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Feathers 21 
All feathers were ethically sourced from captive animals (unreleasable or rehabilitated wildlife). All 22 
feathers analysed at SSRL were obtained from animals under the care of the Live Animal Center 23 
(LAC) at The Academy of Natural Sciences of Drexel University (Philadelphia, PA, USA). The 24 
feathers were naturally dropped via molting and collected by staff of the LAC from the enclosures. 25 
Each feather was placed in a sealed bag and stored in a designated freezer until the date of shipment 26 
for analysis. VET# is a unique LAC number used to track all husbandry and care of the animal. All 27 
birds are fed with feeder chicks, rats and mice, supplemented with Vionate Vitamin/Mineral 28 
Supplement. 29 
 30 
Feathers used in melanin quantification were again natural molts obtained from captive birds. Harris 31 
Hawk, Eurasian Kestrel and Barn Owl were sourced from the non-profit Wild Wings Birds of Prey 32 
education and rehabilitation centre which was located in Bents Home & Garden, Warrington, UK at 33 
the time of feather sampling, but has since relocated to White Moss Nursery and Garden Centre, 34 
Warrington, UK. The Red-tailed Hawk feather was collected from The Falconry Centre in Hagley, 35 
West Midlands, UK. All birds are fed with feeder chicks. 36 
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Supplementary Figure 1. Optical images of the source animals and feathers from the LAC analysed 39 
at SSRL. (A) Harris Hawk, VET# B25, (B) Harris Hawk, VET# B69, (C) analysed tail feather, 40 
sourced from either B25 or B69, uncertainty due to these individuals sharing an enclosure, collected 41 
January 2014. (D) Red-tailed Hawk VET# B32, (E) Red-tailed Hawk VET# B33, (F) analysed tail 42 
feather, sourced from either B32 or B33, uncertainty due to these individuals sharing an enclosure, 43 
collected August 2014. (G) subadult Red-tailed Hawk VET# B72, (H) analysed tail feather, collected 44 
January 2014. (I) Barn Owl, VET# B66, (J) analysed body feather. (K) American Kestrel VET# B65, 45 
(L) analysed tail feather, collected January 2014. 46 
 47 
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Supplementary Table 1. Melanin content of feathers. These analyses were performed according to 48 
the methods outlined in (1-4). Note that UK feathers were analysed with the red-tailed hawk being the 49 
purely red feather comparable to figure S1b. Correlation between TM (x) and EM+PM (y) is y= 50 
0.961x+1.51 (R2 = 0.966). 51 

  52 
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Supplementary Figure 2-1. SRS-XRF maps of all elements in A) Harris hawk, B) striped red-tailed 53 
hawk and C) non-striped red-tailed hawk. Red arrows indicate darker regions with high Ca. Scale bars 54 
= 1cm. 55 
 56 
 57 
 58 



 5 

 59 
 60 
Supplementary Figure 2-2. SRS-XRF maps of all elements mapped in A) American kestrel and B) 61 
barn owl. Scale bars = 1 cm. 62 
 63 
  64 
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Supplementary Figure 3. Example synchrotron XRF EDS spectra of A) Harris Hawk and B) Red-65 
tailed Hawk. 66 
 67 
 68 
 69 
 70 
Supplementary Table 2. SXRF EDS of all elements detected within feathers. All values in parts per 71 
million (ppm) with 2σ errors in parantheses. Data fit using PyMCA (5) from fundamental parameters. 72 

73 
  74 

Species Colour
Harris hawk Black 33477 (1606) 6421 (389) 7 (1) 1 (1) 1 (1) 26 (2) 0 12 (1) 186 (10) 1 (1) 1 (1)

White 25542 (1315) 1960 (159) 5 (1) 1 (1) 0 10 (1) 1 (1) 5 (1) 37 (3) 1 (1) 1 (1)

kestrel Black 19423 (896) 1574 (123) 2 (1) 1 (1) 1 (1) 5 (1) 1 (1) 2 (1) 25 (2) 1 (1) 1 (1)

Red 13550 (685) 989 (85) 2 (1) 1 (1) 1 (1) 5 (1) 1 (1) 3 (1) 49 (3) 1 (1) 1 (1)

barn owl Black 11812 (515) 733 (73) 3 (1) 1 (1) 1 (1) 3 (1) 1 (1) 1 (1) 43 (3) 1 (1) 1 (1)

Red 27833 (1005) 423 (47) 3 (1) 1 (1) 1 (1) 4 (1) 1 (1) 1 (1) 47 (3) 1 (1) 1 (1)

White 12059 (521) 137 (18) 3 (1) 1 (1) 1 (1) 3 (1) 1 (1) 1 (1) 25 (2) 1 (1) 1 (1)

red-tailed hawk Red 28853 (1181) 2060 (160) 2 (1) 1 (1) 1 (1) 8 (1) 1 (1) 2 (1) 32 (3) 0 (1) 1 (1)

White 23343 (954) 35 (7) 2 (1) 1 (1) 0 (1) 1 (1) 0 (1) 0 (1) 6 (1) 0 (1) 0 (1)

Striped red Brown 77307 (3793) 4315 (287) 6 (1) 1 (1) 2 (1) 31 (3) 1 (1) 17 (2) 226 (11) 1 (1) 1 (1)

tailed hawk White 51813 (2801) 1144 (107) 3 (1) 0 (1) 1 (1) 6 (1) 0 (1) 4 (1) 31 (3) 1 (1) 1 (1)

S Zn As SeMnCr Fe Ni CuTiCa
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Supplementary Figure 4. Representative fitting statistics exported by PyMCA. 75 
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 87 
Supplementary Figure 5. Zn K-edge EXAFS spectra k3-weighted (left) and their Fourier transform 88 
(right) of feathers. The Hamilton and F-tests were used to verify the significance of all shells in the 89 
fitted models. The k3-weighted data ranges (left) represent the range of the fitting window of the fitted 90 
model. Green vertical bar indicates the shifted peak between feathers with a eumelanin component 91 
compared to feathers that are predominantly pheomelanised. Dotted line in the green bar represents the 92 
peak shift. Dashed line indicates the presence of a strong peak at k=10Å-1 in both the Harris hawk 93 
black and Zn eumelanin standard, which is absent in the pheomelanised kestrel feather. 94 
The dominant peak in the RDF (right) represents O/N (solid vertical line), while the presence of S is 95 
indicated by a distal shoulder on this peak (indicated by the vertical dashed line). 96 
Due to the extremely low concentrations of Zn in the barn owl and white portion of the Harris hawk 97 
feathers, the fitting range is limited for those measurements. Once Fourier transformed however, these 98 
are also consistent with first shell sulfur.  99 
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 100 
Supplementary Figure 6. Zn K-edge EXAFS Fourier transform of the Zn standards: Zn doped 101 
eumelanin, Zn acetate, and Zn sulfide (wurtzite). The dominant peak in the eumelanin and acetate 102 
represents O/N (solid vertical line). This shows that Zn-acetate is a well-constrained Zn-O 103 
coordination environment, and a ZnS standard provides constraints on Zn-S bonds. The dominant peak 104 
in the eumelanin and acetate represents O/N (solid vertical line), while the dominant  S is indicated by 105 
a distal shoulder on this peak. This shows that the Zn-eumelanin is purely light element coordinated 106 
(O/N, solid vertical line) as in the Zn-acetate standard. The dominant peak in the ZnS standard 107 
(indicated by the vertical dashed line), is due to sulfur in the first shell, and is directly comparable to 108 
the distal shoulder on the dominant red kestrel peak in Figure S5 (also vertical dashed line) and is a 109 
clear indicator that Zn in the kestrel feather is bound to first shell sulfur. Because the chemical 110 
degradation studies show that the red kestrel feathers are over 80% pheomelanin, we interpret this as 111 
due to pheomelanin complexation. 112 
  113 
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Supplementary Figure 7. S XANES data for A) striped red-tailed hawk, B) sulfur standards. 115 
 116 
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