Methods S1: Extended Materials & Methods (Related to STAR Methods)

Darwin’s Finch and flycatcher species used in this study
The taxonomy of the Darwin’s finches is still debated [S8]. Several species previously described with morphological markers were found to be polyphyletic at the molecular level [S9-S10]. In order to avoid paraphyly and to limit the level of shared polymorphism among the populations included in our analysis, we excluded populations that are too closely related genetically (https://tinyurl.com/OSFDarwinFinches for details). Applying this strategy, we can delimit 9 lineages from which we selected only one population for further analysis (focusing on the population with the highest sample size) : Certhidea olivacea S (Santiago), C. fusca E (Española), C. fusca L (San Cristobal), Pinaroloxias crassirostris Z (Santa Cruz), P. inornata C (Coco), Camarhynchus pallidus Z (Santa Cruz), Geospiza difficilis P (Pinta), G. difficilis W (Wolf, now Geospiza septentrionalis) and G. conirostris E (Española). 

Newly generated genome assembly (Fringilla coelebs)
DNA from muscle tissues of one Fringilla individual captured in Madrid, Spain was sequenced to obtain a draft genome of this species. For this individual, two libraries were prepared, a Chicago library and a Dovetail HiC library (Dovetail Genomics, Scotts Valley, CA), as described previously in Putnam et al. [S11] and Lieberman-Aiden et al. [S12], respectively. Both libraries were sequenced on an Illumina HiSeqX platform to produce over 100 million 2x151 bp reads. A de novo assembly was constructed using Meraculous (v. 2.2.2.5 diploid_mode 1, [S13]) with a kmer size of 73 and using 397.3 million paired-end reads (totaling 1,204 Gbp). Reads were trimmed for quality, sequencing adapters, and mate-pair adapters using Trimmomatic [S14]. The input de novo assembly, shotgun reads, Chicago library reads, and Dovetail HiC library reads were used as input data for HiRise, a software pipeline designed specifically for using proximity ligation data to scaffold genome assemblies [S11]. The HiRise assembly total length was 907.37 Mb obtaining 3,240 scaffolds and a final N50 of 68.85 Mb. An improved version of this genome is now available [S15].


Empirical estimate of the SNP calling error rate
One individual of Zosterops virens (namely RCHB1917) was sequenced twice at coverage 10x and both replicates went through the entire genotyping pipeline. We estimate the error rate by counting the number of differences between the two replicates. All the differences detected correspond to heterozygous sites. We estimated a rate of 2.9e-05, which is approximately fifty times lower than the expected genome-wide heterozygosity for this focal species (1.5e-03).

Sequence reconstruction
For each individual, we then reconstructed fasta sequences from VCF files. First, we discarded all indel variations to ensure an exact match between positions in sequences and coordinates in the reference gff file (i.e. no frameshift mutation allowed). For each scaffold, we performed a base-by-base reconstruction of two sequences per individual by adding either a reference or an alternate allele based on the genotype information available in the vcf file at the position under investigation. Albeit simplistic, this approach is valid here because our study is only based on the nucleotide levels and does not require haplotype phase information. To exclude sites with abnormally low or high coverage, we compute percentiles of the distribution of coverage over the whole genome for each individual and then calibrate a minimum and maximum coverage. All sites exhibiting very low or very high coverage were masked. A minimum threshold value of 3 was set for all species. We then used a home-made python script to extract CDS from these reconstructed sequences based on the gff files.

Mitochondrial genomes assembly and phylogeny
For the species with mtDNA genomes available on GenBank, we used the data (accessions: Ficedula albicollis : KF293721; Fringilla coelebs : NC_025599; Fringilla teydea : KU705740; Parus major : NC_026293; Taeniopygia_guttata : NC_007897; Zosterops borbonicus : MK529728; Zosterops pallidus : MK524996. We also add three outgroups : Corvus_brachyrhynchos : NC_026461; Lanius cristatus: NC_028333; Menura novaehollandiae : NC_007883).
For the remaining species, we used MitoFinder (vers. 1.1; https://github.com/RemiAllio/MitoFinder [S16]) to extract all the mitochondrial protein coding genes. One individual per species was randomly selected to use in MitoFinder with default parameters. Alignments were performed gene by gene using macse (vers. 2; [S17]). Alignments are available at the following URL: https://osf.io/uw6mb/?view_only=a887417cbc91429dac0bbdc1705e2f2b. Then all genes were concatenated to form a supermatrix (missing data = 20% on average, sd = 14%). Next, a phylogenetic analysis was performed using IQTREE [S18] using the “GTR+G4” substitution model and an ultrafast bootstrap option to have a crude approximation of each node support.

Estimating the effect of recombination rate
In birds, the GC-content at third codon position (GC3) is known to be highly correlated with recombination rates [S19-S21]. To estimate the within-genome variation in the efficacy of selection, we estimated πN/πS on sets of genes representing a total concatenated coding alignment of 2 Mb. To do so, we sorted the genes in ascending values of GC3 in order to compute πN/πS ratios on genes exhibiting roughly the same GC3 values (median GC3 value for the bin was then considered). To ensure reliable estimates, we excluded the last πN/πS estimate corresponding to genes exhibiting the highest GC3 values when the number of genes was likely insufficient to get a reliable estimate (<1 Mb of coding sequence used for the computations).  The results were equally supported when using the estimates of πN/πS based on the method described in Rousselle and collaborators [S22] which considers the site frequency spectra at both non-synonymous and synonymous (“method 2”, see https://tinyurl.com/OSFWithinGenomeVariation). 
[bookmark: docs-internal-guid-cf9f1010-7fff-3c28-4d][bookmark: docs-internal-guid-24ddc7d5-7fff-a2a0-97][bookmark: docs-internal-guid-98ba6d1c-7fff-370c-65]To take into account the potential impact of GC-biased gene conversion (gBGC) on the estimations of πS and πN, we used the same approach as in [S22] and computed πN/πS based on the Site Frequency Spectrum (SFS) computed for GC-conservative sites only (i.e., A↔T and G↔C mutations), a part of the total variants which is unaffected by gBGC. This strategy allows us to recover significant differences in πN/πS between island and mainland species at GC-conservative sites (https://tinyurl.com/OSFWithinGenomeVariation). By using this strategy, we found that the genetic recombination has a higher effect on purifying selection in the island (GC-conservative πN/πS, ΔmeanGC-rich vs. GC-poor=0.239) than in the mainland species (Δmean=0.151), leading to a weaker difference in πN/πS in highly recombining region. However, this advantage is still insufficient to entirely compensate for the increase in frequency of deleterious alleles due to the increased drift effects in species in small populations, as typically represented by the island Passerida species in our study.
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