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Biodiversity loss in farmlands is widely documented, and agriculture intensification has been identi-
fied as a main driver of this decline. Numerous agri-environmental policies have been implemented to
assess the negative impacts of agricultural intensification on biodiversity. However, most published stud-
ies focus on land-use scenarios, thus neglecting the economic dimension. We develop a bio-economic
spatially explicit modelling across 620 small French agricultural areas, which couples a public decision
maker under budgetary constraint, regional economic agents in a context of uncertainty and breeding
bird dynamics. Using dynamic models, we analyse the direct impacts of several current economic scenar-
ios of the Common Agriculture Policy on common bird communities through five ecological indicators,
all related to breeding populations of birds in farmlands: the farmland bird index (FBI), a generalist bird
index (GBI), the Shannon diversity index,acommunity specialization index (CSI) and a community trophic
index (CTI). We consider these indicators to scan various functional traits of bird communities. Trends
in the different indicators are significantly contrasted pending on economic policy scenarios. Scenarios
promoting intensive crops lead to small but specialized communities with more granivorous species,
hence a low trophic level for the community. By contrast, promoting extensive grasslands increases the
population size, enhances high trophic level but decreases community specialization. Evaluation of agri-
cultural policies should not rely on a single indicator per taxonomic group. In the context of potential
reversal of current bird declines, bio-economic modelling, involving farmland incomes, is proposed as a
relevant support for decision making about sustainable agri-environmental policies. Promoting exten-
sive grasslands is essential for the sustainable management of bird communities and agriculture. We,
however, reveal more complex economic effects and synergies between public incentives, which appear
to give interesting leverage for enhancing the bio-economic effectiveness of agricultural policies.

© 2011 Elsevier Ltd. All rights reserved.
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1. Introduction

Numerous monitoring programs have reported farmland bio-
diversity losses across continents in recent decades with special
focus on bird declines (Butchart et al., 2010; Donald et al., 2001;
Flowerdew and Kirkwood, 1997; Sotherton and Self, 2000). The
impacts of agricultural intensification on biodiversity are particu-
larly strong on bird populations (Chamberlain et al., 2000; Krebs
et al., 1999). Global changes in European agriculture, including
intensification and land abandonment, have significantly modified
farmland bird communities (Donald et al., 2001, 2006; Devictor
et al., 2008). Such erosion is mainly induced by a combination of
habitat loss and fragmentation and of degraded habitat quality
altering the reproductive success and/or survival of individu-
als (Benton et al., 2003). In this context, the need to reconcile
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agricultural production and biodiversity is of particular concern
(Jackson et al., 2005). In the European Union, since the 1990s, sev-
eral public policies have been dedicated to limiting the negative
impacts and externalities of agriculture on biodiversity. Typically,
agri-environmental schemes have been implemented so that farm-
ers receive financial support for adopting environment-friendly
agricultural practices (Kleijn and van Zuijlen, 2004). There is an
extensive and increasing literature concerning agri-environmental
schemes and policies for multi-functional agriculture (Albrecht
etal.,2007; Batary et al., 2007; Kleijn and van Zuijlen, 2004; Miinier
et al., 2004; Taylor and Morecroft, 2009). Still, fifteen years after
the implementation of such instruments, whether providing habi-
tat quality conflicts with management for agricultural production
remains controversial (Butler et al., 2007; 2006; Vickery et al.,
2004). One limit of the evaluations performed is the focus on land-
use scenarios, ignoring the economic behaviour of farmers facing
public incentives (Scholefield et al., 2009). As agricultural poli-
cies are mainly proposed in economic terms, the introduction of
economic dimensions appears as essential to define sustainable
management of both agriculture and biodiversity (Mouysset et al.,
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2011). As pointed out by Hughey et al. (2003) and Perrings et al.
(2006), there is a need for approaches integrating economic criteria
in conservation problems.

In order to analyse potential trends of different agricultural poli-
cies on biodiversity, the present paper develops a bio-economic
model, which articulates a national decision maker, regional farm-
ers and biodiversity dynamics for France. To give strong realism to
the scenarios, we integrate a national budgetary constraint and cal-
ibrate the model with ecological, farming land-use and economic
databases. To characterize biodiversity, we focus on breeding birds,
which are largely recognized as a representative biodiversity com-
partment highly sensitive to agricultural practices (Gregory et al.,
2009), although the metrics and the characterization of biodiver-
sity remain an open debate (Le Roux et al., 2008; MEA, 2005). Focus
on breeding birds is further justified because (i) birds lie at a high
level in the trophic food chains and thus capture the variations in
the chains; (ii) birds provide ecological services, such as the reg-
ulation of invertebrate and rodent populations and pest control
(Sekercioglu et al., 2004); (iii) their close vicinity to humans makes
them a simple and comprehensive biodiversity index for a large
audience of citizens (Ormerod and Watkinson, 2000).

In direct line with these considerations, the European Union
has adopted the farmland bird index (FBI (Gregory et al., 2009)) as
an indicator of structural changes in biodiversity (Balmford et al.,
2005). However, beyond changes in bird abundances, commu-
nity traits and functions are only vaguely summarized by a single
indicator (Barbault and Chevassus-au-Louis, 2004), while various
indicators are available in the literature to describe and analyse bird
communities. State indicators such as the Shannon-Wiener diver-
sity index or the EU farmland bird index are widely used to quantify
biological diversity and associated trends in farmlands. Doxa et al.
(2010) reports the relevance of the FBI to reflect the response of
farmland biodiversity to agriculture intensification. Other trait- or
function-based indicators referring to community specialization
(Julliard et al., 2006) or trophic level (Pauly et al., 1998) explore
functional characteristics of the communities. Bird communities
are more specialized in unaltered and non-fragmented habitats,
including farmlands (Devictor et al., 2008), while higher trophic
levels should testify to unaltered food chains and therefore com-
munities ensuring more ecological functions. In this perspective,
we used different ecological indicators to analyse the performance
of our bio-economic modelling.

2. Material and methods

We developed a spatialized bio-economic model over the 620
small French metropolitan agricultural areas (PRA, “petite région
agricole”). Their consistency at both agro-ecological and economic
levels makes them particularly well-suited for our modelling and
analysis. As in Mouysset et al. (2011), three compartments are
linked: national public decision maker, regional economic agent
and bird community (Fig. 1).

2.1. The ecological model

To assess ecological performance, we focus on common farm-
land birds (Ormerod and Watkinson, 2000). Bird populations are
driven by Beverton-Holt dynamics (Beverton and Holt, 1957)
which capture intra-specific competition through the carrying
capacity parameter:

1+ Rs,r
1+ (Ns.r(£))/(Ms,r(£))
where N; (t) stands for the bird abundance of species s in PRA T at

year t. The R coefficient corresponds to the intrinsic growth rate
specific to a given species s. The product M (t) x Ry represents the

Ns,r(t“‘]) :Ns,r(t) (1)
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Fig. 1. Model coupling: farmers adjust their agricultural systems pending on eco-
nomic uncertainty and incentives. These choices affect bird community dynamics.

carrying capacity of the habitat r and the value M (t) captures the
ability of the habitat to host the species.

This habitat parameter depends on the agricultural land-uses
chosen by the farmers (Eq. (2)) as follows:

Msr(£) = bs,r + Zas,r,k-Ar,k(r) (2)
k

where surfaces A, (t) including crop or grasslands are detailed in
Table 1. Consequently, the a and b coefficients, specific to each
species, inform on how such species s respond to various agricul-
tural systems k in a PRA 1. The bs coefficient can be interpreted as
the mean habitat coefficient for a species s in a PRA r. The ecolog-
ical model is calibrated for each PRA in order to integrate regional
agro-environmental features.

2.2. The micro-economic model

We considered 620 PRA of metropolitan France, so we have
620 regional economic standard agents with 620 representative
farms. A representative farm does not really exist and represents
an ‘average’ farm for the PRA. We compute these historical char-
acteristics by averaging those of all the real farms of the PRA.
As PRA has an agricultural and ecological homogeneity, all real
farms in a PRA have similar characteristics and joining them
in a ‘mean’ farm makes sense. The regional economic standard
agents select their agricultural land-uses in order to maximise
their utility under technical constraints. These choices, made in an
uncertainty context, depend on expected gross margins, financial
incentives specified by the public (national) decision maker and
current land use areas. This approach refers to stochastic maximi-
sation under constraints, usual in bio-economic modelling (Lien,
2002).

Farmer's income in PRA r at year t denoted by Income,(t) relies
on the gross margin gm,.(t) for the year t, current agricultural activ-
ities A, x(t) and incentives 7, (t) which take the form of taxes (4 <0)
or subsidies (7, >0) (Eq. (3)). Gross margins gm, (t) are taken to
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Table 1
Proportion of the French agricultural area dedicated to the the 14 agricultural systems named OTEX in the initial states 2008 and under the statu quo scenario in 2030 and
2050.
Initial states Statu quo scenario Trend
2008 2030 2050

(1) Cereal, oleaginous, proteaginous 25.8% 13.3% 4.37% N\

(2) Variegated crops 0.500% 1.88% 4.19% 7

(3) Intensive bovine livestock breeding 17.2% 22.7% 9.79% ¢

(4) Medium bovine livestock breeding 5.75% 6.02% 3.00% o

(5) Extensive bovine livestock breeding 15.5% 5.13% 1.53% o

(6) Mixed crop-livestock farming with herbivorous direction 0.860% 3.56% 4.61% /

(7) Other herbivorous livestock breeding 5.07% 4.03% 3.01% —

(8) Mixed crop-livestock farming with granivorous direction 0.01% 0.04% 0.22% —

(9) Mixed crop-livestock farming with other direction 20.4% 11.4% 3.08% e

(10) Granivorous livestock breeding 2.46% 15.0% 33.0% /’

(11) Permanent farming 1.05% 1.81% 1.36% —

(12) Flower farming 0.971% 6.41% 21.8% 7

(13) Viticulture 4.19% 8.10% 8.11% Ve

(14) Others associations 0.005% 0.007% 0.01% —

be uncertain. The variability on gross margins includes both mar-
ket, production and climate uncertainties. A Gaussian distribution
parameterized with the mean and the covariance matrix of the
historical data is chosen to capture such uncertainties.

Incomey () = Y gmy () Ay (6) - (1 + T(£)) (3)
k

For each year t, the regional standard agents chose their agri-
cultural systems A(t) in order to maximise their utility in an
uncertain context (Eq. (4)). This utility corresponds to the expected
income, which depends on the expected gross margins gm,. (t)
computed with the 7 historical gross margins (2002-2008) (Eq. (5)).

maxs, , Utility,(£) = maxa,, 80, 4(6)- Ark(D)-(1+7(6)  (4)

k

t=2002

=g > gm0 (5)

t=2008

The agricultural choices are limited at every time t by capital
and rigidity constraints:

JAr k() = Arg(t = 1) < € Arg(t — 1) (6)

D A=A (7)
k

The rigidity constraint (Eq. (6)) limits the area that the farmer
can change at each time for each agricultural system. It captures
change costs and limits change speed quantified by the parameter
&.The constraint (Eq. (7)) ensures that the total agricultural surface
Arin a PRA is kept fixed.

2.3. The public policy model

The national decision maker selects economic incentives scenar-
ios T (t). It defines taxes and/or subsidies for different agricultural
activities k according to specific objectives and a budgetary con-
straint. For all scenarios, incentives t,(t) are assumed to be linearly
decreasing with time, from 2009 to achieve 0 in 2050 (Eq. (8)).
Such decreasing incentives capture the current trend of common
agricultural policy (CAP) perspectives.

t —2009 )

() = 74(2009) (1 - 352

(8)

We develop five scenarios to test different perspectives of CAP:

e A statu quo (SQ) scenario, with no further tax or subsidy. It pro-
longs the current trend and leads to defining marginal effects of
the other policies compared to the current evolution.

° A crop (CR) scenario, which promotes
cereal-oleaginous-proteaginous crops (COP). We here test
a pattern of intensification typically associated with the
development of bioenergy.

e A grassland (GL) scenario with subsidies to extensive grasslands.
It corresponds to the opposite pattern of the intensification sce-
nario and promotes extensive agricultural systems with low
intensification, small fields and many linear elements.

¢ A double subsidies (DS) scenario with subsidies to both COP and
extensive grasslands. This scenario is the closest to the current
situation.

¢ Ahigh quality environment (HQE) scenario with taxes on COP and
subsidies to extensive grasslands. As with the Grassland scenario,
the objective of this scenario is to favor extensive agriculture but
with a more intensive policy.

Two scenarios make it possible to study potential synergies
(HQE scenario) or antagonisms (DS scenario) between incentives.

To define the initial level of incentives t,(2009) for the agri-
cultural systems underlying the scenarios, it is supposed that the
public stakeholder complies with a budgetary constraint. We define
the national budget as the sum of public incentives distributed over
the 620 PRA (Eq. (9)).

Budgetya (£) = > Y gm, i (£) - A () - Ti(t) (9)
r k

Incentives 7,(2009) are such that the national budget required by
the decision maker has to remain lower than the current budget
Budgetn,:(2008) at each year t (Eq. (10)).

Budgety,:(t) < Budgety,:(2008) (10)
2.4. Data

To calibrate this model, several databases have been articulated:
the Farm Accountancy Data Network! (FADN) and the Observa-
tory of Rural Development? (ODR). Fourteen classes of agricultural
systems, named OTEX (Orientation Technico-Economique) and dis-
played in Table 4 are distinguished in this manner. Each PRA
is a specific combination of these OTEX. The surfaces dedicated

1 http://ec.europa.eu/agriculture/rica/.
2 https://esrcarto.supagro.inra.fr/intranet/.


http://ec.europa.eu/agriculture/rica/
https://esrcarto.supagro.inra.fr/intranet/

212 L. Mouysset et al. / Ecological Indicators 14 (2012) 209-221

400

300

National abundance

200

100+

{‘l T T T T T
2002 2003 2004 2005 2006 2007 2008
Years

Fig. 2. Comparison between historical (red) and estimated (black) national abun-
dances with the least square standard errors of calibration (dashed lines) for one
of the species considered, the Wood Lark Lullula arborea. (For interpretation of the
references to color in this figure legend, the reader is referred to the web version of
the article.)

to each of the 14 OTEX and the associated fiscal bases which
are gross margin markers, for the years 2001 to 2008 are avail-
able on the ODR website. Gross margin is an economic indicator
broadly used in bio-economic modelling (ten Berge et al., 2000;
Pacini et al., 2004) and agricultural economics (Lien, 2002). The
budgetary constraint was calibrated with the current French CAP
budget.

For the ecological part of the model, we used data provided by
the national breeding bird survey (BBS) implemented in France
since 2001. Among the common breeding species monitored by
this scheme, we focused on those 34 species classified as farmland
specialist and habitat generalist species, according to their habi-
tat requirements (Julliard et al., 2006). The list of these species
is presented in Table 2. Abundance values for each species were
available for the period 2002-2008 for 1747 squares (a square is
2km x 2 km in size) (as detailed in Jiguet, 2009; Jiguet et al., 2010).
For each species, we further performed a spatial interpolation of
these abundance data to obtain relative abundance values for each
possible square in the country (e.g. 136 000 squares) using krig-
ing models based on spatial autocorrelation and an exponential
function. We then averaged the abundance values at the PRA scale
to calibrate the ecological model. Fig. 2 illustrates the results of
this calibration with one species, the Wood Lark Lullula arborea.
Comparing the historical data with the model-generated data, we
note that the model tends to smooth the variations of the observed
data.

We use this bio-economic model to assess the impact of public
economic policies on bird communities. The selected timeframe
runs up from 2009 to 2050, i.e a 42-year forecast. Adopting a
shorter timeframe could consequently hide interesting medium-
term effects due to the inertia of the model. Relevant t,(2009) for
each scenario are described in Table 3. To clarify the impacts of pol-
icy scenarios, Table 1 presents the allocation of the agriculturally
utilized area among the 13 OTEX at the national scale before the
projection (initial state: 2008) and under the statu quo scenario.
Table 4 illustrates the variations in the areas allocated to the var-
ious OTEX under the 4 policy scenario compared to the statu quo
scenario. To study the community obtained after the different pub-
lic policies, we develop various and complementary indicators to
capture state, functional and pressure responses as described in
Section 2.5.

2.5. Biodiversity indicators

2.5.1. Abundance indices

To analyse predicted trends in population abundances, we first
focused on the national farmland bird index to study the structural
changes in biodiversity (Balmford et al., 2005). Previous analyses
have shown the relevance of the national FBI to reflect the response
of farmland biodiversity to agriculture intensification (Doxa et al.,
2010). This indicator reports the variation in the abundances of 20
habitat specialists distinctive of farmland habitats. A similar indica-
tor is proposed here for 14 habitat generalists, namely a generalist
bird index (GBI), similarly reporting the variations of abundances
of these species (Julliard et al., 2004 ), with the aim of comparing the
response of the two groups (Table 2). These multiple-species indi-
cators are computed as the geometric mean of the yearly indices of
the species considered in the group. In theses aggregated indices,
the abundances variation of each species is taken into account sim-
ilarly, independently from the abundance value. We first estimated
a national population index for each species from the abundances
values of all PRA r (Eq. (11)), then we calculated the aggregated
indicators FBIya: and GBIya¢ (Egs. (12) and (13).

Nonae(£) = ) Nai(t) (1)
NsNat(t) 1/20
B = [[ (7—aooa (12)
s e Specialist ( NS’Nat(Zoos) )
1/14
o= ] (3500 (1

s e Generalist

2.5.2. Shannon index

We computed the Shannon-Wiener diversity index for the
whole community of the 34 species (including both habitat gen-
eralists and farmland specialists). This index informs about the
repartition of individual birds within the different species in the
community (Egs. (14) and (15)). A larger value of this index means
a more balanced repartition of individuals between species. The
national Shannonindex is the arithmetic mean of the regional Shan-
non indices (Eq. (16)).

Ntot,r(f) = E Ns,r(t) (14)
N
NS r(t) ( NS r(t) )

Shannon Index;(t) = — ! -lo ! 15

r(6) - Neot,r(t) & Neot,r(t) (15)
Shannon Indexyg(t) = 1 Shannon Index(t) (16)

Nat = 620 Z T

r

2.5.3. Community specialization index

We considered an indicator of pressure: the community spe-
cialization index (CSI). The objective of this indicator is to interpret
the response of the composition of local bird communities to agri-
cultural pressures. A habitat specialization species index (SSI) has
been computed for each species, reporting the coefficient of vari-
ation of the abundance of a species across 18 habitat categories
(see Julliard et al., 2006; Table 23). For each square, the local CSI; is
then calculated as the arithmetic mean of the species specialization
index weighted by the abundances (Egs. (14) and (17). This index
measures the average degree of habitat specialization among the

3 Although the species specialization index for Buzzard is smaller than for some
of generalist species, we kept it in farmland to conserve the European classification.
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Table 2

The 34 bird species considered in this study, with reference to their habitat specialization, and values of their species specialization index and species trophic index.

213

Species Habitat specialization Specialization index Trophic index
Buzzard Buteo buteo Farmland 0.49 2.90
Cirl Bunting Emberiza cirlus Farmland 0.59 1.30
Corn Bunting Emberiza calandra Farmland 1.46 1.28
Grey Partridge Perdix perdix Farmland 2.11 1.10
Hoopoe Upupa epops Farmland 0.61 2.00
Kestrel Falco tinnunculus Farmland 0.68 2.85
Lapwing Vanellus vanellus Farmland 2.23 1.90
Linnet Carduelis cannabina Farmland 0.70 1.05
Meadow Pipit Anthus pratensis Farmland 137 1.75
Quail Coturnix coturnix Farmland 1.52 1.22
Red-backed Shrike Lanius collurio Farmland 1.14 2.15
Red-legged Partridge Alectoris rufa Farmland 1.10 1.10
Rook Corvus frugilegus Farmland 0.84 1.63
Skylark Alauda arvensis Farmland 1,16 1.25
Stonechat Saxicola torquatus Farmland 0.78 2.00
Whinchat Saxicola rubetra Farmland 1.46 2.00
Whitethroat Sylvia communis Farmland 0.65 1.60
Wood Lark Lullula arborea Farmland 0.90 1.50
Yellowhammer Emberiza citrinella Farmland 0.71 1.30
Yellow Wagtail Motacillajlava Farmland 2.09 2.00
Blackbird Turdus merula Generalist 0.23 1.60
Blackcap Sylvia atricapilla Generalist 0.32 1.60
Blue Tit Cyanistes caeruleus Generalist 0.35 1.80
Carrion Crow Corvus corone Generalist 0.28 1.51
Chaffinch Fringilla coelebs Generalist 0.27 1.10
Cuckoo Cuculus canorus Generalist 0.43 2.00
Dunnock Prunella modularis Generalist 0.50 1.50
Golden Oriole Oriolus oriolus Generalist 0.47 1.95
Great Tit Parus major Generalist 0.29 1.85
Green Woodpecker Picus viridis Generalist 0.38 2.00
Jay Garrulus glandarius Generalist 0.44 1.72
Melodious Warbler Hippolais polyglotta Generalist 0.70 1.95
Nightingale Luscinia megarhynchos Generalist 0.47 2.00
Wood Pigeon Columba palumbus Generalist 0.30 1.01
Table 3
Initial incentives t,(2009) for the 4 policy scenarios.
ST scenario CR scenario GL scenario DS scenario HQE scenario

(1) Cereal, oleaginous, proteaginous 0% +65% - +30% -30%
(4) Medium bovine livestock breeding 0% - +55% +50% +60%
(5) Extensive bovine livestock breeding 0% - +55% +50% +60%
(6) Mixed crop-livestock farming with herbivorous direction 0% - +55% +50% +60%
(7) Other herbivorous livestock breeding 0% - +55% +50% +60%

Table 4

Variations of the proportions of the French agricultural area dedicated to the 14 agricultural systems named OTEX with the 4 policy scenarios in 2030 and 2050 compared

to those obtained under the statu quo scenario (Table 2).

CR scenario GL scenario DS scenario HQE scenario

2030 2050 2030 2050 2030 2050 2030 2050
(1) Cereal, oleaginous, proteaginous +20 % +9.3% J =344% 2% J +63% +2.09%  -7.55% -3.19% \,
(2) Variegated crops -0.34% -0.5% -0.1% -0.22% -0.16%  -0.31% -0.01% -0.21%
(3) Intensive bovine livestock breeding —-8.7% —3.63% —13.43% -5.43% -15.9% —6.2% —13.27% —-5.47%
(4) Medium bovine livestock breeding -1.8% —0.49% +119% +1.5% /' +10.58% +5.02% o +12.28% +639%
(5) Extensive bovine livestock breeding -0.97%  —-0.44% +847 %  +2.05% J +637% +143% o +897% +2.22%
(6) Mixed crop-livestock farming with herbivorous direction —-0.24%  —0.24% +0.93% +1.42% +0.79% +1.11% +0.97% +1.55%
(7) Other herbivorous livestock breeding -0.84%  —-0.79% +2.32% +5.89% +1.87% +1.18% +2.6% +1.67%
(8) Mixed crop-livestock farming with granivorous direction +0% +0% +0% +0% +0% +0% +0% +0.01%
(9) Mixed crop-livestock farming with other direction -6.19% —-1.51% -5.16% -1.31% —8.14% —2.21% —1.26% —1.34%
(10) Granivorous livestock breeding -0.3% -0.3% —0.8% -0.9% -0.7% -0.9% -0.8% -1%
(11) Permanent farming +0% -0.01% -0.05% —0.02% -0.04%  —0.02% -0.07%  —0.02%
(12) Flower farming -031% -0.8% -031% -0.6% -0.45%  —-0.7% -033% -0.7%
(13) Viticulture -0.81% —-0.19% -033% -0.13% -039% -0.17% -0.2% -0.13%
(14) Others associations -0.001% +0% +0% +0% +0% +0.005% +0% +0%
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individuals of the community. It leads to discriminating the ordi-
nary community of generalist species, which are more resilient to
perturbation, from the specialized communities with more special-
ist species, which are especially sensitive to global change (Julliard
et al., 2006). National CSlys¢ is the arithmetic mean of the 620
regional CSI, (Eq. 18).

CSI(t) = If;:i’:r((tt)) . SSls (17)
CSlar(t) = 35 - > CSly(1) (18)

2.5.4. Community trophic index

To consider a functional dimension of bird communities, we
supplemented the previous indices with a community trophic
index (CTI) (Pauly et al., 1998). The position of each species within
the trophic chain was computed from information on specific diets
as available in BWPi (2006), defining the proportion of each species
diet made of vegetables, invertebrates and vertebrates, then esti-
mating an average species trophic index by computing a weighted
mean of the 3 diet proportions (weighting coefficients being 1 for
vegetables, 2 for invertebrates, 3 for vertebrates). Specific trophic
indices (STI) are described in Table 2 for the 34 studied species. The
CTI; reports on the average trophic level of the community. It is
computed as the weighted arithmetic mean of the exponential of
the species trophic level balanced by the abundances (Egs. (14) and
(19)). An exponential function is used to better contrast commu-
nities with or without bird individuals of the higher trophic levels.
This indicator discriminates the communities with more granivo-
rous species (e.g. low trophic level) against the communities with
more insectivorous and carnivorous species (e.g. high trophiclevel).
National CTlny, is the arithmetic mean of the 620 regional CTI; (Eq.
(20)).

eno- -t

CTinad(t) = g5 - > CTIy(0) (20)

- exp(STIs) (19)

2.5.5. Rateindex

To clarify CSI and CTI analyses, we complement these indicators
with species indices. They measure the proportion of one species
among the community (Egs. (14) and (21)). We can compare the
proportions of different species in the bird population according to
their functional characteristics. The National species index is the
arithmetic mean of the 620 regional rate index (Eq. (22)).

. N (t)
Rate index; r(t) = — 21
s,r(t) Neotr (0 (21)
. 1 L
Rate index; Nat(t) = 50 ZSpeaes index; ,(t) (22)
r

3. Results

As the farmer choices occur in uncertainty contexts, we ran 100
simulations for each scenario with different Gaussian gross mar-
gins gm,(t) to estimate the means of community outcomes and
their 95% confident interval. Species indices are illustrated for one
run. We present the outcomes of the statu quo scenario (Fig. 3)
then the outcomes of the crop, grassland, double subsidies and high
quality environmental scenarios normalized by the outcomes of
the statu quo scenario (Fig. 4). We can thus analyse the marginal
benefits of the different economic policies compared to current pol-
icy trends. To clarify the ecological effects of the various scenarios,

Table 1 describes the land uses allocation at the initial states and
under the statu quo scenario. Table 4 illustrates the changes in land
uses compared to the statu quo for the four policy scenarios and
Fig. 5 presents the proportion of the utilized agricultural area ded-
icated to the extensive activities (OTEX 4, 5, 6, 7) under the five
scenarios.

3.1. Global outcomes

Fig. 3 shows that with the SQ scenario the quantities of farmland
bird species decrease while those of generalist species increase.
This leads to a decreasing specialization level and a loss of diver-
sity for the community. The community trophic index follows the
historical trend. Fig. 4 illustrates non linear and non monotonous
trajectories among the policy scenarios. Indicators have contrasted
trends in function of the scenarios for 30-40 years, then they start
to return to a baseline value (of 1) around 2030-2040. Table 4 illus-
trates that changes in agricultural systems within the four policy
scenarios compared to the statu quo are broader in 2030 than in
2050. The farmers modify their agricultural systems according to
the incentives as long as they are sufficient to significantly impact
the rentabilities of the OTEX. When incentives become too small
with time, representative farmers face a decision problem simi-
lar to the SQ scenario although the rigidity constraint slows down
such a pattern. Hence, at the end of the projections, we obtain
bio-economic performances close to those obtained with the SQ
scenario, which is represented in Fig. 4 with indicators converging
to one. However, the year of the optimum can vary according to
the indicators (around 2030 for the Shannon index versus 2040 for
the FBI), or on the scenarios for a given indicator (2028 with the
HQE scenario and 2035 with the CR scenario for the generalist bird
index). The marginal effects of the different scenarios compared to
the current trend are strong only for abundance indices (GBI and
FBI) and more particularly for the FBI. For the other indicators, the
maximal variations remain around 1%. However, analysing disper-
sion of outcomes, we can distinguish significative differences in
trajectories for the other indicators and thus significative marginal
effects of economic public policies.

3.2. Abundance of habitat generalist and farmland specialist
species

We note clear differences between the four scenarios with
regards to both abundance indicators FBI and GBI (Fig. 4(a and b)).
Both indicators classify the scenarios in the same order. If evalu-
ating the efficiency of the scenarios to enhance bird numbers, the
most effective scenario is the HQE scenario, then the GL scenario,
the DS scenario and finally the least effective one is the CR sce-
nario. The FBlis very sensitive and we observe a stronger population
increase, with a maximum improvement of 60% with HQE against
8% with the same scenario for the GBI. Although the farmland bird
populations increase in the four considered scenarios, compared
to a statu quo trend, populations of habitat generalists show more
variable responses and can increase (with the HQE and GL scenar-
ios), remain stable (with the DS scenario) or decrease (with the CR
scenario).

3.3. Shannon diversity

We observe two general trends for the Shannon index on
Fig. 4(c). With the CR scenario, the index decreases compared to
the current trend, while it increases with the three other scenar-
ios. As a consequence, bird communities ensuing from scenarios
promoting grasslands display a better balanced composition than
would be observed by maintaining the current trends. The best level
is reached with the DS scenario.
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Fig. 3. Ecological indicators evolutions (mean outcomes and 95% confident interval) with the statu quo scenario.

3.4. Community specialization

The four scenarios are different with regards to the Commu-
nity Specialization Index (Fig. 4(d)). Compared to the ongoing
trend, both scenarios with subsidies for COP (CR and DS scenarios)
enhance the specialization level of bird communities. The other
two scenarios (GL and HQE) have lower CSI with respect to the
current trend. As with the abundance indices, the extreme situ-
ations are obtained with the extreme scenarios: the CR scenario
for the highest CSI (the most specialized community) and the HQE
for the lowest CSI (the least specialized community). Fig. 6(a and
b) reports the modelled trends for two species of similar trophic

level but contrasted habitat specialization. The specialized Lapwing
Vanellus vanellus is more sensitive to scenarios than the general-
ist Great Tit Parus major, the numbers of which always increase
within the community. Fig. 6(c—e) reports the trends for three farm-
land specialists, though specialized to different types of farmland.
The abundances of Grey Partridge Perdix perdix and Whinchat Saxi-
cola rubetra, being more specialized in one farmland habitat type
(open field versus extensive grasslands, respectively) respond more
strongly to scenarios. For the Whinchat S. rubetra, the progressive
reduction in incentives and taxes has an obvious effect and the
population size decreases substantially after an initial increase in
the scenarios favoring grasslands. The Common Whitethroat Sylvia
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the web version of the article.)

communis, favoring more mixed farmed landscapes, is less affected
by variations between scenarios.

3.5. Community trophic level

As observed for the Shannon index, the CR scenario is the only
one clearly discriminated compared to the other three (Fig. 4(e)):
the average trophic level of the bird community is lower for
the CR scenario than the current trend and the other scenarios.

Differences between the three scenarios promoting grasslands are
not obvious though the GL scenario seems to display slightly bet-
ter trophic levels than the DS and HQE scenarios. Fig. 7 compares
responses of two species with similar habitat specialization levels
but contrasted trophic indices. Scenarios promoting grasslands lead
to communities with larger proportions of Kestrel Falco tinnunculus
(abird of prey of high trophic level) and a smaller proportion of Lin-
net Carduelis cannabina (a granivorous passerine of lower trophic
level).
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Fig. 5. Proportions of extensive grassland activities at the initial state (2008) and at 2030 under the five scenarios (yellow (resp. yellow-green, green, dark-green) when the
ratio is between 0 and 0.1 (resp.0.1 and 0.35, 0.35 and 0.7, 0.7 and 1)). (For interpretation of the references to color in this figure legend, the reader is referred to the web

version of the article.)

3.6. Indicators comparison

In order to compare the indicators, Fig. 8 synthesizes the dif-
ferent ecological performances among the scenarios at year 2040.
Both population indicators FBI and GBI rank scenarios in the same
way. However, the responses of the three structure indicators, the
Shannon Index, the CTI and the CSI, show considerable variation.

The Shannon Index and the CTI, which have similarities, are the
complete opposite of the CSIL.

4. Discussion

By developing dynamic models coupling economic agricultural
policies and biodiversity dynamics, we intended to evaluate the
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potential impacts of incentives or taxes dedicated to crops or grass-
lands on various ecological indicators related to bird populations
and communities. Overall, the five bird-related indicators behaved
differently according to the incentive scenarios, and can be inter-
preted in light of their ecological meanings for bird communities
(Couvet et al., 2008).

4.1. Incentives to drive ecological performance

The contrasted responses of the five indicators to the var-
ious tested economic public policies emphasize that economic
incentives can be an adequate driver for bird biodiversity. The
improvement of 60% in FBI with HQE scenario confirms that the
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current decline of farmland biodiversity is potentially reversible
(Mouysset etal.,2011), which is consistent with the recent increase
of the FBI in French high nature value farmlands (Doxa et al., 2010).
The impacts of public incentives on bird communities justify their
use by the common agricultural policy.

However, indicators show a trend to go back to their baseline
value (e.g. 1) by 2030-2040. This means that incentives become
too small to influence the farmer’s decisions and a return to the
initial land uses occurs in the long run. This result suggests that
contrary to the current CAP trend, it is important to maintain
incentives to obtain sustainability for the bird community. Posi-
tive indicator evolutions for the first 20-30 years of the projections
in spite of already decreasing incentives suggest that decision-
makers can initially use decreasing incentives but then have to
stabilize them. However, the “optimal” times differ between the
indicators as well as between scenarios for a same indicator. Deter-
mining the incentive stabilization requires a specific study and
will depend on ecological indicators chosen to evaluate the bird
communities. However, reducing current incentives, while keeping
beneficial effects on bird communities, opens many possibilities for
a budget re-allocation to other environmental options. Moreover,
all public policies presented here are compatible with the current
decision-maker budget and in this sense are sustainable.

4.2. Contrasted populations among the scenarios

With the CR scenario, we illustrate that public policies in favor
of crops, for example dedicated to bioenergy developments, could
be catastrophic for bird communities. With this kind of scenario,
we obtain very limited improvements of species abundances, more
specialized communities (Doxa et al., 2010) and a strong decrease
in the average trophic level of communities, with more graniv-
orous species such as the partridges and the linnet. In contrast,
promoting extensive grasslands appears beneficial for breeding
birds when compared to the current situation. Communities are
larger in size, are more diversified (with farmland and general-
ist species), and of higher average trophic level (with granivorous,
insectivorous and carnivorous species, a more complete and bal-
anced food chain). Species with higher positions in the food chain,
such as the Red-backed Shrike, the Buzzard and the Krestel, are
more abundant when extensive grasslands are economically pro-
moted. Larger communities composed of more diverse species and
spanning the complete food chain, certainly present advantages
in terms of ecological services and sustainability. The sensitivity
of such communities to disturbances is lower and the sustainabil-
ity of the whole community improves (Ives and Carpenter, 2007;
MacCann, 2000). This kind of community has a strong interest
for agricultural activities through ecosystem services. Large and
diverse communities are more resilient to global changes (Keesing
et al,, 2010), and provide more diversified and sustainable ecosys-
tem services, such as pest control, pollination and decomposition
processes (Altieri, 1999; Schlapfer et al., 1999; Tilman et al., 2002;
Widly and Thomas, 2002).

However, none of the three scenarios promoting extensive
grasslands (GL, DS and HQE) are the most effective for all studied
ecological dimensions. The DS scenario is particularly interesting
for the balance between the different species as well as for the
stability of the community. The GL scenario performs better at
enhancing the average trophic level of bird communities, poten-
tially maximising the associated provision of ecosystem services.
Finally, the HQE scenario induces the largest population increases,
ensuring a larger bird biomass but less specialized community. Pro-
moting extensive grasslands appears essential for the management
of the bird communities, and of agriculture, even if it induces more
complex economic effects. Adding other incentives to subsidies for
extensive grasslands seems to favor some functional features of
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bird communities. Before selecting a policy scenario, the decision-
maker has to prioritize the biodiversity metrics to be targeted.

4.3. Indicator relevance

In order to describe the bird communities, we developed
two kinds of indicators: population size indicators (FBI and GBI),
which aggregate annual indices of species population trends at
the national scale, and community structure indicators (Shannon
index, CSI and CTI) averaging local diversity/functional indices.
These two kinds of indicators are complementary and combining
them globally informs on the community dynamics. Concern-
ing population sizes, FBI and GBI behave similarly but with a
higher sensibility for the FBI. FBI therefore appears more relevant
to discriminate scenarios if considering population size indices
(Mouysset et al.,, 2011). Concerning community indicators, the
Shannon diversity, CSI and CTI discriminate scenarios differently.
CSland CTI are built up from functional traits of species and are thus
more informative about the community functioning than Shannon
diversity. Moreover, the relevance of CSI and CTI depends on the
agricultural farming system. CSI discriminates very well commu-
nities in mixed farmland and grassland landscapes, where more
diverse communities will have higher CSI. However, in open field
landscapes, e.g. in more intensive cropping systems, poorly diverse
communities also have a high CSI. Indeed, such communities con-
tain few species and those they have are almost all crop-specialists
along with very low numbers of habitat generalists. In this con-
text, CTI turns out to be a better functional indicator as it classifies
open field communities within those of low trophic level. However,
in grassland landscapes, CTI cannot clearly rank communities. A
sustainable landscape will lead to both high CSI and high CTI for
bird communities. Combining FBI, CSI and CTI makes it possible to
describe communities with relevance and thus specify sustainable
scenarios. We advocate their use as an appropriate support for pol-
icy decisions and adaptive management of farmland biodiversity.

4.4. Bio-economic model for decision support

We here argue that several characteristics of the proposed
bio-economic model make it relevant for decision support in agri-
culture and biodiversity management. First, in complement to
studies focusing on farmland use scenarios (Albrecht et al., 2007;
Batary et al., 2007; Kleijn and van Zuijlen, 2004; Miinier et al., 2004;
Taylor and Morecroft, 2009), the bio-economic approach relies on
economic scenarios, financial incentives and policies, which con-
stitute major inputs taken into account by stakeholders in reality.
Similarly, the compatibility of the policies with the current CAP
budget also gives realism to such a study. Moreover, the national
scale leads us to think more about global policies and general direc-
tions than about local management, the effectiveness of which is
controversial (Le Roux et al., 2008). Second, another important
characteristic of this bio-economic modelling regarding decision
support is its the prospective dimension. With the description of
different future scenarios beyond the statu quo scenario, this work
is complementary with the numerous studies which focus on the
impact of current policies Taylor and Morecroft, 2009; Vickery et al.,
2004. These simulations are useful for public policies in agricul-
ture and biodiversity conservation where experimental schemes
are complicated to establish. In particular, our approach stresses
some non-linearities between incentives and ecological indica-
tors according to the scenarios. If outcomes with the DS scenario
are often intermediate between those issued from the CR sce-
nario and the GL/HQE scenarios, such is not the case with the
Shannon index where the DS scenario leads to an extreme tra-
jectory. As previously mentioned, synergies between incentives
do not affect bird communities similarly, depending on the same

functional traits considered, and can represent an interesting lever-
age to enhance the effectiveness of agricultural policies on different
criteria. Finally focusing on one general taxon (birds) rather than on
one or two emblematic species makes it possible to adopt a broad
viewpoint for biodiversity and potential associated ecosystem ser-
vices. Consequently, the genericity of the results is reinforced as
regard biodiversity management and agri-environmental policies.

4.5. Perspectives

The present work advocates the use of bio-economic models for
public farming policies and terrestrial biodiversity conservation. A
major trend of the French CAP which has not been tested in this
study is the regionalisation of incentives. With the national scale
decomposed into economic-ecological homogeneous areas (PRA),
our conceptual framework could be a fruitful instrument to test
several policies of incentive regionalisation in consistency with the
national budget.
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