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Introduction 

Microbotanical remains present opportunities for investigating diets and food-related 

practices in the ancient past. Analysis of these remains (starch grains, phytoliths, and pollen) 

found in soils, artifact residues, and dental calculus can be used to answer both social and 

environmental questions on topics such as domestication processes, food preparation techniques, 

diets, paleoclimatic conditions, anthropogenic landscape changes, and irrigation strategies (Henry 

et al. 2011; Li et al. 2010; Madella et al. 2009; Piperno et al. 2009). For example, microbotanical 

remains from artifact residues and soils can provide insights into exploited foods and their 

preparation methods during various stages of use, including processing, cooking, and disposal 

(Barton and Torrence 2015). Dental calculus analysis provides direct evidence of plant 

consumption, offering the opportunity for precise taxonomic identifications of these plants that 

can build upon the results of stable isotope or chemical residues analyses (Henry and Piperno 

2008; Power et al. 2015; Wesolowski 2010). Importantly, this method can be applied to analyze 

the diets of not only humans, but also those of wild and domesticated animals (Hardy et al. 2009). 

Here we report on the identification of starch grains and phytoliths from dental calculus present on 

camelid teeth recovered from the Quilcapampa La Antigua site, Sihuas Valley, Peru. The teeth are 

from the Middle Horizon occupation of the site, dating to roughly A.D. 850-900. Nine samples 

(one from each tooth) were submitted to the University of California, Santa Barbara Integrative 

Subsistence Laboratory (UCSB ISL) for analysis. 

 
Recovery and Preservation Bias 

Microbotanical remains often persist in conditions that are generally unfavorable for 

archaeological preservation. These remains have been successfully recovered from artifacts with 

long-term exposure to temperate and tropical wet-dry climates (Dickau et al. 2007), which 

represent ideal conditions for the degradation of organic remains. These climates are particularly 

damaging to macrobotanical remains, which often degrade if not carbonized or suffer 

fragmentation due to taphonomic factors (Dickau 2010); these outcomes are especially likely for 

ancient (e.g., Paleoindian) contexts. Carbonized macrobotanical assemblages are also subject to 

certain biases: the fleshy portions of discarded remains often combust during burning and the 

plant portions that are used to feed fires typically represent inedible rather than consumable 

refuse (Minnis 1981). Finally, macrobotanical findings offer indirect evidence of diet and thus 

cannot be used to provide definitive evidence of consumption. Microbotanical remains serve as a 

valuable dataset for complementing macrobotanical results through providing evidence of 

environmental composition, the use of plants that are typically consumed in their entirety or are 

fully combusted during carbonization (e.g., arrowroot, potato), and compelling information 

regarding the presence of specific plants/plant parts in human and animal diets (Morell-Hart 

2019).  

Starch grains and phytoliths, though generally hardy, are subject to specific preservation 

biases that differentially impact their presence and condition. As starch grains are primarily 

found in the edible portions of plants (e.g., storage organs, mesocarps) and phytoliths are 

generally found in the inedible portions (e.g., stems, leaves, cobs), the former commonly appears 

in contexts directly associated with consumption and food preparation, such as cooking residues, 

while the latter is more typically found in association with economic activities, waste disposal, or 

decay, such as expected in soils from domestic food processing areas.  

Starch grains, due to their organic nature, are also more susceptible to damage than 

phytoliths. Damage due to grinding, boiling, baking, freezing, fermentation, and other factors 

results in remarkable morphological changes to starch grains that often are diagnostic to cause 

(Henry et al. 2009). However, severe damage can also inhibit taxonomic identification of starch. 
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Wet heat poses a serious threat to starch preservation (Crowther 2012). Exposure to temperatures 

in excess of 60°C in wet conditions results in starch gelatinization, a process of structural 

transformation involving disordering of the crystal structures within each granule, the 

mechanism of which is incompletely understood (Cornejo-Ramírez et al. 2018; Ratnayake and 

Jackson 2009; Wang et al. 2018). Percentage of gelatinized starch is highly dependent on 

temperature, the percentage remaining relatively constant after 200 seconds of exposure (Lund 

and Lorenz 1984). While most starches begin to gelatinize by 60°C, peak gelatinization 

temperature is determined by genotype (Bean et al. 2019). Physical consequences of 

gelatinization include swelling of the granule, loss of birefringence, breakdown of the outer 

border with prolonged heat exposure, and a liquified appearance due to solubilization and 

crystalline melting (Liu et al. 2009). 

 Phytoliths, composed of hydrated silica, typically exhibit a pinkish tint unless they have 

been subject to burning, which results in distortion of the overall shape and pronounced 

darkening (Piperno 2006; but see Parr 2006 for examples of species producing unburned 

phytoliths that naturally appear dark in color). Burned phytoliths have also been identified based 

on higher refractive index values when compared to those of their unburnt counterparts (Elbaum 

et al. 2003). Prevalence of burned phytoliths can be used to assess changes to landscape 

management strategies, cooking practices, and use of certain plant species as fuel (Raviele 

2011). 
 
Laboratory Procedures 

Camelid dental calculus samples from the Quilcapampa site were collected by Aleksa 

Alaica using sterile dental picks cleaned with methanol. Nine microcentrifuge tubes (one per 

sample) containing recovered calculus were sent to the UCSB ISL. Each tube was subject to 

extraction of starch grains and phytoliths according to UCSB ISL standard laboratory 

procedures developed based on successful protocols by experts in the isolation of 

microbotanical remains from dental calculus (Henry and Piperno 2008; Mickleburgh and Pagán-

Jiménez 2012). 

Sample numbers, weights, and volumes were recorded prior to pretreatment. To 

deflocculate the calculus and ease dispersal, ~1mL of 0.1% alconox solution was added to each 

sample; alconox solution was substituted for 10% sodium hexametaphosphate solution (Henry 

and Piperno 2008) as it would have required extra time and funds to obtain and the former 

surfactant is commonly used in the UCSB ISL to deflocculate sediment samples prior to 

microbotanical analysis. Tubes were capped and stored in the fumehood for 24 hours. Samples 

were then sonicated in distilled water for five minutes and centrifuged for three minutes, after 

which each supernatant was pipetted off using a separate glass Pasteur pipette that had been 

sterilized in the UCSB ISL prior to use according to standard protocols (pressure cooking in 

distilled water for two hours and then drying under the fume hood in a sterile environment; see 

Crowther et al. 2014).  

Tube contents were then rinsed in distilled water in two phases: ~1mL of distilled water 

was added, tubes were vortexed briefly and then centrifuged for three minutes, the supernatant 

was removed with a sterile pipette, and the entire process was repeated. Chemical pretreatment 

consisted of the addition of ~1mL of 10% hydrochloric acid to each tube, after which they were 

stored in the fumehood for 24 hours. The hydrochloric acid was removed by a series of two 

rinses in distilled water, identical in procedure to the first set of water rinses and ending with the 

removal of the final supernatant. 

Viewing extracted residues on slides requires the addition of a mounting medium to allow 

for the rotation of microbotanicals so that all perspectives can be considered during 
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identification. One to two drops of 1:1 glycerin to distilled water solution were added to each 

microcentrifuge tube and the entire contents was mixed using a metal toothpick (sterilized using 

the lab procedures outlined above). Each extract was examined in its entirety. The contents of 

each tube were drawn up into a glass Pasteur pipette and the liquid was deposited on a series of 

sterilized slides, each of which was covered with a sterilized glass cover slip. Edges of the cover 

slip were sealed with clear nail polish and left to dry for a few minutes. 

 A Brunel SP-400 Metallurgical Microscope (x50-x600) equipped with transmitted and 

incident illumination systems and polarization filters for each system. Slides were scanned for 

starch grains under transmitted polarized light at 100x magnification followed by the removal of 

the polarization filter and a separate scan for phytoliths at 200x. All microbotanicals were 

photographed at 400x under nonpolarized, transmitted light, with starch grains also photographed 

with cross-polarized, transmitted light to record the presence/appearance of extinction crosses 

(typically visible in undamaged and mildly damaged starch grains). 

Starch grains and phytoliths were identified with reference to photographs of modern 

plants native to Ecuador (Pagán-Jiménez 2015) and the paleoethnobotanical comparative 

collection at the UCSB ISL. Interpretations of damage patterns were developed based on the 

results of modern experimental studies (Babot 2003; Henry et al. 2009) and my research on the 

impacts of chuño production practices on starch morphology and metrics (Melton et al. in prep). 

Consultation with Dr. Ruth Dickau (Stantec, Inc.) helped to refine preliminary identifications.  

Taxonomic identification was not always possible—some plant specimens were too 

severely damaged or lacked diagnostic features altogether. As a result, these specimens were 

classified as “unidentified starch grain” or “unidentified phytolith.” In other cases, probable 

identifications were made—for example, if a specimen closely resembled a potato starch grain, 

but a clear taxonomic distinction was not possible (e.g., the specimen was heavily damaged), 

then the specimen was identified as a probable potato starch and recorded as “potato cf., 

Solanum tuberosum cf.” Names and descriptions of phytolith morphotypes adhere to the 

guidelines of the International Code for Phytolith Nomenclature 2.0 (International Committee 

for Phytolith Taxonomy 2019). 

 

Quantification Methods 

 Basic counting and presence/absence measures are used to report the results of starch grain 

and phytolith analysis. Each starch grain or phytolith is counted individually, measured, and 

qualitative observations related to morphology are recorded. Counts are then summed by sample 

(e.g., artifact residue, tooth, soil sample). Ubiquity (presence/absence) of plant taxa in each 

sample is also observed. Counts of starch grains and phytoliths on archaeological specimens 

cannot reliably be used to ascertain exactly how much plant material initially came into contact 

with the sample (Raviele 2011). Common methods of evaluating phytolith concentration 

involve quantification of silica microspheres (Aleman et al. 2013) and the addition of 

Lycopodium clavatum tablets, each containing a known quantity of spores, prior to flotation 

(Bozarth et al. 2009). The low counts of phytoliths expected for a dental calculus assemblage 

did not necessitate the application of these measures. Thus, we rely on raw counts and 

taxonomic identifications to derive inter-sample comparisons and broadly comment on dietary 

diversity among camelids who inhabited the Quilcapampa site.  

 
Results 

 Microbotanical remains recovered from the analysis of calculus on camelid teeth at the 

Quilcapampa site include four starch grains and one phytolith (Table 1). Four samples, ACL-

10424, 10498, 10500, and 10501, yielded starch grains or phytoliths; the remaining five samples 
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were devoid of these remains. Morphological attributes of recovered starch grains and phytoliths 

are recorded in Table 2.  

Results are discussed according to sample: 

 

ACL-10424 yielded one maize starch grain (Figure 1). This angular and irregular grain is 

characteristic of maize starch in terms of size and morphological attributes. The extinction 

cross is obscured in the lower left corner of the starch in Figure 1c, likely due to damage but 

the type is unclear due to its mild presentation. 

 

ACL-10498 yielded one unidentified phytolith (Figure 2). This phytolith roughly 

fits the shape expectations for the spheroid echinate morphotype (commonly found 

in the palm family), but it is much larger than comparative phytoliths and thus 

remains unidentified. 

 

ACL-10500 yielded one potato starch grain (Figure 3). The size, shape, and hilum 

location fit expectations, but its internal structure is clearly damaged (signified by 

“bubbled” appearance). Its extinction cross is obscured on the left side due to 

damage. The softened appearance of the border and “bubbled” internal presentation 

fit expectations for chuño production. This process of freeze-drying potatoes by 

alternating time in the sun and storage in a prepared earthen pit commonly results 

in a subtle and fragmented border, flattened appearance, and damage to the internal 

structure of starches that produces a “bubbled” presentation. Furthermore, the size 

of the starch is within the range of length to width ratios expected for modern 

chuño negro comparative specimens; an argument for qualitative and quantitative 

differentiation of chuño negro and chuño blanco starches will be presented in a 

forthcoming publication (Melton et al. in prep).  

 

ACL-10501 yielded a potato starch grain and an unidentified starch grain (Figures 4 

and 5). Damage on the potato starch is evidenced by missing areas along the upper 

portion of the border in Figure 4a and obscuring of the upper right quadrant of the 

extinction cross in Figure 4b. Based on the broken nature of the border, the damage 

was likely caused by grinding activities. Grinding damage is expected for dental 

calculus, particularly those of camelids, as mastication is involved in deposition. 

There is also a possibility for exposure to boiling or baking based on uneven 

internal texture (Henry et al. 2009:Figure 3), which could have occurred prior to 

consumption. The unidentified starch grain could not be identified to any 

comparative taxon and did not meet expectations for plants that commonly produce 

angular starches, such as maize. 

 

Conclusions 

 The Quilcapampa La Antigua assemblage revealed evidence of maize and potato, two 

domesticates widely represented in macrobotanical samples collected from this site (Biwer 2019). 

The discovery of these remains importantly supplements our knowledge of ninth-century camelid 

diets and foddering practices, topics which are poorly understood. Microbotanical results 

presented in this report suggest that camelids either obtained maize and potato in field settings, 

from raiding human trash, or through being fed these crops as part of foddering practices. The 

damage patterns on the potato starches from ACL-10500, corresponding to chuño negro 
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preparation, and ACL-10501, matching expectations for boiling or baking, support the second and 

third hypotheses. The unidentified phytolith indicates that these remains can be recovered from 

camelid teeth, but further phytolith research is needed to gain insights into grazing practices. 
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Table 1. Taxonomic Identifications of Starch Grains and Phytoliths in Camelid Dental Calculus from 

Quilcapampa. 

Common Name Scientific Name Sample No. Starch/Phytolith Size (Length x Width) 

Maize Zea mays  ACL-10424 Starch 18.5 x 15 μm 

Potato 

Solanum 

tuberosum ACL-10500 Starch 45.5 x 39 μm 

Potato 

Solanum 

tuberosum ACL-10501 Starch 26.5 x 25.6 μm 

Unidentified 

Starch - ACL-10501 Starch 16.5 x 22.2 μm 

Unidentified 

Phytolith - ACL-10498 Phytolith 27 x 35 μm 
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Table 2. Morphological Attributes of Starch Grains and Phytoliths in Camelid Dental Calculus from Quilcapampa. 

 

 

Common 

Name 

Starch/ 

Phytolith Sample No. Hilum 

Shape/ 

Morphotype Lamellae Extinction Cross Fissure 

Surface 

Topography Border Margin 

Maize Starch ACL-10424 

Visible, 

Centric, Closed 

Angular, 

Irregular Not visible 

Centric, Visible, Obscured in 

bottom half, possibly due to 

damage (type uncertain) 

Y-Shaped, 

Present 

Bumpy; 

Possible 

Pressure Facet 

Visible, 

Single 

Angular 

(with some 

undulation 

on top side) 

Potato Starch ACL-10500 

Open, Visible, 

Eccentric 

Slightly 

Ovate 

(possibly due 

to damage) Not visible 

Eccentric, Visible, Slightly 

obscured on left side (likely 

due to damage) N/A 

Holes 

throughout;  

Relatively 

flattened 

appearance 

(but slightly 

raised 

laterally) 

Low 

visibility, 

Possibly not 

intact in upper 

left corner 

Undulating, 

Irregular 

Potato Starch ACL-10501 Visible, Open 

Slightly 

Ovate Not visible 

Centric, Visible, Extremely 

obscured on right side due to 

damage N/A 

Fractured 

appearance, 

particularly 

along border, 

Uneven 

internal texture 

Low 

visibility, Not 

intact along 

upper and 

lower sides Undulating 

UID Starch Starch ACL-10501 

Centric, Open, 

Visible 

Angular 

(roughly 

hexagonal), 

Irregular Not visible 

Centric, Visible, Obscured in 

bottom right quadrant 

X-Shaped 

(barely) N/A 

Mostly intact, 

damaged 

along right 

side 

Irregular, 

Undulating 

on top right 

corner 

UID Phytolith Phytolith ACL-10498 - 

Spheroid 

echinate - - - 

"Bumpy" 

surface - - 
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Figure 1. Maize starch grain visualized under non-polarized (a, b) and polarized (c) light, ACL-

10424. 

 

 

 

Figure 2. Unidentified phytolith visualized under non-polarized light (a, b), ACL-10498. 

 

 

 

Figure 3. Potato starch grain visualized under non-polarized (a), polarized (b), and strongly 

polarized light (c), ACL-10500.  
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Figure 4. Potato starch grain visualized under non-polarized (a) and polarized light (b), ACL-

10501. 

 

 

 

Figure 5. Unidentified starch grain visualized under non-polarized (a), polarized (b), and 

strongly polarized light (c), ACL-10501.  
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