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Review work was done to assess the impact of climate change on the livestock production sector and
the unique traits found in indigenous breeds to mitigate the climate changes. Currently, the world is
facing a number of challenges, of which climate change is a priority area. The effect of climate change
on biodiversity in general and domestic animals in particular is articulated in different scale. Ethiopia
as a poor country has little to do to curb the situation in terms of a variety of technologies. Climate
change could be particularly damaging to countries which are dependent on rain fed agriculture and
under heavy pressure from food insecurity and often famine caused by natural disasters. Livestock
production in Ethiopia is already under pressure from climate change due to change in water quality
and quantity, animal feeds resources, heat stress, and disease and vectors. However, as a country rich
in biodiversity there are a number of options where the country could mitigate the problems faced in
livestock production sector. To the truth of world dynamicity, livestock production and indigenous
genetic resources utilization systems should have to be in line with this frequent and unpredictable
changes. Indigenous cattle breeds are a valuable source of genetic material because of their
adaptation to harsh climatic conditions, ability to better utilize the limited and poor quality feed
resources and their tolerance to a range of disease found in different corners of the country. In
economic terms, these indicative data suggest that such adapted breeds if managed properly,
supported with appropriate research direction and comprehensive review of research done on
indigenous cattle breeds, can provide insurance against possible change in production system.
Therefore, in the context of climate change, strategies for livestock research and innovation, and
indigenous cattle production in Ethiopia should be geared towards exploitation of cattle genetic
resources and the utilization of such adapted indigenous breeds to cope up with climate change.
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INTRODUCTION

The effect of climate change on biodiversity in general
and domestic animals in particular is articulated in
different scales by Gitay et al. (2002), CBD (2009) and
FAO (2009). Some other papers provide a general
overview of the expected impact of climate change on
livestock production (Adams et al, 1998; Smit and
Skinner, 2002) and changes in production systems and
species composition (Seo and Mendelsohn, 2007, 2008).
Analyses of its effects on livestock (McCarthy et al.,

2001; Seo and Mendelsohn, 2008) showed that climate
can affect livestock directly through imposing on animal
growth, products and reproduction and indirectly (Adams
et al., 1999, McCarthy et al, 2001) influencing the
guantity and quality of feedstuffs such as pasture,
forage, grain and the severity and distribution of livestock
diseases and parasites (Seo and Mendelsohn, 2006).
Climate change will have a notable impact on Ethiopia’s
temperature and precipitation. As estimated by Cline



(2007), average annual temperatures nationwide could
rise from 3.1°C by 2060 to 5.1°C by 2090. In addition,
precipitation is projected to decrease from an annual
average of 2.04 mm/day (1961-1990) to 1.97 mm/day
(2070-2099), for a cumulative decline in rainfall of 25.5
mm/year. The combination of generally increasing
temperatures and shifting rainfall amounts and patterns
will clearly have impacts on crop and livestock agriculture
of the country. As a result, feed shortage and water
resources scarcity will be critical constraints on livestock
production in the Ethiopian context. The situation is
expected to be more pounced in areas where exotic
genotypes are being utilized as these animals are not
adapted to high temperature, water and feed shortage.

The use of adapted animal genetic diversity as one
strategic option for climate change adaptation and
mitigation is proposed as genetic mechanisms used to
influence fithess and adaptation. The most important
issue is the ability to exploit livestock adaptation
differences for climate change. A wealth of literature is
available on adaptation differences between Zebu and
Taurine cattle (Frisch, 1972; King, 1983; Burns et al.,
1997; Prayaga et al.,, 2006). Bos Indicus is generally
more heat resistant than Bos Taurus (Burns et al,
1997), with Zebu cattle maintaining lower rectal
temperatures, lower respiration rates and lower water
requirements than Taurine breeds (King, 1983). Under
such circumstances, the use of exotic breeds to
confined production environments depends on the
availability and prices of feed and water. The question is
how long can the production environment of high-output
breeds be maintained in view of expected increases in
feed, labour and water prices? On the other hand, many
local breeds, particularly those from Africa, are already
adapted to high temperatures and harsh conditions
(Rege, 1999; FAO, 2006).

In this regard given its geographical location,
diversified ecology, its huge population size and cattle
types which have evolved over time, Ethiopia is
considered a centre of diversity for animal genetic
resources (Beyene and Bruke, 1992; Hanotte et al.,
2002; Ayalew et al., 2003). However, these indigenous
breeds are complained for being ‘low’ producers. In the
absence of comprehensive research, review and other
written material on characterization, proper selection,
and conservation, it is unfair to complain over these
genotypes. As part of such efforts, this paper focused on
this limitation to fill that gap. Therefore, this review paper
was designed with the following objectives:

- To review the impact of climate change on the livestock
production sector.

- To review the genetic diversity found in indigenous
breeds to mitigate the climate changes.

CLIMATE CHANGE

In the developing world, livestock production is rapidly
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changing in response to a variety of environments.
Globally, human population is expected to increase from
around 6.5 billion today to 9.2 billion by 2050. Thus, more
than 1 billion of this increment will occur in Africa.
Rapid urbanization is expected to continue in developing
countries and the global demand for livestock products
will continue to increase significantly in the coming
decades (Delgado et al., 1999). The potential impact of
these drivers change on livestock systems and the
resource-poor people who depend on them for their
livelihoods is considerable. These impacts will be
influenced by both supply-side shifts in natural resource
use as well as market-led demand changes.

Changes in frequency and severity of extreme climate
events have significant consequences on food
production and food security (IPCC, 2007). In the future,
the investigators stated that about 1.3 billion poor people,
at least 90% of them, would be located in Asia and sub
Saharan Africa, and climate change will have major
impacts on more than 600 million livestock dependent
people (Thornton et al., 2002). Climate change could be
particularly damaging to countries which are dependent
on rain fed agriculture and are under heavy pressure
from food insecurity and often famine caused by
natural disasters (Deressa, 2006).

CLIMATE CHANGE IN ETHIOPIA

Both instrumental and proxy records have shown that
there is significant variations in the spatial and temporal
patterns of climate in Ethiopia. According to NMA (2006),
the country experienced 10 wet years and 11 dry years
over 55 years analyzed, demonstrating the strong inter-
annual variability. Between 1951 and 2006, annual
minimum temperature in Ethiopia increased by about
0.37°C every decade. The climate change profile for
Ethiopia also shows that the mean annual temperature
increased by 1.3°C between 1960 and 2006, at an
average rate of 0.28°C per decade (McSweeney et al.,
2008).

The temperature increase has been most rapid from
July to September (0.32°C per decade). It is reported that
the average number of hot days per year has increased
by 73 days (an additional 20% of days) and the number
of hot nights has increased by 137 days (an additional
37.5% of nights) between 1960 and 2006. IPCC’s mid-
range emission scenario showed that from 1961 to 1990,
the average mean annual temperature across Ethiopia
will increase by between 0.9 and 1.1°C by the year 2030
and between 1.7 and 2.1°C by the year 2050. The
temperature across the country could rise by between 0.5
and 3.6°C by 2080, whereas precipitation is expected to
show some increase (NMA, 2006). Unlike the
temperature trends, it is very difficult to detect long-term
rainfall trends in Ethiopia, due to the high inter-annual
and inter-decadal variability. According to NMA (2006),
between 1951 and 2006, no statistically significant trend
in mean annual rainfall was observed in any season. As
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compared to the 1961 to 1990 analysis, annual
precipitation showed a change of between 0.6 and
49% and 1.1 and 182% for 2030 and 2050,
respectively (NMA, 2006). The percentage change in
seasonal rainfall is expected to be up to about 12% over
most parts of the country (ICPAC, 2007).

NMSA (2001) has also stressed that mean temperature
and precipitation in Ethiopia have been changing over
time. Over the past 60 years, some of the years have
been characterized by dry rainfall conditions resulting in
drought and famine, whereas the others are
characterized by wet conditions. Droughts in Ethiopia can
shrink household farm production by up to 90% of a
normal year output (World Bank, 2003). All these have
effects on animal genetic resources directly on heat stress
(Thornton et al., 2009), emergence, spread, and
distribution of livestock diseases (Baylis and Githeko,
2006), feed and water availability (Thornton and Gerber,
2010) and genetic mechanisms which influence fithess
and adaptation (Hoffmann, 2010).

COMMON AREAS OF ECO-SYSTEMS AFFECTED BY
CLIMATE CHANGE HAVING DIRECT RELATION WITH
LIVESTOCK PRODUCTION

Water scarcity

Water scarcity has become globally significant over the
last 40 years and accelerating conditions for 1-2 billion
people (MEA, 2005). Population growth, economic
development and climate change impacts the global
water availability in the future. If today’s food
production and environmental trends continue into the
future, they will lead to crises in many parts of the world
(Masike, 2007). The response of increased temperature
on water demand by livestock is well-known. For Bos
Indicus, water intake increases from about 3 kg/kg DM
intake at 10°C ambient temperature to 5 kg at 30°C, and
to about 10 kg at 35°C (NRC, 1981). For Bos Taurus,
intake at the same three temperatures is about 3, 8 and
14 kg/kg DM intake. Some of this water intake comes
from forage, and forage water content itself will depend
on climate-related factors; forage water content may
vary from close to 0-80%, depending on species and
weather conditions (Masike, 2007).

Effects of climate change on animal feeds resources

One of the most important effects of climate change on
livestock production is changing the animal feed
resources. Indirect effects on feed resources can have a
significant impact on livestock productivity, carrying
capacity of rangelands, buffering ability of ecosystems
and their sustainability, prices of stovers and grains, trade
in feeds, changes in feeding options, greenhouse gas
emissions and grazing management.

Changes on the primary productivity of crops, forages
and rangelands are probably the most visible effect of

climate change on feed resources for animals. Thus, it
also causes changes in species composition in
rangelands and some managed grasslands that are an
important determinant of livestock productivity. As
temperature and CO, levels change due to climate
change, the optimal growth ranges for different species
also change; species alter their competition dynamics and
mixed the composition of grasslands (Deressa, 2006).

Minson (1990) showed that increased temperature,
increased lignifications of plant tissues and reduced
digestibility and degradation of plant species are directly
related to climate changes on quality of plant materials.
This leads to reduced nutrient availability for animals
and reduced livestock production, which may have
impacts on food security and reduced the production of
milk and meat for smallholders (Sirohi and Michaelowa,
2007).

Climate changes on heat stress

Easterling and Apps (2005) stated that lack of
appropriate physiological models that are related to
climate and animal physiology limited the confidence
that can be placed in predictions of impacts. It is clear,
however, that warming will alter the heat exchange
between animal and environment in feed intake,
mortality, growth, reproduction, maintenance and
productions (SCA, 1990). Sirohi and Michaelowa (2007)
cited from Hahn (1999) stated that the thermal comfort
zone for temperate-region adult cattle ranged from 5-
15°C. Whereas McDowell (1972) noted that significant
change in feed intake and numerous physiological
processes do not occur in the range of 5-25°C. However,
the thermal comfort zone is influenced by a range of
factors and is much higher in tropical breeds because of
both better adaptation to heat and lower food intake of
most domestic cattle. Clearly, hot and humid conditions
can cause heat stress in livestock, which will induce
behavioral and metabolic changes, including reduced
feed intake and thus a decline in productivity. Rotter and
van de Geijn (1999) suggested that impacts of heat
stress may be relatively minor for the more intensive
livestock production systems where some control can be
exercised over the exposure of animals to climate.
Similarly, the impacts of increased frequencies of extreme
heat stress on existing livestock breeds are neither known
nor are there critical thresholds in the relationship
between heat stress and physiological impacts (Sere et
al., 2008).

Climate changes on livestock diseases and vectors

Altered patterns of diseases in animals are a
significant 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, particularly 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 (McManus, 2009). 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 (Tabachnick, 2010).
Therefore animals will be exposed to different parasites
and/or diseases, as indicated by the predicted change in
the distribution of, for example, the Tsetse fly in Africa
(Tabachnick, 2010), putting an even greater pressure
on production and the survival of livestock breeds.

The OIE Scientific Commission has concluded that
climate changes are likely to be an important factor in
determining the spread of some diseases, especially
those that are vector-borne. The two most mentioned
emerging and re-emerging cattle diseases in a recent
OIE survey are Catarrhal fever (Bluetongue) and Rift
Valley fever (OIE, 2008). Bluetongue is an infectious,
non-contagious disease of wild and domestic ruminants,
and has considerable economic impact partly due to
direct losses from death and reduced production in
affected livestock but, more importantly, because of the
restrictions on international trade in animals and animal
germplasm between Blue-tongue virus infected and non-
infected areas (Calistri et al., 2004; Wilson et al., 2009).
The global distribution of Bluetongue virus infection
changed drastically in recent years (Wilson and Mellor,
2008) and climate change may be partly responsible for
this profound change in the global distribution of the
Bluetongue virus (Wilson and Mellor, 2008; Mellor and
Wittmann, 2002). Studies have demonstrated that the
vectors of the disease are affected by temperature
(Garry, 2000; Wittmann, 2002) and have indicated a
possible role of humidity (Wittmann, 2002) and
precipitation (Wilson and Mellor, 2008).

The complexity of climate change is associated with so
many factors like vectors (McDermott et al., 2001).
Tsetse are very sensitive to environmental change,
either due to climate or direct human impacts on habitat
but the impacts vary in major species groups. Forest and
riverine species are much more sensitive to climatic
factors than savannah species, while riverine species are
much more adaptable to increasing human population
densities than the other groups. Sleeping sickness,
particularly the gambiense type, will continue, as now,
to be a major problem, if concerted control efforts are
not implemented. The impacts of changes in ecosystems
on infectious diseases depend on change in ecosystems,
the type of land-use, disease specific transmission
dynamics, and risky and susceptibility of the populations
(Patz et al.,, 2005). According to Baylis and Githeko
(2006), climate change may affect infectious diseases on
their pathogens and higher temperatures may increase
the rate of development of pathogens or parasites
(Harvell et al., 2002).

Other pathogens are sensitive to high temperature and
their survival may decrease with climate warming.
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Similarly, those pathogens and parasites that are
sensitive to moist or dry conditions may be affected by
changes to precipitation, soil moisture and the frequency
of floods. Changes to winds could affect the spread of
certain pathogens and vectors (Wittmann and Baylis,
2000).

World Health Organization (1996) stated that climate
change is indirectly affecting the abundance and
distribution of the competitors, predators and parasites of
vectors themselves, thus influencing patterns of disease.
It may also be that changes in ecosystems, driven by
climate change and affect land-use, could give rise to
new mixtures of species, thereby exposing hosts to novel
pathogens and vectors and causing the emergence of
new diseases. As Baylis and Githeko (2006) noted,
climate change-driven alterations to livestock husbandry
in Africa, if they occur, could have many indirect and
unpredictable impacts on infectious animal disease in the
continent. It has been observed that combinations of
drought followed by high rainfall have led to wide-spread
outbreaks of diseases such as Rift Valley Fever and
bluetongue in East Africa and African horse sickness in
the Republic of South Africa.

PROMISE OF INDIGENOUS CATTLE BREED TOWARD
MITIGATING CLIMATE CHANGES

Ethiopia is considered a center of diversity for animal
genetic resources in general and to cattle in particular.
Indigenous cattle breeds in Ethiopia are a valuable
source of genetic material because of their adaptation to
harsh climatic conditions, their ability to better utilize the
limited and poor quality feed resources and their
tolerance to a range of diseases found in these regions.
Despite the significant contribution of cattle to the
country, little attention is given to identify, characterize
and conserve the diversity of the various classes of
livestock (Zewdu, 2010).

According to Kerstin and John (2004), the Borana
cattle in northern Kenya and southern Ethiopia have
unique traits that make them suitable for the harsh
environment in the lowlands and have ever been part of
the pastoralists’ identity. Almost all the traditional and
cultural rites of the pastoralists in these areas revolve
around the Borana cattle, which are also the main
source of their income. According to them, another
important reason for conservation of the local breeds is
the multiple use of their various traits in uncertain
situations, for instance, in the case of climate change,
catastrophes, loss of resistance due to changing
environment, protection failures (Tsetse controlling) etc.
Equally important is the fact that the preserved breeds
might possess qualities that are not yet known but which
could be of some use in the future.

Disease tolerant

Trypanosomiasis transmitted by tsetse flies is one of the
most important animal health problems in Africa -
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occurring mainly in West and Central Africa, and in parts
of East Africa. Other types of trypanosomiasis are
significant problems both in Africa and in other regions.
Parasite resistance associated with control based on
trypanocidal drugs, and sustainability problems involved
in the implementation of tsetse control programmes,
have increased interest in the use of integrated control
methods including the utilization of disease tolerant
breeds of livestock (FAO, 2005).

Trypanosomosis is one of the major impediments to
livestock development and agricultural production in
Ethiopia  contributing negatively to the overall
development in general and to food self-reliance efforts of
the nation in  particular. While tsetse-borne
trypanosomosis is excluding some 180,000 - 200,000
km® of agriculturally suitable land in the west and
southwest of the country, 14 million head of cattle, an
equivalent number of small ruminants, nearly 7 million
equines and 1.8 million camels are at the risk of
contracting trypanosomosis at any time (Langridge, 1976;
MOARD, 2004).

A comparative study on the response of the four
(Horro, Sheko, Abigar and Gurage) breeds to the natural
challenge of trypanosomosis in the Ghibe valley revealed
that Sheko breed has manifested very high overall
average packed cell volume (PCV) values, the lowest
mean trypanosome prevalence rate and the least number
of trypanocidal treatments and lower mortality rate as
compared to the other studied breeds (Lemecha et al.,
2006). Reproductive performance of the four breeds was
also studied in areas with tsetse belt. The results showed
that the Sheko breed had more calves than other breeds,
slightly higher birth weights, and the highest calving rate
of 51%. The Abigar breed exhibited the worst
reproductive performance with only 1 calf in the study
time, less aggressive sexual behavior, and the lowest
calving rate of 3% due to high tsetse challenge (Lemecha
et al., 2006). The good reproductive performance under
trypanosomosis challenge is also considered to be the
strong indicator of trypanotolerance of indigenous breed.
Therefore, the presence of huge amount of diversified
types of indigenous cattle can favor Ethiopia to cope up
with unexpected environmental changes now and in the
future too.

Environmental adaptation

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
diseases in Africa (Scholtz, 2010), must be promoted and
improved in the developing countries. With such
challenges, matching genotypes with production
environments will become more crucial, requiring the
utilization of diverse genetic resources with the
appropriate mix of genetic potential for growth, milk

production, resistance to diseases and prolificacy
(Blackburn and Mezzadra, 2006).

Adaptability of an animal can be defined as the ability
to survive and reproduce within a defined environment
(Prayaga and Henshall, 2005) 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 (Barker et al., 2009). An
improved understanding of the adaptation of livestock
to their production environments is important, but
adaptation is complex and thus difficult to measure
(Scholtz, 2010). Several proxy-indicators for adaptation
are available and these include reproductive traits such
as fertility, survival, birth rate and perinatal 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 (Bonsma,
1980, 1983; McManus et al., 2011; Scholtz et al., 1991).

Adaptation can also relate to either resistance or
tolerance. Resistance means that animals do not get
affected by unfavorable conditions, or they quickly get
accustomed to them. Tolerance means that the animals
stay affected but continue to live, with or without some
degree of discomfort (McManus et al., 2008; Raberg,
2007). McManus et al. (2011) 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 evaluation of different
production systems.

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 (McManus et al., 2008).
Different genetic groups reacted differently on exposure
to solar radiation and drastic temperature changes by
changing their behavior and productivity, although they
also suffered from changes in various physiological
parameters (Roberto et al.,, 2007). Some studies
comparing tolerance within and between breeds in
different corners of the world showed that in general the
breed has an effect on the tolerance to heat, but that
groups of animals within a breed also showed varying
tolerance to heat (McManus and Miranda, 1997;
McManus, 2009; Quesada et al., 2001).

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
definition. Cattle in subtropical and tropical environments
are subjected to numerous stress factors (Prayaga et al.,
2006), among which are: 1) parasites (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 extensive
production systems.

Even though there is no much comprehensive
research done on Ethiopian cattle breeds, indigenous
cattle are well adapted to tropical conditions and have
high degree of heat tolerance, which are partly resistant
to many of the diseases prevailing in Ethiopia and have
the ability to survive long periods of feed and water
shortage. These attributes have been acquired through
natural selection over hundreds of generations. They are
all essential for successful animal production. Indigenous
stocks represent a genetic resource which should not
only be conserved for future use, but should also be fully
exploited for short-term benefits (Rege and Lipner, 1992).

CONCLUSION

The combination of increasing temperature and
shifting rainfall amounts and patterns from climate
change will clearly have impacts on livestock agriculture.
With such challenges from the environmental changes,
matching genotypes with production environments will
become more crucial. The use of adapted animal
genetic diversity as one strategic option for climate
change adaptation and mitigation is proposed as genetic
mechanisms influence fithess and adaptation. The most
important issue is the ability to exploit livestock
adaptation differences for climate change. Ethiopia
considered as a centre of diversity for animal genetic
resources could do more provided that its genetic
resources is exploited properly. This of course demands
proper characterization and setting up of appropriate
breeding program, since no much comprehensive
research has been done yet on this sector. Indicative
performance data from different study provided evidences
on the potential of these well adapted but underfed and
mismanaged genotypes. Proper integration of such
valuable genetic resource into strategies of adaptation
and mitigation of climate change should be taken as one
potential option. The most important issue is the ability to
exploit the adaptation differences that the cattle do have
for climate change.
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