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Extended Data Fig. 3 | See next page for caption.



Extended Data Fig. 3 | Helpers were more likely to help at kin nests than at 
nonkin nests when both options were available. a-d, Bars show proportion 
of cases with nonkin helping when kin nests were also present for resident 
males (a), resident females (b), immigrant males (c), and immigrant females (d). 
Estimates of kinship bias are shown for varying thresholds for defining ‘kin’  

(a kinship threshold of 0.1 means relatedness above 0.1 is ‘kin’ and relatedness 
below 0.1 is ‘nonkin’). The unweighted average probability of nonkin helping 
across the four helper types ranged from 44% with a kinship threshold of 0.05% 
to 40% with a kinship threshold of 0.5.
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Extended Data Fig. 4 | No clear evidence that kinship impacts the 
probability of reciprocal helping. Posterior probability distributions (with 
means and 95% Bayesian credible intervals) are shown for a possible interaction 
between kinship and reciprocal help across all helpers (circle, violet), including 
individuals of unknown dispersal history, as well as for male (blue) and female 
(red) helpers who are residents (triangles) or immigrants (square). A positive or 
negative estimate would indicate that greater kinship increases or decreases 
the probability of reciprocal helping versus one-way helping. Regression 
coefficients, sample sizes, and convergence diagnostics are provided in 
Extended Data Table 2.



Extended Data Fig. 5 | Nonparametric network permutation tests within 
nine social groups confirm reciprocal helping. a, Results of Mantel Tests 
applied to each of nine social groups. Points show Pearson’s correlations 
between given and received help. b, Results of multiple regression quadratic 
assignment procedure (MRQAP) with double semi-partialling applied to each 

of nine social groups. Points show standardized regression coefficients for 
effect of help given on help received after controlling for effect of kinship. In 
both plots, dark points with p-values show groups where test was statistically 
significant, and squares show the mean for the observed statistic across the 
nine groups with bootstrapped 95% confidence intervals.
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Extended Data Fig. 6 | Reciprocal helping is not driven by kinship (shown 
with regression coefficients for kinship effect). Posterior probability 
distributions (with means and 95% Bayesian credible intervals) are shown for 
the regression coefficients for reciprocal help as a predictor of helping when 
adjusting (statistically controlling) for kinship. Estimates are shown for all 
helpers (circles, violet), including individuals of unknown dispersal history, as 
well as for male (blue) and female (red) helpers that are residents (triangles) or 
immigrants (squares). Estimates of the coefficients for kinship as a predictor of 
helping when adjusting for reciprocal help (grey) should not be interpreted as 
measures of kin-biased helping, because they exclude pairs where reciprocal 
help was impossible (e.g., all resident females), and exclude any possible effect 
of kinship causing help through reciprocal help among kin. Regression 
coefficients, sample sizes, and convergence diagnostics are provided in 
Extended Data Table 2.



Extended Data Table 1 | Proportion of helping time at nonkin nests

Nonkin nests are defined as those where the helper’s relatedness to both parents is either 0 for pedigree-based estimates (residents) or less than 0.125 for marker-based relatedness (immigrants 
and unknown). Cases where this relatedness value was unknown (2.6% of daily helping rates) were excluded.



Article
Extended Data Table 2 | Models and Coefficients

Estimated regression coefficients from brms R package are shown for each sample of individuals with standard error (Est. Error), 95% Bayesian Credible Intervals (Lower 95%, Upper 95%), 
diagnostics for convergence including Rhat (4 chains), Bulk Effective Sample Size (ESS), Tail ESS, number of samples of possible daily helping across possible helpers (No. obs.), and number of 
helpers (No. helpers). ‘All’ category includes helpers of unknown dispersal history.
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