Isotopic Principles

The chemical composition of tissues is determined by food ingestion (Ambrose 1993; Barberena 2014; Tykot et al. 2009). Foods have different isotopic values of C12/C13 and N14/N15 depending on the plant photosynthetic pathway, the trophic level, or the food origin (terrestrial or marine). There are three photosynthetic pathways: C3, C4 and CAM. C3 photosynthetic pathway includes plants from temperate environments with δ13C values between -20‰ and -35‰. In contrast, C4 vegetables comprise plants adapted to areas with high temperatures and humidity, with δ13C values between -10‰ and -14‰ (average= -12‰). CAM plants are succulent vegetables from arid environments that combine photosynthetic pathways resulting in δ13C values that overlap with C3 and C4 plants (Ambrose 1993; Pate 1994).


On the other hand, marine plants and animals present more positive δ13C values (Tykot 2006; Barberena 2014). The vegetables` isotopic values are transferred to the animals that feed on them with fractionations of 5‰ and 9.5‰ for collagen and apatite respectively, although there is some variability regarding these values (Barberena 2014; Tessone 2010; Tykot 2006). Thus, C3 plant-consumer herbivores have higher δ13Ccol values, between -24.4 and -19 (average = -21‰), than C4 plant-consumers that show values between -8.6 and -6.4 (average = -7.5‰) (Gil et al. 2014; Katzenberg 2008; Tykot et al. 2009). Regarding the apatite, the average values are -14‰ for C3 plant-consumer herbivores, and -6‰ for C4 plant-consumers (Froehle et al. 2012; Harrison and Katzenberg 2003).


The carbon of apatite and collagen comes from different sources (Krueger y Sullivan 1984; Tieszen and Fagre 1993). In the case of apatite, the carbon derives from the bicarbonate dissolved in the blood, whose origin is the consumed carbohydrates, lipids and proteins. Carbon collagen is synthesized from amino acids that are incorporated into the diet. For that reason, while the collagen analysis informs about the protein part of the diets, the inorganic part reflects the total diet (Ambrose and Norr 1993; Harrison and Katzenberg 2003). Therefore, the differences in C3 and C4 plants consumption in the diets will be better reflected in δ13C values obtained from the inorganic bone fractions (Harrison and Katzenberg 2003). Finally, δ13C values in human individuals show the diet of the last years of life (Barberena 2014). 

Individuals´ positions in the trophic chain can be estimated through δ15N analysis (Barberena 2014; Tykot 2006) since there is a 3‰ increase in  the values (or fractionation) between trophic levels (Froehle et al. 2012; Schwarcz and Schoeninger 2011). For this reason, higher δ15N values are expected in the diets of carnivores than in those of herbivores. On the other hand, as marine environments are more enriched in N15 than terrestrial ones, marine foods have higher δ15N values than do terrestrial foods. However, other factors such as soil aridity, nitrogen cycles or soil compost increase the values of N15. Thus, δ15N values of wild and cultivated plants are highly variable (Gil et al. 2014).
Sample Processing

The samples from the sites and collections studied by our research team were sent to the Centre for Applied Isotope Studies at The University of Georgia for δ13C and δ15N analyses. The lab procedures included the following steps: the bone was washed, using ultrasonic bath; after cleaning, the dried bone was gently crushed to small fragments; the crushed bone was treated with diluted 1N acetic acid to remove surface absorbed and secondary carbonates -periodic evacuation insured that evolved carbon dioxide was removed from the interior of the sample fragments, and that fresh acid was allowed to reach even the interior micro-surfaces-; the sample was then reacted under vacuum with 1N HCl to dissolve the bone mineral and release carbon dioxide from bioapatite. Regarding collagen extraction, the crushed bone was treated with 1N HCl at 4º. The residue was filtered, rinsed with deionized water and under slightly acid condition (pH=3) heated at 80ºC for 6 hours to dissolve collagen and leave humic substances in the precipitate. The collagen solution was then filtered to isolate pure collagen and dried out. The carbon and nitrogen isotope ratio was also measured on a MAT 252 Isotope Ratio Mass Spectrometer. The ratios are expressed in per thousand (‰) using the δ notation. The values for δ13C are measured with reference to PDB standards with an error of less than 0.1 ‰. The δ15N values are referenced to atmospheric nitrogen with an error of less than 0.2‰ (Cherkinsky personal communication 2016).
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