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Introduction
Feedefficiencyand robustness: two researchareas that tend to developseparately
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Introduction
Feedefficiencyand robustness: two perspectives on livestock?

Feedefficiency Robustness

Productionstrategy
Less feed peramount of product under 

controlled conditions
Produce when feed quantity or quality 

can drop unexpectedly

Exemple of relatedtraits
RFI; 

Feedconversion ratio
Survival; Longevity
Diseaseresistance

Range ofconstraints Narrow,focus on feed
Large, includingfeed, disease, 

biophysicalŎƻƴŘƛǘƛƻƴǎ Χ

Production intensity Moderateto high Lowto moderate

Environmentalimpacts
Minimise negative impacts on the 

environment
Minimizeoverallrelianceon inputs

Provideecosystemservices 

Global scenario Sustainableintensification Agroecology

A frameworkneededto predict the consequencesof breedingfor 
feedefficiencyor robustnessin contrastingenvironments
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Introduction
The resourceallocation theoryas a generalframeworkto adressrobustness& efficiency
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Introduction

Feedresources

Resources
acquisition rate

Survival

Growth

Reproduction

Fitness

Resource allocation 
strategy(s, g, r)

Natural 
selection

s

g

r

An evolutionaryframework
Cody 1966; Williams 1966

Feedresources

Resources
acquisition rate

Survival

Growth

Reproduction

Fitness

Resource allocation 
strategyόǎΩΣ ƎΩΣ ǊΩύ

Breedingvalue

Natural 
selection

Breeding

s'

g'

r'

appliedto animal breeding

Beilharzet al. 1993; Rauwet al. 1998

e.g. body weight

The resourceallocation theoryas a generalframeworkto adressrobustness& efficiency
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Introduction

Å Consequenceswhenfeedresourcesdrop? 
Ą Robustness

Å To whatextentincreasedproduction issupported
by increasedintakevs. increasedallocation? 

ĄEfficiency

Feedresources

Resources
acquisition rate

Survival

Growth

Reproduction

Fitness

Resource allocation 
strategyόǎΩΣ ƎΩΣ ǊΩύ

Breedingvalue

Natural 
selection

Breeding

s'

g'

r'

appliedto animal breeding

Beilharzet al. 1993; Rauwet al. 1998

e.g. body weight
Current evidence for energy allocation 
trade-offs in livestock?

The resourceallocation theoryas a generalframeworkto adressrobustness& efficiency
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Outline

Å What is the evidence for energy allocation trade-offs?

i. A global approachbasedon lines/breeds
comparisonsin livestock and related laboratory 
model species fed ad libitum

ii. A case studyin meatsheepfocusingon trade-off 
betweenparasite resistanceand feedefficiency

Å Future directions
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Global approach based on breed or lines comparisons 

Energyintake

Fitness components Productivity

Maintenance
Restingmetabolicrate (RMR)

Biosynthesis
Body weight, Egg yield, Milk yieldΧ

(1) energyallocation constraintswhenselectingfor productivity? 

Selectionon productivity

Feedresourcesad libitum
Lowproductivity High productivity

Energyintake

Effecton RMR

Independence

0

Trade-off

-

Increased-intake

+

Survey of RMR comparisonsbetweenbreeds/lines
- N = 19 with contrastinggrowth
- N = 6 with contrastingreproduction 

?
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Global approach based on breed or lines comparisons 

(1) energyallocation constraintswhenselectingfor productivity? 

Mice

Japanesequail

Chicken

Turkey

Pig

Goat

Cattle

Effecton RMR 0 +-

Selectionexperiments

Comparisonsof independentlines
or breeds

Growthtraits

Å RMR adjustedfor allometryeffect(dividingby 
BW0.75or usingBW as covariate)

Å Differentmethodsto measureRMR (indirect 
calorimetry, comparative slaugthertechnique)

Å Most RMR estimatesat single age/stage and 
mostlyin younganimals
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Global approach based on breed or lines comparisons 

(1) energyallocation constraintswhenselectingfor productivity? 

Maternalreproductive outputs traits

Mice

Japanesequail

Chicken

Cattle

Effecton RMR
Selectionexperiments

Comparisonsof independentlines
or breeds

άLƴŎǊŜŀǎŜŘ-ƛƴǘŀƪŜέ ƘȅǇƻǘƘŜǎƛǎ 
Ą consistent with increase in intake and 
metabolic machinery during female reproduction

0 +-
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Global approach based on breed or lines comparisons 

Feedresourcesad libitum

Energyintake

RMR Productivity

Health
Reproduction Selectionon 

efficiency

Compensation
+Trade-off -

Independence
0

Survey of comparisonsof healthor reproduction 
traits betweenlinesselectedfor high  vs. low feed
efficiency(N = 13)

?

(2) consequencesof energyallocation on healthand/or reproduction?

Effecton health
or reproduction

Efficiency

High efficiencyLowefficiency

Energyintake

~ low RMR 
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Global approach based on breed or lines comparisons 

(2) consequencesof energyallocation on healthand/or reproduction?

Effectof reducedRMR (high 
efficiency) on reproduction

0 +-

Mice

Chicken(meat-type)

Pig

Cattle

Chicken(egg-type)

Å Mostlyfemaletraits (litter size, eggnumber, calf 
mass at weaningΧύΤ ŦŜǿ ƳŀƭŜ ǘǊŀƛǘǎ

Å Somecomponents of reproduction traits differently
affected

Å HigherfeedefficiencyĄ Lowerfeedintakebut not 
alwayslead to lower reproductive outputs (e.g. in 
pig low RFI lineswith higherbody reserves
mobilizationduringlactation)

Spermatictraits

Egg number Egg mass

low RFI lines
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Global approach based on breed or lines comparisons 

Mice

Chicken(meat-type)

Pig

Chicken(egg-type)

(2) consequencesof energyallocation on healthand/or reproduction?

Å Survival, immune responses, oxidativestress

Å Some components of health traits differently 
affected

Å Sometraits particularilychallengingto assess(e.g. 
oxidativestress Ąmultiple markers, tissue-
dependence, age/stage dependenceΧύ

Effectof reducedRMR (high 
efficiency) on health

0 +-

Heterophils, macrophages Lymphocytes
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Main results

Consequences of breeding for feed efficiency or robustness look much more difficult to 
predict than one could anticipate from the energy allocation framework alone

Å Few evidence that trade-offs between production traits and other fitness-related traits can be 
underpinned by changes in energy allocation 

Å Negative consequences of a reduced energy allocation to maintenance on health or reproduction 
are unclear

Ą Focus on a particular aspect of energy allocation to maintenance 
that can be recruited under challenging conditions
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Å What is the evidence for energy allocation trade-offs?

i. A global approachbasedon lines/breeds
comparisonsin livestock and related laboratory 
model species fed ad libitum

ii. A case studyin meatsheepfocusingon trade-off 
betweenparasite resistanceand feedefficiency

Å Limitations and future directions
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Case study in meat sheep
(1) A trade-off betweenfeedefficiencyand resistanceto parasites?

Romane meatsheepflock, INRAE experimentalunit (Bourges, France) 

Lines divergentlyselectedon feedefficiencybasedon 
concentrates(efficient = RFI- vs. inefficient = RFI+)

Experimentaldesign

Lines divergentlyselectedon resistanceto artificialinfection 
with Haemonchuscontortus(Resistant= R vs. Susceptible = S)

R S

INFECTED 31 30

CONTROL 15 15

RFI+ RFI-

INFECTED 30 29

CONTROL 16 15

Tortereau et al. 2020. Animal Sallé et al. 2021. Evol. App.

Hæmonchus
contortus

Infection 4 weeks Infection 5 weeks

10,000 larvae/ animal3,500 larvae/ animal treatment treatment

Naïve femalelambs
(4-5 monthsof age) 2 weeks

Parasites fecalegg
count (FEC)

RFI during2nd infection
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Case study in meat sheep
(1) A trade-off betweenfeedefficiencyand resistanceto parasites?

Results

Similarresultsin Urugayansheeplinesă
Ferreira et al. 2021 Anim. Prod. Sci.
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Case study in meat sheep
(2) Is there a costof resistanceafter all?

Ą Importance of repeated-measuresto accountfor direct 
infection costs(residualcorrelationre)

> 0

Direct costsof infection
Parasites exploite host 
resources

Costsof host resistance
(= indirect costsof infection)

0< 0

Condition traits 
(e.g. BW)

Infection traits 
(e.g. FEC)

Mucha et al. 2022. Animal

rGFEC | BW



p. 19Feed efficiency and resource allocation trade-offs: theory, evidence and prospects 

04-07-2022 / WCGALP / Douhard ςRupp ςGilbert 

Case study in meat sheep
(2) Is there a costof resistanceafter all?

Ą Infection of R and S ewesduringthe periparturientperiodwhenallocation to immunitymaybeconstrained

FEC(eggs/g)

2 infection traits

ɲbloodhaematocrit(ɲHE, %)

+ 3 condition traits: BW, Muscle Thickness(MT), Backfat
thickness(BFT) Ąwithout apparent differencesbetweenlines

Direct infection costs(re < 0) 
tend to prevailwithin-individual

Someevidencefor resistance
costs(rind > 0) among-individual

Douhard et al. in press. Evol. App.

Correlationsinfection | condition 

re rind
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Main results

Consequences of breeding for feed efficiency or robustness look much more difficult to 
predict than one could anticipate from the energy allocation framework alone

Å Few evidence that trade-offs between production traits and other fitness-related traits can be 
underpinned by changes in energy allocation 

Å Negative consequences of a reduced energy allocation to maintenance on health or reproduction 
are unclear

Å Our case study neither indicates that selection for a particular health component (parasite 
resistance) deteriorates feed efficiency during a challenge, nor vice-versa, but costs may occur in 
particular life stage and may be challenging to detect 

ĄDirect or mechanistic support for the energy allocation framework 
applied to livestock still needs to be explored 
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Future directions
Energy allocation to maintenance is difficult both to estimate and to interpret

Energyintake

Maintenance

Productivity

Feedresourcesad libitum Å RMR or feedefficiency: two traits moderately
heritablebut challengingto measureaccurately

Å RMR or feedefficiencyismore thanone trait
- Multiple processes
- Interdependencybetweenallocation 

components, betweenacquisition and 
allocation

Å Can leads to context-dependentselection(e.g. 
selectionfor activityin indoor feedingsystems
vs. rangelands)

Health
Future reproduction

Biosynthesis

Productivity
support

Activity
support

Immune
support
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Future directions

Energyintake

Maintenance

Productivity

Feedresourcesad libitum

Health
Future reproduction

Biosynthesis

Which aspects of energy supply and expenditure constrain selection?

Energyintake

Feedresources

?

?

Å Selectiveincreasein productivitymay not 
always be accounted for through higher intake

- Physiologicallimits to feedintake
- Environmentallimits to feedintake

Å Relation betweenRMR and healthand 
reproduction traits ispuzzlingin general

Å Othermechanismsthanresourceallocation 
maylead to trade-offsbetween
health/reproduction and productivity

Glazier2015. Biol. Rev.
Arnold et al. 2021. J. Comp. Phys. B

©INRAE/Fetiveau-Savietto
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Future directions

Resource limiting conditions maynot alwaysbe the most favourableenvironmentto observe trade-offs

Which aspects of energy supply and expenditure constrain selection?
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