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SUPPORTING INFORMATION
Local adaptation drives population isolation in a tropical seabird
Guilherme Tavares Nunes & Leandro Bugoni


APPENDIX S1 Additional methodological details.

1. Population density calculations
Total area (km2) for each archipelago was obtained with the ruler tool in Google Earth Pro, by considering the maximum perimeter of emerged portions. Census-based population sizes for SPSP, FN, Rocas, and Abrolhos were obtained from Mancini, Serafini, & Bugoni (2016), and data for Cagarras and Moleques were obtained from Cunha, Alves, Rajão, & Lanna (2013) and Branco, Fracasso, & Moraes-Ornellas (2013) respectively.

2. Carbon and nitrogen isotopic data used for calculations of isotopic niche width
For calculating isotopic niche width, a previously published data set of carbon and nitrogen isotopic ratios for SPSP, FN, Rocas, and Abrolhos was used, which is based on blood samples obtained from breeding adults in 2010 and 2011 (Mancini, Hobson, & Bugoni, 2014). Additionally, samples of whole blood were taken from boobies breeding in Cagarras and Moleques in 2014 and processed in the laboratory following procedures described in Mancini et al. (2014). Because data from Mancini et al. (2014) were analyzed at a distinct laboratory, laboratory-biased results were assessed by running Pearson's correlation and t-test with 10 samples of Atlantic yellow-nosed albatross Thalassarche chlororhynchos, which were sent to both laboratories. Samples from the inter-laboratory comparison demonstrated a high correlation for carbon (r = .93; p-value < .001) and nitrogen (r = .98; P-value <.001). Similarly, deviations were not detected between means through a paired t-test for carbon (t = -1.29; df = 17.99; p-value = .21) and nitrogen (t = .19; df = 17.99; p-value = .84). Thus, samples from different laboratories were pooled for subsequent analysis. Stable isotope ratios were expressed in δ notation as parts per thousand (‰) differences from the international reference material Vienna Pee Dee Belemnite (VPDB) limestone for carbon, and atmospheric air for nitrogen.
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Isolation by environment in seabirds


APPENDIX S2 Outputs of statistical analyses
Table 2.1 Genetic diversity based on nine microsatellite loci for six colonies of brown boobies, Sula leucogaster, distributed in the southwest Atlantic Ocean. HO = observed heterozygosity; HE = expected heterozygosity from Hardy-Weinberg proportions (Nei, 1978); FIS = inbreeding coefficient (Weir, & Cockerham, 1984); and A = number of alleles. SPSP = Saint Peter and Saint Paul Archipelago; FN = Fernando de Noronha; Rocas = Rocas Atoll; Moleques = Moleques do Sul. Bold values were deviated from Hardy-Weinberg equilibrium 
	Loci
	
	SPSP (♀=12; ♂=12)
	
	FN (♀=8; ♂=11)
	
	Rocas (♀=11; ♂=8)
	
	Abrolhos (♀=11; ♂=9)
	
	Cagarras (♀=10; ♂=9)
	
	Moleques (♀=9; ♂=9)

	
	
	HO
	HE
	FIS
	A
	
	HO
	HE
	FIS
	A
	
	HO
	HE
	FIS
	A
	
	HO
	HE
	FIS
	A
	
	HO
	HE
	FIS
	A
	
	HO
	HE
	FIS
	A

	Sv2A-2
	
	0.00
	0.00
	0.00
	1
	
	0.33
	0.36
	0.06
	2
	
	0.44
	0.51
	0.14
	2
	
	0.30
	0.26
	-0.15
	2
	
	0.74
	0.50
	-0.47
	2
	
	0.50
	0.51
	0.02
	2

	Sv2A-26
	
	0.46
	0.47
	0.02
	2
	
	0.44
	0.46
	0.04
	4
	
	0.47
	0.44
	-0.08
	4
	
	0.25
	0.34
	0.28
	4
	
	0.16
	0.15
	-0.04
	3
	
	0.33
	0.29
	-0.17
	2

	Sn2A-123
	
	0.42
	0.42
	0.01
	2
	
	0.39
	0.32
	-0.21
	2
	
	0.41
	0.45
	0.09
	2
	
	0.40
	0.49
	0.19
	2
	
	0.39
	0.39
	-0.01
	2
	
	0.39
	0.51
	0.24
	2

	Sn2B-83
	
	0.00
	0.00
	0.00
	1
	
	0.39
	0.32
	-0.21
	2
	
	0.58
	0.46
	-0.25
	2
	
	0.00
	0.00
	0.00
	1
	
	0.00
	0.00
	0.00
	1
	
	0.06
	0.06
	0.00
	2

	Sv2A-95
	
	0.00
	0.00
	0.00
	1
	
	0.16
	0.15
	-0.06
	2
	
	0.00
	0.00
	0.00
	1
	
	0.37
	0.42
	0.13
	2
	
	0.17
	0.25
	0.32
	2
	
	0.29
	0.26
	-0.14
	2

	Sv2A-47
	
	0.00
	0.00
	0.00
	1
	
	0.63
	0.69
	0.09
	4
	
	0.71
	0.66
	-0.06
	4
	
	0.70
	0.61
	-0.14
	3
	
	0.63
	0.61
	-0.02
	3
	
	0.47
	0.48
	0.03
	3

	Sn2B-100
	
	0.04
	0.04
	0.00
	2
	
	0.22
	0.29
	0.22
	2
	
	0.29
	0.40
	0.27
	2
	
	0.40
	0.38
	-0.04
	2
	
	0.33
	0.36
	0.06
	2
	
	0.28
	0.25
	-0.13
	2

	Sv2B-138
	
	0.00
	0.00
	0.00
	1
	
	0.73
	0.71
	-0.03
	6
	
	0.69
	0.82
	0.15
	7
	
	0.90
	0.72
	-0.25
	5
	
	0.71
	0.66
	-0.08
	6
	
	0.62
	0.64
	0.04
	6

	Sv2B-27
	
	0.65
	0.51
	-0.29
	2
	
	0.43
	0.42
	-0.01
	2
	
	0.76
	0.51
	-0.51
	2
	
	0.40
	0.34
	-0.16
	3
	
	0.24
	0.30
	0.21
	2
	
	0.18
	0.17
	-0.06
	2

	Mean
	
	0.17
	0.16
	-0.09
	1.4
	
	0.41
	0.41
	0.00
	2.9
	
	0.49
	0.47
	-0.03
	2.9
	
	0.41
	0.40
	-0.04
	2.7
	
	0.37
	0.36
	-0.04
	2.6
	
	0.35
	0.35
	0.02
	2.6



Table 2.2 Coefficients of determination (R2) based on pairwise Pearson's correlations among environmental variables of six brown booby colonies along the southwestern Atlantic Ocean. Chlα = chlorophyll α concentration; SST = sea surface temperature; AT = air temperature; Density = population density; SEAc = Bayesian ellipse areas estimated from isotopic data of carbon and nitrogen. Bold values represent correlations with p-value < .01.
	Chlα
	
	
	
	

	0.903
	SST
	
	
	

	0.865
	0.884
	AT
	
	

	0.084
	0.137
	0.152
	Density
	

	0.001
	0.102
	0.029
	0.084
	SEAc
















Table 2.3 Coefficients of determination (R2) based on pairwise Pearson's correlations between distance matrices calculated with Mantel tests. Genetic distances were calculated with linearized DSW (Shriver et al., 1995); GeoDis was calculated considering log-transformed geographical distances; and distance matrices for the remaining variables were calculated with the Mahalanobis dissimilarity index. DSW = between-population genetic distance; DSW w/o SPSP = between-population genetic distance in a scenario without Saint Peter and Saint Paul Archipelago; GeoDis = geographical distances between archipelagos; Chlα = chlorophyll α concentration; SST = sea surface temperature; AT = air temperature; Density = population density; SEAc = Bayesian ellipses area based on carbon and nitrogen isotopic ratios. Correspondence between matrices of environmental (Chlα, SST, AT, Density, and SEAc) and genetic distances (DSW and DSW w/o SPSP) were performed with partial Mantel tests, controlling for the effect of between-population geographical distance (GeoDis). Bold values represent p-values < .01 
	DSW
	
	
	
	
	
	
	

	-
	DSW w/o SPSP
	
	
	
	
	
	

	0.001
	0.075
	GeoDis
	
	
	
	
	

	0.013
	0.021
	0.511
	Chla
	
	
	
	

	0.013
	0.014
	0.785
	0.741
	SST
	
	
	

	0.040
	0.066
	0.748
	0.667
	0.699
	AT
	
	

	0.790
	0.001
	0.002
	0.032
	0.014
	0.013
	Density
	

	0.091
	0.013
	0.092
	-0.198
	-0.068
	-0.184
	-0.214
	SEAc
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Figure 2.1 Proportion of each allele frequency range for the brown booby, Sula leucogaster, colonies in the south-western Atlantic Ocean. Mode-shifted distributions, that is, a distribution with fewer alleles in the low frequency class (< .2) than in one or more intermediate frequency classes (e.g. .41–.6), indicate populations bottlenecked less than about a dozen generations ago. SPSP = Saint Peter and Saint Paul Archipelago; FN = Fernando de Noronha Archipelago; Rocas = Rocas Atoll; Moleques = Moleques do Sul Archipelago
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Figure 2.2 Cluster arrangements based on genetic data of six colonies of brown boobies, Sula leucogaster, in the south-western Atlantic Ocean. (a) Phylogenetic tree built with the neighbor-joining method from a matrix of between-population genetic distances (DSW, Shriver et al., 1995); and (b) multivariate bidimensional clustering based on pairwise genetic distances (DSW) provided by Principal Coordinate Analysis. The two principal coordinates explained 91.9% of the total variance. SPSP = Saint Peter and Saint Paul Archipelago; FN = Fernando de Noronha Archipelago; Rocas = Rocas Atoll; Moleques = Moleques do Sul Archipelago

          [image: ]
Figure 2.3 (a) and (c): method used for detecting the best number of clusters (K) based on Evanno, Regnaut, & Goudet (2005) in scenarios with and without individuals from Saint Peter and Saint Paul Archipelago, respectively. (b) and (d): mean likelihood L(K) and variance per K value from STRUCTURE data in scenarios with and without individuals from Saint Peter and Saint Paul Archipelago respectively
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Figure 2.4 Bayesian ellipses based on isotopic data of carbon and nitrogen with 95% Credibility Interval and corrected for small sample size, as implemented in the package SIBER. SPSP = Saint Peter and Saint Paul Archipelago; FN = Fernando de Noronha Archipelago; Rocas = Rocas Atoll; Moleques = Moleques do Sul Archipelago







[image: ]
Figure 2.5 Correspondence between pairwise geographical (log-transformed) and genetic distances (linearized DSW) from brown boobies, Sula leucogaster, in the southwestern Atlantic Ocean, considering scenarios with (a) and without (b) the Saint Peter and Saint Paul Archipelago (SPSP). Coefficients of determination (R2) based on pairwise Pearson's correlations, and p-values are shown in the figures
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