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Why this question ?

New challenges for livestock production

– Climate change

– Food security

– Globalization

– Sustainability

– Competition for natural resources

– Animal health and welfare

– Biodiversity preservation

– …

 not a series of independent issues 

but a set of entangled issues 
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Why this is not simple ?

Multiple dimensions of livestock farming 

systems (LFS) to be put into perspective

Scale of approach enlarged from a local 

focus to a holistic view on agro-ecosystem 

functioning at territory level

 an intricate set of dimensions and scales
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What is complexity ?

Main hallmark of a complex object

• Organization of its components within a network of 

interrelationships

• Emergence of properties of the whole that are 

more than the properties of the parts

 Complicated is the opposite of simple  

Complex is the opposite of intelligible
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What is a LFS ?

• something
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the system
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What is a LFS ?

• something composed of many things
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farmers

farmlands

animals

products

crops

resources

facilities

wastes

...
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What is a LFS ?

• something organized in a network of relationships
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“animals produce wastes”

“farmers make decisions”
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What is a LFS ?

• something that make something
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“produce milk”
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What is a LFS ?
9

• something that make something

that make sense in something else
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What is a LFS ?
10

other LFS

landscapes

consumers

stakeholders

institutions

fauna/flora

pathogens

markets

water

soil

air

...

another system

• something that make something

that make sense in something else
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What is a LFS ?
11

• a system
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What is a LFS ?
12

• a system made of lower systems
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What is a LFS ?
13

• a system made of lower systems

incorporated in an upper system 
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Why LFS are complex ?

Systems of living systems
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How LFS are complex ?
15

farm level

territory level

animal level

HORIZONTAL

COMPLEXITY

VERTICAL COMPLEXITY
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Horizontal complexity ?
16

farm level

HORIZONTAL

COMPLEXITY
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Cross linkage

Classical view of the LFS
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Anthropical system

(husbandry activities)

Biological system

(physiological processes)

Multiple dimensions of the animal

from  a biological standpoint

and

from an anthropical standpoint
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Biological stanpoint
18

Animal

a set of physiological processes 

interacting with the farm level by 

way of exchanges



4

63rd Annual meeting of EAAP – Bratislava, Slovakia 27-31 August 2012

Martin and Sauvant, 2009

Olivier Martin - Why Livestock Farming Systems Are Complex Objects

Physiological processes
19
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co-productive 

system
non-productive 

system

productive 

system

reproductive 

system

Biological dimensions
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Husbandry activities
21

Animal dimensions

from a 

biological standpoint

Animal dimensions

from an

anthropical standpoint
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Anthropical dimensions
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individual of the 

zoological system

(groups and classes)

management entity of the 

human system

(decisions and practices)
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physical system

(spaces and moves)

budget line of  the 
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transformer of the 

organic system

(material/energy flows)
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Variables
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Variables
24
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LFS functioning

Husbandry activities

Physiological processes
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Zi

Pi

HiEi

Oi
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Modelling
26
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HiEi
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Mathematical

(Knowledge formalized by 

way of a system of 

equations)

Systemic

(Knowledge formalized by 

way of a system of 

interacting elements)

Empirical

(Development from data 

relative to effects)

Models

Theoretical

(Development from 

assumptions relative to causes)

Concept

(Abstract representation: diagram

Tool

(Concrete application: program)

27

63rd Annual meeting of EAAP – Bratislava, Slovakia 27-31 August 2012

Martin and Sauvant, 2009

Olivier Martin - Why Livestock Farming Systems Are Complex Objects

Modelling
28

Zi

Pi

HiEi
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Technical options
29

Zi

Pi

HiEi

Oi
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Trade-offs
30
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Synergies
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So what ?

Useful to

focus on interactions 

mix standpoints

32

farm level

HORIZONTAL

COMPLEXITY
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Vertical complexity ?
33

territory level

animal level

VERTICAL COMPLEXITY

farm level
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Hierarchical organization
34

farm level

territory level

animal level
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Hierarchical organization
35

biosystem level

organism level

organ level
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Hierarchical organization
36

cell level

tissue level

organelle level
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Hierarchical organization
37

batch level

herd level

individual level
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Elementary pattern
38

Interaction of components @ level N

Integration with components @ level N+1
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Physical view
39

Interaction of components @ level N

Integration with components @ level N+1

How does it work ?
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Interactions @ N
40

Interaction of components @ level N

Integration with components @ level N+1
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Network of interactions
41

Interaction of components @ level N

Integration with components @ level N+1

Network of interactions output = PROPERTY
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Output property
42

Interaction of components @ level N

Integration with components @ level N+1

Network of interactions output = PROPERTY
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Emerging function
43

Interaction of components @ level N

Integration with components @ level N+1

Network of interactions

Emergence of a FUNCTION

output = PROPERTY
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Interaction @ N+1
44

Interaction of components @ level N

Interaction with components @ level N+1

Emergence of a FUNCTION

Network of interactions output = PROPERTY
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Functional emergence
45

Interaction of components @ level N

Emergence of a FUNCTION

Integration with components @ level N+1

Network of interactions output = PROPERTY
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Upwards
46

Upward integration of elementary properties
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Functionnal emergence

From the interaction between

humans, animals and plants

emerge at the

farm

level the

production

function integrated in the

food supply

process at the

territory

level
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Functionnal emergence

From the interaction between

reproductive, endocrine and metabolic biosystems

emerge at the

organism

level the

reproduction

function integrated in the

perenity

process at the

species

level

48
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Functionnal emergence

From the interaction between

nucleus, reticulum, mitochondria and golgi apparatus

emerge at the

lactocyte

level the

milk casein secretion

function integrated in the

lactation

process at the

mammary gland

level
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So what ?

Generic view from property to function 

that can be applied at any level

Useful to

Consider the underlying elementary 

properties

Consider the meaning of the function in the 

upper level
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Interaction @ N+1
51

Interaction of components @ level N+1

Interaction with components @ level N
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Input environment
52

Interaction of components @ level N+1

Network of interactions intput = ENVIRONMENT

Interaction with components @ level N
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Interactions @ N
53

Interaction of components @ level N+1

Interaction with components @ level N

Network of interactions intput = ENVIRONMENT
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Structural immersion
54

nested STRUCTURE

Interaction of components @ level N+1

Interaction with components @ level N

Network of interactions intput = ENVIRONMENT
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Downwards
55

Downward integration of local constraints
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Structural immersion
56

Climatic conditions at territory level

Nutritional practice at the farm level

• Exchanges at the animal level

– Homeostasis at the biosystem level 

» Nutrient supply at the organ level

» Hormonal signal at the tissue level

» Regulation factors at the cell level

» …
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So what ?

Just a fact: the nesting of structures 

spread environmental constraints

Useful to

Consider environmental effects level by level

Consider properties (adaptation, robustness, 

flexibility, resilience,… ) at each level of 

organization
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Vertical complexity
58

STRUCTURAL 

IMMERSION

FUNCTIONAL

EMERGENCE
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Step of complexity
59

structural step 

in the 

organization of 

the whole order 

of the system

functional step      

in the      

emergence of      

the global property 

of the system
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Synergies
60

+ + =
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Trade-offs
61

Positive effects at one level can be 

associated with negative effects at other 

levels

cf. Puillet et al., 2012. ibid.
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Conclusion

How to address complexity of LFS ?

Think system

• Interactions are more important than parts
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Conclusion

How to address complexity of LFS ?

Draw schemes

• The task of decomplixify is to give insights
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Conclusion

How to address complexity of LFS ?

Make models

• All are wrong but some are useful
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Thank you for your attention

“In theory, there is no difference between 

theory and practice.                                   

But, in practice, there is.”

Jan L. A. van de Snepscheut
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