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INTRODUCTION

In many animal species, changes in the social environment experienced during ontogeny can have important consequences for behavioural expression. Much attention has been given to the effects of early life social deprivation on many dimensions of an individual's phenotype, particularly on the regulation of social interactions at later stages of development. A wealth of empirical data, in both invertebrates and vertebrates, have documented the existence of lasting adverse effects of social isolation on the physical and behavioural development of individuals [START_REF] Cacioppo | The Neuroendocrinology of social isolation[END_REF]. For example, social isolation early in adult life impairs the development of individual face recognition in the wasp Polistes fuscatus [START_REF] Tibbetts | Social isolation prevents the development of individual face recognition in paper wasps[END_REF]. Similarly, rats deprived of social interactions in the juvenile stage showed increased aggression later in life compared to conspecifics reared in groups (Toth et al., 2008). In these studies, the environment was manipulated at critical stages of development to place individuals in a context of social deprivation, which corresponds to an abnormal situation in the typical developmental pattern. Such an approach aims to understand how individuals acquire their social skills to behave appropriately in the presence of others (i.e. social competence, [START_REF] Taborsky | Social competence: an evolutionary approach[END_REF], to identify the existence of critical periods or to characterise the physiological determinants. Interestingly, social isolation may represent a normal phase of development in many taxa. In species with transient gregariousness, juveniles typically experience a drastic change in social context during ontogeny when they leave the group to disperse and live alone (lobsters: [START_REF] Ratchford | Size-and scale-dependent chemical attraction contribute to an ontogenetic shift in sociality[END_REF]scorpions: Polis & Lourenço, 1986;spiders: Horel et al., 1996;caterpillars: Cornell et al., 1987;[START_REF] Despland | Ontogenetic changes in social behaviour in the forest tent caterpillar, Malacosoma disstria[END_REF]fish: Ryer & Olla, 1991). Group living can provide benefits to individuals by reducing predation risk, enhancing defense and improving development [START_REF] Krause | Living In Groups[END_REF][START_REF] Reader | Understanding gregariousness in a larval Lepidopteran: the roles of host plant, predation, and microclimate[END_REF][START_REF] Costa | The Other Insect Societies[END_REF][START_REF] Wise | Cannibalism, food limitation, intraspecific competition, and the regulation of spider populations[END_REF]. From an adaptive viewpoint, the transition from group to solitary living involves a switch in the balance between the benefits and costs (e.g. increased competition, risk of inbreeding, pathogen transmission) associated with gregariousness [START_REF] Stamp | Physical constraints of defense and response to invertebrate predators by pipevine caterpillars (Battus philenor: Papilionidae)[END_REF][START_REF] Reader | Understanding gregariousness in a larval Lepidopteran: the roles of host plant, predation, and microclimate[END_REF][START_REF] Inouye | Larval aggregation affects feeding rate in Chlosyne poecile (Lepidoptera: Nymphalidae)[END_REF][START_REF] Despland | Pros and cons of group living in the forest tent caterpillar: separating the roles of silk and of grouping[END_REF][START_REF] Ward | Sociality: the behaviour of group-living animals[END_REF]. In transiently group-living species, individuals are expected to refrain from developing agonistic interactions in order to preserve social cohesion and its associated benefits, whereas after dispersal, the incentive to behave in a tolerant manner may be relaxed. The question arises as to whether a change in context from social to solitary at the appropriate ontogenic stage could serve as a cue to initiate the behavioural switch that prepares individuals to live alone and act accordingly. On this basis, it can be hypothesized that individuals, when in groups, should be less reactive to changes in environmental cues that would trigger aggressive behaviour in isolated ones.

In this context, the present study aimed to determine the interplay between early social experience, satiation and ontogeny on the nature of social interactions in spiderlings of the solitary species Agelena labyrinthica. Spiders are relevant models to explore this relationship. The vast majority of the 50 000 species known to date are solitary as adults, but transient social life in the early stages of development is a common, if not universal, trait among spiders [START_REF] Chiara | Social intolerance is a consequence, not a cause, of dispersal in spiders[END_REF]. The duration of the gregarious period in spiderlings is plastic and depends on the interaction between maturation processes and response to environmental fluctuations, including food availability [START_REF] Ruttan | Experimental manipulations of dispersal in the subsocial spider, Theridion pictum[END_REF][START_REF] Gundermann | Experimental manipulations of social tendencies in the subsocial spider Coelotes terrestris[END_REF]. Our previous work in A. labyrinthica has shown that short-and long-term social isolation triggers a change in response toward prey and an increase in aggression toward conspecifics [START_REF] Chiara | Social intolerance is a consequence, not a cause, of dispersal in spiders[END_REF][START_REF] Chiara | Influence of past and current social contexts on hunting behaviour in spiderlings[END_REF]. Here, we first aimed to highlight the coupling between maturation processes and response to environmental cues on behavioural expression by testing whether the level of aggression in spiders varies with the age at which they were socially isolated. We predicted that aggression would increase in spiderlings isolated at later developmental stages as they approach their dispersal phase, the age at which they begin to live alone. We next examined how feeding influences the development of aggressive behaviours in spiderlings reared alone or in groups. Here, two opposite predictions about the relationship between feeding and aggression can be made. Given that feeding increases metabolic rate in spiders [START_REF] Overgaard | Metabolic transitions during feast and famine in spiders[END_REF] and that metabolic rate and aggression are often positively associated in many taxa (eels: [START_REF] Geffroy | Kleptoparasitism and aggressiveness are influenced by standard metabolic rate in eels[END_REF]fish: Ros et al., 2006), we can hypothesize that fed individuals would behave more aggressively, regardless of the social context. Conversely, based on the assumption that starvation stimulates cannibalism and that feeding preserves tolerance (e.g. diving beetle [START_REF] Inoda | Predaceous diving beetle, Dytiscus sharpi sharpi (Coleoptera: Dytiscidae) larvae avoid cannibalism by recognizing prey[END_REF]gastropods: Yu et al., 2018;fishes: Hecht & Appelbaum, 1988;spiders: Samu et al., 1999), we can predict that fed spiders would exhibit less aggressive behaviour than their unfed siblings.

MATERIAL & METHODS

Model species and animal collection

Agelena labyrinthica (Agelenidae, Clerck 1758) is a solitary web-building spider widely distributed across southern and central Europe. Females usually lay one to three egg sacs containing an average of 100 eggs in late summer. Hatching occurs inside the maternal egg sac after a period of incubation of about 20 days. At this stage, larvae show little mobility and obtain their nutrients from egg yolk. This first instar lasts one week and ends with a first moult in the egg sac (second instar). Spiderlings then enter a winter diapause until early spring when they emerge from the egg sac and remain gregarious for about a week before they disperse [START_REF] Mougenot | Ontogenesis and dynamics of aggregation in a solitary spider[END_REF][START_REF] Chiara | Social intolerance is a consequence, not a cause, of dispersal in spiders[END_REF]. Second-instar spiderlings are mobile, produce silk and can hunt small prey [START_REF] Lesne | Cannibalism in spiderlings is not only about starvation[END_REF][START_REF] Chiara | Influence of past and current social contexts on hunting behaviour in spiderlings[END_REF]. The development time of the second instar is dependent on food resources, ranging from about ten days when the individuals feed in the first days following the emergence from the maternal cocoon to several months if they do not have access to food [START_REF] Lesne | Cannibalism in spiderlings is not only about starvation[END_REF].

In this study, we used 14 egg sacs collected between September and October 2020 in southwest France (Table A1). On October 29, 2020, the egg sacs were placed in a cooled incubator at 4˚C to simulate winter diapause until the experiments began. After at least two months at 4°C, egg sacs were placed at room temperature. The egg sacs were then opened manually (rather than allowing them to emerge spontaneously) so that all siblings experienced the same social context before being used in behavioural assays. Egg sacs used in this study contained 104 ± 42 spiderlings (mean ± SD, N=14). Hereafter, we referred to the day of opening as the day of emergence or Day 0. Spiderlings from the same egg sac were either maintained alone or in groups of 5 in breeding dishes (circular PVC transparent dishes: diameter=5.5 cm, height=1.5 cm). Breeding dishes were sprayed with water every two days. Between Day 3 and Day 4, each spiderling was removed from its breeding dish, anesthetised with a brief (< 30 s) CO2 exposure, marked with a dot of pink or white paint (Edding 750©) on the opisthosoma and reintroduced to its dish. Marking had no effect on social interactions [START_REF] Chiara | Social intolerance is a consequence, not a cause, of dispersal in spiders[END_REF], and was necessary to identify the origin of each spiderling during behavioural assays.

Interplay between ontogenesis and social isolation

We used unfed 2 nd instar spiderlings (i.e. no moult after the emergence) from 10 egg sacs (Table A1). We first aimed to confirm earlier results on the influence of isolation on social behaviours [START_REF] Chiara | Social intolerance is a consequence, not a cause, of dispersal in spiders[END_REF]. We reared spiders either alone (N=36 spiders) or in groups (N=36 spiders) for 20 days. On Day 20, we introduced two individuals that had been exposed to the same condition into a circular arena to record mortality events over 120 consecutive hours (i.e., from Day 20 to Day 25).

Next, we examined whether the intensity of aggression after spiders were isolated for 5 days varied with the age at which individuals were isolated. We subjected spiderlings to the following conditions (Figure 1a): Condition 1 (5-day old spiderlings): spiderlings were tested at Day 5 after being reared in isolation (N=60) or in groups (N=60) from Day 0 until Day 5 Condition 2 (10-day old spiderlings): spiderlings were tested at Day 10 after being reared either in groups from Day 0 to Day 10 (N=60), or in groups from Day 0 to Day 5 and then in isolation from Day 5 to Day 10 (N=65). Condition 3 (15-day old spiderlings): spiderlings were tested at Day 15 after being reared either in groups from Day 0 to Day 15 (N=65), or in groups from Day 0 to Day 10 and then in isolation from Day 10 to Day 15 (N=65). Condition 4 (20-day old spiderlings): spiderlings were tested at Day 20 after being reared either in groups from Day 0 to Day 20 (N=60), or in groups from Day 0 to Day 15 and then in isolation from Day 15 to Day 20 (N=65). Four spiders died naturally during the rearing period (Condition 1: N=1; Condition 2: N=2; Condition 3: N=1).

We tested pairs composed of individuals of the same age (5, 10, 15 or 20 days old) and that had experienced either the same (both reared in isolation or socially) or a different social context before the test (i.e. one reared in isolation and one reared socially). Hereafter, we refer to pairs of two individuals reared in isolation as isolated pairs, pairs of two individuals reared in group as grouped pairs and pairs formed with one individual reared in isolation and one reared socially as mixed pairs). Pairs of spiderlings (5-day old: isolated N=19, mixed N=19, grouped N=20; 10-day old: isolated N=21, mixed N=20, grouped N=19; 15-day old: isolated N=22, mixed N=21, grouped N=21; 20-day old: isolated N=22, mixed N=20, grouped N=20) were introduced to a circular PVC arena (diameter: 22 mm, height: 4 mm) covered with transparent plexiglass lid to prevent them from escaping. The arenas contained no silk before the introduction of spiderlings. Individuals tested were siblings but collected from two different breeding dishes (i.e. no familiarity). Each pair was composed of individuals painted with different colours. Each arena was filmed with a camera (Canon LEGRIA HF G30) for three hours immediately after the introduction of the individuals in order to score aggression. From the video recordings, we characterised the first 20 interactions in each pair using the ethogram reported in Table 1 [START_REF] Chiara | Social intolerance is a consequence, not a cause, of dispersal in spiders[END_REF]. Because we tested spiders at different age, we compared the time between the first and twentieth interaction measured for each pair between groups to test for a possible age-dependent difference in activity.

The arenas were then monitored daily for 120 consecutive hours to record death events. We limited our observations to 120 hours in order to make our results comparable to those of our previous work and also to reduce the risk that the observed mortality was not due to cannibalism but to other causes. We excluded 11 pairs (out of 244) from the analyses because they did not complete 20 interactions within three hours ( Condition 1: N=2;Condition 2: N=1;Condition 3: N=4;Condition 4: N=4). In addition, we discarded two pairs from the behavioural and survival analyses because some spiders had been incorrectly marked, which could have altered their behaviour (Condition 1: N=1; Condition 2: N=1), or because one spiderling escaped during the test (Condition 2: N=1).

Influence of satiation on aggressive behaviours

The aim of this experiment was to test whether the initiation of predatory behaviour influenced the expression of aggressive behaviours and cannibalism towards conspecifics. Spiderlings from five egg sacs (Table A1) were reared either in isolation (N=156 spiderlings) or in groups of five (N=165 spiderlings) in breeding dishes for 8 days after their emergence. We had to perform predation tests in silk-covered arenas, as spiders use web vibrations to detect the presence of their prey, and we had to feed each spider individually to ensure that each had access to the same amount of food. This meant that we had to temporarily isolate spiders reared in groups. To limit the duration of isolation for spiders normally kept in groups, we introduced them into an arena already containing silk to reduce the time required for them to catch their prey. To this end, we introduced single 2 nd instar spiderlings (N=321) into circular arenas made of white polylactic acid (PLA) (diameter: 17 mm, height: 12 mm) covered with transparent Plexiglas. On Day 8, the spiders used to lay silk were gently removed from the arenas taking care not to destroy the silken sheet. The individuals that were reared in isolation or socially in breeding dishes were then introduced alone to a PLA arena containing silk laid by a sibling (Figure 1b). We provided a fruit fly (Drosophila melanogaster) to spiders that had been previously either isolated (N=74) or grouped (N=75). To ensure that individuals from the different treatments were subjected to the same manipulations, spiderlings that had been previously isolated (N=82) or grouped (N=90) were introduced into an arena with silk but did not receive a fruit fly (control group). After 6 hours, the spiders were removed from the arena containing the silk. Fruit flies were dead in all arenas where they were introduced. Based on pilot assays, fly deaths that occur within 6 hours in these arenas are indicative of spider predation. The spiders were put then back in their breeding dish (with the same siblings for those raised in groups). After 48 hours (i.e. at Day 10), we formed pairs of individuals consisting of two starved individuals (isolated N=26, grouped N=33), two fed individuals (isolated N=22, grouped N=25) or one fed and one starved individual (mixed pairs: isolated N=30, grouped N=24) that were introduced into a test arena for 5 days. As in the previous experiment, we recorded the arenas for three hours to observe the first 20 interactions, we recorded the delay between the first and twentieth interactions, and we assessed mortality for 120 consecutive hours. We tested spiders at Day 10 because our previous work [START_REF] Chiara | Social intolerance is a consequence, not a cause, of dispersal in spiders[END_REF] showed that an intermediate level of aggression is observed at this age which provides a favourable condition to reveal a possible decrease or increase in aggression after feeding.

Statistical analyses

All statistical analyses were performed with the software R v4.0.2 (http://www.r-project.org/). We compared the number of deaths in pairs of spiderlings between treatments with log rank tests using the function survdiff implemented in the package survival. We used generalised linear models (GLM) fitted with a Poisson error distribution to compare the delays between the 1 st and 20 th interactions or the numbers of aggressive behaviours (equal to the sum of all chase, bite and fight events in the pairs) between conditions. The delays between the 1 st and 20 th interactions were log-transformed and the numbers of aggressive behaviours were square-rooted transformed to correct residuals overdispersion of the model.

Ethics statement

This work complies with the current laws in France on the use of invertebrates in research and adheres to the ASAB/ABS Guidelines for the Use of Animals in Research.

RESULTS

Interplay between ontogenesis and social isolation

We observed that the survival rate was more than twice as high (95% vs. 45%, log-rank test: χ²1=10.5, P=0.001) during the 120-hour test in pairs of unfed spiders reared socially than in unfed pairs of spiders reared in isolation for 20 days (Figure 2), confirming previous results [START_REF] Chiara | Social intolerance is a consequence, not a cause, of dispersal in spiders[END_REF]. Spiders reared socially or in isolation 5 days prior the test were tested in pairs 5, 10, 15 or 20 days after their emergence. The first 20 interactions of each pair were analysed. We detected no difference in the time between the 1 st and 20 th interactions between conditions (GLM, age: χ 2 1=2.91, P=0.09; social experience: χ 2 2=0.27, P=0.87, age x social experience: GLM: χ 2 2=0.22, P=0.9). The number of aggressive behaviours increased with age (GLM: χ 2 1=22.7, P<0.001) and differed between social treatment (GLM: χ 2 2=70.15, P<0.001), the interaction between both terms being significant (GLM: χ 2 2=7.75, P=0.021) (Figures 3,A1). Aggressive interactions (i.e. bite attempt, chase, fight) were more frequent in pairs that included two isolated spiders compared to pairs of spiders that remained grouped throughout development. An intermediate level of aggression was observed in mixed pairs. We then recorded the fraction of pairs in which a spiderling died during 120 consecutive hours. Survival in isolated pairs decreased with increasing age at which spiders were isolated for five days (log-rank test: χ²3=9, P=0.03). Indeed, no mortality was observed for tests performed at Day 5 and Day 10 but it increased to 14 % (N=22) and 23 % (N=22) for pairs tested at D15 and D20, respectively (Figure 4a). Survival also decreased with age in mixed pairs (log-rank test: χ²3=9.4, P=0.02) where the only mortality events were in pairs tested at 20 days, the three individuals that died being those that had been maintained in the group until the test (Figure 4b). Survival was not influenced by age in spiderlings reared in groups (log-rank test: χ²3=2.9, P=0.4) (Figure 4c). At the age of 20 days, the mortality rate (55%, N=18) was twice as high for spiders kept isolated for 20 days (Figure 2) compared to spiders also aged 20 days but maintained isolated 5 days after being in a group for 15 days (23%, N=22) (Figures 2,4).

Influence of satiation on aggressive behaviours

At Day 10, we tested pairs where both spiders had been reared either singly or socially and both were either fed or unfed or one fed the other unfed (spiders were assayed at 10 days, an age at which aggression exists without reaching its maximum intensity, which makes it possible to reveal the possible existence of a decrease or increase in aggression induced by feeding). We found no significant difference in the time to observe the first 20 interactions between treatments (GLM; satiety: χ 2 2=0.75, P=0.69; sociality: χ 2 1=0.001, P=0.97, satiety x sociality: χ 2 2=0.03, P=0.99). The total number of aggressive behaviours (i.e. sums of bite attempts, chases and fights) differed between fed, mixed and unfed spiders (GLM: χ 2 2=6.63, P=0.036) and with social experience (GLM: χ 2 1=76.12, P<0.001), the interaction between both terms being significant (GLM: χ 2 2=9.98, P<0.01) (Figures 5,A2). Figure 5 shows that the number of aggressive behaviours observed among spiderlings raised in isolation was significantly higher than that observed among spiderlings raised in groups regardless of satiation treatment, then that the amount of aggressive behaviour in spiderlings raised in groups did not vary with satiation treatment. Although we detected no statistical difference in survival between pairs of individuals both reared in isolation but differing in satiation (log-rank test: χ²2=5, P=0.08), we observed that the lowest mortality (8%, N=26) was found in pairs of starved spiders, increasing to 27% in pairs with one fed and one unfed spider (N=30) and to 32% in pairs where both spiders were fed (N=22) (Figure 6a). In contrast, no mortality was observed in pairs of spiders reared socially, whether they were fed or not (Figure 6b).

DISCUSSION

This study investigated the interplay between early social experience, satiation and ontogeny in the expression of aggressive behaviours in juveniles of the solitary spider Agelena labyrinthica. When raised in groups, spiderlings display tolerant behaviours and their level of social tolerance was not influenced by age or feeding. This was in contrast to spiders that experienced social isolation, for which the level of aggression increased with the age at which they were isolated for 5 days and also increased after being fed. The sensitivity to satiation and ontogeny in solitary spiderlings appears to be mediated by the social context. This indicates that spiders reared socially were less plastic in their response to conspecifics than those deprived of social interactions. In spiders, previous work showed that social isolation is a prerequisite for the expression of agonistic behaviours in juveniles and that dispersal is the cause, not a consequence, of aggression [START_REF] Chiara | Social intolerance is a consequence, not a cause, of dispersal in spiders[END_REF]. The influence of social isolation on the expression of social behaviours has been widely documented in both invertebrates (lobster: [START_REF] Hoffman | Effects of water temperature and housing conditions upon the aggressive behavior of the lobster Homarus americanus[END_REF]hermit crab: Courchesne & Barlow, 1971; fruit fly: [START_REF] Ueda | Aggressive behaviours of female Drosophila melanogaster are influenced by their social experience and food resources[END_REF]crickets: Alexander, 1961;[START_REF] Adamo | Agonistic behavior in male and female field crickets, Gryllus bimaculatus, and how behavioral context influences its expression[END_REF][START_REF] Stevenson | Isolation associated aggression -A consequence of recovery from defeat in a territorial animal[END_REF][START_REF] Kuriwada | Social isolation increases male aggression toward females in the field cricket Gryllus bimaculatus[END_REF]cockroach: Ewing & Ewing, 1973;honey bee: Breed, 1983; hermit crab: [START_REF] Courchesne | Effect of isolation on components of aggressive and other behavior in the hermit crab, Pagurus samuelis[END_REF]crayfish: Hemsworth et al., 2007) and vertebrates (rodents: Koch & William, 1972;[START_REF] Sahakian | The effects of isolation rearing on exploration in the rat[END_REF]calves: De Paula Viera et al., 2012;fishes: Gomez-Laplaza & Morgan, 2000;[START_REF] Hesse | Social deprivation affects cooperative predator inspection in a cichlid fish[END_REF][START_REF] Groneberg | Early-life social experience shapes social avoidance reactions in larval zebrafish[END_REF]reptiles: Ballen et al., 2014;[START_REF] Riley | Early social environment influences the behaviour of a family-living lizard[END_REF]. The general trend is an increase in aggression in individuals that are exposed, even temporarily, to social deprivation. However, one dimension that has received much less attention concerns the influence of the developmental stage at which individuals experience social isolation. Many studies are based on experimental designs in which the duration of isolation is increased in order to estimate the behavioural consequences of an increased duration of social deprivation. Nevertheless, such a procedure may produce confounding effects between the duration of isolation per se and the age at which individuals are deprived of social contact. Indeed, individuals may show increased sensitivity to social isolation at later stages of development. In other words, long durations of social isolation could mask a shorter period of increased sensitivity to isolation at later ontogenic stages. In the present work, we found that individuals were more likely to behave aggressively after a similar duration of isolation at older ages. Contrasting patterns can be observed in other species, such as the mouse, where a 6-week isolation in early adolescence (21 days after birth) results in more severe aggression than an isolation of similar duration at a later developmental stage (45 days) [START_REF] Locci | Social isolation in early versus late adolescent mice is associated with persistent behavioral deficits that can be improved by neurosteroid-based treatment[END_REF]. The interpretation of age-related differences with the effect of isolation between taxa needs to consider whether isolation is a stressful event that induces deleterious consequences on development and behavioural expression [START_REF] Cacioppo | Social isolation[END_REF] or, on the contrary, it represents a normal stage in ontogeny.

Our study revealed an interaction between feeding and social context on the expression of intraspecific aggressiveness. Indeed, spiders raised in groups, whether fed or not, remained tolerant toward siblings. However, feeding increased the amount of aggression in spiderlings reared alone compared to isolated individuals that were not fed. This indicates that the consumption of prey advanced the onset of aggressive behaviour in spiders deprived of social interactions. A similar pattern has been documented in the wolf spider Hogna helluo where young spiders show a greater tendency to cannibalize when other prey is available [START_REF] Roberts | Kinship and food availability influence cannibalism tendency in early-instar wolf spiders (Araneae: Lycosidae)[END_REF]. This is in contrast to other works reporting that feeding delays the onset of dispersal and promotes the maintenance of tolerance over longer periods. Indeed, it was shown that the presence of prey increases survival, delays dispersal and decreases aggressive behaviours [START_REF] Krafft | Influence of food supply on the duration of the gregarious phase of a maternal-social spider, Coelotes terrestris (Araneae, Agelinidae)[END_REF][START_REF] Ruttan | Experimental manipulations of dispersal in the subsocial spider, Theridion pictum[END_REF][START_REF] Rypstra | High prey abundance and a reduction of cannibalism: the first step to sociality in spiders (Arachnida)[END_REF][START_REF] Gundermann | Experimental manipulations of social tendencies in the subsocial spider Coelotes terrestris[END_REF][START_REF] Schneider | Survival and growth in groups of a subsocial spider (Stegodyphus lineatus)[END_REF][START_REF] Kim | Dispersal behaviour in a subsocial spider: Group conflict and the effect of food availability[END_REF] and that starvation enhances cannibalism [START_REF] Samu | Factors influencing cannibalism in the wolf spider Pardosa agrestis (Araneae, Lycosidae)[END_REF][START_REF] Bilde | Kin recognition and cannibalism in a subsocial spider[END_REF][START_REF] Mayntz | Nutritional value of cannibalism and the role of starvation and nutrient imbalance for cannibalistic tendencies in a generalist predator[END_REF]. The relationship between food abundance and aggressive behaviour needs not be monotonic, and individuals may exhibit flexible behaviours in their propensity to engage in agonistic interactions when the quantity of resources or satiety varies [START_REF] Wilcox | Food threshold territoriality in a water strider (Gerris remigis)[END_REF][START_REF] Grant | Influence of food abundance on competitive aggression in juvenile convict cichlids[END_REF]. For example, the frequency of aggressive acts peaks at intermediate level of food abundance in juveniles of the rainbow trout [START_REF] Toobaie | Effect of food abundance on aggressiveness and territory size of juvenile rainbow trout, Oncorhynchus mykiss[END_REF]. A complementary aspect rarely considered to explain the variation in the influence of food on social behaviours in spiderlings is the ontogenic stage at which they are fed or starved. Indeed, how individuals react to the presence of food can vary depending on whether they are still in a gregarious phase and tolerant of their siblings or whether they have already dispersed and are aggressive towards conspecifics. It is unfortunate that the developmental stage of individuals in relation to dispersal is not indicated or only vaguely reported in most studies, as this aspect could unify all or part of these apparently contradictory results. We could speculate that food abundance might promote the maintenance of tolerance in spiders that have never experienced prolonged periods of social isolation. In the spider A. labyrinthica, the ontogenetic sequence under natural conditions consists firstly of the dispersal of juveniles, which then build a web enabling them to capture their first prey and thus obtain the nutritive resources necessary for the first moult outside the maternal cocoon. In our study, the increased level of aggression observed after feeding was not the result of direct sibling competition for access to a limited resource, as has been demonstrated in other organisms (e.g. fruit fly, [START_REF] Lim | How food controls aggression in Drosophila?[END_REF], because spiders were fed before staging dyadic encounters that took place in the absence of prey. In web-building species, the coupling of a prolonged absence of social interactions with a predatory act could be interpreted as the proximate cue triggering the expression of territorial behaviours associated with the construction and exploitation of their web. This would result in increased aggression to defend high quality habitat in relation to the presence of valuable resources, including prey, when individuals begin to live solitarily. The loss of tolerance associated with dispersal would increase predatory success and limit the presence of intraspecific competitors. This hypothesis would be consistent with patterns found in other taxa where food availability stimulates conspecific territorial aggression. For example, hummingbirds exhibit more defensive behaviour in the presence of sucrose-rich feeders than when they are offered feeders with lower concentrations [START_REF] Camfield | Resource value affects territorial defense by Broad-tailed and Rufous hummingbirds[END_REF] and song sparrows increase territorial aggression, in response to food supplementation, possibly because males tend to defend more ardently high-quality sites [START_REF] Foltz | Get off my lawn: increased aggression in urban song sparrows is related to resource availability[END_REF]. An important question is the ecological relevance of ontogenetic changes in social isolation of spiders, i.e. why do spiders, after being isolated, behave aggressively with conspecifics. One hypothesis is that young spiders develop a behavioural syndrome of aggression as they mature and live alone to improve their foraging performance [START_REF] Johnson | Precopulatory sexual cannibalism in fishing spiders (Dolomedes triton): a role for behavioral syndromes[END_REF]. A non-mutually exclusive hypothesis involves the possible need to reduce the costs associated with the ability of spiders to discriminate between prey and conspecific signals. Costs can include various aspects such as those generated by the metabolic expenses associated with maintaining the structures for processing sensory information and/or those associated with a decrease in capture rate if the prey escapes while the spider processes the perceived information. For example, in a different context, the reversion from social to solitary life in halictid bees was accompanied by a reduced investment in communication structures (Wittmer et al., 2020). We can speculate that similar processes are at work during ontogeny in solitary spiders which, once they have established their own territories, are not expected to come into contact with conspecifics (except for mating which involves different chemical signals than those involved in social cohesion in spiderlings, [START_REF] Trabalon | Contact recognition pheromones in spiders and scorpions[END_REF]. The scarcity of opportunities for regular interaction with conspecifics after dispersal could lead to a progressive decline in the ability to distinguish prey from conspecifics and the indiscriminate production of aggressive behaviour regardless of the nature of the intruder encountered [START_REF] Chiara | Influence of past and current social contexts on hunting behaviour in spiderlings[END_REF]. Overall, our study showed that variations in external conditions are interpreted differently in spiders depending on the presence or absence of siblings. We could speculate that the evolutionary transition to perennial sociality in spiders was accompanied by a partial or total loss of plasticity that ensures the persistence of social tolerance regardless of environmental fluctuations, as evidenced, for example, by the fact that adults of the species Mallos gregalis starve to death in the absence of prey rather than resort to cannibalism [START_REF] Jackson | Comparative studies of Dictyna and Mallos: V. Tolerance and resistance to Starvation[END_REF]. Further work should explore which physiological changes induced by social isolation cause spiders to react to environmental variations and develop intolerant behaviours toward conspecifics. From a comparative point of view, it would be interesting to determine whether the modifications of signalling pathways induced by social isolation are similar or different between species characterized by temporary social life, where isolation is a normal stage of ontogeny, and those forming more integrated and perennial societies, such as bumblebees or ants, where social deprivation produces deleterious outcomes [START_REF] Scharf | Social isolation causes downregulation of immune and stress response genes and behavioural changes in a social insect[END_REF][START_REF] Wang | Isolation disrupts social interactions and destabilizes brain development in bumblebees[END_REF]. 
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 1 Figure 1. Experimental design. (a) Spiderlings were tested after they had experienced or not experienced a 5-day period of social isolation at different ages in order to examine the interplay between social isolation and ontogenesis. (b) Spiderlings were tested after being fed (in dark green) or not (in light green) in order to investigate the influence of satiation on aggressive behaviours.
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 2 Figure 2. Survival curves of the latencies before one spiderling died in pairs with both spiderlings reared alone (N=18 pairs) or socially (N=18 pairs) for the previous 20 days. The coloured bands represent the 95% confidence intervals.

Figure 3 .

 3 Figure3. Boxplots of the number of aggressive behaviours (bite attempt, chase or fight) observed at Days 5, 10, 15 or 20 in pairs of two spiders reared alone (condition "isolated"), two spiders reared socially (condition "grouped") or one spider reared socially and one spider reared alone (condition "mixed"). Horizontal line in each box represents the median, and the lower and upper hinges indicate the first and third quartiles. Lower and higher whiskers extend to the most extreme values within 1.5 interquartile ranges from the first and third quartiles respectively. Each dot represents one observed value. We excluded from the analyses pairs that had not completed 20 interactions (N=11). The number of replicates is indicated between brackets.

Figure 4 .

 4 Figure 4. Survival curves of the latencies before one spiderling died in pairs as a function of age and social experience. Spiderlings were tested at 5, 10, 15 or 20 days (D5 to D20) after they had experienced or not experienced a 5-day period of social isolation. (a) grouped pairs (i.e. both spiders without period of social isolation, N=20 to 21), (b) mixed pairs (i.e. one spider with social isolation and one spider without social isolation, N=19 to 21), (c) isolated pairs (i.e. both spiders with periods of social isolation, N=19 to 22). The coloured bands represent the 95% confidence intervals.

Figure 5 .

 5 Figure5. Boxplots of the number of aggressive behaviours (bite attempt, chase or fight) observed on Day 10 in pairs containing two spiders reared in isolation or socially that were either both fed or starved or one fed and one unfed ("mixed" condition). The number of replicates is indicated between brackets.

Figure 6 .

 6 Figure 6. Survival curves of the latencies before one spiderling died in pairs containing two spiders reared in (a) isolation or (b) socially and that were either both fed or starved or one fed and one unfed ("mixed" condition). The number of replicates is indicated between brackets. The coloured bands in represent the 95% confidence intervals.

Figure A1 .

 A1 Figure A1. Average proportion of each behaviour at Days 5, 10, 15 or 20 in pairs with (a) two spiders reared alone (condition "isolated"), (b) one spider reared socially and one spider reared alone (condition "mixed"), or (c) two spiders reared socially (condition "grouped"). The first 20 interactions were analysed in each pair.

Figure A2 .

 A2 Figure A2. Average proportion of each behaviour on Day 10 in pairs with (a) two spiders reared in isolation or (b) socially that were either each fed or each unfed or one fed and one unfed ("mixed" condition). The first 20 interactions were analysed in each pair.

Table 1 .

 1 Definition of behaviours identified during video analysis Behaviour Definition Aggregation Two individuals remained in contact without aggression for more than a second Crossing Two individuals briefly touched each other without expressing any aggressive display Defence One (or the two individuals) raised the first legs above the cephalothorax Chasing One individual moved rapidly toward the other Bite attempt One individual lunged forward with open chelicerae Fight Two individuals remained in contact for more than a second while expressing aggressive behaviours (e.g. biting)

Table A1 .

 A1 Information on the origin of cocoons used for the three experiments. Experiment[I] corresponds to the interplay between ontogenesis and social isolation, experiment[II] to the influence of satiation on aggressive behaviours.

	Date sampling	Longitude sampling	Latitude sampling	Date opening cocoon	Total number of spiderlings	Experiment	Number of spiderlings used in experiments
	12 Sept 2020	44°40'51.51''N 0°21'34.35''E	08 Feb 2021	88	I	88
	12 Sept 2020	44°40'51.51''N 0°21'34.35''E	15 Feb 2021	166	I + II	22 + 72
	13 Sept 2020	44°46'54.51''N 0°12'23.35''E	21 Jan 2021	136	I	55
	13 Sept 2020	44°46'54.51''N 0°12'23.35''E	20 Jan 2021	121	I	55
	13 Sept 2020	44°46'54.51''N 0°12'23.35''E	25 Jan 2021	83	I	36
	13 Sept 2020	44°46'54.51''N 0°12'23.35''E	07 Feb 2021	116	I	108
	13 Sept 2020	44°46'54.51''N 0°12'23.35''E	02 Feb 2021	70	I	70
	13 Sept 2020	44°46'54.51''N 0°12'23.35''E	26 Jan 2021	63	I	20
	13 Sept 2020	44°46'54.51''N 0°12'23.35''E	14 Feb 2021	68	I	68
	13 Sept 2020	44°46'54.51''N 0°12'23.35''E	07 Feb 2021	19	I	16
	24 Oct 2020	44°46'54.51''N 0°12'23.35''E	20 Feb 2021	107	II	50
	24 Oct 2020	44°46'54.51''N 0°12'23.35''E	02 Mar 2021	129	II	62
	24 Oct 2020	44°46'03.76''N 0°12'23.35''E	25 Feb 2021	177	II	86
	24 Oct 2020	44°46'03.76''N 0°12'23.35''E	23 Feb 2021	118	II	50
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