
Title: 1 

Field margins as substitute habitat for the conservation of birds in agricultural wetlands 2 

 3 

Authors: 4 

Mallet Pierre 1,2,3,4 5 

Béchet Arnaud 2 6 

Sirami Clélia 4 7 

Mesléard François 2,3 8 

Blanchon Thomas 2 9 

Calatayud François 4 10 

Dagonet Thomas 2 11 

Gaget Elie 5 12 

Leray Carole 2 13 

Galewski Thomas 2 14 

 15 

1. ENGREF AgroParisTech, 75000, Paris, France 16 

2. Tour du Valat Research Institute, Le Sambuc, 13200, Arles, France 17 

3. Mediterranean Institute of marine and terrestrial Biodiversity and Ecology, Avignon 18 

Université, UMR CNRS IRD Aix Marseille Université, IUT Site Agroparc, BP 61207, 84911 19 

Avignon Cedex 09, France 20 

4. UMR Dynafor, INRAE, Toulouse University, 31326 Castanet Tolosan, France 21 

5. Department of Biology, University of Turku, Finland 22 

 23 

Correspondence author:  24 

Name: Pierre Mallet 25 

Adresse: Institut de recherche de la Tour du Valat. Le Sambuc, 13200 Arles, France  26 

E-mail: mallet@tourduvalat.org 27 

ORCID: 0000-0002-0139-3745  28 

mailto:mallet@tourduvalat.org


Abstract 29 

Breeding birds in agricultural landscapes have declined considerably since the 1950s and 30 

the beginning of agricultural intensification in Europe. Given the increasing pressure on 31 

agricultural land, it is necessary to identify conservation measures that consume little 32 

productive land. We tested the compensation hypothesis which states that field margins may 33 

represent substitute habitats for bird species in agricultural wetlands. We monitored bird species 34 

in 86 crop fields in rice paddy landscapes of Camargue (southern France), a wetland of 35 

international importance for birds. We investigated whether the area of three types of field 36 

margins (reed strips, grass strips and hedgerows) within a 500 meter buffer around the centroid 37 

of each crop fields had an effect on the abundance of bird species from three groups defined 38 

based on their primary habitat (reedbeds, grasslands, and forest edge species). We controlled 39 

for the area of each type of semi-natural habitat (wetlands, grasslands, and woodlands), crop 40 

diversity (rice, wheat, alfalfa, rape, and market gardening) and mean crop field size. Results 41 

show partial support of the compensation hypothesis with species-dependent responses to 42 

primary and substitute habitat area. Some species within the reedbed and grassland bird guilds 43 

are favored by the area of their primary habitat as well as by the area of field margins, in line 44 

with the compensation hypothesis. Eurasian reed warbler is favored by the area of both wetlands 45 

and reed strips. Corn bunting is favored by grassland and grass strip areas. We could not confirm 46 

the compensation hypothesis for other species. However, this may be due to the fact that most 47 

of these species did not respond to their primary habitat. These results therefore suggest that 48 

field margins may represent substitute habitats for some species but further studies, in contexts 49 

where species are strongly associated with their primary habitat, would be needed to confirm 50 

the generality of this hypothesis. Our results also suggest that species response to increasing the 51 

area of a field margin type may vary among guilds and even within guilds. Therefore, it may 52 

be difficult to favor all species within a given landscape and management actions may need to 53 

be tailored to whichever species are locally associated with the highest conservation priority. 54 

To tackle this challenge, it may be necessary to design landscape management actions at 55 

different spatial scales.  56 
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edge birds, reedbed birds, wetland, rice, habitat compensation, land sharing   58 



1 Introduction 59 

Farmland bird populations have experienced a massive decline worldwide in recent 60 

decades, primarily due to the loss of semi-natural habitats and intensification of agricultural 61 

practices (PECBMS, 2022; Stanton et al., 2018; Sundar and Subramanya, 2010). Agricultural 62 

areas represent 37 % of the European terrestrial area and host a large proportion of terrestrial 63 

biodiversity (DataBank, 2018; Herzog et al., 2013). It is therefore not practical to rely solely on 64 

the creation of protected areas to compensate for the declines in biodiversity observed in 65 

European agricultural environments (Meyer et al., 2013; Warren et al., 2021). Rather, 66 

conservation efforts should also focus on maintaining and increasing the capacity of agricultural 67 

landscapes to support biodiversity through the adoption of biodiversity-friendly agricultural 68 

practices and the protection of non-productive refuge areas, i.e. promote land sharing (Grass et 69 

al., 2021). 70 

Patches of semi-natural habitats, such as woodlands, grasslands and wetlands, remaining 71 

within agricultural landscapes may provide permanent habitat for wildlife and host a large part 72 

of farmland biodiversity (Newton, 2017; Toffoli and Rughetti, 2017). However, these patches 73 

are scarce and under increasing pressure in Europe due to agricultural intensification which 74 

leads to their progressive conversion to arable land despite efforts from the European Union to 75 

slow down this trend through agri-environment schemes (Batáry et al., 2015). Hence, in some 76 

agricultural landscapes, field margins, i.e. linear elements covered by semi-natural vegetation 77 

along the edge of crops, are the only type of semi-natural habitat left (Marshall and Moonen, 78 

2002). The habitat compensation hypothesis states that species may compensate for the loss of 79 

their primary habitat by using alternative habitats as a substitute (Norton et al., 2000). For 80 

instance, Montagu's harrier (Circus pygargus) primarily nests in shrublands and grasslands but, 81 

in some part of its distribution range, it now relies exclusively on crop fields for breeding and 82 

foraging (Norton et al., 2000). It has also been shown that aquatic invertebrates can use drainage 83 

ditches as substitute habitats for natural lakes and rivers (Dollinger et al., 2015). The habitat 84 

compensation hypothesis has been investigated in the context of farmland abandonment and in 85 

dry agricultural areas (e.g. Brotons et al., 2005; Saura et al., 2014; Vallecillo et al., 2008) but 86 

rarely in wetland agricultural areas (e.g. Decleer et al., 2015) despite their specific landscape 87 

characteristics and biodiversity. 88 

One of the main crops cultivated in wetlands is rice, a flooded cereal which represents 89 

22.8 % of the world cereal surface area (FAO, 2018; Singh et al., 2001). In such rice paddy 90 

landscapes, agricultural and semi-natural areas are generally intermingled with the presence of 91 



large field margins along ditches. Among birds associated with these rice paddy landscapes, 92 

there are both waterbirds (e.g. gulls, terns, herons, storks, ibises, waders…) and terrestrial bird 93 

species. While the role of rice paddy landscapes as alternative habitat for waterbirds has been 94 

largely studied, their role for terrestrial birds has received much less attention (Elphick, 2015). 95 

Considering the long-term decline of terrestrial bird populations in agricultural landscapes 96 

(Fraixedas et al., 2019), identifying conditions favoring them would be useful to improve 97 

recommendations for agri-environmental management practices in rice paddy landscapes. 98 

Terrestrial birds using rice paddy landscapes include different ecological guilds: reedbed birds, 99 

which are primarily associated with freshwater marshes (Morganti et al., 2019); forest edge 100 

species, which are originally associated with forest borders and clearings (Hinsley and Bellamy, 101 

2019; Newton, 2017); and grassland species, which originally live in grassy or shrubby 102 

vegetation with no tree cover (Di Giacomo et al., 2010). Field margins could provide resources 103 

and nesting habitats for these species (Vickery et al., 2009), e.g. reed strips along ditches for 104 

reedbed birds, hedgerows for forest edge species and grass strips for grassland species. 105 

However, the role of field margins for terrestrial birds has rarely been considered in studies 106 

conducted in rice paddy landscapes (King et al., 2010). 107 

The Camargue (Rhône delta) is a biologically rich area listed in the Ramsar Convention 108 

and classified as a Biosphere Reserve by UNESCO (Blondel et al., 2019). Natural areas cover 109 

58,000 ha and agricultural areas 55,100 ha (Tamisier and Grillas, 1994). Rice represents 48 % 110 

of the crop area and is mainly cultivated in rotation with wheat (19 %) and alfalfa (5 %). Within 111 

this region, bird species associated with agricultural areas have experienced the greatest rate of 112 

decline over the past 50 years compared to waterbirds (Fraixedas et al., 2019; Galewski and 113 

Devictor, 2016). Hence, it is critical to assess whether field margins could constitute a lever for 114 

bird conservation as their restoration and management may be readily changed by farmers.  115 

In this paper, we tested the habitat compensation hypothesis in rice paddy landscapes of 116 

Camargue by assessing whether field margins act as substitute habitats for reedbed birds, forest 117 

edge birds and grassland birds. We conducted bird surveys in 86 crop fields in Camargue. 118 

Specifically, we predicted that (i) forest edge species would be positively influenced by 119 

woodlands and hedgerows; (ii) grassland birds would be positively influenced by grasslands 120 

and grass strips and (iii) reedbed birds would be positively influenced by semi-natural wetland 121 

areas and reed strips.  122 



2 Material and methods 123 

2.1 Study area 124 

Our study was conducted in the Rhône River delta, a 180,000 ha polderized flood plain 125 

located in Southern France and known as “Camargue”. Warm summers typical of the 126 

Mediterranean climate (average monthly temperature between May and October above 15°C; 127 

Blondel et al., 2019), as well as fresh water pumped from the Rhône River allows rice 128 

cultivation. This flooded crop is essential for washing out salt-rich soils and allows rotation 129 

with dry crops, mainly wheat and alfalfa. In Camargue, field margins are often wide (> 3 m) to 130 

be waterproof and keep the crop fields flooded during the rice cultivation period. Several types 131 

of vegetation can therefore co-occur within the same field margin, such as reed strips, 132 

hedgerows or grass strips. In Camargue, the area of semi-natural habitats decreased from 67 % 133 

to 39 % between 1942 and 1984 and since remained stable at around 58,000 ha (Mallet, 2022; 134 

Tamisier and Grillas, 1994). These semi-natural areas are spatially segregated in the delta; 135 

woodlands are mainly restricted to riparian areas along the Rhône River, wetlands occupy 136 

depressions and cover large areas in the center and south of the delta while grasslands (mostly 137 

constituted of meadows and salt steppes) surround the wetlands on slightly elevated areas 138 

(Appendix A). 139 

 140 

2.2 Study design 141 

We selected 86 crop fields belonging to 17 farms across the Camargue (Fig. 1). All fields 142 

were organic to limit confounding effects associated with variation in the intensity of 143 

agricultural practices. We selected crop fields covered by the crop types representative of the 144 

main agricultural production in Camargue (rice, wheat, alfalfa, rape, and market gardening). 145 

Crop fields were selected along two independent gradients of semi-natural cover and hedgerow 146 

cover using the methodology developed by Pasher et al., (2013). To do so, we measured semi-147 

natural and hedgerow areas in a 500 meters square moving window with a step size of 148 

100 meters around every agricultural land of Camargue thanks to land-use data from 2019 of 149 

the BD TOPO®, OSO Land Cover Map and the Regional Natural Park of the Camargue. No 150 

maps of grass strip or reed strip were available prior to crop field selection. Therefore, we 151 

checked for the distribution of sampled crop fields along gradients of explanatory variables 152 

once the selection and on-site mapping were completed. We also checked for correlation among 153 

the cover of different types of field margin and other landscape variables (see below).  154 



 155 

  156 

Figure 1. Location of the 86 crop fields monitored for birds in Camargue, Rhône delta. 157 

Triangles represent crop fields sampled in 2020 and stars represent crop fields sampled in 158 

2021.  159 

 160 

We calculated the area of each type of field margin and semi-natural habitat within a 500 161 

meter buffer around the centroid of each crop field, following Chan et al. (2007). The maximum 162 

size of the sampled crop fields was 14 ha, hence much smaller than this buffer. First, we 163 

estimated the area of the three types of field margins: (1) hedgerows, tree lines and bushy areas; 164 

(2) grass strips, grassy boundaries including grassy tracks or dirt roads used for the moving of 165 

agricultural machinery; (3) reed strips that grow in and along irrigation or drainage earthen 166 

ditches. Because we aimed at testing the hypothesis that field margins represent substitute 167 

habitats whatever their shape, we calculated the area and not the length of field margins. 168 

Second, we estimated the area of three categories of semi-natural areas: (1) woodlands (mainly 169 

riparian forests dominated by white poplar (Populus alba), pinewoods (Pinus pinaster), and 170 

tamarisk (Tamarix gallica) groves) and shrublands dominated by narrow-leaved mock privet 171 

(Phillyrea angustifolia); (2) grasslands including dry grasslands extensively grazed by free-172 

0 5 km 



range cattle, Mediterranean salt meadows and halophilous scrubs and fallow lands; (3) wetlands 173 

including freshwater and brackish marshes, reedbeds and ponds. Landscape mapping was based 174 

on field observations done after the bird monitoring in June 2020 and June 2021 (see below) 175 

because fine scale assessment was not feasible based on remote sensing approaches only, 176 

particularly for reed strips. Finally, to account for the possible confounding effect of crop field 177 

heterogeneity, we also estimated within each 500 meter buffer the mean crop field size and the 178 

Shannon diversity index of crop types (Crop_SHDI = - ∑ 𝑝𝑖 ln 𝑝𝑖𝑛
𝑖=1 , where pi corresponds to 179 

the proportion of crop cover type i in the landscape), following the method implemented in 180 

Sirami et al. (2019). As a result, we obtained values for eight landscape variables for each 181 

sampled crop field. 182 

 183 

2.3 Bird monitoring and traits 184 

Birds were monitored over 5-minute point counts halfway along the longest field margin 185 

of each crop field during the breeding period. Two visits were conducted at each site between 186 

mid-April and mid-June with at least 4 weeks between the two visits, following the protocol 187 

from the French common breeding bird census scheme (Jiguet, 2003). Flying birds were 188 

removed from the analyses because they were not interacting directly with the landscape. Birds 189 

landing outside the sampled crop field and its field margins were also removed to avoid 190 

detection bias potentially generated by hedgerows preventing the observer to see birds beyond 191 

trees. We used the maximum abundance per site between the two visits for each species for 192 

further analyses. 193 

We assigned each species to one of three guilds according to the primary habitat used for 194 

breeding: reedbed, grassland and forest edge birds. Assignment was based on the EUNIS habitat 195 

classification that describes species communities related to woodlands, wetlands, grasslands or 196 

urban areas (Appendix B). Generalist birds, i.e. not linked to one habitat in particular, or birds 197 

that use urban areas for breeding were discarded from the analyses. We modulated the EUNIS 198 

data with information provided by a local expert (T.G.) to take into account ecological 199 

particularities of the Camargue. To avoid extreme cases of zero-inflation, we only kept species 200 

present in more than 15 % of the sampled crop fields (Marja and Herzon, 2012). Fourteen 201 

species were retained for the analyses (Table 1). 202 

 203 

 204 

 205 



 206 

Table 1. Species studied within the three guilds based on the EUNIS database combined with 207 

information provided by local experts to take into account ecological particularities of the 208 

Camargue (Appendix B). 209 

Guilds Species 

Forest edge birds European greenfinch (Chloris chloris) 

 Carrion crow (Corvus corone) 

 Melodious warbler (Hippolais polyglotta) 

 Common nightingale (Luscinia megarhynchos) 

 Great tit (Parus major) 

 Eurasian magpie (Pica pica) 

 European green woodpecker (Picus viridis) 

 Eurasian blackcap (Sylvia atricapilla) 

 Eurasian hoopoe (Upupa epops) 

Grassland birds Crested lark (Galerida cristata) 

 Corn bunting (Emberiza calandra) 

 Eurasian skylark (Alauda arvensis) 

Reedbed birds Eurasian reed warbler (Acrocephalus scirpaceus) 

 Great reed warbler (Acrocephalus arundinaceus) 

 210 

In order to check for the completeness of our data, we calculated the coverage of our 211 

sampling, which is defined as the proportion of the total number of individuals in an assemblage 212 

that belong to the species present in the sample (Chao and Jost, 2012). This index corresponds 213 

to the probability of occurrence of the species observed in the sample. The coverage was 214 

calculated by crop field for all 14 species considered within the present study. The overall 215 

coverage of our sampling was 73.5 %, which reflects no undersampling issue (Mallet et al., 216 

2022). The sampling completeness per crop field was not correlated with any explanatory 217 

variable (Pearson coefficient < 0.24, Appendix C), which suggests that the study design was 218 

robust and not biased toward one or several landscape variables.  219 

 220 

2.4 Data analysis 221 

We ran one linear mixed-effect model with bird abundance as the response variable, while 222 

fixed effects were species identity, the area of the three field margin types (hedgerows, grass 223 

strips and reed strips), the area of the three semi-natural habitat types (woodlands, grasslands 224 

and wetlands), crop diversity, mean crop field size and all two-way interactions between species 225 

identity and the other explanatory variables. All explanatory variables were centered and scaled. 226 

Crop type and site identity were added as random effects. We did not include variable ‘year’ in 227 

our final models because this variable was never significant and was not relevant to our research 228 



question. We accounted for spatial autocorrelation by using an exponential structure on crop 229 

field coordinates, and checked for the absence of autocorrelation in the residuals. We used a 230 

negative binomial error distribution (type 2: variance increases quadratically with the mean) to 231 

deal with over-dispersion. We ran models with a log-link function. We conducted post hoc 232 

comparisons of slopes using the emtrends function. 233 

Statistical analyses were run using glmmTMB (Magnusson et al., 2020), entropart (Marcon 234 

and Hérault, 2015) and emmeans  in R 4.0.5 (R Core Team, 2017). 235 

 236 

3 Results 237 

The spatial variation in field margin area around the 86 organic crop fields was similar 238 

across the three margin types; hedgerows (median = 3.67 ha; range: [0; 17.47]), reed strips 239 

(median = 3.60 ha; range: [1.46; 8.72]) and grass strips (median = 3.29 ha; range: [0; 6.27]). 240 

The dominant type of semi-natural habitat was grassland (median = 7.38 ha; range: [0; 45.23]), 241 

followed by wetland (median = 1.37 ha; range: [0; 48.15]) and by woodland (median = 0.71 ha; 242 

range: [0; 20.78]). Crop diversity was on average 0.93 ± 0.04 (median = 0.98; range: [0; 1.6]). 243 

Crop mean field size was on average 2.32 ± 0.10 ha (median = 2.27 ha; range: [1.09; 5.85]). 244 

There was no correlation among explanatory variables since all Pearson correlation coefficients 245 

were under 0.45 (Appendix C). 246 

 247 

3.1 Forest edge bird guild 248 

Woodland area only had a positive effect on the abundance of one of the nine forest edge 249 

species, great tit (β = 0.10 ± 0.03, Table 2, Fig. 2), while the area of hedgerows had a positive 250 

effect on the abundance of European greenfinch (β = 0.15 ± 0.07, Table 2, Fig. 2).  251 

Grassland area had a negative effect on the European green woodpecker (β = -0.12 ± 0.05, 252 

Table 2, Fig. 2). 253 

The area of reed strips had a negative effect on the abundance of carrion crow, common 254 

nightingale, European green woodpecker and Eurasian blackcap (respectively β = -0.30 ± 0.14, 255 

β = -0.16 ± 0.04, β = -0.55 ± 0.28, β = -0.26 ± 0.12, Table 2, Fig. 2). 256 

Crop diversity had a positive effect on the abundance of European greenfinch and great tit 257 

(respectively β = 2.09 ± 0.92, β = 1.39 ± 0.56, Table 2), while crop mean field size had a 258 

positive effect on the abundance of carrion crow (β = 0.62 ± 0.20, Table 2). 259 



There was no significant effect of wetland area or grass strip area on the abundance of 260 

species of this guild (Table 2, Fig. 2). 261 

 262 

3.2 Grassland bird guild 263 

The abundance of corn bunting was positively related to both grassland area 264 

(β = 0.12 ± 0.03, Table 2, Fig. 2) and the area of grass strips (β = 0.46 ± 0.18, Table 2, Fig. 2). 265 

Woodland area had a negative effect on the abundance of crested lark (β = -0.33 ± 0.15, 266 

Table 2, Fig. 2), while the area of hedgerows had a negative effect on the abundance of Eurasian 267 

skylark and corn bunting (respectively β = -0.29 ± 0.10, β = -0.33 ± 0.11, Table 2, Fig. 2). 268 

Wetland area had a positive effect on the abundance of Eurasian skylark and corn bunting 269 

(respectively β = 0.05 ± 0.02, β = 0.06 ± 0.02, Table 2, Fig. 2), while the area of reed margins 270 

had no effect on the abundance of grassland species (Table 2, Fig. 2).  271 

Crop diversity had a positive effect on the abundance of corn bunting (β = 2.33 ± 0.87, 272 

Table 2), while crop mean field size had a negative effect on the abundance of Eurasian skylark 273 

(β = -0.74 ± 0.37, Table 2). 274 

 275 

3.3 Reedbed bird guild 276 

The abundance of Eurasian reed warbler was positively related to both wetland area 277 

(β = 0.04 ± 0.01, Table 2, Fig. 2) and the area of reed margins (β = 0.26 ± 0.09, Table 2, Fig. 278 

2). 279 

The abundance of great reed warbler was negatively related to both grassland area (β = -280 

0.07 ± 0.02, Table 2, Fig. 2) and the area of grass strips (β = -0.45 ± 0.14, Table 2, Fig. 2).  281 

There was no significant effect of woodland area, hedgerow area, crop diversity or crop 282 

mean field size on the abundance of species of this guild (Table 2, Fig. 2). 283 

 284 

  285 



 286 

Figure 2. Estimates (± 95% confidence interval) of the effect of landscape variable for each 287 

species studied. Each graph corresponds to a landscape variable; the habitat patches on the 288 

left and the field margin of the right. The horizontal black line corresponds to 0.. If the 95% 289 
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confidence intervals does not overlap with zero, the effect of the landscape variable on the 290 

abundance of the corresponding species is considered as significant. 291 

 292 

Table 2. Averaged estimates of the effects of landscape variables for the three bird guilds 293 

monitored in agricultural crop fields of the Camargue. The 95 % confidence intervals are in 294 

brackets. Values in bold indicate significant effects. 295 

Species name Hedgerow Grass strip Reed strip 
Woodland 

area 
Grassland 

area 
Wetland 

area 
Crop 

diversity 
Mean crop 
field size 

European 
greenfinch 
(Chloris chloris) 

0.15 
[0.01;0.29] 

0.12 
[-

0.19;0.43] 

0.18 
[-

0.09;0.46] 

0.03 
[-

0.11;0.16] 

0.01 
[-

0.03;0.06] 

0.01 
[-

0.04;0.06] 

2.09 
[0.28;3.91] 

-0.21 
[-

0.92;0.49] 

Carrion crow 
(Corvus 
corone) 

0.05 
[-

0.07;0.18] 

-0.24 
[-

0.56;0.08] 

-0.30 
[-0.54;       
-0.03] 

-0.12 
[-

0.27;0.02] 

-0.04 
[-

0.08;0.00] 

-0.03 
[-

0.07;0.02] 

-0.14 
[-

1.56;1.27] 

0.62 
[0.21;1.03] 

Melodious 
warbler 
(Hippolais 
polyglotta) 

0.04 
[-

0.05;0.12] 

0.11 
[-

0.05;0.28] 

-0.09 
[-

0.24;0.05] 

0.01 
[-

0.05;0.07] 

0.01 
[-

0.02;0.03] 

-0.02 
[-

0.05;0.01] 

0.19 
[-

0.66;1.03] 

-0.08 
[-

0.41;0.24] 

Common 
nightingale 
(Luscinia 
megarhynchos) 

0.02 
[-

0.03;0.07] 

-0.01 
[-

0.11;0.08] 

-0.16 
[-0.24;       
-0.07] 

0.00 
[-

0.03;0.04] 

0.00 
[-

0.01;0.02] 

-0.01 
[-

0.03;0.00] 

0.06 
[-

0.43;0.54] 

0.17 
[-

0.00;0.34] 

Great tit 
(Parus major) 

0.10 
[-

0.01;0.20] 

-0.01 
[-

0.23;0.21] 

-0.17 
[-

0.36;0.02] 

0.10 
[0.03;0.16] 

0.02 
[-

0.01;0.05] 

-0.01 
[-

0.04;0.03] 

1.39 
[0.29;2.48] 

0.23 
[-

0.12;0.59] 

Eurasian 
magpie 
(Pica pica) 

-0.14 
[-

0.41;0.14] 

0.02 
[-

0.34;0.39] 

0.03 
[-

0.33;0.38] 

-0.09 
[-

0.28;0.10] 

-0.01 
[-

0.06;0.04] 

-0.20 
[-

0.46;0.06] 

-1.58 
[-

3.81;0.64] 

0.23 
[-

0.44;0.90] 

European 
green 
woodpecker 
(Picus viridis) 

-0.17 
[-

0.52;0.18] 

-0.50 
[-

1.04;0.05] 

-0.55 
[-1.09;       
-0.01] 

-0.09 
[-

0.24;0.06] 

-0.12 
[-0.21;       
-0.03] 

-0.40 
[-

0.98;0.04] 

-1.32 
[-

3.39;0.74] 

-0.17 
[-

1.10;0.76] 

Eurasian 
blackcap 
(Sylvia 
atricapilla) 

0.06 
[-

0.06;0.19] 

-0.07 
[-

0.37;0.23] 

-0.26 
[-0.50;-

0.01] 

0.05 
[-

0.04;0.14] 

-0.01 
[-

0.05;0.03] 

0.00 
[-

0.03;0.04] 

1.33 
[-

0.01;2.66] 

0.36 
[-

0.09;0.81] 

Eurasian 
hoopoe 
(Upupa epops) 

0.02 
[-

0.16;0.20] 

-0.09 
[-

0.47;0.28] 

0.02 
[-

0.31;0.35] 

-0.01 
[-

0.18;0.015] 

0.02 
[-

0.03;0.07] 

0.01 
[-

0.05;0.06] 

1.09 
[-

0.83;3.01] 

0.07 
[-

0.59;0.74] 

Crested lark  
(Galerida 
cristata)  

-0.12 
[-

0.26;0.03] 

-0.07 
[-

0.32;0.17] 

-0.07 
[-

0.29;0.14] 

-0.33 
[-0.61;-
0.05] 

0.01 
[-

0.02;0.04] 

0.02 
[-

0.01;0.05] 

0.22 
[-

1.02;1.45] 

-0.07 
[-

0.57;0.42] 

Corn bunting 
(Emberiza 
calandra) 

-0.33 
[-0.55;       
-0.12] 

0.46 
[0.11;0.80] 

-0.26 
[-

0.54;0.02] 

-0.14 
[-

0.41;0.14] 

0.12 
[0.06;0.17] 

0.06 
[0.02;0.11] 

2.33 
[0.62;4.03] 

-0.13 
[-

0.77;0.50] 

Eurasian 
skylark 
(Alauda 
arvensis) 

-0.29 
[-0.48;       
-0.09] 

0.06 
[-

0.25;0.37] 

-0.08 
[-

0.33;0.18] 

-0.15 
[-

0.38;0.08] 

0.03 
[-

0.01;0.07] 

0.05 
[0.01;0.09] 

1.12 
[-

0.34;2.59] 

-0.74 
[-1.46;       
-0.02] 

Eurasian reed 
warbler 
(Acrocephalus 
scirpaceus)  

-0.08 
[-

0.18;0.03] 

0.04 
[-

0.16;0.25] 

0.26 
[0.09;0.43] 

0.01 
[-

0.08;0.11] 

-0.01 
[-

0.04;0.02] 

0.04 
[0.01;0.07] 

-0.40 
[-

1.57;0.78] 

-0.07 
[-

0.51;0.36] 



Great reed 
warbler 
(Acrocephalus 
arundinaceus) 

0.00 
[-

0.10;0.10] 

-0.45 
[-0.74;       
-0.17] 

0.08 
[-

0.14;0.31] 

-0.17 
[-

0.35;0.01] 

-0.07 
[-0.12;       
-0.03] 

0.02 
[-

0.00;0.05] 

-1.42 
[-

2.86;0.02] 

-0.49 
[-

1.19;0.21] 
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4 Discussion 297 

Our study shows that different types of field margins can provide alternative habitats to 298 

terrestrial birds in a rice paddy landscape, but species responses vary even within species guilds. 299 

We found that (i) grass strips represent a substitute habitat to grasslands for corn bunting and 300 

(ii) reed strips represent a substitute habitat to wetlands for the Eurasian reed warbler, in line 301 

with the habitat compensation hypothesis. For these two species, the positive effect of field 302 

margins on the abundance of species was even stronger than the effect of the corresponding 303 

semi-natural habitat patch. This result suggests that field margins are currently valuable habitat 304 

rather than substitute ones for these two species. It is consistent with the meta-analysis 305 

conducted by Riva and Fahrig (2022), which highlighted the higher value of small habitat 306 

patches for biodiversity conservation. In contrast, we could not confirm the compensation 307 

hypothesis for 12 out of 14 species. Such a lack of support to the compensation hypothesis 308 

could be explained by different methodological and ecological reasons. First, we observed a 309 

general lack of species responses to their primary habitat with only 3 species responding 310 

positively to the primary habitat surface area. This may result from the use of broad categories 311 

of habitat preferences, while species abundance may vary along ecological continuums. Also, 312 

semi-natural habitats have been grouped into three primary habitat categories, which may not 313 

be detailed enough to match species habitats preferences. For example, wetlands include 314 

reedbeds but also ponds without emergent vegetation which are likely not very attractive for 315 

reedbeds birds. A more detailed mapping of primary habitats or functional description of 316 

habitats, such as habitat quality, nesting opportunities or food resources would therefore be 317 

necessary to further test the habitat compensation hypothesis for several of the species 318 

considered. In addition, the observed species might potentially accommodate a diversity of 319 

habitats. Indeed, in the Camargue, some forest edge species like carrion crow, Eurasian magpie 320 

or common nightingale are known to be able to nest in very open landscape e.g. in isolated trees 321 

within a matrix of cultivated fields. Further studies aiming to test the habitat compensation 322 

hypothesis should therefore focus on species that are more strongly associated with their 323 

primary habitat. 324 



Our results show that the compensation hypothesis cannot be generalized to all bird species 325 

within the three guilds studied. Indeed, only some species benefited from the presence of field 326 

margins as substitute habitat. Moreover, some species within these guilds were not even 327 

recorded within sampled agricultural landscapes. For example, the bearded reedling (Panurus 328 

biarmicus), a reedbed bird, the blue tit (Cyanistes caeruleus), a forest edge bird, or the tawny 329 

pipit (Anthus campestris), a grassland bird, breed in Camargue but were not contacted at all 330 

during our surveys. 331 

The lack of effect of field margins on some species may be partly explained by both the 332 

quality of field margins and the ecological preferences of these species. Indeed, in Camargue, 333 

ditches are increasingly being lined with concrete or buried, like in Japanese rice paddy 334 

landscapes for example (Yamada et al., 2011). Some studies have highlighted that earthen 335 

ditches host much more aquatic fauna and flora than concrete ones (Katoh et al., 2009). It was 336 

also shown that the density of intermediate egrets (Egretta intermedia) was twice as high in rice 337 

fields with shallow earthen ditches than in rice fields with deep concrete-lined ditches 338 

(Katayama et al., 2012). Here, we found a positive effect of reed field margins for the Eurasian 339 

reed warbler but not for the great reed warbler, the latter requiring wetter and larger patches of 340 

reedbeds than the Eurasian reed warbler (BirdLife International, 2022). The absence of the 341 

bearded reedling is also consistent with the fact that this species requires larger areas of 342 

reedbeds and is not encountered in reed strips along artificial ditches (P.M. pers. obs.).  343 

Our results nearly support the hypothesis that hedgerows represent a substitute habitat for 344 

great tit with a positive effect of woodland and a positive but no significant effect of hedgerow. 345 

The European greenfinch is the only species significantly positively affected by hedgerow, a 346 

result that may be useful to encourage farmers to maintain and restore hedgerows. Yet, the lack 347 

of effect of hedgerows for the other species was surprising since hedgerows are known to 348 

benefit a broad range of forest edge species (Batáry et al., 2010; Wilson et al., 2017). In 349 

Camargue, the poor quality of hedgerows may explain the lack of response within a wider bird 350 

community because several of them, i.e. coniferous or giant cane (Arundo donax) hedgerows, 351 

are not suitable to forest edge birds as their volume and plant diversity are low (Graham et al., 352 

2018; Montgomery et al., 2020). 353 

Our results highlight that grass strips have a stronger effect than grasslands for corn 354 

bunting. The greater plant biomass of grass strips compared to Mediterranean salt meadows, 355 

which constitute most of the grassland area habitat category, may explain this greater effect of 356 

grass strips compared to other open habitats. The high density of seeds available in cultivated 357 

fields where this species comes to feed (Madge and de Juana, 2020), can also be a confounding 358 



effect. Unlike other types of field margins, grass strips are probably not used as a nesting habitat 359 

due to disturbance from agricultural activity. In particular, these strips are frequently mowed 360 

and used by farmers to move around the crop fields, which causes disturbances that might 361 

prevent nesting (Vickery et al., 2009). 362 

Further research should therefore assess the ecological value of field margins, for instance 363 

by comparing the demographics of Eurasian reed warbler and corn bunting in the substitute 364 

habitat and in natural habitat to ensure that field margins are not ecological traps (Horne, 1983). 365 

This would also allow to develop recommendations on the most favorable field margin 366 

management methods. It may also be relevant to study the role of different types of field 367 

margins for generalist species. Indeed, a recent paper has highlighted the progressive 368 

colonization of farmland habitats by generalist bird species over the last decades in Spain (Díaz 369 

et al., 2022). Taking into account the response of generalist bird species may therefore help 370 

avoiding the homogenization of bird communities in rice paddy landscapes. Finally, the value 371 

of field margins may also depend on the availability of habitat patches within the landscape. 372 

For instance, reedbeds may have a more positive effects when they are close to a large patch of 373 

wetland. Testing such interactive effects would require an adequate study design with all 374 

combinations of values for field margins and semi-natural patches, and a sample size large 375 

enough to provide robust estimates of all parameters within associated statistical models. 376 

Our study also highlights that increasing a type of field margins may have antagonistic 377 

effects across different guilds. Indeed, four species within the forest edge bird guild were 378 

negatively impacted by the area of reed strips. This result may be due to the fact that this type 379 

of field margin provides too few resources in terms of food and nesting sites for forest edge 380 

bird species (Shoffner et al., 2018). Similarly, the abundance of the great reed warbler is 381 

negatively correlated to the area of grassland and grass strip as this species occur mainly in wet 382 

habitats during the breeding season (Dyrcz, 2020). As expected, grassland birds were negatively 383 

impacted by the area of hedgerows and woodland confirming previous studies that observed a 384 

similar negative effect of wooded habitats on different species of grassland birds (e.g. Ellison 385 

et al., 2013; Wilson et al., 2014). Woodland patches usually do not offer resources for grassland 386 

birds and are  avoided because they are a source of avian and mammalian predators (Burger et 387 

al., 1994). Our study therefore confirms that it may not be possible to favor all bird species 388 

within a single landscape and it may be necessary to focus on the type of field margins that 389 

most favor species in need of conservation attention. 390 

Our study confirms that increasing crop diversity and decreasing crop mean field size are 391 

complementary levers to promote biodiversity in agricultural landscapes (Sirami et al., 2019). 392 



Indeed, crop diversity benefited two of the nine forest edge species, European greenfinch and 393 

great tit and one grassland species, corn bunting. Moreover, the decrease in crop field size had 394 

a positive impact on Eurasian skylark. The results likely stem from the fact that higher 395 

landscape heterogeneity provides readily available complementary resources (Batáry et al., 396 

2017; Sirami et al., 2019). On the other hand, we found a positive effect of the increase in crop 397 

field size on the abundance of carrion crows. This effect is probably related to the fact that this 398 

species feed in groups on the ground and may thus be favored by large open areas (Madge, 399 

2020). 400 

In conclusion, our results highlight that field margins are valuable landscape components 401 

to improve biodiversity conservation but cannot be the only components to be promoted in rice 402 

paddy landscapes. In Camargue, current conservation priorities concern the disappearance of 403 

wetlands and grasslands as well as the degraded conservation status of species associated with 404 

these habitats, whereas there is less concern for forest edge birds, which can be found in other 405 

agricultural landscapes. Our study therefore suggests that conserving and restoring wetlands 406 

and grasslands and the associates field margins, reed strips and grass strips, represent a 407 

promising avenue to increase biodiversity in the agricultural landscapes of Camargue. On the 408 

other hand, despite the negative impact of hedgerows on grassland birds and waterbirds 409 

(Tourenq et al., 2001), they can host a diversity of auxiliary species as well as taxa of high 410 

conservation importance in Camargue and other wetlands such as bats (Mas et al., 2021). 411 

Hedgerows have also been shown to limit the presence of greater flamingos (Phoenicopterus 412 

roseus), considered as a pest in rice fields (Ernoul et al., 2014). Taking into account the role of 413 

hedgerows across taxa would be particularly relevant in the context of the current action plan 414 

of replanting hedgerows carried out locally by the Regional Natural Park of the Camargue. 415 

Land-use planning studies could be a good way to propose management actions to farmers and 416 

stakeholders, maximizing both long-term agricultural benefits and biodiversity conservation.   417 



Acknowledgements 418 

We are grateful to all farmers and landowners who graciously permitted us to work in their 419 

fields. We are particularly grateful to the company Biosud who helped with setting up the 420 

network of organic farmers where we sampled avian biodiversity. Finally, particular thanks to 421 

Fabien Laroche for his advices on statistical analysis. 422 

 423 

Funding 424 

This research received the support of the French Ministry of Agriculture [2019-2021], the 425 

company “Alpina-Savoie” [2019-2021] and the Fondation de France [2021-2024].  426 

 427 

Conflict of interest disclosure 428 

The authors declare they have no conflict of interest relating to the content of this article. 429 

 430 

Data, script and code availability 431 

Supplementary information, dataset and statistical scripts are available here: 432 

https://doi.org/10.5281/zenodo.7685771 433 

 434 

Supplementary information 435 

Appendix A: Map of habitat localization in Camargue 436 

Appendix B: Table of species guilds 437 

Appendix C: Correlation table between landscape explanatory variables and sampling 438 

completeness (Cn).  439 

https://doi.org/10.5281/zenodo.7685771


References 440 

Batáry, P., Dicks, L., Kleijn, D., Sutherland, W., 2015. The role of agri-environment schemes 441 

in conservation and environmental management. Conserv. Biol. 29, 1006–1016. 442 

https://doi.org/https://doi.org/10.1111/cobi.12536 443 

Batáry, P., Gallé, R., Riesch, F., Fischer, C., Dormann, C.F., Mußhoff, O., Császár, P., Fusaro, 444 

S., Gayer, C., Happe, A.K., Kurucz, K., Molnár, D., Rösch, V., Wietzke, A., Tscharntke, 445 

T., 2017. The former Iron Curtain still drives biodiversity-profit trade-offs in German 446 

agriculture. Nat. Ecol. Evol. 1, 1279–1284. https://doi.org/10.1038/s41559-017-0272-x 447 

Batáry, P., Matthiesen, T., Tscharntke, T., 2010. Landscape-moderated importance of hedges 448 

in conserving farmland bird diversity of organic vs. conventional croplands and 449 

grasslands. Biol. Conserv. 143, 2020–2027. https://doi.org/10.1016/j.biocon.2010.05.005 450 

BirdLife International, 2022. IUCN Red List for birds [WWW Document]. URL 451 

http://datazone.birdlife.org/species/factsheet (accessed 2.25.22). 452 

Blondel, J., Barruol, G., Vianet, R., 2019. L’Encyclopédie de la Camargue, 2nd edn. ed. Buchet-453 

Chastel, Paris. 454 

Brotons, L., Wolff, A., Paulus, G., Martin, J.L., 2005. Effect of adjacent agricultural habitat on 455 

the distribution of passerines in natural grasslands. Biol. Conserv. 124, 407–414. 456 

https://doi.org/10.1016/j.biocon.2005.01.046 457 

Burger, L.D., Burger, L.W., Faaborg, J., 1994. Effects of prairie fragmentation on predation on 458 

artificial nests. J. Wildl. Manage. 58, 249. https://doi.org/10.2307/3809387 459 

Chan, S.F., Severinghaus, L.L., Lee, C.K., 2007. The effect of rice field fragmentation on 460 

wintering waterbirds at the landscape level. J. Ornithol. 148, 333–342. 461 

https://doi.org/10.1007/s10336-007-0244-z 462 

Chao, A., Jost, L., 2012. Coverage-based rarefaction and extrapolation: Standardizing samples 463 

by completeness rather than size. Ecology 93, 2533–2547. https://doi.org/10.1890/11-464 

1952.1 465 

DataBank, 2018. Terres agricoles (% du territoire) - European Union [WWW Document]. URL 466 

https://donnees.banquemondiale.org (accessed 4.8.22). 467 

Decleer, K., Maes, D., Van Calster, H., Jansen, I., Pollet, M., Dekoninck, W., Baert, L., 468 

Grootaert, P., Van Diggelen, R., Bonte, D., 2015. Importance of core and linear marsh 469 

elements for wetland arthropod diversity in an agricultural landscape. Insect Conserv. 470 

Divers. 8, 289–301. https://doi.org/10.1111/icad.12110 471 

Di Giacomo, A.S., Vickery, P.D., Casaas, H., Spitznagel, O.A., Ostrosky, C., Krapovickas, S., 472 



Bosso, A.J., 2010. Landscape associations of globally threatened grassland birds in the 473 

aguapey river important bird area, corrientes, Argentina. Bird Conserv. Int. 20, 62–73. 474 

https://doi.org/10.1017/S0959270909990177 475 

Díaz, M., Aycart, P., Ramos, A., Carricondo, A., Concepción, E.D., 2022. Site-based vs. 476 

species-based analyses of long-term farmland bird datasets: Implications for conservation 477 

policy evaluations. Ecol. Indic. 140, 109051. 478 

https://doi.org/10.1016/j.ecolind.2022.109051 479 

Dollinger, J., Dagès, C., Bailly, J.S., Lagacherie, P., Voltz, M., 2015. Managing ditches for 480 

agroecological engineering of landscape. A review. Agron. Sustain. Dev. 35, 999–1020. 481 

https://doi.org/10.1007/s13593-015-0301-6 482 

Dyrcz, A., 2020. Great Reed Warbler (Acrocephalus arundinaceus), in: Birds of the World. 483 

Cornell Lab of Ornithology, Ithaca, NY, USA. https://doi.org/10.2173/bow.grrwar1.01 484 

Ellison, K.S., Ribic, C.A., Sample, D.W., Fawcett, M.J., Dadisman, J.D., 2013. Impacts of tree 485 

rows on grassland birds and potential nest predators: a removal experiment. PLoS One 8, 486 

e59151. https://doi.org/10.1371/journal.pone.0059151 487 

Elphick, C.S., 2015. A history of ecological studies of birds in rice fields. J. Ornithol. 156, 239–488 

245. https://doi.org/10.1007/s10336-015-1194-5 489 

Ernoul, L., Mesléard, F., Gaubert, P., Béchet, A., 2014. Limits to agri-environmental schemes 490 

uptake to mitigate human-wildlife conflict: Lessons learned from Flamingos in the 491 

Camargue, southern France. Int. J. Agric. Sustain. 12, 23–36. 492 

https://doi.org/10.1080/14735903.2013.798897 493 

FAO, 2018. FAO Statistical databases [WWW Document]. Food Agric. Organ. United Nations. 494 

URL http://www.fao.org (accessed 4.3.19). 495 

Fraixedas, S., Galewski, T., Ribeiro-Lopes, S., Loh, J., Blondel, J., Fontès, H., Grillas, P., 496 

Lambret, P., Nicolas, D., Olivier, A., Geijzendorffer, I.R., 2019. Estimating biodiversity 497 

changes in the Camargue wetlands: An expert knowledge approach. PLoS One 14, 498 

e0224235. https://doi.org/10.1371/journal.pone.0224235 499 

Galewski, T., Devictor, V., 2016. When common birds became rare: historical records shed 500 

light on long-term responses of bird communities to global change in the largest wetland 501 

of France. PLoS One 11, e0165542. https://doi.org/10.1371/journal.pone.0165542 502 

Graham, L., Gaulton, R., Gerard, F., Staley, J.T., 2018. The influence of hedgerow structural 503 

condition on wildlife habitat provision in farmed landscapes. Biol. Conserv. 220, 122–131. 504 

https://doi.org/10.1016/j.biocon.2018.02.017 505 

Grass, I., Batáry, P., Tscharntke, T., 2021. Combining land-sparing and land-sharing in 506 



European landscapes. Adv. Ecol. Res. 64, 251–303. 507 

https://doi.org/10.1016/bs.aecr.2020.09.002 508 

Herzog, F., Jeanneret, P., Ammari, Y., Angelova, S., Arndorfer, M., Al., E., 2013. Measuring 509 

farmland biodiversity. Solutions 4, 52–58. 510 

Hinsley, S.A., Bellamy, P.E., 2019. Birds of hedgerows and other field boundaries, in: The 511 

Ecology of Hedgerows and Field Margins. pp. 210–232. 512 

https://doi.org/10.4324/9781315121413-11 513 

Horne, B. Van, 1983. Density as a misleading indicator of habitat quality. J. Wildl. Manage. 514 

47, 893. https://doi.org/10.2307/3808148 515 

Jiguet, F., 2003. Instructions pour le programme STOC-EPS. MNHN, pp. 1-18. 516 

Katayama, N., Amano, T., Fujita, G., Higuchi, H., 2012. Spatial overlap between the 517 

intermediate egret egretta intermedia and its aquatic prey at two spatiotemporal scales in 518 

a rice paddy landscape. Zool. Stud. 51, 1105–1112. 519 

Katoh, K., Sakai, S., Takahashi, T., 2009. Factors maintaining species diversity in satoyama, a 520 

traditional agricultural landscape of Japan. Biol. Conserv. 142, 1930–1936. 521 

https://doi.org/10.1016/j.biocon.2009.02.030 522 

King, S., Elphick, C.S., Guadagnin, D., Taft, O., Amano, T., 2010. Effects of landscape features 523 

on waterbird use of rice fields. Waterbirds 33, 151–159. 524 

https://doi.org/10.1675/063.033.s111 525 

Madge, S., 2020. Carrion Crow (Corvus corone), in: Birds of the World. Cornell Lab of 526 

Ornithology, Ithaca, NY, USA. https://doi.org/10.2173/bow.carcro1.01 527 

Madge, S., de Juana, E., 2020. Corn Bunting (Emberiza calandra), in: Birds of the World. 528 

Cornell Lab of Ornithology, Ithaca, NY, USA. 529 

Magnusson, A., Skaug, H., Nielsen, A., Berg, C., Kristensen, K., Maechler, M., Bentham, K. 530 

van, Bolker, B., Sadat, N., Lüdecke, D., Lenth, R., O’Brien, J., Brooks, M., 2020. 531 

Generalized linear mixed models using template model builder. Package glmmTMB. 532 

Version 1.0.2.1 [WWW Document]. R Top. Doc. URL https://cran.r-533 

project.org/package=glmmTMB (accessed 10.19.21). 534 

Mallet, P., 2022. Rôle des infrastructures et des pratiques agroécologiques pour la conservation 535 

de la biodiversité dans les systèmes de grandes cultures en Camargue. 536 

http://www.theses.fr. Avignon. https://doi.org/10.5281/zenodo.7652924 537 

Mallet, P., Béchet, A., Galewski, T., Mesléard, F., Hilaire, S., Lefebvre, G., Poulin, B., Sirami, 538 

C., 2022. Different components of landscape complexity are necessary to preserve 539 

multiple taxonomic groups in intensively-managed rice paddy landscapes. Agric. Ecosyst. 540 



Environ. 328, 107864. https://doi.org/10.1016/j.agee.2022.107864 541 

Marcon, E., Hérault, B., 2015. Entropart: An R package to measure and partition diversity. J. 542 

Stat. Softw. 67. https://doi.org/10.18637/jss.v067.i08 543 

Marja, R., Herzon, I., 2012. The importance of drainage ditches for farmland birds in 544 

agricultural landscapes in the Baltic countries: Does field type matter? Ornis Fenn. 89, 545 

170–181. 546 

Marshall, E.J.P., Moonen, A.C., 2002. Field margins in northern Europe: Their functions and 547 

interactions with agriculture. Agric. Ecosyst. Environ. 89, 5–21. 548 

https://doi.org/10.1016/S0167-8809(01)00315-2 549 

Mas, M., Flaquer, C., Rebelo, H., López-Baucells, A., 2021. Bats and wetlands: synthesising 550 

gaps in current knowledge and future opportunities for conservation. Mamm. Rev. 51, 551 

369–384. https://doi.org/10.1111/mam.12243 552 

Meyer, S., Wesche, K., Krause, B., Leuschner, C., 2013. Dramatic losses of specialist arable 553 

plants in Central Germany since the 1950s/60s - a cross-regional analysis. Divers. Distrib. 554 

19, 1175–1187. https://doi.org/10.1111/ddi.12102 555 

Montgomery, I., Caruso, T., Reid, N., 2020. Hedgerows as ecosystems: Service delivery, 556 

management, and restoration. Annu. Rev. Ecol. Evol. Syst. 51, 81–102. 557 

https://doi.org/10.1146/annurev-ecolsys-012120-100346 558 

Morganti, M., Manica, M., Bogliani, G., Gustin, M., Luoni, F., Trotti, P., Perin, V., Brambilla, 559 

M., 2019. Multi-species habitat models highlight the key importance of flooded reedbeds 560 

for inland wetland birds: Implications for management and conservation. Avian Res. 10, 561 

1–13. https://doi.org/10.1186/s40657-019-0154-9 562 

Newton, I., 2017. Farming and birds. HarperCollins UK, London. 563 

Norton, M.R., Hannon, S.J., Schmiegelow, F.K.A., 2000. Fragments are not islands: Patch vs 564 

landscape perspectives on songbird presence and abundance in a harvested boreal forest. 565 

Ecography (Cop.). 23, 209–223. https://doi.org/10.1111/j.1600-0587.2000.tb00277.x 566 

Pasher, J., Mitchell, S.W., King, D.J., Fahrig, L., Smith, A.C., Lindsay, K.E., 2013. Optimizing 567 

landscape selection for estimating relative effects of landscape variables on ecological 568 

responses. Landsc. Ecol. 28, 371–383. https://doi.org/10.1007/s10980-013-9852-6 569 

PECBMS, 2022. PanEuropean Common Bird Monitoring Scheme [WWW Document]. Paneur. 570 

Common Bird Monit. Scheme. URL https://pecbms.info/trends-and-indicators/indicators/ 571 

(accessed 1.20.22). 572 

R Core Team, 2017. R: A Language and Environment for Statistical Computing. 573 

https://doi.org/https://doi.org/10.1073/pnas.1906419116 574 



Saura, S., Martín-Queller, E., Hunter, M.L., 2014. Forest landscape change and biodiversity 575 

conservation, in: Forest Landscapes and Global Change: Challenges for Research and 576 

Management. Springer New York, pp. 167–198. https://doi.org/10.1007/978-1-4939-577 

0953-7_7 578 

Shoffner, A., Wilson, A.M., Tang, W., Gagné, S.A., 2018. The relative effects of forest amount, 579 

forest configuration, and urban matrix quality on forest breeding birds. Sci. Rep. 8, 1–12. 580 

https://doi.org/10.1038/s41598-018-35276-9 581 

Singh, S., Sharma, S.N., Prasad, R., 2001. The effect of seeding and tillage methods on 582 

productivity of rice-wheat cropping system. Soil Tillage Res. 61, 125–131. 583 

https://doi.org/10.1016/S0167-1987(00)00188-4 584 

Sirami, C., Gross, N., Baillod, A.B., Bertrand, C., Carrié, R., Hass, A., Henckel, L., Miguet, P., 585 

Vuillot, C., Alignier, A., Girard, J., Batáry, P., Clough, Y., Violle, C., Giralt, D., Bota, G., 586 

Badenhausser, I., Lefebvre, G., Gauffre, B., Vialatte, A., Calatayud, F., Gil-Tena, A., 587 

Tischendorf, L., Mitchell, S., Lindsay, K., Georges, R., Hilaire, S., Recasens, J., Solé-588 

Senan, X.O., Robleño, I., Bosch, J., Barrientos, J.A., Ricarte, A., Marcos-Garcia, M.Á., 589 

Miñano, J., Mathevet, R., Gibon, A., Baudry, J., Balent, G., Poulin, B., Burel, F., 590 

Tscharntke, T., Bretagnolle, V., Siriwardena, G., Ouin, A., Brotons, L., Martin, J.L., 591 

Fahrig, L., 2019. Increasing crop heterogeneity enhances multitrophic diversity across 592 

agricultural regions. Proc. Natl. Acad. Sci. U. S. A. 116, 16442–16447. 593 

https://doi.org/10.1073/pnas.1906419116 594 

Stanton, R.L., Morrissey, C.A., Clark, R.G., 2018. Analysis of trends and agricultural drivers 595 

of farmland bird declines in North America: A review. Agric. Ecosyst. Environ. 254, 244–596 

254. https://doi.org/10.1016/j.agee.2017.11.028 597 

Sundar, K.S.G., Subramanya, S., 2010. Bird use of rice fields in the Indian subcontinent. 598 

Waterbirds 33, 44–70. https://doi.org/10.1675/063.033.s104 599 

Tamisier, A., Grillas, P., 1994. A review of habitat changes in the camargue: An assessment of 600 

the effects of the loss of biological diversity on the wintering waterfowl community. Biol. 601 

Conserv. 70, 39–47. https://doi.org/10.1016/0006-3207(94)90297-6 602 

Toffoli, R., Rughetti, M., 2017. Bat activity in rice paddies: Organic and conventional farms 603 

compared to unmanaged habitat. Agric. Ecosyst. Environ. 249, 123–129. 604 

https://doi.org/10.1016/j.agee.2017.08.022 605 

Tourenq, C., Aulagnier, S., Durieux, L., Lek, S., Mesléard, F., Johnson, A., Martin, J.L., 2001. 606 

Identifying rice fields at risk from damage by the greater flamingo. J. Appl. Ecol. 38, 170–607 

179. https://doi.org/10.1046/j.1365-2664.2001.00581.x 608 



Vallecillo, S., Brotons, L., Herrando, S., 2008. Assessing the response of open-habitat bird 609 

species to landscape changes in Mediterranean mosaics. Biodivers. Conserv. 17, 103–119. 610 

https://doi.org/10.1007/s10531-007-9233-z 611 

Vickery, J.A., Feber, R.E., Fuller, R.J., 2009. Arable field margins managed for biodiversity 612 

conservation: A review of food resource provision for farmland birds. Agric. Ecosyst. 613 

Environ. 133, 1–13. https://doi.org/10.1016/j.agee.2009.05.012 614 

Warren, M.S., Maes, D., van Swaay, C.A.M., Goffart, P., van Dyck, H., Bourn, N.A.D., 615 

Wynhoff, I., Hoare, D., Ellis, S., 2021. The decline of butterflies in Europe: Problems, 616 

significance, and possible solutions. Proc. Natl. Acad. Sci. U. S. A. 118, e2002551117. 617 

https://doi.org/10.1073/PNAS.2002551117 618 

Wilson, J.D., Anderson, R., Bailey, S., Chetcuti, J., Cowie, N.R., Hancock, M.H., Quine, C.P., 619 

Russell, N., Stephen, L., Thompson, D.B.A., 2014. Modelling edge effects of mature forest 620 

plantations on peatland waders informs landscape-scale conservation. J. Appl. Ecol. 51, 621 

204–213. https://doi.org/10.1111/1365-2664.12173 622 

Wilson, S., Mitchell, G.W., Pasher, J., McGovern, M., Hudson, M.A.R., Fahrig, L., 2017. 623 

Influence of crop type, heterogeneity and woody structure on avian biodiversity in 624 

agricultural landscapes. Ecol. Indic. 83, 218–226. 625 

https://doi.org/10.1016/j.ecolind.2017.07.059 626 

Yamada, S., Kusumoto, Y., Tokuoka, Y., Yamamoto, S., 2011. Landform type and land 627 

improvement intensity affect floristic composition in rice paddy fields from central Japan. 628 

Weed Res. 51, 51–62. https://doi.org/10.1111/j.1365-3180.2010.00815.x 629 

 630 


