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ABSTRACT 

Developing countries from the southern hemi- 
sphere will be confronted by the same beef 
production challenges caused by global warm- 
ing, because these countries are at the same 
geographical positions in southern latitudes. 
Global warming is expected to have a more ex- 
treme effect on the southern hemisphere than 
on other continents and will have a negative ef- 
fect on the beef production environments in 
these countries. The negative effects will include 
high ambient temperatures, nutritional stress 
and altered patterns of animal diseases. Heat 
stress in beef cattle on veld/savannah is expec- 
ted to increase as a result of changing weather 
patterns on a global and regional scale. This 
may negatively influence food production from 
beef cattle for the human food chain. Negative 
effects of increased temperatures and thus heat 
stress can include lower reproductive rates and 
weaning weights. The effect of heat stress can 
be partly addressed by nutritional strategies, 
such as replacing rapid fermentable carbohy- 
drates with saturated fatty acids and the feeding 
of more by-pass protein and dietary electrolytes. 
Global warming will also alter the distribution 
pattern of animal diseases and the vectors of 
some of these diseases. This may even include 
the spread to South American countries. Like- 
wise the nutritional value of natural pastures 
may be influenced. The effect of global warming 
on the quality of pastures will depend on whe- 
ther the global warming is a result of increased 
carbon dioxide levels or not. An improved un- 
derstanding of the adaptation of beef cattle to  

their production environments is important, but 
adaptation is complex and thus difficult to mea- 
sure. Fortunately, several proxy-indicators for 
adaptation such as reproductive, production and 
health traits are available. The selection of ani- 
mals and genotypes that are better adapted to 
the production system, including heat stress, is 
possible and should be persuade to ensure sus- 
tainable beef production in hotter climates. 
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1. INTRODUCTION 

Developing countries from the southern hemisphere 
(Africa south of the equator and Latin America) are con- 
fronted by many of the same socio-economic and beef 
production challenges. Added to this, is the fact that 
these countries are at the same geographical positions in 
the southern cone. The consequent similarities in climate 
and agricultural conditions mean that there are many 
areas of similar interest and concern regarding beef cattle 
production. 

This paper aims to discuss the effect of global warm- 
ing on beef production in the developing countries of the 
southern hemisphere and the challenges posed by global 
warming and the adaptation of genetic resources to pro- 
duction environments. Climate change is already affect- 
ing food security (food availability, food accessibility, 
food utilization and food systems stability) on a global 
level [1]. People living in fragile ecosystems (i.e. semi- 
arid landscapes) are most at risk. Despite current efforts, 
changes in the climate will continue to occur [2]. Adap- 
tation and mitigation strategies should therefore be de- 
veloped at local and specific levels [1].  
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Climate change is perceived as a major threat to the 
survival of many species and ecosystems and the finan- 
cial sustainability of pastoral systems in various parts of 
the world, especially in developing countries [3]. Recent 
economic studies have suggested that severe losses will 
occur if the current management systems are not modi- 
fied in the face of climate change [4]. Therefore, there is 
great interest in understanding how domestic animals 
respond to climate stressors. Most of these studies were 
conducted in developed countries and have provided 
knowledge about the differences between the genotypes 
and the impact of environmental stress on the production, 
reproduction and animal health. However, little is known 
about the adaptation of animals to rapidly changing wea- 
ther conditions, especially in developing countries, where 
the stressors are different and the intensity of expected 
change is greater [5]. Furthermore, there is a lack of in- 
formation about the impacts of environmental stress on 
the wide variety of breeds used for food production [6]. 

Heat stress is a major factor involved in reducing pro- 
ductivity and animal development. If animals experience 
thermal discomfort, they seek ways to lose heat and this 
involves a series of adaptations of the respiratory, circu- 
latory, excretory, endocrine and nervous systems. These 
characteristics of adaptation can determine the tolerance 
of each breed to its environment [7]. The coordination of 
all these systems to maintain the productive potential un- 
der thermal stress varies between species, breeds and in- 
dividuals and within the same breed [8]. 

Changes in weather conditions can result in the redis- 
tribution of animals within or between regions, changes 
in the criteria for choice of species used (buffalo to cattle, 
sheep or goats), changes in genotype or breed (use of 
breeds that can maintain production in adverse condi- 
tions) and the environment (environmental protection or 
mitigation). The lack of information on tolerance to heat 
in different breeds is already perceived as a major con- 
straint to production in Africa [9]. Studies on animal pro- 
duction in many countries have shown that there will be 
a need to replace breeds and species in production sys- 
tems over the next 30 years due to changes in the envi- 
ronment and the market demands [10-12]. 

Increases in global temperatures over the last century 
are indicated as between 0.74˚C [1] and 0.8˚C [2] with 
an expected rise of up to 3˚C in this century. The rise in 
average global temperature predicted for this century 
may even have to be adjusted upwards [2-3]. The antici- 
pated global warming will change the southern hemi- 
sphere environments and vegetation, and in Africa the 
grazing capacity in some areas is expected to decline 
[15]. It is predicted that in South Africa the interior tem- 
perature will rise by 2˚C to 3˚C by 2050 [13]. For Brazil 
an expected increase of 5˚C in air temperatures is pre- 
dicted [14], which may lead to a decrease in pasture ca- 

pacity by up to approximately 50%, which will be dev- 
astating.  

Animal production is affected by climate in four major 
ways: 1) changes in livestock feed-grain availability and 
price; 2) livestock pastures and forage crop production 
and quality; 3) distribution of livestock diseases, disease 
vectors and parasites; and 4) direct effect of weather and 
extreme events on animal health, growth and reproduc- 
tion [15-17]. 

Tropical and subtropical climates have both direct and 
indirect effects on livestock. Factors such as temperature, 
solar radiation, humidity and wind all have direct effects 
on animals, whereas factors such as digestibility of feed, 
intake, quality and quantity of grazing, pests and diseases 
(which are themselves directly influenced by climate 
change) all have indirect effects on animals. It is predic- 
ted that climate change will have a more extreme effect 
on the African continent than on any other continent.  

2. EFFECT OF AMBIENT TEMPERATURE 

The main environmental factors affecting animal pro- 
duction are the ambient temperature, humidity, solar ra- 
diation and wind [18]. In tropical regions, characterized 
by high levels of solar radiation and temperature, heat 
stress is a major factor limiting the development and pro- 
duction of animals. In the tropics and subtropics tem- 
peratures frequently rise above the comfort zone and it is 
therefore important that livestock are adapted to these 
higher temperatures [19] or management strategies are in 
place that can mitigate heat stress. High temperatures and 
solar radiation decrease feed intake in order for animals 
to reduce digestive heat production, and reduce grazing 
time (animals do not graze in hot midday hours), where- 
as sweating and water intake increases.  

Besides environmental factors, the animal’s response 
to heat stress depends on the breed, body size, production 
level and the degree of exposure to the stressor, and com- 
poses three phases, viz. the recognition of the threat to 
homeostasis or welfare, the response to stress and the 
consequences of stress. Some factors such as previous 
experience, genetics, age, sex, condition and physiologi- 
cal shape have an influence on the nature of the animal’s 
biological response to the stressor [20,21]. Other factors 
involved in thermal comfort include the external coat of 
the animal (thickness, structure, thermo isolation, absorp- 
tion and reflectivity) and body traits (shape, size and 
superficial area) [22,23].  

2.1. Heat Stress as a Result of Ambient  
Temperature 

Livestock in tropical and sub-tropical areas can be un- 
der heat stress during certain periods of the year or year 
round [24]. Animals that are under heat stress show a 
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decrease in their production potential with devastating 
economic consequences to global animal agriculture [25]. 
With the expected increase in global temperatures and 
higher increases in certain regions, more areas will be- 
come arid with increasingly erratic weather conditions 
[13]. This will result in longer periods where livestock 
will experience heat stress. 

In any production system, regardless of its purpose 
(dairy, beef), it is important that the animals are within 
their thermal comfort zone. This comfort zone, which va- 
ries among species, breeds and individual animals, com- 
prise an upper critical (TCS) and lower critical (TCI) 
temperature, between which homeothermy is achieved 
with the minimum use of thermoregulatory mechanisms 
[26]. Temperatures above TCS or below the TCI trigger 
physiological and behavioral reactions and can, in ex- 
treme cases, cause death through hypothermia or hyper- 
thermia, respectively. Knowledge of these comfort zones 
is of crucial importance so that producers can take steps 
to minimize the harmful effects and allow for optimum 
production. 

Heat stress in livestock can be defined as a physio- 
logical condition in which the core body temperature is 
higher than the normal activity range. Core body tem- 
perature is the result of total heat load (internal heat pro- 
duction and environmental heat) minus the ability of the 
animal to dissipate heat from the body. If the heat load is 
above the animal’s heat dissipation capability, the animal 
will respond to it through behavioral and physiological 
changes [25]. Heat stress can occur when temperatures 
are above 25˚C for dairy cattle, when combined with 
high humidity, low air flow and direct sun light [27-28]. 
In beef cattle the threshold temperature above which dry 
matter intake is adversely affected is 30˚C with a relative 
humidity of below 80%, and if the relative humidity is 
above 80% the threshold temperature drops to 27˚C [28]. 

Heat stress exerts several deleterious effects on the 
animal in an attempt to reduce the heat stress and to 
maintain homeothermy. The immediate reaction to in- 
creased heat load is increased respiration rates, decreased 
feed intake and increased water intake [22,23]. Further 
consequences are increased blood flow to the skin sur- 
face, reduced metabolic rate and altered water metabo- 
lism [29]. Panting can also result in both respiratory 
alkalosis and metabolic acidosis [30]. Cows exposed to 
acute heat stress (24 - 36 hours) have shown a reduction 
in milk yield and lactose content, but increased levels of 
protein and fat [31]. 

Among the factors that change the magnitude of an 
animal’s response to thermal stress is the type of diet and 
breed [32]. Changes in diet ingredients that promote 
lower calorie increments, such as fats and grains, are es- 
sential to mitigate the negative effects of heat on pro- 
duction. Within the same breed, and even between breeds, 

the maintenance of body temperature is determined by 
heritable characteristics, such as the ability to sweat, low 
resistance to heat stress, as well as the structure and 
coloration of the tissue [33]. Thus, genetic characteristics 
can play an important role in tolerance to heat by animals 
[34]. The ability to maintain body temperature is critical 
as the animal will lose less energy to maintain thermal 
equilibrium, allowing for higher production, whether it is 
meat, wool or milk. 

Protective characteristics depend on the morphology 
of the skin (color, thickness, sweat glands, etc.) and hair 
coat (especially the hair coat thickness, density, diameter 
and length of the hair as well as their inclination with 
respect to skin surface), which determine the animal’s 
heat exchange with the environment through radiation, 
convection, conduction and evaporation [35]. It has also 
been shown that size, shape and surface area are impor- 
tant for the morphological heat balance [36].  

The direct consequences of heat stress on animal pro- 
duction can be severe and is generally thought to be a 
response to the reduced feed intake by the affected cattle 
and it is claimed that the extent of the depression corre- 
sponds directly to the level of the stress [37,38]. The ap- 
petite of animals is influenced by direct regulation from 
the heat regulation centers, interference by high respira- 
tion rate and behavior changes directed toward decreased 
heat production. However, the size and age of the animal 
are also contributing factors. 

The effects of heat stress are higher in cattle than in 
other ruminants due to their higher metabolic rate, and 
poorly developed water retention in the kidney and gut 
[25]. With an increased water intake as a mechanism to 
cope with heat stress, and more water expelled through 
sweating and panting, the body’s water content and mi- 
neral concentrations can be disturbed. The reduced feed 
intake further compounds the problem, as energy intake 
drops and energy expenditure increases to achieve eu- 
thermia.  

Beef cattle can particularly be vulnerable to extreme 
environmental conditions and to rapid changes therein 
[25]. Fat cattle with a lot of hair and dark coat are very 
sensitive to heat [3]. Cattle can, within limits, adapt to 
environmental challenges to minimize adverse conse- 
quences. However, at temperatures above 25˚C feed in- 
take drops [28]. Environments characterized by high tem- 
peratures and humidity will result in a reduction in the 
productivity of animals [32,39], and will thus have a 
financial impact on the cattle industry [40]. 

The level of ambient temperature thus affects produc- 
tion traits in cattle such as growth rate, milk production, 
milk composition (solids, milk fat, ratios of fatty acids, 
lactose, pantothenic acid, ascorbic acid and riboflavin) 
and reproduction in both male (gametogenesis and libido) 
and female (estrus, ovulation, fertilization, implantation, 
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embryo survival, gestation length and mothering ability) 
animals directly [37,41,42].  

Milk yield is very sensitive to increased temperatures, 
with measurable declines in yield occurring in high pro- 
ducing cows at 24˚C. A decline in milk yield is pre- 
dominantly the result of heat induced depression in feed 
intake [37]. However, it is also reported that reduction in 
feed intake only accounted for 35% of the reduction in 
milk production in mid-lactation cows [25]. Hormonal 
changes that occur in response to heat stress can also 
play an integral role in the reduced production [29].  

Heat stress reduces reproductive abilities in both gen- 
ders [25,42]. The effect of heat stress on summer fertility 
may result in a 20% to 27% drop in conception rates 
[43-45]. Furthermore, heat stress may lead to impaired 
embryo development and even embryo deaths. Sperm 
quality was also negatively affected by elevated ambient 
temperatures, i.e. reduced motility percentage, reduced 
sperm output and increased percentage of abnormal 
sperm and aged sperm [46]. 

Rising temperatures result in decreased activity of the 
thyroid gland and the output of gonadotropin that leads 
to inadequate estrogen or progesterone production. The 
pituitary gland also affects heat balance through the shift- 
ing of electrolytes during the mobilization of water for 
evaporation from the body [37]. 

While ambient temperatures above 29˚C impair sper- 
matogenesis and the quality of semen in bulls, the breed- 
ing of cows is only successful when their body tempera- 
tures are less than 39˚C [37]. There is however differ- 
ences between breeds in their thermoregulatory ability 
that can be exploited [37,47]. 

Genotype by environmental interaction and epigenet- 
ics affect some traits and can give an impression of ac- 
climatization in animals. However, acclimatization has 
varying penalties on productivity [47]. For instance, in 
Brown Swiss cattle which were reared at two tempera- 
tures (cool and hot) and then shifted to a hotter environ- 
ment, the group reared at hot temperatures showed less 
response to thermal stress than animals reared under cool 
conditions [37]. However, this group had similar im- 
paired feed intake and growth rate as those animals 
reared at cool temperatures.  

The classic genotype x environment research done at 
the Tropical Cattle Research Centre, Rockhampton in the 
seventies on Brahman and Brahman × Bos taurus cattle 
[48] as well as the work done in contrasting environ- 
ments on Hereford cattle [49] clearly shows the effects of 
temperature on animal performance. These results stress 
the importance of adaptation to the production environ- 
ment. Genotype by environmental interaction will be- 
come even more important as the environment changes 
or varies due to global warming. The implication of this 
is the better utilization of adaptive breeds. It is well do- 

cumented that Bos indicus cattle are better adapted to 
tropical environments than Bos taurus cattle [48,50]. The 
same argument could be followed to include the tropi- 
cally adapted taurine breeds of Africa, Latin America and 
the Caribbean in this group. These breeds, or composite 
breeds derived from them, could eventually replace the 
less adapted Bos taurus types in the harsher production 
environments that are predicted for the future.  

Crossbreeding to exploit heterosis under harsh envi- 
ronments is often used to counter genotype × environ- 
mental interaction and heterosis is generally larger under 
severe environments [51]. The production performance 
of F1 Brahman × British cows demonstrates that signifi- 
cant production benefits can be obtained from cross- 
breeding in most environments [52]. Depending on the 
environment, between 25% and 75% “adaptive genes” 
are required with up to 100% in the most severe environ- 
ments [52]. These genes can be derived from Bos indicus 
and tropically adapted taurine breeds as well as their de- 
rivatives [53,54]. For the most severe environments a 
combination of Bos indicus and adaptive taurine breeds 
can be used to optimize heterosis and productivity [51]. 
The effect of the environment on the performance of va- 
rious genotypes as well as the need for assessing the 
genotypes in the environment of interest should be em- 
phasized [54]. 

2.2. Nutritional Stress as a Result of  
Ambient Temperature  

The reduced feed intake as a result of heat stress will 
cause the animal to go into a negative energy balance and 
reduced intake of minerals. The uptake of nutrients in 
heat stressed animals is diminished by reduced ability of 
the rumen to absorb nutrients as more blood flows to the 
skin for cooling purposes [24,29]. This can affect rumen 
health as less feed is consumed, less saliva enters the 
rumen, volatile fatty acids (VFA) build up due to low ab- 
sorption (decrease in ruminal pH), combined with low 
levels of 3HCO  (carbonate) in the saliva, making cattle 
more susceptible to rumen acidosis [30]. However, it was 
also reported that there is no difference in VFA concen- 
trations between temperature treatments and that there 
was even a reduction in VFA’s in cattle subjected to heat 
stress [24].  

Research has shown a depression in efficiency of feed 
utilization with lowered intake because a greater propor- 
tion of the energy consumed goes for maintenance re- 
quirements [36] and more energy is used for thermo- 
regulatory processes [28]. 

In periods of heat stress, when feed intake decline and 
demands of lactation increase, an increased dietary min- 
eral concentration is required [29]. Potassium (K) is the 
primary cation occurring in bovine sweat and its concen- 
tration in sweat increases during hot climate conditions 
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[55]. During hot temperatures the absorption of macro 
minerals, including Calcium (Ca) Phosphate (P) and Po- 
tassium (K), declines [56]. Dietary cation-anion differ- 
ences can alter dry matter intake of beefs cows on range- 
lands [57]. It has also been reported that finishing steers 
maximized their gain and intake when fed diets that had 
a positive dietary electrolyte balance (15 mEq. 100 g of 
DM) [56]. In this research [58] no consideration of tem- 
perature was taken into account and may explain why no 
differences on day 84 in plasma parameters were found. 
Positive results on production in cattle (dairy cows in hot 
weather) have been reported where potassium or sodium 
bicarbonate have been used as additives to increase the 
cation levels in rations [25,59,60].  

2.3. Mitigation Strategies to Heat Stress 

Management approaches may reduce the effects of in- 
creased temperature, and may include mechanical cool- 
ing such as forced ventilation, water sprayers and shad- 
ing [27]. However, these are difficult to apply to free gra- 
zing cattle and offer limited relief on a short term basis. 
With the increasing cost of energy, these methods might 
become uneconomical. Where temperatures rise above 
the upper critical threshold, which may occur more fre- 
quently and will probably happen as a result of climate 
change, the need for long term viable alternatives like 
breeding and changing the nutritional approaches may 
become more pressing.  

Nutrition has an important role to play in the mitiga- 
tion of heat stress effects. Cattle that experience heat 
stress will reduce intake in order to lower metabolic heat 
load. Therefore cattle will require alterative supplements, 
especially minerals such as potassium and sodium to 
counteract losses in cation (K+ through sweating), anion 
(Cl− through respiration) and gasses (CO2 through lungs); 
as well as reduced buffering in the rumen (less saliva into 
rumen) caused by less bicarbonate in the rumen, but 
more in the blood and mobilized in the kidneys. Further- 
more, energy provision with sources such as maize, to 
counteract the lower intakes, may exacerbate the problem 
due to increased heat load through the digestion of the 
energy source. Alternatively, the replacement of rapid 
fermentable carbohydrates, such as maize, with saturated 
fatty acids has shown to reduce rectal temperatures and 
increase milk yield for mid lactation dairy cows [61]. 
The higher ammonia levels in the rumen due to reduced 
carbohydrate levels during periods of heat stress make it 
important that levels of rumen degradable protein and 
soluble nitrogen sources are limited in cattle feeds. Feed- 
ing more by-pass protein during hot climatic conditions 
can result in higher production [29]. 

Dietary electrolyte balance has the capacity to alter 
intake of beef cows and can improve feedlot performance. 
Although this principle is well established in the dairy 

industry, data on beef cattle production systems are lim- 
ited [62] with no nutritional strategies to mitigate heat 
stress conditions [63]. There is some discussion on elec- 
trolyte balance in beef cows and feedlot cattle, but with- 
out the effect of climate [57,58]. Most work on cation- 
anion levels were done in metabolic chambers [24] and/ 
or for short periods of time with short adaptation periods. 
Where measurements were taken over longer periods, 
constant levels of cation-anion were provided without 
consideration of climate [57,58]. There is a need to adapt 
the supplementary feeding management of beef cattle in 
temperatures above the thermal comfort limit in order to 
reduce losses in performance. 

The measurement of heat tolerance on a large scale in 
animals is limited by the time required to do traditional 
testing [64], since animals are affected by several factors 
such as their level of production and type of food and the 
environmental conditions that change throughout the day. 
However, the selection of animals that adapt better to the 
production system, including heat stress, is still nece- 
ssary to enable the sustainability of beef production sys- 
tems in hotter climates. 

3. ALTERED PATTERNS OF ANIMAL  
DISEASES  

Altered patterns of diseases in animals are a signifi- 
cant and permanent threat as a result of climate change. 
This may include 1) the emergence of new diseases and 2) 
a change in the prevalence of existing diseases, particu- 
larly those spread by biting insects. A wider geographic 
distribution of known vectors and/or the recruitment of 
new strains to the vector pool could result in infections 
spreading to more and potentially new species of hosts 
[65]. Changes in climate will influence arthropod vectors, 
their life cycles and life histories, resulting in changes in 
both vector and pathogen distribution and changes in the 
ability of arthropods to transmit pathogens [66]. There- 
fore animals will be exposed to different parasites and/or 
diseases, as indicated by the predicted change in the dis- 
tribution of, for example, the Tsetse fly in Africa [16]; 
putting an even greater pressure on production and the 
survival of livestock breeds. 

The OIE Scientific Commission has therefore con- 
cluded that climate changes are likely to be an important 
factor in determining the spread of some diseases, espe- 
cially those that are vector-borne. The two most men- 
tioned emerging and re-emerging cattle diseases in a re- 
cent OIE survey are Catarrhal fever (Bluetongue) and 
Rift Valley fever [67].  

Bluetongue is an infectious, non-contagious disease of 
wild and domestic ruminants, and has considerable eco- 
nomic impact partly due to direct losses from death and 
reduced production in affected livestock but, more im- 
portantly, because of the restrictions on international trade 
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in animals and animal germ plasm between Blue-tongue 
virus infected and non-infected areas [68,69]. The global 
distribution of Bluetongue virus infection changed dras- 
tically in recent years [70,71], and climate change may 
be partly responsible for this profound change in the glo- 
bal distribution of the Bluetongue virus [70,72]. Studies 
have demonstrated that the vectors of the disease are af- 
fected by temperature [73,74] and have indicated a pos- 
sible role of humidity [74] and precipitation [70]. In a 
study to investigate the effect of climate factors on Blue- 
tongue virus infection in a simulated cattle herd, rainfall 
was identified as the most important factor in determin- 
ing the prevalence of Bluetongue virus infection [75]. In 
addition to rainfall, warm temperatures favor vector breed- 
ing, but excessive temperatures may reduce the survival 
of adult vectors [76]. 

Rift Valley fever, which is transmitted by many dif- 
ferent species of insect vectors that have a wide distribu- 
tion, is increasingly getting global attention [77]. Primar- 
ily, the disease affects sheep, cattle and goats and causes 
high mortality in newborns and abortion in pregnant ani- 
mals [78]. Besides, the disease affects human as well. Ad- 
ditional economic impacts arise from restrictions on hu- 
man and animal movement as well as in the trade of ani- 
mals and animal products [79]. Its occurrence is known 
to follow periods of widespread and heavy rainfall asso- 
ciated with the development of a strong inter-tropical 
convergence zone [80]. Elevated and widespread rainfall 
creates ideal conditions for the flooding of mosquito 
breeding habitats in east and southern Africa [81]. The 
flooding of these breeding habitats induces the hatching 
of infected mosquito eggs that are dormant in the soil, 
producing infected adult females in 7 - 10 days, which 
can transmit the Rift Valley fever virus to domestic ani- 
mals [82]. Climate conditions caused by the El Ninõ/El 
Nina Southern Oscillation (ENSO) are recognized to be 
linked with outbreaks of various human and livestock di- 
seases in various countries [83]. Disease outbreaks in 
Egypt (1977-1978 and 1993), Mauritania (1987), Mada- 
gascar (1990-1991), Kenya and Somalia (1997) coin- 
cided with exceptionally above normal rainfall [84]. The 
late 2006 early 2007 outbreak adds to the historical evi- 
dence that inter-annual climate variability associated 
with ENSO has a large influence on Rift Valley fever 
outbreaks in the Horn of Africa through episodes of ab- 
normally high rainfall [81]. When both equatorial Pacific 
and Indian Ocean temperatures were elevated, the Indian 
Ocean temperature rise was indicative of the intensity 
and the duration of Rift Valley fever activity [85]. These 
oscillations have also been thought to change rainfall 
patterns in tropical regions [86]. 

Climate also plays a vital part in determining the dis- 
tribution of ticks, which are responsible for diseases such 
as Theileriosis (East Coast fever), Cowdria ruminantium 
(Heartwater), Anaplasmosis (Gallsickness), and Babesio- 

sis (Red Water). Prevalence and intensity of tick infesta- 
tion have been associated with temperature and humidity. 
In a study in Pakistan, a mean maximum temperature 
above 26.8˚C and mean humidity ranging from 39% to 
65% were found to be favorable for tick populations [87]. 
On the other hand, higher altitude and lower tempera- 
tures delay the activity of ticks [88]. One of the cones- 
quences of global climate change will be a likely reduce- 
tion of biodiversity [89], which may also increase the pro- 
bability of more ticks feeding on cattle [90] since their 
natural hosts may disappear. 

East Coast fever is one of the most important livestock 
diseases in Africa [91], and its distribution is directly re- 
lated to the distribution of the tick, Rhipicephalus ap- 
pendiculatus. The distribution range of East Coast fever 
extends south from southern Sudan to eastern South Af- 
rica and as far west as the Democratic Republic of the 
Congo (DRC) [92]. Because of the high morbidity and 
mortality rate, East Coast fever restrains the economic 
development of cattle farming in African countries [93]. 
Apart from direct losses due to cattle mortality, in en- 
demic areas where chronic East Coast fever occurs, other 
less quantifiable effects of the disease are apparent—in- 
cluding low fertility rates, reduced growth and milk pro- 
duction, paralysis, and secondary attacks from other pa- 
rasites [94]. Future climate change scenarios may affect 
the distribution of R. appendiculatus. For example, the 
predicted enhanced rainfall and rise in temperature may 
be responsible for transforming the Northern and West- 
ern Cape Provinces of South Africa as well as Botswana, 
Zambia and eastern DRC to be climatically suitable pla- 
ces for R. appendiculatus. On the other hand, western 
arid regions of Africa may become climatically unsuit- 
able for R. appendiculatus infestation in response to pre- 
dicted increases in temperature in an already hot and dry 
area [92]. 

Heartwater is transmitted by ticks of the genus Am- 
blyomma in Africa. Heartwater is the second mayor tick- 
borne disease after East Coast fever (Theileriosis). Its oc- 
currence spans most of the sub-Saharan African region 
and the neighbouring islands [95]. In southern Africa it is 
considered to be the main tick-borne disease and has a 
significant economic impact on livestock production. 
Economic losses associated with Heartwater result from 
the high mortality rate it causes, which ranges between 
20% and 90%, and the reduced productivity it causes in 
both clinically ill and surviving/recovered animals, which 
become chronic carriers of the disease [96]. This disease 
is also reported in the Caribbean (Guadeloupe, Marie- 
Galante and Antigua), from where it threatens the Ame- 
rican mainland [84].  

There have been no reports of Heartwater in South 
America, however some researchers point to the possi- 
bility of dissemination of this disease on the continent. 
The possibility for the introduction of Amblyomma varie- 
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gatum in Brazil through the northern State of Roraima, 
which borders with Guyana and Venezuela, has been 
mentioned; although reports on the presence of this tick 
in South American countries, such as Guatemala, Vene- 
zuela and Guyana, have not been confirmed [97]. How- 
ever, it has been identified in North America and the Ca- 
ribbean [98], posing a significant risk of infection of cat- 
tle in the region as indigenous competent carrier ticks are 
present. Its expansion into the South American continent 
is to be expected in the future. A complicating factor is 
the occurrence of South American species of the genus 
Amblyomma that can transmit Heartwater once infected 
by positive hosts. One of these species, Amblyomma ca- 
jannense, has wide distribution in Brazil. It is not known 
yet whether these species are as efficient at transmitting 
Heartwater as A. variegatum [97], and concern was ex- 
pressed about the risk of introduction of this tick in Bra- 
zil [99]. 

4. NUTRITIONAL VALUE OF PASTURES 

In the tropics and subtropics, natural pastures have 
both lower nutritional value and lower tiller density than 
in temperate regions [19]. This is because tropical grasses 
(C4) have developed a different photosynthetic pathway 
to adapt to the climate. The C4 refers to a 4 carbon com- 
pound compared to a 3 carbon compound (C3) in tem- 
perate grasses. C4 plants have a higher photosynthetic 
rate, which results in high fibre content, low leaf to stem 
ratio, reduced digestibility and intake [100]. C4 plants 
have a competitive advantage over plants with the more 
common C3 carbon fixation pathway under conditions of 
drought, high temperatures, and nitrogen or CO2 limita- 
tion. When grown in the same environment, at 30˚C, C3 
grasses lose approximately 833 molecules of water per 
CO2 molecule that is fixed, whereas C4 grasses lose only 
277 molecules of water per CO2 molecule fixed. This in- 
creased efficiency of water use in C4 grasses means that 
soil moisture is conserved, allowing them to grow for 
longer in arid environments [101]. 

As a result of this phenomenon, the general perception 
was that C4 grasses may replace C3 grasses as a result of 
global warming. However, an aspect that was not con- 
sidered is that C4 plants are very efficient users of CO2 
and grow well even at very low CO2 concentrations and 
that increases in CO2 concentrations may not signifi- 
cantly increase their growth. In contrast, C3 plants are 
very inefficient users of CO2 and their growth may in- 
crease at CO2 levels far above the present. This will also 
bring about big increases in their efficiency in the use of 
plant-available water in soils.  

Current evidence suggests that the concentrations of 
atmospheric CO2 predicted for the year 2100 will have 
major implications for plant physiology and growth. 
Under elevated CO2 most plant species show higher rates 

of photosynthesis, increased growth, decreased water use 
and lowered tissue concentrations of nitrogen and protein. 
Rising CO2 over the next century is likely to affect natu- 
ral plant communities. The effects of elevated CO2 are 
not uniform on plants. Some species, particularly those 
that utilize the C4 variant of photosynthesis, show less 
response to elevated CO2 than other types of plants. Ris- 
ing CO2 concentration is therefore likely to have com- 
plex effects on the growth and composition of natural 
plant communities [102] and may lead to changes in the 
composition of plant communities, as some species will 
reap more advantage from the increased CO2 than others. 
In mixed species experiments under high fertility condi- 
tions, C4 plants decrease as a proportion of the biomass 
of plant communities under elevated CO2. Similarly, un- 
der low fertility conditions, legumes increase as a pro- 
portion of the biomass of plant communities under ele- 
vated CO2 concentrations [103]. 

The effect of global warming on the quality of pas- 
tures in the tropics and subtropics will thus depend whe- 
ther the global warming is a result of increased CO2 lev- 
els or not. 

5. ADAPTATION TO PRODUCTION  
ENVIRONMENTS 

As a result of global warming, livestock types/strains 
that are better adapted to higher ambient temperatures, 
lower nutritional value of the grass in some cases, and 
expansion of diseases, especially ticks and tick borne di- 
seases in Africa [15], must be promoted and improved in 
the developing countries of the southern hemisphere. 
With such challenges, matching genotypes with produc- 
tion environments will become more crucial, requiring 
the utilization of diverse genetic resources with the ap- 
propriate mix of genetic potential for growth, milk pro- 
duction, resistance to diseases and prolificacy [104]. The 
question is how to measure adaptation and how to select 
for it.  

Adaptability of an animal can be defined as the ability 
to survive and reproduce within a defined environment 
[105] or the degree to which an organism, population or 
species can remain/become adapted to a wide range of 
environments by physiological or genetic means [106]. 
An improved understanding of the adaptation of live- 
stock to their production environments is important, but 
adaptation is complex and thus difficult to measure [15]. 
Extensive research has been conducted on the direct mea- 
surement of adaptation. This included direct measure- 
ments on the animal such as rectal body temperature, res- 
piration rate, heart (pulse) rate, sweating rate (water loss), 
skin thickness and hair per cm2. In addition, more so- 
phisticated measurements investigated include the heat 
tolerance test where the difference in body temperature is 
measured before and after exposure to extreme heat, and 
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temperature change associated with exercising the ani- 
mals [22,107-108]. 

Several proxy-indicators for adaptation are available 
and have also been used [109]. These include reproduc- 
tive traits such as fertility, survival, birth rate and peri- 
natal mortality; production traits such as growth rate, 
milk production, low mortality and longevity; and health 
traits such as faecal egg counts and number of external 
parasites [22,107,109-111]. 

Adaptation can also relate to either resistance or tol- 
erance. Resistance means that animals do not get affected 
by unfavorable conditions, or they quickly get accusto- 
med to them. Tolerance means that the animals stay af- 
fected but continue to live, with or without some degree 
of discomfort [109,112]. 

McManus et al. [113,114] discuss the consequences of 
decisions made in animal breeding and the effect thereof 
on genetic variability, adaptability and conservation. The 
conclusion is that a production system approach should 
be taken when deciding on which breed should be used 
and decisions taken should be in the context of cost- 
benefit and practical applications. This will allow a more 
pragmatic look at the use of technology and the evalua- 
tion of different production systems. The selection of cat- 
tle in Brazil has focused on production [115] while many 
other countries have also included traits associated with 
the health and welfare of animals. Both within and be- 
tween breeds, the maintenance of body temperature is 
determined by heritable traits such as capacity to perspire, 
tissue structure as well as skin and coat color [33].  

A study that estimated the heritabilities of traits related 
to heat stress found high heritabilities of 0.75 ± 0.08, 
0.36 ± 0.09 and 0.63 ± 0.08 for black spots, hair length 
and hair diameter respectively [116]. Different genetic 
groups reacted differently on exposure to solar radiation 
and drastic temperature changes by changing their be- 
havior and productivity, although they also suffered from 
changes in various physiological parameters [117]. Some 
studies comparing tolerance within and between breeds 
showed that in general the breed has an effect on the to- 
lerance to heat, but that groups of animals within a breed 
also showed varying tolerance to heat [7,108,118,119]. 
Thus, genetic characteristics play an important role in the 
tolerance to heat by the animals [34]. 

The Australian beef industry presents one of the best 
examples of production systems where adapted zebu 
breeds are utilized through crossbreeding with taurine cat- 
tle, resulting in genotypes and synthetic breeds that cope 
better with the harsh environments, and which could be 
used commercially in some of the systems in developing 
countries. It has been reported that the Australian system 
is evolving as an efficient tool to improve the productive 
(meat quality) and reproductive (fertility rates) perform- 
ance of zebu cattle adapted to the harsh tropical climatic 

conditions [105]. Similarly, successful dairy and beef 
programs have been developed in Brazil [120]. 

Most beef cattle production systems in southern Africa 
rely only on small capital inputs in all forms (human, 
natural, physical, financial, social, knowledge, cultural 
and physiological) [121]. This may be the reason why in- 
digenous breed improvement is still complicated. These 
breeds also have very high levels of phenotypic variation 
(personal observation) in medium to poor nutritional en- 
vironments. Under these circumstances not even conven- 
tional genetic ranking procedures will be successful [122]. 

More than 70% of beef cattle in South Africa are mar- 
keted through the feedlot system. A survey has revealed 
that 67% of feedlot cattle are crossbreds, indicating that 
crossbreeding is playing a significant role in the com- 
mercial beef industry [123]. Crossbreeding is used to 
improve the efficiency of beef production in indigenous 
Sanga breeds or to increase the adaptability of exotic 
breeds (usually British and European) quickly. A number 
of composite breeds has also been developed and are 
declared landrace breeds [124]. A study with the indige- 
us Afrikaner breed [125] showed that two-breed crosses 
(50% indigenous: 50% exotic) and three-breed crosses 
(25% indigenous: 75% exotic) increased productivity, 
especially in cumulative traits such as calf/cow weight 
ratios, weaning rate and feed conversion ratio under inn- 
sive feedlot conditions. In respect of crossbreeding sys- 
ms, innovative systems that involve simplified natural, 
terminal breeding with either another purebred or com- 
site sire line on a part of the herd can be used. However, 
it must be ensured that the indigenous/naturalized cattle 
are conserved [126].  

It is important to note that there are large differences 
between breeding cattle for the subtropics/tropics and 
temperate areas, the main difference being in trait defini- 
on. Cattle in subtropical and tropical environments are 
subjected to numerous stress factors [127], e.g.: 1) para- 
tes (tick and tick borne diseases, internal parasites, flies); 
2) seasonally poor nutrition; 3) high temperatures or high 
daily temperature variation; 4) humidity (both high and 
low); and 5) temperament which is exaggerated by exn- 
sive production systems. In these cases management in- 
terventions may be possible, but they are difficult and 
expensive to implement, particularly in poorly adapted 
cattle. The best method of ameliorating the effects of 
these environmental stress factors to improve productiv- 
ity and animal welfare is to breed cattle that are adapted 
and productive in the presence of these stress factors, 
without the need of managerial interventions. 

At the very extreme end of the scale, the ultimate 
judgment may rest on those individual cows and bulls in 
a population that survive extreme environmental condi- 
tions, such as severe drought. Comprehensive characteri- 
zation of such individuals at genomic level may provide 
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some useful measures of adaptability. Disasters such as 
extreme droughts can therefore provide opportunities for 
identifying individuals with the desired adaptive attrib- 
utes. 

6. FINAL CONSIDERATIONS  

The way animals are bred and farmed changed radi- 
cally in the twentieth century and the human population 
explosion gave rise to widespread competition with other 
species and uses for agricultural land. This also influ- 
enced the environment in which animals are raised, with 
increased intensity of production with changes in produc- 
tion systems, breeds used and eventually climate change. 
Climate change should be accepted as a reality and plan- 
ning, research and development should be aimed at re- 
silience and adaptation to the new climates. A mean in- 
crease in global surface temperature between 1.8˚C and 
4.0˚C is expected up to 2100 [128], accompanied by a 
decrease in yield of 10% - 20% to 2050 due to increased 
temperature and drought [129].  

The probable increase in the frequency of heat stress, 
droughts and floods will have adverse effects on produc- 
tivity and the development of livestock discomfort indi- 
ces should receive attention.  

The type of production strategy to be followed in the 
developing countries of the southern hemisphere will de- 
pend primarily on the environment and the management 
level [15]. There is also a need to match the genotype to 
the environment to ensure a sustainable increase in pro- 
duction [9], with definition of the breeding objectives 
and adoption of criteria to guide the process more effi- 
ciently, aiming at sustainable production in changing en- 
vironments.  

Environmental sustainability is based on knowledge of 
the processes that control the dynamics of production 
systems of a given region. The search for sustainability is 
a constant challenge and this is the main goal for re- 
archers working in these regions. The redesign of farm 
management, biodiversity conservation and improving 
the use of natural resources in a sustainable manner will 
be possible only with the monitoring of agricultural eco- 
systems and the use of appropriate technologies. There 
are many options available aimed at the potential adapta- 
tion of existing beef production systems in the face of 
risks posed by climate change [130]. Science itself will 
also have to adapt, with multidisciplinary problems re- 
quiring multidisciplinary solutions that focus on the inte- 
gration between the areas of knowledge and a better rela- 
tionship with decision makers. 
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