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Appendix 1 
 
 
 
Stable Isotope Analysis 

 

Feathers and claws were cleaned in 2:1 chloroform:methanol solution and air dried in a fume 

hood for 48 hours. Samples were transported to the Smithsonian Stable Isotope Mass 

Spectrometry Laboratory in Suitland, Maryland where the feathers were allowed to equilibrate 

with the local atmosphere for > 72 hours. After equilibration, a 0.3-0.4mg sample was clipped 

from the distal end of each feather and loaded into a silver capsule. For claw samples, 0.3-0.4mg 

of each sample was loaded into a tin capsule. Samples were then crushed, pyrolized at 1350ºC in 

an elemental analyzer (Thermo TC/EA), and introduced in a continuous-flow isotope ratio mass 

spectrometer (Thermo Delta V Advantage) via a Conflo IV interface. Calculations of raw isotope 

values were performed with Isodat 3.0 software. All runs included a set of standards for every 

10-12 samples. The stable hydrogen (δ2H) values reported include only non-exchangeable 

hydrogen, as determined by a 3-point linear correction using keratin standards [1]. All values are 

expressed in the typical delta notation in units of per mil (‰) normalized on the Vienna Standard 

Mean Ocean Water–Standard Light Antarctic Precipitation (VSMOW-SLAP) scale for hydrogen 

and the Vienna PeeDee Belemnite scale for carbon. Analytical error was better than 2‰ for 

hydrogen samples and 0.2‰ for carbon samples based on replicate analyses of standards. 
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Appendix 2 
 
 
 
Results of Dispersal Classifications 

 
 

Origin 
South Local North 

Yearlings 

Origin 
South Local North 

Yearlings 
 

2009 3 (10%) 21 (72%) 5 (18%)  2009 2 (7%) 23 (79%) 4 (14%) 
2010 0 (0%) 22 (67%) 11 (33%)  2010 0 (0%) 25 (76%) 8 (24%) 
2011 1 (2%) 42 (89%) 4 (9%)  2011 0 (0%) 45 (95%) 2 (5%) 
2012 3 (6%) 46 (90%) 2 (4%)  2012 2 (4%) 49 (96%) 0 (0%) 
Total 
Adults 

7 (4%) 131 (82%) 22 (14%)  Total 
Adults 

4 (3%) 142 (88%) 14 (9%) 

2009 0 (0%) 65 (97%) 2 (3%)  2009 0 (0%) 66 (98%) 1 (2%) 
2010 2 (6%) 29 (91%) 1 (3%)  2010 0 (0%) 31 (97%) 1 (3%) 
2011 2 (7%) 23 (74%) 6 (19%)  2011 0 (0%) 27 (84%) 4 (16%) 
2012 4 (13%) 25 (83%) 1 (4%)  2012 2 (7%) 28 (93%) 0 (0%) 
Total 8 (8%) 142 (89%) 10 (6%)  Total 2 (1%) 152 (95%) 6 (4%) 

(a)  
 

Origin 
South Local North 

Yearlings 

(b) 

 

2009 1 (4%) 25 (86%) 3 (10%) 
2010 0 (0%) 30 (91%) 3 (9%) 
2011 0 (0%) 46 (98%) 1 (2%) 
2012 1 (2%) 50 (98%) 0 (0%) 
Total 
Adults 

2 (1%) 151 (94%) 7 (5%) 

2009 0 (0%) 66 (98%) 1 (2%) 
2010 0 (0%) 31 (97%) 1 (3%) 
2011 0 (0%) 29 (94%) 2 (16%) 
2012 2 (7%) 28 (93%) 0 (0%) 
Total 2 (1%) 154 (96%) 4 (3%) 

(c) 
 
Table A1: Summary of dispersal status assignments for American redstarts breeding at the Patuxent 
Research Refuge from 2009-2012 based on (a) 4:1 odds ratio, (b) 9:1 odds ratio and (c) 19:1 odds ratio. 
Cells contain the number of individuals assigned to each age class. Parentheses indicate the percentage of 
individuals in each class. 



Appendix 3 
 
 
 
Results of analyses based on 9:1 and 19:1 odds ratios 

 
 

Variable Estimate ±SE z χ2 df P 
Age class 0.739 ± 0.45 1.644 2.76 1 0.097 

Sex 0.080 ± 0.49 0.164 0.027 1 0.869 
Non-breeding territory quality (δ 13C) −0.041 ± 0.39 -0.107 0.011 1 0.915 

Breeding-season phenology 0.266 ± 0.07 3.659 8.114 1 0.004 
Non-breeding habitat quality 5.31 ± 2.88 1.843 3.303 1 0.069 

 
Table A2: Factors influencing long-distance dispersal in American redstarts. Parameter estimates 
(+/- one standard error) based on mixed-effect cumulative logit regression with dispersal status 
classified using a 9:1 odds ratio and year included as a random effect. For each parameter, χ2, df, and 
P values are based on a likelihood ratio test (LRT) comparing the model without that parameter to 
the full model. Parameters significant at the α = 0.05 level are indicated in bold and parameters 
significant at the α = 0.1 level are indicated in italics. The interactions of breeding-season phenology, 
non-breeding territory quality, and non- breeding habitat quality with age class were not significant 
and are not presented in the table. 
 
 

Variable Estimate ±SE z χ2 df P 
Age class 0.627 ± 0.57 1.097 1.27 1 0.259 

Sex -0.186 ± 0.33 -0.563 0.07 1 0.790 
Non-breeding territory quality (δ 13C) −0.368 ± 04 -0.739 0.59 1 0.444 

Breeding-season phenology 0.261 ± 0.10 2.575 7.37 1 0.007 
Non-breeding habitat quality 2.646 ± 3.84 0.690 0.475 1 0.502 

 
 
 
 

Table A3: Factors influencing long-distance dispersal in American redstarts. Parameter estimates 
(+/- one standard error) based on mixed-effect cumulative logit regression with dispersal status 
classified using a 19:1 odds ratio and year included as a random effect. For each parameter, χ2, df, 
and P values are based on a likelihood ratio test (LRT) comparing the model without that parameter 
to the full model. Parameters significant at the α = 0.05 level are indicated in bold. The interactions 
of breeding-season phenology, non- breeding habitat quality, and non-breeding territory quality with 
age class were not significant and are not presented in the table. 



 
 
 

 
 

 
 

Figure A1: (a) Patterns of immigration in the study population from 2009 to 2012. Each point 
represents one individual and the predicted origin based on δ2Hf values using a 9:1 odds ratio 
(left panel) and 19:1 odds ratio (right panel). Adults are shown in blue and yearlings are shown in 
orange. (b) The peak cherry blossom date on the National Mall from 2009 to 2012. (c) NDVI 
values from January to March in the Greater Antilles. NDVI values are mean- centered so 
positive values (above the dotted line) represent above average primary productivity and negative 
values (below the dotted line) represent below average primary productivity. 



 
 
 
 
 
 
 
 
 
 
 

 
 

Figure A2: Predicted probability of origin as a function of cherry blossom phenology on the breeding 
grounds based on the full model using the (a) 9:1 odds ratio and (b) 19:1 odds ratio to classify dispersal 
status and including year as a random effect. Triangles and dashed lines show the probability of 
originating to the south; Circles and solid lines show the probability of originating to the north. Vertical 
bars show 95% CI. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure A3: Predicted probability of origin for (a) adults and (b) yearlings as a function of the Normalized 
Difference Vegetation Index (NDVI) values from January to March in the Greater Antilles based on the 
full model using the 9:1 odds ratio to classify dispersal status and including year as a random effect. 
NDVI values were mean-centered on the long-term average, thus positive values indicate higher quality 
conditions and negative values indicate lower quality conditions. Triangles and dashed lines show the 
probability of originating to the south; Circles and solid lines show the probability of originating to the 
north. Vertical bars show 95% CI. 
	  


