Supplementary Methods and Results: Video Analyses

We analysed video recordings made during this experiment, and to bolster our sample size, recordings made using an identical setup in County Cork, Ireland. The aim of these analyses was to determine whether the visit record obtained from the RFID antenna corresponded to visual observations of each individual visit, and to determine whether visits we classified as scrounges in fact corresponded to an individual obtaining food by arriving quickly after another individual’s rewarded visit. Videos covered 11 different feeders from 3 different sites, with a total of 280 minutes of footage.

We observed 699 visits (only those visits from RFID tagged birds are included; non-tagged birds occasionally landed on feeders but these could not access the feeders and are not of interest to this study). There were 57 scrounges. In each of these 57 scrounges the individual classified as a scrounger was able to access the seeds and took one. Therefore, we are confident that most, if not all, visits we classified as scrounges led to a food reward. We never observed an individual able to access food aside from either landing on its own rewarded feeder (i.e., producing) or scrounging, as defined in the Methods. Birds that accessed food generally took a single sunflower seed and flew away with it to process elsewhere, thus there was never any food left on the platform that may have acted as a reward to non-scrounging individuals. 

Supplementary Video 1
A successful scrounge. In the video, a great tit is seen making a producing visit. After it departs, a second great tit arrives and scrounges. Note that this video was taken from footage of visits in a population in County Cork, Ireland, that were not part of the present study, but using an identical feeder setup, with the exception that the wire cages surrounding each feeder in the Oxford experiment (see Supplementary Video 2) were not used. 

Supplementary Video 2
An unsuccessful attempt to scrounge. In this video, a great tit is seen making a producing visit. After it departs a blue tit arrives, but is slightly too late and so is unable to access the food. It pecks at the transparent door a few times but the door is blocked and it then flies off. This video was taken from footage of the present study, from Wytham Woods, Oxford, UK. Note the screen surrounding the feeder, this was to prevent squirrels and large birds like woodpeckers from damaging the feeders. All feeders in the dataset presented in this manuscript were surrounded by such a wire cage.







Table S1. Model results for learning to scrounge, using alternative maximum intervals (see ‘Interval threshold’ column) for when the potential scrounger arrived after the previous successful producer visit (i.e., alternative ways to define an opportunity to scrounge). We present results using the chosen interval threshold of 5 s in the text (Table 1). Alternatives of 2, 4 and 6 s are explored here. Analyses were generalized linear mixed models with the dependent variable of either whether the individual scrounged on the visit (binomial), or ‘Interval’: the amount of time between the individual’s arrival at the feeder and the time at which the previous, rewarded, bird had departed (see main text for further details). Fixed factors were generated by within-subjects centring (see Methods). Visit number – average represents the within-subject effects and corresponds to evidence for learning to scrounge more efficiently across visits. Average visit number represents the between-subjects effects and corresponds to selective disappearance (i.e., fewer total visits) of less efficient scroungers. Individual identity was the random effect. Sample sizes (N) vary because not all birds made visits in which they could have scrounged at some or all of these intervals. Experiment was not included as a fixed factor in these analyses for simplicity; this did not qualitatively change the results (see Table 1)

	Variable
	Interval threshold
	Effect
	N
	Estimate
	SE
	z
	P

	Scrounge – yes/no
	2 s
	Visit number − average
	181
	0.001
	0.0002
	4.41
	<0.001

	
	
	Average visit number
	
	0.005
	0.0006
	7.15
	<0.001

	
	4 s
	Visit number − average
	183
	0.002
	0.0002
	8.03
	<0.001

	
	
	Average visit number
	
	0.005
	0.001
	8.01
	<0.01

	
	6 s
	Visit number − average
	183
	0.002
	0.0002
	9.84
	<0.001

	
	
	Average visit number
	
	0.006
	0.0007
	8.41
	<0.001

	Interval
	2 s
	Visit number − average
	181
	-0.0002
	0.0001
	-1.93
	0.053

	
	
	Average visit number
	
	-0.0004
	0.0001
	-3.17
	0.002

	
	4 s
	Visit number − average
	183
	-0.0007
	8.5E-5
	-8.55
	<0.001

	
	
	Average visit number
	
	-0.002
	0.0002
	-8.44
	<0.001

	
	6 s
	Visit number − average
	183
	-0.0005
	0.0002
	-2.51
	0.01

	
	
	Average visit number
	
	-0.003
	0.0005
	-5.37
	<0.001




Table S2. Estimates of the repeatability of proportion scrounged, using the MCMCglmm method to calculate repeatabilities. In Table 3 in the main text we present repeatability values using the rptR function, to match with our previously published data. Here, we show estimates from an MCMC model calculated as in Table 2 (with the same fixed effects as those used to calculate repeatabilities in Table 3; see Methods). r is the estimate of repeatability, as the posterior mode of the ratio between the among and within individual variance components, along with the 95% HPD. Vw and VAmong give the posterior mode and HPD for the within- and among-individual variance, respectively (note that dividing the VAmong by the sum of Vw and VAmong that are presented in this table will not give the exact same value as the estimate of r, because we calculated r as the posterior mode of that ratio for each sample, and calculated separate posterior modes for Vw and VAmong. N=68 great tits, 115 blue tits.

	
	
	r
	95% HPD
	Vw(HPD) 
	VAmong(HPD)

	Great tit
	Scrounging not included
	0.314
	0.092, 0.458
	1.29 (0.95,1.81)
	0.51 (0.17,0.95)

	
	Scrounging included
	0.192
	0.074, 0.372
	1.24 (0.81,1.50)
	0.28 (0.10,0.58)

	Blue tit
	Scrounging not included
	0.194
	0.082, 0.331
	1.01 (0.80,1.26)
	0.21 (0.10,0.44)

	
	Scrounging included
	0.169
	0.072, 0.308
	0.92 (0.72,1.16)
	0.21 (0.08,0.38)





Table S3. Full model results for effects of proportion scrounged and other variables on production learning speed. Learning speeds were natural log transformed. Proportion scrounged was arcsine square-root transformed. Estimates (calculated using restricted maximum likelihood), t values and P values are shown. The reference levels for categorical factors are as follows: species (blue tit), feeder location (centre), experiment (initial learning), first reward experience (producing). N=183 individuals. Learning speed is the number of visits to criterion, therefore positive effects represent slower learning. Individual identity was the random effect; a random effect of identity nested within site resulted in singularity issues, and so was excluded.

	
	
	
	
	Fixed terms
	Estimate
	SE
	t
	P

	
	
	
	
	Intercept
	2.54
	0.14
	18.60
	<0.001

	
	
	
	
	Own feeder malfunctioning time (hrs)
	0.06
	0.01
	4.50
	<0.001

	
	
	
	
	Other feeder malfunctioning time (hrs)
	0.05
	0.01
	5.23
	<0.001

	
	
	
	
	Feeder location
	-0.70
	0.10
	-7.20
	<0.001

	
	
	
	
	Species
	-0.11
	0.11
	-1.07
	0.28

	
	
	
	
	Proportion scrounged
	2.89
	0.52
	5.55
	<0.001

	
	
	
	
	Experiment (first reversal)
	0.51
	0.17
	3.08
	0.002

	
	
	
	
	Experiment (second reversal)
	0.32
	0.16
	1.95
	0.052

	
	
	
	
	First reward experience
	0.61
	0.11
	5.71
	<0.001

	
	
	
	
	Proportion scrounged × experiment (first reversal)
	-0.52
	0.75
	-0.70
	0.49

	
	
	
	
	Proportion scrounged × experiment (second reversal)
	-0.11
	0.71
	-0.15
	0.88





Table S4. Variance-covariance matrices for among and within individual covariation in proportion scrounged and learning speed, with an inverse Wishart prior.

	Great tit
	
	Proportion scrounged
	Production learning speed

	Among individual
	Proportion scrounged
	0.540 (0.202, 1.203)
	0.066 (-0.324, 0.635)

	
	Production learning speed
	0.010 (-0.136, 0.315)
	0.230 (0.121, 0.503)

	Within individual
	Proportion scrounged
	2.969 (2.204, 3.891)
	0.654 (0.520, 0.726)

	 
	Production learning speed
	1.380 (1.090, 2.010)
	1.924 (1.518, 2.355)

	Blue tit
	
	
	

	Among individual
	Proportion scrounged
	1.568 (1.000, 2.146)
	0.500 (0.232, 0.754)

	
	Production learning speed
	0.318 (0.080, 0.578)
	0.257 (0.144, 0.418)

	Within individual
	Proportion scrounged
	1.624 (1.323, 2.036)
	0.508 (0.386, 0.586)

	 
	Production learning speed
	0.799 (0.567, 1.040)
	1.666 (1.376, 1.863)



Estimates are posterior modes (95% HPD interval; see Figs. S4-S5 for posterior distributions of each component) for among-individual and within-individual components from multivariate MCMCglmm models of covariance between proportion scrounged and production learning speed across the experiments for each species (N=68 great tits, 115 blue tits), using an inverse wishart prior: list(R=list(V=diag(2), nu=2),G=list(G1=list(V=diag(2), nu=2))). Results were similar to those calculated using an inverse gamma prior; see Table 4. In this case the among-individual component explained 28.5% of the covariance for blue tits (compared to 29.2% when calculated using inverse Gamma prior). Variances are on the diagonal, covariances on the bottom left, and the corresponding correlation on the top right of each matrix.
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[bookmark: _GoBack]Figure S1:  Histograms of the interval between visits (difference between the arrival time of the focal bird and the departure time of the previous bird) for A visits to the individual’s assigned feeder (produces) and B visits to unassigned feeders (which includes both scrounge attempts, and errors during production learning).  Only intervals of 50 s or less are shown. Histograms include data from all three experiments, only for those (N=183) birds that met the learning criterion in each experiment.
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Figure S2. As in Figure 1 in the main text, but plotted separately for great tits (A, B) and blue tits (C,D). A,C: The relationship between visit number (only including visits in which there was an opportunity to scrounge, see Definitions) and the proportion of an individual’s visits in each bin that were successful scrounges; B,D: The interval between a previous bird’s rewarded visit and a potential scrounger’s visit, combined across the three experiments. The x-axis shows in chronological order the visit number in bins of 50 consecutive visits (i.e., the first bin corresponds to visits 1-50). Very few birds made more than 400 visits, so these visits (up to the maximum of 690) are combined into a single bin. The y-axis in A,C shows the proportion of visits in each bin that were successful, and B,D the mean interval between visits. Dots correspond to values for an individual bird, and have been jittered along the x-axis and rendered slightly transparent to reduce overlap. Horizontal bars represent mean values across all birds within each bin of visits. Error bars represent one standard error. Note that there are fewer samples at higher visit numbers because not all birds made that many visits. N=68 great tits, 115 blue tits. 
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Figure S3. Histogram of proportion scrounged for individuals that met the learning criterion in the initial learning experiment (N=221)
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Figure S4. Posterior densities for among- and-within individual covariation in proportion scrounged and learning speed in great tits. Posterior modes and 95% HPD intervals are given in Table 4 in the main text. Solid black line is for models calculated with an inverse gamma prior, as reported in the main text. Dotted red line is for models calculated with an alternative, inverse Wishart prior, as in Table S4. Both priors returned very similar results. A. Among-individual variance in learning speed, B. Among-individual variance in proportion scrounged, C. Among-individual covariance between learning speed and proportion scrounged, D. Within-individual variance in learning speed, E. Within-individual variance in proportion scrounged, F. Within-individual covariance between learning speed and proportion scrounged.
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Figure S5. Posterior densities for among- and-within individual covariation in proportion scrounged and learning speed in blue tits. Posterior modes and 95% HPD intervals are given in Table 4 in the main text. Solid black line is for models calculated with an inverse gamma prior, as reported in the main text. Dotted red line is for models calculated with an alternative, inverse Wishart prior, as in Table S4. Both priors returned very similar results. A. Among-individual variance in learning speed, B. Among-individual variance in proportion scrounged, C. Among-individual covariance between learning speed and proportion scrounged, D. Within-individual variance in learning speed, E. Within-individual variance in proportion scrounged, F. Within-individual covariance between learning speed and proportion scrounged.
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Figure S6. The relationship between visit number (only including produces) and the mean interval between a previous bird’s visit and the producer’s visit (only including intervals up to 5 s to be equivalent to the analyses in Figure 1B). See Figure 1B for additional details. Note that unlike Figure 1B, there is no strong decline in visit interval with increasing production visits, which suggests that there was not a general change in boldness, ruling out an alternative explanation for the pattern seen in Figure 1B.
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