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Abstract

Climate change presents considerable challenges for sheep production,
negatively impacting growth performance, reproductive efficiency, and the
overall sustainability of flocks. Increased temperatures, feed shortages, high
C4 vegetation, and a rise in disease prevalence due to changing climate
patterns have resulted in production losses within sheep farming systems.
This review examines the genetic, physiological, and management adaptations
that can help alleviate the effects of climate stress on sheep. It discusses key
genetic markers associated with heat tolerance, metabolic efficiency, and
reproductive resilience, highlighting the importance of selective breeding in
improving climate adaptation. Furthermore, it assesses nutritional and
management  strategies, such as enhanced feeding practices and
environmental adjustments, as potential solutions to maintain sheep
productivity in evolving climates. Gaining insight into these adaptation
mechanisms is essential for creating sustainable livestock systems and
ensuring the resilience of sheep production in the face of future climate
challenges.
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Introduction

Climate change represents a significant global threat to ecosystems, with predictions suggesting that abnormal
weather patterns may lead to the elimination of up to 8% of animal species (Pachauri & Mayer, 2014). Livestock
production, especially grazing animals like sheep, is highly vulnerable to climate-induced stressors, including
thermal stress, changes in pasture quality and quantity, and increased pests and diseases. These factors in concert
threaten both livestock productivity and animal welfare (Baumgard et al., 2012). Extreme weather, temperature rise,
and shifting rainfall patterns pose very serious risks to the sustainability of livestock, significantly impacting sheep
performance growth, reproduction, and production (Pilling & Bélanger, 2019).

Recent studies have shown that climate change affects the productivity and reproduction of sheep through changes
in feed availability, water supply, disease prevalence, and temperature-induced stress (Thornton et al., 2022). To
develop effective mitigation strategies, it is crucial to understand the direct and indirect impacts of climate change
on livestock systems. The impacts can be minimized by using a comprehensive approach that includes forecasting
and adaptive strategies (Thornton et al., 2009). Such one approach will be genetic selection for breeds that have
shown resilience to extreme climatic conditions in livestock (Baumgard et al., 2012).

Sheep are particularly vulnerable to climate-induced stressors due to their dependence on pasture-based systems,
which are directly influenced by environmental changes (Gowane et al., 2017). Heat stress significantly reduces
feed intake, disrupts metabolic processes, and weakens immune responses, resulting in diminished productivity and
increased mortality rates (McManus et al., 2020). Moreover, changes in climate impact reproductive cycles,
conception rates, and lamb survival, which are critical for the sustainability of sheep farming (Nel et al., 2023).

The continuity of conventional sheep production systems is compromised by such environmental stressors as
prolonged droughts, heat waves, and erratic rainfall, which call for adaptation measures that can help to maintain
productivity. Various mitigation strategies are being investigated by researchers and livestock producers, including
genetic selection for climate resilience, nutritional interventions, and improved practices in livestock management.
(Grossi et al., 2019). This review assesses the impacts of climate change on growth and reproductive performance
in sheep, emphasizing key physiological, genetic, and management adaptations that can mitigate these impacts.

Sheep Production and Climate Change
The Role of Sheep in Contributing to Climate Change

Sheep farming significantly contributes to climate change through greenhouse gas (GHG) emissions, primarily
methane (CH.) and nitrous oxide (N20). Enteric fermentation in sheep produces methane, which has a global
warming potential 21 times higher than carbon dioxide (Biswas et al., 2010). Additionally, manure decomposition
releases both methane and nitrous oxide, further exacerbating emissions. Studies indicate that on-farm activities,
including pasture management and transportation, also contribute to the carbon footprint of sheep production (Bell
etal., 2012).

Sheep produce methane as a by-product of digestion and pasture-based systems of sheep will have greater emissions
than sheep in more intensive systems due to their lower feed conversion. According to Biswas et al. (2010), the
GHG footprints from sheep meat and wool production in Australia is significant, with methane being the main
emission. Furthermore, Bell et al. (2012) point out that warming temperatures, coupled with changes to forage
digestibility in the future climate scenarios may lead to increased methane emissions, influencing sheep metabolism
and digestion.

Nitrous oxide emissions results from complex interactions between manure and soil processes during which nitrogen
present in animal waste materials undergoes microbial transformation. The process experiences significant
intensification within pasture-based grazing systems which results in considerable emissions of N-O (Bell et al.,
2012). The critical concern surrounding these emissions arises from nitrous oxide's exceptional warming potential,
which exceeds that of carbon dioxide by a factor of 310.

Life Cycle Assessment (LCA) methodologies demonstrate that sheep farming operations generate significant
environmental affects due to their substantial methane and nitrous oxide emissions. The research conducted by

International Journal of Livestock Research



Kefale & Ondeik, 2025

Biswas et al (2010) demonstrates that wool production generates more greenhouse gases per kilogram than meat
production because wool-producing sheep have longer lifespans. The LCA approach demonstrates that emissions
produced directly on farms through processes such as enteric fermentation and manure management become the
predominant factors in the overall emissions profile associated with sheep farming.

Table 1 shows global GHG emissions from sheep production over different years. Methane (CHa4) from enteric
fermentation is the largest contributor, peaking in 1991 and changing over time. CHa4 and nitrous oxide (N20)
emissions from manure management have shown a gradual increase. These trends reflect changes in sheep
production and manure management practices (FAO, 2025).

Table 1: Global GHG emission from sheep in different years (in kiloton).

Source GHG Year Estimated value (in kilo ton)

Enteric fermentation CH4 1961 6474.0274
CH4 1971 6885.6234
CH4 1981 7012.1612
CH4 1991 7492.3972
CH4 2001 6112.044
CH4 2011 6308.7764
CH4 2021 7177.362
CH4 2022 7275.8699

Manure management CH4 1961 178.1621
CH4 1971 191.2418
CH4 1981 192.5895
CH4 1991 208.94
CH4 2001 175.2454
CH4 2011 181.1194
CH4 2021 206.5155
CH4 2022 209.4083
N20 1961 11.1038
N20 1971 11.5294
N20 1981 12.4092
N20 1991 13.0328
N20 2001 9.3501
N20 2011 10.2222
N20 2021 11.8442
N20 2022 12.0132

(Source: FAOSTAT, 2025, https://www.fao.org/faostat/en/#data).

Climate Change and Sheep Growth Performance
Heat Stress and Growth Rate

Climate change presents a significant threat to sheep production, primarily through heat stress, which adversely
affects their growth performance (Ben Moula et al., 2024; Joy et al., 2020). Sheep, like other livestock, are
susceptible to high temperatures, which can compromise their physiological equilibrium and diminish their
production and reproduction efficiency (Ben Moula et al., 2024).

Sheep are highly susceptible to heat stress, which leads to reduced feed intake, altered metabolic function, and
impaired growth rates. Elevated temperatures cause an increase in water intake and a decline in dry matter
consumption, reducing body weight gain and average daily growth (McManus et al., 2020). Heat stress also disrupts
rumen fermentation, affecting nutrient absorption and feed efficiency. Additionally, chronic heat stress suppresses
the activity of digestive enzymes, negatively impacting nutrient absorption (TUfekci & Sejian, 2023).

Changes in temperature and humidity directly impact milk and meat production in sheep, affecting productivity and
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product quality (Ben Moula et al., 2024). Elevated temperatures can detrimentally affect milk yield in sheep breeds;
for example, Comisana sheep can experience a 20% decline in milk production when temperatures exceed 35°C,
while Sarda sheep may experience a 30% decrease in milk yield when temperatures exceed 21 to 24°C (Ben Moula
et al., 2024). High temperatures can lead to immediate reductions in milk production, fat, and protein yields (Ben
Moula et al., 2024).

Feed Availability and Nutritional Challenges

Climate change has a significant impact on the productivity and quality of pastures. Rising temperatures and drought
conditions lead to a decrease in forage availability, which can cause nutritional deficiencies and reduced energy
intake for sheep. Additionally, changes in vegetation composition affect grazing patterns and the overall health of
the animals (Gowane et al., 2017). The amount and quality of forage accessible for sheep grazing are directly
influenced by climate variability, especially in areas facing drought and shifting precipitation patterns. Decreased
rainfall and increased temperatures contribute to pasture degradation, resulting in less feed availability and nutrient
deficiencies (Karthik et al., 2021). As a result, sheep producers often have to depend on supplementary feeding,
which raises production costs and environmental impacts. Research indicates that implementing climate-adaptive
grazing management and selecting improved pasture species can help alleviate these challenges (Bell et al., 2012).

Heat stress results in lower feed intake and higher water consumption, leading to changes in hormonal balance,
increased maintenance needs, and decreased overall performance (Sejian et al., 2016). Environmental stressors can
also lead to weight loss, reduced daily gains, and poorer body condition in livestock (Sejian et al., 2016). Extreme
weather events driven by climate change, such as heat waves and droughts, present a significant risk to sustainable
agricultural production (Habib-ur-Rahman et al., 2022). Additionally, climate change can indirectly impact
livestock by diminishing both the quantity and quality of available forage. Heat stress can lower the protein and
starch levels in grains used for feed (Habib-ur-Rahman et al., 2022). Other climate-related issues, including
cyclones, droughts, heavy rainfall, and erratic weather patterns, can also adversely affect sheep farming (Gowane
et al., 2017). Water shortages, worsened by climate change, threaten food security and the productivity of animal
agriculture (Assan, 2022).

Disease Prevalence and Growth

Increasing temperatures and humidity provide ideal conditions for parasites and infectious diseases that hinder sheep
growth. For instance, gastrointestinal parasites flourish in warmer environments, resulting in higher infection rates
and decreased growth performance (Van Wettere et al., 2021). To combat this, implementing effective parasite
management strategies, such as rotational grazing and selecting for genetic resistance to diseases, is crucial for
sustaining healthy sheep populations. Elevated parasite loads contribute to slower growth rates due to diminished
feed efficiency and weakened immune responses (Dwyer & Lawrence, 2005).

Impact of Climate Change on Reproductive Performance
Fertility and Conception Rates

Climate change significantly affects sheep reproduction, particularly due to heat stress. Rising temperatures disrupt
estrous cycles, leading to a 15-25% reduction in conception rates when ewes are exposed to heat stress above 32°C
(Van Wettere et al., 2021). Reproductive efficiency in sheep is highly sensitive to thermal stress, as heat stress
negatively impacts follicular development and embryo survival, leading to lower reproductive success rates (Nel et
al., 2023).In rams, prolonged exposure to heat stress reduces sperm motility, viability, and overall quality, with
sperm motility declining by 20-35% at temperatures exceeding 35°C (Tufekci & Sejian, 2023). This decline in
fertility has direct consequences on lambing success and flock sustainability. Additionally, heat stress impairs
endocrine function, reducing levels of reproductive hormones such as progesterone and estrogen, which are essential
for successful fertilization and pregnancy maintenance. Sheep subjected to extreme heat conditions exhibit increased
cortisol levels, leading to suppressed reproductive activity (Van Wettere et al., 2021).

Studies indicate that prolonged exposure to high temperatures results in irregular estrous cycles, lower conception
rates, and increased embryonic loss (Rahim & El Amiri, 2023). The cumulative effects of these disruptions result
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in lower fertility rates and decreased reproductive success, threatening the long-term sustainability of sheep
production systems.

Impact on Semen Quality and Male Fertility

Male fertility is significantly impacted by heat stress, leading to testicular degeneration, reduced sperm motility,
and increased abnormal sperm morphology. Rams exposed to high heat conditions during mating seasons produce
lower semen volumes with decreased sperm viability and motility (Sejian et al., 2012).

Furthermore, excessive heat disrupts spermatogenesis by impairing Sertoli cell function, leading to reduced
testosterone production and poor semen characteristics (Barragan Sierra et al., 2021). The oxidative damage caused
by heat stress can also increase lipid peroxidation in sperm membranes, leading to decreased sperm viability and
fertilization capacity (George et al., 2020). Collectively, these factors contribute to lower reproductive efficiency in
rams, which in turn affects overall flock fertility.

Lambing and Neonatal Survival

Heat stress during gestation negatively impacts fetal development, leading to a 10-20% reduction in lamb birth
weights when ewes experience high temperatures (above 30°C) in the last trimester of pregnancy (Karthik et al.,
2021). Heat stress during late gestation results in reduced birth weights and increased lamb mortality due to
dehydration and thermoregulatory challenges (Dwyer & Lawrence, 2005). Additionally, extreme heat increases the
risk of premature births and weak offspring, further compromising lamb survival rates.

Studies show that perinatal mortality can rise by 15-30% under high heat and humidity conditions, as maternal
behavior is affected, reducing the ability of ewes to care for their lambs (Bell et al., 2012). The ability of lambs to
survive and thrive depends on proper maternal care, which is often disrupted under extreme heat stress.

Pregnancy and Fetal Development under Heat Stress

Heat stress during pregnancy poses a substantial risk to fetal development and lamb survival. Pregnant ewes exposed
to high temperatures experience increased abortion rates, stillbirths, and lower birth weights (Lacetera, 2019).
Additionally, heat stress leads to placental insufficiency, reducing nutrient and oxygen supply to the developing
fetus. Studies have shown that lambs born to heat-stressed ewes have lower weaning weights and increased mortality
rates due to weakened immune function (Stari¢ & Cincovi¢, 2024). A study on Ethiopian sheep breeds found that
heat stress affects maternal health, resulting in poor milk production, further compromising lamb growth and
survival (Tesema et al., 2025).

Thermoregulatory and Metabolic Adaptations

Nowadays, heat stress is a significant concern in the ever-changing climatic scenario. It is well known that heat
stress affects ruminant animals, particularly through decreased reproduction, growth, and production, increased
health issues and mortality. Behavioral, morphological, physiological, and genetic bases are among the key
adaptation mechanisms of small ruminants that respond in heat-stressed environments.

Morphological adaptations are physical changes that occur over many generations of animals that enhance its fitness
in a given environment. Body size and shape, coat and skin color, hair type, and fat storage are among the main
morphological adaptation in sheep (Chedid et al., 2014). Some of the outstanding phenotypic and or genetic
adaptations are shown in Table 2.

Table 2: shows morphological adaptations of sheep.

Key Morphological Characteristics Animal Reference
Loose coarse wool and Adipose tissue reserves | Awassi sheep (Gootwine, 2011)
Fat-tail Damara sheep (Pourlis, 2011)

Coat color Massese, Xalda and Soay sheep | (Fontanesi et al., 2011)
Skin pigmentation Barki sheep and goat (Kim et al., 2016)
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Genetic Adaptations to Climate Stress in Sheep

Selective breeding offers a potential mitigation strategy for climate-induced reproductive challenges. Studies
indicate that certain sheep breeds exhibit genetic resilience to heat stress, possessing traits such as improved
thermoregulation and reproductive efficiency under high-temperature conditions (Nel et al., 2023). Genomic
selection for heat-tolerant breeds presents a viable adaptation approach to sustain reproductive performance in
changing climates.

Genetic Markers of Climate Adaptation

Specific genomic regions associated with climate resilience have been pointed out by various studies in sheep.
Tsartsianidou et al. (2021) conducted a genome-wide scan of Mediterranean breeds of sheep for the identification
of genomic regions of heat tolerance and resilience of milk production. More interestingly, a region on chromosome
5 was significantly associated with resilience against temperature fluctuation and included genes belonging to
olfactory receptor complexes playing an important role in respiratory evaporation and stress responses
(Tsartsianidou et al., 2021).

On a related note, Lv et al. (2014) detected 230 SNPs connected with climate-driven selection within a global
perspective involving 32 breeds of autochthonous sheep. The findings indicated enrichment, mainly in the genes
responsible for regulating energy metabolism, endocrine functions, and immune responses of sheep; in essence, to
bear up under the extremities of temperatures in metabolic and physiological ways (Lv et al., 2014).

Studies indicate that heterozygosity provides a significant impetus toward adaptation to climate change. High
genetic diversity allows populations of sheep to maintain their fitness through changing conditions in the
environment. Lv et al. (2014) identified heterozygous genomic regions associated with stress resistance thus acting
protectively against temperature extremes.

Tsartsianidou et al. (2021) also identified the presence of selective pressures that favoured genetic heterozygosity
in certain chromosomal regions of Mediterranean dairy sheep, which better adapt to temperature fluctuations. These
results confirm the importance of considering genetic diversity in the selection schemes of sheep to be more resilient
against climate change.

Climate stress affects energy metabolism and immune function in sheep. Energy use under thermal stress is
regulated by GTPase regulator genes, while immune-related genes like TLR and cytokine receptors enhance the
resistance to pathogens for survival in different climates (Lv et al., 2014).

Understanding the genetic basis of climate adaptation in sheep is important to inform selective breeding programs.
Inclusion of traits that confer resilience to climate, such as heat tolerance, metabolic efficiency, and immune
resilience, will contribute to raising the sustainability of sheep production in various climate change scenarios.
Further research efforts should be focused on integrating genomic selection tools into traditional approaches with
the aim of enhancing the adaptive potential of sheep breeds worldwide (Lv et al., 2014; Tsartsianidou et al., 2021).

Mitigation Strategies for Climate Change Adaptation
Strategies to Reduce Emissions from Sheep Farming

To mitigate GHG emissions from sheep production, several strategies have been proposed. Dietary interventions,
such as improving forage quality and incorporating feed additives, can reduce methane emissions from enteric
fermentation (Bell et al., 2012). Additionally, rotational grazing and optimized manure management practices help
lower nitrous oxide emissions.

Genetic selection for low-methane-emitting sheep breeds presents another promising approach. Selective breeding
programs have shown that certain genetic traits enable sheep to produce less methane while maintaining productivity
(Biswas et al., 2010).
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Furthermore, sustainable pasture management practices, including legume integration and soil carbon sequestration
techniques, can offset emissions by enhancing carbon storage in soils (Bell et al., 2012). Policy interventions, such
as carbon pricing and incentives for low-emission livestock production systems, may further drive the adoption of
sustainable sheep farming practices.

Nutritional Interventions

Supplementing heat-stressed sheep with energy-dense diets, improved forage varieties, and feed additives enhances
resilience to climate variability. Nutritional interventions help maintain growth rates and reproductive efficiency in
challenging environmental conditions (Gowane et al., 2017).

Management Practices

Providing shade, proper ventilation, and water-cooling systems in sheep housing facilities reduces heat stress and
improves overall productivity. Seasonal breeding adjustments, such as mating during cooler months, enhance
reproductive success rates (McManus et al., 2020).

Climate Change Mitigation Strategies to Improve Growth Performance of Sheep

Climate change poses significant challenges to sheep production worldwide, particularly in High temperatures,
insufficient water supply, and erratic rainfalls create stressors that negatively affect the productivity of sheep. This
is particularly true for arid and semi-arid regions. In order to improve reproductive and growth rates of sheep in
these areas, different solutions have been framed such as genetic modification, alteration of nutrition, housing,
healthcare provision, and more.

Selective breeding and integrating genotypes are one of the most potent strategies towards improving the climate
adaptive capacity of the sheep. Indigenous breeds such as Malpura, Chokla, Marwari, and Magra are some of the
breeds that are noted for high adaptability to harsher environments. Programs revolving around selective breeding
have the aim of boosting the heat tolerance capability of the subjects without compromising their primary or
secondary productivity traits (Naqvi et al., 2017). Besides, using crossbred indigenous heat-tolerant breeds with
exotic high-yielding ones enhances productivity and tolerance (Gowane et al., 2017). Specific heat stress resistance
and disease-tolerant traits are now being developed through molecular breeding technologies, including gene editing
systems like CRISPR (Sejian et al., 2017).

Nutritional strategies help tackle the difficulties posed by climate change in sheep production. The inclusion of
alternative feed sources such as shrubs and trees that can survive drought conditions, addresses seasonal feed
deficits. Moreover, tailored feeding programs can be devised for specific seasons to ensure sufficient nutrient
provisions during environmental hardships. The addition of antioxidants together with vitamin E, selenium, and
zinc into sheep diets improves immune competency and reduces the level of heat stress (Naqgvi et al., 2017). In
addition, high-energy feed grains can be stored through silage production and block feed preparations to be used
during the drought period to prevent severe malnutrition and weight loss in sheep (Gowane et al., 2017).

Enhancement of housing accompanied by improved environmental management practices is an additional key
importance to support sheep productivity under climate frustrate. Sufficient shade together with proper ventilation
helps to ease heat stress and increases general welfare of the animals. Farmers can apply cooling methods like mist
blowing or sprinkler systems, planting trees, or reducing the stocking rate on the sheep pens to aid in lowering the
temperature of the housing environment (Sejian et al., 2017).

Proper flooring and drainage systems also assist with providing cleanliness which helps prevent disease outbreaks
for heat and humid environments (Gowane et al., 2017). An increase in disease prevalence due to climate change
leads to the need for more comprehensive health management strategies. The flock needs to be vaccinated and
parasite-controlled regularly to preserve flock health and productivity. Assessing body condition scores BCS
alongside other metabolic parameters facilitates early diagnosis of health problems and timely treatment (Sejian et
al., 2017). In hot weather environments, water intake should be sufficient and the quality of drinking water should
be clean in order to avert physiological imbalance and dehydration (Gowane et al., 2017).
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Farming technology is an additional means of improving sheep production under the influence of global warming.
The use of weather prediction and grazing permits them to control the schedule of overgrazing as well as provide
adequate forage. Tools for precision feeding also help to eliminate waste of feed while increasing overall production
(Naqgvi et al., 2017). Gowane et al., 2017, indicate that farmers can now address their health issues promptly as
wearable sensors can monitor a farmer’s stress level in real-time, which assists farmers in taking proactive measures
to mitigate consequences. The combination of natural ventilation with shade provisions and climate-adapted
breeding approaches provides effective heat stress mitigation in a sustainable manner (Edwards-Callaway et al.,
2021).

Mitigation Strategies to Improve Reproductive Performance

To counteract the negative impacts of climate change on sheep reproduction, several adaptive strategies can be
implemented. Breeding programs focusing on heat-tolerant sheep breeds can improve resilience to climate-induced
stress. For instance, Bonga sheep in Ethiopia have demonstrated better resilience to heat stress due to their genetic
adaptability (Tesema et al., 2025).

Providing balanced diets with antioxidants and vitamins can help mitigate oxidative stress caused by high
temperatures. Nutritional interventions, such as increasing dietary polyunsaturated fatty acids, have been shown to
improve reproductive outcomes in heat-stressed ewes. Providing shaded areas, ventilation, and water misting can
significantly reduce heat stress effects on both ewes and rams. Research has shown that cooling strategies, such as
fans and water sprinklers, can improve reproductive efficiency in heat-exposed sheep (Rahim & EI Amiri, 2023).

Adjusting mating periods to cooler months can improve conception rates and fetal survival. Studies indicate that
strategic breeding during cooler months results in higher pregnancy rates and better lambing outcomes (Van Wettere
et al., 2021).The use of reproductive hormones such as gonadotropin-releasing hormone (GnRH) can help regulate
estrous cycles in heat-stressed ewes.

Policy and Research Recommendations

Governments and research institutions must prioritize climate-resilient livestock production strategies. Investing in
breeding programs for heat-tolerant sheep, improving pasture management, and implementing early warning
systems for climate-related livestock threats are critical to ensuring sustainable sheep production (Grossi et al.,
2019). Policies should also encourage community-based breeding programs that involve smallholder farmers in the
selection and conservation of resilient sheep breeds. Additionally, subsidies and incentives for sustainable livestock
management practices can support the transition to climate-adaptive breeding systems (FAO, 2015).

Conclusion

Climate change has a significant effect on sheep growth and reproduction by increasing heat stress, limiting food
availability, and worsening disease outbreaks. To counter these challenges, it's essential to adopt adaptive strategies
like selecting for heat-tolerant genetics, optimizing nutrition, and enhancing management practices. Advances in
genetics, such as identifying traits that promote climate resilience, offer a way to breed sheep capable of thriving in
harsh conditions. Furthermore, management techniques like climate-sensitive feeding, better housing, and
reproductive strategies are crucial for maintaining sheep productivity. Future studies should aim to combine
genomic selection methods with traditional breeding approaches and improve sustainable livestock management to
protect sheep from the impacts of climate change.

The reduction of animal exposure to extreme climate situations remains vital but the necessity to raise energy
consumption and CO: emissions is disproven. Natural ventilation together with shade provision and climate-adapted
breeding techniques enable farmers to lower heat stress in livestock without needing excessive artificial cooling
operations. Climate-controlled housing as a high-energy intervention generates emissions but properly integrated
renewable energy sources combined with silvopastoral systems and efficient housing structures minimize their
environmental consequences. The goal must revolve around developing livestock systems, which combine climate
resilience with sustainability to prevent escalating emissions that worsen climate effects.
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