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Xerophytic thickets (XT) in south-western Madagascar are threatened by deforestation, mainly due to slash and burn cultivation. However, few studies have been conducted on how XT ecosystems operate.

This study characterizes XT plant biodiversity and analyses the post-cultivation regeneration process of XT on the Belomotse plateau. Sixty 10 mx10 m plots were sampled according to soil type (calcisol and lixisol) and age of abandonment (1-5, 6-10, 11-20, 21-40 years and >40 years as mature XT). Soil was the main driver of XT floristic composition. Overstory floristic composition did not vary along secondary succession stages. However, structure parameters (height and basal area) increased significantly with age of abandonment, while diversity (species richness and evenness index) did not increase with age of abandonment. Secondary succession in XT vegetation was assimilated to growth of structural parameters. The slowness of the growth of shrub species found in post-cultivation XT plots can explain this lack of change in diversity and floristic composition along secondary succession stages.

The reduction of pressure on XT by promoting alternative activities that provide income for local communities (goat breeding and extension of arable areas along rivers delimiting XT) is proposed in order to protect the endangered biodiversity of this region.

Introduction

Over three decades ago, [START_REF] Janzen | Tropical Dry Forests: The Most Endangered Major Tropical Ecosystem[END_REF] noted that because dry forests are less prone to visible human degradation than humid forests, they may be neglected by scientific research and conservation projects. This observation remains largely true today. However, forty percent of worldwide tropical forests are located in semi-arid tropical zones, and thus represent a crucial conservation issue [START_REF] Miles | A global overview of the conservation status of tropical dry forests[END_REF][START_REF] Quesada | Succession and management of tropical dry forests in the Americas: Review and new perspectives[END_REF]. This is also true in Madagascar, where almost half of the forested area consists of dry forest ecosystems, which were until recently poorly studied [START_REF] Waeber | Dry forests in Madagascar: neglected and under pressure[END_REF].

The island of Madagascar is recognized for the richness and originality of its biodiversity, associated with very high rates of endemism for both its flora and fauna [START_REF] Ganzhorn | The biodiversity of Madagascar: one of the world's hottest hotspots on its way out[END_REF]. This biodiversity is distributed, albeit unequally, in both moist and dry forests, both of which are threatened by a wide range of human pressures [START_REF] Myers | Biodiversity hotspots for conservation priorities[END_REF][START_REF] Goodman | Effects of forest fragmentation on bird communities[END_REF][START_REF] Waeber | Dry forests in Madagascar: neglected and under pressure[END_REF]. Despite a bias in favour of wet forest species, about 11.5% of plant species and 14.2% of mammal species are specific to dry-forest, with nearly 62% of carnivore species, 41% of rodent species and 62% of primates found in dry forests [START_REF] Waeber | Dry forests in Madagascar: neglected and under pressure[END_REF]. These distribution patterns show that attempting to conserve biodiversity in Madagascar without considering dry forest ecosystems would be a serious mistake with regard to both generalist and specialized species. Many authors have pointed out the lack of research on these "neglected but under pressure" [START_REF] Waeber | Dry forests in Madagascar: neglected and under pressure[END_REF] dry forests, despite the fact that these areas are recognized as priority areas for the implementation of conservation and restoration projects (Goodman andRaherilalao 2003, Ganzhorn et al., 2001). Thus, in order to limit the impact of deforestation and to contribute to planning for the conservation and sustainable use of the forest, it is essential to understand the role of human practices on biodiversity dynamics and on the resilience of dry ecosystems. In addition, it is essential to inventory the species of the various dry forest ecosystems that are still too poorly known, and to understand how the different species respond to disturbances induced by human practices [START_REF] Goodman | Effects of forest fragmentation on bird communities[END_REF][START_REF] Waeber | Dry forests in Madagascar: neglected and under pressure[END_REF].

In Madagascar, slash-and-burn cultivation and wood charcoal production are the main disturbances which occur in such dry forest ecosystems [START_REF] Casse | Causes of deforestation in southwestern Madagascar: what do we know? For[END_REF][START_REF] Blanc-Pamard | Une alliance de disciplines sur une question environnementale: la déforestation en forêt de Mikea (Sud-Ouest de Madagascar)[END_REF]. The few existing studies in western and south-western semi-arid areas showed that after the cessation of slashand-burn cultivation, the recovery of the dry forest via natural regeneration from seed germination or tree sprouting should occur [START_REF] Leprun | Post-cropping change and dynamics in soil and vegetation properties after forest clearing: Example of the semi-arid Mikea region (Southwestern Madagascar)[END_REF]Raharamalala et al., 2010;[START_REF] Randriambanona | Eude des successions végétales entre deux dates 1997 et 2012 dans la forêt de Mikea (sud-ouest de Madagascar)[END_REF]. These studies reported the same general pattern observed elsewhere [START_REF] Quesada | Succession and management of tropical dry forests in the Americas: Review and new perspectives[END_REF]: an overall increase in plant diversity (species richness and evenness index) and structure indicators (canopy height, basal area and biomass) along secondary succession stages. However, repeated bush fires after plot abandonment in southwest Madagascar has led to the maintenance of tree savanna with open, mixed woody-herbaceous vegetation [START_REF] Leprun | Post-cropping change and dynamics in soil and vegetation properties after forest clearing: Example of the semi-arid Mikea region (Southwestern Madagascar)[END_REF], even though the cessation of fires has led to an increase in woody biomass and species richness over time [START_REF] Randriambanona | Eude des successions végétales entre deux dates 1997 et 2012 dans la forêt de Mikea (sud-ouest de Madagascar)[END_REF]. Few studies in Madagascar have compared the original plant communities with those following human disturbances. In addition, no existing studies have described and analysed patterns of change in plant communities over time in xerophytic thicket (XT) vegetation.

Like other types of tropical dry forests, the vegetation of xerophytic thickets (XT) provides several goods and services, such as: (i) timber for building houses and pirogues, (ii) medicinal plants, (iii) food (tubers, honey and meat from hunted animals), (iv) fuelwood and woody charcoal, and (v) land for agricultural use or goat pastures [START_REF] Randriamalala | Effects of groat grazing and woody charcoal production on xerophytic thickets of southwestern Madagascar[END_REF][START_REF] Randriamalala | Annual biomass increment of xerophytic thickets and sustainability of woody charcoal production in southwestern Madagascar[END_REF]. This multi-functionality of XT makes the conservation of its biodiversity difficult. Furthermore, XT are described as being less resilient to human disturbance than other dry and humid forests because forest recovery is slow and difficult due to the slow regrowth of shrub species [START_REF] Gaspard | Tree ring responses to climate variability from xerophytic thicket of South Soalara, Madagascar[END_REF]. The weak resilience of XT to woody charcoal production has already been studied [START_REF] Randriamalala | Effects of groat grazing and woody charcoal production on xerophytic thickets of southwestern Madagascar[END_REF][START_REF] Randriamalala | Annual biomass increment of xerophytic thickets and sustainability of woody charcoal production in southwestern Madagascar[END_REF], but to date, only De [START_REF] De Wilde | Vegetation dynamics in a corridor between protected areas after slash-and-burn cultivation in southeastern Madagascar[END_REF] have studied post slash-and-burn cultivation regeneration of thicket vegetation, but in the wetter south-eastern part of Madagascar rather than the drier southwest.

Xerophytic thicket vegetation (XT), is located in the most arid part of south-western Madagascar stretching along the coast [START_REF] Razanaka | Forêts, fourrés, recrûs, savanes : quelles significations pratiques pour le développement et la conservation des ressources forestières à Madagascar[END_REF][START_REF] Randriamalala | Effects of groat grazing and woody charcoal production on xerophytic thickets of southwestern Madagascar[END_REF]. The area, called 'southern domain' is listed as one of the 200 most important ecological regions in the world [START_REF] Elmqvist | Spontaneous Regeneration of Tropical Dry Forest in Madagascar: The Social-Ecological Dimension[END_REF]. It extends across the extreme south and south-western area, covering approximately five million hectares [START_REF] Wells | Some hypotheses on the Mesozoic and Cenozoic paleoenvironmental history of Madagascar[END_REF][START_REF] Gautier | Introduction to the flora of Madagascar[END_REF], and is the oldest and most arid biome of Madagascar [START_REF] Wells | Some hypotheses on the Mesozoic and Cenozoic paleoenvironmental history of Madagascar[END_REF][START_REF] Gautier | Introduction to the flora of Madagascar[END_REF]. Many plant species, that have adapted to store moisture efficiently and minimize water loss, compose the low-growing open spiny forest dominated by Didieraceae and Euphorbiaceae species [START_REF] Gautier | Introduction to the flora of Madagascar[END_REF]. This area accounts for the highest known proportion of endemic plants in the island, reaching up to 90% of the 336 plant species documented [START_REF] Phillipson | Endemism and non-endemism in the flora of south-west Madagascar[END_REF], while some authors have suggested that with further research, the number of new species is likely to increase [START_REF] Waeber | Dry forests in Madagascar: neglected and under pressure[END_REF]. Spiny thicket is also classified as an 'endemic bird area' [START_REF] Stattersfield | Endemic Bird Areas of the World: Priorities for Biodiversity ConservationBirdlife Conservation Series[END_REF], and is also home to nine endemic endangered lemur species (IUCN, 2003). Due to the high level of plant and animal endemism and to potential and actual threats to the spiny thicket, it is essential to improve our knowledge of this unique ecosystem.

The aim of this paper is to investigate the effects of slash-and-burn cultivation on plant communities and plant species regeneration in XT in southwest Madagascar. The following question is addressed: does XT recovery in terms of diversity (species richness and evenness) and structure (height, diameter at breast height or DBH, tree and shrub density) occur after plot abandonment in the framework of slash-and-burn cultivation? We compared the structure, diversity and species composition in four successional stages (1-5; 6-10; 11-20; 21-40 years) after plot cultivation abandonment to the mature XT.

Two XT environments: calcisol and lixisol soils, which correspond to the main soil types in the region, were considered.

Methods

Study site

The study site is located in and around the territory of Ankiliberengy village, in southwestern Madagascar (Fig. 1). The climate is semi-arid, with an annual precipitation of 350 mm [START_REF] Gaspard | Tree ring responses to climate variability from xerophytic thicket of South Soalara, Madagascar[END_REF]. Over 67% of annual precipitation falls between December and February, and the remaining nine months are mostly dry [START_REF] Randriamalala | Effects of groat grazing and woody charcoal production on xerophytic thickets of southwestern Madagascar[END_REF]. The two main soil types are calcisol (rocky calcareous soil) and lixisol (yellow sand soils), which are both poor in organic matter and in nitrogen [START_REF] Milleville | La culture pionnière de maïs sur abattis-brûlis (hatsaky) dans le Sud-Ouest de Madagascar[END_REF]. The natural vegetation of the study site is composed of xerophytic thickets (XT), characterised mainly by species from the Didieraceae and Euphorbiaceae families [START_REF] Cornet | Divisions floristiques et étages de végétation à Madagascar[END_REF].

The local population belongs mainly to the Tanalana and Masikoro ethnic groups. Small ruminant breeding and the marketing of forest products (woody charcoal and fuelwood) are the most important sources of income. Slash-and-burn cultivation is also practiced to provide staple food [START_REF] Rabeniala | Clôture en bois dans la commune urbaine de Toliara, une autre source de déforestation dans le district de[END_REF]. It consists of slashing all trees and shrubs in a plot during the dry season in November-December, before the first rains, then letting them dry out for 2-10 days before burning them. The clearing concerns all of the woody individuals in the plot, but cut stumps are not removed and some of them may sprout later. Maize (Zea mays L.), peas which are leguminous plants (lojy, hantake: Vigna spp., kabaro, Phaseolus lunatus L.) and cucurbitaceous plants (melon: voatango, Cucumic sp. and vamanga, Citrilus sp.) are sown together after the first clearing, and then during the first two to three cropping periods. Plots on calcisol cannot be easily ploughed and they are definitely abandoned after cropping for 2-3 years, while plots on lixisol may be exploited more continuously with cassava (Manihot esculenta Crantz) and/or sweet potato (Ipomoea batatas (L.) Lam.) and sometimes with groundnuts (Arachis hypogaea L.) after manual soil ploughing (Pers Obs.). Plots on lixisol are temporarily abandoned when invasion by herbaceous weeds occurs, and/or when crop yields decline.

After a 2-5 year periods of abandonment, the lixisol plots are burned and cassava and sweet potato crops are grown for 2-3 years. Repeated burning and soil ploughing on lixisol ends up destroying all of the remaining shrub sprouts and makes post-cultivation regeneration more difficult.

Vegetation study

Sixty 10 m x 10 m plots were sampled according to age of abandonment (1-5; 6-10; 11-20; 21-40 years, and >40 years as mature XT which have never been cleared for cultivation and have not been exploited for woody charcoal production), and soil type (calcisol and lixisol; Table 1). The area of the sample plots is larger than the dimensions of the shrubs (height and crown width), which do not exceed 3 m. No mature XT on lixisol in the study site had been spared from slashing for cultivation. Interviews with local guides, two young men (20-25 years) and one older one (60-65 years), provided an estimation of the age of abandonment and as accurate as possible a description of practices (slashing, crop succession and tillage regime) was made for each surveyed plot. A census of all shrubs and lianas in the 10 m x 10 m plot was carried out. Shrubs with a height ≥1.3 m belonged to overstory vegetation, and the other individuals and the surviving sprouts <1.3 m high belonged to understory vegetation. The line intercept method [START_REF] Barabesi | The use of replicated plot, line, and point sampling for estimating species abundance and ecological diversity[END_REF] was used to assess herbaceous plant cover along 10 m lines that were randomly drawn in the 10 m x 10 m plot. The presence or absence of herbaceous plants was checked every 10 cm. The following diversity and structure indicators were calculated for each plot: species richness, which is the total number of species in each plot; evenness of shrubby species abundance [START_REF] Pielou | The measurement of diversity in different types of biological collections[END_REF], described as J=H/Hmax, where H is the Shannon-Weaver index and Hmax is the maximum value of H, if all of the plant species are equally frequent; liana species richness; shrub density; mean total height and mean DBH: shrubs at the study site often present multiple trunks of which the diameters were not all measured, only the largest DBH per individual was taken into account ; diameter combined with the maximum height may be a good proxy of shrub species woody biomass [START_REF] Navar | Biomass equations for shrub species of Tamaulipan thornscrub of North-eastern Mexico[END_REF]; and proportion of individuals from tree sprouts. All of these diversity and structure indicators were calculated for both understory and overstory vegetation, except the (i) liana species richness, which was associated with understory vegetation, (ii) the mean DBH and (iii) the mean height, which was only calculated for overstory vegetation. Cover of herbaceous plants was also calculated as: Ch=100 x N / (N + n), where N is the number of herbaceous plants intercepted and n the number of bare soil intercepted along the 10 m line.

Statistical analysis

A series of co-inertia analyses (ADE-4;Dray et al., 2003) were used to study the relationship between soil type and age of abandonment and species composition. The first concerned overstory vegetation ([soil and age of abandonment, then age of abandonment only] x species composition). The second concerned understory vegetation ([soil and age of abandonment, then age of abandonment only] x species composition). Co-inertia analysis is a multivariate method for coupling tables that provides a decomposition of the co-inertia criterion on a set of orthogonal vectors (Dray et al., 2003). The method maximizes the square covariance between the projections of the two sets of variables on these vectors.

The significance of the correlation coefficients ρ calculated between the two sets of variables was tested by a Monte Carlo permutation test with 1000 replications, and the canonical weights of each variable along each co-inertia axis were calculated . Links between the two sets of variables were identified by their canonical weight (CW) and their coordinate along the considered co-inertia axis.

Only variables with CW greater than the mean CW along the co-inertia axis were taken into account.

Another series of co-inertia analysis (ADE-4) were used to study the relationship between structure and diversity of XT, and soil types and age of abandonment. The first concerned overstory vegetation ([species richness, evenness index, shrub density, mean DBH and mean height] x [soil and age of abandonment]). The second concerned understory vegetation ([species richness, evenness index, shrub density, liana species richness and herbaceous plant cover] x [soil and age of abandonment]). For overstory vegetation, one-way ANOVA with Tukey tests (SPSS 17;SPSS Inc., 2008) was used to analyse variations of mean DBH, species richness and mean height by age of abandonment.

Results

Overstory species composition (≥1.3 m)

Co-inertia analysis linking (i) soil type and age of abandonment to (ii) species composition showed that dependence between these two sets of variables is significant (p=0.019). The first co-inertia axis explains 43% of total co-inertia. The correlation coefficient along this axis is ρ=0.87. This axis separates species linked to calcisol from those linked to lixisol (Fig. 2). The second co-inertia axis explained 21% of total co-inertia and the correlation coefficient along the axis is ρ=0. Lepidagathis grandidieri Benoist. Co-inertia analysis linking age of abandonment and overstory species composition of XT on lixisol did not show a significant correlation (p=0.068). It was the same for coinertia analysis linking age of abandonment to overstory species composition of XT on calcisol (p=0.189). No significant variation of species composition with age of abandonment was found in the XT on the two soil types. Soil type is the main driver of XT overstory species composition.

Xerophytic thickets overstory (≥1.3 m height) diversity and structure

The range of mean species richness of overstory vegetation was 8.14-14.57 .100 m -2 ; mean evenness index, 0.75-0.91, mean shrub density, 24.83-51 individuals .100 m -2 ; mean height, 1.81-2.30 m, and mean DBH of overstory vegetation, 0.73-2.03 cm. Co-inertia analysis linking structure and diversity parameters of overstory vegetation to soil type and age of abandonment showed a significant correlation between these two sets of variables (p<0.001). The first co-inertia axis (85% of total co-inertia; ρ=0.67) is characterised by mean DBH, species richness and mean height. This axis also separates 1-5 years XT from 21-40 XT and mature XT (Fig. 3). These last XT are associated with higher mean DBH, species richness and mean height. Structure and diversity of XT are mainly affected by age of abandonment.

Mean species richness of XT varied significantly with age of abandonment (F=4.48; p<0.001; Fig. 4a), there were significant differences between mean species richness of 1-5 year XT on lixisol and those of 21-40 years and mature XT on calcisol (Fig. 4a). Furthermore, significant variations of mean species richness with age of abandonment were found in XT on calcisol (F=3.402; p=0.022): mean species richness of 6-10 years XT was significantly different from those of 21-40 year XT (Fig. 4a). However, there were no significant variations of mean species richness of XT on lixisol (F=2.53; p=0.081). Mean height and mean of mean DBH of largest trunks increased overall with age of abandonment in the two soil types (p≤0.001; Fig. 4b andc). Significant differences between mean of mean DBH and mean height of young XT (1-5 years) and those of old XT (21-40 years) and mature XT were found (p<0.05; Figs 4b andc). XT overstory dynamics over time are mainly summarised by growth of structural parameters such as height and mean DBH of largest trunks.

Understory species composition (<1.3 m)

Co-inertia analysis linking (i) soil type and age of abandonment to (ii) species composition of understory vegetation showed that dependence between these two sets of variables is significant (p=0.007; Fig. 5). The first co-inertia axis (41% of total co-inertia) opposes XT on lixisol to XT on calcisol. The second co-inertia axis (23% of total co-inertia) separates 1-5 year and 11-20 year XT to 6-10 year and 21-40 year XT. Co-inertia analysis linking (i) age of abandonment to (ii) species composition of XT on lixisol did not show any significant correlation (p=0.749): understory species composition of XT on lixisol does not significantly vary with age of abandonment. Main species characterising understory vegetation on lixisol are: Uncarina stellulifera Humbert, Terminalia fatraea Candolle, Ipomoea bolusiana Schinz, Aerva javanica Jussieu and Chadsia flammea Bojer. Co-inertia analysis linking (i) age of abandonment to (ii) species composition of XT on calcisol showed significant dependence between the two sets of variables (p=0.043). The first co-inertia axis (46% of total coinertia) separates species linked to (i) 6-10 years XT from (ii) 21-40 year and mature XT (Fig. 5). The second axis (25% of total co-inertia) opposes (i) species linked to 1-5 year XT to (ii) 21-40 year XT (Fig. 5). Main species linked to understory vegetation of 1-5 year XT on calcisol are: Neobeguea 

Understory diversity and structure

Co-inertia linking (i) diversity and structure of understory vegetation to (ii) soil and age of abandonment did not show a significant correlation (p=0.072). No significant variations of mean species richness (8.14-15.27 100 m -²), mean evenness index (0.67-0.87), mean liana species richness (3.33-4.60 100 m -²), mean shrub density (34.67-77.71 100m -²), and mean herbaceous plant cover (10.67-34.86%) by soil type and by age of abandonment were found. Diversity and structure of understory vegetation of XT were not affected by soil type or by age of abandonment. 21-51% of individuals in the understory vegetation and 70-88% of individuals in the overstory vegetation came from tree sprouting except in the mature forest, which has never been cultivated (Tab. 2), and the other individuals are germinated plants.

Discussion

Soil, main driver of species composition

Soil type is the main factor conditioning XT species composition. Results of the co-inertia analyses enabled a distinction to be made between two plant species communities: (i) those on calcisol and (ii) those on lixisol (Figs 4 and5). This is in line with the findings of a previous study [START_REF] Randriamalala | Effects of groat grazing and woody charcoal production on xerophytic thickets of southwestern Madagascar[END_REF] in XT vegetation under woody charcoal production and goat grazing, conducted about 50 km south-east of the study site. Differences in the water conservation of the two soil types may explain this phenomenon: shallow calcisols are associated with weak water retention, while deeper lixisols allow better water conservation in their deeper layers and maintain humidity for a longer period [START_REF] Koechlin | Flore et Végétation de Madagascar[END_REF]. This difference in water availability may have shaped the adaptations of different plant communities on these two types of soil [START_REF] Koechlin | Flore et Végétation de Madagascar[END_REF]: the plant community on calcisol is more resistant to drought than that on lixisol, where water availability is higher. More generally, soil characteristics are an important driver of species composition and vegetation distribution in semi-arid areas [START_REF] Vargas-Rodriguez | Environmental correlates of tree and seedling-sapling distributions in a Mexican tropical dry forest[END_REF][START_REF] Mills | Soil infiltrability as a driver of plant cover and species richness in the semi-arid Karoo, South Africa[END_REF].

Low variations in species composition with age of abandonment

Species composition of overstory vegetation of XT on any soil type and those of understory vegetation on lixisol did not vary significantly with age of abandonment (Figs 3 and5). Those results are partially in concordance with those of De Wilde et al. ( 2012), who found no relationship between age of abandonment and vegetation species richness, composition or structure in a dry forest of humid/semiarid transition zone in the south-east of Madagascar. However, they detected differences between secondary and mature forest patches (in terms of diversity, structure and species composition). Furthermore, our results confirmed those of [START_REF] Lévesque | Recovery and dynamics of a primary tropical dry forest in Jamaica, 10 years after human disturbance[END_REF] who did not observe any changes in species composition, 10 years after experimental tree cutting in a dry forest in Jamaica (Mean annual precipitation P=780 mm year -1 ). However, our results go against those of [START_REF] Raharimalala | Soilvegetation patterns in secondary slash and burn successions in Central Menabe, Madagascar[END_REF], who showed that variations of species composition of dry secondary regrowth vegetation in Morondava, Madagascar (P=767 mm year -1 ) were mainly driven by the age of abandonment. Furthermore, [START_REF] Randriambanona | Eude des successions végétales entre deux dates 1997 et 2012 dans la forêt de Mikea (sud-ouest de Madagascar)[END_REF] showed that species compositions of post-cultivation vegetation in semiarid Mikea (about 100 km northwest of our study site; P=600-800 mm year -1 ) vary with the age of plot abandonment when they are protected against recurrent cultivation bush fires.

The extreme aridity of the study site climate (P<400 mm year -1 ) may explain the absence of variations in species composition of overstory vegetation with age of abandonment. Tree and shrub species in semi-arid areas grow slowly [START_REF] Worbes | Annual growth rings, rainfall-dependent growth and long term growth patterns of tropical trees from the Caparo Forest Reserve in Venezuela[END_REF][START_REF] Gebrekirstos | Climate-growth relationships of the dominant tree species from semi-arid savanna woodland in Ethiopia[END_REF], especially those at the study site [START_REF] Gaspard | Tree ring responses to climate variability from xerophytic thicket of South Soalara, Madagascar[END_REF], and seed germination under conditions of absence or scarcity of water into the soil sub-surface is difficult [START_REF] Khurana | Ecology of seed and seedling growth for conservation and restoration of tropical dry forest: a review[END_REF][START_REF] Mclaren | Seedling dynamics after different intensities of human disturbance in a tropical dry limestone forest in Jamaica[END_REF]. Plants maximize their biomass production through photosynthesis during the wet season, when vegetation has leaves rather than spines [START_REF] Borchert | Climatic periodicity, phenology, and cambium activity in tropical dry forest trees[END_REF][START_REF] Eamus | Ecophysiology of trees of seasonally dry tropics: comparisons among phonologies[END_REF], which is very short or may be absent at the study site (2-3 months a year). The vegetative origins (tree sprouts) of the majority of trees and shrubs of the overstory vegetation, and a large fraction of those of understory vegetation, and the weak variation of shrub density with age of abandonment, confirm this explanation.

Species composition of understory vegetation of XT on calcisol varied with the age of abandonment (Fig 5). Germinating seeds from soil seed banks or from seed dispersal from species located in surrounding undisturbed XT on calcisol, helped by relative rapid development of overstory vegetation which provided shade, may explain these patterns of change in understory vegetation species composition on calcisol. In fact, weak agricultural disturbance of XT on calcisol (short crop duration and no use of soil ploughing) limited damage to soil seed banks [START_REF] Randriamalala | Effects of slash-and-burn practices on soil seed banks in secondary forest successions in Madagascar[END_REF] and favoured tree and shrub sprouting, which may rapidly increase the woody plant cover. These tree and shrub sprouts can play a nurse plant role and favour seed germination and survival of seedlings from this germination. In fact, it was demonstrated that survival rates of seedlings in semi-arid areas are higher under the shade of thickets than those of seedlings in open space (no shade), because this is facilitated by nurse plants [START_REF] Howard | Positive effects of shrubs on plant species diversity do not change along a gradient in grazing pressure in an arid shrubland[END_REF][START_REF] Adie | Regeneration dynamics in arid subtropical thicket, South Africa[END_REF].

Secondary succession of XT on lixisol seems to be prevented for a longer period of time. Heavier agricultural disturbance of plots on lixisol may explain this slowness or lack of regeneration. In fact, plots on calcisol are abandoned after being cultivated for 2-3 years, while plots on lixisol are often cultivated continuously after the first XT clearing [START_REF] Rabeniala | Clôture en bois dans la commune urbaine de Toliara, une autre source de déforestation dans le district de[END_REF], which may be the main reason why mature undisturbed XT on such soil types do not still exist at the study site. Furthermore, soil ploughing for tuber crop and for peanuts is practiced on lixisol. The combination of long crop duration and soil tillage may destroy most of soil seed banks and tree and shrub sprouts on lixisol [START_REF] Randriamalala | Effects of slash-and-burn practices on soil seed banks in secondary forest successions in Madagascar[END_REF], and partially prevent secondary succession. In fact, settlement of new species depends both on availability of seeds from soil seed banks and/or seed rain from the nearby forest matrix. However, these two seed sources are gravely impacted (soil seed banks) or non-existent (forest matrix for seed rain) for XT on lixisol. Furthermore, settlement of seedlings from seed germination is hindered by the slowness of development of the shrubby layer, which does not provide the necessary shade.

Weak variation of plant diversity indicator with age of abandonment

The mean evenness index did not significantly vary with age of abandonment, nor with soil type. However, mean species richness of overstory vegetation significantly varied with soil type, and to a lesser extent with age of abandonment (Figs 4): an overall but not significant increase of mean overstory species richness with age of abandonment occurred in the two soil types. However, the supply of new species due to this apparent species richness increase does not affect significantly the XT composition.

These results go against what is generally observed in post-disturbance dynamics of dry forest, namely an overall increase in species richness along secondary succession stages [START_REF] Kennard | Secondary forest succession in a tropical forest: patterns of development across a 50-year chronosequence in lowland Bolivia[END_REF][START_REF] Ruiz | Vegetation structure, Composition, and Species Richness across a 56-year Chronosequence of Dry Topical Forest on Providencia Island, Colombia[END_REF][START_REF] Kinhal | Secondary succession and resource use in tropical fallows: a case study from the Comorandel coast of South India[END_REF][START_REF] Quesada | Succession and management of tropical dry forests in the Americas: Review and new perspectives[END_REF]. Furthermore, De Wilde et al. ( 2012) found a slight increase in species richness with age of abandonment of dry forest in a transition zone of dry and humid forest in southeastern Madagascar. In the same way, [START_REF] Raharimalala | Soilvegetation patterns in secondary slash and burn successions in Central Menabe, Madagascar[END_REF] found an increase in species richness with age of abandonment in a series of post-cultivation plots in Morondava, western Madagascar (P=767 mm year -1 ). This stagnation of the diversity of XT along age of abandonment may also be explained by the high mortality of seeds and seedlings from seed germination during the long dry season. In fact, species richness variation along secondary succession stages comes from a balance between (i) arrival of new species by seed germination (seed bank or rain), and (ii) mortality of individuals belonging to the preexisting species. The absence of significant species richness increase associated with (i) the lack of correlation between species composition and age of abandonment (at least for understory vegetation), and (ii) the abundance of individuals from tree and shrub sprouts, seem to show the absence of the arrival of new species and/or a weak survival of seedlings from seed germination, especially in XT on lixisol. Moreover, the relative importance of agricultural disturbance on lixisol (longer crop duration and soil ploughing) may destroy most seed banks in this soil [START_REF] Randriamalala | Effects of slash-and-burn practices on soil seed banks in secondary forest successions in Madagascar[END_REF]. Only remaining tree and shrub sprouts and the small surviving soil seed banks contribute to natural regeneration in XT on this substrata. Therefore gap dynamics, often used to describe the process of regeneration in tropical rainforests, cannot be used to describe regeneration in the XT ecological habitat, as was claimed for a dry forest in Jamaica [START_REF] Lévesque | Recovery and dynamics of a primary tropical dry forest in Jamaica, 10 years after human disturbance[END_REF].

XT structure recovery

Significant increases in mean height and mean DBH with age of abandonment were found in every soil type (Figs 4b andc). These results are close to those obtained by [START_REF] Madeira | Changes in tree and liana communities along a successional gradient in a tropical dry forest in south-eastern Brazil[END_REF] in southern Brazil (P=828 mm year -1 ), by [START_REF] Alvarez-Añorve | Functional regeneration and spectral reflectance of trees during succession in highly diverse tropical dry forest ecosystem[END_REF] in Mexico (P=748 mm year -1 ) and by [START_REF] Holm | Gap model development, validation, and application to succession of secondary subtropical dry forests of Puerto Rico[END_REF] in south-western Porto Rico (P=722 mm year -1 ), who found an increase in basal area, mean DBH, mean height along successional gradients in dry forests. Mean tree and shrub density did not significantly vary with age of abandonment. These results are concordant with results of De Wilde et al.

(2012) regarding the lack of correlation between mean tree and shrub density and the age of plot abandonment. Mean herbaceous plant cover did not vary significantly with age of abandonment, even if it seemed to increase with age of abandonment in XT on lixisol, and to decrease when age of abandonment increased in XT on calcisol. Persistence of herbaceous species in XT on lixisol may be explained by canopy opening [START_REF] Laurance | Effects of forest fragmentation on recruitment patterns in Amazonian tree communities[END_REF], which is the consequence of weak regeneration due to intensive cultivation (long crop duration and soil ploughing). In contrast, gradual canopy closure in XT on calcisol may reduce pioneer heliophilous herbaceous plant cover in such XT.

Implications for XT conservation and management

Following slash-and-burn cultivation, the resilience of XT is low; this ecosystem regenerates slowly after clearing and cultivation. Similarly, selective wood harvesting, such as that used for charcoal production, is not sustainable in XTs, and has a major impact on XT diversity and biomass recovery [START_REF] Randriamalala | Annual biomass increment of xerophytic thickets and sustainability of woody charcoal production in southwestern Madagascar[END_REF]. As a consequence, the establishment of a strict conservation policy for protected areas, as suggested by [START_REF] Gardner | The impact of natural resource use on bird and reptile communities within multiple-use protected areas: evidence from subarid Southern Madagascar[END_REF], could be a suitable solution. However, such an approach (reinforcing of protection policies) cannot be a long-term solution for the sustainable conservation of XT because its implementation would involve sustainable financial means that do not yet exist. Furthermore, the effectiveness of existing protected areas against deforestation and forest degradation is uncertain [START_REF] Eklund | Contrasting spatial and temporal trends of protected area effectiveness in mitigating deforestation in Madagascar[END_REF][START_REF] Gardner | The rapid expansion of Madagascar's protected area system[END_REF], so it would be more appropriate to improve the effectiveness of existing protected areas than to extend their area. Slash-and-burn cultivation, timber and firewood extraction for commercial purposes and woody charcoal production are the main pressures on this XT vegetation. Such pressure comes from the combination of (i) the presence of poor local communities, living in and around these XTs, and (ii) a heavy and growing demand for woody charcoal, firewood and timber from the town of Toliara, less than 30 km away to the south west.

The sustainable management of these XTs will necessarily require the alleviation of these pressures by reducing the natural resource dependence of local communities through alternative income generating activities [START_REF] Andrianarisoa | Identification et analyse d'activités alternatives à la fabrication de charbon de bois dans le district de Toliara II[END_REF][START_REF] Gardner | The rapid expansion of Madagascar's protected area system[END_REF]. Such alternative economic activities should (i) generate higher revenues than forest exploitation (woody charcoal and commercialisation of timber and firewood), and (ii) provide income for the purchase of basic necessities and food. In fact, activities linked to forest exploitation, especially, charcoal production, is not a desirable activity but a safety net when times are difficult, so other activities, economically more profitable and physically easier, may considerably reduce the interest of local communities in forest exploitation activities. However, to be adopted, such activities should be adapted to the arid climatic conditions, and be socially accepted. Goat breeding fulfils these two conditions [START_REF] Masezamana | Identification et analyse d'activités alternatives à la fabrication de charbon de bois dans le district de Toliara II. Q096 project final report[END_REF][START_REF] Randriamalala | Effects of groat grazing and woody charcoal production on xerophytic thickets of southwestern Madagascar[END_REF]. This activity is in fact the main source of income for households in these areas because goats and livestock in general (oxen and sheep) are better adapted to conditions of drought than most agricultural activities [START_REF] Hanke | Livelihoods on the edge: farming household income, food security and resilience in southwestern Madagascar[END_REF]. Thus, livestock sales almost entirely finance household expenditures (food and other) when agricultural production is lacking due to drier periods [START_REF] Hanke | Livelihoods on the edge: farming household income, food security and resilience in southwestern Madagascar[END_REF].

An improvement in goat breeding methods could significantly increase the income of goat herders [START_REF] Andrianarisoa | Identification et analyse d'activités alternatives à la fabrication de charbon de bois dans le district de Toliara II[END_REF]. The control of livestock reproduction using the technique of 'flushing' enables an increase in birth frequency (1 vs 1.5-2 per year; [START_REF] Andrianarisoa | Identification et analyse d'activités alternatives à la fabrication de charbon de bois dans le district de Toliara II[END_REF], and the reproduction performance of goat herds (fecundity and fertility, [START_REF] Andrianarisoa | Identification et analyse d'activités alternatives à la fabrication de charbon de bois dans le district de Toliara II[END_REF]. The income comes from the regular sale of the surplus animals produced; the oldest females and the adult males could be sold because the herd recruitment is ensured by the birth of new kids. Furthermore, such breeding techniques would avoid overgrazing, which is the main source of the detrimental impact of small ruminants on vegetation in semi-arid regions (Rosa [START_REF] García | Goat grazing, its interactions with other herbivores and biodiversity conservation issues[END_REF]. Goat grazing on XT, with a stocking rate of one head per hectare, does not leave a significant footprint on the regeneration and diversity of this vegetation [START_REF] Randriamalala | Effects of groat grazing and woody charcoal production on xerophytic thickets of southwestern Madagascar[END_REF]. Under these conditions, goat breeding may be a sustainable way to exploit XT vegetation, and an efficient means to alleviate poverty and malnutrition at the study site.

Another way to reduce the pressure on the XT is the rehabilitation and/or the building of small hydroagricultural infrastructure (small dams or canals), in order to increase the cultivated areas along the main rivers (Onilahy and Fiherenana) bordering the XT zone (Fig. 1). Huge alluvial plains are located along these two rivers [START_REF] Masezamana | Identification et analyse d'activités alternatives à la fabrication de charbon de bois dans le district de Toliara II. Q096 project final report[END_REF]. However, most of them are not cultivated because of irrigation problems. These limitations induce massive population migration to the Belomotse Plateau, where XT are overexploited [START_REF] Rabeniala | Clôture en bois dans la commune urbaine de Toliara, une autre source de déforestation dans le district de[END_REF].

Conclusion

XT recovery is slow and limited to an increase in structure parameters. No changes in species composition along age of abandonment occurred, except in understory vegetation of XT on calcisol.

Soil was the main driver of XT floristic composition. Secondary succession in XT vegetation was assimilated to growth of structural parameters. Reduction of pressure on XT by the promotion of traditional activities such as goat breeding and the rehabilitation of hydro-agricultural infrastructure along rivers delimiting the study site XT may be the best way to conserve this valuable vegetation. XT restoration is also necessary to maintain this vegetation. Such restoration may be passive and rely on natural regeneration processes (assisted regeneration and nucleation), or be active and consist of native Other species (common species found in any successional stage).

  72. It opposes (i) young XT (1-5 years) and mature XT to (ii) old XT (11-40 years). Main species linked to lixisol are mainly represented by the following species: Flacourtia ramontchi L'Hér., Gyrocarpus americanus Kubitzki, Pyrostria tulearensis Razafim., Lantz & B. Bremer, Chadsia flammea Bojer and Dalbergia xerophila Bosser & R. Rabev. Main species linked to calcisol and mature XT on calcisol are: Kalanchoe grandidieri Baillon, Albizia tulearensis Viguier, Helmiopsiella madagascariensis Arènes and

  mahafaliensis J.-F. Leroy, Solanum sp., Aerva javanica (Burm. f.) Juss., Vaughania interrupta Du Puy, Labat & Schrire and Mimosa delicatula Baill. Understory vegetation of 6-10 year XT on calcisol are essentially characterised by: Indigofera sp., Commiphora mahafaliensis Capuron, Secamonopsis madagascariensis Jum., Flacourtia ramontchi L'Hér. and Tabernaemontana coffeoides Bojer. Species linked to understory vegetation of 21-40 year XT and mature XT on calcisol are essentially: Albizia tulearensis R. Vig., Commiphora marchandii Engler, Dalbergia xerophila Bosser & R. Rabev., Dichrostachys alluaudiana Viguier, Kalanchoe grandidieri Baill. and Operculicarya decaryi H. Perrier. Finally, species linked to only 21-40 year XT on calcisol are essentially: Stereospermum euphorioides DC., Allophylus decaryi Danguy & Choux, Koehneria madagascariensis (Baker) S.A. Graham, Tobe & Baas, Tetrapterocarpon geayi Humbert and Celosia argentea L. Understory species composition of XT on calcisol changes with age of abandonment, which is not the case for XT on lixisol.
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 2 Origins of tree and shrub in the XT

	Soil types	Age of abandonment (years)	Proportion of individuals from tree sprouts (%) Overstory Understory
		1-5	71	45
		6-10	74	35
	Calcisol	11-20 21-40	88 77	51 51
		Mature XT(>40)	4	6
		1-5	70	50
	Lixisol	6-10 11-20	75 79	33 33
		21-40	76	21