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Molecular sexing
Individuals were sexed after PCR amplification of the sex-specific avian CHD1 gene. Total genomic DNA was extracted from feathers using the commercial 5 PRIME, ArchivePure DNA purification kit (5 PRIME, Hilden, Deutschland). The samples were initially rehydrated using a 0.9% NaCl solution for 10 min, with constant agitation. Only the vascolarized basal portion of the calamus was taken and chopped into small pieces. The calamus fragments were placed into 300 μL of the kit Cell Lysis Solution. Subsequently, the ‘Protocol 14: DNA purification from 50 to 100 mg fresh or frozen solid tissue’ of the ArchivePure DNA Purification Manual was followed except for adjusting quantities to 1/10 of the suggested volumes due to paucity of DNA present in the samples. Genomic DNA was finally resuspended in 30 μL of DNA hydration solution and stored at – 20 °C.
A region of CHD1 gene was amplified using primers CHD1F 5’-TATCGTCAGTTTCCHTTTCAGGT-3’ and CHD1Rs 5’-CCTTTTATTGATCCATCAAGTC-3’, modified from Lee et al. (2010). The amplification was performed in a 15 μL reaction mixture, with 1–5 ng of genomic DNA, 1X PCR buffer (5 PRIME), 1.5 mM of Mg2+, 0.3 μL of each primer (stock 10 mM), 1.5 μL of dNTPs (stock 2 mM) and 1 U Taq DNA polymerase (5 PRIME). Amplification was conducted under the following conditions: 94 °C for 5 min, 35 cycles at 94 °C for 45 sec, 55 °C for 45 sec and 72 °C for 1 min and further extension at 72 °C for 7 min. The amplification products were separated on 2.5% agarose gel and visualized after ethidium bromide staining. A single band identified a male and two different bands identified a female. Positive controls obtained from adults of known sex were included in the sexing protocol.

Preparation of PCR reactions and sequence analysis
The nearly full length 16S rRNA gene was first amplified from each sample with the universal primers 8F and 1495R (Lane 1991; Weisburg et al. 1991) in 2 × 50 µL volume PCR reactions, performed with GoTaq® G2 Green Master Mix (Promega Corporation, Madison, WI, USA) and 1 µM of each primer. The cycling conditions were: initial denaturation at 95 °C for 4 min; 27 cycles at 95 °C for 30 sec, 55 °C for 45 sec, and 72 °C for 2 min and a final extension at 72 °C for 5 min. The amplicons were purified with the Wizard® SV Gel and PCR Clean-up System (Promega Corporation, Madison, WI, USA) and used as template for the subsequent amplification step. This second PCR was performed in 2 × 75 µL volume reactions with GoTaq® Green Master Mix (Promega Corporation, Madison, WI, USA) and 1 µM of each primer. We used primers 783F and 1046R (Huber et al. 2007; Wang & Qian 2009), which amplify a fragment containing the hypervariable regions V5-V6. Both primers were added with Illumina adapters at 5′ position. The cycling conditions were: initial denaturation at 98 °C for 30 sec, 20 cycles at 98 °C for 10 sec, 47 °C for 30 sec, and 72 °C for 5 sec and a final extension at 72 °C for 2 min. Finally, a third PCR was performed in 3 × 50 µL volume reactions by using 23 µL of the purified amplicons (Wizard® SV Gel and PCR Clean-up System, Promega Corporation, Madison, WI, USA) from the second step as template and 0.2 µM of each primer. Primers contained regions complementary to the Illumina adapters and standard Nextera indexes (Illumina, Inc., San Diego, CA, USA). The cycling conditions were: initial denaturation at 98 °C for 30 sec, 15 cycles at 98 °C for 10 sec, 62 °C for 30 sec, and 72 °C for 6 sec and a final extension at 72 °C for 2 min. After the amplification, DNA was quantified using Qubit® (Life Technologies, Carlsbad, CA, USA).
Reads from sequencing were demultiplexed according to the indices. Forward and reverse reads were merged with perfect overlapping, suspected chimeras and singleton sequences (i.e. sequences appearing only once in the whole data set) were removed and Operational Taxonomic Units (OTUs) were defined at a 97%. Taxonomic classification of the OTU representative sequences was obtained by RDP classifier (Wang et al. 2007).



Statistical analyses
Alpha diversity. The percentage of coverage of each sample was estimated by Good’s method using the formula [1−(n/N)] × 100, where n is the number of OTUs in a specimen represented by one clone (singletons) and N is the total number of sequences in that specimen (Good 1953). For each sample, we evaluated the total OTU richness by the Chao1 index that accounts for unobserved OTUs and its values can be compared among samples with different coverage (Chao & Shen 2003). In contrast, the number of OTUs observed in each sample was calculated on a random subsample of 2000 sequences, slightly less than the minimum number of mapping reads per sample (Table 1, Fig. S1). We analysed Chao1 index and the observed number of OTUs by Generalized Linear Models (GLM) assuming, respectively, a Gaussian or a Poisson distribution corrected for over-dispersion. 

Beta diversity. The abundance of each OTU was assessed on the 2000 randomly extracted sequences per sample (see above) in order to give equal coverage to each bacterial community. The Hellinger distance among bacterial communities was used for the analyses, because of its desirable properties for multivariate statistical analyses: indeed, it is metric, decreases the importance of OTU abundance over occurrence and avoids the double-zero problem when comparing OTU composition between samples (De Cáceres et al. 2010; Legendre & Legendre 2012).
A preliminary investigation by principal component analysis (PCA) (Fig. S2) suggested the presence of three groups of individuals with different bacterial communities. We thus investigated this pattern with hierarchical clustering using Hellinger distance among samples and a complete linkage method with the hclust function of R. This analysis confirmed the existence of three clearly distinct clusters (Fig. 1a, see also the Results), which were therefore included in the analyses. Variation in bacterial communities was analysed by redundancy analysis (RDA), followed by post hoc pairwise comparison whose significance was adjusted by the False Discovery Rate (FDR) method (Benjamini & Yekutieli 2001). Variation in abundance of each bacterial genus among clusters was investigated by Poisson generalized linear models corrected for over-dispersion whose significance was adjusted by the FDR method. All the analyses were performed in R 3.2.2 (R Core Team 2016).

Ecological network analysis. To gain insight into the mechanisms potentially generating the observed bacterial assemblages, we tested for non-random co-occurrence patterns with the checkerboard score (C-score) (Stone & Roberts 1990), under a null model preserving both site and species frequencies (sim9 algorithm in the R package EcoSim) (Strona et al. 2014). A checkerboard unit is a 2 × 2 matrix where both OTUs occur once but on different sites. To infer a parsimonious direct microbial interaction network from the community composition data, we used the method of the sparse inverse covariance estimation (SPIEC-EASI) (Kurtz et al. 2015). When applied to microbial community data, this technique identifies a network where unconnected OTUs are conditionally independent, which means that, given the abundance of all the other OTUs in the network, the abundance of one OTU do not provide any additional information on that of the other. In contrast, the abundances of two connected OTUs are not conditionally independent, i.e. there is a relationship between them that cannot be better explained by a relationship with the abundance of any other OTU (Kurtz et al. 2015). This method thus reduces the number of spurious relations among the OTUs, particularly in datasets where the number of OTUs is much larger than that of samples, and outperforms other methods commonly used for assessing networks of OTU relations like Pearson correlation among abundances and co-occurrence analysis (Kurtz et al. 2015). These analyses were performed with the SpiecEasi package of R (https://github.com/zdk123/SpiecEasi) with the neighbourhood selection method, followed by network analysis and visualization with the igraph package (Csardi & Nepusz 2006).
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Fig. S1.  Rarefaction curves for the 22 feather samples. Solid curves denote females, dashed curves, males, dotted curves individuals whose sex was not determined. The vertical dashed line indicates 2000 reads. 
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Fig. S2.  Biplot of the principal components from a PCA of the bacterial community of 22 feather samples. Each point represents the bacterial community of one bird. Blue triangles, red squares and green circles denote first, second and third cluster, respectively. The amount of variance explained by each axis is shown. 
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Fig. S3.  Barplot of the mean number of sequences that mapped onto each genus. The horizontal dashed line denotes 1000 sequences.
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Fig. S4.  Histogram of the node degrees. The degree of a node is the number of nodes to which each node is connected to in a network. 
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