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Supplementary Figure 5 Descriptive and diagnostic plots of Bayesian model 12 
process. The above plots describe the posterior samples generated by the Bayesian 13 
statistical model. A posterior sample was generated for each parameter at each 14 
Markov chain Monte Carlo (MCMC) iteration. The density plots (left) indicate the 15 
distribution of posterior samples for the principal model parameters. b_kappa_Intercept 16 
refers to the intercept of the linear model of the circular concentration parameter, 17 
log(𝜅), and b_kappa_DoPlog10 refers to the slope. Individual plots for each random 18 
intercept are not shown; the hyperparameters for the effect of individual, night and 19 
trial number are indicated by sd_ind_Intercept, s_night__kappa_Intercept and 20 
sd_trial_num__kappa_intercept, respectively. The trace plots (right) show the posterior 21 
samples produced by the four MCMC chains at each iteration, for each of the main 22 
parameters. The four chains converge at each parameter— absence of convergence 23 
would indicate a major problem with the model. Serious autocorrelation of sequential 24 
iterations is not evident for any parameter, nor is multimodality of the posterior 25 
samples.   26 
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 27 

Supplementary Figure 6 Gelman-Rubin convergence statistics for each of the 28 

model parameters. The Gelman-Rubin convergence statistic (�̂�  ≤ 1.01) is a test of 29 

convergence between the four Markov chains implemented for the model. Greatly 30 

differing results between chains imply poor convergence and an unreliable model. 31 

The plot indicates �̂� at each parameter. Conventionally, �̂� > 1.1 is considered 32 

problematic. In the case of this model, �̂� exceeded 1.1 for two parameters (both 33 

random intercepts for individual animals) and was below 1.1 for all others.  34 
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Supplementary Figure 7 Effective sample size ratio (Neff/N). Model reliability can be 38 

undermined by excessive autocorrelation between subsequent iterations, which 39 

results in non-independence and a suboptimal effective sample size ratio (Neff/N). 40 

This can be indicative of underlying problems with the model fit. Conventionally, a 41 

Neff/N ratio of less than 10% of posterior samples is considered problematic. In the 42 

case of the model implemented here, there are 25 parameters with Neff/N < 0.1, all of 43 

which are random intercept parameters for individual animals. The remaining 44 

parameters have effective sample size ratios greater than 0.1.  45 
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Supplementary Figure 8 Pairs plot of posterior draws by parameter. The 49 

scatterplots indicate the pairwise relationships between posterior draws for the model 50 

parameters. parameters. b_kappa_Intercept refers to the intercept of the linear model 51 

of the circular concentration parameter, log(𝜅) and b_kappa_DoPlog10 refers to the 52 

slope. Individual plots for each random intercept are not shown; the hyperparameters 53 

for the effect of individual, night and trial number are indicated by sd_ind_Intercept, 54 

s_night__kappa_Intercept and sd_trial_num__kappa_intercept, respectively. Each 55 

blue dot represents a posterior draw with its value at two parameters indicated by the 56 

x and y axes. The histograms represent the distribution of posterior draws for each of 57 

the indicated parameters (and demarcate the variable at each axis of the 58 

scatterplots). Divergent transitions between draws (which would make the model 59 

unreliable) did not occur. 60 
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