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Is joint management between conservationists and farmers sustainable and biodiversity-friendly? A ten-year study in residual grasslands of a protected area
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In recent decades, there has been a discernible reduction in temperate and Mediterranean grasslands with consequences on the decline of biodiversity and landscape heterogeneity. When this decline is due to agricultural abandonment, a renewed joint management, combining bush clearing by conservationists and grazing by farmers, should favor the maintenance of grasslands, their protected habitats and species and forage production.

Rainfall irregularity explains part of the variation of these parameters.

To verify these hypotheses, we conduct a comprehensive, multi-scale, multi-taxa study over a ten-year period in a Mediterranean protected area. At the regional scale, experimental plots in which this joint management was implemented are representative of residual managed grasslands of the protected area. At the mesoscale, rainfall irregularity is the main factor explaining inter-annual differences in the biomass of open landscapes, while fauna depends on management, tree cover and trophic resources. At the local scale, in a representative experimental plot, clearing had an immediate negative impact on plant richness and bird and positive on forage. Over a decade, plant biodiversity increased while forage, specialist plants and bird maintained, despite the regrowth of bush. Drought had a negative impact on richness, plant and forage abundance and phenological asynchrony on butterflies.

In conclusion, joint management has positive, neutral and negative impacts to be considered before implementing this strategy. This long-term monitoring study draws important lessons for designing a sustainable management of grasslands under abandonment and irregular climate, that should be applied in temperate and Mediterranean regions that are increasingly vulnerable to these trends.

Article accepté, publié, COHEN M., OTTMANN E., VARGA D., SANCHEZ S. Is joint management between conservationists and farmers sustainable and biodiversity-friendly? A ten-year study in residual grasslands of a protected area, Journal Environmental Management, DOI 10.1007/s00267-023-01931-9, https://rdcu.be/dwKXp 6 private land), particularly on steep slopes and remote lands (Figure 1). The increase in forest surface area has homogenized mid-mountain landscapes (Varga 2007;[START_REF] Cohen | A multi-scale and multi-disciplinary approach to monitor landscape dynamics: A study case in the Catalan pre-Pyrenees (Spain)[END_REF]. The remaining open-landscapes host six habitats of community interest (including one priority habitat) and 24 protected wildlife species (Habitat Directive 92/43, Annex I and II, Carreras et al. 2016, Generalitat de Catalunya n.d., map in Online Resource 1). Lowland hay meadows (Arrhenaterion) and semi-natural dry grasslands and scrubland facies on calcareous substrates (Festuco-Brometalia) including an endemic species Teucrium pyrenaicum, are significantly represented (2.8 and 462 ha respectively, habitat n. 6210 y 6510). Most of this landscape unit is included in Catalonia's Areas of Natural Interest Plan since it has managed to maintain a significant diversity of habitats.

For these reasons, in autumn 2009-12, conservationists have undertaken recovery actions of grasslands, combining clearing and grazing, in 13 locations totaling 74 ha, selected according to several criteria: superficies>0.5 ha, slope<30%, effective or potential presence of species belonging to open protected habitat and of a farm on private land, dedicated to bovine, caprine or ovine breeding (Varga 2007). These actions, funded by private banks, also have an economic aim, by supporting the farming activity and contributing to the professional insertion of unemployed persons and were included in the wildfire prevention plan. Recovery actions continued after 2012 until 2021 (in total 27 locations, totaling 131 ha). In part of these areas, a monitoring has been implemented during the period 2007-2012 and continued in a restricted area until 2019. In 2021, the AGPA's charter confirmed this orientation towards the preservation of a mosaic of landscapes, which is expected to bring ecosystem services and a better adaptation to climate change. Meanwhile, a restricted area will be totally protected, including the grasslands of the Comanegra mountain and forested slopes (1700 ha,
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The experimental parcel Sant Miquel de Pera

Sant Miquel de Pera experimental parcel (hereafter SMP) is part of the 27 actions of recovery of grasslands, and has been chosen to be monitored for its effects on biodiversity during a longer period of time (2007)(2008)(2009)(2010)(2011)(2012)(2013)(2014)(2015)(2016)(2017)(2018)(2019) because it is well representative of the whole (section 4.2 and 4.3). It is a private parcel of land, with a surface area of 11.7 ha, exploited for cattle-breeding and located near the village of the same name (Figure 1), at an altitude of 850 meters approximately. This parcel was formerly covered by grasslands and croplands, and surrounded by open forests, gradually abandoned since 1946 (aerial photography 1946-2019, Online Resource 2). The recovery action was carried out in three stages. In autumn 2010, a large part of the plot covered by scrubland was cleared. Some woody plants remained on the plot (5% of the surface, Figure 2), aiming at promoting habitat diversity. In 2012, the south-eastern part underwent forest thinning and bush clearing. After the clearing, cattle grazing was applied in partnership with the farmer in order to maintain the pastures and prevent them from becoming overgrown again.

Around this cleared and grazed area, the land is covered with long-grazed grasslands and by temporary meadows on flat lands served by the roads leading to the farm, and by unmanaged scrublands and forests on steep slopes (photo in Online Resource 3). The old farmer who owns this land raises about 55 cows; he breeds calves that he sells young for being fattened. He applies rotational grazing on private and leased lands. SMP is grazed during the autumn; it is the last stage of the herd's rotation (approximately one month), before the winter period, during which it is fed in the barn with his own hay production on temporary meadows. During the monitoring period, the dates of entry of the herd were posterior to the plant survey, except in 2017 and 2019 (early grazing). ) and integrated them in a GIS, using ArcgisPro ® software.

Material

Remote sensing data

Data collection methods for vegetation

At the regional scale, vegetation study aims to verify the position and representativeness of the SMP parcel within the general organization of the vegetal communities of the AGPA. Chain surveys along slopes at altitudes varying from 400 to 850 meters were performed between 2008 and 2019 (N=66), in three locations: Hortmoier, Oix (retrieved from [START_REF] Cohen | A multi-scale and multi-disciplinary approach to monitor landscape dynamics: A study case in the Catalan pre-Pyrenees (Spain)[END_REF]) and SMP (Figure 1). The survey is performed along a 50-metre decameter.

Trees and shrubs cover are inventoried by intercept cover of their canopy over the decameter, the presence of herbaceous species in 50 quadrats (1*0.5m), and the cover of dominant herbaceous species by a needle-point every meter (50 points, adapted from [START_REF] Godron | Code pour le relevé méthodique de la végétation et du milieu : principes et transcription sur cartes perforées[END_REF]. At the mesoscale, vegetation cover has been monitored before and after the clearing in ten treated parcels (Anonymous, unpublished).

At the local scale (SMP), 42 linear plots (50*0.5m) were surveyed during the period 2012-2019, in early autumn (Table 1). During this season, the vegetation is rather abundant due to late summer rainfall and corresponds to the available biomass before the anthropogenic disturbance due to the cows' herbivory. The same method of survey described at the regional level was applied and quantitative and qualitative data was gathered. In 2012-13, 11 managed and 9 control linear plots were arranged in two orthogonal transects along the slope (Figure 2). From 2012 to 2019, the vegetation survey was repeated in six representative managed plots chained along the northsouth transect, in order to assess the influence of management and environmental conditions on the vegetation cover and biodiversity over time; four segments were cleared in 2010 and further grazed (CG3 to CG6), two were long-grazed and partially cleared in 2012 (LGC1, LGC2) (N=30).

Data collection methods for fauna

Diurnal butterfly survey began in 2007, before the treatment, in 27 parcels of open habitat sampled over the AGPA. It included a count of butterfly populations (species and individuals) and of the richness and density of flowering plants, along a 300 meters long transect (BMS Method, Stefanescu 2000), for one day repeated in May, June and July. During the period 2010-2012, a lighter monitoring focused on 8 treated parcels before and after the clearing. Couples of red-backed shrike were surveyed during the period 2010-13 in 10 control parcels and 10 treated parcels (before and after the clearing) in a day of June. Bat species were surveyed at five cavities and in 9 (7 treated) to 14 parcels (9 treated), between 2010 and 2012 following the participative Quiro-habitat
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Qualitative information on management collected with local actors and dung observations

At the mesoscale, the cattle pressure (number of heads, length of the grazing period) was assessed with interviews.

During the monitoring period, at the local scale, we collected information on the management from conservationist, landowners and farmers, particularly from the cattle-breeder who owns the SMP parcel. We also recorded debates between conservationist and landowners. From these informal inquiries we tried to understand the rationale and knowledge of both types of actors. This information is used to set the context of the monitoring (section 2.1) and in the final discussion (section 5.4). We also observed the repartition of dungs in the SMP parcel during the 2017 survey to assess if the cows had used the entire plot.
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METHODS

General framework of the monitoring

Our aim is to study plant and other taxa richness and diversity, particularly protected habitats and species, and forage availability under the influence of joint management and drought. Our study is developed at three nested scales, the regional scale corresponding to the whole AGPA, the mesoscale corresponding to the AGPA open habitats, including the sites where joint management has been implemented, and the local scale is the SMP parcel (Figure 1). The monitoring was done during a period extending between 2007 and 2019. Vegetation cover was studied with field survey and remote sensing data along the period 2008-2019 at the three scales. Butterfly survey

Article accepté, publié, COHEN M., OTTMANN E., VARGA D., SANCHEZ S. Is joint management between conservationists and farmers sustainable and biodiversity-friendly? A ten-year study in residual grasslands of a protected area, Journal Environmental Management, DOI 10.1007/s00267-023-01931-9, https://rdcu.be/dwKXp 11 began in 2007 at the mesoscale. Multi-taxa monitoring was implemented in treated and control parcels during the period 2010-13, during which rainfall was lower in 2012 and higher in 2011. At the local scale, a monitoring of the plant communities took over during the period 2012-2019 (7 years) in control and treated plots chained along the slope, at the end of which butterflies and bird surveys have been repeated. During this period, summer rainfall (from June to the day of the survey) was highly variable, from 86mm in 2016 (following three dry springs), to 379mm in 2019. The impact of the 2016 drought is noticeable on the aerial photography (Online Resource 2).

Remote sensing analysis

On a regional scale, NDVI was calculated on the remaining open landscapes of the AGPA (Figure 1). Open landscapes were selected because they were the most likely to become overgrown and the most dependent on climate. NDVI is a numerical indicator of the greenness of vegetation derived using the red and near infrared (NIR)

bands. Because of reflective wavelength differences between TM/ETM+ and OLI sensors, we harmonized Landsat 8 OLI bands to TM/ETM+. NDVI values are normalized between + 1 and -1, and a higher NDVI value indicates greener and denser vegetation. We finally checked whether NDVI showed a temporal trend and a linear relationship with rainfall and temperature during the summer season for 11 years, by computing correlation tests with XLSTAT ® software. At the local scale, vegetation cover was studied using digital photointerpretation based on a detailed nomenclature, adapted from [START_REF] Godron | Code pour le relevé méthodique de la végétation et du milieu : principes et transcription sur cartes perforées[END_REF]. A land cover index (hereafter LCI) is assigned to each item, increasing in accordance with the density and complexity of the vegetation cover, from 0 (grassland) to 40 (closed forest, Table 2). LULCC was determined by subtracting the most recent LCI to the oldest of two vector layers at two different dates, by using GIS. Values are ranged from -40 (strong forest regression) to +40 (strong forest progression), shrub cover variations are ranged from -4 to +4, and stability corresponds to 0; these values were further mapped (figure 3). We computed an average LCI according to the type of management, weighted by the surface of each item, at each date.

Vegetation analysis

In the surveys realized at the regional and the local scale (66 and 42 plots respectively), the cover of plant species was aggregated in seven agro-ecological groups: trees and bushes, shrubs, creepers, sprawling shrubs, grazed herbs (Poaceae, Cyperaceae, Juncaceae and Aphyllantes monspeliensis), grazed herbaceous legumes and other herbaceous species. This classification aims to summarize botanical information according to the biological type, related with the stage of the plant succession and the forage value of the vegetation. The classification of species in the grazed categories (hereafter 'forage') is based on the indications of the breeder, field observations and literature [START_REF] Daget | Prairies et pâturage. Méthodes d'étude de terrain et interprétation[END_REF].

Article accepté, publié, COHEN M., OTTMANN E., VARGA D., SANCHEZ S. Is joint management between conservationists and farmers sustainable and biodiversity-friendly? A ten-year study in residual grasslands of a protected area, Journal Environmental Management, DOI 10.1007/s00267-023-01931-9, https://rdcu.be/dwKXp relative abundance of forage and specialist species that estimates their ability to sustain interspecific competition with Excel ® software. Specialist species are those belonging to the two protected habitats (section 2.1.1). In 2012-13, the analysis focused on the comparison of plant richness (total and specialist species) and proportion of forage between control and treated segments. Along the period 2012-2019, the whole set of parameters were aggregated according to the type of management, rainfall, year of the survey. The relations between parameters and descriptors have been verified with statistical tests using XLSTAT ® software (Spearman correlation between quantitative values, and Mann-Whitney test between quantitative and qualitative variables).
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Fauna analysis

The butterfly conservation index (hereafter CI) is computed in 2007 and 2019 with the following formula:

IC= 100-(RE + ISPEC + REE)
with RE species richness rank, ISPEC SPEC index and REE specialist species rank. The SPEC index corresponds to the Quality Index of [START_REF] Stefanescu | El Butterfly Monitoring Scheme en Catalunya: los primeros cinco años[END_REF] and is computed by giving from one to five points per species according to their conservation ranking (5 points for each species SPEC1, 4 for SPEC2, 3 for SPEC3, and so on, based on The relations between conservation Index (butterflies), richness (bats), count of territories (bird) and type of management, importance of initial tree cover, year and rainfall, have been verified with statistical tests using XLSTAT ® software (Spearman correlation between quantitative values, and Mann-Whitney test between quantitative and qualitative variables).

RESULTS

Vegetation cover change is evidenced by remote sensing analysis

At the mesoscale level, during the 11 years' period, NDVI varies in a range of 0.3 to 0.4 without significant time trend. NDVI is more significantly correlated with rainfall than with temperature (Table 3).

In SMP parcel, the dominant type of land cover varies according to the type of management during the period. In temporary meadows and in dry and mesophilic long-grazed grasslands, the average LCI doubled along the period despite the clearing of their bushy sides in 2012, but it remained in the category of open scrubland (LCI around 2). In the area cleared in 2010, the average LCI has declined from close to dense scrublands after the intervention, similarly as at the mesoscale (Table 6, section 5), and slightly exceeded its original level in 2019. We observe similar trend in the woody area thinned in 2012. Unmanaged areas surrounding the cleared and grazed areas underwent a more significant natural increase in their LCI increasing by 38%, from tree-covered grassland to open forest (Table 4).
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Vegetation cover and biodiversity vary with management, climate and increases with time

At the regional scale, the main driver of the vegetation is the plant succession, related with management. The first axis of the PCA is negatively correlated with the cover of grazed herbs and the year of the survey and positively with tree cover, contrasting managed grasslands and unmanaged forests (Table 3). The second axis is positively correlated with shrub cover, and contrasts control scrublands and cleared plots on slopping land with long-grazed grasslands on flat land, each one having a significantly decreasing shrub cover (Table 3 and5). These results are consistent with the monitoring of vegetal cover of ten treated parcels at the mesoscale, that shows a 5-fold decrease in mean ligneous cover and a doubling of grass cover after the clearing (Anonymous, unpublished, Table 6).

At the local scale, the SMP parcel is well representative of the early stages of the plant succession observed at the regional scale in the remaining 20% that are not covered with close forests in the AGPA (Figure 1, Table 6). Two out of six protected open habitats and nine out of 14 and 14 out of 20 plant species belonging respectively to Festuco-brometalia and Arrhenaterion protected habitats have been found in this parcel (Carreras et al. 2016).

At the beginning of the monitoring, in 2012-13, shrubs like Coriaria myrtifolia and Genista scorpius were covering up to 62% and 14% of the surface area in the control plots, and up to 36% and 23% in the cleared and grazed plots, having already grown since the shrub-clearing. Shrub-clearing has caused a significant 15% decrease in the mean

Article accepté, publié, COHEN M., OTTMANN E., VARGA D., SANCHEZ S. Is joint management between conservationists and farmers sustainable and biodiversity-friendly? A ten-year study in residual grasslands of a protected area, Journal Environmental Management, DOI 10.1007/s00267-023-01931-9, https://rdcu.be/dwKXp 18 lower than in control parcels along the period 2010-2013. Parcels hosting no territories along the period have a significant 20-fold higher mean initial tree cover than the parcels with one or more territories (Table 5). The number of bat species is significantly declining by 21%, disregarding the type of management, rainfall and tree cover (Table 3). Three out of ten rare and threatened bats, protected under the Habitat Directive (Annex II), have been found in 5 caves in 2010 and 2011, one being found in two plots. 1) but follows similar trends (Table 6).

In 2017, its butterfly index was among the highest (86, 3 rd out of 27). In 2020-12, it was 2 nd out of 8 treated plots, it hosts three rare species in 2010, before the clearing, only one of which remains in 2012. Among the treated parcels, SMP has the lowest tree cover (3%) and the highest number of territories of red-back shrike (2010:4), despite a strong decrease after the clearing (2011: 2; 2012:1) suggesting a negative impact of joint management as in other treated parcels. SMP parcel hosted one protected bat in 2011.

During the decade, the ecological monitoring shows diverging results between the different taxa. Red-back shrike couples were found every year, but less territories were observed two years after the treatment, partially overcome afterwards (2013: 6, 2019 :3). Contrary to the results observed after the clearing during the period 2010-12 at the mesoscale, the butterflies survey shows a decline in the IC rank from 3 rd out of 27 in 2007 (IC=86) to 16 th in 2019 (IC=54). In 2007, 52 species and 118 individuals of butterflies were identified, versus 40 species and 106 individuals in 2019. Six new species were found in 2019, while 20 have been lost since 2007.

Among them, five are undergoing a moderate or strong regression according to Catalan Butterfly Monitoring scheme (http://www.catalanbms.org/es/especies/, only one according to [START_REF] Stefanescu | Recent trends in butterfly populations from north-east Spain and Andorra in the light of habitat and climate change[END_REF]. The biodiversity loss is more important in May and July (-35% and -40%, respectively) than in June (-9%), while the diversity and density of flowering plants show a different seasonal pattern, decreasing strongly in May (-54% and -49% respectively), more slowly in June (-13 and -2%), and increasing in July (+72 and +36%).

DISCUSSION

In this discussion, we test the consistency of our hypotheses. The first refers to the effectiveness of joint management to control the expansion of shrubs (section 5.1) and to favor the biodiversity of different taxa and the forage availability (section 5.2). The second refers to the influence of rainfall variability in grazed grasslands (section 5.3). Finally, the last section (5.4) refers to the obstacles to the efficiency of joint management due to the different rationale between conservationists and farmers. Results are summarized in Table 6.

Joint management is not sustainable, except in long-grazed flat areas

The botanical study carried out on a regional scale confirms that open managed spaces are residual in the AGPA, and the efficiency of the actions undertaken by the AGPA, as observed in other Mediterranean mountains [START_REF] Barbaro | A six-year experimental restoration of biodiversity by shrub-clearing and grazing in calcareous grasslands of the French Prealps[END_REF][START_REF] Lasanta | Shrub clearing and extensive livestock as a strategy for enhancing ecosystem services in degraded Mediterranean mid-mountain areas[END_REF]. Over a decade, results obtained at the local scale from different protocols converge to detect a significant increase in the shrub cover and a beginning of forest dynamics after the clearing, due to a

Article accepté, publié, COHEN M., OTTMANN E., VARGA D., SANCHEZ S. Is joint management between conservationists and farmers sustainable and biodiversity-friendly? A ten-year study in residual grasslands of a protected area, Journal Environmental Management, DOI 10.1007/s00267-023-01931-9, https://rdcu.be/dwKXp 20 lower grazing pressure than in other experiments [START_REF] Gutman | A case study of beef-cattle grazing in a Mediterranean-type woodland[END_REF]Casasùs et al. 2007;[START_REF] Lasanta | Shrub clearing and extensive livestock as a strategy for enhancing ecosystem services in degraded Mediterranean mid-mountain areas[END_REF] and to the efficiency of seeds dissemination [START_REF] Paegelow | Processus d'abandon des cultures et dynamique de reconquête végétale en milieu montagnard méditerranéen : l'exemple des Garrotxes (P.O., France) et de la Alta Alpujarra Granadina (Sierra Nevada, Espagne)[END_REF][START_REF] Caballero | Grazing systems and biodiversity in Mediterranean areas: Spain, Italy and Greece[END_REF][START_REF] Malavasi | Reforestation dynamics after land abandonment: a trajectory analysis in Mediterranean mountain landscapes[END_REF]. Differences in bush cover and dynamic depend also on the soil properties in different topographic situations and the duration of grazing [START_REF] Milchunas | A generalized model of the effects of grazing by large herbivores on grasslands community structure[END_REF][START_REF] Cohen | Une approche interdisciplinaire de l'embroussaillement des parcours[END_REF][START_REF] Maestre | Grazing and ecosystem service delivery in global drylands[END_REF]. et al. 2008), the regrowth of underground stumps being stimulated by mechanic clearing, particularly in rocky land where their roots are deeply buried in rock cracks. This species, formerly used as a tanner's and dyer's plant in the region [START_REF] Cardon | Le redoul, herbe des tanneurs et des teinturiers. Collecte, commercialisation et utilisations d'une plante sauvage dans l'espace méridional (XIII e -XV e siècles)[END_REF] is avoided by cattle and is toxic to goats [START_REF] Faliu | Intoxication végétale : redoul[END_REF]. The low efficiency of cutting practices on the control of invasive species S. inaquidens producing a high quantity of seeds is probably increased by the low predation of bovines, instead of caprine and ovine (Omar de Jesús 2022). These results

suggest that the actions of control of these species should be regularly renewed by using other methods.

Joint management has diverging effect on taxa and forage availability at nested scales

At the beginning of the experiment, at the local and mesoscale levels, shrub-clearing affected negatively bird populations and plant richness, being a major disturbance in their living environment, was favorable for grassland butterflies and forage and neutral for specialist species. Along a decade at the local scale, the biodiversity monitoring shows mixed effects of joint management, almost neutral for red-back shrike, negative for butterflies and overall positive for plants.

Mediterranean birds which prefer open areas and scrubland, are negatively affected by land abandonment, unlike the Eurosiberian birds more adapted to wooded habitats [START_REF] Suárez-Seoane | Responses of birds of different biogeographic origins and habitat requirements to agricultural land abandonment in northern Spain[END_REF][START_REF] Regos | Rural abandoned landscapes and bird assemblages: winners and losers in the rewilding of a marginal mountain area (NW Spain)[END_REF]). Redback shrike is a typical species of agro-pastoral environments, bushes offering perches for nesting and hunting [START_REF] Brambilla | GIS-models work well, but are not enough: Habitat preferences of Lanius collurio at multiple levels and conservation implications[END_REF], https://inpn.mnhn.fr/docs/cahab/fiches/Pie-griecheecorcheur.pdf). That is why no territories of red-back shrike have been found in parcels initially highly covered by trees, even after the clearing, while there was at least one territory in grasslands and scrublands during the period 2010-13. Their number almost recovered along the period 2010-2019 in SMP parcel that is offering a diversity of open habitats. We observed the positive influence of low initial tree cover and clearing on grassland butterfly LI, because LULCC favors woodland butterfly species and so it is in Catalonia [START_REF] Stefanescu | Recent trends in butterfly populations from north-east Spain and Andorra in the light of habitat and climate change[END_REF][START_REF] Colom | Long-term effects of abandonment and restoration of Mediterranean meadows on butterfly-plant interactions[END_REF] and

Europe (Van Swaay et al. 2020). This trend is reversed considering a longer period of time (2007)(2008)(2009)(2010)(2011)(2012)(2013)(2014)(2015)(2016)(2017)(2018)(2019). No conclusion can be drawn for bats, due to the short-lasting monitoring in AGPA and more generally in Catalonia [START_REF] Torre | Concurrent Butterfly, Bat and Small Mammal Monitoring Programmes Using Citizen Science in Catalonia (NE Spain): A Historical[END_REF].

A positive and rapid effect on the relative abundance of grass cover and forage is detected in managed plots compared with control scrublands as suggested by [START_REF] Maestre | Grazing and ecosystem service delivery in global drylands[END_REF] and [START_REF] Lasanta | Shrub clearing and extensive livestock as a strategy for enhancing ecosystem services in degraded Mediterranean mid-mountain areas[END_REF], except in initially tree-covered plots due to the concurrence between woody species and herbs [START_REF] Grime | Plant Strategies, Vegetation Processes and Ecosystem Properties[END_REF]). Plant richness is not significantly different between long-grazed and control plots similarly to the findings of [START_REF] Peco | Abandonment in grazing systems: consequences for vegetation and soil[END_REF] and [START_REF] Herrero-Jáuregui | Effects of grazing intensity on plant richness and diversity: a metaanalysis[END_REF]. It is lower in cleared and grazed plots, probably due to the disturbance Article accepté, publié, COHEN M., OTTMANN E., VARGA D., SANCHEZ S. Is joint management between conservationists and farmers sustainable and biodiversity-friendly? A ten-year study in residual grasslands of a protected area, Journal Environmental Management, DOI 10.1007/s00267-023-01931-9, https://rdcu.be/dwKXp 22 created by the clearing [START_REF] Grime | Plant Strategies, Vegetation Processes and Ecosystem Properties[END_REF]. Specialist species were present in managed and control plots, contrary to the findings of [START_REF] Bello | Variations in species and functional plant diversity along climatic and grazing gradients[END_REF] about rare plants. Their number was higher in long-grazed plots, consistently with the MSL model [START_REF] Milchunas | A generalized model of the effects of grazing by large herbivores on grasslands community structure[END_REF].

Along the period 2012-2019, the trend of increasing plant richness (total and specialists) and the maintenance of the ability to competition of forage and specialist species, demonstrate the positive influence of long-grazing [START_REF] Milchunas | A generalized model of the effects of grazing by large herbivores on grasslands community structure[END_REF]) and grazing combined with shrub-clearing [START_REF] Barbaro | A six-year experimental restoration of biodiversity by shrub-clearing and grazing in calcareous grasslands of the French Prealps[END_REF][START_REF] Lasanta | Shrub clearing and extensive livestock as a strategy for enhancing ecosystem services in degraded Mediterranean mid-mountain areas[END_REF]. The farmer contributes to this dynamic with rotational grazing and by making sure his cows eat the grass, indigenous cow breeds being able to use the natural resources efficiently, particularly forage species [START_REF] Gaona | La ganadería ecológica en la gestión de los espacios naturales protegidos: Andalucía como modelo[END_REF]).

These findings are consistent with the knowledge about the positive influence of moderate grazing on the floristic richness [START_REF] Casasús | Vegetation dynamics in Mediterranean forest pastures as affected by beef cattle grazing[END_REF][START_REF] Pérez-Camacho | Plant functional trait responses to interannual rainfall variability, summer drought and seasonal grazing in Mediterranean herbaceous communities[END_REF]) and forage quality [START_REF] Maestre | Grazing and ecosystem service delivery in global drylands[END_REF], particularly along a long evolutionary history of grazing [START_REF] Milchunas | A generalized model of the effects of grazing by large herbivores on grasslands community structure[END_REF]). The SMP experiment obtained better results with a lower stocking rate than [START_REF] Gutman | A case study of beef-cattle grazing in a Mediterranean-type woodland[END_REF] in a Pine-forest despite a non-negligible bush overgrow (section 5.1). This is probably due to the diversity of habitat and practices represented in the SMP parcel.

Negative impact of drought on biodiversity and forage availability

Our second hypothesis, related to the influence of drought and edaphic conditions on biodiversity and forage availability was mostly confirmed [START_REF] Gutman | A case study of beef-cattle grazing in a Mediterranean-type woodland[END_REF][START_REF] Casasús | Vegetation dynamics in Mediterranean forest pastures as affected by beef cattle grazing[END_REF][START_REF] Pérez-Camacho | Plant functional trait responses to interannual rainfall variability, summer drought and seasonal grazing in Mediterranean herbaceous communities[END_REF][START_REF] Maestre | Grazing and ecosystem service delivery in global drylands[END_REF]. During the monitoring period with irregular rainfall, trends observed in plant community parameters are related with the cumulative effect of autumn grazing following or not the clearing, i.e. with the varying intensity of disturbance and climatic stress [START_REF] Grime | Plant Strategies, Vegetation Processes and Ecosystem Properties[END_REF]). Drought has a depressive effect on plant richness, plant and forage abundance in grazed plots, suggesting a negative interaction between drought and early grazing [START_REF] Milchunas | A generalized model of the effects of grazing by large herbivores on grasslands community structure[END_REF][START_REF] Maestre | Grazing and ecosystem service delivery in global drylands[END_REF]. The influence of rainfall variability is enhanced by the difference in the water reserve and fertility of the soil, interacting with grazing as suggested by the same authors. These parameters vary in the SMP parcel along the topographical profile, with the slope, the karstic dynamic and the behavior of the herd, having a positive effect on protected habitats and on the dynamic of a competitive mesophilic forage species Lolium perenne [START_REF] Grime | Plant Strategies, Vegetation Processes and Ecosystem Properties[END_REF].

Climate irregularity has also a significant indirect effect on butterflies, that are living in accordance with plants of grassland, which abundance depends on rainfall and phenology on temperature [START_REF] Giménez-Benavides | Reproductive limits of a late-flowering high-mountain Mediterranean plant along an elevational climate gradient[END_REF][START_REF] Forrest | An examination of synchrony between insect emergence and flowering in Rocky Mountain meadows[END_REF][START_REF] Kharouba | Flowering time of butterfly nectar food plants is more sensitive to temperature than the timing of butterfly adult flight[END_REF][START_REF] Donoso | Phenological asynchrony in plant-butterfly interactions associated with climate: A community-wide perspective[END_REF] 2022), no conclusion can be drawn for bats populations.

Our results suggest that moderate fall grazing combined with clearing has a long-term moderately positive impact [START_REF] Barbaro | A six-year experimental restoration of biodiversity by shrub-clearing and grazing in calcareous grasslands of the French Prealps[END_REF][START_REF] Lasanta | Shrub clearing and extensive livestock as a strategy for enhancing ecosystem services in degraded Mediterranean mid-mountain areas[END_REF], and a short-term negative impact, varying according to the taxa, both interacting positively at long-term scale with rainfall irregularity as suggested by (Milchunas et al.1988[START_REF] Caballero | Grazing systems and biodiversity in Mediterranean areas: Spain, Italy and Greece[END_REF][START_REF] Pérez-Camacho | Plant functional trait responses to interannual rainfall variability, summer drought and seasonal grazing in Mediterranean herbaceous communities[END_REF]. These authors have insisted on the importance of the spatial and temporal management of grazing to better understand the impact of grazing on biodiversity. Further research is needed on the interactions within the trophic chain under low-intensity grazing and over the vegetative seasons [START_REF] Mccracken | Applying the results of ecological studies to land-use policies and practices[END_REF].

Divergent perspective exist between conservationists and farmers

The efficiency of joint management is debated between conservationists and farmers. Some farmers think that a complete clearing would be preferable to avoid regrowth, while conservationists retained some bushes, oak and pine trees to preserve habitat for birds and butterflies. Conservationists suggested that the farmer increase the stocking density to maintain open landscapes after the bush clearing. He refused, arguing that the herd bypasses the areas where thorny and toxic bushes are concentrated, and a higher stocking density will not change this behavior, as stated by other herders [START_REF] Cohen | Une approche interdisciplinaire de l'embroussaillement des parcours[END_REF]. The decrease in feeding resources during a dry year (2016) makes us understand the difference between both rationales. The farmer's rationale integrates the climate irregularity and the profitability of his farm. During less rainy years, the farmer prefers to move his cattle to different parcels instead of buying artificial forage, which should ruin the profitability of his farm. His strategy is to obtain more lands, rented informally, in order to face these dry years. In 2016, he has maintained his cattle locked in another pasture, in expectation of the rain. In contrary case, he was planning to use a newly rented parcel.

Our results contribute to the debate between farmers and conservationists. On the one hand the cattle load is indeed too low to prevent the regrowth of bushes, which are not of the same species as those preserved by conservationists.

On the other hand, it allows an increase of the floristic richness and preserves the ability to competition of forage and specialist species. Drought has a high impact on grasslands, observed on local and regional scale, which

Article accepté, publié, COHEN M., OTTMANN E., VARGA D., SANCHEZ S. Is joint management between conservationists and farmers sustainable and biodiversity-friendly? A ten-year study in residual grasslands of a protected area, Journal Environmental Management, DOI 10.1007/s00267-023-01931-9, https://rdcu.be/dwKXp 24 justifies the strategy of anticipation of the breeder. The regrowth of bushes, especially C. myrtifolia, could be limited using other techniques, avoiding cutting, which stimulates its regrowth, but using heat treatment, which would weaken its root reserves [START_REF] Daryanto | Evaluating the use of fire to control shrub encroachment in global drylands: A synthesis based on ecosystem service perspective[END_REF]. This technique could be implemented on a foot-by-foot basis by the farmer himself, to maintain the effect of pasture recovery over the long term, while limiting the disruptive effect of more general clearing. These results suggest that the concept of Joint management or Domesticating rewilding is a narrow but relatively efficient pathway [START_REF] Thomas | Domesticating rewilding: combining rewilding and agriculture offers environmental and human benefits[END_REF]).

CONCLUSION

Joint management, which combines selective clearing by conservationists and grazing by farmers, is currently revitalizing traditional practices in areas where population and economic dynamics have changed. Despite its low level of protection under the UICN, the significant number of protected open habitats and fauna species hosted in AGPA justifies to implement the joint management. Our multi-scale and multi-taxa study indicates that its impact is moderately positive on biodiversity, short-lasting on ligneous cover and positive and sustainable on forage availability, except in initially tree-covered plots. Results obtained at the different spatial scales are consistent.

Some of the undesired impact of this joint management (shrub regrowth) is due to the difference of rationale between conservationists and farmers which outweighs the benefits of fertilizing their knowledge and practices.

The decline in butterflies over a decade is due to complex reasons, combining phenological asynchrony within the trophic chain and the trend in increasing bush cover.

The evolution observed along a decade is not linear, due to the importance of rainfall irregularity. These findings emphasize the importance of long-term monitoring, considering rainfall variability and its interactions with herbivores, fauna, and flora. Thus, favorable, neutral or negative results obtained between 2010 and 2012 were contradicted by the continuation of monitoring until 2019. This highlights the importance of a monitoring program, being based on a relatively large-scale sampling encompassing several sites for comparison.

These results demonstrate the potential and limitations of joint management of grasslands. Selective clearing by conservationists combined with grazing by farmers proves to be a valuable strategy for maintaining floral biodiversity and forage production on private lands in areas with low protection and despite a bush regrowth and a fauna decline. It also enhances their economic value through increased and sustainable forage availability.

Trusting relationships, such as those between protected area managers and farmers, are additional parameters for the success of such initiatives. In the future, greater attention should be given to minimize the negative impact of clearing practices on biodiversity and avoid cutting techniques that stimulate shrub regrowth. Nevertheless, the 

  scale, the cover of agro-ecological groups was analyzed with a principal component analysis (PCA, Spearman type, using XLSTAT ® software), with the type of management and the year of the survey in supplementary position. At the mesoscale, the average cover of tree, shrub and herbaceous layers has been computed in ten parcels before and after the clearing. At the local scale, a set of quantitative plant community parameters were computed: plant richness, number of specialist species, Shannon index, abundance of plant, forage and specialist species (i: number of individuals corresponding to the cumulated cover rate of dominant species and the number of non-dominant species), with Past software; absolute and relative cover of agro-ecological groups;

Figure 3

 3 Figure3displays the landscape diversity of the SMP parcel and surroundings and strong differences in land cover change according to the management by comparing 2011 (after the first clearing) and 2019. A strong ligneous vegetation recovery is observed, particularly at the unmanaged edges of the cleared and grazed plot. The edge separating the cleared area and dense forests at the north-west moved to the south between 2011 and 2019, due to the progression of trees from preserved woody cores (Figure2). Inside the cleared plot, the main change is due to the progression of shrub cover. Limited areas underwent a regression of tree cover, due to clearing and thinning in

Table 1 : Multi-taxa monitoring and type of management in the SMP parcel. CG

 1 

	: cleared in 2010 and further

Table 2 . Land cover index in SMP parcel and surroundings. Realization

 2 

	: Elisa Ottmann
	Tree cover %

  Van Swaay et al. 2010). Two other indexes were calculated during the period 2010-12 in 8 treated parcels. The local index (hereafter LI) is the sum of the coefficient rarity in AGPA, similarly to 2007 and the habitat preference value of each present species. The European index is the sum of the coefficient rarity in AGPA, the habitat preference in Catalonia and the threat value in Catalonia and Europe(Van Swaay et al. 2010) of each species.

Their mean values are very close (109.5 and 111.7 respectively).

Table 3 : Significant correlations between taxa, management and environmental conditions

 3 . p-value **** <0.0001, *** <0.009, **< 0.05, CG: cleared and grazed; LG: long-grazed. Sources: Authors, regional scale 1 , mesoscale 2009-2019 2 , local scale 2012-19 3 , Lockwood et al 2007 4 , Puig et al 2010-12 5 (unpublished).
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Table 4 : Evolution of the average LCI according to the type of management. Lined

 4 Article accepté, publié, COHEN M., OTTMANN E., VARGA D., SANCHEZ S. Is joint management between conservationists and farmers sustainable and biodiversity-friendly? A ten-year study in residual grasslands of a protected area, Journal Environmental Management, DOI 10.1007/s00267-023-01931-9, https://rdcu.be/dwKXp 15 2012. Finally, on south-western and south-eastern edges, vegetation did not vary much during the period, corresponding to stable forests, temporary meadows and long-grazed grasslands.

	figures correspond to the

Table 5 : Coefficient k between mean significant values of taxa according to environmental or management

 5 Article accepté, publié, COHEN M., OTTMANN E., VARGA D., SANCHEZ S. Is joint management between conservationists and farmers sustainable and biodiversity-friendly? A ten-year study in residual grasslands of a protected area, Journal Environmental Management, DOI 10.1007/s00267-023-01931-9, https://rdcu.be/dwKXp At the local scale, the fauna observed in the SMP parcel was above the average observed in cleared plots, probably due to its open landscape and moderate grazing intensity (Table

	conditions (Mann-Whitney test, p-value **** <0.0001, *** <0.009, **< 0.05. LGF: long-grazed flat land, CGS:
	cleared and grazed slopping land. Sources: Authors regional scale 1 , local scale 2012-13 2 , 2012-19 3 , Lockwood et
	al 2010-12 4 , Arquimbau et al. 2010-13 5 , Anonymous 6 (unpublished). Realization: Marianne Cohen
		Initial mean tree	Control/	LGF/	Control &	
	Taxa	cover in % 6	CG	CGS	LG/ Thinned	p-value
		TR≤10 /TR>20				
	IC butterfly 4					**
		k=1.7				
	Red-back	N=0, TR=58 /				
			k=1.5			**
	shrike 5	N≥1, TR=3				
	% shrub 1		k=1.6	k=0.3		****
	Plant richness 2		k=1.2	k=1.2	k=1.2	**
	% Forage 2		k=0.4	k=2.2		**
	% mesophilic					
				k=3.2		***
	specialist 3					
	% dry					
				k=3		***
	specialists 3					

Table 6 : Increase (+), decline (-) and stability (=) of taxa related (/) with dominant drivers. Grey cells: no data.
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	tion: Marianne Cohen			
				Spatial scale	
	Taxa	Period			
			Regional	Mesoscale	Local
		2007	+/Trophic resources		3 rd out of 27
	Butterfly 2	2010-2013	+/low ligneous cover	+/ Clearing	2 nd out of 8, +/Clearing
		2007/2019			-/Trophic resources
	Red-back	2010-2013	+/Low ligneous cover	-/Clearing	-/Clearing
	Shrike 3	2010-2019			=Partial recover
	Bats 4	2010-2012		-/Unknown	-/Unknown
	NDVI 1	2009-2019	+/Rainfall		
	Ligneous	2012-2013		-/Clearing	-/Clearing
	cover 1	2012-2019	-/Managed & flat		+/Clearing
	Grass	2010-2013		+/Clearing	
	cover 1,5	2012-2019	-/Managed & flat		
		2012-2013			+/Managed
	Forage 1				
		2012-2019	+/Managed & flat		=/Managed
	Floral rich-	2012-13			+/Managed
	ness 1	2012-2019			+/Managed & rainfall

  . The phenological asynchrony observed in Article accepté, publié, COHEN M., OTTMANN E., VARGA D., SANCHEZ S. Is joint management between conservationists and farmers sustainable and biodiversity-friendly? A ten-year study in residual grasslands of a protected area, Journal Environmental Management, DOI 10.1007/s00267-023-01931-9, https://rdcu.be/dwKXp 23 will worsen in the Mediterranean region in the future (IPCC 2019), this could affect the flowering period with less water supplies[START_REF] Giménez-Benavides | Reproductive limits of a late-flowering high-mountain Mediterranean plant along an elevational climate gradient[END_REF]). Nevertheless, it remains difficult to assess shift in phenology between plants and insects, because other parameters influence the phenology like photoperiod and period of chilling[START_REF] Giménez-Benavides | Reproductive limits of a late-flowering high-mountain Mediterranean plant along an elevational climate gradient[END_REF][START_REF] Forrest | An examination of synchrony between insect emergence and flowering in Rocky Mountain meadows[END_REF][START_REF] Kharouba | Flowering time of butterfly nectar food plants is more sensitive to temperature than the timing of butterfly adult flight[END_REF]. The carnivorous diet, including big insects, of red-back shrike should make it indirectly vulnerable to climate irregularity, but the number of territories in not significantly related with rainfall. In the absence of an index calculation, recommended byTuneu-Corral et al. (
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Joint management has positive, neutral and negative impacts to be considered before implementing this strategy.

This long-term monitoring study draws important lessons for designing a sustainable management of grasslands under abandonment and irregular climate, that should be applied in temperate and Mediterranean regions that are increasingly vulnerable to these trends.
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