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Cutting is frequently used to control invasive species, but the ability of plants to produce stump sprouts is little studied, even though it has strong consequences on the efficiency of this management, and a structural effect on ecosystems. Here we have studied the intraspecific variability of resprouting capacities of the common gorse, (Ulex europaeus) by comparing regions of its native and invaded areas. We conducted a comparative study in an experimental garden between two invaded regions (Reunion, New Zealand) and two native regions (Scotland, Brittany). Results show that (1) regrowth is mainly governed by the basal architecture of individuals (2) there are differences in resprouting capacity depending on the geographic regions, but no clear trend within native and invasive areas (3) life-history traits linked with resprouting capacity also vary depending on geographic regions. These results show large intraspecific variation in the resprouting capacity of gorse, and provide guidance for the management of gorse in invaded areas.

Introduction

Biologic invasions are nowadays recognized as one of major driver of loss of biodiversity and can have consequences on economical and health fields (Riccardi et al., 2017). They also may cause many damages on natural and agronomic lands. Studies on invasive species can either focus on the invasion process or on the ways to control their expansion. Several types of control can be implemented: biological control through grazing pressure or the introduction of natural enemies, chemical control and mechanical control through fires or cutting [START_REF] Rai | Plant invasion ecology: Impacts and Sustainable management[END_REF][START_REF] Rai | Paradigm of plant invasion: multifaceted review on sustainable management[END_REF]. To our knowledge, very little research focuses on the effectiveness and the consequences of cutting on plant invasive species, especially on the stump sprouts, while it is a method currently used to control the expansion of plant invasive species [START_REF] Rai | Paradigm of plant invasion: multifaceted review on sustainable management[END_REF].

The life history traits of invasive species can evolve during the invasion process, and the differences between native and invaded regions have often been discussed (Bossdorf et al 2003;[START_REF] Buswell | Is rapid evolution common in introduced plant species?[END_REF]Colautti et al., 2017). Such evolutions are recorded for traits linked to reproduction [START_REF] Bossdorf | Reduced competitive ability in an invasive plant[END_REF], growth [START_REF] Bossdorf | Reduced competitive ability in an invasive plant[END_REF][START_REF] Buswell | Is rapid evolution common in introduced plant species?[END_REF] and defence against natural enemies [START_REF] Felker-Quinn | Meta-analysis reveals evolution in invasive plant species but little support for Evolution of Increased Competitive Ability (EICA)[END_REF]. The causes of these rapid evolutions are still debated (Colautti et al., 2012). However, it seems realistic to think that these changes are the result of adaptive phenomena (response to a new environment) and stochastic phenomena (genetic drift, bottlenecks). For an applied perspective, this means that the knowledge on life history traits in one regions does not help predicting the same trait in a different regions, and that management techniques must take this variability into account. Comparing the resprouting after cutting in different regions of an invasive species may provide information on the possible variations of this trait, and help the management of the species.

Here we define resprouting as the capacity of a plant to resprout after the total or partial destruction of its above-ground biomass (by cutting, grazing or fire) from dormant vegetative buds. Resprouting in plants is widely studied since it is a structural feature of ecosystems, particularly in severely disturbed environments [START_REF] Bellingham | Resprouting as a life history strategy in woody plant communities[END_REF][START_REF] Clarke | Resprouting as a key functional trait: how buds, protection and resources drive persistence after fire[END_REF], meaning that it is part of the mechanisms structuring communities [START_REF] Ackerly | Community assembly, niche conservatism, and adaptive evolution in changing environments[END_REF]. A great deal of research on resprouting compares plants that have the capacity to resprout with those that do not (Vesk et al., 2012). Resprouting is therefore sometimes viewed as a bimodal trait [START_REF] Pausas | Plant functional traits in relation to fire in crown-fire ecosystems[END_REF]Vesk et al., 2012). However, resprouting seems more like a continuum of strategies responding to disturbance regimes, which can differ in frequency or intensity [START_REF] Bellingham | Resprouting as a life history strategy in woody plant communities[END_REF][START_REF] Moreira | To resprout or not resprout: Factors driving intraspecific variability in resprouting[END_REF][START_REF] Pausas | Evolutionary ecology of resprouting and seeding in fire-prone ecosystems[END_REF]. There are trade-offs between resprouting capacity and other life history traits, such as reproduction and growth. Plants store reserves, most often in the root system, in order to be able to resprout after a severe disturbance [START_REF] Wigley | Sapling survival in a frequently burnt savanna: mobilisation of carbon reserves in Acacia karroo[END_REF]. The resources allocated to these reserves are therefore no longer available to the other functions of the plant. These trade-offs have been studied extensively [START_REF] Nzunda | Resource allocation and storage relative to resprouting ability in wind disturbed coastal forest trees[END_REF][START_REF] El-Ahmir | Seed size, fecundity and postfire regeneration strategy are interdependent in Hakea[END_REF][START_REF] Shibata | Relationships between resprouting ability, species traits and resource allocation patterns in woody species in a temperate forest[END_REF]. For example, a relationships have also been shown between the capacity to resprout and investment in growth [START_REF] Nzunda | Resource allocation and storage relative to resprouting ability in wind disturbed coastal forest trees[END_REF] and/or reproduction [START_REF] Reyes | Resprouting ability of six Atlantic shrub species[END_REF]. Sometimes, the links can be more complex. Thus, it has been demonstrated in the Hakaea genus (Proteaceae), a group of native Australian shrubs, that resprouting influences fecundity, which in turn affects seed size [START_REF] El-Ahmir | Seed size, fecundity and postfire regeneration strategy are interdependent in Hakea[END_REF]. The relationships between resource allocation patterns, disturbance regimes and resprouting capacity differ according to the life history trait strategies [START_REF] Poorter | Resprouting as a persistence strategy of tropical forest trees: relations with carbohydrate storage and shade tolerance[END_REF][START_REF] Shibata | Relationships between resprouting ability, species traits and resource allocation patterns in woody species in a temperate forest[END_REF]. Shade tolerance, maximum size, but also the architecture of the plant (single trunk or branched base) can influence the capacity a plant has to resprout. For example, trees and shrubs that have maintained a multi-stem architecture have more reserves in their above-ground biomass, thereby allocating less to their roots, but they are still capable of resprouting [START_REF] Kubo | Age structure and dynamics of Cercidiphyllum japonicum sprouts based on growth ring analysis[END_REF][START_REF] Nzunda | Sprouting by remobilization of above-ground resources ensures persistence after disturbance of coastal dune forest trees[END_REF].

Resprouting is a trait that is present in many plant families. It has often been compared between species but, to our knowledge, few studies focus on the iIntraspecific inter-individual variation of this functional trait [START_REF] Shibata | Relationships between resprouting ability, species traits and resource allocation patterns in woody species in a temperate forest[END_REF]. The common gorse (Ulex europaeus ssp. europaeus, Fabaceae) was considered by [START_REF] Reyes | Resprouting ability of six Atlantic shrub species[END_REF] as a strong resprouter in its native range region of origin (the Northwest of the Iberian Peninsula). Common gorse has been naturally present in all Western Europe since the Neolithicneolitic [START_REF] Van Zeist | A paleobotanical study of some bogs in western Brittany (Finistère), France[END_REF], and was introduced from the nineteenth century in European colonial empires throughout the world (Atlan et al., 2015). It is on the "World's Worst Invasive Alien Species" list (ISSG 2013) (ISSG-IUCN 2013) and is known to degrade habitats and cause the reduction of local biodiversity [START_REF] Cordero | Analyzing the landscape characteristics promoting the establishment and spread of gorse (Ulex europaeus) along roadsides[END_REF]. Several studies have already demonstrated evolutionary changes in this species linked to its introduction into new environments. It has been shown, in experimental conditions, that seedlings from invaded regions were taller than those from native regions [START_REF] Hornoy | Invasive plants and enemy release: evolution of trait means and trait correlations in Ulex europaeus[END_REF]. It has also been shown that seeds from invades regions germinate faster than those from native regions [START_REF] Udo | Evolution of germination strategy in the invasive species Ulex europaeus[END_REF]. Gorse also shows great inter-individual variability in most of the life history traits studied, including the flowering duration, height and plant architecture [START_REF] Tarayre | Flowering phenology of Ulex europaeus: ecological consequences of variation within and among populations[END_REF][START_REF] Atlan | Genetic variation in flowering phenology and avoidance of seed predation in native populations of Ulex europaeus[END_REF][START_REF] Hornoy | Alkaloid concentration of the invasive plant species Ulex europaeus in relation to geographic origin and herbivory[END_REF], and its genetic and reproductive systems [START_REF] Hornoy | Two colonisation stages generate two different patterns of genetic diversity within native and invasive ranges of Ulex europaeus[END_REF]Atlan et al., 2015a).

The objective of this study ass to explore geographic and intraspecific variations of resprouting after cutting in gorse, and to identify plant traits that may help predicting these variations. We have compared resprouting after cutting in an experimental garden in plants from two native regions (Brittany and Scotland) and two invaded regions (Reunion Island and New Zealand), with the objective of answering the following questions: 1) What is the capacity of gorse to survive and resprout after cutting? 2) Which life-history traits are linked with the capacity to survive and with intensity of regrowth after cutting? 3) Are the geographic differences between gorse resprouting, between regions or between native and invaded areas?

Materials and methods

Study species

Ulex europaeus ssp. europaeus (Fabaceae), hereafter referred to as "gorse", is a perennial spiny shrub that can live up to 20 years with an adult height that usually varies from 1 to 4 meters [START_REF] Lee | Succession and dynamics of gorse (Ulex europaeus L.) communities in the Dunedin ecological district south island, New Zealand[END_REF]. This pioneer species is an important component of heathland vegetation, and can grow on poor soil of any type, except calcareous soils [START_REF] Tutin | Rosaceae to Umbelliferae[END_REF]. It is originated from Western Europe and was introduced into several parts of the world, mainly during the nineteenth century (Atlan et al., 2015b). It is a cosmopolitan species with great ecological amplitude and can be found in a large ranges of latitudes -from 5° to beyond 50° north and south of the equator -and altitudes -from 0 to more than 3500m - [START_REF] Hill | Seasonal and geographic variation in the predation of gorse seed, Ulex europaeus L., by the seed weevil Apion ulicis Forst[END_REF][START_REF] Hornoy | Two colonisation stages generate two different patterns of genetic diversity within native and invasive ranges of Ulex europaeus[END_REF]. The flowering peak is in April, but flowering onset and flowering duration are highly variable between individuals. Vegetative growth starts after the fruiting period and lasts approximately three months [START_REF] Tarayre | Flowering phenology of Ulex europaeus: ecological consequences of variation within and among populations[END_REF][START_REF] Reyes | Resprouting ability of six Atlantic shrub species[END_REF]. Multiplication by layering does not occur in this species although we observed in few occasions that a branch in contact with the soil could produce adventitious roots.

Ulex europaeus ssp. europaeus is an allopolyploid and hexaploid species with a large allelic diversity, both in its native and introduced range [START_REF] Hornoy | Two colonisation stages generate two different patterns of genetic diversity within native and invasive ranges of Ulex europaeus[END_REF]. It exhibits great variability in life history traits, linked to growth, reproduction and defense [START_REF] Tarayre | Flowering phenology of Ulex europaeus: ecological consequences of variation within and among populations[END_REF][START_REF] Hornoy | Invasive plants and enemy release: evolution of trait means and trait correlations in Ulex europaeus[END_REF][START_REF] Tarayre | Flowering phenology of Ulex europaeus: ecological consequences of variation within and among populations[END_REF]. Plastic responses to environmental variations have significant effect on the pod and flower productions, which reduces flower and pod sets [START_REF] Delerue | Plasticity of reproductive allocation of a woody species (Ulex europaeus) in response to variation in resource availability[END_REF]Atlan et al., 2015c).

The species is a pyrophile and favours the initiation and spread of fires. After fire, gorse has very good resprouting capacities and high seed germination since fire releases seed dormancy [START_REF] Zabkieski | Effect of fire on gorse seeds[END_REF][START_REF] Hely | Hétérogénéité d'une lande haute à Ulex Europaeus L en relation avec la propagation du feu (Bretagne, France)[END_REF].

Constitution and description of the common garden

The study was performed in an experimental garden on plants grown from seeds collected in two native regions: Brittany (France) and Scotland (UK), and in two invaded regions: Reunion Island (French Overseas Territory, Indian Ocean) and New Zealand (S1Table). In each region, seeds were collected in three populations on an individual basis between 1999 and 2005. The seeds were scarified and put to germinate in Petri dishes in October 2006, then transferred to two-litre pots in a green-house in November 2006. Seedlings were grown for one year in the greenhouse under horticultural lighting, at a temperature ranging from 10 to 20°C. In November 2007, ten seedlings per population were randomly chosen and randomly transplanted in a common garden, on double rows. We kept a minimum spacing of 1.20 meters between plants of the same row, and 1.60 meters between plants of different rows. A total of 120 individuals were grown, with ten individuals per population, and three populations for each of the four regions. The common garden is located on the Campus of Rennes (Brittany, France, 48°7'3.48"N; 1°38'24.73"O), an area with several gorse populations nearby. This garden is described more thoroughly in [START_REF] Hornoy | Invasive plants and enemy release: evolution of trait means and trait correlations in Ulex europaeus[END_REF] Control of gorse by cutting of gorse is frequent both in native and introduced ranges of the species. In the native range, gorse is an emblematic species. It was used as fodder or hedges, and intentionally planted [START_REF] De Beaulieu | La mémoire des landes de Bretagne[END_REF]Atlan et al., 2015b). Since it has a tendency to spread, it was controlled by ploughing fields, controlled fire, or cutting. Today, it is still controlledmainly by cutting -in hedges, fallows and touristic areas. In New Zealand and Reunion, gorse is declared invasive and a threat to biodiversity and agricultural activities and several attempts were made to control its geographic expansion. In New Zealand, biological control has been carried out since 1931 through the introduction of seed predators [START_REF] Hill | Seasonal and geographic variation in the predation of gorse seed, Ulex europaeus L., by the seed weevil Apion ulicis Forst[END_REF]; cuts, but also chemical methods were often used, in particular for large agricultural areas (pastures, grasslands). In Reunion, it was mainly controlled by cutting in natural areas and by herbicide products in agricultural areas [START_REF] Udo | Evolution of germination strategy in the invasive species Ulex europaeus[END_REF].

Experimental design and measurements

In January 2015, the plants were cut to 10 cm from the ground, leaving only the base of the stumps (figure 1). We chose to cut the gorse to 10 cm, to follow the protocol of a previous study were a strong correlation between basal area at 10 cm and plant biomass was demonstrated [START_REF] Delerue | Plasticity of reproductive allocation of a woody species (Ulex europaeus) in response to variation in resource availability[END_REF]. We then collected three sets of measures:

1/ Life history traits of plants from seedling

We had the opportunity to use the measures made on the plants from seedling, done for a previous study [START_REF] Hornoy | Invasive plants and enemy release: evolution of trait means and trait correlations in Ulex europaeus[END_REF]. Plant height were measured at one, two and three years, and we retained plant height at one year as an estimate of seedling vigor. Among all reproductive traits measured, we retained flowering duration, pods per shoot and seed mass (measured the third year of the plants). These traits were shown to have a genetic basis [START_REF] Atlan | Genetic variation in flowering phenology and avoidance of seed predation in native populations of Ulex europaeus[END_REF]. We did not measure architectural and reproductive traits just before cutting, because plant branches were too intertwined.

2/ Measurements taken on stumps

Just after cutting, in January 2015, the number of stems per stump was counted, and the diameter of each stem base was measured (maximal diameter and orthogonal diameter). Basal area (BA) of gorse stumps is a good estimate of plant biomass [START_REF] Delerue | Plasticity of reproductive allocation of a woody species (Ulex europaeus) in response to variation in resource availability[END_REF]. It was calculated as following: BA = πR² with R = (Max diameter + Ortho diameter)/4

To have an estimation of gorse architecture, we calculated a Fragmentation Index (FI) as following:

3/ Measurements taken on resprouting plants

One year after cutting, we recorded dead and resprouting individuals (figure 1). On resprouting individuals, we measured the height of the plants, their maximum diameter and the length of the three longest sprouts. In March 2016, their flowering stage was recorded using an index based on the density and ripeness of buds, flowers and fruits [START_REF] Tarayre | Flowering phenology of Ulex europaeus: ecological consequences of variation within and among populations[END_REF]. This index is equal to zero when there are no reproductive items, 4 when the plants are in full bloom, 8 when all flowers turn to fruits, and 12 when all fruits are ripe. Then the plants were harvested to estimate fresh and dry biomass. The aerial part of each resprouting plant was cut, weighted, and then dried at 35°C during 14 days. That treatment reduced the biomass by 60%, a percentage already obtained after 9 days of drying; no subsequent mass reduction was obtained, showing that all water was removed. and one year after cutting (February 2015).

Statistical analyses

All the statistical analyses were carried out using software R. As a first step, we compared dead and resprouting individuals. A comparison of their life history traits (from seedling and from stumps) was carried out with a Principal Component Analysis (PCA).

As a second step, we focused on resprouting individuals, and tested the effect of life history traits on regrowth capacity. Since regrowth was measured by 3 non-independent traits (dry mass, height and diameter), we combined these three measures to create a synthetic variable named "Regrowth". "Regrowth" was calculated by 1/ transforming each variable into a mean-centered non-dimensional number and 2/ summing these three mean-centered variables. Subsequently, this synthetic variable was used to perform a mixed model analysis (Table 2), were the explaining factors were the life history traits measured on plants from seedling, stump characteristics, and plant origin. "Range" (native vs invaded) and "region" were taken as fixed effects; "population" was taken as a random effect. We used the nlme [START_REF] Pinheiro | Nlme: Linear and Nonlinear MixedEffects Models[END_REF] and lme4 (Bates et al., 2015) packages of R. The best model was chosen using the Akaike information criterion (AIC).

As a third step, we focused on variations between the regions studied: the same mixed linear model was performed separately for each region. The homoscedasticity of the variances and the normality of the residuals were verified in all the models conceived in these analyses.

Correlations between variables were carried out with the non-parametric Spearman correlation coefficient that makes it possible to correlate quantitative and qualitative variables such as flowering stage.

Results

The response of Gorse to cutting

One year after cutting, among the 117 individuals cut, 84% survived and produced vegetative material, while 16% died. Among the dead plants, 74% never produced shoots, and 25% produced short shoots that dried and subsequently died. Plants that were alive one year after cutting were still alive in subsequent years. Among the resprouting plants, the variability in response to cutting was very large; the range of dry aerial biomass ranged from 55g to 3500g (562 ± 61). All resprouting individuals produced reproductive items (buds, flowers or pods): most of them flowered in the first year after cutting and the others flowered in the second year. In February 2015, one year after cutting, there was a significant positive correlation between reproductive stage (estimated from the density and ripeness of buds, flower and fruits), and resprouting aerial biomass (N=98, RSpearman=0.5, P<0.01) or height (N=98, RSpearman=0.7, P<0.01, Figure 2). This indicates that the biggest individuals (in term of height and aerial biomass) began to flower earlier. To understand factors influencing gorse resprouting capacity, individuals were separated into two classes: dead and resprouting. To compare these classes a principal component analysis (PCA) was performed on variables that characterized the plants before cutting (height, reproduction) and the stumps measured just after cutting (basal area, number of stems, fragmentation). These two classes of gorses (dead or resprouting) were differentiated according to the first and second axes of the analysis, supporting 30% and 20% of the variance, respectively. By projecting the coordinates of the individuals on axes 1 and 2, only eight individuals were on the overlap of the two ellipses representing the two classes, showing the strong discriminant power of the analysis (Figure 3 Left). For axis 3 (15% inertia) and axis 4 (10% inertia), there was overlap between classes.

The first axis is supported by high values of plant height and pod production before cutting, and weak fragmentation index of the stumps (Figure 3 The most discriminating factor is the number of stems per stump (Figure 4) with an average of 7.63 (+/-4.34) stems for individuals that did not survive cutting, and an average of 13.04 (+/-6.37) for resprouting individuals (T-test; N = 117, P <0.01). 

Traits linked with resprouting variability

In the subset of resprouting plants, the variables measured to characterize aerial parts (dry mass, height, and diameters) were strongly positively correlated (Table 1) Table 1. Matrix of Spearman correlation coefficients between variables of resprouting. N= 97.

All correlations are significant (P< 0.001).

Effect plant characteristics

When all regions were pooled, regrowth of gorse depended mainly on the morphological traits of the stumps: fragmentation index (IF) and the number of stems were the only traits that had significant effect (Table 2). The effects of traits linked to vegetative growth (basal area, height) and reproduction (pod production or flowering duration) were not significant. 

Effect of plant origin

The fact of plants coming from either a native or invaded range had no significant effect on regrowth, with the variability observed being mainly explained by the region of origin. The regrowth was also different between populations (nested within regions), but due to the low sample size within each population and the absence of disturbance monitoring, no attempt has been made to explain it further, and the focus has remained on the comparison between regions.

Brittany (native range) and Reunion (invaded range) had higher regrowth values than Scotland (native range) and New Zealand (invaded range), but the variation of the underlying measurements was very high (Figure 5).The mean regrowth heights for Brittany and Reunion were similar (around 70cm), whereas for the other two other regions, it was around 50cm. Mean dry mass was the highest in Brittany (700mg), and much lower in the three other regions: 500mg for Reunion, 400mg for New Zealand and 300mg for Scotland. For the four regions, the effect of seedling height had no influence on regrowth (Table 3), and the effect of the fragmentation index was highly significant: the more fragmented the stumps, the better the regrowth. For the other variables, different results were observed according to the region. In Scotland, none of the other variables had a significant effect on regrowth, in Brittany and Reunion, one other stump variable had a significant effect (number of stems for Brittany and basal area for Reunion). In New Zealand differed considerably from the three other regions: two stump variables and all reproductive variables showed significant effects: the higher the reproductive values, the lower the regrowth. 

Discussion

The proportion of gorse individuals that survived cutting and produced stump sprouts was very high. This is consistent with previous studies reporting Ulex europeaus ssp. europaeus as a "strong resprouter" [START_REF] Reyes | Resprouting ability of six Atlantic shrub species[END_REF]. Furthermore, the majority of plants began flowering again in the first year following cutting. The main factors linked with resprouting capacity were architectural characteristics, but other life-history traits can be involved. As with all other traits studied for this species, inter-individual variability was very strong, and significant differences were observed between regions.

A key role of plant architecture

The fragmentation index of stumps and the number of stems are the most influential factors, both on the capacity of the plants to survive cutting, and on the vigour of regrowth. The plants that did not successfully resprout were mostly those with a single trunk with large diameter. These results are consistent with other studies that showed that having several stems favours resprouting (Schafer et al., 2003 and;[START_REF] Dacy | Survival of sprouting shrubs following summer fire: effects of morphological and spatial characteristics[END_REF]. The number of stems correlates positively with the photosynthetic capacity of plants, so that individuals with several stems have more resources and are able to invest more in the reserves necessary for resprouting [START_REF] Cruz | Plant stored reserves do not drive resprouting of the lignotuberous shrub Erica australis[END_REF][START_REF] Olano | Carbohydrate storage in five resprouting Florida scrub plants across a fire chronosequence[END_REF]. A several-stem architecture, regarded as an adaptive response to severely disturbed environments [START_REF] Paula | Leaf traits and resprouting ability in the Mediterranean basin[END_REF][START_REF] Hernández | Leaf physiological traits in relation to resprouter ability in the Mediterranean Basin[END_REF][START_REF] Shibata | Interspecific variation in the size-dependent resprouting ability of temperate woody species and its adaptive significance[END_REF] could therefore be the predominant factor in the control of resprouting in gorse.

Among resprouting plants, a first hypothesis to explain variation in the vigour of regrowth could imply a trade-off between the aerial and root parts, where the largest individuals invest heavily in growth, thereby having less resources to allocate to the reserves necessary for resprouting [START_REF] Bellingham | Resprouting as a life history strategy in woody plant communities[END_REF][START_REF] Bond | Ecology of sprouting in woody plants: the persistence niche[END_REF]. On the other hand, species in which individuals have optimised traits linked to photosynthesis are able to invest in vegetative growth and in underground reserves at the same time, leading to a positive relationship between growth and resprouting capacity [START_REF] Paula | Leaf traits and resprouting ability in the Mediterranean basin[END_REF][START_REF] Hernández | Leaf physiological traits in relation to resprouter ability in the Mediterranean Basin[END_REF][START_REF] Shibata | Interspecific variation in the size-dependent resprouting ability of temperate woody species and its adaptive significance[END_REF]. In our experiment, the height at one year had no effect on the vigour of regrowth and the indirect estimate of plant biomass before cutting had an effect only in plants from Reunion, where the correlation is positive. This suggests that there is no trade-off between aerial biomass and resprouting capacity in gorse, although direct measures would have been necessary to confirm this assumption.

Link between resprouting, reproduction and competition

A link between reproductive life history traits and stump sprouts in gorse was observed in New Zealand but not in other regions. A trade-off between reproduction and resprouting has been highlighted by a large number of studies (e.g. [START_REF] Clarke | Trade-offs in resource allocation that favour resprouting affect the competitive ability of woody seedlings in grassy communities[END_REF]Keeley et al., 2012;[START_REF] Pausas | Evolutionary ecology of resprouting and seeding in fire-prone ecosystems[END_REF][START_REF] El-Ahmir | Seed size, fecundity and postfire regeneration strategy are interdependent in Hakea[END_REF][START_REF] Wang | Contrasting regeneration strategies in climax and long-lived pioneer tree species in a subtropical forest[END_REF][START_REF] Clarke | A synthesis of postfire recovery traits of woody plants in Australian ecosystems[END_REF], but in some species, such as Aralia elata [START_REF] Goto | Seedling regeneration and vegetative resprouting after fires in Pinus densiflora forests[END_REF] these traits were independent. Most of these studies were carried out in a natural environment, for example in dry environments in Australia [START_REF] Clarke | Resprouting as a key functional trait: how buds, protection and resources drive persistence after fire[END_REF][START_REF] Wang | Contrasting regeneration strategies in climax and long-lived pioneer tree species in a subtropical forest[END_REF] in subtropical forests in China. In contrast, our experiment was conducted in an experimental garden where aerial competition for light was minimised with regard to the natural conditions, as was root competition for nutrients. In this context of availability of resources, the detection of links between the traits measured could be impaired.

Competition between individuals can play a role in stump resprouting capacity (Bellimgam et al., 2000). Following a study experiment on seed banks in situ conducted in Brittany, New Zealand, and Reunion [START_REF] Bakker | Explaining the larger seed bank of an invasive shrub in non-native versus native environments by differences in seed predation and plant size[END_REF], gorse plants were cut at 18 sites, and qualitative observations on resprouting were made two years after. In these natural sites, the mortality rate after cutting was around 80%, and appeared to be directly linked to competition for light, particularly with Poaceae. By contrast, in observations of resprouting after fire, where the burned stumps were not exposed to shade from other plants, the majority of the plants did survive and resprout. Stump resprouting capacity has been considered as an adaptation to environments that are often burned [START_REF] Herrero | Do wildfires promote woody species invasion in a fire-adapted ecosystem? Post-fire resprouting of native and non-native woody plants in central Argentina[END_REF] and one such capacity in gorse could be interpreted as an adaptation to an environment disturbed by fire, in accordance with the pyrophilic character of the species.

Resprouting differences between regions

The resprouting capacity of plants depend on their region of origin, but there is no difference between native and invasive areas; each of these areas includes both one region with high regrowth and one with low regrowth. These results are consistent with other observations where there is no difference in regrowth after disturbance between native and non-native plants [START_REF] Herrero | Do wildfires promote woody species invasion in a fire-adapted ecosystem? Post-fire resprouting of native and non-native woody plants in central Argentina[END_REF]. However, we did find a difference in stump sprouts between regions. Due to the homogeneous conditions of the experimental garden, it is likely that these variations have a genetic basis. The strongest regrowth observed in plants from Brittany may be the result of a local adaptation, since the experiment took place in Brittany. The fact that the variables linked with regrowth differed between regions suggests that the trade-offs between life-history traits also differ between regions, as already suggested by the Release of Genetic Constraints Hypothesis [START_REF] Hornoy | Invasive plants and enemy release: evolution of trait means and trait correlations in Ulex europaeus[END_REF].

Conclusions

Gorse is recognised as a highly invasive species and has been the object of numerous control efforts, in particular by cutting. Our results provide elements to improve the efficiency of this kind of management. For example, it may be useful to cut the gorse below the height at which the stumps branch. Another important point is that stump sprouts are not affected by the same factors in different regions. The management of gorse through cutting cannot therefore be the same in all regions.

Our results show that the main factors linked with resprouting in gorse are architectural. However, they also suggest that resprouting is linked with some reproductive and vegetative life history traits. It would be very interesting to study how environmental variations could influence these components, as already shown in other species [START_REF] Salk | Ecological and environmental factors constrain sprouting ability in tropical trees[END_REF]. The capacities of stump sprouts in plants are linked to other life history strategies such as shade tolerance [START_REF] Poorter | Resprouting as a persistence strategy of tropical forest trees: relations with carbohydrate storage and shade tolerance[END_REF] or parasite resistance [START_REF] Shibata | Interspecific variation in the size-dependent resprouting ability of temperate woody species and its adaptive significance[END_REF]. Studying the resprouting of an invasive species therefore makes it possible to provide both constructive elements with regard to their control (in this case by providing specifications on cutting height or on the differences between regions), and fundamental information on the variability of responses to disturbances in native and invaded regions.

Figure 1 .

 1 Figure 1. The experimental garden, just after cutting (January 2015)and one year after cutting (February 2015).

Figure 2 .

 2 Figure 2. Relationship between flowering stage and height of resprouting individuals of Ulex europaeus grown in a common garden depending one year after cutting.

  Right). The second axis is supported by strong values of the number of stems and the basal area of the stumps and low values in flowering duration.

Figure 3 .

 3 Figure 3. Results of Principal Components Analysis explaining the survival of Ulex europaeus individuals one year after cutting. Left : projection of individuals on axis of PCA(R=Resprouting, D=Dead). Right : correlation between explanatory variables and axis 1 and 2. Explanatory variables : Frag (Fragmentation Index), Stem (Number of stems), Basal (Basal area) were measured on stumps just after cutting. Pod (number of pods per shoot), seed (seed mass) Dur_flo (flowering duration), heights (H07 and H08) were measured before cutting.

Figure 4 .

 4 Figure 4. Comparison of number of stems and fragmentation index of individuals of Ulex europaeus grown in a common garden. Measurements were carried out on stumps just after cutting. Mean + SE.

Figure 5 .

 5 Figure 5. Comparison of height (A) and dry mass (B) of resprouting individuals of Ulex europaeus grown in a common garden depending on their region of origin. Measurements were carried out one year after cutting. Mean + SE.

Table 2 ;

 2 Results of the mixed linear model on the synthetic variable of resprouting. Model build by AIC criterion, backward method. AIC = 131, R 2 = 0.58, N=92.

C coefficient of regression, df degrees of freedom.

Table 3 .

 3 Results of the mixed linear model on the synthetic variable of regrowth.

		Brittany	Scotland	Reunion	New Zealand
		N=25		N=21	N=23	N=19
		chi²	P	chi²	P	chi²	P	chi²	P
	Stump							
	Fragmentation Index	10 <0,001 15 <0,001	9	0,003	38 <0,001
	Basal area	0.03 0,956 0.06 0,806	31 <0,001 0.08 0,777
	Number of stems	27 <0,001 0.08 0,777 0.06 0,806	17 <0,001
	Before cut							
	Height	0.05 0,823 0.09 0,764 0.05 0,823 0.05 0,823
	Seed mass	0.06 0,806 0.03 0,862 0.23 0,631	21 <0,001
	Flowering duration	0.02 0,887	7	0,008 0.08 0,777	12 <0,001
	Pods per stem	0.41 0,521 0.05 0,823 0.04 0,841	15 <0,001
	R²	0.55		0,58	0,55	0,85
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