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Division of labour is a recurrent property of social groups. Among the different models proposed to explain the origin of division of labour, response threshold models have garnered strong theoretical and empirical support. These models postulate that task specialisation can arise spontaneously from inter-individual variation in thresholds for responding to task-associated stimuli. Consequently, individuals with lower thresholds for a given task are more likely to become specialists. Self-reinforcement models expand this hypothesis by proposing that the successful performance of a task lowers an individual's threshold, increasing the probability that it will perform that task again. Although an important component of many models of division of labour, self-reinforcement can be difficult to test in real-world contexts. Here, we asked whether social experience modulates the individual response thresholds of normally solitary individuals. We focused on task performance during the early stages of nest construction in forced associations of the normally solitary halictine bee Lasioglossum (Ctenonomia) NDA-1. Within each pair, a strong behavioural asymmetry arose with one bee specialising in excavation and her nestmate in guarding the nest entrance. Individual performance of excavation by each bee was compared before and after being paired with a conspecific. After experiencing a social environment, individuals substantially increased their excavation performance. However, bees excavating more frequently in groups did not excavate differentially more afterward, as would be predicted by self reinforcement. The social context experienced by bees appears to promote behavioural differentiation leading to task specialisation, and to modulate response thresholds for excavation.

INTRODUCTION

Division of labour, where individuals within a group perform different roles, is a recurrent property of sociality. Division of labour is believed to be a major determinant of the ecological success of group-living species [START_REF] Oster | Caste and Ecology in the Social Insects[END_REF]. It has been widely reported in invertebrates, including shrimp (Duffy et al. 2002), caterpillars [START_REF] Underwood | Evidence for division of labor in the social caterpillar Eucheira socialis (Lepidoptera: Pieridae)[END_REF], thrips [START_REF] Crespi | Eusociality in Australian gall thrips[END_REF], hymenoptera [START_REF] Wilson | Sociobiology. The New Synthesis[END_REF][START_REF] Oster | Caste and Ecology in the Social Insects[END_REF][START_REF] Hölldobler | The Ants[END_REF]), and termites [START_REF] Gerber | Polyethism in Macrotermes bellicosus (Isoptera)[END_REF]. Division of labour is also common in vertebrates such as lions [START_REF] Stander | Cooperative hunting in lions: the role of the individual[END_REF], rats [START_REF] Grasmuck | Behavioural differentiation of rats confronted to a complex diving-for-food situation[END_REF], dolphins [START_REF] Gazda | A division of labour with role specialization in group-hunting bottlenose dolphins (Tursiops truncatus) off Cedar Key, Florida[END_REF], birds (Bednarz 1998), naked mole-rats [START_REF] Sherman | The Biology of the Naked Mole-Rat[END_REF][START_REF] Bennett | African Mole-Rats: Ecology and Eusociality[END_REF] and humans [START_REF] Patterson | Division of labor among lesbian and heterosexual parenting couples: correlates of specialized versus shared patterns[END_REF]).

Several models have been proposed to explain the origin of division of labour (reviewed in [START_REF] Beshers | Models of division of labor in social insects[END_REF]. Of these, fixed threshold response models postulate that division of labour can emerge spontaneously through variation among individuals in their internal response thresholds to task-specific stimuli [START_REF] Robinson | Genetic basis for division of labor in an insect society[END_REF][START_REF] Bonabeau | Quantitative study of the fixed threshold model for the regulation of division of labour in insect societies[END_REF]Bonabeau et al. , 1998)). In performing a task, individuals with lower thresholds become the task specialists and reduce the likelihood that the same task will be performed by individuals with higher thresholds. Among eusocial insects, response thresholds have been empirically demonstrated for several tasks including fanning [START_REF] O'donnell | Thresholds of response in nest thermoregulation by worker bumble bees, Bombus bifarius nearcticus (Hymenoptera : Apidae)[END_REF][START_REF] Jones | Honey bee nest thermoregulation: diversity promotes stability[END_REF]), undertaking [START_REF] Robinson | Genetic determination of guarding and undertaking in honey-bee colonies[END_REF]) and foraging [START_REF] Stuart | Genetic component to division of labor among workers of a Lepthoracine ant[END_REF][START_REF] Fewell | Colony-level selection effects on individual and colony foraging task performance in honeybees, Apis mellifera[END_REF]. The requirements of this response threshold model are likely to be present at the origins of sociality and may thus contribute to the emergence of division of labour in social taxa. In support of this assertion, several studies have shown that division of labour can arise spontaneously in groups of normally solitary ant foundresses [START_REF] Fewell | The emergence of division of labour in forced associations of normally solitary ant queens[END_REF][START_REF] Helms Cahan | Division of labor and the evolution of task sharing in queen associations of the harvester ant Pogonomyrmex californicus[END_REF]) and solitary bees [START_REF] Sakagami | Sociality, induced and/or natural, in the basically solitary small carpenter bees (Ceratina)[END_REF][START_REF] Jeanson | Emergence of division of labour in halictine bees: contributions of social interactions and behavioural variance[END_REF].

In addition to fixed threshold models, some authors have proposed that experience can modulate task-associated response thresholds via positive feedback [START_REF] Deneubourg | Selforganization mechanisms in ant societies (2): learning in foraging and division of labor[END_REF][START_REF] Plowrigth | Elistism in social insects: a positive fed-back model[END_REF], Theraulaz et al. 1998). These self-reinforcement models postulate that successful performance of a task can increase the probability of performing that task again. Conversely, unsuccessful performance or lack of opportunity to perform the task can reduce the likelihood that individuals will perform it, given later opportunities to do so.

Reinforcement can therefore produce worker specialization and influence the organisation of work within colonies. Self-reinforcement effects on division of labour have some empirical support in social insects. For instance, the individual response thresholds of bumble bee workers for fanning to control nest climate vary with experience [START_REF] Weidenmüller | The control of nest climate in bumblebee (Bombus terrestris) colonies: interindividual variability and self reinforcement in fanning response[END_REF].

Reinforcement can generate behavioural differentiation within an initially homogeneous group of individuals. In the ant Cerapachys biroi, [START_REF] Ravary | Individual experience alone can generate lasting division of labor in ants[END_REF] found that division of labour can arise spontaneously among originally undifferentiated individuals depending on their foraging experience. Successful foragers became foraging specialists, while workers that were unsuccessful in their initial foraging attempts became brood tending specialists.

Reinforcing mechanisms have also been proposed to contribute to the establishment of dominance hierarchies, such as in wasps where hierarchical interactions reinforce the probability that a given individual will dominate or loose in subsequent encounters [START_REF] Theraulaz | Self-organization of hierarchies in animal societies -the case of the primitively eusocial wasp Polistes dominulus Christ[END_REF][START_REF] Camazine | Self-Organization in Biological Systems[END_REF]. However, tests of the contribution of self-reinforcement to the production of division of labour are generally rare and are, to our knowledge, absent in non-eusocial systems. This limits the application of the model to most social taxa. In addition, when studied entirely within a social environment, the relative contribution of selfreinforcement per se may be hindered by the influence of social interactions on division of labour. An alternative approach is to test for persistent reinforcement effects on individual response thresholds after task specialists and non-specialists have been separated.

Because their social systems range from solitary through communal, and in some cases eusocial, halictine bees are a useful taxon to examine the evolution of division of labour. In facultatively social bees, females may nest either solitarily or in groups depending partly on ecological pressures, such as predation and nest availability (Dunn and Richard 2003). Division of labour between foraging and guarding frequently arises in these associations. In carpenter bees of the tribe Xylocopini, nests established by solitary foundresses may be later usurped by a second foundress with the dominant females specialising in egg-laying and foraging while the non-reproductive females guard the nest entrance [START_REF] Hogendoorn | Task allocation and reproductive skew in social mass provisioning carpenter bees in relation to age and size[END_REF]. Conversely, in ceratinine and allodapine bees, dominant females usually guard the nests and subordinates forage [START_REF] Hogendoorn | Guarding specialisation in pre-reproductive colonies of the allodapine bee Exoneura bicolor[END_REF].

During the early stages of nest construction within forced pairs of the normally solitary halictine bee Lasioglossum (Ctenonomia) NDA-1, previous work revealed that interindividual variation in the propensity to excavate, coupled with spatial separation generated by social interactions, promotes the emergence of division of labour between tunnel excavation and nest guarding [START_REF] Jeanson | Emergence of division of labour in halictine bees: contributions of social interactions and behavioural variance[END_REF]. In the present study we ask whether social experience can temporally modulate the individual response thresholds of normally solitary bees. We test the prediction of self reinforcement that individuals increase their probability of performing a task after becoming the specialist for that task. Focusing on the early stages of nest construction in associations of the normally solitary bee L. (Ctenonomia) NDA-1, we compare individual excavation performance before and after bees experience a social environment. We also examine these artificially constructed social groups for the emergence of division of labour. (Ctenonomia) NDA-1 revealed that only two of 19 nests contained two females, confirming their status as primarily solitary nesting [START_REF] Mcconnell-Garner | Behavioral interactions of two solitary, halictine bees with comparisons among solitary, communal and eusocial species[END_REF]. Bees were collected by netting above nest aggregations and were taken immediately to the laboratory, where they were placed individually in Petri dishes supplied with a damp tissue and a 1:1 honey water mixture. The day before the first experiment, two groups of bees were marked with enamel paint on the thorax and both sides of the abdomen. Bees were randomly assigned to two treatments: a 'social' treatment where bees experienced the presence of a conspecific during a portion of the experiment, and a solitary treatment (hereafter control bees) where bees did not encounter conspecifics for the duration of the experiment. Bees were stored overnight at ambient temperature (16°C) before experimental treatment.

MATERIAL AND METHODS

Study species

Females

Experimental design

We first quantified individual activity levels of each bee in the absence of nest construction or social interactions, by measuring their movement rates in circle tubes (as per [START_REF] Breed | Agonistic behavior, social interactions, and behavioral specialization in a primitively eusocial bee[END_REF]. We then placed bees individually into observation nests to assess their excavation performance while alone. Following this, to assess the impact of social environment on task performance, bees were separated into a control group of individuals that remained solitary, and an experimental group in which bees were paired with others that showed initially similar levels of excavation behaviour. All bees, solitary or paired, were placed into fresh observation nests and observed for 18 hours. Following this, all bees were placed individually into new nests and observed again to assess whether excavation behaviour was affected differentially depending on social context (Figure 1).

Activity level (Day 1)

To examine whether differences in the nature of social interactions or task performance may be influenced by differences in an individual's general activity level, we placed all bees individually into a circular plastic tube (inner diameter: 0.42 cm, length: 20 cm), and quantified the amount of time they were active (Fig. 1). The circular tube was placed in a plastic box with long tubular lights on each side to ensure homogeneous lighting during data collection. The temperature was maintained at 27 ± 0.5 °C. Each trial began 2 min after introducing the bee into the box, and lasted for 5 min. During trials we recorded the percentage of time a bee was walking or sitting/grooming and measured the time that individuals took to cover a distance of 10 cm without stopping or turning. This experiment took place between 09h30 and 13h00.

Tunnel construction by single individuals (Days 1-2)

After assessment of activity levels, all bees were introduced individually (between 14h00 and 15h00) into observation nests (15 cm deep ×12 wide cm × 3 mm thick) and allowed to excavate tunnels. Observation nests were filled with dampened sifted soil collected from the nesting area in the field. Each nest was connected by a clear plastic tube (4 cm) to a clear plastic vial (2-cm diameter, 4 cm high) containing a 1:1 honey water mixture. A small indentation of 1 ± 0.1 cm was made in the soil to encourage the bee to dig a single vertical gallery. Prior to introduction of bees, nests were cooled to 5 °C. After the bees were introduced into the nests, the nests were placed in a climate controlled room at 15h00. The climate controlled room was kept at 31 ± 1 °C with a photoperiod of 15 hours of light and 9 hours of darkness; darkness started at 19h00. The bees were allowed to excavate for 18 hours. At 9h00 on day 2, the bees were removed from the observation nest and placed back in their Petri dishes. Using a ruler, we measured the length of each bee's tunnel to quantify their digging performance and assign them to treatment groups. We also digitally photographed each nest to more precisely quantify tunnel depths using ImageJ (see below).

Social interactions (Day 2)

Bees were randomly assigned to either the solitary (n = 30 bees) or social treatment groups (n = 35 pairs). Bees assigned to the social treatment were paired using individual digging performance data. To minimize initial inter-individual differences in propensity to dig, we matched individuals with similar digging performance (the two bees that dug the most were paired, and so on, until the two bees that dug the least were paired). Prior to placing them together in a nest, each pair was introduced into a circular plastic tube, under the same light and temperature conditions described for activity levels, to quantify their social interactions (see below) (Fig. 1). Observations began 2 min after bees were introduced, and lasted 7 min. Three types of inter-individual encounters were observed in the social assays. In all cases, the inter-individual distance of the two bees was less than 2 mm apart when these encounters were recorded:

(1) Head to head encounter (a frontal encounter)

(2) Head to back encounter (a forward-moving bee encountered the back of a sitting bee)

(3) Back to back encounter (one or both bees backed in the tube and encountered each other)

Once contact was established, we then recorded the outcomes of interactions. These included:

(1) U-turn to head to head (following a head to back encounter, one bee made a U-turn resulting in a head to head encounter)

(2) Withdraw (one bee made a U-turn and moved away from the other)

(3) Back (one bee backed away after encountering the other bee) (4) C-posture (a bee curled her abdomen, giving a C-shaped position with the sting pointed at the other female)

(5) Bite (one bee bit the other) (6) Lunge (one bee quickly lunged toward the other) (7) Block (one bee curled the abdomen to prevent the other bee from passing) (8) Pass (bees passed by one another, requiring the rotation of each bee while moving past the other venter to venter; we identified the bee initiating the pass, the bee allowing the pass and instances where both bees mutually passed).

(9) No response (sitting and/or self-grooming) Control bees were introduced individually into the circular tube under the same light and temperature conditions for 9 min, but because they were alone, their social behaviour was not assessed. This experiment took place between 10h00 and 12h30 on day 2.

Tunnel construction by single and paired individuals (Days 2-3)

Following the circle tube assays for social interactions, we placed each solitary treatment bee and each pair from the social treatment into different observation nests. Bees were maintained in the same pairs for circle tube assays and observation nests. Four sessions of twenty scans each were performed every 6 hr over the next 18 hr (240 scans in total). Individual nests were scanned every 5 min. During each scan we recorded the location and behaviours of each bee, following [START_REF] Jeanson | Emergence of division of labour in halictine bees: contributions of social interactions and behavioural variance[END_REF]. Behaviours consisted of:

(1) Excavate (the bee excavated dirt with her mandibles),

(2) Push (the bee pushed loose soil in the tunnel towards the nest entrance or vial),

(3) Tamp (the bee tamped loose dirt into side walls with her abdomen [START_REF] Batra | Behavior of the social bee, Lasioglossum zephyrum, within the nest (Hymenoptera, Halictidae)[END_REF])), (4) Gate-Keep (the bee sits in the tube connecting the nest and the vial)

We also recorded all instances of sitting, grooming, walking and feeding from the honey water solution in the vial. These behaviours were either not associated with specific tasks or were rarely performed (feeding), and thus were not used in division of labour or task specialization analyses. The tasks of pushing and tamping generally occurred together, and so were combined for analyses.

Bee locations were categorized as: Vial, Tube, Tunnel, Bottom (dead end of a gallery).

The three focal tasks were spatially segregated within the nest; excavation occurred at the bottom of a gallery, pushing/tamping took place in the tunnel or in the tube, and gate keeping occurred close to the nest entrance. Excavation could only be performed by one bee at a time within a tunnel, but pushing/tamping and gate-keeping could be performed by both bees simultaneously. After 18 hours, the nests were digitally photographed to measure the lengths of the tunnels.

Tunnel construction by single individuals (Days 3-4)

To determine whether individual response thresholds changed with experience, bees were removed from their paired (social treatment) or solitary (control treatment) nests and transferred individually into new observation nests at 15h00 on day 3. After 18 hr, bees were removed and the total tunnel length of each nest was measured. At the end of the experiments, bees were euthanized and preserved in 95% ethanol.

Data analysis

Tunnel length

Each nest was photographed with a digital camera. From the pictures, the tunnels were traced using the software ImageJ (http://rsb.info.nih.gov/ij) to precisely measure their total length. There was a strong correlation between the total length and area of the tunnels (Pearson correlation test: r 86 =0.92, P<0.001). Because there was no variation in the width of tunnels (which equalled approximately the width of a bee), we subsequently compared excavation performance across treatments with reference to tunnel length. For the subsequent analysis, we subtracted 0.9 cm to the length measured to take into account the indentation made in the observation nests.

Number of excavation bouts

To quantify the influence of experience and social context on excavation behaviour, we compared the number of excavation bouts performed across days. Because we did not observe behaviour on days 1-2 or days 3-4, we used the relationship between excavation bouts and tunnel length for control bees that dug alone on days 2-3 to estimate the number of excavation bouts for all bees that dug alone on days 1-2 and days 3-4. There was a strong positive correlation between tunnel length and the number of excavating bouts observed (linear regression: F 1,29 =106.82, P<0.001, R=0.89). The digging rate, estimated using the inverse of the regression coefficient was 2.5 bouts/cm (i.e. the number of observed bouts required to dig 1 cm; note this is the number of observed bouts, not the number of actual bouts required to dig 1 cm, as each nest was only scanned 80 times during the 18 hour period). Each bee's number of excavation bouts was then estimated for days 1-2 and days 3-4 by multiplying her tunnel length by the average digging rate.

Quantification of division of labour

Following [START_REF] Jeanson | Emergence of division of labour in halictine bees: contributions of social interactions and behavioural variance[END_REF], we categorized individuals as performing one of three tasks: excavating, pushing/tamping, or gate keeping. Division of labour within each pair was quantified using an index developed by [START_REF] Gorelick | Normalized mutual entropy in biology: quantifying division of labor[END_REF]. To calculate the index, we generated a matrix of task performance, in which each cell showed the frequency with which a specific individual was observed performing a specific task. The matrix was then normalized so that the total of all cells added to one. From this matrix, we calculated the Shannon's index H(indiv) for the distribution of tasks across individuals [START_REF] Gorelick | Normalized mutual entropy in biology: quantifying division of labor[END_REF]). Dividing the mutual entropy between tasks and individuals by the marginal entropy of individuals H(indiv) gave the index DOL tasks→ indiv . This index details how tasks are distributed across individuals and ranges between 0 (no division of labour) and 1 (complete division of labour). Pairs in which nestmates performed only one of the focal tasks or in which one individual did not engage in any task were discarded.

Statistical analysis

The daily intensity of division of labour was compared using repeated measures ANOVA. We used a MANOVA after square root transformation to compare the number of behavioural bouts performed by pairs and control bees on days 2-3. We examined the excavation performance over days between control bees and individuals within pairs by fitting linear mixed-effects models (lme procedure, [START_REF] Pinheiro | Mixed-Effects Models in S and S-PLUS[END_REF] after square root transformation of the number of excavation bouts. We started with a full mode including time (days), group (control, HFE, LFE; see below) and their first and second term interactions as fixed effects. Observation nests and days were set as random factors. From the full model, the minimal model was obtained by successively deleting non significant terms using the parsimony principle based on the Akaike's Information Criterion [START_REF] Pinheiro | Mixed-Effects Models in S and S-PLUS[END_REF].

The number of behavioural bouts performed individually on days 2-3 was compared using ttests after square root transformation. Pearson correlation tests were used to test the relationship between tunnel length across successive days, the relationship between the probability of passing and the intensity of division of labour, and the relationship between activity level and excavation performance. Statistical tests were two-tailed and performed with SPSS (v. 11.0, SPSS Inc., Chicago, USA), except linear mixed models which were done using the statistical package R (R Development Core Team, 2005).

RESULTS

Task performance in social versus solitary contexts

We compared performance rates of solitary and paired bees for the three tasks: excavation, pushing/tamping and gate keeping on days 2-3. Bees in the social treatments collectively performed more behavioural bouts than control bees (Fig. 2). Pairs performed approximately twice the number of excavations (MANOVA: F 1,62 =15.89, P<0.001 ) and push/tamp bouts (MANOVA: F 1,62 =28.50, P<0.001 ) as control bees. Pairs also displayed about seven times more gate-keeping than control bees (MANOVA: F 1,62 =106.44, P<0.001 ). The total per capita task performance was about 1.6 higher for pairs than for control bees (t-test: t 96 =4.62, P<0.001) and paired bees performed individually about 3.5 times more gate-keeping than control bees (t-test: t 96 =4.96, P<0.001).

Differentiation within pairs for excavation behaviour

Within each pair, we identified a higher frequency excavator (hereafter HFE) as the bee performing more excavation bouts than her nestmate (hereafter LFE: lower frequency excavator). One pair was discarded from this analysis because neither bee dug. In two pairs, because both bees displayed the same number of excavation bouts, one bee was randomly assigned as the HFE. Note that the first bee to be introduced into the nest was not more likely to become the HFE (Chi² test: χ 1 =0.13, P=0.72).

We used linear mixed models to examine the variations in excavation performance between HFE, LFE and control bees over time (Table 1). There was no difference in the number of excavation bouts performed by control, HFE and LFE bees on Days 1-2 (Fig. 3).

There was a marginally significant variation in the excavation rates of control bees across the three days of the experiment. When bees were paired together on days 2-3, their behaviour diverged, such that one bee (HFE) excavated more than the other and LFE bees maintained a similar excavation performance as on days 1-2. Pairs were separated on day 3 and individual excavation behaviour was re-assessed in isolation. When placed alone in observation nests on days 3-4, LFE bees dug more than they had while alone on days 1-2 or in pairs on days 2-3. In contrast, HFE excavated more on days 2-3 and on days 3-4 than on days 1-2 but their performance did not differ between days 2-3 and days 3-4. The tunnels dug by HFE and LFE on days 3-4 were, respectively, 1.65 and 2.5 times longer than on days 1-2.

Task specialization and level of division of labour in pairs

Bees designated as HFE and LFE for excavation behaviour showed differential performance of other tasks while together (G-test: G 2 =10.56, P<0.01). There were no differences between HFE and control (t-test: t 62 =1.9, P=0.06), LFE and control (t-test: t 62 =0.06, P=0.54) or LFE and HFE in their pushing/tamping behaviour (paired t-test: t 33 =1.22, P=0.23) (for all tests, corrected α=0.017) (Figure 4). Both LFE (t-test: t 62 =6.33, P<0.001) and HFE (t-test: t 62 =3.12, P=0.003) displayed significantly more gate keeping bouts than did control bees. The LFE bees also displayed significantly more gate keeping bouts than HFE (paired t-test: t 33 =3.03, P=0.005) (for all tests, corrected α=0.017).

For each pair, the DOL metric was computed for each session of twenty scans during the 18 hour period on days 2-3. One pair did not dig during days 2-3 and was excluded from the analysis. For the three focal tasks, the total performance of each pair equalled at least 36 bouts (median=84; 1 st quartile=67; 3 rd quartile=101) and each bee within a pair performed at least 11 bouts (median=54; 1 st quartile=31; 3 rd quartile=54). Division of labour did not change over time (repeated-measures ANOVA: F 3,93 =0.27, P=0.85); therefore data were pooled for analysis. Across the four sessions of twenty scans (80 scans per pair), the average DOL tasks→ indiv equalled 0.26 ± 0.04 (n=34; median=0.13; 1 st quartile=0.09; 3 rd quartile=0.45). There was no correlation between tunnel length and DOL tasks→ indiv (Pearson correlation test: r 34 =-0.28, P=0.10).

Activity levels

Control and paired bees did not differ in the amount of time they spent walking when they were alone in the circle tubes (control mean ± SEM: 0.37 ± 0.06; paired bees mean ± SEM: 0.34 ± 0.03; t-test: t 98 =-0.47, P=0.64). For paired bees, there was no correlation between individual activity level (time spent walking) and the length of their tunnel dug alone on days 1-2 or on days 3-4 (Pearson correlations: days 1-2: r 70 =0.09, P=0.44; days 3-4: r 70 =-0.18, P=0.14). Likewise, there was no correlation between activity level and tunnel length on any of the three days for control bees (Pearson correlations days 1-2: r 30 =0.07, P=0.71; days 2-3: r 30 =0.33, P=0.07, or days 3-4: r 30 =0.16, P=0.39). Activity level did not predict which bees would subsequently be categorized as HFE or LFE (HFE mean ± SEM: 0.32 ± 0.05; LFE mean ± SEM: 0.39 ± 0.05; t-test: t 66 =-1.18, P=0.24).

Social interactions

The median number of encounters observed per pair of bees was 11 (1 st quartile=6.5; 3 rd quartile=18.5). Fourteen of 35 pairs displayed at least one C-posture (a total of 15 bees). In all but one of these pairs only one bee displayed C-postures. The bees that displayed C-postures did not differ from their counterparts in activity level (C-posture bee mean ± SEM: 0.33 ± 0.06; other bee mean ± SEM: 0.34 ± 0.04; t-test: t 68 =-0.2, P=0.84). Among the 15 bees displaying C postures, half (7) later became the HFE. Twenty five of 35 pairs displayed at least one pass (median=7; 1 st quartile=2; 3 rd quartile=11). Across pairs, the median proportion of encounters ending in a pass was 0.28 (1 st quartile=0; 3 rd quartile=0.55). Whenever possible, we identified which individuals initiated the pass during each encounter. There was no difference in activity level between bees initiating more passes (mean ± SEM: 0.32 ± 0.07) and bees allowing passes (mean ± SEM: 0.43 ± 0.05) (t-test: t 48 =-1.23, P=0.22). In 22 out of 32 pairs with an identifiable HFE, it was possible to identify which bee initiated passes.

Among the bees that initiated more passes, 11 became HFE and 11 were LFE. There was no correlation between the probability to pass in circle tubes and DOL tasks→ indiv (Pearson correlation test: r 34 =0.10, P=0.58).

DISCUSSION

In this study, we first examined whether division of labour can arise during the early stages of nest construction in forced associations of solitary individuals. In our experimental conditions, three tasks were available: excavation, gate-keeping and pushing/tamping. A behavioural differentiation regularly occurred within pairs, with one bee specialising in excavation at the bottom of the gallery and her nestmate primarily guarding the nest entrance.

Pushing/tamping, which is a spatially intermediate task, was performed equally by both individuals. These results support our conclusions from earlier work that division of labour can emerge in pairs of normally solitary halictine bees [START_REF] Jeanson | Emergence of division of labour in halictine bees: contributions of social interactions and behavioural variance[END_REF]).

In the present study, bees were paired so to minimize the initial interindividual differences in their propensity to dig. However, once in pairs, the bees altered their behaviours. One bee specialised in excavation and performed about two times more excavation bouts than when she was previously alone. In contrast, her nestmate decreased her excavation performance while simultaneously increasing her gate keeping. These data support the assertion that division of labour can spontaneously emerge from social dynamics, even at the origins of sociality. The differentiation between bees that were initially similar in behaviour before they were placed in social groups indicates that the observed task specialization is indeed an effect of social dynamics and not simply a reflection of individual variation within the group [START_REF] Fewell | The emergence of division of labour in forced associations of normally solitary ant queens[END_REF]. Similar patterns of task specialisation have been found in associations of normally solitary foundresses of the harvester ant Pogonomyrmex californicus (Helms Cahan & Fewell 2004, Jeanson & Fewell subm.).

Self-reinforcement and task differentiation

Under the hypothesis of self-reinforcement, the more an individual performs a task, the lower its associated threshold becomes [START_REF] Theraulaz | Response threshold reinforcement and division of labour in insect societies[END_REF]. The excavation specialist (HFE) was thus expected to subsequently display a higher propensity to dig after taking over the task of excavation in pair groups. In our experiments, the HFE indeed performed more excavation on days 3-4 than on days 1-2, after they dug intensively on days 2-3. However, LFE performed the task even more frequently after experiencing the social context. Indeed, the excavation performance of LFE was similar on days 1-2 and days 2-3 but dramatically increased (by a factor 2.5) on days 3-4 and reached about 85% of the performance achieved by the HFE specialists on days 2-3. Conversely, bees maintained alone did not vary in their excavation performance across days. While self-reinforcement might account for the increased performance of excavating specialists, it is unlikely to explain the enhanced level of digging among non-specialist bees. The increased excavation behaviour of both specialists and non specialists compared to their excavation behaviour prior to being paired suggests that the earlier social context experienced by bees induced a delayed modulation of response thresholds for excavation which cannot be explained by self-reinforcement alone, or any other existing models of task performance and/or division of labour. In addition, division of labour did not increase during the first 18 hours of nest construction, contrary to the hypothesis that self-reinforcement amplifies behavioural differentiation over time.

Although a growing body of empirical evidence supports for the role of response threshold variation in the production and maintenance of division of labour, few empirical studies have examined the contribution of self-reinforcement to task specialisation. To our knowledge, such evidence has been reported only in eusocial taxa, including ants [START_REF] Ravary | Individual experience alone can generate lasting division of labor in ants[END_REF], wasps [START_REF] Theraulaz | Self-organization of hierarchies in animal societies -the case of the primitively eusocial wasp Polistes dominulus Christ[END_REF] and bumblebees (Weidenmuller 2004). Our finding that self-reinforcement is absent during the early stages of nest construction in forced associations of normally solitary individuals suggests that self-reinforcement may be a derived organizational mechanism that enhances division of labour in evolved societies but does not appear spontaneously in incipient groups. Alternatively, self-reinforcement may not apply to all available tasks. Using a similar experimental paradigm, further studies should test whether self-reinforcement is involved during nest construction in communal and eusocial halictine bees that burrow in soil.

Social modulation of excavation behaviour

Although our data do not support self-reinforcement as the primary mechanism driving task differentiation, they clearly show that excavation is socially modulated; both bees showed a reduction in their individual response thresholds for excavation after they experienced the presence of a nestmate. A different pattern has been documented in associations of normally social individuals. For instance, the ant Camponotus japonicus dug significantly larger amounts of sand in associations than when the same ants worked separately but did not alter individual digging performance before and after being paired [START_REF] Chen | The leaders and followers among the ants in nest-building[END_REF]. Similarly, in social halictine bees such as the communal L. (Chilalictus) hemichalceum [START_REF] Jeanson | Emergence of division of labour in halictine bees: contributions of social interactions and behavioural variance[END_REF] and the eusocial L. zephyrum [START_REF] Michener | Interactions in colonies of primitively eusocial bees: artificial colonies of Lasioglossum zephyrum[END_REF], individuals that experience repeated contact show enhanced digging activity over bees that are housed without social contact. An increase in the propensity to express a behaviour when others express it is known as social facilitation [START_REF] Clayton | Socially facilitated behavior[END_REF][START_REF] Webster | Socially guided behaviour in non-insect invertebrates[END_REF].

Social facilitation could be attributed to a reduction in the individual response thresholds associated with a specific task depending on the perception of conspecifics already engaged in the same activity. A comparative study between populations with different social structures should aid in our understanding of how social context-induced modifications in individual response thresholds may have paralleled social transitions in halictine bees. In particular, we predict that communal bees maintained alone should have higher individual response thresholds for excavation than solitary bees because repeated social contact appears to be mutually stimulating within social populations.

How did social modulation of excavation behaviour occur in our study? One hypothesis is that exposure to a larger nest volume than usually experienced by single bees stimulated paired individuals to reach similar depths after they were separated. Indeed, the nests excavated by pairs were about two times larger than nests dug concurrently by solitary control bees, and single individuals from the social treatment excavated longer tunnels the next day. A direct test for this effect would involve placing individual bees in different-sized tunnels and measuring their excavation performance when subsequently alone. At the molecular level, we speculate that social modulation of task performance may have been mediated by biogenic amines. In invertebrates, biogenic amines (e.g. octopamine, serotonin, dopamine) are important modulators of behaviour [START_REF] Pflüger | Evolutionary aspects of octopaminergic systems with emphasis on arthropods[END_REF]. Earlier social experience has been shown to alter individual behaviours via changes in amine concentrations in various species of arthropods including spiders [START_REF] Punzo | Monoamines in the brain of tarantulas (Aphonopelma hentzi) (Araneae, Tireraphosidae): Differences associated with male agonistic interactions[END_REF], crustaceans [START_REF] Huber | Dynamic interactions of behavior and amine neurochemistry in acquisition and maintenance of social rank in crayfish[END_REF], crickets [START_REF] Stevenson | Octopamine and experience-dependent modulation of aggression in crickets[END_REF]) and ants [START_REF] Cuvillier-Hot | Biogenic amine levels, reproduction and social dominance in the queenless ant Streblognathus peetersi[END_REF]. In addition, changes in amine titres are a significant source of variation in response thresholds and contribute to the regulation of division of labour in insect colonies.

For instance, amines modulate the response threshold of honeybee for sucrose [START_REF] Scheiner | Behavioural pharmacology of octopamine, tyramine and dopamine in honey bees[END_REF], and octopamine enhances the foraging response to brood pheromones [START_REF] Barron | Octopamine modulates responsiveness to foraging-related stimuli in honey bees (Apis mellifera)[END_REF][START_REF] Barron | Selective modulation of task performance by octopamine in honey bee (Apis mellifera) division of labour[END_REF]. In our study, we hypothesize that the social context experienced by normally solitary bees affected their levels of amines, which may in turn have induced a modulation of excavation behaviours. Further studies should investigate whether modifications of individual response thresholds correlate with variation in amine titres depending on social context.

Aggression and task allocation

Aggression and dominance interactions can contribute to the establishment of reproductive division of labour both in invertebrates (e.g. ants: [START_REF] Monnin | Dominance hierarchy and reproductive conflicts among subordinates in a monogynous queenless ant[END_REF]wasps: Sledge et al. 2001) and in vertebrates (e.g. spotted hyenas: [START_REF] Creel | Rank and reproduction in cooperatively breeding African wild dogs: Behavioral and endocrine correlates[END_REF].

Aggressive interactions among eusocial insect workers can also regulate allocation for non-reproductive tasks. In the wasp Polybia occidentalis, biting interactions among workers modulate the probability of foraging [START_REF] O'donnell | The development of biting interactions and task performance in a tropical eusocial wasp[END_REF][START_REF] O'donnell | Polybia wasp biting interactions recruit foragers following experimental worker removals[END_REF]. In the present study, the initiator or recipient of aggressive acts (e.g. C-posture) was not more likely to specialise in excavation or guarding within pairs, and division of labour apparently did not emerge through social contention. However, this does not mean that social interactions did not contribute to task specialisation. Indeed, [START_REF] Jeanson | Emergence of division of labour in halictine bees: contributions of social interactions and behavioural variance[END_REF] found that the low probability of passing in L.

NDA-1 generated a spatial segregation of solitary bees within the nest, which consequently reduced the turnover among tasks and indirectly reinforced task asymmetry with pairs [START_REF] Jeanson | Emergence of division of labour in halictine bees: contributions of social interactions and behavioural variance[END_REF].

Guarding in solitary and social contexts

A surprising result of our study was the extreme increase in gate keeping behaviour by the paired bees in comparison to when they were solitary. As with excavation, this task also showed extensive task specialization, with the bee who excavated less frequently being more likely to gate-keep. In our experiments, guarding was observed more frequently in pairs than in solitary nests, and pairs dug nests that were twice as deep. On average, the entrance of the nest was guarded 50% of the time by at least one bee in pairs versus less than 10% in solitary nests. In pairs, only one bee excavated at a time and the time spent digging or sitting by the HFE at the bottom of the tunnel equalled approximately the time spent by her nestmate sitting in the tube. The increased performance in gate-keeping in pairs may have resulted from the predominant occupancy of the bottom of the gallery by the excavation specialist while, as a result, her nestmate mainly occupied upper part of the nest and engaged in gate-keeping.

Although there was no possibility of predators or other intruders in our experiment, gate-keeping is behaviourally similar to guarding in a natural context. In many halictine species, the nest consists of a burrow that enters the soil with lateral cells that are provisioned with pollen and nectar [START_REF] Michener | Evolution of the nests of bees[END_REF]. The entrance of the nest is generally constricted and fits the head or abdomen size of a bee. Bees guard the nest by blocking the nest entrance with their head or by presenting their abdomen [START_REF] Batra | Behavior of the social bee, Lasioglossum zephyrum, within the nest (Hymenoptera, Halictidae)[END_REF][START_REF] Knerer | Synergistic evolution of halictine nest architecture and social behavior[END_REF]). In the halictine bee Agapostemon virescens, guarding is responsible for the accrued resistance to attack by cleptoparasites in communal nests in comparison to solitary nesting [START_REF] Abrams | Nest switching and guarding by the communal sweat bee Agapostemon virescens (Hymenoptera, Halictidae)[END_REF]. [START_REF] Abrams | Nest switching and guarding by the communal sweat bee Agapostemon virescens (Hymenoptera, Halictidae)[END_REF] proposed that social nesting permits bees to (1) guard nests at all times, (2) conserve digging effort per nestmate, and (3) dig deeper burrows reaching soil levels with optimal water content. During the incipient stages of sociality, associations of initially solitary individuals may therefore have benefited from improved nest defence through increased guarding and improved ability to reach soils with optimal water content. These benefits may have promoted transitions to communal sociality in halictine bees. Table 1: Results of the linear mixed model fitted by maximum likelihood for the square root of the number of excavation bouts performed individually; with parameter estimates (i.e. fixed-effects estimates), approximate standard errors, degrees of freedom, t-estimates (ratio between the estimates and the standard errors) and P values. Control represents bees placed individually into observation nests. HFE and LFE represent bees within pairs; each bee within a pair was designated HFE (Higher Frequency Excavator) or LFE (Lower Frequency Excavator) based on the number of observed times they excavated while in the pair. Nests refer to observation nests. Formulae follow the convention of the R language. 

Random effects

  of the normally solitary Lasioglossum (Ctenonomia) NDA-1 were collected in the Cobboboonee State Forest (latitude: 141.53 E, longitude: 38.19 S, elevation: 70 m), Southwestern Victoria, Australia during December 2006. A previous excavation of L.
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