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Modélisation systémique et analyse multi-échelles a
'unité MoSAR : savoir-faire et perspectives

- modélisation systémique
- PNA, D. Sauvant

* MO0oSAR aujourd'hui, themes d'études

- trois exemples de modeéles : nutrition, repro, troupeau

- trois approches analytiques
phénotypage fonctionnel, caractérisation des individus et latent variables

- perspectives
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Modélisation systémique

- systémique vs cartésien

- systemes ouverts et régulés

- téléologie

Ludwig von Bertalanffy
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PNA, D. Sauvant
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Figure 1 A schematic representation of the main challenge Tor i mproving
predi ction of nutrient partition: that &, to incorporate partition according to
genetic drives in modek that partition nutrients to maintain physiclogical
balance. The rewesme amow represents the fact that the nutritional
environment can afed gene expression and thus genetically diven partition.

La modélisation systémique en nutrition *

D Sauvant

Institut national agronomique Paris-Grignon, station de nutrition et alimentation (INRA),
16 rue Claude-Bernard, 75231 Paris Cedex 05

(Regu le 12 septembre 1991; accepté le 22 janvier 1992)

Résumé — Les organismes vivants peuvent étre assimilés a des sysiémes complexes ouverts, &
Fétat stable, traversés par des flux de matiéres qui subissent un ensemble de transformations qui
constituent la nutrition. L'approche systémique et la modélisation s'appliquent & la nutrition comme
aux autres secteurs scientifiques bien que les exemples d'application en soient encore rares. La
synthése présentée précise les composantes de la complexité des étre vivants considérés comme
des systemes nutritionnels et indique des moyens de la simplifier. Une partie est ensuite consacrée
& une étude comparative des principaux types de modéles (empirigue vs mécaniste, statigue vs dy-
namique) appliqués aux systémes nutritionnels. Les autres sujets abordés concernent la modélisa-
tion des systémes régulateurs de la nutrition (homéostase, homéorhése), la validation des modéles,
ainsi que des commentaires succints sur les modéles d'application et de recherches.

modélisation / nutrition / systéme nutritionnel
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MoSAR, themes d'étude
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Exemple 1: nutrition
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Table A2, List of biological constants used in the animal model

Mame Walue Umts Diefimtion

Exemple 1: nutrition —

Parameters of resource ablaining from the enviranmend {Rabig

ag. 065 MIkgld! Unitary potential of acquisition (per kg o f BWnl)
By 045 MIkgd! Linitary potential o f acquisition (per kg of BWalt)
Table A1. List of variables used in the animal model 2 8 Mid Linitary potentisl o f acquisition {per umitof Seas)
Variable Unit Defition Equaion Kpwofr 0.16 wk'! Decay constant used for BWoff
Status
LIV (N unitless Living status at time 1 = L if living, 0 else k 0 034 wk_ 1 D ec ay constant us ed for th e wean lng
LACT (1) wnitless “Narmal® lactation status at time £ =1 if lactating for less than Ty e wh, 0 clse OffWean
ELACTIf) wnitless Extendod lactation status at time ¢ = 1 if lactating for at least Tpy o wk and PREG =0, 0 else X l k }.‘k SC al in fac tor for Bwoff
PREG (1) nitless Pregnancy status attime s = 1 if pregnant, 0 else BWhpart gkg g
BRpart kg Amount of BR at parturition =BR valuewhen 1, =1 TR - - - : -
BWpart ke BWnlat parturition Wl vale swhen fr— 1 apes 009 MIpains ' d! Unitary feedback effect on acquisition of'a BCS devistion fram BCS®
Time varishles : b BCS* 25 paims Tamet BCS
age (1) wk Age at time ¢ —age(t— 1) +LIV{) Parameters af resource mebilization {Rmah )
T 1) wk “Normal” lactation stage at fme 1 =[1yey ¥ 1) 115 LACT ) Y 05 MIkgld! Usitary potemisl of mobiliztion Raaby iper kg ol BW )
e 1) wk Extended lactation stage at time ¢ = [ty lt = 11+ 1] *ELACT () L 04wk Diecay canstant used far Raoby,
f— wk Pregmancy stage at time ¢ =l it~ 11+ 11 % PREG (1 Rty 15 unitles Rate far Rma by
Bicsoune soquisition Table Al nal constraim SAT used for Rmoh
Desired resouree acquisition able Al. (cont.). | af'mabilization Rmaby, (per kg of BWal)
Rg Mlid Desired resource aoquisition arighle Unit Diefinition Equation
Re (age) Md Basc levelof Rgatagivena oo e allocation (following the generl model ¢ = ¢ % cmodg; * emodg:, in which g are values of potential allocation)
Resine Mlid Variations of Rg; related 1o by o . . . . - . . " m
s ) Tempaoral modifications of allocation prionty genetically driven {emodg)
Reog Mlid Postpartum vanation of R © . ) L . } .
growth dmod unitless Far BR deposition =1 —enplb gy * fi) * LACT + expldy g, * fguq) % ELACT
. . . _ e
Rt MJid Variations of Rg; doc to scasc pmod unitless Far pregnancy = Upreg Tpreg)
BWoff kg Evolutionary drive for offspr lmad unitless For lactation = expltipcy * fiyy) ¥ LACT + Xyrysens * Pl Kiarrsens * fetaa) ¥ aicated ta the gravid utenus for fital development {remaining part | - u, alkiated s BR)
Weaning witless  Matural weaning fanction in ELACT catian{emad)
Scas wnitless Seasonal cued driver gmod unitless For growth = expl—k gy, % AZE) 1sedl fior allocation 1o BR depasition during the narmal botation phase (0= 4 STy 4oqh
Modifications of allocation due to the environment (cmodg) 1zedl fior alkocation to BR depasition duning extended botation
TranSems (fgg) witless - rarmition function amplifyn emody. unitless For all functions the same model with different = 1/{1 + exp[-Rat o * (SAT — SAT 1]} 13ed for allocation to lactation during the nommal laction phase
actalion s e len SAT_ values 1sed for allocation to lactation during extended betation
Resource obtaining from the environment o Resources allocated 7 the exterklesd] botation effect on allocation ta lacttion
R‘;:"\: M-‘:j E‘:“"“:‘ ‘i“l"m‘j from the < Rdep Mlid To BR deposition —d = Roht 1sed for alkocation to grow
. oo i e st Rpreg MIid To pregnancy =(1—d) = p= Robt ancy
Resource obtaining from body reserves mobilization = . . = allocation (cmad)
Rmaby M Resource mohilized from BE Rlact Mpd To lactation =(1—dyx {1 —p) = Ix Rabt allocation s BR depasition
Rmaby, MJid Resouree mohilized from BR Rgrow Mlid To grawth =(L—dy#(1—p)#{l—1)* g = Robt .
; . allocation s pregrancy
. . | alkeation o batation
Robt Md Total ameunt ofeacures ot Rsurv MIid To survival =(1—dy= {1 —ph={l—1)= (1 g = Robt allocation o grawah
Rpreg_ foet MlId To fetal devel after pregnancy all =u, = Rpreg
Rpreg dep MlId To BR deposition after pregnancy allocation ={1 —uy) * Rpreg
Resource conversion m
dBR Net variation in B =t [(Rdep + Rpreg_depVE ., —(Rimoby, + Rmobg Vg, ] Hn
Gl Wariation in fetus mass =dt * Rdep_foet’Ey, et
MY cor Energy corrected milk yield =dt RlactEy o o cted milk
dBWnl Variation in nonlabile BW =dt » Rgrow/E, tarth
. vl clibaods
BR {age) Body meserves weight =BR (age- 1) +dBR .
- Y A - ) clibaod
.. _ «
R seas MI/d Variations of R ; due to seasonal factors Agu, * Seas
. : : = - - * X X * i
BWoff kg Evolutionary drive for offspring growth [1 = exp(-Kpworr * fac)]* Xp wpart * BWpart < weaning
. . . . . _ - «
Weaning unitless Natural weaning function in BWoff exp(—komwean * Hact)
Seas unitless Seasonal cued driver = TranSeas (t;,.,) * [(1 + sin{[2 x IT x (1, . — LagSeas)]/
lact lact
WaveSeas})/2]
DML Diry matter intake = Robtp/10.2
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Exemple 2 : reproduction
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Exemple 3 : gestion du troupeau

+ Mating length (d)

+ 30d
| Mating stopI—DIDiagnosisl

Voluntary
culling

Replacement
integration
m l
'E 1%' -7 Y Time
° 3 ; ] Y ; . (d)
.E € Replacement :[ Mating 1: Diagnosis Drying i Replacement i Voluntary
S o integration : ! SR off i ' culling
- 5 M : i Pregnant Non-pregnant H :
o g Matinggroup  : ¢ goat goat i :
s & S constitution - { management management i
- c o : ; i H
- 1 T v
c S O !
ﬂ LLLI LR IR atatt] N m
g HRBERBRERENEE BRI BRSNS ENEY R ] PP L B RBIIR B E IR, E
E L L L L L L U L LTI g
S : E !
] ] ' ) '
2 € Diet 3 | Diet4 | Diets Drydiet Extended ~pigt 11 piet2
a 2 change : change E change change change change: change
g | |
]
'-E ( v Time
3 (@
T Stepy + Step, + Sien, First kidding
length (d) length (d) length (d) T+ Mating length (d) /2

m + 150d + Step, length (d)

Event triggered

o Period of mating event @ nput date = by animal jovel v Feeding event [ITITT] Gestaticn

activation
v Reproductive event .
Lactation

Period of individual Calculated date - Eventtriggered by
FEEE kidding events occurrence |:I management event v Mixed event

Puillet et al, 2010




CATIs CODEX SICPA 2014-12-03

Approche multi-échelles : phénotypage fonctionnel

Figure 3. Dynamigue de réponse d'une fonction cible (production, reproduction,
survie...) de I'animal a une perturbation de son environnement (d'aprés Martin et
Sauvant 2010a).

Perturbation

t=1
100 _1
90 . »

Résilience

Délai
Amplitude

=—Fonction cible

Résistance

Temps

piece-wise Gaussian mixture model

Friggens et al, 2015 (in preparation)
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Approche multi-échelles : caractérisation des individus
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Approche multi-échelles : latent variables
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Approche multi-échelles : encore des données!

- alimentation (calculée, analysée), poids vif/pesée bi-journaliere, NEC
- traite, cinétiques de traite, contrdle laitier

- évenements sanitaires

- eauingérée (chevrettes + chévres)

- accélérometres
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Exemple, données de poids vif, 2011-2014
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Exemple, données de poids vif
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Modélisation systémique et analyse multi-échelles a
'unité MoSAR : savoir-faire et perspectives
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