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Context

Å²Ƙŀǘ ŀǊŜ ǘƘŜ άŦǳǘǳǊŜ ǎƘŜŜǇ ŀƴŘ Ǝƻŀǘǎ ǎȅǎǘŜƳǎέΚ

ÅEfficient (E)FEED

ÅMaking the best use of limited natural resource

ÅLimiting feed-food competition, environmental impacts (e.g. CH4)

ÅProviding sufficient income (limiting feeding costs)

ÅResilient (R)

ÅCoping with perturbations, tolerate disturbances

ÅExtreme climate events, pathogens, price hazard, resources variability

Sheepand 
goatssystems

For a broaderview, 
FMeuwissenet al., 2019



Context

ÅWhat are the challenges?
ÅFindingan optimal balance betweenR and E

ÅAddressinga diversityof environmentalconditions (currentand future)

Lietaer et al., 2010 Bredeand de Vries, 2009

Economics Physics
Diversity and 

inter-connectivity
Numberof nodes, 

hubs and links



Context

ÅSolutions
ÅBreedingresilientand efficient genotypes
ÅAdaptive capacitiesof sheepand goats
ÅHerdmanagement
ÅCropand forage management
ÅHealthmanagement
ÅΧ

ÅBut disciplinarysilos
ÅHow thesesolutions canbecombined?
ÅCompatibility ?



Objective

ÅIllustrate how modelling approach is a way to:
ÅIntegrate determinants of R | E

ÅCombine different disciplines
ÅHere, nutrition, genetics and farming systems

ÅExplore different contexts, scenarios
ÅBench-testing locally-tailored solutions

ÅShare ideas and concepts
Åbƻ ŜǉǳŀǘƛƻƴǎΣ ƴǳƳōŜǊǎΣ ŘŜǘŀƛƭŜŘ ǊŜǎǳƭǘǎ Χ

ÅRecent developments (on-going projects)
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#1 How doesit work?

Overview

Herd

Animal 

Function|trait

Farmingsystem

Crop/forage

Levelof interest

Scaling-up



#1 How doesit work?

Animal building-block

ÅSimulating the lifetime trajectory of a (dairy) female
ÅDaily dynamics of traits: DMI, BW, milk, reserves

ÅNutritional principles to convert energy from the environment into traits

Animal

Milk production

Body mass component
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efficiency
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#1 How doesit work?

Animal building-block

ÅFromstaticconversion to lifetime dynamicprocesses

ÅTrajectoryof acquisition 

ÅIntakecapacity= f(age, jstatus)

ÅBeyond availabilityin the environment, intakelimitation by animal capacity

ÅTrajectoryof allocation betweenfunctions

ÅEnergypartitioning= f(age, jstatus)

ÅStrategyreflectinglong-term regulationsthat coordinatephysiologicalchanges

ÅShift in prioritiesaccordingto reproduction / survival

ÅKey role of body reserves

ÅExpression of trade-offs

ÅFeedback on probabilityof conception and survival



#1 How doesit work?

Animal building-block

Animal

Milk production

Body mass component

Dry matter
offer (kg/d)

Energycontent 
(ME/kg DM)

Dynamicdriver 
#1

ACQUISITION

Dynamicdriver 
#2

ALLOCATION

Nutritional
conversion

Roleof reserves

Reproduction 
and survival
probabilities

Phenotypes(e.g. milkproduction, longevity) 
emergefrom simulation

Genetic-scalingparameters, usedto 
simulate a̧nimals

User-defined 
parameters for 

acquisition | allocation



#1 How doesit work?

Animal building-block

ÅDeepenour understandingof resilience
Å2 aspects of adaptive capacities
ÅPartlydeterminedby geneticbackground (allocation strategy)

ÅBuilt duringearly-life developmentand potentiallyimpairedby the environment

ÅAdult adaptive capacities­ Interplaybetweenearly-life and genotype

ÅExperimentaldesign 
ÅDivergent geneticlinesfor longevity(INRAE GenPHYSE, Toulouse)

ÅContrasteddietsduringgrowingperiod

ÅResponsesto short-term nutritional challenges



#1 How doesit work?

Animal building-block

First lactation

2 dayson strawin 
earlylactation

Birth 1st mating

B
W

 (
kg

)

M
ilk

 (
L

)

1st kidding

CBenefitsof integratingmodellingand 

experimentalapproaches



#1 How doesit work?

Animal building-block

Animal 

Function|trait

Herd

Nutritional principles
Feedefficiency

Geneticbackground 
GSP for acquisition | allocation

Adaptive capacities
Body reserves, responsesto 

nutritional challenge



#1 How doesit work?

Herdlevel

ÅMultiplying individual models (IBM) to get a population
ÅManaged by the farmer
ÅReproduction, (group) feeding, replacement, culling

Date of 
mating
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ÅGenetic-scalingparameters(GSP) ­ different genotypes
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#1 How doesit work?

Herdlevel

Animal 

Function|trait

Herd

Farmingsystem
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#1 How doesit work?

Farmlevel

ÅFarm representation ­ connection between herd and feed resource

Pasture

Maize Wheat

Surface allocation (nb 
ha/type of surface)

Production for each
type of surface

Rulesfor 
subsitution/purchase
of feedstuffin diet

Stocks

Surfaces

Maize
silage

Hay Grass 
silage

Cereals

Distributed
diets

Feedingplan from herd
module (animal demand)

Rulesfor loadingstocks (cuttinggrass)

CBenefitsof integrating

modellingand on-farm surveys



Herdmodule
CŀǊƳŜǊΩǎpractices

Reproduction

Feeding
plan 

Culling Replacement

Herd

Animal

GSP transmission (h², rG)

Geneticscaling
parameters

Herdsize

Sire population

GSP distribution

Breedingrules
(pedigree)

Feedresourcemodule

Demand
in feed

GSP

GSP

#1 How doesit work?

Farmlevel

Technicalvariables 
(DM consumption, milk, 

animal numbersΣ ΧΦύ

ĄR&E indicators
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#2 Whatisit for?

Interactions amongelementarycomponents

ÅTestingcombinations of reproduction and feedingoptions
ÅMatchingherddemandand resourcesupply

ÅManagingon-farm stocks

J F M A M J J A S O N D

Herddemand
(Mcal, MJ)

Pasture supply
(DM)

Numberof 
parturitions



#2 Whatisit for?

Scaling-up effects

ÅTestingif herd resilienceemergefrom the variabilityin adaptive 
capacitiesof animals

Å[ŜǘΩǎconsiderΧ
Å3 environmentalchallenges, occuringrandomlyevery2 years
ÅFeedshortage, healthand thermal stress

Å3 types of dairysheep
ÅType 1: 340L/y in normal conditions and ς40% in all challenges

ÅType 2: 280L/y in normal + feedshortageand ς40% in health+ thermal stress

ÅType 3: 280 L/y in normal + healthand ς40% in feedshortage+ thermal stress

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



#2 Whatisit for?

Scaling-up effects

Å2 herds, different in the type of femalescomposition
Åά{ǇŜŎƛŀƭƛȊŜŘέ ­ 90% type 1, 5% type 2 and 5% type 3

Åά5ƛǾŜǊǎƛŦƛŜŘέ ­ 30% type 1, 35% type 2 and 35% type 3
Specializedherd

has a higher
baseline

production

Diversifiedherd
has a lower
variabilityin 

production level



#2 Whatisit for?

Long-term effects

ÅTestinghow selectionstrategyis impactedby environmentalchange
ÅComparisonof 2 identicalǇƻǇǳƭŀǘƛƻƴǎ όŎƭƻƴŜǎύ ƛƴ н ґ environments

High feedresource Cow Sire Efficiency Longevity MY ΧΦ ΧΦΦ

1 1

2 1

3 1

Geneticparameters

Lowfeedresource
Cow Sire Efficiency Longevity MY ΧΦ ΧΦΦ

1 1

2 1

3 1

Simulatedtraits in favourableenvironment

Geneticparameters

Simulatedtraits in poorenvironment

n = 20000

Pedigree 
structure with

200 sires

Geneticvariation in 
acquisition and allocation 

strategies(GSP)



#2 Whatisit for?

Long-term effects

Low and stable
n 13640 13640 13640 17019 17019 17019

2nd lactation production 0.185

2nd lactation efficiency 0.983 0.311

Lifetime efficiency 0.526 0.477 0.211

BW at 2nd calving -0.528 -0.598 -0.768 0.390

Body reserves at 2nd

calving
0.011 -0.139 0.616 0.015 0.263

Delay to 2nd conception 0.241 0.402 -0.314 -0.285 -0.862 0.011

High and stable
2nd lactation 

production

2nd lactation 

efficiency

Lifetime 

efficiency

BW at 2nd

calving

Body 

reserves at 

2nd calving

Delay to 2nd

conception

n 17945 17945 17945 18171 18171 18171

2nd lactation production 0.301

2nd lactation efficiency 0.697 0.348

Lifetime efficiency 0.708 0.854 0.123

BW at 2nd calving 0.265 -0.425 -0.394 0.396

Body reserves at 2nd

calving
0.136 -0.225 0.184 0.366 0.307

Delay to 2nd conception 0.126 0.432 0.080 -0.251 -0.473 0.008

rG betweenlactation and life 
efficiencydecreased

rG betweenlife efficiencyand 
body reservesincreased

Whenfeedresource
becamelimited

Puillet et al., 2021

Importance of a balanced
breeding-goal for selection



Conclusion and perspectives

ÅάWǳǎǘ ŀƴƻǘƘŜǊ ƳƻŘŜƭέ
ÅMissing elements (e.g. focus on animal component, not resource)

ÅBut a concrete example of:
ÅA framework for integrating different disciplines/approaches
ÅNutrition, genetics, farming systems

ÅMixing concepts, experimental data, surveys, computer code

ÅDeterminants of R & E

ÅAn evolving framework
ÅHaving genetic-scaling parameters + genetic architecture
ÅOpen the door for genomics

ÅLifetime trajectories 
ÅOpen the door for PLF



Thanksfor yourattention

72nd AnnualMeeting of the EuropeanFederationof Animal Science ςDavos, Switzerland ς01/09/2021

The PRIMA programme is supported under 
IƻǊƛȊƻƴ нлнлΣ ǘƘŜ 9ǳǊƻǇŜŀƴ ¦ƴƛƻƴΩǎ CǊŀƳŜǿƻǊƪ 
Programme for Research and Innovation

This projecthas receivedfundingfrom the European
¦ƴƛƻƴΩǎHorizon 2020 researchand innovation 
programme undergrantagreement No 772787

Session 43 - Optimization of sheep and goats production systems: strategies for sustainable and resilient agroecosystems


