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Background of stable isotope analysis
1. Background of the stable isotope analysis of nitrogen isotopes
The ratio of 15N is related to the trophic position of any specific organism within the local food web. Nitrogen can originate from plant proteins with usually low levels of the 15N isotope which, however, can accumulate by re-integration into an organism at a higher level of trophy. Animal nitrogen sources accordingly show higher levels of trophy than plant sources. Likewise, while many plants show 15N values of approximately 3 %o, herbivorous animals reveal values of approx. 9%o [1]. 
The level of the trophic position is usually higher in aquatic food due to the presence of zooplankton and insect pray at the base of this food chain [2]. As a result 15N ratios of fish are often significantly higher than those of terrestrial animals [3], despite the fact that fish may consume a very diverse mixture of aquatic food sources containing variable 15N ratios. In addition to these general trends, 15N values of plants and animals may differ between various regions [3]. This may be the result of influences by climate [4], physiology [4], [5] and subsistence techniques such as crop manufacturing or salt-marsh grazing [6], [7]. These variables generate inter-regional differences in human 15N values that are not related to diet per se, which complicates isotopic comparisons of diet across populations. 

In case of exceedingly high 15N isotope levels – such as in the individual under investigation in this report – the high 15N value may be very indicative for the origin of the respective individual: Extremely high levels of 15N are seen in populations with a dominance of sea food nutrition (South African and South American coast line populations) since here the extraordinarily high level of nitrogen isotope trophy results for the nitrogen isotope rich food supply of sea fish, seals and walruses which may serve as a main nutritional source. 
Therefore, in the present case, a (at least near) coastal line origin of the individual is highly presumable.

2. Background of the carbon isotope analysis
The ratio obtained using carbon stable isotopes, mainly 12C / 13C, is assessed to determine the relative consumption of two classes of plants: so-called “C3 plants” include most vegetables, wheat, and barley, while the “C4 plants” are made up by millet, maize and other tropical grasses [8].  The main differences between these two classes of plants are different photosynthetic pathways through which carbon is fixed from the atmosphere into the plant tissue [9]. The major source of carbon for terrestrial ecosystems is atmospheric CO2 with a 13C ratio of approximately – 8%o [10]. The photosynthetic pathway of C3 plants (called Calvin cycle) preferentially incorporates the lighter isotope 12C during metabolism and discriminates against 13C. Consequently, C3 plant tissues are considerably depleted compared to CO2 exhibiting values of -20,0 to -35,0 %o [11]. C4 plants use a different pathway (called the Hatche-Slack pathway) to metabolize carbon. This does not discriminate as stringently against the heavier isotope leaving tissues 13C-enriched compared to C3 plants. The 13C values of C4 plants range from – 9,0%o to -14,0 %o and do not overlap those of C3 plants [11].

Marine plants metabolize carbon present in oceans via the C3 photosynthetic pathway. The major source of carbon in marine ecosystems is dissolved inorganic carbon (including carbonic acid and CO2) [12]. Particulate organic matter (including algae) is another source of carbon in marine environments with 13C values generally ranging from -18.5 to -22.0%o [12]. The 13C ratios of plants and animals occupying marine niches fall between these values and marine fish 13C values can range from approximately -11.0 to -19.0 %o [13]. 

The 13C composition of plants in freshwater ecosystems is highly variable. Unlike in terrestrial or marine environments where carbon derives primarily from a single source (atmospheric CO2 on land and dissolved carbonate in oceans), carbon composition in freshwater environments is heavily influenced by isotopic equilibration between water and atmosphere and also by decomposing organic matter. Freshwater fish consequently exhibit a broad range of 13C values, but studies suggest their values are usually depleted due to the low 13C ratios of aquatic plants [14], [15]. Depletion in 13C ratios of human bone below what might be expected of a terrestrial diet (more negative than approximately -22.0%o the low-end of what could be explained by a C3-only terrestrial diet) suggests fresh water fish consumption.

In the present case the high value for the carbon isotope 13C favours a C4-derived plant diet of the individual. As described above, this pattern is restricted to maize and some other tropical grasses. Thereby, the most probable nutritional source comes from the New World. 

Taking the isotope values form nitrogen and carbon isotopes together, the typical pattern localizes the individual to a coastal area of Southern America, i.e. Southern Peru / Northern Chile. In those regions, previous studies have identified a similar istopic pattern as in our present study.
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