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Observed decline of specific
ity Ih Agro-ecosystems

Over the last 40 years, agricultural extension
and intensification of land use has induced
profound changes in distribution and dynamics
of farmland biodiversity (e.dustard

patrimonial species) and in the functioning of
European agroecosystems:

Bignal and McCracken, 1¢
Robinson and Sutherland
Gregory et al., 2004

Simplification/specialisation of agricultural
landscapes, abandonment of less fertile
farmland areas, increase in the input of
pesticides and fertilisers per unit area




Drastic Land Use changes in France
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The BiodivAgriM ANR project

Context ~ 40 researchers, 2008 - 2011

« Agroecosystems are mainly private properties, whosardyas need to be
better understood in order to preserve their biaditye

* Nine French research teams have recently joinedskdls in a multi-
disciplinary projectBiodivAgriM, whose main goal is to test, validate, and
predict the consequences of different scenarii ofdaaple changes on the
distribution, abundance and persistence of biodiwersiagroecosystems.

Modelling stakes

» A central goal of this project was to generate &irpurpose modelling
platform (WP4), which would make it possible to caugifferent spatially
explicit models toward the same objective: to undasthe impacts of
agricultural practices on biodiversity.

 Such a modelling approach was a real challengethdlggh about either a
unique integrated platform or different models tacbapled or compared.



Some questions addressed

1. Do our present system of incentives and constrainggocultural
activities generate landscape mosaics allowing bicsityectonservation?

2.  How will be impacted species abundances, depermdhiirigese system
choices?

3. How land covers and land uses do constrain the dgeand persistence
of bird or small mammal populations?

4.  How land cover drivers such as crop rotations,atiag, soil fertility and
cropping systems influence landscape structure?

5.  Should we build several specific models, or buitdadal modelling
platform coupling the various models developed fmhequestion?
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An illustration follows...

The
(modeling)
WP4
architecture

We managed to organize
available models amongst the
teams involved in this project
within a coherent scheme, thus
articulating the specific issues
related to landscape in biology,
ecology, socio-economy,
geography, and agronomy
disciplines.



How feasible Is a generic model?

It rapidly appeared difficult to build from scratch an integrated modelling platform,
wanted by mathematical and computing scientists, while ecologists and socio-
economists needed more time to improve their understanding of processes.

DYPAL
LandsFacts 2
—t e
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e > I"#'$ Bamiére L. et al.; Barraquand F. et

al.: Gibbon A. et al.; Gaucherel C. et
al.: Houet et al.; Joannon et al.;
Lazrak et al.; Sheeren et al. (2009) ...



lllustration: A2 model coupling

Context:

Conservatiorof a patrimonial carab
species in agricultural zones ;
Obijectives:

To identify landscape structures
favourable to the species, by the use
of a “landscape language

Gaucherel et al. 2006

5 3K}§"1° = I Gaucherel, Boudon, Houet, Godin, Submitted.
|
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Hypotheses :

Intermediate hedgerow isolation and higher
landscape contagion (connectivity) are
favourableto the carab species conservation;

Method:
Modelling the landscape language associated tetudy sitePolders in Brittany (1164

various landscapeonfigurations and model landscape units, fields + dykes 4%);
population dynamics on them. mainly intensive agriculture.

‘Pterostichus melanariudll



Landscape model: DYPAL

In progress: a model to translate dynamical equations into simulations, with
the Free / Opensource / Interactive Java® version (DYPAL prototype);

File Project ‘Window Help

2 DYPAL 1.0 [D¥Ynamic PAtchy Landscape model]

Computation  Log

~Images and calolations

[=-Parcelle_region.s. ..
tation 1

rComputation stages

1. Choise Image
2. Choise Operations
3, Priority Operations.

Unit chain merging
~Time Featur

Intial landscape Landscaps computation steps | Finallandscape |

n S

Trprt  Eatnr:

Help

~Landscape information

e Al - 2 -Q
Landscape computation

rChoise Oper.atior.

e | [

- Thumbnail

'._‘

Available transformation Defined transFormation

Landscape composition”

LInit rotation

=

Execution;

Oceurrence probabily: (%)
Starting step:

Duration: {steps)

Frequency: (steps)

Total duration: (steps, ==10)

Op. duration

" Paralsl & Sequential

1/ Op. Frequency

0=
HH } } o —
| Op. validity period r L 1 E‘
1
Run duration UE

- Spatial Featur
heighbouring unit bo be merged:

Randam 10
Colour chaice (more) nbr:3 unithbr: -1

Landscape urit number: | -13:
] |
=

10
~ I
(] 10 zl

- Transfarmiation option:
Total number of u
Meighbouring unit ta be merged:

Colour choice (more)

n:ha.merged:

Landscape unit number: | 13:

Cancel I

Shep O

ST BM 1467 111 -
P robi(255,0,73) [z03

weesemeyR AL OF

( Wourl \ ¥ " hbrofunic

rob(0,182,255) 2%
rabi(36,255,0) 127
rgb(255,109,0) P16
rob(219,255,0) 20z =

—Current landsrape saving:

Format: IJPEG o
Resolution : 500 =] ok |

'Computation_\mfurmatidu
Run properties: 10

Wisuslization period: | 1= Ok

Landscape loaded:Parcelle_region.shp

| Successively used tranformations:

Uinit rotation deb: du:1 F:1.0 p:0/n TYPE SELECTION F

©C.
Gaucherel, F.
Escandel &
C. Le
Brouster,
INRA

q | i

ft}ll.émanel_'l 29 (] @ 2| 3 Dides DerneshCEDRL.. @.EéuchereLLand:capeMu... Ijé‘l DYPAL 1.0 [D¥namic._

|

Fiechercher sur lordin 2,

[2EH9 ., Neo#, 166




The landscape “language”

Intensive diary and beef livestock production « Common use of transition

matrices (Markov) or rule-based
models (MAS, SIG).

. _ * Yet, to our knowledge, no real
Agricultural rotations locatedearby the farmstead 500 m

attempts to formalize (equations)

Gaucherel, Houet, Boudon, Godin Submitted patchy Iandscape dynamics ex|st.

Language inspired from « formal grammars » (e@ystems).
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Chomsky 1956; Lindenmayer 1971, Barbier de Reuille @6



The population dynamics model

Coupling of population and landscape models, by fogusnmigratory fluxes
between each landscape pair - unit and by studying jihiagd dynamics.

—_—————eeee e a1

)
T
-}
Use ofSpatialized coupled S v
Leslie matrices (each __--E A
. . _-- o) —
gs?olcollated C’:odlokcal Populatlons - Z T Months ;35
in fields and dykes): .%?
o+——»
P Months
melgn® out = Nblnqn out) * I—in(:on‘(\n-out) /(Surfnlsur[)ut)
High
density  Close to
7 0 24 f metapopulation
Y5 f : 2% s, ~ models, except

that the whole
landscape (and
its complexity) is

Low  considered.
density




Spatialized population dynamics

Types: n°1
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Choice of (static) landscape compositions/configorei..
» Observed optimum for the population (significant8.33) along
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Conclusion

B3 » A central goal of the BiodivAgriM project
was to generate a multi-purpose modelling
platform (WP4), which would allow to
couple various spatially explicit models

toward the same objective: to understand the
impacts of agricultural practices on specific
\ biodiversity.

Ecological objectives
or * No doubt that some of our models would
Incentives : : :
test, validate, and predict the consequences
/ of different scenarii of landscape changes on
the distribution, abundance and persistence
of biodiversity in agroecosystems.

e Such a modelling approach was a real
challenge. The topic is probably not mature
enough to build a unique integrated platform
(If ever needed?).
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