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Table A2.1: All Values, Human and Faunal Samples (continued)

Sample Collagen Data Carbonate Data
Yield 5N 5"C CIN %N  %C Minera 5°C 5°Q
(90 CoAIR) %0 PDB) Yield (%) @0PDB) (%0 PDB)

Petras (continued)
SPE-04 41 10.7 -18.7 34 156 455 77.6 -10.6 -4.37
SPE-05 125 9.6 -18.9 33 161 454 71.2 -10.6 -7.14

SPE-06 9.2 89 -194 33 159 455 69.0 -11.9 -1.44
SPE-07 136 89 -19.7 33 167 470 65.8 -11.3 -8.06
SPE-08 54 95 -19.2 34 156 455 73.5 -10.3 -8.47

SPE-09 153 92 -19.5 32 159 456 67.1 -12.4 -6.63
SPE-10 103 85 -18.9 34 155 445 712 -10.5 -7.49

SPE-11 6.7 91 -19.3 33 156 446 818 -10.8 -6.87
SPE-12 21.2 94 -19.5 32 164 453 52.9 -12.3 -6.45
SPE-13 838 91 -19.5 34 154 451 75.7 -9.7 -6.84

SPE-14 4.2 9.6 -18.9 33 154 435 774 -9.2 -7.26
SPE-15 16.7 9.8 -18.8 33 156 444 64.9 -12.5 -7.23
SPE-16 186 127 -18.6 33 167 471 63.3 -12.0 -5.83
SPE-17 10.9 89 -194 33 161 449 72.6 -12.4 -8.12

Servia

SSE-01 77 87 -18.1 33 166 467 78.9 -10.6 -7.98
SSE-02 45 9.2 -19.0 34 149 439 61.3 91 -5.82
SSE-03 135 95 -18.6 32 157 436 51.6 -11.6 -5.96
SSE-04 51 9.3 -19.2 34 155 453 76.1 -8.6 -7.22

SSE-05 113 86 -18.8 34 164 474 55.8 -10.8 -7.86
SSE-06 10.0 9.0 -18.8 33 162 46.0 73.7 -10.3 -11.53
SSE-07 0.0 831 notrun notrun
SSE-08 21.2 84 -19.0 32 168 46.0 58.4 -12.3 -15.76
SSE-18 178 9.6 -18.0 32 172 472 60.0 -12.1 -7.07
SSE-33 22 9.7 -18.7 33 152 435 824 notrun notrun
SSE-34 20.0 82 -19.0 33 160 436 61.1 121 -10.62
SSE-35 16.3 85 -18.6 32 164 449 64.2 -12.4 -7.46
SSE-36 21.2 85 -18.7 32 162 456 60.7 -12.3 -8.8
SSE-37 14.0 11.3 -17.6 33 159 449 62.8 -11.0 -7.88
SSE-38 102 83 -18.6 32 169 470 717 -11.8 -7.94

SSE-39 204 8.6 -19.1 33 159 455 67.9 -11.7 -8.6
SSE-40 0.7 8.6 -18.7 33 156 435 86.5 notrun notrun
SSE-41 0.0 84.7 notrun notrun
SSE-42 18.6 7.3 -18.6 32 169 46.2 545 -10.6 -125
SSE-43 89 84 -18.8 32 166 458 76.2 -11.2 -8.03

SSE-44 203 9.0 -19.0 32 163 440 63.2 -124 -7.45
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Table A2.2: Samples Rejected From Collagen Study

Sample Yield §"N §°C CN %N %C Reason
(Vo) (%)  (%0)
SAG-15 04 105 -19.1 35 14 42 model quality, C/N
SAG-20 05 17.8 -192 6.7 5 32 model quality, C/N, %C, %N
SAG-21 1.3 116 -198 3.6 15 45 yield, C/N
SCO-F03 1.7 59 212 34 14 41 yield, aberrant stable isotope
values for species and site.
SCO-06 1.8 8.1 -193 35 14 42 yield, C/N
SCO-10 20 104 -194 35 14 42 yield, C/N
SCO-26 0.8 98 -190 34 12 34 yield, model quality, %C, %N
SCO-37 3.8 109 -184 34 14 41 model quality
SMY-FOl - —em e e e e failed to produce model
SMY-FO7 1.4 6.6 -21.8 33 16 44 yield, model quality
SMY-F13 23 83 -208 35 15 46 yield, C/N, model quality
SMY-F14 0.2 87 -21.1 3.7 14 44 yield, C/N
SMY-F16 4.6 76 203 36 148 456 C/N
SMY-04 4.3 97 -190 33 16 44 model quality
SMY-05 - - e e e e failed to produce model
SMY-06 - e e e e e failed to produce model
SMY-11 0.3 100 -18.8 33 15 42 yield
SMY-23 0.8 114 -192 34 15 44 yield
SMY-33 42 101 -197 35 14 43 C/N
SMY-38 03 102 -186 33 16 45 yield
SMY-47 34 120 -196 35 16 47 C/N
SMY-59 3.8 146 -184 35 16 48 C/N
SNE-01 1.8 76 -197 34 15 44  discarded to eliminate
8"C:C/N correlation
SNE-02 3.7 72 -199 33 16 46 > »
SNE-06 1.7 84 -196 34 15 45 » >
SNE-09 2.6 76  -195 34 16 45 » ”»
SNE-12 24 77  -19.1 34 16 45 > ”»
SNE-15 1.8 7.6  -194 33 16 46 > »
SNE-17 2:1 82 -19.7 34 14 42 >
SNE-31 4.9 75  -192 33 15 44 » >
SNE-35 3.6 95 -193 34 I 43 » %
SNE-44 8.2 98 -195 34 15 44 » >
SPE-01 2.6 90 -196 35 14 41 yield, C/N
SSE-07 - ceem e e e e failed to produce model
SSE-40 0.7 86 -187 33 16 44 yield
SSE-41  ----- e oo oo e failed to produce model
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Table A2.3: Samples Eliminated from Carbonate Data Set

Sample Collagen data Carbonate data

Yield 8"C
(%) (%)

Agora faunal
SAG-F04 13.6 -19.8
SAG-F12 94 -19.9
SAG-F16 33 -19.6
SAG-F17 163 -19.9
SAG-F23 103 -21.1

Agora human

SAG-01 26 -19.2
SAG-02 29 -19.8
SAG-04 6.5 -19.7
SAG-05 1.7 -19.7
SAG-06 25 -19.8
SAG-07 95 -19.2
SAG-09 58 -193
SAG-13 59 -194
SAG-14 103 -19.6
SAG-15 04 -19.1
SAG-17 22 -19.0
SAG-20 0.5 ~-19.2
SAG-21 1.3 -19.8
SAG-27 47 -193
SAG-28 46 -194

Corinth faunal
SCO-F03 1.7 212
SCO-F07 98 -19.6

Corinth human

SCO-06 1.8 -193
SCO-10 20 -194
SCO-13 26 -19.1
SCO-26 0.8 -19.0
SCO-28 52 -18.6
SCO-31 3.0 -18.1
SCO-32 10.8 -17.6
SCO-36 43 -182
SCO-37 38 -184

Mineral
Yield (%)

66.8
70.9
69.3
69.0
71.1

74.7
73.6
71.2
73.0
74.5
70.2
70.1
73.3
59.2
72.6
75.1
75.2
=W
72.4
62.2

76.8
60.1

70.6
71.5
75.8
71.8
75.1
69.6
75.2
73.4

sB¥c  §%0  ABC
(%) (%) (%0)
-12.2 -109 7.6
-10.2 -5.6 9.6
-8.9 -6.3 10.7
-10.3  -10.8 9.5
-12.0  -14.0 9.1
-11.0 -5.7 8.3
-10.4 -5.6 9.4
-10.0 -5.5 9.8
-10.6 -4.5 9.1
-9.8 -5.4 9.9
-10.2 -6.9 9.0
-10.3 -4.8 9.1
-11.3 -6.0 8.1
-13.6 -1.5 6.1
-11.8 -5.6 7.4
-11.8 -6.4 7.2
-11.5 -6.6 1.7
-8.9 -1.3 10.9
9.4 -4.8 9.9
-11.2 -53 7.2
9.8 2.7 11.5
-10.8 -8.0 8.9
-10.0 -1.5 8.6
-9.9 -73 8.2
-5.9 1.4 11.6
-8.9 -7.1 93
-9.0 -6.0 9.5

Reason for Omission

8'%0 value

high mineral yield
5'%0 value

5'%0 value

C/P value

yield - 8"3C correlation
yield - 8"C correlation
yield - §"°C correlation
yield - 8'C correlation
yield - 8"°C correlation
yield - 8"°C correlation
yield - "°C correlation
partial collagen model
partial collagen model
collagen rejected
partial collagen model
collagen rejected
collagen rejected

yield - §"°C correlation
partial collagen model

collagen rejected
80 value

collagen rejected
collagen rejected

not run

collagen rejected

CL C/p

ClL, C/P

380 value

partial collagen model
collagen rejected
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Table A2.3: Samples Eliminated from Carbonate Data Set (continued)

Sample Collagen data Carbonate data Reason for Omission
Yield §"C Mineral §C  §%0 A“C
(%) (%) Yield (%) (%) (%)  (%o)

Mitilini faunal

SMY-F01 0.0 --—-- 78.3 - e e no collagen model
SMY-F05 42 -21.1 633 -128 92 8.4 §"0 value

SMY-FO7 1.4 -21.8 80.1 - e e partial collagen model
SMY-F13 23 -20.8 73.8 collagen rejected
SMY-F14 0.2 -21.1 784 - e e collagen rejected
SMY-F16 46 -203 68.8 collagen rejected

Mitilini human
SMY-01 6.0 -18.1 719  -109 -145 7.3 §"%0 value
SMY-04 43 -19.0 79.8  -10.6 -7.1 8.5 collagen rejected

SMY-05 0.0 - 81.7 -11.8 S B no collagen model
SMY-06 0.0 - A no collagen model
SMY-11 03 -18.8 846 - e - collagen rejected

SMY-13 56 -19.0 729  -11.1 -6.1 7.8 partial collagen model
SMY-18 6.8 -19.0 714 -11.1  -13.5 7.9 §"%0 value

SMY-23 0.8 -19.2 814 o e e collagen rejected
SMY-33 42 -19.7 75.7 - e e collagen rejected
SMY-38 03 -18.6 81.0 -9.8 -1.2 8.9 collagen rejected
SMY-40 50 -18.9 826 -125 -6.54 6.4 partial collagen model
SMY-41 29  -185 80.7 -10.2 -6.9 8.3 partial collagen model
SMY-45 54 -188 73.9 -10.6 -126 82 §"0 value

SMY-47 34 -18.9 762  -10.6 -5.2 8.3 collagen rejected

SMY-53 1.5 -19.1 75.8 not run

SMY-55 11.2 -8.5 71.0 -4.7 2.7 3.8 CI,C/P

SMY-59 38 -184 714 collagen rejected
Nemea

SNE-01 1.8  -19.7 76.5  ---em e - collagen rejected

SNE-02 3.7  -19.9 73.0 -10.8 -6.8 9.1 collagen rejected
SNE-04 51 -19.8 726 -104 -5.1 9.4 vyield - §"C correlation

SNE-06 1.7 -19.6 79.3 collagen rejected
SNE-07 30 -192 776 92 52 9.9 yield - 8"°C correlation
SNE-08 38 -196 - e e e insufficient sample§
SNE-09 26 -195 79.1 e e e collagen rejected

SNE-10 3.0 -19.0 818 90  -6.1  10.0 yield-38"C correlation
SNE-11 3.0 -16.0 779 82  -6.8 7.8 vyield - 8"°C correlation
SNE-12 24 -19.1 80.2 - e e collagen rejected
SNE-13 2.7 -19.6 784 e e e not run
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Table A2.3: Samples Eliminated from Carbonate Data Set (continued)

Sample Collagen data
Yield §%C
(%) (%)

Nemea (continued)
SNE-14 29 -189
SNE-15 1.8 -194
SNE-17 21 -197
SNE-18 126 -19.2
SNE-23 55 -188
SNE-24 52 -185
SNE-27 58 -19.0
SNE-29 6.5 -19.7
SNE-31 49 -19.2
SNE-32 7.1 -19.0
SNE-33 56 -18.9
SNE-35 36 =193
SNE-37 54  -193
SNE-41 42  -19.2
SNE-42 3.5 -19.1
SNE-43 57 -19.2
SNE-44 82 -195
SNE-46 80 -193
SNE-48 10.2  -19.0
SNE-49 87 -19.0
SNE-53 6.0 -19.0
SNE-54 53  -195

Petras

SPE-01 26 -19.6
SPE-03 56 -18.7
SPE-04 41 -18.7
SPE-05 125 -189
SPE-08 54  -192
SPE-10 103 -18.9
SPE-11 6.7 -193
SPE-13 88 -195
SPE-14 42 -189

Carbonate data

Mineral
Yield (%)

79.6
80.5
81.4
76.8
74.1
75.6
71.1
73.7
71.0
63.8
72.4
116
675
76.7
76.4
75.7
65.9
72.1
63.5
65.2
67.2
70.5

3.7
193
77.6
71.2
733
1.2
81.8
75.7
77.4

6|3C 6]80 A|3C
(%0) (%0) (%0)
-9.2 -4.6 9.8
-10.5 -6.7 8.7
-10.2 -3.9 8.7
-10.4 -7.3 8.2
99 -5.1 9.1
-10.1 -4.6 9.6
-9.6 -6.5 9.6
-9.6 -54 94
-10.0 -6.3 8.9
-9.7 -8.8 9.7
-89 -6.5 10.4
94 -6.2 98
-10.0 -8.4 9.2
-10.9 -7.2 8.6
9.8 -8.4 9.5
-10.1 -6.5 8.9
-10.3 -6.5 8.7
-10.1 -8.1 8.9
-10.6 95 8.9
-10.1 -4.5 9.5
-10.3 -5.6 8.5
-10.6 -4.4 8.0
-10.6 -7.1 8.2
-10.3 -8.5 8.9
-10.5 -7.5 8.4
-10.8 -6.9 8.5
-9.7 -6.8 9.7
92 -73 9.7

Reason for Omission

yield - 8"°C correlation
collagen rejected
collagen rejected

CL C/P

yield - 8"°C correlation
yield - 8"°C correlation
yield - 8"°C correlation
yield - 8"°C correlation
collagen rejected

yield - 8"°C correlation
yield - 8"C correlation
collagen rejected

yield - 8"°C correlation
yield - 8"°C correlation
not run

yield - 8"C correlation
collagen rejected

yield - 8"°C correlation
yield - 8"°C correlation
yield - 8"°C correlation

yield - 8'°C correlation
CL C/P

collagen rejected

yield - 8"°C correlation
§'%0 value

yield - 8"3C correlation
yield - 83C correlation
yield - §°C correlation
yield - 8"°C correlation
yield - 8"°C correlation
yield - "°C correlation

§ this sample was exhausted in collagen analysis
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Table A2.3: Samples Eliminated from Carbonate Data Set (continued)

Sample

Servia

SSE-01
SSE-04
SSE-06
SSE-07
SSE-08
SSE-33
SSE-34
SSE-40
SSE-41
SSE-42

(%)

1.7
5.1
10.0
0.0
21.2
22
20.0
0.7
0.0
18.6

§C
(%o)

-18.1
-19.2
-18.8

Mineral
Yield (%)

78.9
76.1
73.7
83.1
58.4
82.4
61.1
86.5
84.7
54.5

Collagen data Carbonate data
Yield

s'c 3% AC
(%0) (%) (%o0)
-10.6  -8.0 75

86 72 105
-103  -115 8.5
123 -1538 6.7
121 -10.6 6.9
-10.6  -12.5 8.0

Reason for Omission

partial collagen model
high mineral yield
8'%0 value

no collagen model
8"%0 value

partial collagen model
8'%0 value

collagen rejected

no collagen model
3'%0 value
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Appendix 3: Calibration and Precision of Stable Isotope Ratios

This appendix outlines the methods used for calibration of the stable isotope data
provided by the mass spectrometers. It also describes the methods used to determine the
precision of the measurements, and provides the data, calculations, and final standard

error values obtained for the stable isotope values.

Calibration

During 8C and "N assay, the mass spectrofneter produces a series of
uncorrected stable isotope values that must be calibrated to standards of known 8"*C and
8""N. This was done under the guidance of Stephen Taylor, University of Calgary

Department of Physics and Astronomy, using his methodology as follows.

Calibration of the bone carbonate 8'°C values was straightforward:

1) For each run of bone mineral samples, two samples of a single homogenous carbonate
standard, Lublin, were analysed, one at the beginning of the run and a second at the

end. This internal standard had previously been run against international standards by
the University of Calgary Stable Isotope Laboratory to determine its true '°C value

as calibrated against these standards.

2) After the run was complete, values obtained for the standards were compared to

ensure that undue measurement drift had not taken place over the run.

3) The raw 8"°C value of the two standards was then averaged. This average 8"°C value
was compared to the known 8'°C value of the Lublin standard. The difference in the

values was taken as the correction factor for that run.

Calibration of the bone collagen, food and hair values was more complex, as it
involved the use of two standards to overcome increased difficulties with within-run drift

encountered when performing simultaneous 8"°C and 8"°N analysis.
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For each run of samples, several samples of two internal standards were analysed.
The standards used were caffeine (CgH;oN4O3) and bovine gelatin (both homogenous
standards supplied by Sigma). Like the Lublin standard, these had previously been

run against international standards to determine their true 8>C and 8'°N values.

For all runs, uncorrected 8°C and 8N values and peak sizes for the standard
samples were screened for aberrant values indicating problems specific to the sample

(e.g. errors in sample packing). The data from these samples were discarded.

The sample data were corrected for measurement drift over the course of the run.
Mean uncalibrated 8"°C and 8"°N values for the standards at the beginning and end of
the run were calculated. For each standard, change in uncalibrated "°C and 8'°N was
calculated. Drift for each isotope was then obtained by taking the average change for
the two standards. The total value of this drift was factored out over the number of
sample positions in the run, and applied to the samples according to their position.
For example, if uncalibrated §'°C of gelatin changed by -0.3%o0 over the run while
uncalibrated §"°C of caffeine changed by -0.1%o0, mean drift for carbon would be
-0.2%o. This indicates that 8'"°C values were drifting to the negative, and that a small
positive correction should be applied to samples later in the run. If 35 samples were
run between the beginning and end groups of standards, then the total drift would be
factored out as ’/35(-0.2%0) for each position. The correction would thus be
'/35(0.2%0) for the first sample position after the initial standards, */35(0.2%o) for the
second one, and so one, with the final sample position before the end standards

corrected by **/35(0.2%o), the full value of the drift.

After sample values were drift-corrected, the stable isotope values for the run were
calibrated using the standards. Uncorrected 8"°C and 8'"°N values for the standards
from the beginning of the run were plotted against the standards’ true values. For
each isotope this produced 2 data points: uncorrected value against true value for
caffeine, and uncorrected value against true value for gelatin. A regression equation

was generated for these points in the form
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(true value) = a(uncorrected value) + b

This equation was then applied to the sample values to calibrate them.

Precision of Stable Isotope Measurements
Before the stable isotope values obtained could be interpreted, their precision had
to be evaluated. As with calibration, the methods used to calculate measurement

precision differed somewhat for collagen and carbonate values.

Bone Carbonate Values

In the case of the bone carbonate 8°C values, one indication of precision is the
difference seen between the two Lublin standard values from each run. This ranged from
0.03%o to 0.22%o, with a mean of 0.1%o; the direction of change was not consistently
positive or negative. This suggests generally good precision within runs and no
systematic effect arising from the position of a sample within the run. A better indicator
of precision, one which reflects measurement error on samples assayed in different runs
as well as internal error within the run, may be derived from calibrated 8"°C values
obtained for a number of samples which were assayed in triplicate over different
measurement runs. The mean 8'°C values and standard deviations are given in Table

Al.1, below.

Table A3.1: Repeat 8"°C Values Obtained for Bone Carbonate Samples

Sample Valuel Value2 Value3 Mean s.d.
SCO-F02 -10.7 -10.5 -10.0 -10.4 0.389
SAG-FO01 -11.3 -11.1 -11.3 -11.3 0.106
SMY-F04 9.9 -9.5 -9.7 -9.7 0.200
SMY-01 -10.9 -10.6 -10.8 -10.8 0.135
SMY-20 -10.8 -10.4 -10.8 -10.6 0.202

Average s.d. 0.206
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These standard deviations indicate a measurement error similar to that suggested by
within-run variation in Lublin standard §"°C values. Overall measurement error may be
taken as the mean of the standard deviations, or 0.206%o0. This indicates that the bone
carbonate 8"°C values obtained in this study should be assumed to be accurate within
+0.4%o0 at 95%. Samples with values separated by less than 0.8%o should not be assumed

to be significantly different.

Bone Collagen, Food and Hair ”C and §"°N

In the case of the collagen 8"C and 8'°N values, precision was determined using
the 8"°C and 8'°N values obtained for a large number of samples run in quadruplicate
across different measurement runs. Table A1.2 shows the ANOVA for quadruplicate
8°C measurements on 28 samples. The measurement error on individual samples is
given by the root of the within-runs MSE, which is 0.125. Table A1.3 shows a similar
ANOVA for quadruplicate 5'°N measurements. Measurement error, from the root of the

within-runs MSE, is 0.214.

Table A3.2: ANOVA for Repeat Measurements on Samples — 5"°C#
Source of Variation SSE df MSE F P-value  Fcrit
Between Runs 664 27 246 1572 1.8x10""  1.62
Within Runs 1.31 84 0.0156
Total 665 111

T the extremely small P value results from inter-sample variability in 5"°C

Table A3.3: ANOVA for Repeat Measurements on Samples — 8" Nt

Source of Variation SSE df MSE F P-value F crit
Between Groups 418 27 155 339 1.14x10™  1.62
Within Groups 3.83 84 0.0456

Total 422 111

T the extremely small P value results from inter-sample variability in 5"°N

Based on these ANOVA tables, measurement error values are +0.125%o for §'°C

and +0.214%o for 8'°N. Thus, 8"°C figures cited for this study may be taken as accurate
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to +0.1%0 and 8'°N measurements may be taken as accurate to +0.2%.. The 95%
confidence intervals for the measurements are +0.2%0 for 8"°C and +0.4%o for &'°N.
Thus, 8"°C measurements separated by more than 0.4%. are assumed to reflect true

differences in §"°C; the equivalent figure for §'°N is 0.8%o.
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Appendix 4: Calculation and Correction of C/N Atomic Ratios

The calculation of atomic C/N ratios from the data output of the C/N analyzer and
mass spectrometer was performed under the guidance of Stephen Taylor, University of

Calgary Dept. of Physics and Astronomy, using his methodology as follows:

1) The output of the C/N analyzer and mass spectrometer provide data on the area of the
carbon and nitrogen signal peaks for each sample. Sample weight (to 0.001 mg) is

recorded during weighing.

2) For each run of 49 sample positions, 6 to 8 samples of an internal standard of known
atomic formula (caffeine, CgH;oN4O,) were analyzed at various positions. For each of
these samples, weight of C and of N was calculated using the known %Cyeighy and

%N (weigh) of caffeine.

3) Regression analysis was performed on the set of caffeine samples for each run,

matching weight of C to C peak area and weight of N to N peak area.

4) For each sample of unknown C/N for that run, C peak area and N peak area were
converted to weight of C and N using the regression formulae. These were then used

to calculate a C/Nass) ratio {C/Nmass) = mass C/mass N}.

5) Atomic weights of C and N were then used to convert this ratio to an atomic C/N

ratio:

Atomic weight of C =12.011 Atomic weight of N = 14.0067

Il

Atomic C/N mass C x (1/12.011)

mass N x (1/14.0067)

= C/Nmass) x (14.0067/12.001)
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Precision of C/N measurements’

Before the C/N ratios generated could be interpreted, they had to be checked for
consistency. This was done by using the C/N regression formulae on the gelatin
standards. As these are homogenous, variability provides information on the precision of
the C/N measurements. As well, variability in repeat C/N measurements on samples was
considered.

The data collected for gelatin standard C/N is given in Table A2.1, below.
Gelatin C/N means show a range of 0.15 in the 16 runs, with a high of 3.31 and a low of

3.16. The mean within-run standard deviation is 0.049.

Table A4.1: Calculated C/N Ratios for Gelatin Standards
Run | Mean 1 s.d. Run | Mean 1s.d.
3.25 0.106 9 3.27 0.0768
3.21 0.0441 10 3.22 0.0341
3.23 0.0571 11 3.31 0.0416
3.24 0.0833 12 3.16 0.0438
3.24 0.0336 13 3.20 0.0732
3.29 0.0610 14 3.26 0.0101
3.31 0.0563 15 3.26 0.0155
3.16 0.0330 16 3.24 0.0074

=N Bl R R O S R

Table A4.2: ANOVA for Gelatin Standards by Run

Source of Variation  SSE df  MSE F P-value F crit
Between Runs 0.187 15 00125 394 225x10°  1.78
Within Runs 0.279 88 0.00317

Total 0.467 103

The precision of the gelatin C/N measurement within and between runs can be
assessed using an ANOVA table of the measurements (Table A2.2, above). Error within
runs is given by the root of the within-runs MSE. This works out to 0.0563. Error
between runs, as estimated by the root of the between-runs MSE, is 0.118. The

significant F value obtained in the ANOVA test demonstrates that this error is large

' From this point, and at all times in the main text, the term “C/N” will be used to indicate atomic C/N ratio.
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enough to create significant run-to-run differences in C/N measurements.  This
presumably relates to specific conditions on the various days the samples were run.

The appropriate estimate of overall error for the C/N values is the total standard
deviation of gelatin samples from all runs. This is equal to 0.0673. Based on this, a C/N
figure may be considered to be precise to about +0.07 at a 66% confidence interval and
+0.14 at a 95% confidence interval. Roughly, C/N ratios separated by more than 0.3 can

safely be assumed to be truly different.

Impact of sample inhomogeneity on C/N measurement precision:

Another consideration for C/N precision is the possibility that measurements on
samples are less precise than those on standards due to internal variation in sample C/N.
This possibility may be checked using the repeat sample C/N measurements included in
each run. A comparison of the variation in these figures to variation of standard C/N
within runs should provide an indication of the degree to which sample inhomogeneity
adds to measurement error.

An ANOVA test run on the 51 sets of sample triplicates allows a comparison
between error on standards and samples. As Table A2.3 (below) shows, the MSE value
for the sample triplicates is 0.0026, giving an error value of 0.0508. This is slightly
smaller than the within-samples error of 0.0563 obtained on the gelatin standards,
suggesting that inhomogeneity of the collagen samples does not add to the error of the
C/N measurement. Thus, the error figure of +0.07 generated using the gelatin standards
may confidently be used for the collagen samples in the study. This figure is similar to
the error of 0.1 cited by DeNiro (1985) in the original study confirming the utility of

C/N ratios for assessing collagen diagenesis.

Table A4.3: ANOVA for Sample Triplicate Repeats

Source of Variation ~ SSE df  MSE F P-value F crit
Between Samples 1532 51 0.0300 116  1.57x10% 147
Within Samples 0.269 104 0.00259

Total 1.80 155






