
HAL Id: hal-04521367
https://hal.science/hal-04521367

Submitted on 26 Mar 2024

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Population declines of a widespread amphibian in
agricultural landscapes

Matthias Renoirt, Frédéric Angelier, Marion Cheron, Laure Jabaud, Sabrina
Tartu, François Brischoux

To cite this version:
Matthias Renoirt, Frédéric Angelier, Marion Cheron, Laure Jabaud, Sabrina Tartu, et al.. Population
declines of a widespread amphibian in agricultural landscapes. The Science of Nature Naturwis-
senschaften, 2024, 111 (2), pp.17. �10.1007/s00114-024-01905-9�. �hal-04521367�

https://hal.science/hal-04521367
https://hal.archives-ouvertes.fr


1 
 

Population declines of a widespread amphibian in agricultural landscapes 1 

 2 

Matthias Renoirt1, Frédéric Angelier1, Marion Cheron1, Laure Jabaud1, Sabrina 3 

Tartu1, François Brischoux1 4 

 5 

1. Centre d’Etudes Biologiques de Chizé, UMR7372 CNRS-La Rochelle Université, 6 

79360 Villiers en Bois, France 7 

 8 

 9 

Correspondence:  10 

F. Brischoux (francois.brischoux@cebc.cnrs.fr) 11 

CEBC UMR7372 CNRS-ULR, 79360 Villiers en Bois, France 12 

 13 

Revised manuscript (NAWI-D-23-00203) for submission in The Science of Nature - 14 

Naturwissenschaften 15 

 16 

 17 

 18 

 19 

  20 



2 
 

Abstract. 21 

Modern agricultural practices are suspected to play a major role in the ongoing 22 

erosion of biodiversity.  In order to assess whether this biodiversity loss is linked to 23 

past habitat modifications (e.g., land consolidation) or to current consequences of 24 

modern agriculture (e.g., use of agrochemicals), it remains essential to monitor 25 

species that have persisted in agricultural landscapes to date.  In this study, we 26 

assessed the presence, abundance and recent population trends of one such species, 27 

the spined toad (Bufo spinosus) along a gradient of habitats from preserved (forests) 28 

to highly agricultural sites in rural Western France.  Our results showed that both 29 

presence and abundance of spined toads were markedly lower in reproductive 30 

ponds surrounded by intensive agriculture.  The most salient result of our study is 31 

the ongoing decline of this species in farmland habitats.  Indeed, this result suggests 32 

that unknown factors are currently affecting a widespread terrestrial amphibian 33 

previously thought to persist in agricultural landscapes. These factors have recently 34 

induced strong population declines over the course of a few years.  Future 35 

investigations are required to identify these factors at a time when anthropogenic 36 

activities are currently leading to unprecedented rates of biodiversity loss. 37 

 38 
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Introduction 44 

 45 

Anthropogenic activities are currently leading to unprecedented rates of biodiversity 46 

loss (Chapin III et al. 2000; Myers and Knoll 2001; Brooks et al. 2002).  Indeed, human 47 

activities are now recognized to be responsible of climate change (Vitousek 1994; 48 

Steffen et al. 2007), major shifts in land use (Klein Goldewijk and Ramankutty 2004; 49 

Young et al. 2005) and environmental contamination (Rudel et al. 2009; Saleh and 50 

Aglan 2018); all of which can individually and/or interactively affect wildlife (de 51 

Brito Rodrigues et al. 2019; Trudeau et al. 2020; Wagner 2020; Gunstone et al. 2021).  52 

 53 

Among the various sources of anthropogenic disturbances to natural ecosystems, 54 

modern agricultural practices are suspected to play a major role in the ongoing 55 

erosion of biodiversity for several reasons (Altieri 1999; Dudley and Alexander 2017).  56 

First, modern agriculture is responsible for the alteration and the reduction of natural 57 

habitats and landscape homogenization (Fahrig 2003) as compared to ancestral 58 

agricultural practices.  For instance, in Europe, changes in land-use politics that 59 

occurred post World War II (WWII) have induced a large scale land consolidation 60 

(Benton et al. 2003; Tscharntke et al. 2005).  The ancestral rural matrix of small plots 61 

and meadows bordered by a dense network of hedges has been homogenized to 62 

extended fields hosting monocultures (Benton et al. 2003; Tscharntke et al. 2005).  63 

Concomitantly, this revolution has provoked a reduction in the spatial connectivity 64 

between patches of favourable habitats among the agricultural landscape, limiting 65 

therefore the persistence of wildlife (Benton et al. 2003).  Second, detrimental effects 66 

of modern agriculture are linked to the massive use of chemical substances that are 67 
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used to increase agricultural yields (Geiger et al. 2010).  Many pesticides are used to 68 

control weeds, insect and fungi in crops, but they have been suspected or shown to 69 

detrimentally impact non-target species (Hasenbein et al. 2017; de Brito Rodrigues et 70 

al. 2019), either directly through their toxic sublethal or lethal effects (Relyea 2004; 71 

Slaninova et al. 2009; Williams et al. 2015) or indirectly through alterations of 72 

ecosystem functioning (e.g., reduced food availability, Hart et al. 2006; Wagner 2020). 73 

 74 

As a result, agricultural practices are expected to detrimentally affect wildlife at 75 

different temporal scales.  Indeed, at least in Western Europe, most of the landscape 76 

changes linked to land consolidation have occurred after WWII (Antrop 2000) and 77 

the subsequent habitat homogenisation and fragmentation have been mostly 78 

achieved by the mid 70’s or early 80’s (Griffin 1979; Skole and Tucker 1993; Harper et 79 

al. 2007; Rudel et al. 2009).  As a consequence, it is expected that the effects of such 80 

processes on the persistence of wild populations have already been acting for several 81 

decades (Debinski and Holt 2000; Fuller et al. 2015).  In contrast, the temporal scale of 82 

the consequences of agrochemical use on wildlife is much more complex to assess.  83 

Indeed, although the reliance on chemical inputs has progressively increased with 84 

the development of modern agriculture, the type (fertilizers versus pesticides) , the 85 

quantity and the chemical composition (active compounds) of agrochemicals have 86 

constantly changed over time; most notably to circumvent issues linked to the 87 

adaptive resistance of pests and, more recently, in response to growing societal 88 

concerns (Howden et al. 2007; Bhandari 2014; Prashar and Shah 2016; Hawkins et al. 89 

2019; Sharma et al. 2019).  Taken together, these ideas suggest that the consequences 90 
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of agriculture on wildlife linked to the reduction of natural habitats should have 91 

already occurred and that impoverished biodiversity in agricultural areas should be 92 

a ghost of past landscape changes (Harding et al. 1998; Cousins 2009; Surasinghe and 93 

Baldwin 2014). In contrast, current negative trends of wildlife population should be 94 

related to the consequences of other factors such as agrochemicals either directly or 95 

due to their interactions with the constraints of habitat structure described above 96 

(Potts et al. 2010; Oliver and Morecroft 2014) or current climatic modifications either 97 

directly or due to their interactions with habitat structure and/or environmental 98 

contamination  (De Frenne et al. 2019; De Lombaerde et al. 2022).  As a consequence, 99 

it remains critical to continue to monitor the populations of species that have 100 

persisted in agricultural landscapes. 101 

 102 

In this study, we assessed the presence, abundance and recent population trends of 103 

one such species, the spined toad (Bufo spinosus) in rural Western France.  The spined 104 

toad is a terrestrial amphibian that has been shown to persist in agricultural habitats 105 

(Guillot et al. 2016, but see Meek 2022) when reproductive ponds are still present in 106 

the environment.  As most terrestrial amphibians, this species has a biphasic life 107 

cycle with an extensive use of terrestrial habitats during most of the year and a short 108 

breeding season in ponds where mating occurs and eggs and tadpoles develop 109 

(Reading 1998; Semlitsch 2008; Kelleher et al. 2018).  In order to describe the effects of 110 

agriculture on the persistence of this species, we used three complementary 111 

approaches.  First, in 2021 and 2022, we assessed the presence of reproductive 112 

individuals in ponds located along a gradient of habitats from preserved (forests) to 113 
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highly agricultural sites.  Second, on a representative subsample of the same sites 114 

and during the same years, we quantified abundances of reproductive individuals 115 

(males and females) during the whole reproductive season.  Finally, on a few sites 116 

that have been monitored for other purposes since 2015, we used capture data of 117 

reproductive males as an index of abundances to describe temporal trends.    118 

 119 

 120 

  121 
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Material and methods 122 

 123 

Study species  124 

Spined toad (Bufo spinosus) is one of the most common terrestrial amphibians in 125 

Western Europe.  This species can live in a wide variety of habitats and has been 126 

shown to persist in agricultural areas (Guillot et al. 2016). Juveniles and adults are 127 

terrestrial most of the year, but reproduce in aquatic sites (ponds) where eggs and 128 

larvae develop during 2 to 3 months (Reading and Clarke 1983; Reading 1998; 129 

Kelleher et al. 2018).  At the beginning of the reproductive season, toads migrate to 130 

breeding sites where males can remain for several weeks, while females occur shortly 131 

for mating and egg-laying (Reading and Clarke 1983; Reading 1991, Reading 1998). 132 

 133 

Presence, abundance and recent population trends   134 

First, in 2021 and 2022, we assessed the presence of reproductive toads in 23 ponds 135 

that were similar in term of size and depth (Appendix 1, Appendix 2).  All these sites 136 

were situated nearby the Centre d’Etudes Biologiques de Chizé (CEBC-CNRS; 137 

coordinates 46.1475819, -0.4254604; see site 2 in Appendix 2).  These sites were 138 

monitored during 2 to 3 nights (separated by 2 to 4 days) during the peak of toad 139 

abundance at their aquatic breeding sites.  These peaks of toad abundance were 140 

based on our abundance surveys (see below) as in our study area, the reproductive 141 

phenology of study sites is simultaneous.  During these surveys, ponds and their 142 

surroundings were monitored at night (between 9 pm and 1 am) with headlamps to 143 

locate individuals.  All surveys were conducted by the same team in order to avoid 144 

observers’ effects.  We recorded the presence (1 for presence and 0 for absence) of 145 
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breeding individuals and whether these individuals were males (1 for presence and 0 146 

for absence) or females (1 for presence and 0 for absence) as the sexual dimorphism 147 

(females being obviously larger than males) in this species allows straightforward 148 

sexing without capture (Hemelaar 1988). 149 

 150 

Second, in 2021 and 2022, we assessed the abundance of reproductive toads in 8 sites 151 

from the ones surveyed for toad presence (Appendix 1, Appendix 2). These sites 152 

were monitored three times a week (Monday, Wednesday and Friday) from late 153 

January (25th in 2021 and 31st in 2022) before the arrival of the first reproductive 154 

individuals, until the departure of the last reproductive individuals (April 9 in 2021 155 

and April 11 in 2022).  During these surveys, the ponds and their surroundings were 156 

monitored at night (between 9pm and 1 am) with headlamps and the number of 157 

males and females sighted were counted.  From these nightly count data, we 158 

extracted maximum number of individuals counted during a single night [total, 159 

males or females] and mean number of individuals per nights during the whole 160 

breeding season for each site [total, males or females]). Such monitoring could not be 161 

carried out on all the 23 sites for logistical reasons. The 8 sites were selected because 162 

they represent the variety of agricultural landscapes that could be found in the area 163 

(Appendix 1, Appendix 2). 164 

 165 

Finally, we used data collected for other studies to assess recent population trends in 166 

4 sites situated in agricultural settings and 2 sites situated in preserved habitats 167 

(Appendix 1, Appendix 2).  On these sites, only males were monitored (Guillot et al. 168 
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2016; Brischoux et al. 2018; Brischoux and Cheron 2019; Brischoux et al. 2021; Renoirt 169 

et al. 2021a; unpublished data).  Since 2015, we aimed at capturing 30 to 40 170 

individuals per study sites.  Although such sample sizes were readily obtained at 171 

agricultural sites during a single night during the reproductive peak at the beginning 172 

of our projects, it became increasingly difficult to obtain these numbers during the 173 

subsequent years in those given sites (see results).  Importantly, this was the reason 174 

why we included forest sites in subsequent years.  This also explains why forest sites 175 

were monitored posteriorly than initial (agricultural) sites included in these other 176 

studies.  We used these capture data (number of captured males during a single 177 

night situated around the peak of reproduction) in order to monitor broad proxy of 178 

abundances across years.  Although we acknowledge that this dataset has not been 179 

designed to thoroughly monitor toad abundances, we emphasize that the trends in 180 

the number of captured individuals across years should describe, at least in a 181 

qualitative way, the recent population trends in specific sites.   182 

 183 

Habitat classification 184 

The terrestrial part of the life cycle of toads occurs usually within 1 km from the 185 

breeding ponds (Kovar et al. 2009; Janin et al. 2011; Guillot et al. 2016).  As a 186 

consequence, from aerial pictures of each study site (GoogleEarth), we drew buffers 187 

with a radius of 1 km, corresponding to the potential distance travelled by an 188 

individual to reach a breeding site (Kovar et al. 2009; Janin et al. 2011; Guillot et al. 189 

2016).  We extracted surface area of the main habitat types surrounding each study 190 

site: forests and woods, hedges, agricultural fields, meadows and buildings (small 191 

villages) using QGIS (3.22).  We used the PC1 value from a principal component 192 
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analysis (PCA) of these five variables to attribute a habitat score to each site. The PC1 193 

of the sites for which we assessed toad presence accounted for 51.9% of the total 194 

variance and was positively correlated with agricultural fields (r=0.82) and 195 

negatively correlated with forest (r=-0.91).  The PC1 of the sites for which we 196 

assessed toad abundances accounted for 65.0% of the total variance and was 197 

positively correlated with agricultural fields (r=0.90) and negatively correlated with 198 

forest (r=-0.96).  For the sites used for assessing recent population trends, we used 199 

habitat categories (agriculture versus forest, see Renoirt et al. 2021a for details).  200 

 201 

Statistical analyses 202 

We used Generalized Linear Mixed Models (GLMM) with a binomial distribution to 203 

assess the influence of the habitat score on the presence (1) or absence (0) of toads 204 

(overall, males or females).  Some sites were monitored 2 years of our study (N=10), 205 

while others were monitored once (N=13). Because including year and site identity as 206 

random factors over-parametrized the models, both years were analysed separately.   207 

 208 

We used Generalized Linear Mixed Models (GLMM) to assess the influence of 209 

habitat score on toad abundance (total, maximum and mean number) for all 210 

individuals and males or females, separately; with year added as a fixed factor.  All 211 

count data passed normality check. 212 

 213 

Finally, we used GLMM to analyse our proxy of recent population trends with the 214 

number of captured males as a response variable, and year and habitat category 215 
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(agriculture versus forest) as predictors, we used site identity as a random factor in 216 

our models (the number of sites varied according to year). 217 

    218 

    219 
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Results 220 

 221 

Toad presence 222 

Models including overall toad presence were identical as those including the 223 

presence of males solely, with only 4 sites (all agricultural with positive PC1 scores) 224 

for which males were present but females absent. 225 

We found a significant negative effect of the habitat score on the presence of both 226 

males (2021: X2=5.557, df=1, p=0.018; 2022: X2=4.147, df=1, p=0.041) and females 227 

(2021: X2=5.256, df=1, p=0.022; 2022: X2=6.546, df=1, p=0.01), with presence 228 

decreasing with increasing agriculture (Fig. 1). 229 

 230 

Toad abundance 231 

We found a significant negative effect of the habitat score on the maximum number 232 

of individuals (Estimate = -16.88, SE = 3.22, Wald = 27.55, p < 0.001), the maximum 233 

number of males (Estimate = -14.41, SE = 3.18, Wald = 20.52, p < 0.001, Fig 1) and the 234 

maximum number of females (Estimate = -2.50, SE = 0.47, Wald = 28.15, p < 0.001, Fig 235 

1).  These numbers varied between years in females (Estimate = -2.35, SE = 0.93, Wald 236 

= 6.41, p = 0.01) but not in males (p = 0.17). 237 

Finally, we found a significant negative effect of the habitat score on the mean 238 

number of individuals (Estimate = -4.51, SE = 1.34, Wald = 11.32, p < 0.001), the mean 239 

number of males (Estimate = -4.19, SE = 1.26, Wald = 10.99, p < 0.001) and the mean 240 

number of females (Estimate = -0.54, SE = 0.24, Wald = 5.05, p = 0.024).  These 241 

numbers did not vary between years (all p > 0.25). 242 

 243 
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Indices of population trends 244 

We found a significant interaction between the habitat type and the number of males 245 

captured between years (Estimate = -0.11, SE = 0.04, Wald = 7.55, p = 0.006).  Number 246 

of captured males in agricultural sites decreased strongly between years (F1,17=32.88, 247 

p<0.0001, Fig. 2), while the number of captured individuals from forest sites 248 

remained steady (F1,6=0.003, p=0.96, Fig. 2). 249 

 250 

 251 

 252 

  253 
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Discussion 254 

Overall, we found that both presence and abundances of a widespread terrestrial 255 

amphibian were markedly lower in reproductive ponds surrounded by intensive 256 

agriculture.  The most salient, yet worrisome, result of our study is the apparent 257 

ongoing decline of this species in such farmland habitats.  Indeed, this result may 258 

suggest that unknown factors are currently affecting amphibian populations and 259 

have recently induced strong population decreases over the course of a few years.  260 

 261 

Although spined toads have been earlier shown to persist in agricultural habitats 262 

(Guillot et al. 2016, but see Meek 2022), our results show that, as for many other 263 

farmland species, agriculture negatively influenced the presence of reproductive 264 

individuals at breeding sites (Keller and Waller 2002; Williams et al. 2015; Tucker et 265 

al. 2018).  Importantly, although such effect was found in both males and females, in 266 

4 of the study sites (25% of the sites with a positive habitat score and thus 267 

characterized by intensive agriculture) we did not observe any reproductive female.  268 

Such result dovetails relatively well with previous observations made on the same 269 

species and which have highlighted the lack of reproductive females and subsequent 270 

lack of eggs and developing larvae at some sites situated within agricultural 271 

landscapes (Renoirt et al. 2021b).  Although the putative sex-specific mechanisms 272 

presumably affecting females more than males in agricultural habitats remain 273 

unknown, the lack of reproductive females at some breeding ponds is likely to 274 

jeopardize population persistence in agricultural habitats. 275 

 276 
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In sites where spined toads were present for reproduction, abundances of both males 277 

and females were strongly reduced in agricultural habitats.   Several hypotheses can 278 

explain this result.  First, for growing juveniles and adult individuals, agricultural 279 

habitats may be characterized by lower carrying capacity, both in term of terrestrial 280 

microhabitats availability (buffered and concealed retreat sites to evade predation 281 

and decrease thermal and hydric constraints, Tuomainen and Candolin 2011; Oliver 282 

and Morecroft 2014) during the terrestrial part of the life cycle and/or in term of 283 

trophic resources availability (decreased abundances of prey, Hart et al. 2006; 284 

Wagner 2020).  Such constraints would inevitably increase intraspecific competition 285 

for these limiting resources and thus decrease abundances of toads in agricultural 286 

habitats.  Second, for developing eggs and larvae, the quality of aquatic breeding 287 

sites may be lower in agricultural landscapes.  For instance, the presence of 288 

environmental contaminants in such sites (Bókony et al. 2018; Leeb et al. 2020) may 289 

well negatively influence the survival of embryos and larvae (Bókony et al. 2018; 290 

Cheron et al. 2022a; Cheron et al. 2022b, but see Loman and Lardner 2006) and/or the 291 

quality of metamorphic individuals (Boone et al. 2005).  We emphasize that these 292 

hypotheses are not mutually exclusive and it is likely that reduced abundances of 293 

spined toads in agricultural landscapes may result from complex interactions 294 

between various habitat-specific constraints.  Deciphering the relative role of these 295 

different constraints will require future investigations. 296 

 297 

Importantly, our results on indices of recent population trends may give further 298 

insights into these processes.  Indeed, although we emphasize that these data were 299 
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not designed to thoroughly assess population abundances over time and thus need to 300 

be handled with caution (Pechmann et al. 1991, Reid et al. 2011); the trends we 301 

highlighted seem to indicate very recent population decreases in agricultural habitats 302 

as compared with preserved forest habitats.  In line with the ideas developed above 303 

(see Introduction), such result may indicate that the structural constraints of 304 

agricultural habitats (linked to previous landscape homogenization and 305 

fragmentation) may not be the primary driver of the current decreased presence and 306 

abundances of spined toads.  Indeed, based on examination of aerial photographs 307 

(GoogleEarth) and on our knowledge of the study area, no structural changes have 308 

occurred since the beginning of our surveys (e.g., land consolidation).  In 309 

combination with recent population trend, such information suggests that the decline 310 

we are currently witnessing may be linked either indirectly to a concomitant decline 311 

in prey abundances (Hart et al. 2006; Wagner 2020) and/or to other factors affecting 312 

directly spined toads.  In this respect, the potential role of environmental 313 

contamination seems a likely candidate knowing the detrimental effects of 314 

agrochemicals on wildlife (Kendall and Akerman 1992) and more specifically on 315 

amphibians (Baker et al. 2013; Trudeau et al. 2020).  Alternatively, but not 316 

exclusively, it is also plausible that recent changes in climatic conditions, which 317 

apply more strongly in open habitats than under forest canopies (De Frenne et al. 318 

2019; De Lombaerde et al. 2022), affected amphibian populations in agricultural areas 319 

(e.g., due to increased temperature and reduced precipitation, Lawler et al. 2010).  320 

Whatever the underlying mechanisms, the putative sex-specific mechanisms 321 
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presumably affecting females more than males (see above, Renoirt et al. 2021b) are 322 

required to be deciphered. 323 

 324 

Overall, our study potentially highlights a worrying recent decline in the populations 325 

of a widespread terrestrial amphibian previously thought to persist in agricultural 326 

landscape.  We emphasize that unknown factors are currently affecting these 327 

populations very rapidly.  Future investigations are required to identify these factors 328 

at a time when anthropogenic activities are currently leading to unprecedented rates 329 

of biodiversity loss.   330 

 331 

 332 

 333 

  334 



18 
 

Acknowledgments 335 

Funding was provided by the CNRS, the Agence de l′Eau Loire-Bretagne, the Agence 336 

de l′Eau Adour-Garonne, the Conseil Départemental des Deux-Sèvres, the Région 337 

Nouvelle-Aquitaine (Multistress 2017-1R20110, Aquastress 2018-1R20214, Amphitox 338 

2019-1R20216), the ANSES (BiodiTox 2019/1/031), the Plan d′Action National 339 

ECOPHYTO (OFB-21-0941) and the CPER Econat. 340 

 341 

Competing Interests 342 

The authors have no relevant financial or non-financial interests to disclose. 343 

 344 

Author Contributions 345 

MR, FA and FB conceived the ideas and designed methodology; MR, MC, LJ, ST and 346 

FB collected the data; MR, FA, MC and FB analysed the data; MR, FA and FB led the 347 

writing of the manuscript. All authors contributed critically to the drafts and gave 348 

final approval for publication. 349 

 350 

  351 



19 
 

References 352 

 353 

Altieri MA, 1999. The ecological role of biodiversity in agroecosystems, in: Paoletti, 354 

M.G. (Ed.), Invertebrate Biodiversity as Bioindicators of Sustainable 355 

Landscapes. Elsevier, Amsterdam, pp. 19–31. https://doi.org/10.1016/B978-0-356 

444-50019-9.50005-4 357 

Antrop M, 2000. Background concepts for integrated landscape analysis. Agric 358 

Ecosyst Environ 77:17–28. https://doi.org/10.1016/S0167-8809(99)00089-4 359 

Baker NJ, Bancroft BA, Garcia TS, 2013. A meta-analysis of the effects of pesticides 360 

and fertilizers on survival and growth of amphibians. Sci Total Environ 449:150–361 

156. https://doi.org/10.1016/j.scitotenv.2013.01.056 362 

Benton TG, Vickery JA, Wilson JD, 2003. Farmland biodiversity: is habitat 363 

heterogeneity the key? Trends Ecol Evol 18:182–188. 364 

https://doi.org/10.1016/S0169-5347(03)00011-9 365 

Bhandari G, 2014. An Overview of Agrochemicals and Their Effects on Environment 366 

in Nepal. Appl Ecol Environ Sci 2:66–73. https://doi.org/10.12691/aees-2-2-5 367 

Bókony V, Üveges B, Ujhegyi N, Verebélyi V, Nemesházi E, Csíkvári O, Hettyey A, 368 

2018. Endocrine disruptors in breeding ponds and reproductive health of toads 369 

in agricultural, urban and natural landscapes. Sci Total Environ 634:1335–1345. 370 

https://doi.org/10.1016/j.scitotenv.2018.03.363 371 

Boone MD, Bridges CM, Fairchild JF, Little EE, 2005. Multiple sublethal chemicals 372 

negatively affect tadpoles of the green frog, Rana clamitans. Environ Toxicol Chem 373 

24:1267–1272. https://doi.org/10.1897/04-319R.1 374 



20 
 

Brischoux F, Cheron M, 2019. Osmotic ‘cost’ of reproduction in breeding male toads. 375 

Biol Lett 15:20190689. https://doi.org/10.1098/rsbl.2019.0689 376 

Brischoux F, Cheron M, Renoirt M, Lourdais O, 2021. Getting ready for a long bath: 377 

skin permeability decreases prior to aquatic breeding in male toads. Sci Nat 378 

108:48. https://doi.org/10.1007/s00114-021-01761-x 379 

Brischoux F, Lourdais O, Boissinot A, Angelier F, 2018. Influence of temperature, size 380 

and confinement on testosterone and corticosterone levels in breeding male 381 

spined toads (Bufo spinosus). Gen Comp Endocrinol 269:75–80. 382 

https://doi.org/10.1016/j.ygcen.2018.08.017 383 

Brooks TM, Mittermeier RA, Mittermeier CG, Da Fonseca GAB, Rylands AB, 384 

Konstant WR, Flick P, Pilgrim J, Oldfield S, Magin G, Hilton-Taylor C, 2002. 385 

Habitat Loss and Extinction in the Hotspots of Biodiversity. Conserv Biol 16:909–386 

923. https://doi.org/10.1046/j.1523-1739.2002.00530.x 387 

Chapin III FS, Zavaleta ES, Eviner VT, Naylor RL, Vitousek PM, Reynolds HL, 388 

Hooper DU, Lavorel S, Sala OE, Hobbie SE, Mack MC, Díaz S, 2000. 389 

Consequences of changing biodiversity. Nature 405:234–242. 390 

https://doi.org/10.1038/35012241 391 

Cheron M, Costantini D, Angelier F, Ribout C, Brischoux F, 2022a. 392 

Aminomethylphosphonic acid (AMPA) alters oxidative status during 393 

embryonic development in an amphibian species. Chemosphere 287:131882. 394 

https://doi.org/10.1016/j.chemosphere.2021.131882 395 

Cheron M, Costantini D, Brischoux F, 2022b. Nicosulfuron, a sulfonylurea herbicide, 396 

alters embryonic development and oxidative status of hatchlings at 397 



21 
 

environmental concentrations in an amphibian species. Ecotoxicol Environ Saf 398 

232:113277. https://doi.org/10.1016/j.ecoenv.2022.113277 399 

Cousins SAO, 2009. Landscape history and soil properties affect grassland decline 400 

and plant species richness in rural landscapes. Biol Conserv 142:2752–2758. 401 

https://doi.org/10.1016/j.biocon.2009.07.001 402 

de Brito Rodrigues L, Gonçalves Costa G, Lundgren Thá E, da Silva LR, de Oliveira 403 

R, Morais Leme D, Cestari MM, Koppe Grisolia C, Campos Valadares M, de 404 

Oliveira GAR, 2019. Impact of the glyphosate-based commercial herbicide, its 405 

components and its metabolite AMPA on non-target aquatic organisms. Mutat 406 

Res Toxicol Environ Mutagen 842:94–101. 407 

https://doi.org/10.1016/j.mrgentox.2019.05.002 408 

De Frenne P, Zellweger F, Rodríguez-Sánchez F, Scheffers BR, Hylander K, Luoto M, 409 

Vellend M, Verheyen K, Lenoir J, 2019. Global buffering of temperatures under 410 

forest canopies. Nat Ecol Evol 3:744–749. https://doi.org/10.1038/s41559-019-411 

0842-1 412 

De Lombaerde E, Vangansbeke P, Lenoir J, Van Meerbeek K, Lembrechts J, 413 

Rodríguez-Sánchez F, Luoto M, Scheffers B, Haesen S, Aalto J, Christiansen 414 

DM, De Pauw K, Depauw L, Govaert S, Greiser C, Hampe A, Hylander K, 415 

Klinges D, Koelemeijer I, Meeussen C, Ogée J, Sanczuk P, Vanneste T, 416 

Zellweger F, Baeten L, De Frenne P, 2022. Maintaining forest cover to enhance 417 

temperature buffering under future climate change. Sci Total Environ 418 

810:151338. https://doi.org/10.1016/j.scitotenv.2021.151338 419 



22 
 

Debinski DM, Holt RD, 2000. A Survey and Overview of Habitat Fragmentation 420 

Experiments. Conserv Biol 14:342–355. https://doi.org/10.1046/j.1523-421 

1739.2000.98081.x 422 

Dudley N, Alexander S, 2017. Agriculture and biodiversity: a review. Biodiversity 423 

18:45–49. https://doi.org/10.1080/14888386.2017.1351892 424 

Fahrig L, 2003. Effects of Habitat Fragmentation on Biodiversity. Annu Rev Ecol Evol 425 

Syst 34:487–515. https://doi.org/10.1146/annurev.ecolsys.34.011802.132419 426 

Fuller MR, Doyle MW, Strayer DL, 2015. Causes and consequences of habitat 427 

fragmentation in river networks. Ann N Y Acad Sci 1355:31–51. 428 

https://doi.org/10.1111/nyas.12853 429 

Geiger F, Bengtsson J, Berendse F, Weisser WW, Emmerson M, Morales MB, 430 

Ceryngier P, Liira J, Tscharntke T, Winqvist C, Eggers S, Bommarco R, Pärt T, 431 

Bretagnolle V, Plantegenest M, Clement LW, Dennis C, Palmer C, Oñate JJ, 432 

Guerrero I, Hawro V, Aavik T, Thies C, Flohre A, Hänke S, Fischer C, Goedhart 433 

PW, Inchausti P, 2010. Persistent negative effects of pesticides on biodiversity 434 

and biological control potential on European farmland. Basic Appl Ecol 11:97–435 

105. https://doi.org/10.1016/j.baae.2009.12.001 436 

Griffin K, 1979. The Political Economy of Agrarian Change: An Essay on the Green 437 

Revolution. Springer. 438 

Guillot H, Boissinot A, Angelier F, Lourdais O, Bonnet X, Brischoux F, 2016. 439 

Landscape influences the morphology of male common toads (Bufo bufo). Agric 440 

Ecosyst Environ 233:106–110. https://doi.org/10.1016/j.agee.2016.08.032 441 



23 
 

Gunstone T, Cornelisse T, Klein K, Dubey A, Donley N, 2021. Pesticides and Soil 442 

Invertebrates: A Hazard Assessment. Front Environ Sci 9:643847 443 

Harding JS, Benfield EF, Bolstad PV, Helfman GS, Jones EBD, 1998. Stream 444 

biodiversity: The ghost of land use past. Proc Natl Acad Sci 95:14843–14847. 445 

https://doi.org/10.1073/pnas.95.25.14843 446 

Harper GJ, Steininger MK, Tucker CJ, Juhn D, Hawkins F, 2007. Fifty years of 447 

deforestation and forest fragmentation in Madagascar. Environ Conserv 34:325–448 

333. https://doi.org/10.1017/S0376892907004262 449 

Hart J, Milsom T, Fisher G, Kindemba V, Moreby S, Murray A, Robertson P, 2006. 450 

The relationship between yellowhammer breeding performance, arthropod 451 

abundance and insecticide applications on arable farmland. J Appl Ecol 43:81–91. 452 

https://doi.org/10.1111/j.1365-2664.2005.01103.x 453 

Hasenbein S, Peralta J, Lawler SP, Connon RE, 2017. Environmentally relevant 454 

concentrations of herbicides impact non-target species at multiple sublethal 455 

endpoints. Sci Total Environ 607–608:733–743. 456 

https://doi.org/10.1016/j.scitotenv.2017.06.270 457 

Hawkins NJ, Bass C, Dixon A, Neve P, 2019. The evolutionary origins of pesticide 458 

resistance. Biol Rev 94:135–155. https://doi.org/10.1111/brv.12440 459 

Hemelaar A, 1988. Age, Growth and Other Population Characteristics of Bufo bufo 460 

from Different Latitudes and Altitudes. J Herpetol 22:369–388. 461 

https://doi.org/10.2307/1564332 462 



24 
 

Howden SM, Soussana J-F, Tubiello FN, Chhetri N, Dunlop M, Meinke H, 2007. 463 

Adapting agriculture to climate change. Proc Natl Acad Sci 104:19691–19696. 464 

https://doi.org/10.1073/pnas.0701890104 465 

Janin A, Léna J-P, Joly P, 2011. Beyond occurrence: Body condition and stress 466 

hormone as integrative indicators of habitat availability and fragmentation in 467 

the common toad. Biol Conserv 144:1008–1016. 468 

https://doi.org/10.1016/j.biocon.2010.12.009 469 

Kelleher SR, Silla AJ, Byrne PG, 2018. Animal personality and behavioral syndromes 470 

in amphibians: a review of the evidence, experimental approaches, and 471 

implications for conservation. Behav Ecol Sociobiol 72:79. 472 

https://doi.org/10.1007/s00265-018-2493-7 473 

Keller LF, Waller DM, 2002. Inbreeding effects in wild populations. Trends Ecol Evol 474 

17:230–241. https://doi.org/10.1016/S0169-5347(02)02489-8 475 

Kendall RJ, Akerman J, 1992. Terrestrial wildlife exposed to agrochemicals: An 476 

ecological risk assessment perspective. Environ Toxicol Chem 11:1727–1749. 477 

https://doi.org/10.1002/etc.5620111206 478 

Klein Goldewijk K, Ramankutty N, 2004. Land cover change over the last three 479 

centuries due to human activities: The availability of new global data sets. 480 

GeoJournal 61:335–344. https://doi.org/10.1007/s10708-004-5050-z 481 

Kovar R, Brabec M, Bocek R, Vita R, 2009. Spring migration distances of some Central 482 

European amphibian species. Amphib-Reptil 30:367–378. 483 

https://doi.org/10.1163/156853809788795236 484 



25 
 

Lawler JJ, Shafer SL, Bancroft BA, Blaustein AR, 2010. Projected Climate Impacts for 485 

the Amphibians of the Western Hemisphere. Conserv Biol 24:38–50. 486 

https://doi.org/10.1111/j.1523-1739.2009.01403.x 487 

Leeb C, Brühl C, Theissinger K, 2020. Potential pesticide exposure during the post-488 

breeding migration of the common toad (Bufo bufo) in a vineyard dominated 489 

landscape. Sci Total Environ 706:134430. 490 

https://doi.org/10.1016/j.scitotenv.2019.134430 491 

Loman J, Lardner B, 2006. Does pond quality limit frogs Rana arvalis and Rana 492 

temporaria in agricultural landscapes? A field experiment. J Appl Ecol 43: 690-493 

700. https://doi.org/10.1111/j.1365-2664.2006.01172.x 494 

Meek, R. 2022. Long-term changes in four populations of the spiny toad, Bufo 495 

spinosus, in Western France; Data from road mortalities. Conservation 2: 248–261. 496 

Myers N, Knoll AH, 2001. The biotic crisis and the future of evolution. Proc Natl Acad 497 

Sci 98:5389–5392. https://doi.org/10.1073/pnas.091092498 498 

Oliver TH, Morecroft MD, 2014. Interactions between climate change and land use 499 

change on biodiversity: attribution problems, risks, and opportunities. WIREs 500 

Clim Change 5:317–335. https://doi.org/10.1002/wcc.271 501 

Pechmann JHK, Scott DE, Semlitsch RD, Caldwell JP, Vitt LJ, Gibbons JW, 1991. 502 

Declining Amphibian Populations: The Problem of Separating Human Impacts 503 

from Natural Fluctuations. Science 253:892-895. 504 

Potts SG, Biesmeijer JC, Kremen C, Neumann P, Schweiger O, Kunin WE, 2010. 505 

Global pollinator declines: trends, impacts and drivers. Trends Ecol Evol 25:345–506 

353. https://doi.org/10.1016/j.tree.2010.01.007 507 



26 
 

Prashar P, Shah S, 2016. Impact of Fertilizers and Pesticides on Soil Microflora in 508 

Agriculture, in: Lichtfouse, E. (Ed.), Sustainable Agriculture Reviews: Volume 509 

19, Sustainable Agriculture Reviews. Springer International Publishing, Cham, 510 

pp. 331–361. https://doi.org/10.1007/978-3-319-26777-7_8 511 

Reading CJ, 1998. The effect of winter temperatures on the timing of breeding activity 512 

in the common toad Bufo bufo. Oecologia 117:469–475. 513 

https://doi.org/10.1007/s004420050682 514 

Reading CJ, 1991. The relationship between body length, age and sexual maturity in 515 

the common toad, Bufo bufo. Ecography 14:245–249. 516 

https://doi.org/10.1111/j.1600-0587.1991.tb00658.x 517 

Reading CJ, Clarke RT, 1983. Male breeding behaviour and mate acquisition in the 518 

Common toad, Bufo bufo. J Zool 201:237–246. https://doi.org/10.1111/j.1469-519 

7998.1983.tb04273.x 520 

Reid N, Dingerkus SK, Stone RE, Pietravalle S, Kelly R, Buckley J, Beebee TJC, 521 

Marnell F, Wilkinson JW, 2013. Population enumeration and assessing 522 

conservation status in a widespread amphibian: a case study of Rana temporaria 523 

in Ireland. Anim Conserv 16:519-527. 524 

Relyea RA, 2004. Growth and survival of five amphibian species exposed to 525 

combinations of pesticides. Environ Toxicol Chem 23:1737–1742. 526 

https://doi.org/10.1897/03-493 527 

Renoirt M, Angelier F, Cheron M, Bustamante P, Cherel Y, Brischoux F, 2021a. Stable 528 

isotopes of a terrestrial amphibian illustrate fertilizer-related nitrogen 529 



27 
 

enrichment of food webs in agricultural habitats. Agric Ecosyst Environ 530 

319:107553. https://doi.org/10.1016/j.agee.2021.107553 531 

Renoirt M, Cheron M, Angelier F, Brischoux F, 2021b. Unusual lack of reproduction 532 

in toad populations from agricultural habitats. Herpetol J 31:197-200. 533 

https://doi.org/10.33256/31.4.197200 534 

Rudel TK, Schneider L, Uriarte M, Turner BL, DeFries R, Lawrence D, Geoghegan J, 535 

Hecht S, Ickowitz A, Lambin EF, Birkenholtz T, Baptista S, Grau R, 2009. 536 

Agricultural intensification and changes in cultivated areas, 1970–2005. Proc 537 

Natl Acad Sci 106:20675–20680. https://doi.org/10.1073/pnas.0812540106 538 

Saleh HE-DM, Aglan R, 2018. Heavy Metals. BoD – Books on Demand. 539 

Semlitsch RD, 2008. Differentiating Migration and Dispersal Processes for Pond-540 

Breeding Amphibians. J Wildl Manag 72:260–267. 541 

https://doi.org/10.2193/2007-082 542 

Sharma A, Kumar V, Shahzad B, Tanveer M, Sidhu GPS, Handa N, Kohli SK, Yadav 543 

P, Bali AS, Parihar RD, Dar OI, Singh K, Jasrotia S, Bakshi P, Ramakrishnan M, 544 

Kumar S, Bhardwaj R, Thukral AK, 2019. Worldwide pesticide usage and its 545 

impacts on ecosystem. SN Appl Sci 1:1446. https://doi.org/10.1007/s42452-019-546 

1485-1 547 

Skole D, Tucker C, 1993. Tropical Deforestation and Habitat Fragmentation in the 548 

Amazon: Satellite Data from 1978 to 1988. Science 260:1905–1910. 549 

https://doi.org/10.1126/science.260.5116.1905 550 

Slaninova A, Smutna M, Modrá H, Svobodova Z, 2009. A review: Oxidative stress in 551 

fish induced by pesticides. Neuro Endocrinol Lett 30:2–12. 552 



28 
 

Steffen W, Crutzen PJ, McNeill JR, 2007. The Anthropocene: Are Humans Now 553 

Overwhelming the Great Forces of Nature? Ambio 36:614–621. 554 

Surasinghe T, Baldwin R, 2014. Ghost of land use past in the context of current land 555 

cover: Evidence from salamander communities in streams of Blue Ridge and 556 

Piedmont ecoregions. Can J Zool 92:527–536. https://doi.org/10.1139/cjz-2013-557 

0307 558 

Trudeau VL, Thomson P, Zhang WS, Reynaud S, Navarro-Martin L, Langlois VS, 559 

2020. Agrochemicals disrupt multiple endocrine axes in amphibians. Mol Cell 560 

Endocrinol 513:110861. https://doi.org/10.1016/j.mce.2020.110861 561 

Tscharntke T, Klein AM, Kruess A, Steffan-Dewenter I, Thies C, 2005. Landscape 562 

perspectives on agricultural intensification and biodiversity – ecosystem service 563 

management. Ecol Lett 8:857–874. https://doi.org/10.1111/j.1461-564 

0248.2005.00782.x 565 

Tucker MA, Böhning-Gaese K, Fagan WF, Fryxell JM, Van Moorter B, Alberts SC, Ali 566 

AH, Allen AM, Attias N, Avgar T, Bartlam-Brooks H, Bayarbaatar B, Belant JL, 567 

Bertassoni A, Beyer D, Bidner L, van Beest FM, Blake S, Blaum N, Bracis C, 568 

Brown D, de Bruyn PJN, Cagnacci F, Calabrese JM, Camilo-Alves C, Chamaillé-569 

Jammes S, Chiaradia A, Davidson SC, Dennis T, DeStefano S, Diefenbach D, 570 

Douglas-Hamilton I, Fennessy J, Fichtel C, Fiedler W, Fischer C, Fischhoff I, 571 

Fleming CH, Ford AT, Fritz SA, Gehr B, Goheen JR, Gurarie E, Hebblewhite M, 572 

Heurich M, Hewison AJM, Hof C, Hurme E, Isbell LA, Janssen R, Jeltsch F, 573 

Kaczensky P, Kane A, Kappeler PM, Kauffman M, Kays R, Kimuyu D, Koch F, 574 

Kranstauber B, LaPoint S, Leimgruber P, Linnell JDC, López-López P, Markham 575 



29 
 

AC, Mattisson J, Medici EP, Mellone U, Merrill E, de Miranda Mourão G, 576 

Morato RG, Morellet N, Morrison TA, Díaz-Muñoz SL, Mysterud A, 577 

Nandintsetseg D, Nathan R, Niamir A, Odden J, O’Hara RB, Oliveira-Santos 578 

LGR, Olson KA, Patterson BD, Cunha de Paula R, Pedrotti L, Reineking B, 579 

Rimmler M, Rogers TL, Rolandsen CM, Rosenberry CS, Rubenstein DI, Safi K, 580 

Saïd S, Sapir N, Sawyer H, Schmidt NM, Selva N, Sergiel A, Shiilegdamba E, 581 

Silva JP, Singh N, Solberg EJ, Spiegel O, Strand O, Sundaresan S, Ullmann W, 582 

Voigt U, Wall J, Wattles D, Wikelski M, Wilmers CC, Wilson JW, Wittemyer G, 583 

Zięba F, Zwijacz-Kozica T, Mueller T, 2018. Moving in the Anthropocene: 584 

Global reductions in terrestrial mammalian movements. Science 359:466–469. 585 

https://doi.org/10.1126/science.aam9712 586 

Tuomainen U, Candolin U, 2011. Behavioural responses to human-induced 587 

environmental change. Biol Rev 86:640–657. https://doi.org/10.1111/j.1469-588 

185X.2010.00164.x 589 

Vitousek PM, 1994. Beyond Global Warming: Ecology and Global Change. Ecology 590 

75:1861–1876. https://doi.org/10.2307/1941591 591 

Wagner DL, 2020. Insect Declines in the Anthropocene. Annu Rev Entomol 65:457–480. 592 

https://doi.org/10.1146/annurev-ento-011019-025151 593 

Williams GR, Troxler A, Retschnig G, Roth K, Yañez O, Shutler D, Neumann P, 594 

Gauthier L, 2015. Neonicotinoid pesticides severely affect honey bee queens. Sci 595 

Rep 5:14621. https://doi.org/10.1038/srep14621 596 

Young J, Watt A, Nowicki P, Alard D, Clitherow J, Henle K, Johnson R, Laczko E, 597 

McCracken D, Matouch S, Niemela J, Richards C, 2005. Towards sustainable 598 



30 
 

land use: identifying and managing the conflicts between human activities and 599 

biodiversity conservation in Europe. Biodivers Conserv 14:1641–1661. 600 

https://doi.org/10.1007/s10531-004-0536-z 601 

 602 

  603 



31 
 

Caption to figures 604 

 605 

Figure 1. Left panels: presence (1) and absence (0) of males (A) and females (B) 606 

spined toads during two years (2021 and 2022) in 23 breeding sites situated along a 607 

gradient of habitats from preserved sites (negative scores) to intensive agriculture 608 

(positive scores).   Right panels: abundances (maximum number of individuals 609 

counted during a single night during the breeding peak) of males (C) and females (D) 610 

spined toads during two years (2021 and 2022) in 8 sites situated along a gradient of 611 

habitats from preserved sites (negative scores) to intensive agriculture (positive 612 

scores).  All sites were not monitored during all years and details can be found in 613 

Appendix 1. 614 

 615 

Figure 2.  Number of males captured during the course of other studies on spined 616 

toads (see methods for details).  We used these capture data (number of captured 617 

males during a single night situated around the peak of reproduction) in order to 618 

monitor broad proxy of abundances across years.  Grey symbols are used for sites 619 

surrounded by forest, while black symbols represent sites surrounded by intensive 620 

agriculture.  Site numbers refer to those indicated in Appendix 1 and Appendix 2. All 621 

sites were not monitored during all years and details can be found in Appendix 1. 622 

 623 

 624 

 625 



32 
 

Figure 1.  
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Figure 2. 
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Appendix 1.  Description of the sampling details for our three complementary 

approaches (presence, abundance and index of population trends using capture 

data).  Sites are numbered (Site#) according to ascending habitat score (Habitat score) 

from the PC1 values of a principal component analysis (see methods for details). 

Years monitored are indicated for each parameter (Presence, Abundance, Captures) 

used in our analyses. 

 

 

Site# Habitat score Presence Abundance Captures 
1 -4.07 2021-2022 2021-2022 2019, 2021-2023 
2 -3.94 2021-2022 2021-2022 2019, 2021-2023 
3 -2.69 2022   
4 -1.37 2021-2022 2021-2022  
5 -0.73 2022   
6 -0.51 2022   
7 -0.04 2022   
8 0.20 2021-2022 2021-2022 2015, 2019, 2021-2023 
9 0.21 2021-2022 2021-2022 2015, 2019, 2021-2023 
10 0.26 2021-2022 2021-2022  
11 0.28 2021-2022   
12 0.28 2022   
13 0.30 2021   
14 0.41 2021 2021  
15 0.56 2021-2022   
16 0.88 2021-2022   
17 0.96 2021   
18 1.00 2022   
19 1.01 2022  2015, 2016, 2019, 2021-2023 
20 1.17 2021-2022 2021-2022 2015, 2019, 2021-2023 
21 1.64 2022   
22 1.76 2022   
23 2.42 2021   
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Appendix 2.  Map of the study area showing each study sites surveyed.  Numbers 

correspond to the sites detailed in Appendix 1.  Site #2 is the Centre d’Etudes 

Biologiques de Chizé (CEBC-CNRS; coordinates 46.1475819, -0.4254604). Background 

image modified from GoogleEarth.  

 

 


