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> Introduction
Feedefficiencyandrobustnesstwo researchareasthat tend to developseparately

Results of number articles on Web of Scieimc€ategory Agriculture Dairy Animal Science

1200

1000

800
+ 7% lyear
600
40
"] IIII|I||[I|||||
0 [ | |'I I
Q

Q0
S
>

o

o

S o 6 @
S & & & &
NI > AP

fw/ Q

fw/ Q

'»f»g'»

TOPIC Eeedefficiency ORResiduafeed intake

INRAZ

Feed efficiency and resource allocation traafés: theory, evidence and prospects
04-07-2022/ WCGALPDouhardg Ruppc Gilbert

160
140
120
100
w0 + 12% lyear

60

; -..H...i.nllr“n"ll“

G 9 & O P O
P P PP E TS
SN IS S S S S M

4

o

~ 1/10mentioning
efficiency

2

o

TOPIC Robustnes®©RResiliencéOR
Tradeoff* OR Resource allocation

p. 2



>

Introduction
Feedefficiencyandrobustnesstwo perspectives ofivestock?

Feedefficiency Robustness

Less feed pemmount of product under Produce when feed quantity or quali

A RE controlled conditions can drop unexpectedly
Exemple ofelatedtraits RF : : Sgrvwal Lopgewty
Feedconversion ratio Diseaseesistance

Largejncludingfeed, disease

Range otonstraints Narrow,focus onfeed biophysicaD 2 Y RA G A 2 v &
Productionintensity Moderateto high Lowto moderate
: Minimise negative impacts on the Minimizeoverallrelianceon inputs
Environmentaimpacts : : :
environment Provideecosystenservices
Global scenario Sustainabléntensification Agroecology

A frameworkneededto predictthe consequencesf breedingfor

feed efficiencyor robustnessn contrastingenvironments
INRA
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>

Introduction

The resourceallocationtheory as ageneralframeworkto adressrobustness& efficiency

J. Anim. Breed. Genet. 110/3 (1993) 161-170 Ms. recerved: 15.1. 1993
© 1993 Verlag Paul Parey, Hamburg und Berlin
ISSN 0931-2668

Agriculture and Forestry, The University of Melbourne, Parkuville, Vic., 3052, Australia

Quantitative genetics and evolution:
Is our understanding of genetics sufficient to explain evolution?

By R.G. Benuarz, B. G. Luxrorp and J. L. WILKINSON

PRODUCTION
o SCIENCE
ELSEVIE Livestock Production Science 56 (1998) 15-33

Undesirable side effects of selection for high production
efficiency in farm animals: a review

LIVESTOCK

W.M. Rauw**, E. Kanis”, E.N. Noordhuizen-Stassen®, F.J. Grommers®
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Resource Allocation Theory
Applied to Farm Animal Production
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> Introduction

Theresourceallocationtheory as ageneralframeworkto adressrobustness& efficiency

An evolutionaryframework

appliedto animalbreeding

Cody 1966; Williams 1966
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> Introduction

The resourceallocationtheory as ageneralframeworkto adressrobustness& efficiency

A Consequenceshenfeedresourcesirop?
A Robustness

A Towhatextentincreasedroductionis supported
by increasedntakevs.increasedllocation?
A Efficiency

Current evidence for energy allocation
trade-offs in livestock?
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appliedto animalbreeding
Beilharzt al. 1993Rauwet al. 1998
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> Outline

A Whatis the evidence for energy allocatitrade-offs?

I. A globabpproachbasedonlinedbreeds
comparisonsn livestockand related laboratory
modelspecies fe@d libitum

li. A casestudyin meatsheepfocusingon trade-off
betweenparasiteresistanceandfeedefficiency

A Futuredirections
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Open Access

Evolutionary approaches to environmental, biomedical and socio-economic issues

PERSPECTIVE ([ Open Access @ ®

How much energetic trade-offs limit selection? Insights from
livestock and related laboratory model species

Frédéric Douhard g2 Mathieu Douhard, Héléne Gilbert, Philippe Monget, Jean-Michel Gaillard, Jean-

Francois Lemaitre

First published: 11 November 2021 | https://doi.org/10.1111/eva.13320

-

Smarter
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> Global approach based on breed or lines comparisons

(1) energyallocationconstraintswhen selectingfor productivity?

Feedresourcesad libitum Lowproductivity nghprouct|V|ty
) 0 | \

Energyintake Energyintake Independence_Increasedntake
l Tradeoff
OOy
Fitness components Proauctivity
Maintenance Biosynthesis
Restingmetabolicrate (RMR) Bodyweight, Eggyield, MilkyieldX - 0 +
Effecton RMR
t Surveyof RMRcomparisondetweenbreedglines
_ o - N = 19with contrastinggrowth
INRAZ Selectioron productivity - N = 6with contrastingreproduction
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> Global approach based on breed or lines comparisons

(1) energyallocationconstraintswhen selectingfor productivity?

Growthtraits  ceonion RMR . H! 0 HH . HH
_ A RMRadjustedfor allometryeffect (dividingby

Mice 80 :‘ 80 BWP-"5or usingBW ascovariatg

Japanesgualil O O O A Differentmethodsto measureRMR (indirect
calorimetry comparativeslaugthertechnique)

Chicken 888 %8 888 A Most RMRestimatesat singleagestage and
mostlyin younganimals

Turkey O @ O

Fig e 88

Goat O O O

Cattle 80 80 8@ @ Selectiorexperiments

(O Comparisonsfindependentines
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> Global approach based on breed or lines comparisons

(1) energyallocationconstraintswhen selectingfor productivity?

Maternalreproductive outputs traits

ceconrr. M oMl LA

@ Selectiorexperiments
Mice O O @ (O Comparisonsf independentines
or breeds
Japanesegualil OO OO OO
Chicken O O o aLYONSBWEISIRSe KellZ2uKSaAa

A consistent with increase in intake and
metabolic machinery during female reproduction

Cattle 8@ 8@ 8@
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> Global approach based on breed or lines comparisons

(2) consequencesf energyallocation onhealthand/or reproduction?

L Lowefficiency | Highefficiency BadeMARIYIa¢
Feedresourcesad libitum .

Energy’ntake Energyintake | g
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RMR Product|V|ty - 0
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efficiency traits betweenlinesselectedfor high vslow feed

INRAZ L
efficiency(N = 13)
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> Global approach based on breed or lines comparisons

(2) consequencesf energyallocation onhealthand/or reproduction?

Effectof reducedRMR (high N
gy . - 0 — + 7
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> Global approach based on breed or lines comparisons

(2) consequencesf energyallocation onhealthand/or reproduction?

Effectof reducedRMR (high
efficiency onhealth ) ﬁ 0 b il
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o
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A Sometraits particularilychallengingo assesge.g
oxidativestressA multiple markers, tissue
dependenceagédstagedependenceX 0

Pig ge oo
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> Mainresults

Consequence®f breeding forfeed efficiency or robustnedeok much more difficult to
predict than one could anticipate from the energy allocation framevaoke

A Few evidence that tradeffs between production traits and other fitnesdated traits carbe
underpinned by changes in ene@location

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

A Focus on a particular aspect of energy allocation to maintenance

that can be recruited under challenging conditionq
INRAZ
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A Whatis the evidence for energy allocatitrade-offs?

-

il. A casestudyin meatsheepfocusingontrade-off & .4
betweenparasiteresistanceandfeedefficiency g mar tar
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> Case study in meat sheep

(1) Atrade-off betweenfeed efficiencyandresistancego parasites?

Experimentadlesign

Romanameatsheepflock INRAEXxperimentaunit (Bourges, France)

\4

Linesdivergentlyselectedon feed efficiencybasedon Linesdivergentlyselectedon resistanceo artificialinfection
concentrategefficient = RFWVs. inefficient = RFI+) with Haemonchusontortus(Resistant R vsSusceptible = 3)
Tortereau et al. 2020. Animal Sallé et al. 202Evol App.
| S?gﬁgﬁzghus 3,500larvae/ animal treatment 10,000larvae/ animal treatment @ Parasitedecalegg
1 | Il | | 1 count FEQ

Naivefemalelambs ‘Il ) . K
(45 monthsof age Infection 4weeks PANEELES Infection Sweeks RFiuring 2" infection

RFI+ | RFI-
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V) |conTROL | 16 | 15 “ H CONTROL
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> Case study in meat sheep

(1) Atrade-off betweenfeed efficiencyandresistancego parasites?
Results
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> Case study in meat sheep

(2) Isthere a costof resistanceafter all?

rFEC | BW

Bishop et al. 2004.141
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Bishop and Stear 2001.31
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Condition traits
(e.g BW)

—
o B b

Directcostsof infection Qostsof hostresistance

Parasites exploite host
resources

Infection traits
(e.g FEC)

A Importance ofepeatedmeasurego accountfor direct
infectioncosts(residualcorrelationr,)

(= indirectcostsof infection)
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> Case study in meat sheep

(2) Isthere a costof resistanceafter all?

A Infection of R and &wvesduringthe periparturientperiodwhenallocation toommunitymaybe constrained

2 infection traits
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Direct infectioncosts(r, < 0)
tend to prevailwithin-individual

Someevidenceor resistance
costs(r,,q> 0)amongindividual

Douhard et alin press Evol App.
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> Mainresults

Consequence®f breeding forfeed efficiency or robustnedeok much more difficult to
predict than one could anticipate from the energy allocation framevaoke

A Few evidence that tradeffs between production traits and other fitnesdated traits carbe
underpinned by changes in ene@location

A Negative consequences of a reduese@rgy allocation to maintenanoa health or reproduction
are unclear

A Our casestudy neither indicates that selection for a particular health component (parasite
resistance) deterioratefeed efficiencyuring a challenge, namiceversabut costs may occur in
particular life stage and may be challenging to detect

A Direct or mechanistic support for the energy allocatifvamework
appliedto livestock still needs to be explored

INRAZ

Feed efficiency and resource allocation traafés: theory, evidence and prospects
04-07-2022/ WCGALPDouhardg Ruppc Gilbert

p. 20



> Future directions

Energy allocation to maintenance is difficult both to estimate and to interpre

Feedresourcesad libitum A RMR offeedefficiency two traits moderately
l heritablebut challengingo measureaccurately

E .................................... Energyntake
= A RMR offeedefficiencyis morethan one trait

- Multiple processes

- Interdependencypetweenallocation
Q‘/Q\:‘ s

componentspetweenacquisition and

Maintenance Biosynthesis--- allocation
A Can leads toontextdependentselection(e.g
t 5 o : selectionfor activityin indoorfeedingsystems
: . Activity Immune  Productivity vs.rangelands
support support support
Health Productivity

INRAZ Future reproduction
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> Future directions

Which aspects of energy supply and expenditure constrain selec

Energyintake Feedresourcesad libitum
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Feedresou ces

Maintenance
Health h Productivity
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A Selectivéncreasedn productivitymay not

always be accounted for through higher intake

- Physiologicdlmits to feedintake
- Environmentalimits to feedintake

A RelationbetweenRMR andhealthand
reproduction traitds puzzlingn general

Glazie2015.Biol Rev

Arnold et al. 2021. C.omp Phys. B

A Othermechanismshan resourceallocation
maylead totrade-offs between
healthreproduction andoroductivity
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> Future directions

Which aspects of energy supply and expenditure constrain selec

Resourcdimiting conditionsmaynot alwaysbe the mostfavourableenvironmentto observetrade-offs
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