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Extended DataFig. 3 |See next page for caption.



Extended DataFig.3|Helpers were morelikely to help atkin nests than at (akinship threshold of 0.1 means relatedness above 0.1is ‘kin”and relatedness
nonkin nests whenboth options were available. a-d, Bars show proportion below 0.1is ‘nonkin’). The unweighted average probability of nonkin helping
of cases with nonkin helping when kin nests were also present for resident acrossthe four helper typesranged from 44% with akinship threshold of 0.05%
males (a), resident females (b), immigrant males (c), and immigrant females (d).  to40% with akinship threshold of 0.5.

Estimates of kinship bias are shown for varying thresholds for defining ‘kin’
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Extended DataFig. 4 |No clear evidence thatkinship impacts the
probability of reciprocal helping. Posterior probability distributions (with
means and 95% Bayesian credible intervals) are shown for a possible interaction
betweenkinship 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) orimmigrants (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, samplesizes, and convergence diagnostics are provided in
Extended DataTable2.
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Extended DataFig.5|Nonparametric network permutation tests within
ninesocial groups confirmreciprocal helping. a, Results of Mantel Tests
applied to each of nine social groups. Points show Pearson’s correlations
betweengivenand received help. b, Results of multiple regression quadratic
assignment procedure (MRQAP) with double semi-partialling applied to each
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of ninesocial 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 statisticacross the
nine groups with bootstrapped 95% confidenceintervals.
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Extended DataFig. 6 | Reciprocal helpingis not driven by kinship (shown
withregression coefficients for kinship effect). Posterior probability
distributions (with means and 95% Bayesian credible intervals) are shown for
theregression 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 beinterpreted as
measures of kin-biased helping, because they exclude pairs where reciprocal
helpwasimpossible (e.g., all resident females), and exclude any possible effect
ofkinship causing help through reciprocal help amongkin. 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

Helper type No. Total minutes of observed Percentage of observed helping at
helpers helping nonkin nests
all 510 31,012 51%
resident male 127 9681 62 %
resident female 91 5682 55%
immigrant male 77 4490 39 %
immigrant female 133 5015 54 %
unknown 82 6144 81 %

Nonkin nests are defined as those where the helper’s relatedness to both parents is either O 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.
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Extended Data Table 2 | Models and Coefficients

Model: Kinship as predictor of daily helping

Sample Coefficient Estimate Est. Lower Upper Rhat Bulk Tail No. No.
Error 95% 95% ESS ESS obs. helpers
all kinship 0.567 0.076 0.419 0.716 1.0002 13092 12030 25398 738
resident male kinship 0.997 0.132 0.741 1.258 1.0000 13312 11442 6958 186
resident female kinship 0.498 0.204 0.103 0.908 1.0001 19620 13177 4437 154
immigrant male kinship 0.411 0.203 0.018 0.815 1.0003 10004 10831 3218 92
immigrant female kinship 0.123 0.176 -0.217 0.468 1.0004 7103 10342 5684 186

Model: Reciprocal help as predictor of daily helping

Sample Coefficient Estimate Est. Lower Upper Rhat Bulk Tail No. No.
Error 95% 95% ESS ESS obs. helpers
all reciprocal help 1.226 0.239 0.758 1.700 1.0005 6701 9826 25398 233
resident males reciprocal help 0.728 0.451 -0.135 1.626 1.0002 20440 13439 1410 35
immigrant male reciprocal help 2.010 0.515 1.022 3.042 1.0003 8980 10925 1731 44
immigrant female reciprocal help 1.967 0.436 1.135 2.846 1.0005 6866 8492 3276 112

Model: Reciprocal help and Kinship as predictors of daily helping

Sample Coefficient Estimate Est. Lower Upper Rhat Bulk Tail No. No.
Error 95% 95% ESS ESS obs. helpers
all reciprocal help 0.994 0.243 0.524 1.474 1.0005 9547 10083 25398 225
kinship 0.609 0.123 0.365 0.853 1.0003 9439 10267 25398 225
resident male reciprocal help 0.289 0.431 -0.550 1.149 1.0001 10101 11799 1410 35
kinship 1.343 0.239 0.887 1.826 1.0000 10529 11802 1410 35
immigrant male reciprocal help 1.943 0.537 0.922 3.022 1.0003 8982 10903 1673 41
kinship 0.298 0.269 -0.229 0.833 1.0003 7712 9208 1673 41
immigrant female reciprocal help 1.739 0.453 0.878 2.643 1.0000 7593 10220 3084 107
kinship 0.261 0.223 -0.172 0.701 1.0001 7736 9745 3084 107

Model: Interaction between reciprocal help and kinship as predictors of daily helping

Sample Coefficient Estimate Est. Lower Upper Rhat Bulk Tail No. No.
Error 95% 95% ESS ESS obs. helpers
all reciprocal help 0.995 0.243 0.524 1.465 1.0002 7019 10513 25398 225
kinship 0.640 0.176 0.297 0.991 1.0005 5681 8625 25398 225
interaction -0.051 0.227 -0.498 0.391 1.0003 5645 8399 25398 225
resident male reciprocal help 0.134 0.442 -0.737 1.014 0.9999 9220 10347 1410 35
kinship 1.057 0.307 0.459 1.663 1.0002 7344 9411 1410 35
interaction 0.605 0.417 -0.216 1.425 1.0004 7662 10393 1410 35
immigrant male reciprocal help 2.025 0.546 0.983 3.116 1.0003 9076 8991 1673 41
kinship 0.651 0.365 -0.050 1.379 1.0004 8061 9226 1673 41
interaction -0.766 0.529 -1.797 0.253 1.0003 8120 9661 1673 41
immigrant female reciprocal help 1.732 0.459 0.858 2.671 0.9999 6963 6000 3084 107
kinship 0.128 0.348 -0.553 0.809 1.0008 6970 9801 3084 107
interaction 0.223 0.437 -0.631 1.077 1.0006 6410 9627 3084 107

Model: Direct and generalized reciprocal help per groupmate (mean help received) as predictors of daily helping

Sample Coefficient Estimate Est. Lower Upper Rhat Bulk Tail No. No.
Error 95% 95% ESS ESS obs. helpers

all reciprocal help 1.192 0.241 0.725 1.670 1.000 6352 9992 25398 233

mean help received 0.203 0.184 -0.153 0.568 1.000 5292 7899 25398 233

Model: Direct and generalized reciprocal help from all groupmates (total help received) as predictors of daily helping

Sample Coefficient Estimate Est. Lower Upper Rhat Bulk Tail No. No.
Error 95% 95% ESS ESS obs. helpers

all reciprocal help 1.195 0.245 0.714 1.686 1.000 6949 8990 25398 233

total help received 0.197 0.203 -0.204 0.592 1.000 4335 6956 25398 233

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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Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

Confirmed
The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement
|:| A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

< The statistical test(s) used AND whether they are one- or two-sided
N Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested
A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

< A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
2~ AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
N Give P values as exact values whenever suitable.

For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

|X| For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

D000 O000XOS

|Z| Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection  We did not use code to collect data, only to analyze data. Data were collected in the field.

Data analysis All statistical analyses were done in R version 4.3.1 (R Core Team 2023).

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.

Data

Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

All data, code, and materials are available on GitHub: https://github.com/AlexisDEarl/reciprocity_and_nepotism_in_superb_starlings
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Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation),
and sexual orientation and race, ethnicity and racism.
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groupings

Population characteristics N/A
Recruitment N/A
Ethics oversight N/A

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Field-specific reporting

Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.
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Ecological, evolutionary & environmental sciences study design

All studies must disclose on these points even when the disclosure is negative.

Study description This study began in 2001 to study the evolution of cooperative breeding behavior in superb starlings in Kenya.

Research sample Nine social groups of superb starlings at the Mpala Research Centre in Laikipia, Kenya (n=1175 individuals)

Sampling strategy All birds in the population were trapped, marked, and monitored throughout their lives.

Data collection We conducted focal observations of nests during breeding using a spotting scope. For each individual observed within 30 m of the

nest, we recorded their identity, group membership, times of arrival and departure, their breeding role (i.e., “helper”, “breeder”),
and whether they arrived with food, vocalized, or mobbed predators at the nest.

Timing and spatial scale  Banding of this population began in 2001 and focal observations began in 2002. This study includes data from 2001-2021. Focal
observations were typically 120 min in length (median = 120 min, mean = 125 min, range = 3 to 240 min, 90% were at least 120 min,
99.5% were at least 60 min). Over 730 days from 2002 until 2021 (40 breeding seasons), we observed 410 nests in the nine social
groups and analyzed 12,112 visits to the nest with complete data (out of 14,588 events). In total, we observed 563 individually
banded superb starlings acting as helpers and 254 as breeders over the course of the 20-year study. Focal observations were
conducted during the two annual breeding seasons (short rains breeding season: October-December; long rains breeding season:
March-June).

Data exclusions No data were excluded after cleaning.

Reproducibility N/A

Randomization All individuals in the population were included in the analysis.
Blinding N/A

Did the study involve field work? |Z| Yes |:| No

Field work, collection and transport

Field conditions Birds were monitored continuously throughout the year from 2001 to 2021 in a range of conditions.

Location We collected data from 2001-2021 at the Mpala Research Centre in Laikipia, Kenya (0° 17'N 37° 52'E).




Access & import/export All research was approved by the Kenyan National Commission for Science, Technology and Innovation, the Kenyan National
Environmental Management Authority, the Kenya Wildlife Service, the Kenyan Wildlife Research and Training Institute, and the
Mpala Research Centre.

Disturbance Birds were monitored at a distance with spotting scopes.
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Materials & experimental systems Methods
n/a | Involved in the study n/a | Involved in the study
|:| Antibodies |:| ChiIP-seq
Eukaryotic cell lines |:| Flow cytometry
Palaeontology and archaeology |:| MRI-based neuroimaging

Animals and other organisms
Clinical data
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Animals and other research organisms

Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research, and Sex and Gender in
Research

Laboratory animals N/A

Wild animals We used baited pull-string traps (during the non-breeding season) or mist nets (at active nests during the breeding season) to
capture individuals first observed in this population after immigration or fledging. We also banded individuals as hatchlings in the
nest during the two annual breeding seasons (short rains breeding season: October-December; long rains breeding season: March-
June). Each of the 1175 individuals in the population was marked with a numbered metal ring and a unique series of colored leg
bands

Reporting on sex Sex was verified genetically for all individuals using PCR primers as previously described for this species.

Field-collected samples  N/A

Ethics oversight All research was approved by the Institutional Animal Care and Use Committee at Columbia University (IACUC protocol #AC-
AAAWG451), as well as the Kenyan National Commission for Science, Technology and Innovation, the Kenyan National Environmental

Management Authority, the Kenya Wildlife Service, the Kenyan Wildlife Research and Training Institute, and the Mpala Research
Centre.

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Plants

Seed stocks N/A

Novel plant genotypes  N/A

Authentication N/A






