
University of Nebraska - Lincoln University of Nebraska - Lincoln 

DigitalCommons@University of Nebraska - Lincoln DigitalCommons@University of Nebraska - Lincoln 

Karl Reinhard Papers/Publications Natural Resources, School of 

2018 

Taphonomic considerations on pinworm prevalence in three Taphonomic considerations on pinworm prevalence in three 

Ancestral Puebloan latrines Ancestral Puebloan latrines 

Morgana Camacho 

Alena M. Iñiguez 

Karl Reinhard 

Follow this and additional works at: https://digitalcommons.unl.edu/natresreinhard 

 Part of the Archaeological Anthropology Commons, Ecology and Evolutionary Biology Commons, 

Environmental Public Health Commons, Other Public Health Commons, and the Parasitology Commons 

This Article is brought to you for free and open access by the Natural Resources, School of at 
DigitalCommons@University of Nebraska - Lincoln. It has been accepted for inclusion in Karl Reinhard Papers/
Publications by an authorized administrator of DigitalCommons@University of Nebraska - Lincoln. 

https://digitalcommons.unl.edu/
https://digitalcommons.unl.edu/natresreinhard
https://digitalcommons.unl.edu/natres
https://digitalcommons.unl.edu/natresreinhard?utm_source=digitalcommons.unl.edu%2Fnatresreinhard%2F86&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/319?utm_source=digitalcommons.unl.edu%2Fnatresreinhard%2F86&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/14?utm_source=digitalcommons.unl.edu%2Fnatresreinhard%2F86&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/739?utm_source=digitalcommons.unl.edu%2Fnatresreinhard%2F86&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/748?utm_source=digitalcommons.unl.edu%2Fnatresreinhard%2F86&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/39?utm_source=digitalcommons.unl.edu%2Fnatresreinhard%2F86&utm_medium=PDF&utm_campaign=PDFCoverPages


1

Taphonomic considerations on pinworm 
prevalence in three Ancestral Puebloan 

latrines 

Morgana Camacho,1,2 Alena Mayo Iñiguez,2  
and Karl Jan Reinhard3 

1 Escola Nacional de Saúde Pública Sergio Arouca, Fundação Oswaldo Cruz, Rua 
Leopoldo Bulhões 1480, Manguinhos, 21041-210 Rio de Janeiro, Brazil 

2 Laboratório de Biologia de Tripanosomatídeos, Instituto Oswaldo Cruz, Fundação 
Oswaldo Cruz, Avenida Brasil 4365, Manguinhos, 21040360 Rio de Janeiro, Brazil 

3 Pathoecology Laboratory, School of Natural Resources, University of Nebraska-

Lincoln, 101 Hardin Hall, 3310 Holdrege Street, Lincoln, NE 68583-0961, USA 

Corresponding author — A.M. Iñiguez,  alena@ioc.fiocruz.br

Email addresses: M. Camacho morganacamacho88@gmail.com, K.J. Reinhard kreinhard1@unl.edu

Abstract
For archaeological studies it is always necessary to consider taphonomic factors that 
could have influenced in ancient material preservation. Parasite eggs are usually 
highly degraded in ancient sites dated from all periods of time and taphonomic fac-
tors are mentioned to explain absence and low quantity of eggs found. In this study, 
we compare parasite egg recovery of three Great House latrines: two from Aztec Ru-
ins (Rooms 219 and 225) and one from Salmon Ruins. We compared through statis-
tical regression the recovery of eggs with the abundance of two classes of decom-
posers: mites and nematodes. These microorganisms have relation with nematode 

digitalcommons.unl.edu

Published in Journal of Archaeological Science: Reports 20 (2018) 791–798 
DOI: 10.1016/j.jasrep.2018.06.024 
Copyright © 2018 Elsevier Ltd. All rights reserved. Used by permission. 
Submitted 11 December 2017; revised 4 June 2018; accepted 17 June 2018; published 2 July 
2018. 

mailto:alena@ioc.fiocruz.br
mailto:morganacamacho88@gmail.com
mailto:kreinhard1@unl.edu
https://doi.org/10.1016/j.jasrep.2018.06.024


Camacho et  al .  in  J.  of  Archaeolo gical  Sc ience:  Rep orts  20  (2018)       2

larvae and parasites remains degradation, respectively, mostly in moist environ-
ments. Pinworm was the only parasite found in the sites studied. Prevalences were 
32.8% at Salmon Ruins, 72.7% at Aztec Ruins Room 225 and 14.3% at Room 219. 
Egg preservation was considered good at Salmon Ruins and Aztec Ruins Room 225. 
At Room 219, the eggs were badly preserved and there was a significant statisti-
cal correlation with mites (multiple r (18) =0.64/P=0.002). This correlation could 
indicate that mites could be involved in preservation, and consequently that pin-
worm prevalence in this latrine is underestimated. Abiotic factors such as humid-
ity could have possibly favored the biological relation. Considering the extreme egg 
degradation at Room 219, it is not possible to strictly compare parasite data with 
other Ancestral Pueblo sites, even with Room 225, located at the same site. Room 
225 prevalence is the highest found in Ancestral Pueblo sites until now. Taphonomic 
analysis shows that decomposers operated at different levels of severity, despite the 
latrines’ close location. 

Keywords: Taphonomy, Mites, Enterobius vermicularis, Coprolites 

1. Introduction 

Taphonomy was firstly defined by Efremov (1940) as the study of 
all of aspects involved in the transition of animal remains from the 
biosphere into the lithosphere. Anthropologists study the degradation 
of biological remains after they are deposited in archaeological con-
text (Sorg and Haglund, 2002). After the death of any given organ-
ism, it becomes a new microenvironment, serving as a food source for 
several decomposers. The action of these decomposers and the assim-
ilation of the resources provided by the organism deposited in a lo-
cale, depend on factors such as climate, humidity, pH, soil, and oth-
ers that influence the intensity of degradation (Lyman, 2010; Sorg 
and Haglund, 2002). 

The taphonomy of parasite remains in archaeological contexts 
has been addressed by some authors beginning with Reinhard et al. 
(1986). In this study, the authors evaluated aspects of sample pro-
cessing, sediment pH and fungal action in degrading parasite eggs. 
They found that fungal proliferation can degrade eggshells and em-
bryos, thus compromising parasitological diagnosis in ancient mate-
rial. More recently, parasite egg taphonomy was addressed in Morrow 
et al. (2014, 2016) and Rácz et al. (2015) papers. They mentioned spe-
cific characteristics of eggs morphologies and environmental condi-
tions that make certain egg types more susceptible to decay than oth-
ers. The factors they discussed included water saturation of sediments 
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and humidity as main factors that can result in differential egg type 
preservation, even in samples from the same site (Morrow et al., 2014, 
2016; Rácz et al., 2015). 

Morrow et al. (2016) define five sets of factors that can destroy par-
asite eggs: abiotic, contextual, anthropogenic, organismal and ecologi-
cal. Abiotic refers to temperature, soil, pH, humidity and other nonliv-
ing factors. Contextual refers to the archaeological material that was 
analyzed to obtain the parasitological information. Anthropogenic re-
fers to the human manipulation of the parasite source from the mo-
ment of its deposition until the collection, transportation and analysis 
by the researcher. Organismal refers to the individual biological char-
acteristics of each parasite, for example, egg resistance, fecundity and 
life cycle. Ecological, refers to the decomposer organisms that are part 
of the environment from which the archaeological material came from. 

Ancestral Pueblo archaeological sites exhibit excellent coprolite 
preservation (Reinhard, 2008; Reinhard and Bryant, 2008). These 
sites are located in dry environments, recognized as one of the best 
places to preserve parasite remains (Reinhard et al., 1986). Among 
the sets defined by Morrow et al. (2016), the Organismal and Ecolog-
ical conditions are the most relevant to the study in these sites. Or-
ganismal conditions to be considered involve the resistance of thick-
walled eggs such as whipworm compared to thin-walled eggs such as 
pinworm (Jaeger and Iñiguez, 2014). Hatched nematode larvae, such 
as those from hookworms, are most susceptible to decay. Ecological 
conditions to be considered include decomposer organisms such as 
free-living nematodes, mites, fungi, bacteria and insects. The tapho-
nomy experience as of 2012 was summarized by Reinhard who wrote: 
“In our combined experience there is significant decomposition of re-
mains from latrines by fungi and arthropods as described by Rein-
hard et al. (1986). In contrast, coprolites exhibit the best preservation. 
Mummies (Reinhard and Urban, 2003) and sediments from sacra (Fu-
gassa et al., 2008) also show excellent preservation of delicate eggs” 
(Reinhard et al., 2013). 

From Ancestral Pueblo sites, coprolites have been recovered from 
caves and open site latrines (Reinhard, 2008). For many years, re-
searchers have noticed that pinworm eggs from open sites are more 
poorly preserved than those recovered from caves. This was especially 
true for Chaco Great House latrines (Reinhard, 1992; Reinhard and 
Clary, 1986). Mites are arachnids, usually microscopic, that possess 
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mouthparts specialized to the various feeding habits (Roberts et al., 
2013a). These are organismal taphonomic factors that are frequently 
seen in Ancestral Pueblo coprolite samples (Reinhard et al., 2012). 
Mites have been associated with free-living nematode predation. Ex-
perimental studies concluded that some mites show predation prefer-
ence for nematode larvae (Epsky et al., 1988; Martikainen and Huhta, 
1990; Muraoka and Ishibashi, 1976; Read et al., 2006; Santos et al., 
1981). Despite this relation, the role of mites as a taphonomic factor 
that interferes in parasite egg preservation and a statistical correla-
tion between the presence of mites and egg degradation is not yet es-
tablished in the literature. We are assessing that relationship in this 
paper. 

Nematode larvae are also frequently found in Ancestral Pueblo cop-
rolite samples (Paseka, 2010). In the literature, some nematode lar-
vae are associated with soil protozoa decomposition (Georgieva et al., 
2005), but there is no record of its relation with parasite egg degrada-
tion. In order to verify if there is a correlation between the presence 
of mites and nematode larvae with parasite egg degradation, we focus 
on the recovery of pinworm eggs in three Great House latrines com-
pared to mites and nematode larvae per gram of coprolite. 

2. Materials and methods 

Coprolites from Salmon Ruins and Aztec Ruins Ancestral Pueblo ar-
chaeological sites were collected to perform this study (Fig. 1). Salmon 
Ruins and Aztec Ruins represent relatively recent occupations of the 
Chaco Culture and are dated between 1000 and 1200 years Anno Do-
mini (AD), period when the Pueblo II and Pueblo III were present in 
this region (Gwinn Vivian and Hilpert, 2012). 

Salmon Ruins is identified as a Chaco outlier community and it 
is located by the San Juan River, in Bloomfield, New Mexico (Fig. 1). 
The main ruin is a Great House built with 275 rooms and three story-
high (Fig. 2A). It was built in relatively short time, between 1088 and 
1100 AD, and abandoned by the Chacoan occupation around the year 
1130 AD. The Great House was occupied a second time by Mesa Verde 
Ancestral Puebloans after 1180 AD leading to the remodeling of the 
site. In the second occupation, the population used the Great House 
as a burial place, storage, ritual place and latrine (Gwinn Vivian and 
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Hilpert, 2012). The site used to have three latrines. However, two of 
them were destroyed due to a fire. Room 62W is the last remaining 
latrine where 67 samples were collected for this study. 

Aztec Ruins is an archaeological Ancestral Pueblo site located near 
the Animas River in Aztec, New Mexico (Fig. 1). It was originally built 
by the Chaco Canyon Culture, between 1000 and 1200 years AD. It is 

Fig. 1. Geographical location of Aztec Ruins and Salmon Ruins. Modified from Gwinn 
Vivian (1990). 

Fig. 2. A and B – A: View of the remaining ruins of Salmon Ruins. B: View of the re-
maining ruins of Aztec Ruins. Photos: Morgana Camacho. 
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considered as a Chaco outlier community characterized by a set of con-
structions. The larger and most studied of these constructions is the 
West Ruin, a Great House with 400 rooms, used by this population as 
a regional administrative and religious center (Fig. 2B). These con-
structions were abandoned by the Chacoans. After the abandonment, 
Mesa Verde Ancestral Puebloans migrated to this complex and occu-
pied the site. These Ancestral Puebloans used the West Ruin as ritual 
and burial place, to store their agricultural produce and as latrine, but 
not as habitation. The Mesa Verdean occupation is signaled by the sev-
eral ceramic styles and burials found in the West Ruin. Archaeologists 
identified 2 latrines, Rooms 219 and 225, dated from the second oc-
cupation period (Room 219–1182-1250 AD/Room 225–1185-1253 AD) 
(Schillaci and Stojanowski, 2002; Gwinn Vivian and Hilpert, 2012). 

Coprolite samples from both latrines were collected to perform this 
study. Twenty-one samples from Room 219 and 22 samples from Room 
225. The samples were collected using disposable materials and tools 
for each coprolite as well as personal protection equipment. The cop-
rolites were stored in individual airtight plastic bags and transported 
at environmental temperature to the Palynology Lab, School of Natural 
Resources, University of Nebraska-Lincoln, USA, for further analysis. 

Samples were weighed and 2 g–3 g of each coprolite were selected 
for analysis. Samples were rehydrated in 0.5% trisodium phosphate 
(Na3PO4) aqueous solution during 24 h in individual plastic tubes 
with screw caps (Callen and Cameron, 1960; Camacho et al., 2018). 
During this process, one Lycopodium tablet containing 12,500 spores 
(Batch No. 12496) was added for each gram of sample, for quantifi-
cation (Reinhard et al., 2012). Two-hundred microliters of 40% of 
hydrochloric acid (HCl) were added to enable the dissolution of the 
tablets and the dissociation of some mineralized coprolites (Rein-
hard et al., 2008). 

After the rehydration, the tubes were vortexed for 40 s and the 
samples were immediately washed through 250 μm mesh placed in 
50 ml beakers, in order to separate the macro from the microresi-
dues. Distilled water jets and metal minispatulas were used to disag-
gregate the macroresidues retained in the mesh. Alcohol was added to 
the samples in order to avoid microorganisms proliferation. The mac-
roresidues were transferred to individual filter papers, left to dry at 
environmental temperature and stored in whirlpak plastic bags for 
future analyses. 
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The microresidues in the beakers were pipetted and transferred 
back into the tubes. Drops of each sample were pipetted to microscope 
slides, mixed with glycerin and cover-slipped. The samples were an-
alyzed in a light microscope at 100× and photographs were taken at 
400× magnification. A minimum of 200 Lycopodium spores was quan-
tified for each sample, along with parasite eggs (Morrow, 2016), mites 
and nematode larvae. 

To calculate the eggs, mites and nematode larvae per gram of cop-
rolite (EPG/MPG/LPG), the following formula was applied (Pearsall, 
2016): EPG=[(p/m) × a]/v, where p is the number of parasite eggs 
counted, m is the number of Lycopodium spores counted, a is the num-
ber of Lycopodium spores added and v is the quantity of sample pro-
cessed. A statistical regression (P < 0.05) was applied in order to sta-
blish the possible positive correlation between the egg degradation 
and mites/larvae per gram of coprolite. The correlation was made by 
comparing the EPG data separately with the MPG data and then with 
the LPG data. Samples that were negative for mites and larvae were 
excluded from the analysis. 

3. Results 

Pinworm was the only parasite recovered from the coprolites. In 
Salmon Ruins, 22 of the 67 samples were positive, representing 32.8% 
of prevalence. Aztec Ruins showed extremely different results, when 
comparing the two latrines. At Room 219, three of the 21 samples 
were positive for Enterobius vermicularis eggs while at Room 225, 16 
of the 22 samples had eggs of this parasite, with prevalences of 14.3% 
and 72.7%, respectively. Egg preservation was variable at the sites. In 
Salmon Ruins, eggs were generally well preserved, however, they ex-
hibited degradation of eggshells and absence of larvae in eight sam-
ples (Fig. 3A–F). In Aztec Ruins Room 219, pinworm eggs were badly 
preserved with highly degraded eggshells, no larvae preserved and 
one of the eggs was only half preserved (Fig. 4A–C). In Aztec Ruins 
Room 225 preservation was excellent, with both eggshells and larvae 
intact (Fig. 5A–F). 

There was a variety of mites and larvae, demonstrated in Figs. 6 
and 7. In Salmon Ruins, 62 samples had mites and only four of the 67 
samples had larvae. In Aztec Ruins Room 219, 20 samples had mites 
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Fig. 3. A–F – Pinworm eggs recovered from Salmon Ruins. A–C: Eggs with excellent 
preservation, showing preserved eggshells and larvae. D–F: Eggs with some level 
of degradation showing degraded eggshells. Scale-bars=50 μm. 

Fig. 4. A–C – Pinworm eggs recovered from Aztec Ruins Room 219. All eggs pre-
sented poor preservation. A: Half of a pinworm egg that seems to have been abraded 
by mite’s chelicerae. B: Eggshell shows high level of degradation that can compro-
mise parasitological diagnosis. C: Two pinworm eggs with compromised morphol-
ogy. Scale-bars=50 μm. 
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and only three from 21 samples had larvae. In Aztec Ruins Room 225, 
15 samples had mites and 14 from 22 samples had larvae. Estima-
tion of eggs, mites and larvae per gram of coprolite (EPG/MPG/LPG) 
for Salmon Ruins and Aztec Ruins Rooms 219 and 225 are shown in 
Tables 1–3. Statistical regression was applied in order to establish 
the positive or negative correlation between egg degradation and the 
number of MPG and LPG. For Salmon Ruins (multiple r(60)=0.09/
P=0.442) and Aztec Ruins Room 225 (multiple r(13)=0.26/P=0.341) 
the correlation between pinworm egg degradation and mites per gram 

Fig. 5. A–F – Pinworm eggs recovered from Aztec Ruins Room 225 presenting ex-
cellent preservation. All eggs showed preserved eggshells and larvae. Scalebars= 
50 μm. 

Fig. 6. Mites found in coprolites from all sites. 
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of coprolite was not statistically significant. However there was a sta-
tistically significant correlation between egg degradation and MPG in 
Aztec Ruins Room 219 (multiple r(18)=0.64/P=0.002). 

The correlation between egg degradation and the number of LPG 
of coprolite was calculated only for Aztec Ruins 225, since in Salmon 
Ruins and Aztec Ruins Room 219 only a few samples presented lar-
vae. However, this correlation was not statistically significant (mul-
tiple r(12)=0.13/P=0.635). 

4. Discussion 

Enterobius vermicularis eggs were the only parasitological finding 
in the samples analyzed. Pinworm females deposit eggs in the host’s 
perianal region and for this reason, eggs are not usually found in the 
fecal matter (Rey, 2008; Reinhard and Pucu, 2014; Roberts et al., 
2013b). When the feces pass through the perianal area, some of the 
eggs attach to it and this is what can be recovered. According to Rey 
(2008) and Roberts et al. (2013b), only 5–10% of fecal samples pres-
ent eggs. This makes the fecal analysis unsuitable for diagnosing pin-
worm infection. Pinworm eggs are also considered to be fragile and 

Fig. 7. Larvae found in coprolites from all sites. 
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Sample ID EPG  MPG  LPG

1  168,77  0,00  0,00 
2  53,35  53,35  106,70 
3  1963,98  374,09  0,00 
4  112,87  338,62  0,00 
5  0,00  464,58  0,00 
6  0,00  286,19  57,24 
7  79,45  436,99  39,73 
8  0,00  1717,62  0,00 
9  0,00  364,08  0,00 
10  0,00  112,85  112,85 
11  0,00  334,11  0,00 
12  0,00  784,02  0,00 
13  242,79  776,94  0,00 
14  0,00  96,79  0,00 
15  336,72  673,44  0,00 
16  164,00  765,33  0,00 
17  53,58  160,73  0,00 
18  2097,67  524,42  0,00 
19  0,00  1725,72  0,00 
20  0,00  435,32  0,00 
21  7345,25  100,62  0,00 
22  0,00  1379,54  0,00 
23  0,00  60,97  0,00 
24  54,55  981,93  0,00 
25  0,00  673,84  0,00 
26  0,00  124,38  0,00 
27  0,00  275,08  0,00 
28  0,00  530,22  0,00 
29  0,00  2339,79  0,00 
30  0,00  2216,64  0,00 
31  371,29  1670,79  0,00 
32  0,00  175,97  0,00 
33  0,00  236,91  0,00 
34  60,10  1442,31  0,00 
35  759,35  2978,97  0,00 
36  121,34  364,03  0,00 
37  0,00  174,20  0,00 
38  58,64  938,17  0,00 
39  0,00  121,94  0,00 
40  0,00  1125,59  0,00 

Sample ID EPG  MPG  LPG

41  0,00  857,78  0,00 
43  0,00  1062,50  0,00 
44  0,00  645,54  0,00 
45  0,00  307,88  0,00 
46  0,00  2647,78  0,00 
47  0,00  2373,42  0,00 
48  0,00  172,55  0,00 
49  262,40  1259,53  0,00 
50  0,00  375,00  0,00 
51  0,00  892,86  0,00 
52  0,00  1610,25  0,00 
53  0,00  0,00  0,00 
54  0,00  369,46  0,00 
55  0,00  475,91  0,00 
56  586,30  820,83  0,00 
57  296,01  532,82  0,00 
58  109,91  164,86  0,00 
59  0,00  846,88  0,00 
60  0,00  693,82  0,00 
61  0,00  1147,34  0,00 
62  123,76  61,88  0,00 
63  0,00  229,27  0,00 
64  0,00  777,78  0,00 
65  0,00  56,31  0,00 

OBS: Samples 42, 66 and 67 presented zero 
values for EPG, MPG and LPG. 

Table 1 Results of eggs, mites and larvae per gram of coprolites from Salmon Ruins.
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are not usually found in ancient samples analyses (Jaeger and Iñiguez, 
2014; Reinhard et al., 2016). However, despite these assumptions, in 
the studied Ancestral Pueblo sites, we were able to recover the high-
est prevalences of infection and to apply quantification methods to es-
timate EPG of coprolite. 

There are other helminths that produce more resistant eggs, such 
as Ascaris sp. and Trichuris trichiura, which exhibit at least three lay-
ers of eggshell (Roberts et al., 2013c, 2013d). Pinworm eggs have a 
thin eggshell (Roberts et al., 2013b) and its presence in the absence 
of both more resistant eggs or fragile eggs, like those from ancylosto-
mids, indicates that possibly this was the only helminth infection in 
these populations (Reinhard and Pucu, 2014). 

Considering the Morrow et al. (2016) taphonomy factors, abiotic, 
contextual and anthropogenic factors could have contributed to the 
preservation of the parasitological evidence. These sites are located in 

Table 2 Results of eggs, mites and larvae per gram of coprolites from Aztec Ruins 
Room 219. 

Sample identification  EPG  MPG  LPG 

1  294,81 3 183,96  0,00 
2  61,27  1593,14  0,00 
4  0,00  1573,30  58,27 
5  0,00  254,07  0,00 
6  0,00  117,92  0,00 
7  0,00  1611,40  0,00 
8  0,00  1010,64  53,19 
9  0,00  1562,50  0,00 
10  0,00  918,60  0,00 
11  60,68  1881,07  0,00 
12  0,00  163,21  0,00 
13  0,00  183,21  0,00 
14  0,00  430,30  0,00 
15  0,00  1973,68  0,00 
16  0,00  1111,32  0,00 
17  0,00  1710,62  53,46 
18  0,00  56,63  0,00 
19  0,00  1494,71  0,00 
20  0,00  633,60  0,00 
21  0,00  1701,16  0,00 

OBS: Sample 3 presented zero values for EPG, MPG and LPG. 
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dry environments, considered as one of the most favorable conditions 
to preserve parasite remains (Reinhard et al., 1986). The dry climate 
favored the preservation of coprolites, which are the context of the 
parasitological findings. Coprolites are feces preserved by desiccation 
or mineralization and provide protection to the parasite remain (Bry-
ant and Reinhard, 2012). Specific to our sites, room construction is a 
contextual factor that could have enhanced preservation. The latrines 
were isolated rooms, built with thick stone walls and pine wood ceil-
ings, used only for trash disposal and as latrines (Gwinn Vivian and 
Hilpert, 2012). Besides this fact, the room architecture did not allow 
that water, wind or any other abiotic factor could get in contact with 
the fecal matter. This explains for example, why Aztec Ruins Room 225 
pinworm eggs are so well preserved. The latrine presents, until today, 
the same conditions that it had when constructed, including the pre-
served original ceiling (Fig. 8) (Lister and Lister, 1987). 

Table 3 Results of eggs, mites and larvae per gram of coprolites from Aztec Ruins 
Room 225. 

Sample identification  EPG  MPG  LPG 

1  117,53  2115,51  0,00 
2  0,00  0,00  1334,60 
3  199,47  49,87  50,20 
4  0,00  60,67  1838,24 
5  0,00  486,17  3047,26 
6  60,57  0,00  975,61 
7  0,00  362,27  0,00 
8  0,00  0,00  52,08 
9  1639,19  93,67  0,00 
10  1335,47  44,52  1620,37 
11  783,76  663,18  62,50 
12  842,64  105,33  0,00 
13  0,00  0,00  509,05 
14  56,89  455,15  175,23 
15  72,52  0,00  61,88 
16  89,24  2275,65  223,10 
17  52,72  105,43  0,00 
18  98,52  0,00  0,00 
19  403,99  101,00  0,00 
20  116,43  174,65  0,00 
21  415,74  0,00  6463,41 
22  171,89  114,59  925,93 
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Ecological factors are the main taphonomic element affecting egg 
preservation. Aztec Ruins Room 225 shows large numbers of LPG but 
lower amounts of MPG. An excellent preservation of pinworm eggs 
was observed (Fig. 5A–F). Neither MPG nor LPG has a statistically sig-
nificant correlation with egg degradation. In some studies, mites are 
shown to have preference for nematode larvae predation (Epsky et al., 
1988; Mian et al., 1982; Muraoka and Ishibashi, 1976; Rocket, 1980; 
Santos et al., 1981; Walter et al., 1986). Perhaps the presence of lar-
vae and no signs of egg degradation indicate that mites preferred to 
consume the larvae, not eggs. The pinworm egg prevalence of 72.7% 
is the highest found for all Ancestral Pueblo sites studied (Reinhard 
et al., 2016). In general, high prevalence could be an influence of high 
population density estimated to range from 700 to 1000 people (Lister 
and Lister, 1987). 

Fig. 8. Detail of one of Aztec Ruins’ room ceiling showing the complex organization 
of the wood that probably resulted in the protection of the coprolites and hampered 
the parasite egg degradation in Room 225. Photo: Morgana Camacho.
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In Salmon Ruins there were a small number of larvae positive sam-
ples, but a considerable number of samples had mites. However, no 
statistically significant correlation between MPG and egg degradation 
was found. Pinworm EPG values were lower than Aztec Ruins Room 
225. Also, compared to Aztec Ruins 225, Salmon Ruins eggs preser-
vation was less pristine. In Fig. 3D–F we can observe that the egg-
shells are degraded and that there is some fungal mycelial growth that 
probably contributed to this degradation. Therefore, mites and fungi 
could have affected the eggs. This is supported by research of other 
authors who address parasite taphonomy in diverse contexts (Cama-
cho et al., 2013; Leles et al., 2010; Rácz et al., 2015; Reinhard et al., 
1986). Despite this observation, more analyses are required in order 
to understand the taphonomic issues concerning egg preservation in 
Salmon Ruins. 

In Aztec Ruins Room 219 the results contrasted sharply to the ex-
cellent preservation in Aztec Ruins Room 225. These latrines are rel-
atively close to each other, but exhibit divergent prevalences and 
preservation conditions. They represent the highest and the lowest 
prevalences from Ancestral Pueblo sites (Reinhard, 2008). Contrary 
to Aztec Ruins Room 225, Room 219’s ceiling is not conserved. Abi-
otic factors such as water percolation could have interfered with egg 
preservation in the centuries post deposition as defined for medieval 
contexts (Rácz et al., 2015). Despite the dry environment, the site was 
close to the Animas River and the elevated humidity from the river 
could have contributed to degradation. Also, this was the only room 
in which MPG had a statistically significant correlation with egg deg-
radation. This result demonstrates that mites intensely impacted egg 
preservation at this latrine. This biological relation was probably fa-
vored by the humidity that came from the Animas River and got into 
the room due to the lack of protection that would be provided if the 
Room’s ceiling were preserved. There is a visual clue to egg preda-
tion by mites. In Fig. 4A, half of an egg is observed, which seems to 
have been abraded by mite’s chelicerae. In this study, mite infestation 
is considered as a defining factor that diminished egg preservation. 
Mite predation on nematode larvae has been defined experimentally 
(Martikainen and Huhta, 1990; Muraoka and Ishibashi, 1976; Santos 
et al., 1981). Larvae were not present in great amounts in Room 219 
which is consistent with well documented predation of mites on nem-
atodes in diverse environments (Epsky et al., 1988; Mian et al., 1982; 
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Muraoka and Ishibashi, 1976; Rocket, 1980; Santos et al., 1981; Wal-
ter et al., 1986). This is the first study that correlated the presence of 
mites with egg degradation in ancient samples. 

In Aztec Ruins Room 219, both prevalence and taphonomic inter-
ferences demonstrate that there are different and exceptional tapho-
nomic conditions at this latrine. This means that the prevalence data 
from this room underestimate the infection level of the people who 
used the room as a latrine in prehistory. Paleoepidemiologically, it is 
not possible to strictly compare parasite data from Room 219 with 
other Ancestral Pueblo sites, even with Room 225 located at the same 
site. Taphonomy shows that we are dealing with different processes, 
despite the latrines closely location. Therefore, we show in this study 
that data from the same classes of sites (Chaco Great Houses) may 
not be comparable paleopathologically. Indeed, coeval latrines from 
the same site can have pronounced parasite differences due to within 
site valiance in the decomposition biology. These facts, demonstrated 
here for the first time, signal that we must be critical in comparing 
data from different sites in reconstructing disease threats. Especially 
with mites, we must collect data on taphonomic organisms to assess 
the role of taphonomy in defining variation in data. 
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