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Outline

• Index evolution

• Listening to farmers and 
consumers

• Showing the value

• Breeding for heat tolerance

• Breeding for feed efficiency



Selection index

• Includes traits that 
contribute to breeding 
objective e.g. profit

• Shapes the future 
cow

• Tool to select parents 
of the next generation

• You get what you 
breed for!





Martin-Collado et al. (2015) JDS 98: 4148-4161



Farmer preferences

Martin-Collado et al. (2015) JDS 98: 4148-4161



What’s in it?



Top 
25%

Bottom 
25%

Difference between top and bottom 25% of cows



2,600 cows
7,700 lactations
10 years of financial data
10 years of physical data



Graeme and Michele Hamilton



Milk income over feed costs
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Extra $530 milk 
income per cow per 

year for top 25% over 
bottom 25% on BPI



What about health, fertility, components? 

Components
High BPI cows

Milk (L)

1323 more L/cow/year

Fat (kg)

60 more kg/cow/year

Protein (kg)

61 more kg/cow/year

Fat (%)

0.17% more/cow/year

Protein (%) 

0.16% more/cow/year

Health events? Fertility? Longevity? 

• Health – no difference

• Fertility – no difference

• Longevity – high BPI cows lasted 
11months longer in the herd



Only Australia (BPI) and Ireland (EBI) 
have validated selection index using 
independent economic data



Traits included in 21 total merit indices of the United States and 16 other countries

Cole et al. J. Dairy Sci. 2018
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Selection indices in a nutshell

Milk Fertility Health Function Efficiency Envir’mt Profit



Future?

• Future indices need to consider 
consumer perspectives:

• animal welfare

• environment

• Inevitable that breeding 
objectives will have a greater 
environmental and social 
dimension?



Future selection objectives
Economic Social Environmental

Boichard and Brochard (2012) 
Three pillars of sustainability



Future of dairy indices?
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Using technology



New traits and reference populations 

• Genomic “only” breeding values
• Feed saved
• Heat tolerance
• Methane emissions
• Some health traits 
• Other high cost phenotypes

• Lower reliabilities than other 
breeding values

• Feed saved and heat 
tolerance average reliability ~ 
35%



Female reference 
populations in Australia

Research herds

1000s cows

Feed 
saved

CH4

New..

Ginfo 

Existing

Health

Heat 
tolerance

New…



Ginfo – Australia’s genomic information nucleus

Search for herds that have great phenotypes

Scoring 
system

Best 100 herds selected and 
genotyped

All States 
included

All cows 

genotyped

Ginfo+ 200 herds 
Genomic evaluations enhanced

GEBVs to farmers



Heat tolerance

Research herds

1000s cows

Feed 
saved

CH4

New..

Ginfo

Health

Heat 
tolerance

New…



Dairy cattle and ambient heat load
Lower critical 

THI
Upper critical 

THI

low highTemperature – Humidity Index (THI)

Adapted from NRC (1981)

Cold stress Thermal-neutral zone Heat stress

THI threshold (60) is 
equivalent to 
20oC (68oF) at 45% relative 
humidity



By region

1,762 Holstein
519 Jersey herds



Genomic Selection

Heat tolerance 
breeding values for 

Holsteins and Jerseys 
released in Dec 2018

The genomic prediction equation was developed from a reference population of 2,236 sires (with heat tolerance phenotypes on daughters) + 11,853 cows for Holsteins and 506 sires + 4,268 cows for Jerseys. 



Empirical validation

• Genomic breeding values 
calculated for 400 heifers

• 24 predicted most heat tolerant, 
24 predicted most susceptible 
selected on genomic BV

• Run through a simulated heat 
wave

• 4 day event, measure milk 
production, core temperature, 
intra-vaginal temperature

Garner et al (2016) Scientific Reports



Empirical validation
Decline in milk production

Day 1 Day 2 Day 3 Day 4 Recovery

HT -0.3 -0.3 -0.9 -2.6 -1.2

HS -0.2 -0.6 -1.1 -3.9 -2.3
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Research gaps

• Heat tolerance breeding values for dairy 
cows in countries other than Australia

• Ranking of dairy breeds for heat 
tolerance in Australia

• Can we feed cows to improve heat 
tolerance? (Cool Cows – Dairy 
FeedBase)



Female reference 
populations in Australia

Research herds

1000s cows

Feed 
saved

CH4

New..

Ginfo 

Existing

Health

Heat 
tolerance

New…



What is “Feed Saved”?

Feed 
saved 
ABV

Residual 
feed intake
Genomic BV

Maintenance from 
Bodyweight Breeding 
Value



Animal Breeding & Genomics Centre

Global Dry Matter 
Initiative: gDMI

• 9 countries, 15 parties 

• ~9,000 phenotyped animals

• ~6,000 genotyped animals

• ~12,000 parities

• At >$1000/cow/yr and 
$50/genotype this dataset is 
worth >$10,000,000



Reference population

International collaboration essential!

Year Status Australian 
cows

Australian 
heifers

Overseas
cows

Informative
SNP

2015 Implemented 234 843 954 No

2017 Implementation late 
2017

440 843 954 Yes (from 
4772 beef)

2019 In development ~620 843 ? Yes



Feed saved ABV is in all 3 DataGene indices

10 unit increase in BPI 
(i.e. ~ annual gain) would 

result in ~0.55kg 
improvement in feed 

saved (2% of $ response)



What about Feed Saved 
for other breeds?

• We need a cheap way of 
measuring feed intake

• In confined systems: 
Lassen et al (Viking) 3D 
cameras to measure feed 
intake on commercial 
farms

• Bite monitors:
• Bite rate

• Bite amount

• Pasture quality

Lassen et al (Viking Genetics)



What’s next….

Mastitis
Udder 
conformation, smart 
SCC

Metabolic 
disease

Mid-infra-red 
spectral data etc

Energy 
balance

Lameness

walking

Conformation

Pedometers 

image capture

Emissions 
traits

• Health traits 

• Predictor traits

• Mid-infra-red spectral data 
promising

• Not all traits will be included in 
the indices

• Improved data capture?



Conclusions
• Australian indices use science and farmer preference data 
• Genomic selection has revolutionized breeding values in Australia e.g.

– Feed Saved (from 2015)
– Heat tolerance (from 2017)

• Female genomic reference populations give opportunities for new traits
– Main challenge is lower reliabilities
– Tackling hard to measure traits

• Across industry collaboration on research priorities
• Help farmers make better decisions

– Indices that align to philosophies
– Tools make better breeding decisions
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Thank you!


