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Online Resource 1
Supplementary Method: Quality Control Indicator for Lipid Contamination
An important aspect of this research was characterizing intra-individual isotopic variation in bone collagen as accurately as possible. Accordingly, we needed to ensure that the only source of variation in isotopic composition was driven by variation in the diet and physiology of the individual animal and not by experimental error. In the process of this research we observed strong correlations between the 13C values and atomic C:N ratios of multiple bones within the same individual. This relationship should not exist as the amino acid composition of bone collagen does not vary among elements. The correlation between atomic C:N and 13C is caused by the variable presence of contaminants with a high C:N ratio (or those that only contain carbon) and a relatively low 13C value. Based on previous studies (Guiry and Szpak 2020; Guiry et al. 2016), it is safe to assume that lipids are the source of contamination. For example, most of the isotopic variation in the bones from the individual depicted in Figure S1A comes from the variable lipid content of the samples – those with C:N ratios around 3.10 have negligible amounts of lipids and those with C:N ratios around 3.40 have much higher quantities of lipids. The individual depicted in Figure S2B has a high amount of isotopic variation among the bones, but this likely represents a real dietary or physiological difference within that individual that cannot be explained by lipid contamination. It is therefore absolutely critical that great care be taken to ensure lipid contaminants are not present for future studies of this type. 
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Figure S1: Relationship between C:Natomic and δ13C values within two individual animals. Panel A is an example of a strong relationship indicating variable lipid contamination while Panel B is an example of a week relationship with no lipid contamination. This observable correlation was the method by-which samples were excluded due to lipid contamination quality control. 
Online Resource 2
Supplementary Discussion: Ecological and Life-History Explanations for Variation
Additional Results
The results of the intra-individual data set were further examined to determine if trends exist based on animal species and their ecology. The diets of the individuals analysed were not directly observed, therefore, the forthcoming characterizations are based on prevalent husbandry practices and species ecology. Comparisons based on species clade revealed that birds had the lowest mean isotopic distance value (µ: 0.34 ± 0.22 ‰) when compared to mammals (µ: 0.57 ± 0.48 ‰) and fish (µ: 0.46 ± 0.49 ‰) (Figures S2). Of the terrestrial animals, mean isotopic distance values were low for the weasel (µ: 0.46 ‰) and the other domesticated species, including cow (µ: 0.55‰), pig (µ: 0.20 ‰) and turkey (µ: 0.14 ‰) (Figures S2). An exception to the low mean isotopic distance values observed in terrestrial animals can be seen with the raccoon, which had the largest value (µ: 1.10‰) observed among all the species examined in this study, primarily due to the stark variation in δ13C among its different elements (Figure 4). When comparing migratory and non-migratory species of the same clade, the migratory Northern Flicker had a lower mean isotopic distance measurement (µ: 0.11 ‰) when compared to the non-migratory Hairy Woodpecker (µ: 0.47 ‰) and migratory harp seals had a lower mean isotopic distance (µ: 0.40 ‰) than non-migratory Pacific Ocean Perch (µ: 0.69 ‰) (Figures S2 and Table S1).


Table S1: Summary statistics for the calculated distances between δ13C and δ15N values in isotopic space (‰).
	Sample Group
	n
	Mean
	σ
	Min
	Max

	Inter-individual
	15802
	1.45
	1.15
	0.00
	11.04

	Intra-individual
	484
	0.52
	0.45
	0.01
	2.80

	Intra-bone
	27
	0.63
	0.06
	0.03
	1.25

	
	
	
	
	
	

	Mammal
	368
	0.57
	0.48
	0.01
	2.80

	Bird
	85
	0.34
	0.21
	0.05
	1.06

	Fish
	31
	0.52
	0.46
	0.02
	2.53

	
	
	
	
	
	

	Pacific Ocean Perch
	10
	0.69
	0.29
	0.36
	1.21

	Seals
	37
	0.40
	0.25
	0.06
	1.29

	
	
	
	
	
	

	Weasel
	55
	0.46
	0.04
	0.01
	1.28

	Raccoon
	66
	1.10
	0.70
	0.06
	2.80

	Cow
	108
	0.55
	0.40
	0.04
	1.98

	Pig
	102
	0.36
	0.20
	0.06
	0.89

	Turkey
	28
	0.25
	0.14
	0.05
	0.66

	
	
	
	
	
	

	Northern Flicker
	21
	0.25
	0.11
	0.10
	0.48

	Hairy Woodpecker
	36
	0.47
	0.24
	0.06
	1.06



 
Possible ecological and life-history explanations for variation 
A number of other observations within our dataset lead us to believe that variation in bone turnover may be superseded by diet breadth and physiology as explanations for intra-individual variation. To assess this possibility, comparisons were made, within the study data, to further assess factors that may influence the amount of intra-individual variation.  Species ecology of the sample individuals is discussed in detail in Table S2.  


Table S2:  A list of the species analysed of intra-bone isotopic variability, ecological history, number of individuals (n) and place of origin. 
	Species
	Common Name
	Diet
	Wild or Domestic
	Migratory
	n
	Origin of Samples

	Freshwater Fish
	 
	 
	 
	 
	 
	 

	Esox americanus
	Pickerel
	Carnivore
	Wild
	No
	1
	Lake Ontario, Ontario, Canada

	Perca flavescens
	Yellow perch
	Carnivore
	Wild
	Yes limited
	3
	Lake Ontario, Ontario, Canada

	Marine Fish
	 
	 
	 
	 
	 
	 

	Sebastes alutus
	Pacific Ocean Perch
	Carnivore
	Wild
	No
	1
	Coastal British Columbia, Canada

	Sebastes babcocki
	Redbanded Rockfish
	Carnivore
	Wild
	No
	2
	Coastal British Columbia, Canada

	Sebastolobus alascanus
	Shortspine Thornyhead
	 
	 
	 
	1
	Coastal British Columbia, Canada

	Marine Mammal
	 
	 
	 
	 
	 
	 

	Pagophilus groenlandicus
	Harp Seal
	Carnivore
	Wild
	Yes
	12
	Newfoundland, Canada

	Terrestrial Avian
	 
	 
	 
	 
	 
	 

	Meleagris gallopavo domestica
	Turkey
	Monotonous-Grains and Oils fortified with vitamins and minerals
	Domestic
	No
	1
	Household food by-products

	Colaptes auratus
	Northern flicker
	Insectivore
	Wild
	Yes
	1
	Horse ranch, Peterborough, Ontario, Canada

	Leuconotopicus villosus
	Hairy woodpecker
	Insectivore
	Wild
	No
	1
	Horse ranch, Peterborough, Ontario, Canada

	Terrestrial Mammal
	 
	 
	 
	 
	 
	 

	Bos taurus
	Cow
	Graze, forage, grain (Herbivore)
	Domestic
	No
	6
	Articulated bones of dog chew

	 
	 
	 
	 
	 
	1
	Dairy farm, Windsor, Ontario, Canada

	Sus scrofa domesticus
	Pig
	Monotonous-Grains and legumes, fortited with vitamins and minerals
	Domestic
	No
	2
	Household food by-products

	Mustela frenata
	Long tailed Weasel
	Carnivore
	Wild
	No
	1
	Horse ranch, Peterborough, Ontario, Canada

	Procyon lotor
	Raccoon
	Opportunistic omnivore
	Wild
	No
	1
	Dairy farm, Windsor, Ontario, Canada



The intra-individual variation was assessed across clades: birds, fish, and mammals (Table S1, Figures S1A).  This comparison demonstrated that the mammals and fish had very similar 2σ, upper values of 1.53 ‰ and 1.44 ‰ respectively for intra-individual variation.  The intra-individual variation of the birds had a 2σ upper value of 0.77 ‰, indicating that, based on this limited data set; birds may have a narrower range of intra-individual variation than mammals and fish;  this observation is worthy of further investigation. 
Examination of the marine environment was conducted through comparison of the harp seal and Pacific Ocean perch samples (Table S1, Figures S1B). In comparison to the migratory behaviour of harp seals (discussed in main text; Bajzak et al., 2011; Falk-Petersen et al., 2004), Pacific Ocean perch may forage in areas as large as 70 km2 to 400 km2, but are not specifically migratory (Palof et al., 2011).  Both species are marine carnivores though Pacific Ocean perch occupy a lower trophic position than harp seals (Hulson et al., 2017; Falk-Petersen et al., 2004).  The 2σ upper value for intra-individual variation in the Pacific Ocean perch was determined to be 1.27 ‰ and the value for the harp seal samples was 0.90 ‰.  Given the values obtained for the clades, fish and mammals (Figure S2), it is unlikely that this difference is attributable to the taxonomy.  The hypothesis at the outset was that seasonal migration would produce greater intra-individual variation; however, the harp seals do not provide support for this as they had levels of intra-individual variation that were slightly lower, on average, relative to the other mammals included in this study (Table S1). 
To further investigate the potential effects migration may have on variation, a comparison was made between the northern flicker and the hairy woodpecker (Table S2, Figures S1C).  The northern flicker is broadly distributed across Canada, as far north as the Yukon, throughout the summer months and migrates to the southern United States for the winter months (Flockhart and Wiebe, 2007; Sibley, 2003).  Northern flickers forage on the ground and are specialized consumers of ants (Gow et al. 2013).  Hairy woodpeckers are broadly dispersed across Canada and are non-migratory (Sibley, 2003; Villard and Beninger, 1993; Morrison and With, 1987).
[image: ] 
Figure S2: The mean and 95% confidence interval for the mean of different animal groupings or species based on the distance between δ13C and δ15N values of bone collagen from different bones within the same individual in isotopic space (‰). 
 
Hairy woodpeckers are insectivores, foraging on a range of grubs and beetles available beneath thin bark on tree trunks and branches (Villard and Beninger, 1993; Morrison and With, 1987).  The 2σ upper value of the northern flicker was 0.46 ‰ and the 2σ upper value of the hairy woodpecker was 0.95 ‰.  Once again, the environmental differences associated with migration did not result in a higher degree of variation, relative to the non-migratory comparator, but our sample size was small.  The confluence of diet breadth and rapid growth or high metabolic rates in birds may supersede migration in importance, with both species growing rapidly through maturation and the hairy woodpecker incorporating a wider diet breadth than the northern flicker through that period. Moreover, migratory behaviour should only increase intra-individual variation in circumstances where the endpoints of the migration are characterized by isotopically distinct foods (for 13C and 15N) and this may not be the case for the northern flicker.  
Turkey and pig are fed homogenous diets consisting of pellets or crumb (Marchewka et al., 2013).  Turkeys are fed grains and plant oils, sometimes with a 6% to 8% contribution of animal by-products, with nutrition balanced through the addition of vitamins and minerals (Turkey Farmers of Canada, 2019).  Pigs are fed similarly with a meal comprised of grains, soybeans, and canola meal, fortified with vitamins and minerals (Manitoba Pork, 2019).  The diet of beef cattle is controlled, consisting of graze and dried forage (hay) until they reach a weight of 410 kg at which time they are moved to a feedlot where they consume forage which is incrementally augmented by grain until the grain component is 90% of the diet (Canadian Cattlemen’s Association and Beef Information Centre, 2010).  Dairy cows are provisioned with feed based on crops grown at the farmer’s discretion (Dairy Farmers of Canada, 2019).  The most common feeds for dairy cows include grass, corn, barley, clover, alfalfa, oats, and soybeans (Dairy Farmers of Canada, 2019).  Diet switching in cattle may explain why they had higher levels of intra-individual variation than either pigs or turkeys as well as the harp seals and the weasel (Table S1, Figure S2). This relatively high level of intra-individual variation for cattle is noteworthy since we used a new isotopic dataset generated from domestic cattle bones to test our NIDS metric. The relatively high levels of intra-individual variation observed for modern domestic cattle are therefore likely to increase the probability of misclassifying two bones as coming from distinct individuals when they are from the same individual. 
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