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Context

- 9 billion inhabitants in 2050 o —

Biosphere integri
P grity EMSY Novel entities

- Anincrease in food demand -
- Food transition towards more
. Land-system ' Stratospheric
meat Consumpt|on change ozone depletion

- Anincrease on natural
resources, lands, water,

Atmospheric aerosol
Freshwater use

. . . loadi
biodiversity pressures o
N Ocean acidification | g Beyond zone of uncertainty (high risk)
- O In zone of uncertainty (increasing risk)
Overpass of ecosystems iogeochamical flows 5 nzon f ety (ncressg

carrying capacity

‘ Changes in food production paradigm Steffen et al. (2015)
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Ecological intensification of
agriculture

- Use of biological regulation to manage agro-ecosystems, at field, farm and
landscape scales (Doré et al., 2011)

- Increase the system efficiency using ecology’s levers (Griffon, 2010)

- Integrating context-appropriate bundles of ecosystem services into crop o sl
production systems (Bommarco e tal., 2013)

Integrating agroecology principles and ecosystem services framework
in agricultural systems

In order to :

Maintain/increase production levels 4 Applied to N
Decrease the dependence on artificial inputs aquaculture
Respect the fragile resources systems
Decrease pollutant emissions i ¢
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%?ves tié%e and apply ecological intensification

i ﬁ Increase autonomy

- Improve efficiency

- - Functions complementarity and integration

®
[@Eg - Diversification of ecosystem services

@ - Inclusion of know how, local knowledge o fp
¥
. - Improve territorial integration Qhéé; i
e
- Involvement of stakeholders Plscenr
ANR
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Ecosystem services adapted to ponds
from MEA (2005)

- Primary production
- Fauna and flora
protection

- Habitat and refuge
- Plant multiplication
- Nutrient cycling

- Spiritual

- Inspiration
- Education

- Recreation
- Attractivity

|NR/AN
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Cultural
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Food

Fresh water
Combustible/Fuel
Fiber

Genetic resources
Biochemistry, medig
pharmacology
Ornemental resource:
Fertilizer

Climate
Hydrology
Protection against
natural hazards
Pollution control
depollution
Regulation of eros
Biologic regulatio
Disease regulatio




Issues of pond aquaculture sector in France

e A patrimonial activity (from Middle Age)
* A component of the landscape

* Alow fish productivity (200 kg/ha/year)
e A decline of the fish production

* Controversial interactions with the
environment

 Multiple use by different actors: fish
production, recreational, hunting,
angling, water reservoir, protected
wetlands and biodiversity
conservation...
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d!fhe &Faccountmg framework
Qe \Q'b Inputs and services

Adapted from (Cavalett et al., 2006)

Total Emergy (Y)

Nature contribution (/) Feedback from economy (F) il
Renewable Non renewable Material (M) Services (S)
resources from resources from
nature (R) nature (N) Renewable Non- Renewable | Non-
materials | Renewable services | Renewable
and materials () services
energy and (Sn)
(Mg) energy
(My)
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Methodology: Emergy accounting

Emergy Indicators:

Transformity

Tr = Y/Energy F=M=+ S Feedback from
economy

Renewability Nature contribution @ @ o vt
%R = 100(R/Y) =R+ N i
Emergy yield ratio l l Y=1+F
EYR = Y/F

— ——— Produc
Emergy investment ratio @
EIR = F/I E
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Methodology

Specific survey
29 fish farmers

4

Choice of 10 services
in a list of 28 +

Hierarchization

4

4

Life Cycle Inventory

Calculation of a
ranking score

4

2 2

Life Cycle Impact
Assessment
(CML 2, Recipe EP)
Emergy Accounting

\ 4

Correlation analysis
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Emergy Accounting framework

Total Emergy (Y)

Renewable Non renewable Material (M) Services (S)
resources from resources from
nature (R) nature (N) Renewable Non- Renewable | Non-
materials | Renewable services | Renewable
and materials (Sa) services
energy and (Sw)
(M) energy
(My)

Emergy Indicators:

Transformity Renewability Emergy investment ratio
Tr = Y/Energy %R = 100(R/Y) EIR = F/I
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Studied areas :
2 polyculture ponds areas in France

- Brenne: « land of thousand
ponds », Natural Regional Parc

involved in bird protection Brenne Lorraine
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Scores of services perception by farmers

Pollutants retention and decontamination
Local climate regulation

Production of fibers and fertilizers.
Participation in nutrient cycling
Production of plankton

Landscape
Protection against fires and flooding
Artistic inspiration and sentimental value
Link with religion and traditions

Source of knowledge

Leasure and ecotourism

Reservoir of fresh water

Hydrological regulation

Environmental awareness

Spawning and breeding grounds
Protection of wetlands

Refuge and nesting sites for migratory birds
Biodiversity protection

Fish Production

Hunting and angling

1
1

- Provisionning services
Regulation services
Cultural services
Support services
|
|
120 140 160 180
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Emergy indicators & E. Services correlations

Emergy Indicators Ecosystemic
Significant gy services
correlations —
o O Fish
p<0.05 Renewability production
1 Fresh water
Emergy provision
Investment
Ratio (EIR)
T So of
Legend l knowledge
s Emergy Index of
Posit
Conelation Sustainability
Negative (E}S) Landscape
“— T Correlation .
| — Prg::'izg'sng Environmental Source of
Loading Ratio artistic
Cultural (ELR) inspiration,
Senvices T Sentimental
| value
3 Support
Services y -
Emergy Yield
Ratio (EYR) Nutrient cycle




Emergy indicators & E. Services correlations

£ Indicat Ecosystemic
Significant mergy Indicators services
correlations
% of (-0.59) Fish
p<0.05 Renewability |~ — — — — — — — "l production
(0.36)

Renewability

Fresh water

%R = 100(R/Y) provision
Legend
Positive
Correlation
Negative
“— T Correlation
[ Provisioning (0.36)
Services Sg:'lt?s:ficc’f
Cultural insl-on,
Services Sen‘:;rlr:::ntal
— Support
Services




Emergy indicators & E. Services correlations

£ Indicat Ecosystemic
Significant mergy Indicators services
correlations —
IS
p<0.05 production

Legend

oM.

Positive
Correlation

Negative
~ Correlation

— Provisioning

Services

Pr—

Environmental
Loading Ratio

Cultural (ELR)

Services

[ Suppor

Services




Discussion

LCA is sensitive to yields (tonne fish/ha) and technical inputs use
Emergy accounting reflects more natural inputs use

There are correlations between perception of services by fish
farmers and environmental assessment indicators, but they are

weak. .

A correlation doesn’t mean that you can use the environmental |
indicators as a direct measurement of ecosystem services

The observed correlations are explained by:
— the inclusion of natural resources in the productive system

— the attention paid to provisionning, support, regulation or
cultural services.

It reflects a proper consistency between the production
objectives, the environmental profile and the perception of the
environment by the farmers
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Discussion

Emergy accounting reflects more natural inputs use

LCA is sensitive to yields (tonne fish/ha) and technical inputs use
The observed correlations are explained by:

— the inclusion of natural resources in the productive system

— the attention paid to provisionning, support, regulation or
cultural services.

It reflects a proper consistency between the production
objectives, the environmental profile and the perception of the
environment by the farmers

There are correlations between perception of services by fish
farmers and environmental assessment indicators, but they are
weak.

A correlation doesn’t mean that you can use the environmental
indicators as a direct measurement of ecosystem services
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Conclusion

* The assessment of energy flows by Emergy accounting
permits to characterise the ecological efficiency and
the dependence to economy/natural ressources

* This study is a step towards joint studies including .
ecosystem services perception and environmental
impacts in ecological intensive systems

* Results highlight the need to initiate integrated
management of ecosystems by taking into account
perceived values and uses of services and impact
assessment of the activities
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