increased precipitation
modeling of future climates (Thompson and during the cooler months while at low altitudes
Pollard, 1995; Valtorta, 2002; Hatfielét al., (tropical and subtropical regions), regional
2008). Climate change scenarios can be modeledncreases and decreases in rainfall are expected.
in order to observe and set realistic range of Although the mean precipitation is predicted to
impacts bound by high and low climate extremes increase, larger year-to-year variations are
with a defined probability distribution. Modeling expected (UNEP, 2009). Changes in cryosphere
the impacts of climate on livestock based on (snow cover, ice cap and glacier) will involve
realistic climate projections will provide a base- continuous and widespread retreat as a resuleof ic
line to understand the consequences of climatemelt run off and iceberg calving. By 2100 it is
variability as well as enable stakeholders integrat expected that global mean sea level will rise gy th
climate change adaptation measures in livestockrange 0.09m to 0.88m above the 1990 level due
enterprises (Da Silva, 2000a; Valtorta, 2002; primarily to thermal expansion of the warmer
Hatfield et al., 2008). Fortunately, a number of oceans in addition to the melting of glaciers and
organizational modeling systems are currently in ice sheets (IPCC, 2007; Topping, 2007; UNEP,
place and have generally been improving in 2009). The rising sea levels will impact negatively
efficiency thereby increasing the reliability of on low land populations (man, animals and crops)
emission scenarios and climate change projectiondue to increased flooding forcing populations to
(IPCC, 2007). Numerous experiments in which move inland to higher grounds.

temperature, carbon dioxide, ozone and other

factors were varied have been conducted to

compare current trends with projected scenariosClimate Change and Livestock Production in
(Schlesinger and Zhao, 1989; Morgatral., 2003; Nigeria

2004; Booteet al.,2005; AIACC, 2006; Morghan Nigeria's climate mirrors the global climate in its
et al., 2006; Lobel and Field, 2007; Smith, 2008; complexity and division into sub climates -
Tietjen et al., 2010). Most models of climate ranging from the arid/sahel of the north to the
change predict higher maximum temperatures andhumid rainforest of the south and between these
more hot days, more intense but variable andthe derived savanna and savanna ecosystems.
fewer precipitation events, higher minimum Climate change and climate variability are,
temperatures and fewer cold days, reduced diurnatherefore, of considerable importance to animal
temperature range, continental drying in some agriculture in Nigeria. Climate affects animal
areas and associated drought risks (Maateal., production directly through the principal weather
2006; IPCC, 2007; Koneswaran and Nierenberg, factors: temperature, humidity, solar radiation and
2008; UNEP, 2009). It is projected that the global airflow and indirectly through alterations in the
average surface air temperature will increase bynutritional environment and changes in the
the range 1% to 4.0C by 2100 (IPCC, 2007; epidemiology and dynamics of livestock disease
Brown et al., 2008; IFAD, 2009). Cooler climates pathogens, pests and vectors (Valtorta, 2002;
will experience greater and more rapid warming Baylis and Githeko, 2006; Rowlinson, 2008;
than the global average while warmer climates will IFAD, 2009). Climate change will, therefore,
experience lesser warming than the global averagempact livestock production in Nigeria in ways
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that will most likely correspond with the models (heat stress) at the reproductive phase of crops so
for humid and dry tropical climates (BNRCC, that yield is compromised in the face of increased
2008) namely: the greater constraining of the biomass accumulation (Newmanal, 2001; Jifon
already hampered economic viability and and Wolfe, 2005). Unrestricted root growth,
sustainability of livestock production. optimum soil fertility and excellent control of
weeds, pests, and diseases are also necessary to
Indirect Impacts of Climate Change on maximize the benefits of increased £O
Livestock Production Availability, Quantity concentration (Newmaet al, 2006).
and Quality of Livestock feed resouced The yield of forage and pasture crops (C
Sustainable livestock (farm animal) and G photosynthetic pathways) under different
production rely heavily on the availability of climate change scenarios is determine by the
livestock feed crops. Profitable ruminant animal interaction between the major drivers of global
production in intensive holdings, on pasture and climate change namely precipitation (rainfall),
range lands depend on the availability of quality carbon dioxide and temperature. Field results,
grains and forages in enough quantities (Hatfield however, indicate that rainfall change was the
et al., 2008). Key quality parameters include fiber explanatory variable in yield changes of both
content, crude protein, mineral, non-structural pasture and range-land forage crops followed by
carbohydrates and secondary toxic compounds andCO, and temperature change (lzaurralee al.,
these will vary under different climate scenarios 2003; Thomson et al., 2005). Reduced
(Ainsworth and Long, 2005; Bootet al., 2005 precipitation will lead to reduced yield since the
AIACC, 2006; FAO, 2009). Yield responses under overall ecology of pasture and range lands is
increased warming will vary, with species of grain determined by the spatial and temporal distribution
crops according to each crops cardinal temperatureof rainfall and consequences of precipitation
requirement (Prasadt al., 2003; Reddyet al., patterns for soil water availability (Morgan, 2005;
2005; Lobel and Field, 2007; Hatfiedd al.,2008). FAO, 2009; Tietjeret al.,2010). Rising C®in the
Crops that have optimal range at cooler atmosphere, warming (increase in temperature)
temperatures will exhibit significant decreases in and altered precipitation pattern all impact stigng
yield as temperature increases above the uppeon soil water content and plant water relations
range. The response to rising temperatures by(Allen et al., 2003; Morgan et al., 2004b).
grain crops may however, be more complicated Through simulation of photosynthesis and water
because biological response to temperature is nonuse efficiency, rising COwas shown to enhance
linear and linear changes in temperature do notplant productivity on most range lands (Boetd
produce linear responses (Hatfiedd al., 2008). al., 2003; Korner, 2006; Hatfieleket al., 2008;
Again, under the global climate change scenarios, Tietjenet al.,2010).
many climate change factors interact to affect a The sum of effects of atmospheric and
biological entity. For instance, higher temperasure climate change on forage quality is varied. Based
are often associated with decreases or lack ofon expected precipitation changes and known
rainfall in many sub climates and this complication environmental effects on forage protein,
can exacerbate the effects of rising temperaturecarbohydrate, and fiber content, both positive and
(Hatfield et al.,2008). negative changes in forage quality are possible
Grain crops vary in their response to £O (Hatfield et al., 2008). Elevated COvolume can
enrichment of the atmosphere according toincrease non-structural carbohydrate content of
whether they are carbon (Ill) §Cor carbon (IV)  forage crops thereby enhancing forage quality.
(Cy) crops. Simulation studies (Boog¢ al., 2005; Nitrogen and crude protein content of forages are,
Jifon and Wolfe, 2005; Ziskat al., 2005; Morgan however, reduced under G@nrichment of the
et al., 2007) have shown that for mosg €rops atmosphere, especially, under poor soil nitrogen
(wheat, rice, legumes) there was significant content (Cotrufoet al., 1998; Milchunaset al.,
increase in average yield under £énrichment.  2005). This counters the positive effect of
The increase in yield was expressed as increase@énhanced C®volume on plant production. The
number of tillers-branches, panicles-pods, andrising CG level, therefore, produces poorer
number of seeds with minimal effect on seed size.forages which are poorly digested and utilized by
Carbon (iv) crops (maize, millet, sorghum) ruminant animals. Experimental warming causes
increased their yield insignificantly under the sam reduction in tissue nitrogen concentration. Thus,
CO, volume (Andersonet al., 2001). The under increased environmental temperature and
beneficial effect of increased G®@olume on yield  reduced rainfall (the likely situation in the figld
is however, negated under elevated temperaturdorage quality is expected to decline and will
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produce negative effects on animal growth, Climate change may also exert its effect
reproduction and health (Milchunas al., 2005). by shortening or lengthening of seasons thereby
This could render livestock production influencing the life cycles of pathogens, pests
unsustainable unless ruminant diets are and/or their vector hosts. Lengthening of warmer
supplemented with nitrogen sources. Ruminantsand wetter seasons will generally favour early
require forages with at least 17% crude protein for developmental stages of these organisms, shorten
maintenance, 10 — 14% for growth, and 15% for their generation interval, increase the number of
lactation. Optimal rumen fermentation also generations per year and enhance disease spread.
requires a balance between ruminally available The converse will be the case if the cold and drier
protein and energy. The rate at which digesterseasons are lengthened (Harvell al, 2002;
passes through the rumen decreases withBaylis and Githeko, 2006).
increasing fiber content of forages (Hatfietal., The animal hosts of disease pathogens
2008). Tropical forages are essentially of the poor may also be influenced by changes in climate and
quality carbon (IV) type and increased warming thus alter the existing host-pathogen relationship.
will lead to greater deterioration of tropical fges Under the climate change scenario of increased
(Valtorta, 2002; Hatfielekt al.,2008). warming due to the depletion of the ozone layer,
animals may be exposed to doses of ultra violet
Climate change and diseases and pests of radiation leading to cellular damage and
livestock depression of their cellular immune factors (eg.
Among the many factors that will affect The T helper | Lymphocytes) as well as alter the
the impacts of infectious livestock diseases in normal cellular responses to vaccination (de Gruiji
future is climate change (Baylis and Githeko, et al, 2003; Thomsonet al., 2004). Animals
2006). Many studies (Beanett al., 1999; Purse thermally challenged may also be compromised
et al., 2004; Benneth and Lipelaar, 2005; Black immunologically making them more susceptible to
and Nunn, 2009) have linked outbreaks of diseases (Eisleet al, 2003; Thomsonet al.,
endemic, emerging and re-emerging animal 2004).
diseases as well as the appearance of new Both vector and non-vector borne animal
transmission modes to climate change and there igliseases are influenced by weather and climate.
general consensus that future climates will The vectors of an animal disease must survive,
significantly impact the incidence, spread and multiply, spread, attack infected and susceptible
pathogenic effects of livestock diseases hosts in order to effectively transmit the disease
(Rowlinson, 2008; Black and Nunn, 2009; IFAD, pathogen. A broad array of vectors: tabanids,
2009). Under the variable Nigerian climate these muscides, flies (myiasis and tse-tse flies), fleas,
impacts will not only vary according to pathogen, ticks, mosquitoes, molluscs, etc transmit animal
pest and vector type, but also from one region todiseases. Climate impacts the epidemiological
another. Weather and climate affect diseasedynamics of these vectors principally through
pathogens in a complex and varied manner (Baylistemperature and moisture. Climate warming and
and Githeko, 2006; de La Rocqe al., 2008; increased wetting may render areas which hitherto
Black and Nunn, 2009). Climate may determine were too cold and/or dry for any of these vectors
the spatial and temporal distribution of a diseaseconducive and so expose their animal populations
pathogen (or pest) and/or its vector while weatherto new pathogen challenges (e.g. the expansion of
may influence or determine the timing of out- tse tsebelt to northern Nigeria) (BNRCC, 2008).
breaks as well as its intensity (Baylis and Githeko On the other hand, regions that become less
2006). Disease pathogens and pests also vary irtonducive to vectors may experience emigration of
their environmental requirements for survival, vectors whose population and challenge will
multiplication and spread hence their response toconsequently be reduced and so the diseases they
climate change will depend on the adequacy (ortransmit (Kovats, 2000; Gagnoet al., 2002;
otherwise) of these requirements as well as theirBaylis and Githeko, 2006). Climate instigates
adaptive potential to the changing climatic factors seasonal movement of vectors and changes in
Pathogens sensitive to temperature and moisturesector presence in different environments, thereby
will either be enhanced or limited. Generally, influencing the dynamics of animal diseases and
pathogens favoured by warmer temperatures andpests (Davi®t al.,1998; Harvellet al.,2002).
high moisture will be enhanced by a warmer and Non — vector animal diseases must also
wetter Nigerian climate. A drier and warmer survive for a reasonable period outside the host
climate will however limit most pathogens due to and in the environment to infect a suitable
desiccation (Baylis and Githeko, 2006). (susceptible) host. Disease pathogens are
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differentially equipped for life outside their hest Purse et al, 2005), rift valley fever virus (a
Spore forming animal disease pathogens generallyzoonotic disease of sheep and cattle), west nile
survive better in their environment than non-spore fever virus (birds) and several viral encephaldidi
forming organisms. For instance, spore forming of horses, transmitted by the Aedes and culex
Bacillus anthracis(causes anthrax in most warm- mosquitoes (Weaver and Berrett, 2004) all depend
blooded animals) and Clostridia organisms (causeon the spatial and temporal distribution of the
blackleg in cattle) can remain infective for many vector which is highly sensitive to climate
years in pasture (Hall, 1988; Parketr al., 2002) variables (Limithicumet al, 1999; Melloret al,
while the non-spore formingDermatophilus  2000; Anyambaet al, 2002). Outbreaks of most of
congolensis(causes dematophilosis in cattle) and these diseases are associated with periods of
Pasteurella multocida(causes pasteurellosis in combined heavy rainfall (following drought),
bovines) have shorter environmental life span (in flood, high temperatures, low or high humidity and
months) (Hall, 1988; Baylis and Githeko, 2006; increase in wind intensity. Tse-tse flies (the vect
Parker et al, 2002). Most viral infections that of the protozoan disease trypanosomiasis), ticks
spread by infectious droplets (aerosol etc) or by (vectors of anaplasmosis, babesiosis, heart-water,
direct contact between infected and susceptibleEast coast fever etc), fleas as well as mites are
hosts in close proximity (e.g. within a herd or highly climate dependent both as vectors and as
within intensive holdings) such as the viruses that pests. Generally, many aspects of vector's life
cause foot-and-mouth disease in cattle, sheep andycles are sensitive to climate and spatial
pig; Pestes de petit ruminantes (PPR) in smalldistribution are largely dependent on climate
ruminants; cattle rhiderpest, etc survive poorly variables. Warm, wet climates generally favour
outside the host and under harsh climates (Vébsu their survival, multiplication, spread and impact
al., 1992; Sutmolleet al, 2003). These diseases both as vectors and as parasites (Rogers and
are climate and weather dependent and outbreakfandolph, 1993).
are usually associated with periods of high Climate also influences the time period
humidity (especially onset of rainy season) and dry required for a vector to feed on an infected host
cold periods. Some other non-vector and non-and transmit the infection onward to a susceptible
spore forming animal disease pathogens such asost (the extrinsic incubation period — EIP). The
those that cause brucellosis, Avian influenza, EIP of some vectors are temperature dependent
rabies, salmonellosis, etc are less climate and(Baylis and Githeko, 2006). Under cold weather,
weather dependent (Baylis and Githeko, 2006). the EIP is lengthened and some short-lived
Parasitic diseases also differ in their vectors, such as mosquitoes and biting flies, tend
environmental requirements to remain infective to die before the EIP is complete and so disease
outside the host. For instance, the nematode transmission does not occur (Reeeeal., 1994).
Haemonchus contotugcauses haemonchosis in In conclusion, the relationship,
cattle and sheep) requires warm temperature andassociation and impact of climate change on
adequate moisture for eggs and larvae to survive inanimal disease pathogens, pests and their vectors
the environment until ingested by another host. are very complex and variable. The short review
The trematode, Fasciola gigantica (causes presented above is meant to demonstrate this
fascioliasis in cattle and sheep) uses snailcomplexity and is by no means exhaustive. There
intermediate hostsLymnacid snails) to survive is enough evidence to show that climate change
and remain infective outside the primary host. has brought about changes in the dynamics of
Lymnacidsnails depend on availability of low, wet animal disease pathogens and vectors in recent
pasture lands and flood plains or water pools toyears. The re-emergence of bovine tuberculosis in
survive and multiply (Hall, 1988). the United Kingdom (Whiteet al, 1993),
Vector-borne animal diseases spread by bluetongue disease in Europe in 1998 (the first in
the effective contact and active interaction 20 years), and the expansion of the
between the infected vector and a susceptible hosttrypanosomiasis belt to northern Nigeria (BNRCC,
The interaction between a vector and its host2008) are cases in point. Under the variable future
environment as well as the impact of climate climate scenarios (BNRCC, 2008; SEI, 2008),
change on the vector will not only influence the these impacts will not only vary according to
spread of the pathogen but its intensity and impact pathogen, pest and vector type, but also from one
For instance, the vector transmitted bluetongueregion to another. Increased warming of different
virus (causes bluetongue disease in sheep), andates across the zones, increase in precipitation f
African horse sickness virus, transmitted by biting some zones for some months followed by drought
midge (genusCulicoided (Baylis et al, 1999; and drought alternating with periods of heavy rains
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in most zones (a pattern that encourages bouts ofadiation adds to the heat from metabolic
disease outbreaks), the future impact of animalprocesses, thereby increasing the body heat load
diseases and pests on livestock production in(Da Silva, 2000a; Valtorta, 2002; Setial.,2002;
Nigeria will not only be more severe but also West, 2003; Franket al.,, 2004; Marai and
unpredictable — a situation that will be made worse Rashwan, 2004; Segnalini and Nardone, 2010).
by poverty and lack of technology (IPCC, 2007).  Air movement effectively facilitates dissipation of
heat through convection and evaporation only
Direct Impact of Climate Change on Livestock  within certain temperature ranges (Mawson and
Production White, 1971). The extent of heat stress on animals
Ambient temperature, humidity, wind speed, depends on the combination of these factors, the
thermal radiation and precipitation are the major duration for which a given combination exists and
climate parameters which constitute the thermalthe adaptability of the individual animal.
environment and which are the potential Consequently, a number of integrative measures
environmental stressors of livestocks with regards have been developed (Da Silva 2000b; McGovern
to health, growth, yield and reproduction (Da and Bruce, 2000; Turnpenny, 2000a; b), resulting
Silva, 2000a; Hahret al., 2003; Nardoneet al., in various thermal indices for different climatic
2006; Nienaber and Hahn, 2007; Svotefaal., zones, various animals and for different functions
2007). There are levels of vulnerability associated (Da silva, 2000a; Hahat al., 2003; Eigenbergt
with livestock production to the potential risksedu al., 2005; Madeet al.,2006; Mitchellet al.,2001;
to global warming (Hahn, 1995; Hatfield, 2009). Gaugharet al., 2002). Temperature and humidity
These levels are associated with levels of are, however, the two most critical weather factors
productivity (Hatfield, 2009) as well as other that impact livestock production directly and are
environmental factors and genetic attributes of essentially in focus when climate change induced
individual animals, species and breeds. As weather effects on livestock are under
performance levels increase, the vulnerability of consideration (Valtorta, 2002; Hatfielét al.,
the animal increases and, when coupled with other2008; Hatfield, 2009). Thus of the various thermal
adverse environmental factors (e.g. poor nutrition) indices, the temperature humidity index (THI)
the animal is at greater risk (Hatfield, 2009). (developed using the relationship between ambient
Inherent genetic characteristics or managementtemperature and relative humidity) is most popular
scenarios that limit the animal’s ability to adapt  (Hatfield, 2009) and represents the effect produced
or cope with thermal stress also put the animal atby the heat exchange process, which can alter the
risk. At high performance levels, any environment biological response that might be associated with
other than near optimum may put the animal atchanges in temperature alone and which impact
greater risk (Armstrong, 1994; Valtorta, 2002; performance, health and well being. The THI aims
Marai and Rashwan, 2004; Hatfield, 2009; Mader to support rational environmental management
et al.,2009). decisions related to animal welfare. It sets the
upper limit beyond which animals show signs of
Evaluating the thermal environment of the heat stress. The intensity of heat stress as well a
animal how long it lasts or the length of time (hrs) ikeéa
There is a range of temperature the animal to recover from its effects is important
conditions (thermoneutral zone or optimal zone) in determining animal response (Hatet al.,
within which animals are able to maintain a 2003). This will normally vary with season, being
relatively stable body temperature without longer during the hottest months of the year.
significantly altering behavioural or physiological Under the projected increased warming scenario,
function (Franket al.,, 2004). Visible signs of this means that the already hampered livestock
thermal stress: panting, urination, salivation, performance in Nigeria will be further worsened.
sweating etc become apparent under severe heafHI can be calculated by a variety of methods
stress. An empirical and sensitive measure is hencelepending on the region of application (Bouraoui
required to properly assess the thermal et al.,2002; Bohmanovat al., 2007; Vitaliet al.,
environment of the animal at all times. Evaluation 2009; Segnalini and Nardone, 2010). Variables
of air temperature alone does not permit an mostly required include wet bulb temperature, dry
accurate assessment of the effects of the thermabulb temperature, dew point temperature, ambient
environment on physiology, welfare, health and temperature, and relative humidity. Silanikove
productivity in farm animals (Segnalini and (2000) gave the formular for THI as THI=
Nardone, 2010). High humidity reduces heat loss 0.72(W/C + D°C) + 40.6. Where, W and ’C
from the body by evaporation, while solar refer to wetbulb and drybulb temperatures,
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respectively. Segnalini and Nardone (2010) 2009). Reduction in voluntary feed intake is
calculated THI for a subtropical climate using the accompanied by decreases in feed utilization
expression: THI= (1.8 x AT + 32) — (0.55 — 0.55 x efficiency, rate of body weight gain and general
RH) x [(1.8 x AT + 32) — 58]. Where, AT and RH decline in performance (Milk yield, reproduction
refers to ambient temperature and relative etc) (Armstrong, 1994; Hahngt al., 2003;
humidity, respectively. Reports of Values of THI Rowlinson, 2008; Madeet al., 2009). Studies
for cattle in the tropics (Valtorta, 2002; Fostdr  evaluating climate change impact on productive
al., 2009) classified THkK 70 as normal (comfort traits of farm animals in Nigeria are scarce,
or thermo-neutral zone), 71 — 78 as alert (heathowever, reports based on simulation studies
stress) and 79 — 83 as danger (fatal zone). Dairyelsewhere indicate losses in production due to
cattle in the tropics has been reported to showthermal stress. For instance Madgral., (2009)
signs of heat stress when the THI is higher than 72using two future climate scenarios (doubled,CO
(Valtorta, 2002) or 74.2 (Svotwat al.,2007). by 2040 and tripled C£by 2090) studied changes
in production performance in swine, dairy and beef
Effects of elevated temperature on performance cattle in the great plain of U.S.A. Day-to-slaughte
of farm animals weight increased by an average of 3.7days from a
Voluntary feed intake; feed conversion base line of 61.2 days in pigs. The potential ahnua
ration, body weight gain and age at maturity are loses, averaged 6% or 12.4 million US dollars. For
some of the performance traits affected by thermalbeef cattle, day-to-slaughter weight increased by
stress. Voluntary feed intake (VFI) is the primary 4.8 days above the 127 days base line or 3.8%
factor influencing the production capacity of loss, costing producers about 43.9 million US
livestock (Mader and Davis, 2004). Accurate dollars annually. For dairy production, 2.2%
assessment of feed consumption under heat stres&l05.7kg milk/cow) reduction in milk production
is therefore, a prerequisite for accurate evalmatio was projected at a cost of 28 million US dollars
of changes in production resulting from changes toannually. Some other studies reported similar
a warmer climate. In doing this other factors which performance losses in cattle (Sprettal., 2001,
affect VFI such as the breed of animal, age, sex,Franket al.,2004; Madett al.,2006; Amundson,
health status and management practices must bet al., 2006; Maderet al., 2009), in small
taken into consideration (Strickhin, 1986; Laudert, ruminants (Dixonet al., 1999; Silanikove, 2000;
1995; Graylean and Hubbert, 1995; Mad¢ral., Seviet al.,2002), in pigs (Ricalde and Lean, 2000;
2009). Thermal stress alters the acquisition of Huynh et al., 2005; Linet al., 2005), in poultry
potentially absorbable nutrients and energy. The(defra, 2005; Mohan, 2005; Al-Ghamdi, 2008;
onset of thermal stress results in decline in gatin Attia et al., 2009; Minka and Ayo, 2010), in
and grazing activities reducing voluntary feed rabbits (Maraiet al., 2002; Marai and Rashwan,
intake (Hatfield, 2009). Dry matter intake is most 2004) and in buffalos (Vale, 2007).
severely reduced. There is also decrease in the rat
of passage of digester through the digestive tractAdaptation Measures
resulting in increase in digestibility (Beede and Climate warming results in an increase of heat
Collier, 1986; Hahnet al., 2003; Maderet al., stress in Nigeria (BNRCC, 2008). Therefore, all
2009). However, a concomitant reduction in the methods to help animals cope with heat stress
rate of nutrient absorption from the gut offsets th would be useful to adapt to the impacts of climate
benefits of increased digestibility so that thexei  warming. A number of basic management schemes
net reduction in nutrient availability to the anima for reducing the effects of thermal stress havenbee
Meanwhile, there is increased demand for suggested (Valtorta, 2002; Liret al., 2005;
maintenance occasioned by emergency Gwatibayaet al., 2007; Thorntonet al., 2008;
physiological intervention to restore normothermia Sidahmed, 2008; IFAD, 2009). The three main
and homeostasis (Valtorta, 2002, Madsr al., schemes are: physical modification of the
2009). These physiological responses and theirenvironment, genetic development of less sensitive
hormonal precursors alter the metabolism of breeds and improved nutritional management
absorbed energy substrates and nutrients requiringgchemes.
concerted intervention to help the animal cope Physical modification of the environment
with heat-stress, maintain health and performance.to relieve heat stress would include provision of
Body weight, body condition and level of shades, ventilation cooling, and combination of
productivity affect the magnitude of voluntary feed ventilation and sprinkling. Provision of shades is
intake and the ambient temperature at whichthe simplest method (Armstrong, 1994; Valtorta,
changes in VFI begin to be observed (Maeteal., 2002; Sheareet al., 2002; Epperson, 2003) to
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reduce the impact of high solar radiation on stress, in terms of efficiency to reduce the impact
extensively or semi-intensively managed livestock. of heat waves under a grazing system (Valtorta,
Shades can be either natural or artificial, 2002).
permanent or moveable (Gwatibagtal., 2007). The use of breeding strategies to adapt to
Tree shades have proved the more efficient (Hahnclimate change involve the long term selection of
1985; Armstrong, 1994; Hahn, 1982, Valtorta, animals with proven genetic ability to combine
2002) because they combine protection from solartolerance of hotter environments and greater
radiation with the radiation sink effect created by challenges of diseases and parasites with high
cool leaves evaporating moisture. To enhance theproductivity (Hoffmann, 2008; IFAD, 2009). In
availability and utilization of natural shades wabul this regard identifying and strengthening of local
involve the conservation of nature and ecosystemsbreeds that have adapted to local climatic stress;
and modifying stock routing and distances improving local breeds by cross breeding with
(Thornton et al., 2008; IFAD, 2009). When heat and disease resistant breeds will constitute
enough natural shading is not available artificial future beneficial adaptation strategies (Hoffmann,
structures may be erected. Corrugated steel roofing2008). The introduction of livestock insurance
sheet and asbestos are popular for roofing ofsystems, early warning systems and other
shades because of cost, durability and low forecasting and crisis-preparedness systems could
maintenance requirement. However, in the tropicsalso benefit adaptations efforts (IFAD, 2009).
many natural roofing materials are available all Madification of the nutritional
year round and thatch grasses are good shadingnvironment of an animal as an adaptation strategy
materials. Animals that have access to shadefor thermal stress, aims to ameliorate the negative
present lower rectal temperatures and higherimpact of thermal stress on nutrient acquisition,
(stable) performance than animals without shadedigestion, absorption and utilization (Silanikove,
(Hahnet al., 2003). The orientation of the shade 2000; Renaudeast al., 2005; Gwatibayeet al.,
represent a compromise between most effective2007). The principal nutrients needed by an animal
shading for the animals and maintenance of dryfor normal production need to be adjusted to take
ground in the shade. If rainfall is substantial, a care of shortages as a result of the reduction in
north-south orientation will be preferred to take voluntary intake as well as reduced absorption
advantage of early morning and afternoon sun tofrom the alimentary canal. Digestible energy can
dry the shade. If rainfall is scanty, then the east be increased by providing energy concentrates
west orientation will be preferred (Armstrong, (grains and fat) while reducing fiber content by
1994). The best way to implement shading of reduction in forage component of the ration. Iisthi
livestock is to adopt mixed livestock farming way, body heat production is reduced by reducing
systems such as stall-feed and/or milking systemrumen fermentation heat (Beede and Collier, 1986;
and pasture grazing (IFAD, 2009). Nomadic Silanikove, 2000; Linret al.,2004; Penningtoet
livestock husbandry requires that shades beal., 2004). Supplemental protein, vitamins and
moveable or that permanent shades should beminerals should also be provided as these are
provided along stock routes. concomitantly available at levels short of
Ventilation cooling involving air  requirements for normal function (Beede and
movement is an important intervention to relieve Collier, 1986; Gwatibayaet al., 2007). Sodium,
heat stress since it enhances convection andpotassium, magnesium, calcium and chlorine are
depending on air humidity, evaporative heat lossesparticularly critical as these are excreted
(Valtorta, 2002; Sevet al., 2002; Penningtoret particularly in sweat in large amounts during
al., 2004). In the tropics, natural ventilation are thermal stress (Silanikove, 2000; Gwatib&yal.,
maximized by constructing open sided houses.2007). Supplementary minerals are also required
Forced ventilation using large fans will be very to maintain the osmotic gradient needed to move
beneficial especially during the hottest months of water through pools of cellular fluids to the
the year. Wetting and ventilation involve the evaporatory surfaces (Beede and collier, 1986;
provision of sprinklers and large fans in the Schneider et al., 1986). Water is the most
holding pens or milking parlour. Spray evaporative important nutrient in minimizing heat stress
cooling comes in various methods and designsbecause it acts as a heat sink (Létnal., 2004).
(Hahn, 1985; Armstrong and Wiersma, 1986; This in addition to the increased loss of body wate
Schultz, 1988, Turneet al., 1989; Armstrong, through urine, sweat and respiratory evaporation to
1994; Seviet al.,2002; Valtorta, 2002). The use of reduce heat load account for the increase in water
a sprinkler and fan system, for 30 minutes before consumption (up to 2 folds) observed during heat
milking, proved useful to relief dairy cows of heat stress (Penningtoat al., 2004; Gwatibayaet al.,
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2007). Animals under heat stress should, therefore, enrichment (FACE)? A meta-analytic
be given unlimited access to cool clean water. review of the responses of photosynthesis,
Thermal stress causes alterations in the acid-base canopy, New phytologist 165: 351 — 371.
balance leading to imbalances in blood acid-baseAl-Ghamdi, Z.H. (2008). Effects of commutative
plus a decrease in the salivary bicarbonate pool heat stress on immunoresponse in broilers
available for rumen buffering (Beede and Collier, chickens Reared in closed system.
1986; Silanikove, 2000). Consequently, rumen pH International Journal of Poultry Science 7
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(Schneideret al., 1986). Supplementation of an Allen, L. H. Jr., Pan, D., Boote, K. J., Pickering,
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