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Ruminants are 
often confronted 
with 
perturbations.
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INTRODUCTION AND CONTEXT

• It is difficult to compare performance of animals which 

have undergone perturbations.

• Evaluating the effect of these perturbations on milk yield 

could provide metrics to quantify how animals cope with 

their environment.

• It is necessary to transform raw data into useful 

information for technicians, farmers and researchers.
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INTRODUCTION AND CONTEXT

• Data used: Lactation data obtained on 10 goats during 

a ruminal microbiota trial conducted by V. Berthelot and 

L. Broudiscou in 2014.

• Software used: prototyping with ModelMaker 3 

(Cherwell, 2000) and implementation with R 

4



PLAN

• INTRODUCTION AND CONTEXT

• MODEL CONCEPT AND FORMALISM

• FITTING ALGORITHM

• SOME RESULTS

• PRACTICAL APPLICATIONS AND CONCLUSIONS



MODEL CONCEPT AND FORMALISM

• To describe perturbations affecting milk yield

we use:

The combination of 2 models: 

- a lactation model

- a model of perturbation
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MODEL CONCEPT AND FORMALISM

• The lactation model:

- a dynamic mathematical model  Wood (1967)

𝑊 𝑡 = 𝑎 . 𝑡𝑏 . exp(−𝑐 . 𝑡)
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MODEL CONCEPT AND FORMALISM

• The model of one perturbation:

- a 3-compartment model (law of mass action) describing

a single perturbation as a transient proportional decrease in 

milk yield, through a sequence of collapse and recovery.
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MODEL CONCEPT AND FORMALISM

• The model of N perturbations:
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With

If 𝑘𝑖,1 ≠ 𝑘𝑖,2: 𝑃𝑖 𝑡 =  𝑖=1
𝑛 (

𝑘𝑖,0.𝑘𝑖,1

𝑘𝑖,1−𝑘𝑖,2
. (exp −𝑘𝑖,2. Δ𝑖 𝑡 − exp −𝑘𝑖,1. Δ𝑖 𝑡 ))

If 𝑘𝑖,1 = 𝑘𝑖,2: 𝑃𝑖 𝑡 =  𝑖=1
𝑛 (𝑘𝑖,0. 𝑘𝑖,1 . Δ𝑖 𝑡 . exp −𝑘𝑖,1. Δ𝑖 𝑡 )

And Δ𝑖 𝑡 =  
0 𝑖𝑓 𝑡 < 𝑡𝑝𝑖
𝑡 − 𝑡𝑝𝑖 𝑖𝑓 𝑡 ≥ 𝑡𝑝𝑖

𝒀 𝒕 = 𝑾 𝒕 . 

𝒊=𝟏

𝒏

[𝟏 − 𝑷𝒊 𝒕 ]

Where:
𝑖 : perturbation number
𝑡𝑃𝑖 : time of start of the 𝑖𝑡ℎ perturbation

𝑘𝑖,0 : parameter of intensity of the 𝑖𝑡ℎ perturbation (𝑘0 E ]0 ; 1])

𝑘𝑖,1 : parameter of collapse speed of the 𝑖𝑡ℎ perturbation 

𝑘𝑖,2 : parameter of recovery speed of the 𝑖𝑡ℎ perturbation
𝑛 : number of individual perturbations over 𝑡 ranging from 0 to the end 
of lactation
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Where:
𝑖 : perturbation number
𝒕𝑷𝒊 : time of start of the 𝑖𝑡ℎ perturbation

𝑘𝑖,0 : parameter of intensity of the 𝑖𝑡ℎ perturbation (𝑘0 E ]0 ; 1])

𝑘𝑖,1 : parameter of collapse speed of the 𝑖𝑡ℎ perturbation 

𝑘𝑖,2 : parameter of recovery speed of the 𝑖𝑡ℎ perturbation
𝑛 : number of individual perturbations over 𝑡 ranging from 0 to the end 
of lactation



MODEL CONCEPT AND FORMALISM

8

Where:
𝑖 : perturbation number
𝑡𝑃𝑖 : time of start of the 𝑖𝑡ℎ perturbation

𝒌𝒊,𝟎 : parameter of intensity of the 𝑖𝑡ℎ perturbation (𝑘0 E ]0 ; 1])

𝑘𝑖,1 : parameter of collapse speed of the 𝑖𝑡ℎ perturbation 

𝑘𝑖,2 : parameter of recovery speed of the 𝑖𝑡ℎ perturbation
𝑛 : number of individual perturbations over 𝑡 ranging from 0 to the end 
of lactation



MODEL CONCEPT AND FORMALISM

8

Where:
𝑖 : perturbation number
𝑡𝑃𝑖 : time of start of the 𝑖𝑡ℎ perturbation

𝑘𝑖,0 : parameter of intensity of the 𝑖𝑡ℎ perturbation (𝑘0 E ]0 ; 1])

𝒌𝒊,𝟏 : parameter of collapse speed of the 𝑖𝑡ℎ perturbation 

𝑘𝑖,2 : parameter of recovery speed of the 𝑖𝑡ℎ perturbation
𝑛 : number of individual perturbations over 𝑡 ranging from 0 to the end 
of lactation



MODEL CONCEPT AND FORMALISM

8

Where:
𝑖 : perturbation number
𝑡𝑃𝑖 : time of start of the 𝑖𝑡ℎ perturbation

𝑘𝑖,0 : parameter of intensity of the 𝑖𝑡ℎ perturbation (𝑘0 E ]0 ; 1])

𝑘𝑖,1 : parameter of collapse speed of the 𝑖𝑡ℎ perturbation 

𝒌𝒊,𝟐 : parameter of recovery speed of the 𝑖𝑡ℎ perturbation
𝑛 : number of individual perturbations over 𝑡 ranging from 0 to the end 
of lactation



MODEL CONCEPT AND FORMALISM

8

1 P 2 P 3 P

Where:
𝑖 : perturbation number
𝑡𝑃𝑖 : time of start of the 𝑖𝑡ℎ perturbation
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• PLM fitting algorithm is sensitive to parameter initial 

values

 A screening step was therefore set up to tune initial 

values.
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Days in milk

 3 perturbations
 273 data  15 

parameters
6.7 % of milk 

losses
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Days in milk

 6 perturbations
 265 data  27 

parameters
 18.9 % of milk 

losses



PLAN

• INTRODUCTION AND CONTEXT

• MODEL CONCEPT AND FORMALISM

• FITTING ALGORITHM

• SOME RESULTS

• PRACTICAL APPLICATIONS AND CONCLUSIONS



PRACTICAL APPLICATIONS AND CONCLUSION

Conclusion:

• Characterize quantitatively animal responses to perturbations 
(robustness, resilience, …).

• Transform data collected into useful information for farmers, 
technicians and researchers.

• Compare milk yield performance of animal having undergone
perturbations (infered potential curve, diversity of perturbation 
shape).

• Detect problems in farm environment (same calendar day
perturbation).

Perspectives:

• Work in progress (automation, improve fitting algorithm, 
application to different species, early warning signal)
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