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ABSTRACT 
 

Analysis of faunal remains and butchering modifications from Mission San Xavier del Bac 

shows that, while more standardized Spanish butchering practices had infiltrated the way of life 

in the Pimería Alta region and domesticated animals comprised a significant percentage of the 

assemblage, missionaries were not entirely successful in their efforts to replace hunting with 

animal husbandry.  An analysis of butchering shows that the mission played a vital economic 

role in addition to its religious function, suggesting institutional self-sufficiency and an essential 

responsibility to produce for the surrounding community. 
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INTRODUCTION 

 Mission San Xavier del Bac, the �white dove of the desert� as it is known locally, stands 

in the northern Sonoran Desert just south of Tucson, Arizona.  It is located in the Pimería Alta, 

the Spanish term for the region, which spans south to north from the Magdalena River in Sonora 

to the Gila River in Arizona, and east to west from the San Pedro River to the Gulf of California 

and the Colorado River (Cheek 1974).  The mission is roughly half a mile west of the Santa Cruz 

River, whose flood plain made for valuable agricultural and grazing lands during the 18th and 

19th centuries (Ciolek-Torello & Brew 1976; Olsen 1974) (see Figure 1).  The �Bac� in the 

mission�s name refers to the area chosen for a farming village by Pima-speaking Sobaipuris 

(Fontana 1961).  According to Father Kino�s estimates upon his first arrival, the village of Bac 

was home to over 800 people (Kino 1919). 

 In 1687, Father Eusebio Kino, a member of the Jesuit Order, began a period of mission 

building in the Pimería Alta.  Missions had several purposes in this region, including facilitating 

Spanish colonization, holding territory, and serving as sources of Native American labor 

(Tolman 1948).  They were also vital in encouraging, even enforcing, sedentism among 

indigenous peoples and wiping out nomadic traditions (Radding de Murrietta 1977).  Mission 

San Xavier del Bac was such a mission, though Radding de Murrietta states with some caution 

that �effective Spanish conquest never reached farther north than Bac and Tucson,� making it 

somewhat of a frontier in New Spain (1977:157).  Father Kino�s first visit to Bac was in late 

August or early September in 1692 (Cheek 1974; Fontana 1961).  The church itself was not built 

until after Bac was transferred to Franciscan power in 1767 following the Jesuits� expulsion from 

New Spain.  Under Friar Belderrain, construction began on the mission church in 1783.  Six 
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years later, the church was completed (Dobyns 1976).  The building of the mission church 

marked the further penetration of Franciscan religious power into the Pimería Alta. 

 The history of subsistence and animal husbandry at Bac is one of interactions between the 

mission�s clergy and the Northern Pimans who had already resided or came to reside around the 

mission.  Historically, indigenous people relied on local wild taxa as a significant source of their 

diet.  The Hohokam hunted small game such as rodents and birds as well as somewhat larger 

game such as cottontails and jackrabbits.  Exploiting small to medium-sized mammals that were 

drawn to the Hohokam�s modified environment is a practice known as garden hunting.  Szuter 

further hypothesizes that the Hohokam had an inadvertent impact on local fauna.  Because 

characteristics of the Hohokam horticultural society, such as cultivated fields and cleared 

vegetation, were more suitable for jackrabbits than cottontails, sedentary populations likely 

relied more on jackrabbits as a source of their diet.  In the archaeological record, then, 

jackrabbits should make up a larger portion of the faunal assemblage than cottontails.  The 

Hohokam also hunted local artiodactyls such as deer, though tools used for artiodactyl hunting 

rarely remained in the archaeological record (Szuter 1991).  Exploitation of local, readily 

available taxa is a trend that continued to the indigenous peoples at the time of Kino�s arrival. 

The hunting of wild taxa, though, was something the missionaries at Bac were adamant to 

replace with animal husbandry, the more �civilized� method of subsistence.  In 1697, Kino made 

the first of several deliveries of ranch animals, including cattle, sheep, goats, and horses, to Bac 

(Cheek 1974).  It was under his supervision that nineteen ranches, including the one at Bac, were 

created in the Southwest (Bolton 1936).  These ranches represented a significant change in 

indigenous food procurement.  The Northern Pimans took advantage of a number of subsistence 

strategies, moving seasonally to most efficiently exploit the various resources available to them.  
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However, one of the missionaries� goals was to persuade the native people to take on a sedentary 

lifestyle (Dobyns 1976).  As Thomas Sheridan stated, the missionaries �misinterpreted the 

fluidity of Piman society as pagan intransigence rather than pragmatic adjustment to life in an 

arid land� (1988:156).  The domesticated animals brought to the mission were part of this effort 

to encourage, or enforce, sedentism.  Yet continual movement in search for fruits and wild 

animals, such as deer and mountain sheep, remained a significant part of Piman life (Dobyns 

1976; Winter 1973). 

 A 1737 inventory of the domesticated animals at the mission, compiled by Father 

Alexander Rapicani, noted that there were 240 head of cattle, 150 sheep, 50 goats, 10 tame 

horses, 4 mares, and 2 mules (Cheek 1974; Fontana 1961).  At some point during the mission�s 

ranching history, there were also domesticated pigs.  The same is true of Mission Cocóspera to 

the south, where the archaeological remains of one individual pig were recovered (Barnet Pavao-

Zuckerman, personal communication 2008).  This, says Stanley Olsen, is unusual because pigs 

are not generally associated with the desert environment that is home to Mission San Xavier del 

Bac (Olsen 1974).  They were, however, quite commonplace in other regions of New Spain that 

were more ideal for pigs, such as the more moist regions of Florida (Reitz and Scarry 1985).  

Also, though they are not emphasized in Rapicani�s list, chickens were an important part of 

Spanish colonial animal husbandry.  During his travels to the region, Father Ignaz Pfefferkorn 

described the presence of chicken coops in Spanish Sonora in the late eighteenth century, and 

particularly the vulnerability of chickens to local predators such as the zorillo (little fox) 

(Pfefferkorn 1949).  While non-mammals such as the domesticated chicken are often overlooked 

in favor of their larger mammalian counterparts, they too played an important part in Spanish 

mission life. 
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These specific species of livestock brought by missionaries did have their advantages.  

Domesticated animals converted resources that humans could not process, such as grass and 

certain plants, into resources that they could process (Pavao-Zuckerman & LaMotta 2007; 

Sheridan 1988).  Through domesticated animals at Bac, animal protein became a more constant 

source of protein in the Piman diet (Sheridan 1988).  However, it was not for subsistence alone 

that animal husbandry was practiced at the mission.  They assisted humans in travel and labor, 

especially larger animals such as horses.  They were also vital to producing commodities besides 

meat, including dairy products, tallow, soap, suet, and materials such as hide, bone, horn, and 

wool (deFrance 1999; Pavao-Zuckerman & LaMotta 2007; Tolman 1948).  Because of these 

many uses of domesticated animals, Spanish colonists looked upon traditional indigenous 

procurement of animal resources as less civilized and less efficient. 

 Zooarchaeological analysis of historic sites such as Mission San Xavier del Bac can tell 

archaeologists about both the types of animals and the people who exploited them.  From a 

faunal assemblage, we can infer a population�s subsistence strategy, including whether they 

relied more on ranching versus hunting or vice versa; what animals were being killed for, such as 

subsistence or commodities; and methods of killing and butchering (Chapin-Pyritz & Mabry 

1994; Pavao-Zuckerman & LaMotta 2007; Reitz & Wing 1999).  Social characteristics such as 

wealth and, to a much lesser extent, differences in ethnicity may also be indicated through 

differences in the faunal assemblage and its modification (Chapin-Pyritz & Mabry 1994; Schulz 

& Gust 1983; Thiel, Faught, & Bayman 1996). 

 Archaeological excavations at San Xavier del Bac [AZ AA:16:10(ASM)] have generally 

been few and poorly recorded.  The first season of excavation, conducted by University of 

Arizona Anthropology graduate students, occurred from May 26 to June 7, 1958, when the 
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primary goal was to establish the mission�s construction sequence (Robinson 1963).  Very little 

effort was put into analyzing stratigraphy across the site and units were inadequately controlled, 

resulting in a lack of provenience information.  During this excavation it was also discovered that 

significant damage had been caused by twentieth century construction, including buildings, 

fencing, and water and sewage lines (Cheek 1974).  The site was excavated again in the 1972-

1973 field season to provide material for Annetta Lyman Cheek�s doctoral thesis.  The purpose 

of this excavation was �to discover any correlation between changes in the material culture of the 

Pima Indians of San Xavier del Bac�and the process of acculturation that occurred there� 

(Cheek 1974:x).  While it appears that unit numbers and other provenience information existed 

for this excavation, this information has since been lost for the faunal remains.  There is also a 

significant bias towards larger specimens and, subsequently, taxa in this faunal assemblage due 

to the lack of screening during excavation. 

 More recently, archaeological test excavations were carried out prior to construction at 

the San Xavier Bicentennial Plaza site [AZ AA:16:10(ASM)] when the Tohono O�odham 

(formerly called the Papago) tribe contracted with the Arizona State Museum�s Cultural 

Resource Management section.  The test excavations occurred between July 12 and July 17, 

1976.  While artifacts were collected, no architectural remains were excavated and there was 

significant disturbance in the area.  The CRM section recommended that the tribe be given 

clearance for construction of the plaza (Ciolek-Torello & Brew 1976). 

 Exploring the faunal remains from Mission San Xavier del Bac will provide valuable 

insight into not only the subsistence of those who lived in and around the mission, but also 

insight into how much Spanish colonial diet and practices had penetrated the area.  As suggested 

by faunal remains, were missionaries successful in replacing indigenous hunting with animal 
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husbandry?  Furthermore, do bone modifications indicate a more standardized Spanish colonial 

way of butchering animals, as opposed to indigenous techniques?  Examining butchering 

techniques will allow us to infer what kinds of animals the mission utilized most often, and more 

specifically what kind of meat its residents were consuming.  Once all of this information is 

assembled, another question should arise: is there enough evidence to suggest that the mission 

had a significant economic role?  Answering these questions will lead to a better understanding 

of how deeply Spanish colonial ways of life were incorporated into the mission and how much 

the mission itself was incorporated into the Pimería Alta region. 

 

 METHODS 

San Xavier del Bac [AZ AA:16:10 (ASM)] is a historic period Spanish mission site 

located near Tucson, Arizona.  Three time periods are associated with this site.  There is the 

Precontact period, stemming from roughly A.D. 1000 to an unspecified date.  This is followed by 

the Jesuit and protohistoric period, from an unspecified date to the mid-A.D. 1760s.  Finally is 

the post-Jesuit period, from the mid-A.D. 1760s to around 1824 (Cheek 1974:167).  The 

assemblage presented here, recovered from the original church, was deposited during the historic 

period, but it is unclear whether the bones were recovered from the Jesuit or post-Jesuit context.  

At best, we can estimate that they were deposited between 1700 and 1824. 

The vertebrate samples reported here were excavated during the 1972-1973 field season 

as part of Cheek�s research on Piman acculturation.  No screening was conducted.  These 

materials were excavated in and around the first adobe church that was constructed at Bac in 

1783.  Unfortunately, specific provenience information was lost in the years since the work was 

completed.  This lack of spatial data limits the interpretation that can be made using the 
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zooarchaeological assemblage.  While there were six boxes of faunal samples, only roughly one 

and a quarter were analysed due to time constraints.  Because of the lack of provenience 

information, true sampling could not be carried out.  Therefore, the boxes were chosen at 

random.  A list of the samples reported here is attached as Appendix A and is arranged by bag 

number. 

 Using standard zooarchaeological methods (Reitz & Wing 1999), vertebrate remains 

were identified as completely as possible.  All identifications of the materials reported here were 

made by Angela Mallard using the comparative skeletal collections housed at the Stanley J. 

Olsen Laboratory of Zooarchaeology, Arizona State Museum, University of Arizona.  A variety 

of primary data classes are recorded.  Specimens are identified in terms of elements represented, 

portion recovered, and symmetry.  The Number of Identified Specimens (NISP) is determined.  

Those specimens that cross-mend are counted as single specimens.  The only exception to these 

procedures is in the recording of indeterminate vertebrate specimens.  Specimens identified only 

as originating from vertebrates are not counted due to their fragmented condition.  All specimens 

are weighed to provide additional information about the relative abundance of the taxa identified.  

Indicators for sex, age at death, and modifications are noted where observed.  The Minimum 

Number of Individuals (MNI) is estimated based on paired elements and age. 

While MNI is a standard zooarchaeological quantification method, the measure has 

several well-known biases.  For example, MNI emphasizes small-bodied taxa over larger-bodied 

taxa.  A hypothetical sample consisting of twenty jackrabbits and one cow, for instance, suggests 

emphasis on the exploitation of lagomorphs.  However, one cow could supply more meat.  

Furthermore, some elements are more readily identifiable than others.  The taxa represented by 

these elements may therefore be incorrectly perceived as a more significant part of the diet 
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compared to animals with less identifiable elements.  Pig teeth, readily identified from very small 

fragments, exemplify this situation.  Conversely, some taxa represented by large numbers of 

specimens may present few paired elements.  The number of individuals for these species, then, 

may be underestimated.  Snakes present such a problem.  MNI for snakes will usually be 

underestimated relative to the number of specimens.  Also basic to MNI is the assumption that 

the entire individual was utilized at the site.  From ethnographic evidence, it is clear that this is 

not always the case (Perkins and Daly 1968).  This is particularly true for larger-bodied 

individuals, animals used for special purposes, and in locations where food exchange is an 

important economic activity (Thomas 1971; White 1953). 

On occasion, the MNI for a given taxa is smaller than the MNI for a corresponding 

higher taxonomic level.  For instance, it is possible that the MNI for caprine (Caprinae) could be 

four while the MNI for domesticated goat (Capra hircus) is only two.  In these cases the MNI for 

the lower taxonomic category is written in parentheses in the species list to indicate that a higher 

MNI was determined for a higher taxonomic level.  For this assemblage, possible domestic cattle 

(cf. Bos taurus) remains are written in parentheses under the MNI for positively identified cattle 

(Bos taurus).  Normally, the parenthetical number is not used in subsequent calculations.  

However, this particular example was a special case.  The possible cattle individual represents 

two elements identified as a neonate.  Because the probable individual is a neonate, unlike the 

other two individuals that were positively identified as adult cattle, it is counted as an additional 

individual under Bos taurus.  Lumping together the definite and probable cattle makes the total 

cattle MNI three.  For clarity, the probable cattle individual also remains in parentheses in the 

category cf. Bos taurus.  The purpose for this double entry is to make it clear that not only does 
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this individual likely (but not with complete assurance) represent an additional individual, the 

elements also cannot belong to either of the two individuals already listed. 

In addition to these primary biases, MNI is also subject to secondary bias introduced by 

the way samples are combined during analysis.  The aggregation of archaeological samples into 

analytical units (Grayson 1973) allows for a conservative estimate of MNI, while the �maximum 

distinction� method, applied when minimum excavation units are treated as separate analytical 

units, results in a much larger MNI.  In estimating MNI for the Mission San Xavier del Bac 

assemblage, all faunal remains, which were deposited in the same broad time period, were 

grouped together.  This was due in part because of a lack of more specific provenience 

information and to maximize sample size. 

Biomass estimates attempt to compensate for some of the problems encountered with 

MNI.  Biomass, calculated from bone weight, refers to the quantity of tissue that a specified 

taxon might have supplied.  Predictions of biomass are based on the allometric principle that the 

proportions of body mass, skeletal mass, and skeletal dimensions change with increasing body 

size.  This scale effect results from a need to compensate for weakness in the basic structural 

material, in this case bones and teeth.  The relationship between body weight and skeletal weight 

is described by the allometric equation: 

 Y = aXb 

(Simpson, Roe, and Lewontin 1960:397).  In this equation, X is specimen weight, Y is the 

biomass, b is the constant of allometry (the slope of the line), and a is the Y-intercept for a 

log-log plot using the method of least squares regression and the best-fit line (Casteel 1978; 

Reitz and Cordier 1983; Reitz et al.1987; Wing and Brown 1979).  Many biological phenomena 

show allometry described by this formula (Gould 1966, 1971) so that a given quantity of skeletal 
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material or a specific skeletal dimension represents a predictable amount of tissue or body length 

due to the effects of allometric growth.  Values for a and b are derived from calculations based 

on data at the Florida Museum of Natural History, University of Florida, and the University of 

Georgia Museum of Natural History.  Allometric formulae for biomass estimates are not 

currently available for amphibians or lizards, so biomass is not estimated for these groups. 

The species identified from Mission San Xavier del Bac are summarized in faunal 

categories based on class and domestication status.  This summary contrasts the percentage of 

various groups of taxa in the collection.  These categories are Domestic Mammals, Domestic 

Birds, Other Wild Mammals, Wild Birds, Tortoises, Snakes, Anurans, and Commensal Taxa.  In 

order to make comparisons of MNI and biomass estimates possible, the summary tables include 

biomass estimates only for those taxa for which MNI is estimated. 

Several taxa are tentatively classified as commensal.  These include the cotton rat 

(Sigmodon sp.) and the Norway rat (Rattus norvegicus).  While commensal animals might be 

consumed, these animals are defined as commensal because they are commonly found in close 

association with humans and their built environments.  These are animals that people often either 

do not encourage, or actively discourage.  Two domesticated animals are also categorized as 

commensal - the domesticated horse (Equus caballus) and domesticated dog (Canis familiaris).  

While these animals may have been consumed, they were more likely primarily used for other 

purposes, such as pack, transportation, companionship, or protection.  No butchering marks were 

found on elements from any of the animals identified as commensal. 

The presence or absence of elements in an assemblage provides data on animal use such 

as butchering practices and transportation costs.  The artiodactyl elements identified at Mission 

San Xavier del Bac are summarized into categories by body part.  The Head category consists of 
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skull fragments, including teeth.  The atlas and axis, along with other vertebrae and ribs, are 

placed into the Vertebra/Rib category.  It is likely the Head and Vertebra/Rib categories are 

under-represented because of recovery and identification difficulties.  Vertebrae and ribs of deer-

sized animals cannot be identified as deer, pig, or caprine unless distinctive morphological 

features support such identifications.  Usually they do not, and specimens from these elements 

are classified as indeterminate mammal because a number of non-artiodactyls fall into the same 

size-range.  Forequarter includes the scapula, humerus, radius, and ulna.  Carpal and metacarpal 

specimens are presented in the Forefoot category.  The Hindfoot category includes tarsal and 

metatarsal specimens.  The Hindquarter category includes the innominate, sacrum, femur, tibia, 

and fibula.  Metapodiae and podiae which could not be assigned to one of the other categories, as 

well as sesamoids and phalanges, are assigned to the Foot category. 

Relative ages of the artiodactyls identified are estimated based on observations of 

epiphyseal fusion for diagnostic elements (Severinghaus 1949).  When animals are young, their 

elements are not fully formed.  The area of growth along the diaphysis and the epiphysis is not 

fused.  When growth is complete, the diaphysis and the epiphysis fuse.  While environmental 

factors influence the actual age at which fusion is complete (Watson 1978), elements fuse in a 

regular temporal sequence (Gilbert 1973; Purdue 1983; Schmid 1972).  During analysis, 

specimens are recorded as either fused or unfused and placed into one of three categories based 

on the age in which fusion generally occurs.  Unfused elements in the early-fusing category are 

interpreted as evidence for juveniles; unfused elements in the middle-fusing and late-fusing 

categories are usually interpreted as evidence for subadults, though sometimes characteristics of 

the specimen may suggest a juvenile.  Fused specimens in the late-fusing group provide evidence 

for adults.  Fused specimens in the early- and middle-fusing groups are indeterminate.  Fusion is 
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more informative for unfused elements that fuse early in the maturation sequence and for fused 

elements that complete fusion late in the maturation process than it is for other elements.  An 

early-fusing element that is fused could be from an animal that died immediately after fusion was 

complete or many years later.  The ambiguity inherent in age grouping is somewhat reduced by 

recording each element under the oldest possible category.   

The sex of animals is an important indication of animal use; however, there are few 

diagnostic indicators of sex.  Males are indicated by the presence of spurs on the tarsometatarsus 

of chickens, and females by the absence of such spurs.  Older females sometimes develop a spur 

on one leg, though not usually on both.  For consistency, the presence of a spur on a 

tarsometatarsus is assumed to indicate a male chicken.  Another approach is to compare 

measurements of identified specimens for evidence of elements that fall into a male or female 

range, though there rarely are sufficient numbers of measurements to reliably indicate sex.  

Because measurements were not taken for the specimens in this assemblage, this approach is not 

used. 

Modifications can indicate butchering methods as well as site formation processes.  

Modifications are classified as burned, cut, hacked, sawed, rodent-gnawed, and carnivore-

gnawed.  Burned specimens may result from exposure to fire when a cut of meat is roasted.  

Burns may also occur if specimens are burned intentionally or unintentionally during or after 

discard.  Cuts are small incisions made across the surface of specimens.  These marks were 

probably made by knives as meat was removed before or after the meat was cooked.  Cuts may 

also be left on specimens if attempts are made to disarticulate the carcass at joints.  Some marks 

that appear to be made by human tools may actually be abrasions inflicted after the specimens 

were discarded, but distinguishing this source of small cuts requires access to higher-powered 
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magnification than is currently available (Shipman and Rose 1983).  Hack marks are evidence 

that some larger instrument, such as a cleaver, was used.  Presumably, a cleaver, hatchet, or axe 

would have been employed as the carcass was being dismembered rather than after the meat was 

cooked.  Also common are marks from sawing during the butchering process.  Marks from 

sawing are straight cuts across elements and include parallel striations where the saw has cut 

through the bone. 

Gnawing by rodents and carnivores indicates that specimens were not immediately buried 

after disposal.  While burial would not ensure an absence of gnawing, exposure of specimens for 

any length of time might result in gnawing.  Rodents would include such animals as squirrels, 

mice, and rats.  Carnivores most likely to gnaw bone recovered from archaeological sites include 

dogs.  Gnawing by carnivores and rodents would result in loss of an unknown quantity of 

material.  Kent (1981) demonstrates that some bone gnawed by carnivores such as dogs may not 

necessarily leave any visible sign of such gnawing, yet the specimens would likely be removed 

from their original context. 

Specimen count, MNI, biomass, and other derived measures are subject to several 

common biases (Casteel 1978; Grayson 1979, 1981; Wing and Brown 1979).  In general, 

samples of at least 200 individuals or 1400 specimens are needed for reliable interpretations 

(Wing and Brown 1979).  Smaller samples tend to generate shorter species lists with excessive 

emphasis on one species in relation to others.  It is not possible to determine the nature or the 

extent of the bias, or correct for it, until the sample is made larger through additional work.  This 

is particularly relevant to the study of this assemblage as time constraints limited the analysis to a 

small number of specimens. 

Specimen count, MNI, and biomass also reflect identifiability.  As discussed above, 
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elements of some animals are simply more readily identified than others and the taxa represented 

by these elements may appear more significant in terms of specimen count than they were in the 

diet.  If these animals are identified largely by unpaired elements, such as cranial fragments, the 

estimated MNI for these taxa will be low.  At the same time, animals with many highly 

diagnostic but unpaired elements will yield a high specimen weight and biomass estimate.  

Hence high specimen count, low MNI, and high biomass for some animals are artifacts of 

analysis.

 

RESULTS 

 The assemblage sample for Mission San Xavier del Bac has a total NISP of 645 and an 

MNI of 36 (Table 1).  There are a number of frog and toad (Salientia) specimens in the sample, 

including the remains of one true frog (Ranidae).  Among reptiles, the remains of at least one 

individual gopher tortoise (Gopherus agassizii) and one colubrid snake (Colubridae) are also 

present.  A small number of birds are present, including one turkey vulture (Cathartes aura) and 

one turkey (Meleagris gallopavo).  Three domesticated chickens (Gallus gallus) also constitute 

8.3% of the total MNI of the assemblage. 

Most of the sample, however, consists of mammals.  There are a number of specimens 

identifiable only to Mammalia.  Of the identifiable mammal species, there are both wild and 

domestic taxa.  The humerus of one plain-nosed bat (Vespertilionidae) was identified, as well as 

elements of one pocket gopher (Thomomys sp.), one cotton rat (Sigmodon sp.), one Norway rat 

(Rattus norvegicus), one gray fox (Urocyon cinereoargenteus), one member of the raccoons and 

allies family (Procyonidae), and one collared peccary (Pecari tajacu).  Several individuals from 

the cottontail and jackrabbit family (Leporidae) were also identified, including one cottontail 
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(Sylvilagus sp.), one black-tailed jackrabbit (Lepus californicus), and two antelope jackrabbits 

(Lepus alleni).  The remains of three rock squirrels (Spermophilus variegatus) make up 8.3% of 

the total MNI of the assemblage.  There are also several deer specimens, including one mule deer 

(Odocoileus hemonius) and one white-tailed deer (Odocoileus virginianus). 

A number of domesticated mammals are also present.  There is one domesticated dog 

(Canis familiaris) and one domesticated horse (Equus caballus), both classified as �commensal.�  

Among those more often used as food sources, there are two pigs (Sus scrofa), two sheep (Ovis 

aries), and two goats (Capra hircus), each 5.7% of the MNI.  At least three cattle (Bos taurus) 

are present, comprising 8.3%.  One of these three individuals, a probable neonate, could only be 

identified as probable cattle (cf. Bos taurus) because of the difficulty in identifying very young 

animal remains without access to large collections of immature comparative skeletal material.  

As observed in the Methods, the MNI listed in the Bos taurus category includes both certain and 

probable cattle. 

To summarize the assemblage presented here, wild mammals are most abundant in terms 

of MNI, comprising 38.9% of the total MNI, but only 7.9% of the total biomass (Table 2).  In 

contrast, domesticated mammals comprise 25.0% of the total MNI, yet nearly all of the total 

biomass (86.0%).  There is a small number of domestic birds, comprising 11.1% of the 

assemblage MNI.  Both chicken (Gallus gallus) and turkey (Meleagris gallopavo) are included 

in this category.  Commensals and wild birds also contribute a small percentage of the 

assemblage MNI.  The biomass contributions of wild birds, snakes, and tortoises are all under 

1% of the total biomass.  Smaller taxa may be represented in smaller numbers because of a lack 

of screening, which biases the assemblage towards larger taxa. 
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The element distribution is divided between the mission�s main contributors of biomass, 

deer (Odocoileus sp.), pig (Sus scrofa), cow (Bos taurus), and sheep/goat (Caprinae) (Table 3).  

Sheep (Ovis aries) and goat (Capra hircus) are put in the Caprinae category because postcranial 

elements of the two species are so similar that they are often difficult to distinguish.  These taxa 

were the main contributors to subsistence as represented by the assemblage.  The one wild 

mammal represented in this table, the deer, is represented primarily by forefoot and hindfoot 

elements.  There are also a few forequarter and hindquarter elements, as well as one cranial 

element.  The pig, in contrast, is a heavy contributor of cranial elements (n=11); however, all of 

these are teeth.  There are also a great deal of hindfoot and unidentifiable foot elements, in 

addition to a few forefoot, hindquarter, and forequarter elements.  The cow contributes mostly 

forefoot elements (n=19) and cranial elements (n=15); again, several of the cranial elements are 

teeth.  There are also high numbers of hindquarter, forequarter, vertebrae/rib, and general foot 

elements.  Comparatively, there are few hindfoot elements.  These remains include those of the 

possible neonatal cow (cf. Bos taurus).  Caprines are well represented by 18 hindquarter 

elements, followed closely by 15 from the forequarter.  There is also a significant number of 

hindfoot, vertebra/rib, and general foot elements.  Head and forefoot elements are present as 

well. 

Epiphyseal fusion tables were created for deer, caprine, cattle, and pig.  Using the table in 

Reitz and Wing (1999:76), age estimates were made when possible.  Among deer, there is only 

one unfused element, a distal scapula (Table 4).  Age at fusion for this element is unknown.  

There are nine fused elements, indicating that these individuals were, at the very least, subadults 

at the time of their death.  Five of these are early fusing elements: one proximal metapodial and 

four proximal phalanges.  Proximal deer metapodials generally fuse before birth, while proximal 
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first phalanges fuse between 17 and 20 months and second phalanges between 11 and 17 months.  

The deer represented by these elements must have died, at the earliest, after 17 months of age.  

One distal metapodial was also fused; this is a middle fusing element, in deer fusing between 24 

and 30 months.  At the time of death, this deer at the youngest would have been over 24 months 

old.  The other three fused elements are late fusing, including a distal radius, and a distal and 

proximal femur.  It is unknown at what age the distal radius fuses in deer, indicating that it must 

be at or before birth.  The proximal femur, however, fuses between 32 and 42 months, and the 

distal femur between 26 and 42 months.  At the youngest, this deer would have been 32 months 

old.  Elements that are late-fusing and are recovered in a fused state must belong to an adult.  

These elements do not all belong to the same individual, however, making interpretation of the 

actual age of death for all deer individuals difficult.   

Sheep and goats also have only one unfused element, a proximal tibia (Table 5).  This 

element is not identifiable to sheep (Ovis aries) or goat (Capra hircus) specifically, making its 

age at death more ambiguous.  Among sheep, the proximal tibia fuses between 36 and 42 

months, and among goats it fuses between 23 and 60 months.  A conservative estimate, using the 

fusion range of sheep, places age at death prior to 42 months.  There are 22 fused sheep/goat 

elements, indicating subadults or adults.  Three of these were late fusing, suggesting that at least 

one individual died at full adulthood.  These elements were a distal radius, a proximal ulna, and a 

distal femur.  All fuse between 36 and 42 months in sheep.  In goats, however, the distal radius 

generally fuses between 33-84 months, the proximal ulna between 24-84 months, and the distal 

femur between 23-60 months.  Conservatively, were all elements from one individual, this 

animal would have died after 36 months of age. 
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There are two bones identified as cattle that are unfused, not including those from the 

probable cattle neonate (Table 6).  They are both distal radii, indicating that the individual head 

of cattle was no older than 42-48 months at the time of death.  Seventeen elements are fused.  

Ten of these are early fusing elements, including two distal humeri and one proximal radius, 

fusing between 12-18 months, three proximal metapodials fusing before birth, and four proximal 

phalanges fusing between 18-24 months.  Another five are middle fusing, including two distal 

tibiae and three distal metapodials, all fusing between 24-36 months.  Two more elements, both 

distal femurs, fuse late in life between 42-48 months.  At least one individual likely died after 42 

months of age. 

For the domestic pig, there are no unfused elements, while there are nineteen fused 

elements (Table 7).  Five proximal metapodials, fusing before birth, and six proximal phalanges, 

the 1st phalanx fusing at 24 months and the 2nd phalanx fusing at 12 months, make up the early 

fusing elements.  Two distal tibiae, fusing at 24 months, one proximal calcaneus, fusing at 24-30 

months, and five distal metapodials, fusing between 24-27 months, are all middle fusing.  Both 

pigs likely died after 24 months of age. 

A number of modifications were recorded (Table 8).  Twenty bones are gnawed, one by 

rodents and the other nineteen by carnivores.  There are 44 burned bones.  Several are 

indeterminate, including one medium-sized mammal, three mammals of indeterminate size, and 

one vertebrate that is not further identifiable.  Most burned bones are from the domestic pig, 

totaling 28 specimens.  Caprines and domestic cattle also have a number of burned bones, 

totaling five and four respectively.  Two jackrabbit bones also have signs of burning.  Cut marks 

are also well represented.  Most of these were observed on cattle (n=16) and caprine (n=10) 

specimens.  Four deer bones and two chicken bones also exhibit cut marks.  There are a number 
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of cut marks on unidentifiable specimens as well, including one indeterminate mammal, four 

medium-sized mammals, two large mammals, and one even-toed ungulate (Artiodactyla).  Hack 

marks are visible only on domesticated animals.  There are six on cattle bones, five on caprines, 

and one on a pig bone.  Some sort of sawing is also common, totaling 30 bones.  Most are visible 

on cattle bones (n=19), followed by five on caprines, two on deer, and four on large mammals 

that were not further identifiable. 

Simple cut marks are especially abundant on cattle (Bos taurus) and caprines (Caprinae), 

and are also apparent on deer (Odocoileus sp.), chicken (Gallus gallus), and several 

indeterminate animals.  For example, Figure 2 shows a thin cut mark on a proximal cattle rib, 

and Figure 3 shows a similar thin cut mark on the ischium of a domesticated goat (Capra hircus).   

 Hack marks are also somewhat common, but only on domesticated mammals.  This is 

particularly true of cattle and caprines; there is also one hack mark on a pig bone.  Some of the 

hack marks are distinctly v-shaped, such as three on a scapula from a sheep or goat (Figure 4).  

Other hacks are more clustered.  A distal humerus of a cattle individual has multiple distinct 

hack marks (Figure 5). 

Sawing is also quite common, visible on 30 specimens.  Domesticated cattle specimens 

have by far the most signs of sawing.  They are often straight cuts perpendicular to the shaft of 

long bones, such as Figure 6, an anterior tibia shaft.  Here there are striations visible where the 

bone has been sawed, as well as some chipping at the sawed edges.  Similarly, a deer tibia has 

been sawed both proximally and distally (Figure 7).  At the proximal end, it is sawed across the 

trabecular bone.  At the distal end, deep striations are visible where the bone was sawed. 

 



 22

DISCUSSION 

While this assemblage yielded a low MNI for all species, the domesticated animal with 

the highest MNI and NISP was cattle.  Were this trend to continue with a larger assemblage, it 

would seem that the environment may have played a role, however modest, in cattle�s success in 

the Pimería Alta.  By Reitz�s conclusions, cattle fared better than sheep and goats in heat and 

humidity.  Sheep, in contrast, are quite sensitive to the same conditions and were difficult to 

relocate to New Spain (Reitz 1992).  Because of the success of cattle and their relative 

abundance in Spanish colonies that raised and consumed livestock, the interpretation of their 

remains will give the best sense of butchering practices at the mission, though it is important to 

note butchering on other domesticated livestock as well. 

Evidence of butchering provides interesting insight into the people at Bac.  The 

difference in types of butchering marks � cuts, hacks, and saw marks � reflect the various tools 

used to butcher meat at Mission San Xavier del Bac.  At the Block 83 site in historic Tucson, 

Arizona, certain tools were used at specific stages of the butchering process (Chapin-Pyritz & 

Mabry 1994).  This was also the case at the Presidio site in Tucson, where chopping and hacking 

marks were left during primary dismemberment of the carcass, while cut marks resulted from 

removal of the meat from the bone (Diehl & Waters 2004; Reitz & Scarry 1985).  At Bac, it is 

likely that hack marks are related to the initial dismembering of carcasses, saw marks are related 

to the creation of somewhat standard meat cuts, and cut marks result from separation of the meat 

from the bone.  Some marks also indicate processing of carcasses for non-consumption purposes.  

For instance, cut marks on the feet and mandibles of cattle indicate hide processing (Guilday, 

Parmalee, & Tanner 1962).  Significant shaft breakage, indicated by very small fragments, 
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likewise suggests the collection of bone marrow for tallow and grease manufacture (Mateos 

2002). 

 The presence of elements from all regions of the carcass generally indicates that animals 

were butchered at the site; such was the case at Mission San Agustín de Tucson, just north of 

Bac (Pavao-Zuckerman & LaMotta 2007).  Residents of Bac also butchered their cattle on-site.  

Elements are present from all over the body, and modifications are also present across the 

skeleton (Figures 8 and 9).  Even those portions of the body with low meat utility are present in 

high numbers, such as carpals, phalanges, and cranial elements including the auditory bulla.  

Caprine specimens from throughout the skeleton were also recovered, although modifications 

were not as common as on cattle remains (Figures 10, 11, and 12).  It is possible that cattle, 

sheep, and goat were butchered at the mission.  For other species, however, the assemblage is 

inconclusive.  The small sample size of the pig and deer assemblages make interpretations of 

butchering behavior unreliable (Figures 13 and 14).  Smaller taxa did not exhibit any evidence of 

butchering, but because no screening was conducted, the assemblage would be biased towards 

finding specimens from larger taxa. 

 Locations of various butchering marks in cattle can indicate which meat cuts were 

present in the assemblage.  The monetary value of meat cuts can be used to infer various 

characteristics of the social groups consuming these animals.  Modern meat processing was 

standardized by the late 19th century (Chapin-Pyritz & Mabry 1994; Diehl & Waters 2004; 

Henry 1996).  A significant ratio of the Bac cattle cuts � that is, cuts with clear evidence of 

sawing � come from the sacral and innominate regions (n=5 each) (Figure 15).  These cuts are 

located in the area that divides sirloin from rump cuts; Schulz and Gust rank these cuts as the 

second and fourth most monetarily valuable cuts in the late 19th century, respectively (Figure 
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16).  While the value rank order proposed by Schulz and Gust was specifically derived for a 

nineteenth-century urban context, it is possible that standardization of meat cuts began during the 

eighteenth century.  However, even prior to standardization, the quality (in terms of utility) of 

cuts from beef carcasses was the same.  There was also a cut from a lumbar vertebra, which 

would have been likely part of a short loin (the most valuable cut of beef), or if it was a more 

distal lumbar, on the border between a short loin and a sirloin cut. 

 Keeping with the values assigned by Schulz and Gust, the third most valuable cut would 

be a round from the femoral portion of the carcass.  Two cuts found in the Bac assemblage 

reflect this beef cut, one from the femoral shaft and one from the distal epiphysis.  After the 

rump, the next most valuable cut would be the chuck, from the shoulder region.  One cut from 

the scapula is associated with this region.  There is also a cut from a cervical vertebra of 

unknown number; this cut could be associated with either the chuck or neck cut regions.  No rib 

or upper forelimb cuts are present in the Bac assemblage, possibly due to identifiability.  There 

are, however, a few cuts from the least valuable regions of the carcass in terms of beef sales.  

Two distal humerus portions would belong to the foreshank region, one of Schulz and Gust�s 

least valuable.  Two cuts from the tibia would belong to the hindshank region, also one of the 

least valuable. 

 Because the size of the faunal assemblage analyzed is quite small, it is imprudent to make 

too many decisive conclusions about what these beef cuts represent.  From the range of cuts 

observed, it seems that, while there is a range in the utility of the cuts, there is also a 

disproportionate number of higher utility cuts.  What can be inferred from this information is 

debatable.  A study of an assemblage in historic Tucson revealed that the more expensive 

hindquarters of cattle were more common at private residences, whereas at boarding houses the 
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less expensive, more economical cuts were more common in the assemblage.  The authors 

concluded that more expensive cuts found in an assemblage represent a population, however 

small, of people with more financial freedom (Chapin-Pyritz & Mabry 1994).  Schulz and Gust 

found similar results in a study of four locations in historic Sacramento, California.  The upscale 

Golden Eagle Hotel yielded a higher percentage of high cost cuts than did two saloons and the 

city jail (1983).  Yet Lyman finds fault with the study of Schulz and Gust.  Their value system, 

he argues, only reflects cost per pound and does not include cost efficiency and the proportion of 

edible meat.  The utility of varying carcass portions must be considered here.  Meat utility refers 

to the amount of edible product associated with a carcass.  A high meat utility does not 

necessarily correlate with high cultural or monetary value.  Thus, it is difficult to make a broad 

statement about the �value� of meat cuts.  However, despite the shortcomings he sees in the 

Sacramento assemblage study, he still sees cost efficiency values as conforming to Schulz and 

Gust�s conclusions (Lyman 1987).  In general, meat utility does appear to be related to its cost on 

the 19th century market (Chapin-Pyritz & Mabry 1994; Henry 1996; Lyman 1987; Schulz and 

Gust 1983; Thiel, Faught, & Bayman 1996).  In terms of both utility and monetary value, the 

faunal remains at Bac suggest the presence of carcass portions from across the entire utility 

spectrum. 

 Mission San Xavier del Bac, however, does differ from these studies, whose sites likely 

obtained meat cuts from a market, in that it is the initial site of cattle raising and butchering.  

Any meat cuts derived from the faunal assemblage likely came to the mission directly, not 

through a butcher or other seller on the market.  This reflects the mission�s economic role in the 

region.  While Spanish missions are generally seen as sacred spaces meant for religious 

activities, they also had roles related to the routine economic activities of everyday life.  This 
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conclusion is in line with Tolman�s dissertation, which concludes that �although the [Spanish] 

mission was organized to function primarily as a religious institution, this activity could not be 

divorced from the economic functions which the mission was obliged to perform in order to 

maintain its existence,� including farming, ranching, banking, trading, and employing laborers 

(Tolman 1948:155-6).  In the case of Bac, raising cattle and other domesticated animals, and 

subsequently butchering them into cuts of relatively standard values, fall into the category of 

economic functions necessary to maintain the population in and around the mission.  Mission 

ranches, for instance, exchanged meat for other necessary provisions at royal warehouses and 

supplied adjacent districts and colonial entities such as presidios with provisions (Tolman 1948).  

Acting as an economic supplier for the outlying regions of the mission, Bac ultimately supplied 

meat for consumption not only at the mission itself, but throughout the Pimería Alta region. 

 

CONCLUSIONS 

 The analyzed assemblage has some unfortunate limitations.  Due to time constraints, only 

part of the assemblage was analyzed (roughly one and a quarter boxes out of six).  While an 

NISP of 2000 would have been ideal, and could have been achieved had the entire assemblage 

been studied, this was not feasible at the time of analysis.  Further limitations include the loss of 

specific provenience information.  It is unknown, for instance, whether all of the cattle bone 

came from the same area or different areas of the site.  This information was lost sometime 

between excavation and curation.  Such information may have resulted in a higher MNI for some 

species.  Ideally, screening also would have been conducted during excavation, resulting in less 

of a bias towards larger specimens. 
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 There are ample possibilities for further interpretations of the San Xavier del Bac faunal 

assemblage.  For instance, it is essential that the rest of the assemblage be analyzed in order to 

gain a more complete picture of not only butchering practices at Bac, but also the diversity of the 

assemblage.  With a small NISP, diversity is reduced because of a lessened chance of finding 

rare species.  The plain-nosed bat (Vespertilionidae), for instance, might not be a part of the 

observed assemblage had that particular box not been chosen for analysis.  Further analysis 

would provide a much broader picture of the interaction between mission residents and the 

domesticated and wild animals in the vicinity. 

Of the portion of the faunal assemblage at Mission San Xavier del Bac that could be 

analyzed, there was a large portion of domesticated animals such as cattle, sheep, and goats.  

There was also a fair amount of wild animals such as deer and jackrabbit.  Because no screening 

was conducted during this excavation, the sample is biased towards larger specimens, and by 

extension larger taxa.  This includes domesticated animals and wild artiodactyls, which were also 

the taxa that showed evidence of butchering.  The presence of deer in particular is quite 

interesting.  It suggests that, despite missionaries� insistence on the raising and utilization of 

domesticated species, mission residents still relied somewhat on wild game.  Furthermore, it is 

probable that, to some degree, the missionaries were condoning the acquisition of animal 

subsistence outside of animal husbandry, given that these remains were recovered from the 

church area of Bac.  There is also a likelihood that the missionaries benefited from the flouting of 

their own doctrine against indigenous hunting practices.  At three Spanish missions occupied 

around this time period in Texas, wild taxa were still a significant part of the zooarchaeological 

assemblage as well, acting as a supplement to the missionaries� mandated animal husbandry 

(deFrance 1999).  It is likely, given this assemblage, that Bac�s subsistence was similar.  While it 
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is difficult to make such a conclusion based on such a small sample, if this trend continued it 

would indicate that Spanish colonial ways of life had not completely penetrated the region.  

There were still displays of indigenous autonomy, as represented by the continued utilization of 

wild mammals.  Missionaries at Bac, then, were not entirely successful at replacing hunting with 

animal husbandry, though clearly they made significant headway.   

Yet one question remains unanswered: did indigenous people display such autonomy 

purposefully to disobey the missionaries� teachings, or did they do so out of necessity?  The 

answer is contingent upon several factors.  For one, the sufficiency of animal husbandry to feed 

the mission population must be explored.  If the ranch animals were an insufficient means of 

subsistence, the hunting of deer and other wild taxa would have been necessary to feed the 

population.  Also, did missionaries encourage the occasional hunting of deer, either explicitly or 

implicitly?  Because venison was generally consumed by wealthier, more elite Spaniards, 

missionaries may have been hesitant to oppose the hunting of deer, so long as the mission�s 

herds remained the overwhelming contributor to their diets. 

It is the domesticated animals, however, that are the primary focus here, particularly for 

the butchering marks that are prevalent on cattle, goats, and sheep, and to a much lesser extent on 

pig remains.  The variety of elements represented from these animals, in addition to the different 

butchering marks and the variety of locations on the carcass where these marks were observed, 

suggest that the carcasses were butchered at the mission.  Butchering marks are present from 

different stages of the process, including initial dismemberment, chopping into portions, and 

separating the meat from the bone.  There are also cut marks on phalanges and other portions of 

the body that suggest that some animals may have been processed for their hide. 
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The evidence of carcass processing activities suggests significant penetration of Spanish 

butchering practices.  Butchering marks, especially sawing, are indicative of Spanish, not 

indigenous, methods of carcass treatment.  Further, the quantity of hack and cut marks suggests 

that Spanish-introduced metal tools such as knives and cleavers were used in butchering, an idea 

presented by Susan deFrance in her study of three Texas mission assemblages (1999).  The 

acquisition and use of these tools and standardized cuts may suggest two different scenarios.  

One, indigenous people who butchered livestock were required to use standard Spanish colonial 

methods of dismemberment and defleshing at the mission, which subsequently forced them to 

use metal tools.  The other scenario entails the willing adoption of such methods, or even simply 

the tools themselves, as an efficient means of butchering among indigenous peoples.  Spanish 

colonial butchering practices, regardless of the process of their adoption by Native peoples, had 

taken over as the dominant method of livestock slaughtering at Bac. 

 A large percentage of the cuts are from better quality regions of the carcass, at least in 

terms of how much they would sell for on the 19th-century market.  However, cuts of varying 

monetary value were identified in the assemblage.  This finding supports the idea that cattle were 

butchered at the mission site as a part of the mission�s economic role.  Spanish missions, at least 

during this period, encompassed economic activities that �were designed to meet primarily the 

subsistence needs of the community� (Radding de Murrietta 1977:160).  As a relatively self-

sufficient institution, all cuts were both derived from, and many consumed at, the mission.  

While there was not a sufficient number of specimens in this assemblage to make a sweeping 

statement about meat cuts and their consumption at the mission, a continued trend such as that 

found in this assemblage would support such a conclusion.  The mission�s role, as related to 

those who lived around it, was not limited to religious activities.  It was a functioning community 
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that raised and butchered its own livestock to provide community-wide subsistence.  In essence, 

the mission acted as its own economic provider, and its surplus acted as an economic contributor 

to those outside the fringes of the mission community, particularly other Spanish colonial 

settlements (Radding de Murrietta 1977).   

 Broadly speaking, the role of an institution may be more complicated than a superficial 

inquiry would suggest.  Bac, as a mission with a clear religious purpose, actually played a strong 

role in the economy of the Pimería Alta.  Its ranch served as a source of indigenous labor and 

subsistence for the mission and other surrounding Spanish colonial establishments.  Faunal 

remains serve as evidence of more than which animals lived in the region and were consumed by 

local populations.  Though this information is certainly important in interpreting the 

archaeological record, there are even more expansive conclusions that can be derived from 

animal bones.  The relationship between people and institutions constitutes a broad 

anthropological query, and studies of faunal remains such as those in the Bac assemblage result 

in conclusions about the infiltration of colonial methods of subsistence and butchering as well as 

the economic role that institutions such as missions play for the individuals in a region.   

This study suggests a trend in the overall infiltration of Spanish colonialism itself in the 

Pimería Alta.  While penetration into the lives of indigenous peoples was certainly considerable, 

it was not complete.  Native peoples still maintained some autonomy in the overall colonial 

system, whether in blatant rebellion or out of necessity.  While data from other parts of the 

archaeological and historical record such as trade goods and archives will provide even further 

information regarding Spanish colonial permeation into the lives of those who lived in the region 

around Mission San Xavier del Bac and other settlements, the trends evident in the faunal 



 31

assemblage are likely to be indicative of an overarching theme of considerable, but not complete, 

penetration of colonial ways of life. 
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FIGURES & TABLES 

Figure 1.  Map of the Pimería Alta, from Pavao-Zuckerman & LaMotta 2007. 
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Figure 2.  Cut mark on proximal Bos taurus rib. 
 

 
 

Figure 3.  Cut mark on Capra hircus ischium.  Element also exhibits significant carnivore 
gnawing. 
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Figure 4.  Hack marks on a Caprine scapula. 
 

 
 

Figure 5.  Hack marks on Bos taurus distal humerus. 
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Figure 6.  Sawed Bos taurus anterior tibia shaft.  Note striations and chipping. 
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Figure 7.  Sawed Odocoileus sp. proximal tibia and shaft. 
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Figure 8.  Identified Bos taurus elements in the San Xavier del Bac assemblage. 

Figure 9.  Modifications on skeleton of Bos taurus.  c = cut mark, h = hack mark, s = sawing 
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Figure 10.  Identified Ovis aries elements in the San Xavier del Bac assemblage. 

 
Figure 11.  Identified Capra hircus elements in the San Xavier del Bac assemblage. 
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Figure 12.  Modifications on skeleton of Capra hircus.  c = cut mark, h = hack mark, s = sawing 

Figure 13.  Identified Sus scrofa elements in the San Xavier del Bac assemblage. 
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Figure 14.  Identified Odocoileus sp. elements in the San Xavier del Bac assemblage (also 

includes Odocoileus hemionus and Odocoileus virginianus). 
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Figure 15.  Sawed cuts of beef from cattle carcasses. 

 

 
Figure 16.  Late 19th century secondary cuts of beef (ranked 1-9 according to retail value) 

(diagram from Schulz & Gust 1983). 
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Taxa NISP #      % Weight, g Biomass, kg

Salientia 3 1.05

  Frogs and Toads

Ranidae 5 1 2.8 1.71

  True frogs

Gopherus agassizii 6 1 2.8 11.87 0.166

  Desert Tortoise

Colubridae 1 1 2.8 0.20 0.003

  Colubrid snakes

Cathartes aura 1 1 2.8 8.92 0.150

  Turkey vulture

Gallus gallus 23 3 8.3 23.44 0.360

  Domestic chicken

Meleagris gallopavo 5 1 2.8 14.23 0.229

  Turkey

Zenaida macroura 1 1 2.8 0.15 0.004

  Mourning Dove

Mammalia 114 44.45 0.800

  Indeterminate mammal

Mammalia 11 1.57 0.039

  Small mammal

Mammalia 14 20.97 0.407

  Medium mammal

Mammalia 8 7.75 0.166

  Small or medium mammal

Mammalia 33 73.87 1.264

  Large mammal

Mammalia 1 5.50 0.122

  Large ungulate

Vespertilionidae 1 1 2.8 0.03 0.001

  Plain-nosed bats

Table 1. Mission San Xavier del Bac: Species List

             MNI
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Taxa NISP #      % Weight, g Biomass, kg

Leporidae 1 0.21 0.006

  Hares and rabbits

Sylvilagus sp. 1 1 2.8 0.94 0.025

  Cottontails

Lepus sp. 10 11.05 0.229

  Hares and jackrabbits

Lepus californicus 7 1 2.8 8.92 0.189

  Black-tailed jackrabbit

Lepus alleni 11 2 5.6 18.83 0.369

  Antelope jackrabbit

Sciuridae 1 0.16 0.005

  Squirrels

Spermophilus variegatus 135 3 8.3 32.92 0.611

  Rock squirrel

Thomomys sp. 3 1 2.8 1.14 0.030

  Pocket gophers

Sigmodon  sp. 1 1 2.8 0.26 0.008

  Cotton rats

Rattus norvegicus 1 1 2.8 0.39 0.011

  Norway rat

Canis familiaris 1 1 2.8 1.62 0.041

  Domestic dog

Urocyon cinereoargenteus 1 1 2.8 1.85 0.046

  Gray Fox

Procyonidae 2 1 2.8 2.40 0.058

  Raccoons and Allies

Equus caballus 1 1 2.8 59.90 1.046

  Domestic horse

Artiodactyla 6 12.28 0.251

  Even-toed ungulate

Table 1. Mission San Xavier del Bac: Species List, cont.

             MNI
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Taxa NISP #      % Weight, g Biomass, kg

Sus scrofa 34 2 5.6 235.08 3.582

  Domestic pig

Pecari tajacu 5 1 2.8 4.51 0.102

  Collared Peccary

Odocoileus sp. 8 45.25 0.813

  Mule deer/White-tailed deer

Odocoileus hemionus 4 1 2.8 25.57 0.486

  Mule deer

Odocoileus virginianus 5 1 2.8 39.61 0.721

  White-tailed deer

Bos taurus* 84 3 8.3 1525.78 19.282

  Domestic Cattle

cf. Bos taurus 2 (1) 3.25 0.076

  Domestic Cattle

Caprinae 37 223.06 3.417

  Sheep/Goat

Ovis aries 18 2 5.6 210.93 3.249

  Domestic sheep

Capra hircus 17 2 5.6 158.01 2.505

  Domestic Goat

Mammalia or Aves 21 2.77

  Indeterminate Mammal or Bird

Vertebrata 1 0.03

  Indeterminate vertebrate

Total 645 36 2842.43 38.362

*Note: The total MNI for Bos taurus  represents both positively identified cow and probably cow (cf. Bos
taurus ).  For further explanation, see "Methods."

Table 1. Mission San Xavier del Bac: Species List, cont.

             MNI



 50

 

 
 
 
 
 
 
 
  

   MNI

# % kg %

Anurans 1 2.8

Wild mammals 14 38.9 2.638 7.9

Wild birds 2 5.6 0.154 0.5

Tortoises 1 2.8 0.166 0.5

Snakes 1 2.8 0.003 0.0

Domestic birds 4 11.1 0.589 1.8

Domestic mammals 9 25.0 28.618 86.0

Commensals 4 11.1 1.106 3.3

Total 36 33.274

calculation because allometric values are not currently available for the Anurans.

Table 2. Mission San Xavier del Bac: Summary Table

            Biomass

Note: Anurans (frogs and toads) are included in the MNI calculation, but are not included in the biomass 
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Deer Pig Cattle Sheep/Goat

Head 1 11 15 7

Vertebra/Rib 11 9

Forequarter 2 1 13 15

Hindquarter 3 4 14 18

Forefoot 6 3 19 3

Hindfoot 7 4 11

Foot 5 8 10 9

Total 17 34 86 72

Note: Total under "Cattle" includes both Bos taurus  and cf. Bos taurus  remains.

Table 3. Mission San Xavier del Bac: Element Distribution 



 52

 
 

Unfused Fused Total Age at Fusion (mos.)*

Early Fusing:

   Humerus, distal 12-20

   Scapula, distal 1 1 --

   Radius, proximal 5-8

   Acetabulum 8-11

   Metapodials, proximal 1 1 before birth

   1st/2nd phalanx, proximal 4 4 17-20 / 11-17

Middle Fusing:

   Tibia, distal 20-23

   Calcaneus, proximal --

   Metapodials, distal 1 1 24-30

Late Fusing:

   Humerus, proximal >42

   Radius, distal 1 1 --

   Ulna, proximal 26-42

   Ulna, distal 26-35

   Femur, proximal 1 1 32-42

   Femur, distal 1 1 26-42

   Tibia, proximal 26-42

Total 1 9 10

* Reitz & Wing (1999) p. 76

This table includes data from Odocoileus hemionus  and Odocoileus virginianus  as well as Odocoileus sp.

Table 4. Mission San Xavier del Bac: Epiphyseal Fusion for Deer (Odocoileus sp.)
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Unfused Fused Total Age at Fusion (mos.)*

Early Fusing: Sheep; Goat

   Humerus, distal 1 1 3-10; 11-13

   Scapula, distal 1 1 6-8; 9-13

   Radius, proximal 2 2 3-10; 4-9

   Acetabulum 6-10; --

   Metapodials, proximal 3 3 before birth

   1st/2nd phalanx, proximal 2 2 6-16; 11-15 / 9-13

Middle Fusing:

   Tibia, distal 4 4 15-24; 19-24

   Calcaneus, proximal 2 2 30-36; 23-60

   Metapodials, distal 4 4 18-28; 23-36

Late Fusing:

   Humerus, proximal 36-42; 23-84

   Radius, distal 1 1 36-42; 33-84

   Ulna, proximal 1 1 36-42; 24-84

   Ulna, distal 42; --

   Femur, proximal 30-42; 23-84

   Femur, distal 1 1 36-42; 23-60

   Tibia, proximal 1 1 36-42; 23-60

Total 1 22 23

* Reitz & Wing (1999) p. 76

Includes specimens identified to Ovis aries  and Capra hircus  as well as those that could only be identified to

Caprinae.

Table 5. Mission San Xavier del Bac: Epiphyseal Fusion for Sheep/Goat (Caprinae)
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Unfused Fused Total Age at Fusion (mos.)*

Early Fusing:

   Humerus, distal 2 2 12-18

   Scapula, distal 7-10

   Radius, proximal 1 1 12-18

   Acetabulum 6-10

   Metapodials, proximal 3 3 before birth

   1st/2nd phalanx, proximal 4 4 18-24

Middle Fusing:

   Tibia, distal 2 2 24-30

   Calcaneus, proximal 36-42

   Metapodials, distal 3 3 24-36

Late Fusing:

   Humerus, proximal 42-48

   Radius, distal 2 2 42-48

   Ulna, proximal 42-48

   Ulna, distal 42-48

   Femur, proximal 42

   Femur, distal 2 2 42-48

   Tibia, proximal 42-48

Total 2 17 19

* Reitz & Wing (1999) p. 76; does not include cf. Bos taurus .

Table 6. Mission San Xavier del Bac: Epiphyseal Fusion for Cattle (Bos taurus )
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Unfused Fused Total Age at Fusion (mos.)*

Early Fusing:

   Humerus, distal 12-18

   Scapula, distal 12

   Radius, proximal 12

   Acetabulum 12

   Metapodials, proximal 5 5 before birth

   1st/2nd phalanx, proximal 6 6 24 / 12

Middle Fusing:

   Tibia, distal 2 2 24

   Calcaneus, proximal 1 1 24-30

   Metapodials, distal 5 5 24-27

Late Fusing:

   Humerus, proximal 42

   Radius, distal 42

   Ulna, proximal 36-42

   Ulna, distal 36-42

   Femur, proximal 42

   Femur, distal 42

   Tibia, proximal 42

Total 0 19 19

* Reitz & Wing (1999) p. 76

Table 7. Mission San Xavier del Bac: Epiphyseal Fusion for Domestic Pig (Sus scrofa )
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Taxon Rodent 
gnawed

Carnivore 
gnawed Burned Cut Hacked Sawn

Domestic chicken 2

Indeterminate mammal 3 1

Medium mammal 2 1 4

Large mammal 1 2 4

Hares & Rabbits 2

Raccoons & Allies 1

Even-toed ungulate 1

Domestic pig 28 1

Deer 1 4 2

Domestic cattle 1 8 4 10 6 19

Sheep/goat 6 5 16 5 5

Indeterminate vertebrate 1

Total 1 19 44 40 12 30

Table 8. Mission San Xavier del Bac: Modifications
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Bag Analyst Bag Analyst

24 Angela Mallard 403 Angela Mallard
27 Angela Mallard 406 Angela Mallard
28 Angela Mallard 407 Angela Mallard
35 Angela Mallard 411 Angela Mallard
37 Angela Mallard 426 Angela Mallard
50 Angela Mallard 430 Angela Mallard
51 Angela Mallard 454 Angela Mallard
52 Angela Mallard 466 Angela Mallard
54 Angela Mallard 468 Angela Mallard
55 Angela Mallard 487 Angela Mallard
56 Angela Mallard 520 Angela Mallard
57 Angela Mallard 523 Angela Mallard
59 Angela Mallard 531 Angela Mallard
61 Angela Mallard 541 Angela Mallard
62 Angela Mallard
65 Angela Mallard
68 Angela Mallard
70 Angela Mallard
78 Angela Mallard
83 Angela Mallard
85 Angela Mallard
99 Angela Mallard

137 Angela Mallard
155 Angela Mallard
170 Angela Mallard
172 Angela Mallard
175 Angela Mallard
183 Angela Mallard
193 Angela Mallard
197 Angela Mallard
204 Angela Mallard
205 Angela Mallard
208 Angela Mallard
210 Angela Mallard
222 Angela Mallard
223 Angela Mallard
226 Angela Mallard
231 Angela Mallard
234 Angela Mallard
238 Angela Mallard
242 Angela Mallard
244 Angela Mallard
247 Angela Mallard
253 Angela Mallard
269 Angela Mallard
286 Angela Mallard
303 Angela Mallard
401 Angela Mallard

Appendix A. Mission San Xavier del Bac: Faunal Samples Studied


