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AHowdoesit work?
AKeyfeaturesfor integratingdisciplines

AWhatisit for?
APotentialitiesfor benchtesting

AConclusion
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AMaking the best use of limited natural resource goatssystems -

ALimiting feedfood competition, environmental impacts (e.g. CH4)

AProviding sufficient income (limiting feeding costs)

AResilient (R)
_ _ _ _ For abroaderview
A Coping with perturbations, tolerate disturbances F Meuwisseret al., 2019
AExtreme climate events, pathogens, price hazard, resources variability



Context

AWhat are the challenges?

AFindingan optimal balancebetweenR and E
AAddressing diversityof environmentalconditions ¢urrentand future)

Economics
Diversity and
inter-connectivity
Sustainability
100
Y h‘ll:imr::s Towards stagnation

(Too little diversity) [(Too little efficiency)

Diversity & Interconnectivity

Lietaer et al., 2010

Physics

Numberof nodes
hubs and links

Most resilient network <——— Most efficient network

Gradient of solutions

Bredeand deVries 2009




ASolutions
ABreedingesilientand efficientgenotypes
AAdaptivecapacitief sheepand goats
AHerdmanagement
ACropand forage management
AHealthmanagement

AX

ABut disciplinarysilos
AHowthesesolutionscanbe combined®
ACompatibility ?



Alllustrate how modelling approach is a way to:
Alntegratedeterminants of R | E

ACombinedifferent disciplines
AHere, nutrition, genetics and farming systems

AExplore different contexts, scenarios
ABenchtestinglocally-tailored solutions

AShare ideas andoncepts
Ab 2 SljdzZ A2y as ydzYoSNAZ RSOl Af SR
ARecent development®n-going projects)
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#1 Howdoesit work?

Overview

Levebf interest

Farmingsysteme

Cropgforage
Herd

Animale

Function|trait



#1 Howdoesit work?
Animal buildingblock

ASimulating the lifetime trajectory of a (dairy) female
ADaily dynamics of traits: DMI, BW, milk, reserves
ANutritional principles to convert energy from the environment into traits

Milk production

Animal
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#1 Howdoesit work?
Animal buildingblock

ASimulating the lifetime trajectory of a (dairy) female
ADaily dynamics of traits: DMI, BW, milk, reserves
ANutritional principles to convert energy from the environment into traits

- Animal ~

INPUT o OUTPUTS
nutrition
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{ Feed
efficiency




#1 Howdoesit work?
Animal buildingblock

AFromstatic conversion tdifetime dynamicprocesses

ATrajectoryof acquisition

Alntakecapacity=f(age j statu9
ABeyondavailabilityin the environment intakelimitation by animatapacity

ATrajectoryof allocationbetweenfunctions

AEnergypartitioning=f(age j status
A Strategyreflectinglongterm regulationsthat coordinatephysiologicathanges
A Shift inpriorities accordingo reproduction /survival

AKeyrole of bodyreserves
AExpression ofrade-offs
AFeedbaclon probabilityof conception andurvival



#1 Howdoesit work?

Animal buildingblock

___________________

Userdefined
parameters for
acquisition | allocation

o o o o o o o e e

Dry matter
offer (kg/d)

Energycontent
(ME/kg DM)

Genetiescalingparametersusedto
simulate, animals
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Phenotypede.g milk production,longevity
emergefrom simulation

Milk production

Animal
/

Dynamlajrlver
ACQUISITIO

Reproduction\ {\(\ (\ (\{\
andsurvival

propgp.ivlities y ‘ Body mass component
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Dynamlcdrlver

Nutritional
conversion
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#1 Howdoesit work?
Animal buildingblock

ADeepenour understandingof resilience

A2 aspects of adaptiveapacities
APartlydeterminedby geneticbackground (allocatiostrategy)
ABuiltduringearly-life developmentand potentiallyimpairedby theenvironment

AAdult adaptivecapacities Interplaybetweenearlylife andgenotype

AExperimentatlesign
A Divergentgeneticlinesfor longevity(INRAEenPHY SHoulouse)
A Contrasteddiets duringgrowingperiod
AResponse shortterm nutritional challenges



#1 Howdoesit work?

Animal buildingblock

tongeviy C Benefitsof integratingmodellingand
ongevity ]
o lomgerity experimentalapproaches
-®-Longevity + 2 dayson strawin
earlylactation
2. 3
- ¢
= =
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Birth 1st mating 1stkidding



#1 Howdoesit work?
Animal buildingblock

Nutritional principles

Feedefficiency
Herd
Geneticbackground
GSP for acquisition | allocation
Animals

Adaptivecapacities
Bodyreservesresponseso
nutritional challenge

Function|trait



#1 Howdoesit work?
Herdlevel

AMultiplying individual models (IBM) to get a population

AManaged by the farmer

AReproduction, (group) feeding, replacement, culling
/ Date of
mating
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#1 Howdoesit work?
Herdlevel

AMultiplying individual models (IBM) to get a population
AManaged by the farmer
AReproduction, (group) feeding, replacement, culling

Herd management
module

Herdfunctioning

Diversityof lifetime
trajectories

@ phenotypiclevel




#1 Howdoesit work?
Herdlevel

AMultiplying individual models (IBM) to get a population

AWith a geneticdiversity
A Genetiescalingparameters(GSP) different genotypes
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— Facqr Pacge Herdfunctioning

Diversityof lifetime
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#1 Howdoesit work?

Herdlevel

AMultiplying individualmodels(IBM) toget a population
AWith a geneticdiversity

A Genetiescalingparameters(GSP) different genotypes
APedigree + GSP transmissienseffects of selectionstrategy

P.iocs P

— I:)acqli Pach
alloc2 "alloc2

P.us P
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#1 Howdoesit work?

Herdlevel

AMultiplying individualmodels(IBM) toget a population

Virtual sire
population
. . . . Breedingvalues for
AWith a geneticdiversity GSP
A Genetiescalingparameters(GSP) different genotypes he r
APedigree + GSP transmissienseffects of selectionstrategy Pe d'igiee

- Pacq1’ B;lcqz (\
I:)allocl’ F?:lllOCZ ay |
), ‘ >

I:)acq 1 F%\cqz
Paiocs P

allocl "alloc2

Transmission of GSP
acrossgenerations



#1 Howdoesit work?

Herdlevel

Farmingsysteme

Crogforage “g

Herd

Animale

Function|trait



#1 Howdoesit work?
Farmlevel

AFarm representation connection between herd and feed resourc

Surface allocation (nb C Benefitsof Integrating
haltype of surf .
ype of surface) } modellingand onfarm surveys

. | o™ /\: Production foreach
quality me type of surface

Feedingplanfrom herd

Ruledor module (animablemand
[ Ruledor loadingstocks ¢uttinggrass J subsitutioripurchase

Surfaces

of feedstuffin diet

Stocks 8 8 8 8 y _ Distributed
diets

Maize Hay GrassCereals
silage silage




#1 Howdoesit work?

Farmlevel

Cl NI Sadiads Sire -
o population
Feedresourcemodule Herdmodule " ¢ ing  Replacement -
_ . GSP distribution
Surface allocation (nb Demand HerdSIze ReprOdUCt|0n i
Surfaces /ha/type of surface) in feed Feeding T i M_
: o plan o

quality@ \ o k Cereals /

Production for each BreedingUIeS

type of surface (pedigree)

A

\ [ Rules for loading stocks (cutting grass) J

Stocks

8 8 8 8 y . Distributed I ?SPtrSTisoh@ » Technicalariables

Maize Hay Grass Cereals [ Rules for } diets (DM COI’]SUITIptIOI’,] m||k,
s e
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#2Whatisit for?

Interactionsamongelementarycomponents

ATestingcombinations ofeproduction andieedingoptions
AMatchingherd demandand resourcesupply
AManagingon-farm stocks

Herddemand

(Mcal, MJ)

Pasturesupply /
(DM) I
Numberof

parturitions ﬂ_— H
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#2Whatisit for?

Scalingup effects

ATestingif herd resilienceemergefrom the variabilityin adaptive

capacitieof animals Tichit et al., 2012
Blanc et al., 2013

A S cofsideX
A3 environmentalchallengespccuringrandomlyevery?2 years
AFeedshortage healthand thermal stress

A3 types ofdairy sheep
AType 1: 340L/y in normal conditions agd0% in all challenges
AType 2: 280L/y in normalfeed shortageand ¢ 40% inhealth+ thermal stress
AType 3: 280 L/y in normalhealthand¢ 40% infeed shortage+ thermal stress



#2Whatisit for?
Scalingup effects

A2 herds differentin the type offemalescomposition
Ad { LIS O A-I 90% ty[®R £5% type 2 and 5% type 3

AGd 5 A @S NBR3ID% tyde R 85% type 2 and 35% type 3
Specializetierd

oo 000 | | has ahigher
g 1000 baseline
- - WWWVWWVWWWVWV production
: ™ - Diversifiecherd
P has dower

variabilityin

productionlevel



#2Whatisit for?

Longterm effects

ATestinghow selectionstrategyisimpactedby environmentalchange
AComparisorof 2identicalLJ2 LJdzf | O A 2 V & enGiroim2mnsS a v .

n = 20000 Simulatedraits infavourableenvironment

nd Highfeedresource Cow | Sire | Efficiency| Longevity | MY | X®| X @
™
: . 1 1
x ; :‘: 1 :‘: 1 W E 2 1 Geneticparameters

Geneticvariation in 3 1
acquisition and allocation

Simulatedraits inpoorenvironment

strategies(GSP) Lowfeedresource
T e = Cow | Sire | Efficiency| Longevity | MY | X ® X ¢
. ]
Pedigree x “r W ur — ~ |-
structurewith I | 2 1 Geneticparameters

200 sires e — | ]




#2Whatisit for?

Longterm effects

Body

. 2nd [actation 2"d |actation Lifetime BW at 2d Delay to 2d
High and stable . . e : reserves al :
production efficiency efficiency calving 2 Galving conception
n 17945 17945 17945 18171 18171 18171 Whenfeedresource
2nd [actation productior  0.301 o
2nd |actation efficiency  0.697 0.348 becamellmlted
Lifetime efficiency 0.708 0.854 0.123
BW at 2d calving 0.265 -0.425 -0.394 0.396 i i
Sodyreservesat? o b reeer oo g betvye_enlactatlon and life
calving - f - | | efficiencydecreased
Delay to 24 conception  0.126 0.432 0.080 -0.251 -0.473 0.008
r; betweenlife efficiencyand
Low and stable :
n 13640 13640 13640 17019 17019 17019 k)()(i)/reas;ear\/63£3r1(:r6351£563c1
2nd |actation productior  0.185 l
2nd [actation efficiency  0.983 0.311
Lifetime efficiency 0.526 0.477 0.211 |
mportance of ébalanced
BW at 2d calving -0.528 -0.598 -0.[768 0.390 b pd | f | t
M reedinggoal 1orseiection
Bodyresevesate 41 0139 [0616] 0015  0.263 99
calving
Delay to 24 conception  0.241 0.402 -0.314 -0.285 -0.862 0.011

Puillet et al., 2021



Conclusion and perspectives

AdWdza G | yZUKSNJ Y2RSH
AMissing elements (e.g. focus on animal component, not resource)

ABut a concrete example of:

AA framework for integrating different disciplines/approaches
ANutrition, genetics, farming systems
AMixing concepts, experimental data, surveys, computer code
ADeterminants of R & E

AAn evolving framework

AHaving genetiscalingparameters + genetic architecture
A Openthe door for genomics

A Lifetime trajectories
A Openthe door for PLF
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