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5.3 One-Way ANOVA Results 

 A one-way ANOVA test was performed to see if there were any statistical difference 

between the means of the adolescents, young adults, and middle adults, for each feature except 

puncture pits and hypercoarse scratches. This test cannot be used for determining the difference 

between sexes because it requires three or more groups to compare. One-way ANOVA assumes 

that the dental microwear features are equal for all age groups. By looking at the significance 

values for the test of homogeneity of variance (Table 5.4) this can be determined, and the tests 

can be validated. All of the significance values for the dental microwear features analyzed did 

not violate the assumption of homogeneity of variance because the p- values are greater than 

0.05 (p > 0.05) as assessed by Levene’s Test of Homogeneity of Variance. Next it was 

determined that there was no significant between-group variation as noted by the ANOVA 

significant values (Table 5.4). Because these values are not less than 0.05 (p < 0.05) the between 

group variation is not statistically significant. The Tukey post- hoc test can be used when the 

assumption of homogeneity of variance is not violated and to compare all possible combinations 

of group differences. It was found that any increase or decrease in the number of features 

between age groups for all features were not statistically significant. For example, the increase in 

small pits from adolescents to young adults was an increase of 0.00263 (95% CI, -0.3860 to 

0.3912) was not statistically significant (p = 1.000). Also the decrease in small pits from young 

adult to middle adult, a decrease of -0.138, (95 CI, -0.5173 to 0.2422) was not statistically 

significant (p = 0.620). 
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Table 5.4 

Significance values for One-Way ANOVA Test 

   Homogeneity of Variance   ANOVA  

Features 

Small Pits   0.247     0.526    

Large Pits   0.428     0.291     

Total Pits   0.817     0.698    

Fine Scratches   0.125     0.359    

Coarse Scratches  0.847     0.910     

Total Scratches  0.124     0.804  

 

 5.4 Two-Way ANOVA Results 

A Two-Way ANOVA was used to compare the means of the dental microwear features 

between both the age groups and sex. This ANOVA only requires two or more groups for the 

independent variable (age group and sex). Ultimately this test is used to determine if there is any 

interaction between the independent variables and the microwear features. First, homogeneity of 

variance was concluded with Levene’s Test of Equality of Error Variances. Homogeneity of 

Variance was met for all features because the significance values (Table 5.5) were not 

statistically significant (p > 0.05). The second set of significance values in Table 4.6 represents 

the interaction effect (agecategory*sex). There was no statistically significant interaction because 

the p- values were greater than 0.05. This means that any effects that sex had on dental 

microwear was not dependent on age, and any effects that age had on microwear was not 

dependent on sex.  
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Table 5.5 

Significance values for Two-Way ANOVA Test 

   Homogeneity of Variance   agecategory*sex  

Features 

Small Pits   0.223     0.946   

Large Pits   0.069     0.276    

Total Pits   0.098     0.550   

Fine Scratches   0.122     0.373   

Coarse Scratches  0.454     0.995   

Total Scratches  0.080     0.145  

 

 5.5 Mann Whitney U Test Results 

A Mann Whitney U Test determines the differences between two independent groups (in 

this case sex) based on dependent feature (in this case puncture pits or hypercoarse scratches). 

The overall distribution does not need to be normal for this test, but the distribution of the traits 

within the male group and female group do need to be normally distributed. The results show 

that the distribution of small pits, puncture pits, fine scratches, coarse scratches, hypercoarse 

scratches, and total scratches was the same for males and females (see Table 5.3). Large pits and 

total pits were not similarly distributed for males and females. 

 

5.6 Principal Component Analysis  

A principal component analysis (PCA) is used to remove any unrelated variables, reduce 

redundancy, and reduce a large set of variables into smaller ones that explain any variation. This 
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analysis was first run on all of the data (n =41), and the correlation table (Appendix D) was 

analyzed to determine if a PCA was appropriate for the data. The correlation table revealed that 

all features were strongly correlated (r ≥ 0.3) with the axes CPC1 and PC2, except puncture pits. 

Puncture pits were eliminated from the analysis, and the test was executed again to obtain more 

accurate results with a Kaiser- Meyer- Olkin (KMO) test. This test is a measure of sample 

adequacy, and looks for linear relationships to determine if a PCA is relevant for data since PCA 

assumes there is a linear relationship. The KMO test had a value of 0.161. This test needs 

minimally to have a value of 0.6 or higher to run a PCA, thus a PCA cannot be run for this data 

set.  

 

5.7 Association between Occlusal Microwear and Macrowear Patterns 

Turner (2008) found marked variation in occlusal macrowear, using coding standards 

from Buikstra & Ubelaker (1994). Some individuals had significant wear with loss of occlusal 

enamel and had the formation of secondary dentine. This variation in concert with isotopic 

variation suggests that macrowear represents diet-induced wear prior to relocation to Machu 

Picchu. Therefore a Spearman correlation test was used to see if macrowear patterns have any 

association with microwear patterns, and to see if previous wear has any effect on the 

progression of microwear patterns. Like a PCA the correlation test also assumes a linear 

relationship. Macrowear, carious lesions, and abscesses were compared with each dental 

microwear feature in a scatter plot to determine linear relationships. None of these scatter plots 

resulted in a significant linear relationship, and the Spearman correlation test confirmed this with 

weak correlation coefficients. The only relationship that had a significant correlation was 

hypercoarse scratches and abscesses, but the correlation was not strong (rs = 0.420, p = 0.009). 
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5.8 Associations between Microwear Patterns and Isotopic Data 

Turner and colleagues (2010) compared dentine and bone collagen δ13C and δ15N in a 

subset of the Machu Picchu population. The sample size started small (n=13) because of very 

different sampling strategies, and the fact some of the bone study sample did not have sufficient 

dentition for the tooth study. Based on comparison Turner and colleagues (2008) tentatively 

suggest a shift toward a diet that included more maize. Out of the thirteen individuals only nine 

were available for dental microwear analysis. The nine individuals did not have a normal 

distribution, and the only way to achieve normal distribution would be removing an outlier. 

Performing any tests that required an independent variable (age or sex) would reduce the sample 

size further; therefore only a Spearman’s correlation test was performed on these data. All of the 

microwear except fine scratches and total scratches did not have a significant correlation. Fine 

scratches had a strong positive correlation (rs = 0.856, p = 0.007), and so did total scratches (rs = 

0.846, p = 0.008).  

A Spearman’s correlation test was also run on 13 individuals who had strontium values 

that suggested they were originally from the coast and 5 individuals who had oxygen levels that 

suggested they were from the highlands (Turner et al. 2009). None of correlations were strong 

between strontium values and dental microwear features; all correlations coefficients were below 

0.4. None of the correlations were found to be significant. The correlations between oxygen 

isotopes and microwear features (Table 5.6) were all negative except for large pits. Small pits, 

total pits, fine scratches, coarse scratches, and total scratches have strong negative correlations, 

but total number of pits was the only feature that was significant. 
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Table 5.6 

Spearman’s correlation test for oxygen isotopes and dental microwear features 

   Correlation Coefficients   p- value  

Features 

Small Pits   -0.700     0.188    

Large Pits   0.000     1.000     

Puncture Pits   -0.224     0.718 

Total Pits   -0.975      0.005**    

Fine Scratches   -0.718     0.172    

Coarse Scratches  -0.564     0.322   

Hypercoarse Scratches -0.354     0.559 

Total Scratches  -0.600     0.285  

** significant
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CHAPTER 6: CONCLUSIONS AND FUTURE RESEARCH  

 6.1 Findings 

 This study’s goal was to better understand the consumption patterns of the yanacona and 

acllacona in the population from Machu Picchu, and how maize was incorporated into their 

diets. The role of maize in diets of these individuals is complicated. These individuals do not 

have an increased number of large pits and scratches that has been associated with maize 

consumption in previous studies (Organ et al. 2005, Teaford and Lytle 1996). However, the 

previous studies only investigated the effects of maize that had abrasives introduced to it during 

preparation. Organ and colleagues (2005) found an increased number of small pits as well, but 

their isotopic analysis did not see values associated with maize. The overall isotopic trend at 

Machu Picchu (Turner 2008) points to a significant increase in maize consumption later in life, 

and historical records and other archaeological analyses of Inca cultures describe maize being a 

large component of the diet. Maize consumption in this area has not been linked to grinding 

stones, but mainly to other forms such as, chicha, mote, and hominy. Microwear features were 

also compared for the individuals that had δ15N values. Fine scratches and total number of 

scratches have a positive correlation with δ15N values. It can be concluded, based on isotopic 

analysis, that this population from Machu Picchu was eating maize, and it was not eaten in a 

form that included abrasives from grinding stones. Also, the type of maize being consumed was 

not abrasive due to the increased number of fine scratches as nitrogen values increase, and the 

frequency of small pits being higher than any other microwear feature. The correlation between 

strontium and oxygen isotopes and dental microwear features remains unclear. Oxygen isotopes 

and total pits was the only correlation that was significant and it was a strong negative 

correlation. 
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The ANOVA test found there was no significant variation in dental microwear traits 

between males and females except for puncture pits and hypercoarse scratches. The Mann 

Whitney U test also found that hypercoarse scratches and puncture pits show no significant 

variation between males and females. This means the microwear features point to diets with 

similar components for both males and females. If there was any labor division based on food 

preparation it did not seem to affect the diet of the individuals based on microwear. Differential 

access to a non-abrasive dietary source, such as chicha, is unknown since the type of microwear 

this drink leaves behind, if any, is also unknown. This trend of no variation in diet is also seen 

when microwear is compared between different age groups. Any increase or decrease in the 

frequency of traits between age groups was not considered significant. Therefore there was no 

differential access to food based on age. It would seem that even though these non- elite 

individuals had a varied dietary background presumably before arriving at Machu Picchu (Turner 

et al. 2010), their diets all became similar due to their similar social context.  

Macrowear (attrition, carious lesions, abscesses, etc.) should be considered when 

analyzing microwear. Schmidt (2009) found a correlation between macrowear and scratch width, 

and found that larger scratches result in the removal of more enamel compared to pits. In the 

Machu Picchu population there was a significant positive association between hypercoarse 

scratches and abscesses, but not for any other features. These results confirm Schmidt’s (2009) 

findings that an increase in scratches can lead to an increase in macrowear features, in this case 

abscesses, but pits cannot.  
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 6.2 Future Research 

 The research presented here provides some additional insight into dietary patterns of the 

Machu Picchu individuals and contributes to the understanding of dental microwear in 

bioarchaeological populations. Additional research would benefit this and other studies. Teaford 

and Lytle’s (1996) experimental study has been pivotal in this and other research, which tries to 

understand the relationship between maize and dental microwear. Additional experimental 

studies on maize in various forms of preparation (mote, hominy, chicha) would provide insight 

into the exact type of microwear left behind; and allow for even more specific conclusions about 

not just maize being consumed, but in what form. Continued analysis of the variation in 

microwear should be done to see if the pattern of no differences in diet between sexes and age 

groups is exclusive to Machu Picchu, administrative centers, or non-elite populations, etc.  

 

 6.3 Conclusion 

Human subsistence patterns are an important aspect of the reconstruction of past human 

lifeways (Grine 2007, Turner et al. 2010), and this multi-faceted analysis of a skeletal sample 

provides continued opportunities for testing and evaluating to confirm or negate previous 

analyses. Augmenting analyses is an integral component of scientific analysis, which is not 

always done due to funding and time constraints. This study contributes to better understanding 

the application of dental microwear analysis in the study of bioarchaeological populations, where 

only a limited amount of research has been focused on this topic. It also demonstrates the 

importance of using microwear, macrowear, and isotopic analyses together to complement each 

other. By utilizing multiple analytical methods more specific conclusions about what individuals 

ate in the past can be made.   
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