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The Breeding and Genetics Symposium titled 
“Resilience of Livestock to Changing Environments” 
was held at the Joint Annual Meeting, July 19–24, 2016, 
in Salt Lake City, UT. The objective of the symposium 
was to provide a broad overview of recent research on 
the effects of changing environmental conditions on 
livestock. Topics covered by the speakers included a 
review of the variation in response to heat stress and its 
effects on metabolic parameters and energy demands 
in pigs and cattle, production and reproduction in live-
stock and aquaculture species, the development of ge-
netic improvement programs to produce more robust 
animals, and the use of gene introgression to develop 
heat-resistant animals. Substantial discussion focused 
on the tradeoffs involved in producing robust, high-
producing livestock. The symposium included 6 invited 
presentations, each of which is discussed below. 

Modern livestock have been selected to effi-
ciently convert feed into food and fiber for human 
use, but the most productive breeds generally require 
intensive management to maintain high levels of pro-
duction. Most major livestock breeds in the U.S. are 
derived from animals that evolved in temperate cli-
mates, such as Holstein dairy cattle. Unfortunately, 
the climate in the southern states is hot enough to 
cause several months per year of heat stress. Heat 

stress occurs when the environmental temperature 
exceeds an animal’s thermoneutral point, and its ef-
fects include decreased dry matter intake, reduced 
water consumption, depressed production, and im-
paired fertility (e.g., West, 2003). These effects will 
become more common in areas that have not previ-
ously experienced heat stress as global temperatures 
continue to rise (IPCC, 2014). Technological inter-
ventions, including fans, sprinklers, and shade struc-
tures, can be used to ameliorate many of the effects 
of heat stress, but they provide only temporary relief. 
Genetic selection for greater thermotolerance is pos-
sible and will result in cumulative, permanent gains 
(Aguilar et al., 2009; Dikmen et al., 2012, 2015).

The opening speaker in the symposium, Dr. L.H. 
Baumgard (Iowa State University, Ames), presented a 
talk titled “Production, biological, and genetic respons-
es to heat stress in ruminants and pigs”. This set the 
stage for the rest of the symposium by reviewing the 
current state of knowledge of bioenergetics and meta-
bolic changes in ruminant and monogastric species in 
response to heat stress (Baumgard et al., 2016). There is 
now an extensive literature on physiological changes at 
the tissue and cellular levels in response to high temper-
atures. Of particular interest were the results that ther-
moregulatory and production responses to heat shock 
are only marginally related to one another, and changes 
in feed intake under heat stress are poor predictors of 
production losses. Such solid grounding in physiology 
and metabolism is necessary to ensure that effective 
strategies are used to reduce the effect of heat stress.

The second speaker was Dr. M.J. Carabaño 
(Instituto Nacional de Investigación y Tecnología 
Agraria y Alimentaria, Madrid, Spain), who gave a pre-
sentation titled “Breeding for resilience to heat stress 
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effects: A comparison across dairy ruminant species”. 
Her talk reviewed the use of meteorological and pro-
duction data to select for more heat-tolerant dairy cows, 
biomarkers and physiological parameters, and genes as-
sociated with heat stress to select for more heat-tolerant 
dairy cows (Carabaño et al., 2017). Although produc-
tion and temperature data are abundant, they may not 
provide very precise selection criteria, which is consis-
tent with the opening presenter’s comments on the re-
lationships of thermoregulatory responses to changes in 
production. The best approach to genetic improvement 
may be to combine imprecise-but-cheap and precise-
but-expensive phenotypes in a selection index.

The third talk by Dr. P. Sae-Lim (Nofima, Ås, 
Norway), which was titled “Climate change and selec-
tive breeding in aquaculture”, provided a different per-
spective. Because of physiological differences between 
mammals and fish, and difficulties in affordably chang-
ing water conditions on a wide scale, rising water tem-
peratures rise and other environmental changes (e.g., 
acidity) are particularly challenging for aquacultured 
species. Dr. Sae-Lim proposed a 3-pronged approach to 
these problems: 1) selection for robustness to produce 
fish that are less vulnerable to diseases while thriving 
in a wide range of temperatures; 2) selection for greater 
feed efficiency and reduced greenhouse gas emissions 
to reduce the impacts of aquaculture on climate change; 
and 3) increased adoption of breeding programs in 
aquaculture to result in more efficient use of feed, water, 
and land (Sae-Lim et al., 2017). This will ultimately re-
duce the input costs and environmental impacts per kg 
of fish produced. The techniques used to develop holis-
tic breeding goals and increase the adoption of genetic 
improvement in fish can be applied to all species. The 
latter point is important because AI rates in both beef 
and dairy production are not as high as they should be, 
reducing genetic gain in herds that use natural service.

The fourth speaker, Dr. R.J. Spelman (Livestock 
Improvement Corporation, Hamilton, New Zealand), 
gave a talk titled “Introgression of genes conveying re-
sistance to heat stress into cattle populations using the 
“Slick” genetic variant as a model”. In contrast to the 
broad perspectives provided by the first 3 speakers, Dr. 
Spelman made a detailed case for the introgression of 
the so-called ‘slick’ allele into Bos taurus dairy cattle 
(Davis et al., 2017). The slick phenotype is the result 
of a frameshift mutation in the prolactin receptor in 
the Senepol breed that results in a truncated protein, 
and slick cattle have thinner coats and greater sweat-
ing rates than wild-type cattle. A 5-yr project is under-
way in New Zealand to introgress the slick allele from 
Senepol cattle into dairy breeds with the goal of produc-
ing homozygous bulls by inter-crossing F2 lines. Gene 
editing may provide a faster alternative than traditional 

breeding schemes (e.g., Proudfoot et al., 2015), even 
faster than using advanced reproductive technologies to 
shorten the time required, but the regulatory environ-
ment around the use of that technology in food animals 
remains uncertain and consumer demand for adoption 
of such technologies is low. Regardless of the technol-
ogy used, the introgression of the slick locus into dairy 
breeds will produce cattle that perform better in hot cli-
mates without environmental modifications or pharma-
cological interventions. This would be of great value to 
dairy farmers in the southern U.S., as well as tropical 
and subtropical regions around the world.

Dr. P.J. Hansen (University of Florida, Gainesville), 
the fifth speaker, focused on the topic of “Genetic solu-
tions to infertility caused by heat stress”. In cattle, heat 
stress negatively affects fertility in 2 ways: 1) through 
the physiological adjustments used to minimize hyper-
thermia during heat stress, and 2) the direct deleterious 
effects of elevated body temperature on the gamete and 
embryo (Hansen et al., 2016). In addition to the slick 
mutation discussed by the fourth speaker, other ge-
netic variants confer cellular resistance to heat shock, 
including a mutation in the promoter of HSPA1L (e.g., 
Ortega et al., 2016). Selection for the beneficial allele 
of HSPA1L, as well as other genes controlling cellular 
resistance to heat shock, may reduce the damage to 
the oocyte and embryo caused by elevated body tem-
perature. The harmful effects of heat stress begin at the 
embryonic stage in cattle, and continue throughout the 
lifespan. Genetic selection for alleles that confer resis-
tance to these effects will provide life-long benefits.

The final speaker of the symposium, Dr. I. Misztal 
(University of Georgia, Athens), presented the impor-
tant topic of “Resilience and lessons from studies in ge-
netics of heat stress”. After reviewing previous research 
on genetics of heat tolerance in cattle and pigs, Misztal 
suggested that current selection strategies may be ade-
quate if they: 1) are accompanied by constantly improv-
ing management techniques; 2) make use of data from 
commercial as well as nucleus herds; and 3) include 
traits important under climate change (e.g., mortality; 
Misztal, 2017). He also began an interesting discussion 
about the language used to discuss desirable goals in 
selection programs, particularly ‘robustness’ and ‘re-
silience’, with the former focusing on current variation 
among environments and the latter on future variation. 
He concluded by recommending that we use manage-
ment strategies to address short-term challenges from 
changing environments, and that we use genetic selec-
tion to address long-term problems.

This Breeding and Genetics symposium was de-
veloped for the purpose of providing a comprehensive 
overview of current knowledge about the effects of hot 
environments on livestock species, and the 6 speakers 
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did an excellent job of doing that. Specific, actionable 
recommendations were made that can be addressed us-
ing existing tools, and important research questions that 
may lead to new tools were raised. Changing environ-
ments will force livestock and aquaculture producers and 
researchers to develop innovative solutions to adapt to 
those changes, and to continue providing high-quality, 
affordable food and fiber to a growing human population.
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