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Coprolite

Analysis

A Biological Perspective on Archaeology
KARL J. REINHARD and

VAUGHN M. BRYANT, JR.

The most remarkable dietary remains recoverable from
archaeological contexts are coprolites. Coprolites are desiccated or
mineralized feces that are preserved in sheltered and open sites in
arid regions, primarily in the New World. These dietary remains are
remarkable from several perspectives. They typically contain a vari-
ety of macroscopic and microscopic remains that form interrelated
data sets for the reconstruction of diets. Because contexts containing
coprolites are typified by excellent preservation, the remains copro-
lites contain tend to be in better states of preservation than dietary
remains recovered from nonfecal deposits. Coprolites also contain
the well-preserved remains of intestinal parasites and pathogens
which affected prehistoric health. Thus, coprolites provide excellent
evidence of diet and disease for arid regions.

Today, coprolites are recovered from caves, open sites, mummies,
and occasionally from burials. Latrine deposits and trash middens
are another source of coprolite data, even when individual coprolites
are not identifiable in the soil matrix. Our paper offers a history of
coprolite research, critically examines the types of data which can
be recovered from human coprolites, evaluates interpretive value of
coprolite data, and summarizes current directions in coprolite
studies.

History of Coprolite Analysis

The term coprolite, first coined by Buckland {1829), comes
originally from the paleontological literature and was initially
applied to mineralized dinosaur feces. Currently, the term refers to
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feces and mummy intestinal contents preserved by desiccation {Cal-
len and Cameron 1960; Callen 1965; Heizer and Napton 1969; Bryant
1974a; Fry 1977, 1980, 1985; Turpin et al. 1986). Thus, the term copro-
lite encompasses fecal material preserved either by mineralization or
desiccation, from both paleontological and archaeoclogical contexts.

Coprolite studies have gone through three historical phases. The
first began in 1829 when the term was coined, and ended in 1960
when Callen began intensive coprolite analysis and standardization
of analytical techniques. This early phase is characterized by diverse
pioneering efforts by a number of individuals. The second phase
began in 1960 with Callen’s early analyses and ended with his death
in 1970. It was during this period, largely due to Callen’s efforts, that
techniques were developed, specialized studies of pollen, parasites,
and macrofossils were initiated, and wide interest in coprolite analy-
sis was first sparked. This period laid the foundations for current
coprolite research. The last phase began in 1970 and extends to the
present. It is characterized by refinement in techniques and broader
applications of coprolite analysis to archaeological questions.

Harshberger (1896) was the first to realize the potential value of
human coprolite analysis. He suggested that seeds and bones found
in prehistoric feces offer clues to ancient diet. Later, Young {1910)
examined macroscopic plant remains in human coprolites from Salts
and Mammoth caves in Kentucky. A variety of macroscopic plant
remains were also recovered from intestinal contents of mummies
in Nubia (Jones 1910). Netolitsky {1911, 1912) identified a number of
dietary components in coprolites from Egyptian mummies including
macroscopic plant remains and animal bone. Although not from cop-
rolites per se, Warren {1911) examined the visceral area of an English,
Bronze Age skeleton and found a variety of edible seeds. Loud and
Harrington (1929) were the next to report on the analysis of human
coprolites. From their study of fecal remains found in Lovelock Cave,
Nevada, they suggested that prehistoric diet patterns included a vari-
ety of wild seed types and plant fibers. Macroscopic plant food re-
mains were found in coprolite material from the Newt Kash Hollow
Shelter in Kentucky (Jones 1936) and in dried fecal remains found in
a mummy recovered from a rock shelter site in Arkansas (Wakefield
and Dellinger 1936). Wakefield and Dellinger’s study was a landmark
in coprolite research in that chemical and microscopic analyses of
fecal remains were undertaken and the data were related to prehis-
toric health.
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By the late 1950s there was a growing interest in coprolite re-
search. Sperry and Fonner completed a study of macroscopic plant
and animal constituents of human coprolites from Danger Cave (Jen-
nings, 1957). This was the first study to include hair and feather
analysis. Webb and Baby (1957) looked at a few human coprolites
from caves in eastern Kentucky and found evidence of sunflower and
goosefoot seeds as well as insects. MacNeish (1958} noted that
human coprolites recovered from sites in Tamaulipas, Mexico, con-
tained maguey fibers, squash seeds, insect fragments, and pieces of
snail shells.

It was during this initial period that the search for parasites in the
archaeological record began. The first evidence of prehistoric parasit-
ism was derived from the study of the colon contents of mummies.
In the New World, an Inca mummy provided the first evidence of
ancient parasitism (Pizzi and Shenone 1954} in the form of Trichuris
trichiura (whipworm) eggs.

During the 1960s there were a number of new studies conducted
on human fecal materials. Coprolite analysis during this period was
dominated by Callen, who emerged as the first coprolite specialist.
Callen and Cameron {1960) reported their analysis of human copro-
lites recovered from Huaca Prieta, an open midden on the coast of
Peru. Callen then published the account of his analysis of human
coprolites from the Ocampo caves of Tamaulipas, Mexico (Callen
1963). Later, he reported on the completed analysis of additional
human fecal materials recovered from several Peruvian archaeologi-
cal sites [Callen 1965). Callen completed three other studies and had
begun a fourth before his untimely death in 1970.

The analysis of over 100 human coprolites from Tehuacan, Mexico,
was of critical importance to archaeology because it dealt with diet
changes before, during, and after the period of early plant domestica-
tion in Mesoamerica {Callen 19672, 1968). Callen (1969) also became
the first person to examine the contents of human feces from Middle
Paleolithic {ca. 75,000 B.r.} age deposits. The last report published
before his death {Callen and Martin 1969) reported the diet patterns
of the prehistoric peoples who lived in Glen Canyon, Utah. In 1970,
he began the analysis of human feces recovered from rock shelter and
cave deposits near Ayacucho, Peru, but, unfortunately, died of a heart
attack in the field before that study could be completed (Bryant 1974c).

Concurrent with Callen, other researchers began to recognize the
importance of human coprolite analysis. A series of reports resulted
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from the analysis of human feces found at Lovelock Cave, Nevada
(Ambro 1967; Cowan 1967; Heizer 1960, 1967, 1969; Heizer and Nap-
ton 1969; Napton and Brunettii 1969; Roust 1967; Tubbs and Berger
1967). Other human coprolite studies conducted during the 1960s
included Bryant {1969), who reported on the analysis of 43 human
coprolites recovered from southwest Texas; Fry (1977), who com-
pleted his analysis of human feces recovered from Danger Cave,
Utah; and Watson and Yarnell (1966}, who described feces from Salts
Cave, Kentucky.

In the mid-1960s Martin and Sharrock (1964) introduced a new
concept to the study of human feces; pollen analysis. In their initial
study of 54 human coprolites from the Glen Canyon area they found
that the pollen contents of coprolites could provide information rela-
tive to the understanding of prehistoric diet, seasonal camp site occu-
pation, and insights into the use of specific plants (such as juniper)
which are not otherwise represented in coprolite samples. Soon,
other pollen analyses of human coprolites followed. These included
the studies in southwest Texas (Bryant 1969; Bryant and Larson
1968; Riskind 1970), the Great Basin {Napton and Kelso 1969; Hall
1972); and from Kentucky (Bryant 1974b; Schoenwetter 1974).

In Europe, the study of ancient latrine deposits was providing clues
on the extent and spread of Medieval parasitism (Gooch 1983; Jones
1985; Pike 1975; Taylor 1955). Latrine studies demonstrated that
fecal remains could be recovered from archaeological sites, even
though no distinct coprolites remained. Although occasional studies
of latrine soils were attempted in the Americas (Hevly et al. 1979,
Reinhard et al. 1986}, coprolite analyses have remained a primary
source of New World parasite evidence.

The years since 1970 have seen a refinement in coprolite analysis
and interpretive techniques. New macrofossil quantification tech-
niques were developed by researchers such as Yarnell {Watson and
Yarnell 1966), Bryant (1974a, b, c¢), Fry (1977, 1985), and Minnis
(1989]. In addition, macrofossil analysis expanded to include the
identification of mollusk remains (Jones 1988a) and detailed descrip-
tions of faunal remains (Czaplewski 1985; Reinhard 1985a, 1988b;
Sobolik 1988a; Williams-Dean 1978). Comparative analysis of copro-
lites from different sites and regions was also developed (Fry 1977,
1980; Gasser 1982; Minnis 1989; Reinhard 1988a, 1990; Reinhard and
Jones n.d.; Sobolik 1988a; Stiger 1977) as well as studies of dietary
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change through time at one site (Minnis 1989; Hall 1977; Stock 1983;
Reinhard, Jones, and Barros n.d.).

Pollen analyses of coprolites have also undergone pronounced re-
finement. Methods for interpreting dietary versus environmental
pollen taxa were developed (Bryant 1974a, 1974b, 1986; Clary 1984;
Scott 1979; Williams-Dean 1978). Experimental studies of pollen
movement through the human digestive tract were examined by
Kelso (1976) and later by Williams-Dean (1978]. Kelso {1976} and
Aasen (1984) worked with pollen concentration techniques in feces
and coprolites, but it has been the recent studies by Reinhard et al.
{1991} and Sobolik {1988b) that have given us a better understanding
of how to use concentration values to document the prodigious
amount of pollen present in coprolites.

Coprolite research has expanded to include study of phytoliths
(Bryant 1974a; Bryant and Williams-Dean 1975; Reinhard 1985a),
mycology (Reinhard 1985b; Reinhard et al. 1989), acarology (Kliks
1988), microbiology (Stiger 1977; Williams-Dean 1978), nutrition
(Reinhard 1988b; Reinhard, Jones, and Barros n.d.; Sobolik 1988a), and
chemistry (Fry 1977; Moore et al. 1984; Bercovitz and Degraff 1989).

In the 1970s and 1980s, archaeoparasitology laboratories were es-
tablished in Brazil, Chile, Peru, the United States, Canada, England,
and Germany. This resulted in a proliferation of work as reviewed by
Ferreira et al. (1988), Horne (1985), and Reinhard {1990, 1992). Para-
sitological extraction and quantification techniques were evaluated
{Reinhard et al. 1988) and theoretical frameworks were forged (Fer-
reira et al. 1988; Herrmann and Schultz 1986; Reinhard 1990). Re-
gional overviews have been published for the Great Basin (Fry 1977,
1980), the Colorado Plateau (Reinhard 1988a; Reinhard et al. 1987),
northern Europe (Herrmann 1986), Peru {Patrucco et al. 1983), Brazil
(Ferreira et al. 1988) and North America (Reinhard 1990).

Coprolite Components

Several types of dietary remains can be recovered from
coprolites and form discrete data sets. Once analyzed, these can be
integrated in a holistic reconstruction of diet and disease. For archae-
ologists to employ coprolite data effectively, they must be familiar
with the types of information that can be recovered, how that infor-
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mation is interpreted, and how the types of coprolite data are af-
fected under depositional and postdepositional conditions.

Biological Components

Bacteria and Virus. Bacteria in coprolites can be identified through
examination of dead bacteria and through culturing live bacteria. A
search for nonactive bacterial remains in prehistoric coprolites from
Utah was conducted by John Moore (Fry 1977:24). Through gram
staining, he was able to identify cocci bacteria, but not the rod type.

Culturing live bacteria from coprolites has been difficult. Wake-
field and Dellinger {1936) were the first to attempt to culture micro-
organisms from coprolites; they were followed by Tubbs and Berger
{1967). These early attempts at agar culturing were unsuccessful.
Colvin, working in conjunction with Stiger (1977:45}, used a differ-
ent culturing technique which resulted in the growth of viable bac-
teria isolated from Amnasazi coprolites (ca. A.D. 1240) excavated from
Hoy House in Mesa Verde, Colorado. The bacteria they cultured were
cyst-forming anaerobic types in the genus Clostridium. Colvin's suc-
cess in culturing bacteria from coprolites is attributed to his tech-
nique of heat shocking the culture media. This process kills the veg-
etative bodies of modern bacterial contaminants and stimulates the
growth of encysted, ancient spores {Stiger 1977).

The preservation of bacteria differs between cyst-forming, anaero-
bic gut bacteria and noncyst-forming species. Cyst-forming bacteria
such as Clostridium can be recovered and identified from coprolites.
However, noncyst-forming, pathogenic bactetia such as Salmonella
and Shigella are susceptible to decay in the postdepositional environ-
ment and cannot be identified.

Viral study of coprolites has been attempted only once. Williams-
Dean (1978) submitted several Hinds Cave coprolites {ca. 7,000 B.p.),
for analysis. One specimen contained biologically active viral organ-
isms of an unknown strain which was never identified. Not enough
information is available to assess the ease in recovery of virus re-
mains from coprolites or to assess their interpretive value.

Fungus. Fungal hyphae and spores are well preserved in coprolites.
They provide insights into the preservation conditions of coprolites.
Occasionally they also provide dietary data. Interpreting these re-
mains is hampered by the lack of taxonomic keys for fungal spores.
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deposited can provide similar data to that provided by actual copro-
lite specimens. Importantly, Jones (1985) has developed techniques
that allow a researcher to recognize a fecal-contaminated soil by cal-
culating the concentration of parasite eggs in soil samples.

The analysis of colon contents from mummies also provides valu-
able data. However, sampling problems are lessened when working
with mummified colon contents. For example, in mummy analyses
one can be certain that organic materials in the colon region are of
human origin. In addition, by sampling different areas of the diges-
tive tract, different meals can be identified in a single mummy (Rein-
hard and Hevly 1991}. Finally, studies of mummies are useful because
it is possible to examine differential disease and dietary patterns be-
tween sexes and ages of individuals because mummies can usually
be identified to sex and age.

Mummy intestinal contents have provided important dietary, para-
sitological, and pharmaceutical data. Analyses of mummies in Chile,
Peru, and Brazil have revealed the earliest South American evidence
of prehistoric parasite infection {(Horne 1985). Similarly, mummies
from Europe and North America reveal infection with a variety of
parasites (Jones 1986b; Reinhard 1990). Palynological and macrobo-
tanical analysis of colon contents found in a Mimbres-age burial in
New Mexico revealed evidence that the individual consumed a tea
made from willow (Salix) for its medicinal properties (Shafer et al.
1989). Additional dietary studies have been derived from the analyses
of mummies recovered from Arizona (Fry 1977), the Lower Pecos re-
gion of west Texas (Turpin et al. 1986), the Ozarks of Arkansas (Wake-
field and Dellinger 1936), Ventana Cave in Arizona (Reinhard and
Hevly 1991), and costal regions of Peru (Callen and Cameron 1960).

Interpretive Value of Coprolites

The dietary representation of any given coprolite series is
affected by cultural, depositional, and analytical factors. These fac-
tors affect the interpretive value of coprolites in reconstructing pre-
historic behavior.

Seasonality is a major bias in coprolite analysis. Many coprolite
series, especially hunter-gatherer coprolites, represent seasonal or
short period occupations. Consequently, dietary data represent re-
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source exploitation for a specific time of year. Therefore, although
coprolites provide exceptionally detailed dietary data, these data
usually represent only seasonal exploitation, and one must resist
generalizing year-round dietary patterns from coprolites alone.

The demographic sample represented by a coprolite series is un-
known. Thus, one cannot assume that the dietary data revealed in a
coprolite series are representative of all ages and sexes of the popula-
tion. It is conceivable, for example, that coprolites from any given
hunter-gatherer cave site over-represent one sex or another, or even
one age grade over other age grades. Thus, the dietary patterns rep-
resented by coprolites may be skewed.

After deposition, the coprolites may begin to decompose. When
decomposition reaches an advanced state, all that remains for the
archaeologist are compact layers of organically rich soil. Even copro-
lites that retain identifiable shapes in archaeological matrices can be
decomposed to the point that only animal bone and shell remain.

It is almost certainly the case that coprolite sampling error over-
represents older individuals and those that enjoyed healthy intes-
tines (Reinhard 1988a). This is due to two sources of sample error: in
the field, and in the laboratory. Diarrheal stools are very common in
coprolite collections, but rarely studied. With extreme cases of wa-
tery diarrhea, the feces desiccate to form very thin crusts in archaeo-
logical deposits that are very difficult or impossible to recover from
the field. Once in the laboratory, coprolite analysts tend to select
formed, cylindrical coprolites for study. This helps to insure that
human coprolites are studied, but diarrheal stools, as well as those
defecated by infants and children, are not included in the sample.
This neglect of diarrheal and subadult coprolites has an especially
strong impact on parasitological data since the young and sick are
more likely to be parasitized. We suggest that the sampling process
should include all coprolite morphological forms and not be biased
by the perception of healthy, human stools. After all, cylindrical
stools are the norm for modern North Americans, but this morpho-
logical type was not the norm for many prehistoric cultures.

In the final analysis, the value of coprolite analysis depends on
how many types of analysis are carried out on a coprolite series.
Certainly, analysis of all types of remains listed above is costly. How-
ever, to optimize data recovery from coprolites, we suggest that mac-
rofloral, macrofaunal, pollen, phytolith, and parasite analyses be
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completed. These data sets can then be integrated into a comprehen-
sive reconstruction of the diet.

Coprolites in Dietary Reconstruction

Paleoethnobotanical studies of nonfecal archaeological de-
posits through flotation and palynology provide important informa-
tion regarding detailed use of plant and animal species. For dietary
studies, flotation and pollen studies of nonfecal remains tend to be
more ambiguous than coprolite remains because of contaminant
seeds and pollen in the soil matrix. Often, only items that show
evidence of human activity, such as parched seeds, are counted by
flotation researchers. Coprolite researchers face reduced problems of
contamination. The items recovered from the fecal matrix can be
safely assumed to be of dietary origin. Because coprolites contain
remains that were actually consumed and defecated, they provide a
stronger data base than nonfecal flotation and palynology.

Gasser’s {1982) comparative study of flotation and coprolite data
highlighted another difference between macroscopic coprolite and
flotation data. Many fragile items that are susceptible to decomposi-
tion in an open site are better preserved in coprolites. This is because
coprolites generally come from contexts ideal for preservation. Con-
sequently, in general coprolites provide evidence of a greater range
and better representation of fragile dietary items. Miksecek (1987)
noted discontinuity between coprolite data and bulk sample data
from the Tehuacdn Valley. He attributes the differences to the in-
creased difficulty in identification of items in coprolites. This is
probably partially correct, but in general differences in representa-
tion are due to the fact that flotation and bulk samples contain many
items that are discarded in the process of food preparation. Thus, one
is more likely to find chewed leaf bases, nut shells, and other process-
ing debris in bulk samples that are absent in coprolites. Flotation
data can be used in conjunction with coprolites to reconstruct year-
round diet. For example, flotation data from Dust Devil Cave rep-
resented warm season plant use, while the coprolites were appar-
ently defecated in the winter (Reinhard 1988b). The midden provided
information regarding the spectrum of plants harvested and pro-
cessed at the cave year round, while the coprolites provided insight
into which of these were stored for winter consumption.
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The interpretive power of any line of evidence is increased when
augmented with other lines of evidence; this is certainly the case
with coprolite analysis. In our opinion, the combination of coprolite
data with trace element, carbon isotope, and nitrogen data derived
from bone analysis holds the greatest potential of revealing general
and specific dietary patterns.

Stable carbon isotope and trace mineral analysis data, derived from
bone and mummified tissue, provide important information regard-
ing general lifetime dietary patterns. These techniques provide data
regarding the consumption of different classes of food fi.e., C-3
plants, C-4 plants, legumes, marine animals, terrestrial animals,
etc.}, but coprolites provide evidence of specific plants and animals
eaten. Together, chemical study of bone and biological study of cop-
rolites present a complete picture of prehistoric diet. Although in its
pioneering stages (Farnsworth et al. 1985), we feel that this combined
approach will be particularly effective in the future, especially in
mummy studies where coprolites and bone samples can be recov-
ered from the same individual. This integrative approach to coprolite
and bone studies from mummies is currently being investigated
by Aufderheide, Buikstra, and Reinhard in the analysis of Peruvian
remains.

With trace mineral analysis, diagenesis strongly affects the ele-
mental composition of bone and can often diminish the accuracy of
such study {Aufderheide 1989). There are also preliminary indica-
tions that microbial activity can alter isotopic signals and thereby
confuse archaeological interpretation. These are not problems with
the biological study of fecal residues, so coprolite analysis is of par-
ticular importance in substantiating trace element work. The incor-
poration of coprolite and trace element data was pioneered by Weir
et al. (1988), and current research by Reinhard and Aufderheide with
Chilean mummies indicates that with remains that do not undergo
significant diagenetic change, trace element and coprolite data can be
effectively used to reconstruct general and specific dietary patterns.

Coprolite data are of greater interpretive value when incorporated
with flotation and faunal data. This provides a clearer idea of how
well diet is represented in coprolites. The incorporation of coprolite
data with bone chemical data is especially important. A long-term
dietary picture is revealed by the chemical analysis, the specifics of
which are filled in by coprolite analysis. Continued mummy studies
will undoubtedly benefit from this approach.
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Behavioral Inferences from Coprolite Data

Jerome et al. {1980} described the relationships between
diet and technology, social organization, physical environment, and
social environment. Because coprolites directly reflect subsistence,
coprolite analysis has a critical role in the reconstruction of prehis-
toric lifestyles. Although not all aspects of culture discussed by
Jerome et al. (1980) can be determined from coprolite data alone,
some can. It is possible to use coprolite data to examine prehistoric
food technology, physical environment, and nutrition.

Food Technology

Food technology involves the recognition of plant and animal food
resources, developing harvesting techniques, and developing food
preparation techniques. For example, a2 common dietary plant food
utilized by hunter-gatherers in Mexico, the American Southwest,
and southwest Texas was Agave. Some parts of the plant could be
eaten without specialized preparation. Other parts, however, are in-
edible without intense preparation. The recovery of great quantities
of Agave pollen in coprolites from as far south as Frightful Cave in
northern Mexico (Bryant 1974a) and from sites in southwest Texas
(Bryant 1969; Riskind 1970; Williams-Dean 1978; Sobolik 1988a;
Reinhard et al. 1991} demonstrates the consumption of flowers or a
tea derived from Agave flowers. The eating of Agave flowers requires
no special harvesting or preparation techniques since flower eating
requires only a memory of where flowering stands are likely to occur.
However, other evidence indicates harvesting and preparation of
vegetative portions of the plant. The recovery of Agave fibers, plant
leaf epidermis, and phytoliths in coprolites demonstrates that the
thick basal bulbs of the Agave plant and the bases of individual
leaves were eaten (Bryant 1974a; Bryant and Williams-Dean 1975;
Reinhard 1988b; Sobolik 1988a). Agave bulb bases and leaf bases are
not edible when raw because they contain many alkaloids that taste
bad. Ethnographic records {Castetter et al. 1938) and our own experi-
ments show that an effective way to prepare these plant parts for
eating is roasting the bulbs and leaf bases in earthen ovens or steam-
ing pits for various periods of time ranging from two to four days.
The collection, preparation, and cooking of Agave in earthen ovens
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are not simple tasks. One must possess a technical knowledge that
includes: (1) how and when to harvest Agave to obtain the maximum
amount of nutrition, (2) how to prepare an effective roasting pit, and
(3) when it is best to uncover the fully cooked Agave. Thus, when we
recover evidence of Agave, other than pollen, complex harvesting
and preparing procedures are implicated.

Other plant species found in coprolites also implicate approximate
techniques of harvesting and preparation. Cactus and sotol plants
were other staples utilized in most of the same regions where Agave
was being used. The picking and eating of cactus and sotol flowers,
or the picking and eating of cactus fruits, require no specialized tech-
nology. Collecting and cooking cactus pads and sotol leaf bases re-
quire more complex techniques much like the techniques associated
with Agave because cactus pads and sotol leaf bases also contain
alkaloids and tough fibers. They need to be roasted or steamed like
Agave bulbs and leaf bases to soften the fibers and neutralize many
of the alkaloids.

Coprolites recovered from the colons of mummies found in caves
in the Ozark Mountains of Arkansas (Wakefield and Dellinger 1936)
contain fragments of acorn shells. This finding indicates that the
early people of that region had developed techniques for leaching
tannin from acorns and thus turning inedible acorns into rich sources
of edible carbohydrates. In other parts of North America, such as the
Lower Pecos region in Texas, the same level of acorn preparation
technology cannot be inferred since many of the oak species that are
present produce “sweet” acorns that lack the bitter tannin and can
be eaten raw or roasted.

Food preparation techniques can sometimes be inferred from seed
remains in human coprolites. Callen {1967b} found that some of the
millet seeds in coprolites from Mexico had been prepared by pound-
ing while others had been split open by rolling them back and forth
on a grinding stone. In prehistoric coprolites from southwest Texas,
Bryant {1969) noted that some of the eaten cactus seeds had been
broken open by pounding or grinding. Some of the broken cactus
seeds in those coprolites were also charred, suggesting they were
ground, roasted, and then eaten. The presence of Chenopodium
seeds in coprolites deposited in winter at Dust Devil Cave suggests
a knowledge of seed gathering, grinding, drying, and storage tech-
niques {(Reinhard et al. 1985). The finding of maize pollen grains that
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have been cracked and broken in a tearing manner tells us that maize
kernels, with pollen attached, were ground with a mano and metate
before being eaten (Bryant and Morris 1986).

Macroscopic remains of maize also indicate various maize prepara-
tion techniques. Aasen (1984) was able to identify several techniques
of maize preparation including roasting and grinding. Exceptionally
fine grinding typified prehistoric maize preparation in Durango,
Mexico (Reinhard et al. 1989).

Animal exploitation also requires specialized harvesting tech-
niques. In the Lower Pecos region of southwest Texas, prehistoric
coprolites contain the remains of small fish, many of which are too
small to have been caught in a net or on a hook and line (Bryant
1969; Williams-Dean 1978; Sobolik 1988a). Cultural deposits, in the
same archaeological sites containing the coprolites, are often full of
Mexican buckeye (Ungnadia speciosa) seeds. Mexican buckeye
seeds are poisonous and do not occur in human coprolites. Experi-
ments show that these seeds, when ground and placed on the surface
of small pools of water, create a potent fish poison {Adovasio and Fry
1972). The combined presence of tiny fish bones and scales in copro-
lites {Reinhard, Jones, and Barros n.d.; Sobolik 1988a; Williams-Dean
1978) and the occurrence of Mexican buckeye seeds in the deposits
of the same sites suggest that the technological knowledge of how to
use these seeds as fish poisons was known and utilized.

Physical Environment

Coprolite studies can offer clues about the physical environment
through the types of microfossils and macrofossils they contain. The
abundance and percentages of microfossils such as the background
pollen of spruce, pine, juniper, and oak suggest certain types of broad
environmental settings. Likewise, economic pollen types such as
cactus, agave, mesquite, and sotol can indicate that the people who
produced the coprolites were living in a semi-arid or arid environ-
ment. Phytoliths are yet another type of microfossil that can be used
to infer the presence of certain plants as well as certain types of
environmental settings.

Plant macrofossils such as maize kernels, pinyon or cactus seeds,
the bones of ecologically specific mammals and fish, the feathers of
birds that occupy certain types of habitats, and the remains of region-
ally important insects often appear in human coprolites. Once iden-
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tified, these remains serve as clues to the habitats occupied by those
who produced the coprolites. For example, Fry (1985) found that cop-
rolite remains reflected adaptations to different ecological areas in
the Great Basin region including the lacustrine environment of Love-
lock Cave and the desert environment of Danger and Hogup caves.
He used the presence of waterfowl and fish bones and an abundance
of water plants in Lovelock Cave coprolites to infer that those people
utilized a lake shore environment. At Danger and Hogup caves, Fry
found desert plants and the halophyte Allenrolfea (pickle weed), indi-
cating a dry physical environment with soils of high salt content. In
similar studies, the physical remains found in coprolites from areas
of southwest Texas, such as those examined by Williams-Dean
(1978), Stock {1983}, and Sobolik {1988a), revealed a stable desert
habitat for that region covering a span of 9,000 years.

Current Directions in Coprolite Studies

The role of coprolite analysis in tracing dietary changes
concurrent with cultural change has been the main focus of coprolite
analysis for much of its history. With the onset of Callen’s research
in the early 1960s, coprolite studies focused mainly on questions of
dietary composition and changes in diet through time with the intro-
duction of cultivated plants (Callen 1967a). This orientation has
been adopted and modified by recent resecarchers. Recent coprolite
comparative evaluation of hunter-gatherer and horticultural parasit-
ism (Reinhard 1988a) is an outgrowth of Callen’s approach to dietary
adaptation (Callen 1967a). Fry (1980} used coprolites to focus on re-
gional variations in desert diet, and to answer broad questions of
cultural adaptation as expressed in the similarities and differences
between desert and lacustrine habitats in the Great Basin. Minnis
(1989) used coprolite data to define regional trends in Anasazi diets.
The last two decades of coprolite studies from southwest Texas have
focused on a 9,000 year record of dietary and cultural stability exhib-
ited by the hunter-gatherer cultures who occupied sites such as
Hinds Cave (Edwards 1990; Reinhard, Jones, and Barros n.d.; Stock
1983; Williams-Dean 1978), Conejo Shelter {Bryant 1974a), and Baker
Cave (Sobolik 1988a). Coprolite studies from Peru have also focused
on dietary modifications over time. Callen and Cameron (1960) were
the first to report on Peruvian diets. Later, Weir et al. {1988) studied
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dietary change in the central coast region of Peru from preceramic
through early formative times, and Jones’s {1988a) most recent work
reported on the dietary practices in the coastal region during pre-
ceramic times.

Coprolites are also becoming an important data base for studies of
prehistoric morbidity and mortality. In the past, these topics were
explored solely on the basis of skeletal remains. Although some early
coprolite studies noted the presence of pathogenic disease organ-
isms, these studies were rarely included in discussions of prehistoric
health. Now, coprolite studies are recognized as a new way of assess-
ing the levels of infectious disease in prehistoric populations (Rein-
hard 1988b; Weir and Bonavia 1985) and are incorporated in skeletal
studies {Akins 1986; Kent 1986; Walker 1985).

In general, coprolite analyses can provide data that are relevant to
at least three classes of osteological data: (1) dental disease, (2) meta-
bolic/nutritional stress, and (3} infectious disease. As discussed by
several researchers, dental disease in prehistoric peoples is mainly a
result of food preparation techniques and the types of food eaten
{Reinhard, Jones, and Barros n.d.; Turpin et al. 1986). Three aspects
of coprolite study are relevant to dental disease. First, the amount
and kind of dietary abrasives in the diet can be identified by macro-
fossil plant analysis, bone analysis, and phytolith analysis. Second,
the degree of dental attrition caused by abrasives derived from grind-
ing stones can be evaluated. Third, nutritional evaluation of diets
derived from coprolite study can be used to assess the potential of
dental decay. Diets rich in carbohydrates and natural sugars can
cause dental caries and tooth loss as noted by Turpin et al. (1986},
who relate the high frequency of dental caries and tooth loss to the
frequent consumption of sugar-rich prickly pear fruits.

Infectious disease is directly mirrored in parasite remains from
coprolites, specifically by helminth parasites (Horne 1985; Reinhard
1988a) and protozoan parasites (Faulkner et al. 1989]. Coprolite
analysis provides quantitative data regarding specific intestinal
pathogens of humans. In fecal analysis, identification of a parasitic
pathogen is easily accomplished by morphological or immunological
examination of the recovered organism. Also, because common para-
sites are recovered that do not necessarily leave osseous traces, it is
possible to carry out more complete comparative paleoepidemiologi-
cal studies from fecal remains (Herrmann 1986; Jones 1985; Reinhard
1988b, 1990).
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Nutritional studies are a fairly new avenue of research in coprolite
research (Reinhard 1988b; Reinhard, Hamilton, and Hevly 1991;
Sobolik 1988a). Using nutritional values derived for prehistoric food
plants, coprolite analysts reconstruct qualitative nutritional profiles
for prehistoric peoples. Nutritional analyses from coprolites have
also been used to assess the overall diet of prehistoric groups who
suffered from anemia {Reinhard 1988b, n.d.).

Coprolite remains can also offer data useful in the study of paleo-
pharmacology. For example, coprolite studies from the Rustler Hills
area of west Texas reveal that Larrea (creosote bush) was probably
being used to treat diarrhea (Holloway 1985}, that Salix was probably
used as an analgesic in the Mimbres area of New Mexico (Shafer et
al. 1989), and that Ephedra (mormon tea) was probably used as a
diuretic at Bighorn Cave in western Arizona and in the Rustler Hills
(Reinhard, Hamilton, and Hevly 1991). These examples demonstrate
yet another avenue of research derived from coprolite analysis. In
addition, plant macrofossils, specially Chenopodium seeds, may
have had anthelmintic value to peoples of the Southwest and Mexico
[Reinhard et al. 1985).

Summary

The wealth of information recoverable from the study of
human coprolites continues to expand as we learn new applications
and new techniques of analysis. Fossil pollen trapped in coprolites is
being used to gain clues about diet preferences, possible seasonality
of site occupancy, and paleoenvironmental conditions. Phytoliths in-
dicate plant types that were eaten by prehistoric cultures even when
no macrofossil remains of those plants are present. Parasites found
in human coprolites are now being used to infer the history and
spread of parasite infection in the New World, types of animals that
were killed and eaten, and prehistoric health status. Coprolite data
are now used by bioarchaeologists to evaluate prehistoric morbidity
and mortality.

Plant macrofossils are being used to reconstruct dietary histories
of prehistoric populations and to provide a basis for nutritional
studies of these groups. In addition, information provided by plant
remains is also being used to explain high ratios of dental caries and
tooth loss in some populations. More recently, the study of paleo-
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pharmacology has relied upon the coprolite record for clues about
the ancient use of possible medicinal plants and the diseases they
may have cured.

Bones, hair, feathers, shell, scales, and other items relate to the
animals collected and eaten by prehistoric groups. These data also
offer clues about habitat environments in the collection area where
coprolites are found, about the potential types and diversity of ani-
mals used as food, and about levels of technological development as
evidenced by possible harvesting techniques.

The search for and analysis of steroids and occult blood in human
coprolites are fairly new, yet offer exciting new potentials for future
studies. Eventnally we should be able routinely to use steroids from
coprolites to derive quantified information broken down by sex.
With that degree of data sophistication we will be able to examine
possible gender differences in food eating habits, health, and nutri-
tion for specific prehistoric cultural groups.

In spite of the vast amount of knowledge that can be derived from
the analysis of human coprolite data, too few researchers recognize
or save human coprolites or other evidence of human excrement.
Even those coprolites that are saved often sit in storage for years
awaiting analysis. Today there are still too few scientists trained in
the techniques of coprolite extraction and analysis, but there is hope
that this situation will change in the near future.
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