SUPPLEMENTARY INFORMATION

S1: New bulk collagen stable isotope results and quality controls for the individuals from Rattar and Quanterness analyzed at SFU

SSFU Site Species Element 6"Cypps 6Ny 5**Sycor wt%C Wt%N %S C:N.iomic C:S.comic
2586 Rattar, Caithness Human Teeth M2 -20.6 12.0 13.6 44.0 16.0 0.2 3.2 527.9
2587 Rattar, Caithness Human Teeth M2 -21.1 10.2 15.8 43.9 16.4 0.2 3.1 574.5
2588 Quanterness Human Teeth M (ND) -20.1 115 15.6 44.3 16.2 0.2 3.2 568.5
2590 Quanterness Human Teeth M (ND) -20.9 11.0 15.6 43.3 15.8 0.2 3.2 544.2
2591 Quanterness Human Teeth M (ND) -20.7 13.0 16.1 43.1 15.9 0.2 3.2 578.7
2592 Quanterness Human Teeth M (ND) -21.4 9.8 15.2 42.7 15.0 0.2 3.3 488.3
2593 Quanterness Human Teeth M (ND) -20.1 12.8 155 47.5 16.2 0.2 3.4 583.3
2594 Quanterness Human Teeth M (ND) -20.1 11.4 14.4 46.1 15.9 0.2 3.4 620.4
2595 Quanterness Human Teeth M (ND) -20.6 13.1 13.5 45.8 16.7 0.2 3.2 493.2
2596 Quanterness Human Teeth M (ND) -20.4 12.9 14.8 45.0 16.4 0.3 3.2 439.8




S2: Analytical results for all amino acids measured in the collagen samples of this study. Isotopic values are an average of triplicate
measurements, the * values are the standard deviation of the triplicate measurements.

Table S2: Nitrogen isotope results for all Scottish samples

S-SFU # 2586 2587 2588 2590 2591 2592 2593 2594 2595 2596 3595 3596 3597
species human human human human human human human human human human pig pig human
Bulk §*°N (%) 12.0 10.2 11.5 11.0 13.0 9.8 12.8 11.4 13.1 12.9 4.6 4.0 15.2
alanine 142 + 03 |119 + 00129 + 02111 ¢+ 00 |145 + 10113 + 01 |151 + 08133 + 04 (151 + 021|145 + 09|53 + 06|47 + 05209 + 03
glycine 119 ¢+ 02|94 + 01|96 + 01|91 + 01119 + 07|83 + 00120 ¢+ 03 (103 + 01121 + 01130 + 04|30 + 05(21 + 04139 + 0S5
valine 154 + 081|123 + 05 (129 + 03 (127 + 07 (138 + 06122 + 02 |143 + 04 (126 + 01 (143 + 02133 + 06 |110 + 17 |108 + 04 |198 + 11
leucine 135 ¢+ 02|106 + 06111 + 06 |107 + 04 (127 + 09103 + 0.1 (2125 + 02 |111 + 00|12127 + 07113 ¢+ 09|71 + 12|60 + 11201 + 10
norleucine 20 + 01|29 + 02|32 + 02|36 + 01|41 + 08|32 + 03|29 + 04|36 + 00|28 + 01|27 + 04|20 + 06 |-21 + 03]|-20 + 05
threonine -113 ¢+ 07 |-142 ¢+ 03 |-136 + 08 |-152 + 11 (|-142 + 09 (147 + 06 |-123 ¢+ 06 |-141 + 08 |-137 + 01 (142 + 09 |-112 ¢+ 0.7 |-132 + 09 |-147 + 0.2
serine 100 ¢+ 08|87 + 04|98 + 03|89 + 02111 + 06|77 + 02102 ¢+ 11|90 + 04 |118 + 12111 + 12|22 + 04|14 + 06156 + 07
proline 149 + 04 |131 + 02136 ¢+ 02135 + 03 (142 + 08118 + 021|149 + 04 (138 + 03 (146 + 02145 + 04|84 + 02|80 + 04234 + 06
aspartic acid 143 + 07 |118 + 01126 + 021|116 + 04 (130 + 11112 + 06 (142 + 04 |118 + 04 |148 + 03135 ¢+ 09|88 + 03|82 + 03211 + 06
glutamicacid |156 + 0.2 |133 + 04 (146 + 02135 + 05152 + 10128 + 0.1 (159 + 05|142 + 01 (169 + 02153 + 10|81 + 02|77 + 06232 + 06
hydroxyproline |144 + 04 |128 + 02 (139 + 0.2 |135 + 04 (140 + 12119 + 04 (146 + 05131 + 07 (145 + 02 |146 + 07|87 + 06|91 + 07227 + 10
phenylalanine | 79 + 07|69 + 06|72 + 08|49 + 15|55 + 11(56 + 08|70 + 09|59 + 08|81 + 07|60 + 26|76 + 11|66 + 16|49 + 08
lysine 20 + 09|01 + 04|11 + 16|01 + 07|03 + 25|-17 + 07|30 + 07|13 + 13|16 + 19|-19 + 16|07 + 04|01 + 05|76 =+ 07
S-SFU # 3598 3599 3600 3601 3602 3603 3604 3605 3606 3607 3609 3611
species human human human human human human human human human human human human
Bulk §*°N (%) 15.3 10.8 10.6 11.6 10.5 11.3 10.5 10.4 11.3 11.1 10.0 9.8
alanine 215 + 06 (155 + 03 (137 + 01147 + 02131 + 021|130 + 06128 + 01120 + 04 |136 + 05|134 + 02130 + 06 (117 + 0.2
glycine 138 ¢+ 05122 + 01120 + 02139 + 04 |114 + 00|120 ¢+ 07109 + 03 |109 + 0.1 |128 + 0.1 (126 + 0.1 |101 + 0.2 (100 + 0.2
valine 203 + 06 (172 ¢+ 03 [|145 + 03 |155 + 06 |137 + 04 |142 + 05137 ¢+ 03133 + 03 |145 + 04 |147 + 03 |135 + 01 (137 + 04
leucine 201 ¢+ 07 |155 + 02119 + 09 |143 + 07 (126 + 05117 + 12122 + 05 |105 + 08 |125 + 07 (137 + 04 |115 + 03 |118 + 12
norleucine 23 ¢+ 03|17 ¢+ 01|21 + 01(-20 + 04|24 + 01|37 ¢+ 07|35 + 04|-26 ¢+ 05|29 + 02|-23 + 02|-28 + 04 ]|-27 + 02
threonine -153 ¢+ 22|75 + 10135 + 28122 + 11 (122 + 09 (134 ¢+ 13 |-18 + 10136 + 13 |-135 + 07 (-136 + 10 |-135 + 04 |-149 + 03
serine 156 ¢+ 06|25 + 15100 ¢+ 05|55 + 06|17 + 13|92 + 03|99 + 13|90 + 06|119 + 10|84 + 28|78 + 28|84 + 13
proline 223 + 04 (151 + 02152 + 01 |155 + 03 |151 + 02 |138 + 08 (138 + 03 (145 + 02147 + 02 |149 + 01 |144 + 04 (138 + 01
aspartic acid 200 ¢+ 06 |16.2 ¢+ 04151 + 051|169 + 01 (146 + 04 (133 ¢+ 05140 ¢+ 03133 + 07 |148 + 04 (146 + 09146 + 03 |139 + 11
glutamicacid |224 ¢+ 03 |166 + 03 |162 + 01171 + 02 |155 ¢+ 05139 + 05152 + 0.7 |149 + 03 (165 + 03 |165 + 02 (155 + 03 |153 + 04
hydroxyproline |22.2 ¢+ 05152 + 04 (150 + 0.1 |153 + 02 (144 ¢+ 0.1 |121 + 0.1 (136 + 04 |139 + 02142 + 03 |143 + 01141 + 03 |133 + 04
phenylalanine | 59 + 15(104 ¢+ 03|87 + 02|91 + 04|72 + 11|53 + 07|51 + 27|67 + 08|81 + 09|89 + 11|63 + 15|51 + 12
lysine 80 + 05|38 + 10|32 + 03|49 + 02|27 + 12|02 + 02|16 + 12|16 + 08|37 + 03|25 + 06|25 + 12|18 + 06




Intensity (mV)

S3: Typical N2 gas chromatogram of NAIP ester derivatized amino acids from bone collagen (S-SFU 2593). Ala = alanine, Gly =
glycine, Val = valine, Leu = leucine, Nle = norleucine, Thr = threonine, Ser = serine, Pro = proline, Asx = aspartic acid, Glx = glutamic
acid, Hyp = hydroxyproline, Phe = phenylalanine, Lys = lysine.
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S4: Analytical results for QC collagen standards in comparison with long-term average values. Isotopic values are an average of
triplicate measurements, the * values are the standard deviation of the triplicate measurements.

Table S4: Nitrogen isotope results for collagen QC samples (SRM-1, SRM-2, and SRM-3) from the three analytical sessions.

SRM-1 (seal) §*°N (%)

SRM-2 (deer) 5*°N (%)

SRM.-3 (fish) §*°N (%)

24-May-23 29-May-23 05-Jul-23 longterm avg 24-May-23 05-Jul-23 longterm avg 24-May-23 29-May-23 05-Jul-23 05-Jul-23 longterm avg
(n=22) (n=19) (n=19)

270 ¢+ 05|283 + 03 (238 + 09 |255 ¢+ 15|12 + 01|21 + 05|25 + 08|91 + 03|93 + 03|94 + 00|87 + 03|98 + 10
130 ¢+ 06 |135 + 01 |106 + 00 (122 + 11|30 + 01|31 + 06|-20 + 09|86 + 00|85 + 02|76 + 0177 + 01|85 + 12
253 + 09 |254 + 03 |218 + 04 |250 *+ 17] 69 + 01|70 + 06|70 + 13130 + 07 ]129 + 05 |145 + 04 |110 + 05 |124 + 11
284 + 19 |295 + 03 (255 + 02 |271 ¢+ 15|04 + 05|15 + 08|19 + 10|93 + 02|99 + 0991 + 12|88 + 05|99 =+ 10
<19 ¢+ 05|16 ¢+ 02((-27 ¢+ 04)-11 ¢+ 10|35 ¢+ 04|30 ¢+ 07|18 + 10}|-22 + 04|31 ¢+ 01 (|-23 + 09|30 + 07|18 + 11
256 ¢+ 03 |-272 ¢+ 03 |-239 + 15 |-228 + 43 |-152 + 08 |-147 + 04 |-129 + 26|50 + 07|44 + 08|-29 + 05]|-39 + 07 ]|-32 + 19
170 ¢+ 08 (81 + 131|172 + 07 |154 + 42|87 + 28|58 + 38(-39 + 31|76 + 06|43 + 17|51 + 11|61 + 06|65 =+ 25
291 + 08 |297 + 03 (252 + 02 |266 + 16|42 + 03|31 + 08|45 + 08127 + 01 |128 + 03 |113 + 00 (110 + 04 |119 + 10
249 + 101|260 + 02212 + 06 |229 ¢+ 14|33 + 06|22 + 07|38 + 08112 + 01 |110 ¢+ 00 (100 *+ 0192 + 05|(103 + 11
302 + 08311 + 03 |257 + 01275 ¢+ 17|44 + 05|30 + 10|47 + 10123 + 021|128 + 04 |112 + 01 (105 * 02 |116 + 13
295 + 101|302 + 02 (254 + 05 |265 + 18|33 + 03|16 + 17|41 + 10136 + 01122 + 02 (107 + 00 |110 + 02 (115 + 12
97 + 0997 + 07|91 + 12|84 + 40|28 + 09|25 + 0927 + 24|84 + 09|67 + 0697 + 13|76 + 14|76 + 28
83 + 09|89 + 04|49 + 11|84 + 11|53 + 08|60 + 15|34 + 13135 + 09|41 + 12|30 + 04|30 + 07|40 + 11




S5: Analytical results for the QCmix standard in comparison with longterm average values. Isotopic values are an average of
triplicate measurements, the + values are the standard deviation of the triplicate measurements.

Table S5: Nitrogen isotope results for QCmix from the three analytical sessions.

Gly
Val
Nle
Pro
Glx

QCmix 5N (%o)
24-May-23 24-May-23 29-May-23 29-May-23 05-Jul-23 05-Jul-23 longerm avg Expected
(n=40) values
221 * 04 227 = 03 230 * 04 240 = 0.2 194 = 02 197 % 01 214 = 14 20.7
264 = 13 282 * 01 296 * 06 301 * 06 251 * 08 247 = 03 279 1.6 30.2
21 = 04 -10 01 25 = 02 21 03 -28 # 01 -25 # 03 -15 = 07 -2.0
01 * 06 0.9 + 02 0.1 + 04 0.6 + 06 07 = 07 -04 * 00 0.5 + 07 0.6
-59 * 06 -50 * 01 -54 * 05 54 01 -63 * 09 -56 * 03 -42 % 1.1 -4.5




sé:

To ensure there are no errors in collagen preservation, derivatization, or instrument performance (Ma et al., 2021; O’Connell and
Collins, 2018; Roberts et al., 2018; Soncin et al., 2021), we compared the 8'°N values of the amino acids proline (Pro) and
hydroxyproline (Hyp). Because Pro derives from the hydroxylation of Hyp without a C or N atom exchange, the 3'°N values of Pro and

Hyp are expected to show proportional correlations (i.e., close to R’=1) if the quality of the AA data is good. The 8**Nnyp, and 5°Npro
values obtained in our study show an R? value of 0.97, thus indicating good quality of the data.
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