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This paper focuses mainly on the skeletal remains that have been analyzed for chemical composition of Andean coastal people before the extensive use of subsistence agriculture.  There are few Andean sites that have much research on chemical composition of bones because of its unreliability.  I will discuss the many factors that can distort readings of elements in bones and other ways to analyze skeletons for nutrition.  I will discuss findings from Paloma, Peru as well as some of the different Andean cultures analyzed by Marvin Allison.  I will then summarize some of the conclusions that relate to paleonutrition and health of these coastal people, mostly in relation to the heavy consumption of marine resources by preceramic peoples.
The main focus for this dietary and nutritional research is to validate the significance of marine resources within coastal people.  I have sampled preceramic as well as later coastal Andean groups to show that marine resources were always an important subsistence strategy.  While this fact is not debated, the shell midden and fishing paraphernalia found are evidence enough, I believe it is important to reiterate exactly how important it was to coastal people, possibly validating Moseley’s Maritime Hypothesis.  To begin, I must describe the skeletal data I used in this research.  Jeremy Edward and Robert Benfer conducted detailed analysis of skeletons of Paloma, Peru, a central coastal region southeast of Lima of which the skeletons are about 8000-4500 years old.  The main focus of their joint research was to determine the diagenesis of skeletal material by analyzing the surrounding soil.  I will refer to this research when I discuss chemical bone analysis.  Benfer also published findings on the Paloma skeletons in Cohen and Armelagos’ book, Paleopathology at the Origins of Agriculture, in which he gives more general information about the village and its inhabitants.  In addition, I will use Marvin Allison’s findings on nutrition and health of skeletons from sixteen Peruvian and Chilean populations, ranging from 6000 to 400 years ago.  These populations include those of Huari, Ica, Arica and Tiwanaku.   

Physical evidence of nutritional stress or trauma can be evident on the bone by radiographic analysis however, many pathologies do not permeate the body far enough to affect the bones.  In addition, there are pathologies that produce the same physical evidence on the bones, so it can be difficult to distinguish what exactly was the cause of the bone abnormality.  A good indicator of pathologies and dietary nutrition is analysis of teeth.  There is much information available about tooth analysis and cavities in relation to diet and disease, far too much for me to describe in this paper.    
Two main skeletal indicators discussed by Elizabeth Wing and Antoinette Brown are metacarpal notching and Harris Lines.  Metacarpal notching refers to notches that appear at some time during development of the metacarpals, of which I have found no evidence in the Peruvian coastal people in my research.  The second indicator is commonly referred to as Harris Lines of arrested growth, however the lines actually indicate the recovery growth after nutritional stress has been alleviated.  They can appear on the tibia, fibula, calcaneus, epiphyses, ileum, ischium or scapula because of the increased mineral density of these bones (Wing & Brown, 1979, p. 81).  These lines indicate episodes of childhood disease due to hypervitaminosis D, lead or phosphorus poisoning or severe malnutrition.  During diet restriction the body deposits thin transverse bone stratum, and when normal nutrition resumes it takes the cartilage four to nine days to recover.  However, osteoblasts recover almost immediately and lay thick transverse secondary stratum termed the “recovery factor”.   It is important to remember that the individual must recover from this stress in order for the Harris lines to form.  A person under continuous malnutrition will not show these lines (Wing & Brown, 1979, p. 82).   
Harris lines were detected less frequently in coastal Andean populations than those of highland or inland areas (Allison, 1984, p. 518).  Marvin Allison interprets this evidence to postulate that the coastal populations may have had a healthier childhood, since these lines only appear until about the age of five.  He goes on to state that malnutrition may be the cause of the lines in the highland and inland populations, but the lines do not appear along with porotic hyperostosis in these groups.  Porotic hyperostosis is caused by iron deficiency (Roberts & Manchester, 1995, p. 166).  Meat and legumes contain iron, so these inland and highland groups may have been able to obtain iron through other dietary sources.  Since shellfish contain high quantities of iron, it is expected that coastal people would not show effects of iron deficiency either, and Allison’s data correlates with that notion.  This is not to be taken as though the coastal people had no evidence of Harris lines, just evidence of fewer lines.  In fact, the coastal populations show Harris lines spanning 2000-3000 years.  The low levels of porotic hyperostosis support the possibility that diet was not the major factor in this pathology (Allison, p. 520).  
The Paloma skeletons are an important source of data because much is known about their main subsistence strategies and the environment of the lomas 8000-4500 years ago.  Richard Benfer’s solo work details the excavation and the stratigraphy of the site.  It is important to know that the earliest stratigraphic levels show evidence of hunting and gathering, the middle levels show increased plant remains indicating cultivation of lima beans squash, and gourds, and by level 200 there is an increased emphasis on marine resources.  The stratigraphy was analyzed from levels 200 to 500.  In addition to the flora and fauna remains found, coprolite and intestinal analysis shows 88% shell fragments (Benfer, 1984, p. 533-534).  Having archaeological evidence of subsistence is needed to correlate chemical skeletal analysis findings.
Chemical analysis of bones can be done in a number of ways.  In Wing and Brown’s 1979 book of aleonutrition, the authors mention that Carbon isotope was the new method for analyzing diet in bones.  This method analyses plant consumption based on the plants C3 or C4 pathway.  Hot, dry, desert areas are characterized by C4 plants and this method is helpful only in places where both plant forms grow.  Roberts and Manchester state that this technique is useful in determining introduction of maize into North America (p. 165).  However, isotope analysis can be conducted on the shells found at archaeological sites to determine the temperature in which the shellfish was living and thus indicating the season of occupation of that site (p. 140).  The South American skeletons I have looked into are primarily analyzed in a different way, through trace elements in the bones.  This method can be conducted by atomic absorption spectrometry or neutron activation analysis, but almost always requires a second method of dietary analysis to validate the chemical findings.  This is because there are many obstacles to chemical analysis.  Of the complications are comparisons, regional variations and diagenesis, age, gender, and known diet.  These will be described after I have given a brief background on chemical analysis.  
There are many elements in the human skeleton, so sometimes it is difficult to decide which ones relate to diet and which elements are good indicators.  Wing and Brown state that zinc and copper are used because they are often found in animal food while manganese and magnesium are found commonly in vegetal foods.  It has been determined that strontium levels can be an important indicator of meat versus vegetable matter consumed (Sillen & Kavanagh, 1982, p. 67).  Strontium is everywhere in the geosphere in relatively high concentrations, about 400 parts per million (ppm), and thus is omnipresent in all living organisms including human tissues.  Ninety nine percent of body strontium is stored in bone, with median concentration in vertebral bone and rib bones (Clayton & Clayton, 1993).  Many studies were conducted on this earth metal because of the concern in the 1950s and ‘60s over the fallout of radioactive strontium 90 from nuclear testing.  Barium is also an earth metal that could be useful for paleodietary reconstruction, but strontium is the natural choice because of the available information.  

Strontium and calcium are earth metals that some archaeologists express as a Sr/Ca ratio in living organisms for dietary reconstruction.  Both elements are taken in by plants and animals but calcium is essential for many mammalian metabolic processes and only animals discriminate against strontium (Sillen & Kavanagh, 1982, p. 69).  Wing and Brown state that only about one eighth of the strontium gets incorporated into the bone as compared to calcium.   Therefore, primary consumers contain high levels of strontium which is partially expelled by the herbivore that consumed the plant.  The carnivore that consumes the herbivore will expel some of the strontium and thus, the levels from plants will be different than in the carnivores.  So it is assumed that vegetarian diets will contain higher Sr/Ca ratios than primarily meat diets.  However, shellfish contain relatively high levels of these elements, the Sr concentration is 730 fold in freshwater mollusk meat, and so it has been suggested that high levels of strontium in human skeletal remains can indicate the amount of marine resources consumed (Schoeninger & Peebles, 1981, p. 393).  A moderate amount of fish consumed will not have an effect on the skeletal analysis so a population must be heavily dependant on shellfish to affect the chemical readings.  Many archaeologists who have conducted studies of this nature stress that a chemical analysis cannot alone confirm such a diet, there must be other archaeological evidence to support a theory of high shellfish consumption.  A further complication lies in which ratios to analyze.  The level of strontium alone will be high in populations who subsisted primarily on shellfish while Roberts and Manchester state that barium/ strontium ratios will be low and Sr/Ca ratios will be high in these populations.  
The first complication is how to compare the strontium levels.  When archaeological remains are analyzed the readings alone are inconclusive, they must be compared to levels of other bones.  This is difficult to do because bones from the same site that had a different diet are rarely available.  This is another reason why other archaeological evidence is needed to correlate the diet of the remains found, so that remains of two different subsistence strategies can be compared.  Comparing archaeological bones to modern bones can be troublesome because the levels in modern bones are affected by many different factors than archaeological remains would be, such as how modern diets consist of foods from around the world.  Despite this, Benfer and Edward use modern bones as a comparison in their Paloma trace element research. 

Regional variation is very important in strontium levels because it is largely affected by groundwater.  Different places around the world have different levels of strontium available.  This is also related to diagenesis because buried bones can be contaminated by the surrounding soil.  Benfer and Edward’s research on the Paloma remains consisted of testing the surrounding soil for possible bone contaminants.  They evaluated many factors and concluded that diagenesis had occurred in many of the elements such as potassium, bromine, and manganese.  They state that higher levels of strontium in the Paloma bones could be explained by contamination but could also be due to seafood diets, since it is known that the inhabitants of Paloma consumed much shellfish.  The authors also state that the levels of Paloma strontium are consistent with those remains of other populations who subsistent primarily on shellfish.  They concluded that levels of Sr probably indicate levels that existed when the Paloma individuals were alive, and can be used in paleodietary reconstructions (p. 258)
Sillen and Kavanagh state that age is the most important determining factor in the strontium levels contained in bone.  It was explained above that animals discriminate against Sr and research has found that the age of the individual determines how well they discriminate.  The authors have found that young animals are unable to discriminate at the same rate as older individuals.  Therefore babies and adolescents can show higher levels that may not be indicative of the entire population (1982, p. 73).  However, pregnancy and lactation also play a factor.  It seems that mother’s milk does not contain high levels of strontium, and therefore nursing babies can have low levels despite the fact that there is an increase in strontium levels in their mother’s bodies, because pregnant women show an increase in all alkaline earth metals (p. 75).  It seems that pregnant women have an increase in strontium during pregnancy, which gets deposited in her bones in higher levels.  She is able to maintain discrimination through the placenta and the mammary gland against Sr so it does not greatly affect the child or the milk.  It has been found that archaeological female remains contain higher levels than do the male remains.  In addition, women were pregnant during more of their lives than are modern females and it makes sense that archaeological female skeletal remains contain higher Sr levels than modern females (p. 76).   
However, Sillen and Kavanagh caution that the use of strontium levels in bone can be difficult to assess because there is no way to tell the difference from dietary and physiological reasons.  There is also speculation that higher strontium levels indicate a higher consumption of meat by higher status individuals. Chemical analysis is useful if the diet of the population can be assumed to be constant.  More often than not diets are not static and the Sr/Ca ratios found reflect a summary of diets that are always changing (p. 78).   Other researchers attempt to overcome inconsistencies of strontium by analyzing other elements, which Sillen and Kavanagh disregard.  They believe that only strontium can be used successfully because of its unique distribution through the food chain in conjunction with the abundant information that is available detailing strontium’s physiological basis and distribution.  This same level of research has not been done on other trace elements.  The authors mention studies conducted by other researchers in their attempts to find other trace elements to be useful in paleodietary reconstruction, but the studies were all of Late Woodland or Mississippian North American remains.  Many elements were sampled and the authors of these studies concluded that strontium, zinc, magnesium, calcium, sodium, and copper were related to diet and other elements found in remains were due to soil contamination.  

The extensive research of Benfer and Edward on diagenesis and soil contamination of the Paloma remains reveals somewhat different conclusions.  The authors decided that sodium was probably a contaminant, the levels expressed in the Paloma remains were due to diagenesis and post-mortem deposition.  Magnesium was inconclusive because levels of the soil and bone were not statistically different and it has been previously reported that this element initially leaches out of bone, then gets redesposited into the bone as it changes color.  Calcium was another element that Benfer and Edward were unable to correlate to diet.  The levels in the Paloma bones are about the same as those of modern humans and that contamination may have occurred in rib bones but not the other skeletal remains (p. 254).  Zinc was attributed by Benfer and Edward to be of dietary significance to the Paloma remains and that there was no contamination.  The levels were much lower in Paloma remains than modern human bone and the authors agree with the authors of the other trace element studies in that zinc levels are related to the amount of meat in the diet.  
Of the sixteen elements analyzed by Benfer and Edward, most were concluded to be contaminants or due to diagenesis of the bone.  Calcium, iron, zinc and possibly strontium and iron were not contaminants and may reflect levels in the living Paloma population (p. 260).  As mentioned above, the authors of this study also found strontium to be of some dietary importance.  They also noticed that fluorine content in the Paloma bones was not due to contamination and state that it is dependent on diet, environment, and drinking water and so thus impossible to compare to modern bones.    
Another finding skeletal remains can lead us to is the physiological ramifications of the development of agriculture.  Softer diets that require less mastication are associated with the reduction in jaw size which can be easily identified in archaeological remains of agricultural societies.  Allison’s comparison of Andean populations yields the fact that childhood mortality increased with the further dependence on agriculture.  There was also an archaeological population studied that had reduced stature as a response to poor nutrition with agriculture (p. 519).  His studies of soft tissues also give correlating evidence, among the pathologies found at this juncture was acute respiratory disease (pneumonia) in which no Andean population was able to escape, coastal or highland.   The advent of agriculture probably led to pronounced gender and social stratification in which skeletal analysis also finds some people suffering from nutrition deficiencies, which corresponds to the social stratification theory of strontium levels being related to meat consumption as mentioned above.  However, the early fishing societies do not show much evidence of gender stratification, even after the advent of agriculture.  Burials show women buried with fishing paraphernalia as often as male burials, giving the appearance of sexual egalitarianism (Allison, 1984, p. 525).   
In conclusion, there are many ways to analyze a skeleton for nutrition and health.  Physical evidence as well as chemical analysis can be employed, but the latter is far trickier to assess.  Chemical analysis can be affected by surrounding soil, age and gender of the individual, as well as the problem of comparing the results to findings of other remains.  Deciding which elements and chemicals are important is also debatable, different authors state that different trace elements indicate diet.  Once chemical levels are found and soil contamination has been ruled out, there needs to be other archaeological evidence to corroborate the diets of the population assessed.  Shellfish remains at a site where the human skeletal remains contain high levels of strontium can positively concluded that marine resources were an important dietary staple.  
This is important information for Moseley’s maritime hypothesis, for example.  His main argument is that Andean coastal populations were able to become complex societies not because of agriculture, but because of their heavy use of marine resources.  It is assumed that the four nuclear centers of the world for agricultural development had become complex societies because agriculture had increased the population, and that led to a natural social stratification.  Moseley points out that many public constructions of the Andean coast had been constructed before the full reliance on agriculture.  These societies probably had some sort of social classification or central authority to oversee such monumental works, and this was all accomplished before agriculture became a main subsistence strategy (Moseley, 1975).  As briefly mentioned above, agriculture is generally a degratory factor to many Andean populations, contributing to the decreased health and increased mortality of the people.  The skeletal research I have described further validates the maritime theory that marine resources were very important to the coastal people and could have led to healthy populations that developed complex societies.  
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