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This study investigated whether the socially foraging yellow-crowned bishop (Euplectes afer afer) was able to learn to solve a problem-solving task by observing a conspecific. In the test group, subjects observed a demonstrator opening a box before being exposed to the same task. Birds from the control group, however, did not receive a social demonstration. Five out of six individuals from the test group succeeded in opening the box whereas all six subjects of the control group failed to solve the task. Social observation of experienced individuals may be important in learning foraging skills in yellow-crowned bishops. Further studies are required in order to evaluate whether group foraging favours the evolution of social learning in weavers, by comparing yellow-crowned bishops with other weaver species and/or closely related families.

Introduction

Social learning has been studied for more than a century in animals and is defined as 'learning about other agents or the inanimate world that is influenced by observation of, or interaction with, another individual or its products' [START_REF] Heyes | Social learning in animals: categories and mechanisms[END_REF]. Numerous biologically important decisions of animals are influenced by the behaviour of their conspecifics [START_REF] Galef | Social learning in animals: empirical studies and theoretical models[END_REF]. This seems to apply to birds in particular, where this phenomenon is common and occurs in various contexts ranging from predator recognition, song learning, mate choice, learning of migration routes, habitat selection, nest building, or foraging (for a brief review, see [START_REF] Slagsvold | Social learning in birds and its role in shaping a foraging niche[END_REF]. In the latter context, social learning has received the greatest attention [START_REF] Griffin | Social learning about predators: a review and prospectus[END_REF]).

However, although research from the last three decades has shown that many bird species learn socially where, how, when, and what to forage [START_REF] Slagsvold | Social learning in birds and its role in shaping a foraging niche[END_REF], experiments on social learning from a range of species are still lacking, thus providing an incomplete picture of the thousands of birds existing worldwide. A more complete taxonomic distribution of studies on social learning will provide insight into what potential factors may have influenced the evolution of this cognitive ability.

In this context, weaver birds (Ploceidae) represent a good model to provide further comparative data. During the non-breeding season, most species forage in groups and roost together (e.g., a single roost of red-billed queleas Quelea quelea can gather millions of individuals, [START_REF] Craig | Weavers (Ploceidae)[END_REF]. The yellow-crowned bishop (Euplectes afer afer), for instance, is a polygynous species (one male is mated simultaneously with several females) that breeds in small colonies during the breeding season [START_REF] Craig | Behaviour and evolution in the genus Euplectes[END_REF]). This bishop is primarily granivorous and is widespread in open grassy valleys of sub-Saharan Africa, particularly those associated with wet areas [START_REF] Craig | Weavers (Ploceidae)[END_REF]. Outside the breeding season, bishops join mixed-foraging flocks, where different species feed close to one another [START_REF] Craig | Weavers (Ploceidae)[END_REF]. Because all species forage in different ways, such proximity might improve the foraging success of young and inexperienced birds allowing them to learn about capturing new prey.

The purpose of the present study was to provide data on avian social learning that has been heavily dominated by work on some over-represented species, because of their widespread use in laboratory studies [START_REF] Lefebvre | Social learning about food in birds[END_REF]. To this end, we investigated whether the yellow-crowned bishop was able to show social learning in the context of foraging. We assessed the capacity of 12 subjects to remove the lid of an opaque box in order to gain access to a food reward, after having observed a conspecific demonstrating the lid-removal behaviour (test group), or without a social demonstration (control group). Considering the species' foraging ecology, we predict that subjects from the test group would be more prone to solve the task.

Methods

Subjects and housing

Fourteen parents-raised yellow-crowned bishops (Euplectes afer afer) participated in this study. In order to remove sex-effects, we used only male bishops for our experiments [START_REF] Noble | Age-dependent social learning in a lizard[END_REF]. All had a minimum age of 3 years and belonged to a professional bird breeder in l'Isle d'Abeau, France. For future pairing, all bishops were momentarily housed alone in cages (metallic cages for 2 subjects, Hyp and Tha: 34 cm x 38 cm x 44 cm; wooden cages for the remaining 12 individuals: 39,5 cm x 42,5 cm x 43 cm) from June to July 2017, and were maintained under a 12:12h dark-light cycle. Throughout the day, the subjects had ad libitum access to fresh water and food, which consisted of an exotic seed mix (Versele Laga Prestige Tropical finches®). Twelve subjects were randomly assigned to 2 experimental groups: a control group (n = 6; Coé, Hel, Jap, Lél, Mén and Oph) and a test group (n = 6; Asc, Ast, Cri, Cro, Océ and Pro). Tests began each morning before feeding (ca. 10 a.m.). Prior to the current study, these yellow-crowned bishops had only been tested in a physical cognition task (submitted work) that did not interfere with this study.

Experimental setup and materials

The apparatus consisted of an opaque wooden box, which was similar to many previous studies on social learning in birds (e.g., [START_REF] Aplin | Milk bottles revisited: social learning and individual variation in the blue tit, Cyanistes caeruleus[END_REF][START_REF] Biondi | Social learning in the Caracara Chimango, Milvago chimango (Aves: Falconiformes): an age comparison[END_REF][START_REF] Bouchard | Social learning and innovation are positively correlated in pigeons (Columba livia)[END_REF][START_REF] Fritz | Social learning in common ravens, Corvus corax[END_REF][START_REF] Giraldeau | Scrounging prevents cultural transmission of food-finding behaviour in pigeons[END_REF][START_REF] Lefebvre | Cultural diffusion of a novel food-finding behaviour in urban pigeons: An experimental field test[END_REF]). This box (5.5 cm x 5.5 cm x 2.9 cm) was fixed in the centre of a square cork platform (10 cm x 10 cm x 2 mm).

Procedure

Test group. Two randomly chosen demonstrators (Hyp and Tha) were trained to open the box by gradual shaping. Initially, the lid was entirely removed from the box. Once the birds had learned to take the food reward out of the open box, the lid covered the box increasingly more (depending on the subject's individual learning speed) until it was entirely closed. In order to proceed to the test phase, the bishops had to remove the lid with their beak 16 times in a row within less than 25 sec. The box could be opened in six several ways i.e. by (1) pushing, (2) pulling, (3) lifting, (4) or hitting the lid with the beak, and by ( 5) shaking or (6) climbing directly on the box. Both demonstrators varied in the techniques they used throughout the training phase. During the test phase, each test trial was immediately followed by an observation trial. In the latter, the demonstrator's cage was placed in front of the observer's cage so that both cages faced each other (Figure 1). The experimenter then placed the baited box on a slightly elevated platform inside the demonstrator's cage, and immediately triggered the camera for a 5 min demonstration trial that the subject could observe. As soon as the demonstrator had fed from the box, its cage was removed from the observer's view and the newly baited apparatus was placed in the centre of the observer's cage for a 15 min trial. Usually, 2 tests per day were conducted per bird, which were at least 1 hour apart. Eight test trials in total were given for bishops in both groups. However, if a subject succeeded to open the box, 7 additional test trials were administrated after its first success to assess whether it continued to perform the behaviour (e.g., if a bird opened the box in its 3 rd trial it was given 7 other trials i.e. 10 trials in total). Control group. The procedure was the same than in the test group, except that the subjects did not have an observation phase before each test trial.

< Insert Figure 1 about here > Control procedure to measure individual neophobia. After the social learning task, we assessed whether the results obtained were influenced by the subject's level of neophobia, a potential confounding factor, by following the procedure designed by [START_REF] Greenberg | The role of neophobia in determining the degree of foraging specialization in some migrant warblers[END_REF]. A novel object (test) or no object (control) was presented next to the birds' usual food container. The novel objects consisted of 3 children's toys: (1) a yellow owl figurine (3.5 cm x 1.5 cm x 1 cm), (2) a purple plastic hoop (6 cm in diameter), and (3) an aluminium ball (2 cm in diameter). These objects had never been presented to the yellow-crowned bishops previously and the order of their presentation varied randomly between individuals. The day before a trial, we randomly determined if the novel object was presented or if a control trial took place first, ensuring that the order was counterbalanced across all trials. Before each trial, the experimenter placed either the novel object and the food container next to each other (test), or only the food container (control), in the centre of the cage for a period of 16 min max. Six trials were conducted (3 test trials with a novel object, i.e. one per novel objects described above, and 3 control trials with no novel object present next to the food bowl) over 3 consecutive days (2 trials per day, 1h apart).

Data Analysis

All tests were video recorded and statistical analyses were performed using R version 3.2.3 (R Core [START_REF] Team | R (Version 3.2[END_REF]. Social learning task. We scored in which trial the first success took place, the latency (in sec) until the first success, how often the subjects were successful following their first success, and the box-opening technique the demonstrator and the observer had used respectively. The probabilities of success were compared through a chi2 test, accounting for all trials, before and after the first success (R command: chisq.test ()), and the conformity between the observer's and the demonstrator's respective box-opening techniques with a Cramér's V test (R commands: cramersV()).

Control procedure to measure individual neophobia. The latency (in sec) to feed in both control and test trials was recorded. An indicator reflecting the degree of neophobia was calculated based on the additional time the bishops required to take food in the test trials compared to the control trials (the mean latency to take the food in test trials minus the mean latency to feed in control trials, non-parametric test used: exact Wilcoxon rank sum test).

Results

Social Learning Task

None of the birds in the control group succeeded in opening the box. Five of the 6 subjects from the test group succeeded in opening the box after watching a social demonstration and these subjects were also able to reproduce the behaviour in most of the trials that followed their first success (Table 1). The test group's and the control group's probability of success was 64% and 0%, respectively (X 2 -squared = 19.82, df = 1, p = 8.497e-06). Each successful subject used different open-box techniques that did not match the techniques used by the demonstrators (V = 0.35; X² = 22.68, df = 25, p = 0.59).

< Insert Table 1 about here > Control Procedure to Measure Individual Neophobia In the trials in which novel objects were presented, all 12 subjects approached and fed from the food container when they were confronted with the little yellow duck figurine, 11 with the purple plastic hoop, and 9 with the aluminium ball. All subjects from both experimental groups always fed on the food container when no novel object was present (control). There was no difference in the neophobia indicator between the test group and the control group (exact Wilcoxon rank sum test: W = 20.5, p = 0.73).

Discussion

Our results show that the yellow-crowned bishop, a socially foraging species, benefitted from observing a skilled conspecific, by learning a novel foraging behaviour readily. This aligns well with the preliminary findings on information transfer with other socially foraging weaver species, particularly those forming mixed flocks (e.g., de Groot 1980). Yellowcrowned bishops have ample opportunity to learn from conspecifics or heterospecifics in the wild. During the breeding season, they form small colonies where both parents provide care for their offspring throughout several weeks (nestling period ca. 13 days; Craig & Bonan 2017), although the female commonly contributes more to the feeding of the young. Outside the breeding season, bishops aggregate in feeding flocks of varying size typically containing birds of several different species. Furthermore, during winter, these birds roost communally in multi-species associations, which may serve as foraging information centres [START_REF] Ward | The importance of certain assemblages of birds as "informationcentres" for food-finding[END_REF].

The social learning task reported here was a generic one that was not designed for permitting to distinguish among the various forms of social learning (for a review, see [START_REF] Hoppitt | Social processes influencing learning in animals: a review of the evidence[END_REF]. However, a few observations may be informative about the possible underlying mechanisms. During test trials, subjects did not imitate the actions of the demonstrators directly but used different methods. This precludes true imitation and rather suggests stimulus or local enhancement as a possible underlying social learning mechanism (for a review, see [START_REF] Galef | Social learning in animals: empirical studies and theoretical models[END_REF]. In socially foraging birds, such forms of learning enhancement may be more frequently observed than 'higher-level' processes such as imitation or emulation, as the former is actually sufficient to transmit novel foraging behaviours efficiently within a population [START_REF] Slagsvold | Social learning in birds and its role in shaping a foraging niche[END_REF]. However, these observations are not sufficient to draw a proper conclusion and this needs to be addressed by follow-up studies.

We hope that further work will shed light on the social learning mechanisms employed by this species, by conducting controlled studies using both conspecific and heterospecific models, in experiments in the laboratory and in the field. Moreover, foraging in conspecific flocks or mixed-species flocks has been assumed to promote social learning in birds [START_REF] Krebs | Social learning and the significance of mixed-species flocks of chickadees (Parus spp.)[END_REF]. Its rationale is that foraging aggregations may allow naïve individuals to improve their foraging efficiency and to extend their diet by learning new foraging behaviours transmitted both vertically (from parents to offspring), and horizontally (via a nonparent model to other individuals, [START_REF] Garland | Dynamic horizontal cultural transmission of humpback whale song at the ocean basin scale[END_REF]. In this context, the yellow-crowned bishops may represent a useful model for exploring the ecological circumstances favouring social learning in the context of foraging. However, increased efforts are obviously necessary to critically address this comparative question, by examining the social learning ability of many additional closerelated avian species that vary in their foraging behaviour (social foragers vs. multi-species social foragers vs. asocial foragers) systematically, so as to produce more comparative data. 
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Tables.

Table 1. Individual performance of the 5 successful subjects in the test group of the social learning task. The trial number of the first success, the latency to open the box during the first success, the observers' and demonstrators' main opening techniques ('Obs. tech.' and 'Dem. tech.', respectively), and the number of successful trials that followed the first success ('replica') are reported. 
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