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Teaching an Old Dog New Tricks:
Implications for Isotopic Studies of
Southwest Dogs
Amanda Semankoa and Frank C. Ramosb
a Department of Anthropology, New Mexico State University. Email:
amanda.semanko@gmail.com

bDepartment of Geological Sciences, New Mexico State University

With over 20,000 years of shared history, dogs present a unique opportunity
to learn about human populations. Dogs accompany humans during
migration and travel, often eating the same foods. Morphological and isoto-
pic analyses of a Georgetown-phase dog burial provide information about
diet, movement, and animal interment practices of Mimbres Mogollon
people from the Kipp Site. Results indicate the animal ate a diet high in
maize, retains higher δ15N than most available prehistoric human data
from the Southwest, and likely moved around early in life. The Kipp dog
was skinned, burned, and buried in an intentional pit, in contrast with the
highly fragmentary faunal remains found in surrounding proveniences.

La relación entre humanos y caninos a través de los últimos 20,000 años
brinda una oportunidad única para el aprendizaje sobre poblaciones
humanas. A lo largo de la historia los caninos han brindado compañía a
los humanos durante migraciones y viajes, usualmente consumiendo los
mismos alimentos. Los análisis morfológicos e isotópicos del entierro
canino de Kipp Ruin que data a la fase Georgetown, proporcionan informa-
ción sobre la dieta, movimiento y la practicas mortuorias de animales de la
población Mimbres Mogollón. Los resultados indican que el animal llevaba
una dieta alta en maíz ya que retiene un nivel δ15N más alto que la mayoría
de los datos disponibles de humanos prehistóricos del suroeste de
Estados Unidos. Esto también da a indicar que el animal se movió temprano
en la vida. El canino de Kipp Ruin fue despellejado, quemado y enterrado en
una fosa intencional.
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Humans and dogs (Canis familiaris) have coexisted for over 20,000 years, ensuring
that dog remains present a unique opportunity to learn about human populations
(Perri et al. 2021). Although initial domestication remains a contentious topic of
research, Perri and others (2021:3) show two lineages of dog aDNA split by
approximately 23,000 years ago in Siberia. Dogs accompanied early human popu-
lations migrating along a coastal route into North America, with the earliest North
American dog remains found in southeast Alaska at 10,150 ± 262 years BP (da Silva
Coelho et al. 2021:4). Closely related to this fragmentary specimen (da Silva Coelho
et al. 2021:5), the oldest known individually buried dogs in the world are found in
the southwestern Illinois sites of Koster and Stillwell II and consist of three dogs
that date to approximately 10,000 years BP (Perri et al. 2019:70).
In the American Southwest, dogs from Ventana Cave (Haury 1950), the

Costello-King site (Ezzo and Stiner 2000), Las Capas (Price-Steinbrecher et al.
2015; Waters et al. 2015), and White Dog Cave (Guernsey and Kidder 1921) rep-
resent some of the oldest yet recovered in the region. Dogs are present in animal
burials, ritual deposits, co-burials with humans, and as isolated elements from
Mogollon, Ancestral Puebloan, and Hohokam sites (Figure 1) across the Southwest
(e.g., Creel [2006]; Emslie [1978]; Frisbie [1967]; Haag [1966]; Hayes and Lancas-
ter [1975]; Judd [1954]; LaMotta [2006]; McKusick [1974]; Morris [1980]; Olsen
[1990]; Roberts [1929, 1939, 1940]; Shafer [2003]; Strand [1998]; Waters [2012];
Woosley and McIntyre [1996]). Because of their long association with humans and
the breadth of their roles in human societies, dogs offer a unique opportunity to
understand aspects of past human life. The Canine Surrogacy Approach suggests

figure 1. Map showing southwest archaeological sites with dogs, canids, and related arti-
facts, such as dog fur cordage and ceramic dog figurines.
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analyzing isotopes of carbon, nitrogen, and strontium of dog remains to identify
elements of human diet and migration (Guiry 2012, 2013). Tracking the movement
and diet of dogs presents a useful line of evidence to support and gain further
knowledge of prehistoric human populations in the American Southwest.
Here we report on a Georgetown-phase (AD 550–650) dog burial from the Kipp

Site (LA 153465; also referred to as Kipp Ruin) in southwestern New Mexico.
Although a single specimen cannot be used to directly pinpoint human lifeways,
this dog offers a window into human diet, movement, and cultural practices
obtained through stable isotope analyses, radiocarbon dating, and morphological
studies. By applying the theoretical framework of the Canine Surrogacy Approach
(Guiry 2013), we use the isotopic signatures of this dog to gain insights into the lives
of Mimbres Mogollon peoples living at the Kipp Site.

The Canine Surrogacy Approach

Dogs accompanied humans for travel and migration, eating the same foods and
possibly human excrement, resulting in isotopic ratios of humans and dogs that
often correlate strongly. Given the close relationship between the two species, the
Canine Surrogacy Approach (CSA) proposes using dogs as analogs for unavailable
human populations in many situations (Guiry 2012, 2013; Guiry and Grimes
2013). The ratio between two isotopes of carbon, 13C and 12C, can be used to ident-
ify the dietary significance of certain plants, particularly maize in North America
(Ambrose 1993; Schwarcz and Schoeninger 1991). Likewise, the ratio of nitrogen
isotopes, 15N and 14N, indicates trophic level and possible inclusion of aquatic
resources in the diet (Hedges and Reynard 2007; Schoeninger and Moore 1992).
Finally, strontium substitutes for calcium in bones and teeth producing an
87Sr/86Sr signature indicative of local geological characteristics (Bentley 2006;
Ericson 1985). In combination, these isotopes supply clues concerning the life
history of the dog by constraining diet and mobility, which may often be extrapo-
lated to accompanying human populations.
Some of the earliest research showing the utility of isotopic data from archaeolo-

gically recovered dogs come from Burleigh and Brothwell (1978). Hair samples
from prehistoric dogs in Peru retain δ13C indicating a diet high in maize, suggesting
maize agriculture was significantly developed and a staple of the human diet (Bur-
leigh and Brothwell 1978:360). Further isotopic studies developed this body of
research (e.g., Allitt et al. [2008]; Cannon et al. [1999]; Clutton-Brock and Noe-
Nygaard [1990]; Guiry and Grimes [2013]; Katzenberg [1989]; Kemp et al.
[2017]; McManus-Fry et al. [2018]; Noe-Nygaard [1988]; Perri et al. [2019];
Rick et al. [2011]; Tankersley and Koster [2009]), which Guiry (2012, 2013)
adapted into an applicable model for inferring human practices based on character-
istics from dogs.
Laffoon and others (2019) tested the applicability of the Canine Surrogacy

Approach to mobility studies by analyzing strontium isotopes from humans
and dogs in the pre-colonial Antilles. Like dietary investigations, the premise
is grounded in the human-dog relationship and the propensity for humans to
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bring dogs with them during migration, travel, and possibly hunting or trade. As
domesticated dogs primarily live with human populations, markers of their
movement expose paths likely traveled by human companions. Their relatively
short lifespans also record a shorter time interval than mature human
remains. Using stable isotopes to uncover the life history of domestic dogs, as
shown so far with carbon, nitrogen, and strontium, may also serve to illuminate
the life histories of contemporaneous human populations in the American
Southwest.
Although not uncommon in Southwest archaeological assemblages, limited work

across the region has attempted to interpret prehistoric human-canid relationships
and what they might reveal about past human populations. Well-known Southwest
archaeological canids include dogs buried with humans at White Dog Cave (Guern-
sey and Kidder 1921), within kivas at Mancos Canyon (Emslie 1978), Homol’ovi
(LaMotta 2006; Strand 1998; Walker 1995), and Shabik’eshee (Roberts 1929),
and extramural contexts at Casas Grandes (Di Peso et al. 1974) and Wind Moun-
tain (Woosley andMcIntyre 1996). Ritual connotations of dog interments are often
noted, but interpretations rarely develop further. Monagle and others (2018) con-
ducted isotopic work on several animal burials from Arroyo Hondo Pueblo, which
found dietary signatures and interment locations seemingly indicative of domestic
dogs. Mitochondrial DNA demonstrates that three of these animals were coyotes
(Canis latrans), suggesting tamed coyotes, and possibly other wild canids, may
have been kept in domestic contexts. Further work on canids from Southwest
archaeological assemblages offers great potential for understanding prehistoric
human practices.
In 2011, the New Mexico State University Field School at the Kipp Site directed

byWilliamWalker recovered a nearly complete canid burial from an Early Pithouse
period midden context (Figure 2). Although excavations focused on the Cliff phase
pueblo occupation, the Kipp Site spans the entire Mimbres phase sequence with the
earliest dates in the Late Archaic and a large Early Pithouse component (Anyon
et al. 2017; see also Kroulek 2011). Located approximately 10-meters from the
Mimbres River, fluvial events and bioturbation disturbed the skeletal remains
and surrounding area. Despite some scattering, much of the canid was found in ana-
tomically correct positioning (Figure 3). Still, one tibia was located 20 cm above the
burial pit, and a metapodial was recovered from the profile wall during pollen
sampling, which suggests some artifacts initially deposited with the dog likely
shifted into surrounding proveniences.
Artifacts within and near the burial include a San Pedro point, a stone mortar

bowl, lithics from every stage of production, burned ground stone, heavily
burned and fragmented faunal remains, and another fragmentary canid atlas
(Semanko 2020:124–125). Ceramic types from the burial and associated prove-
niences consist primarily of Alma Plain with some San Francisco Red. Two
sherds of Mimbres whitewares, possibly representing Mimbres Boldface, and one
of Mogollon Red-on-brown were likely intrusive. Although Shafer (2003:6)
places San Francisco Red in the San Francisco phase (AD 650–750), Laumbach
(Toni Laumbach, personal communication 2018) suggests it is more diagnostic of
the period from AD 400–600.
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Methods

Skeletal remains from the Kipp animal burial were evaluated following standard
zooarchaeological procedures. Morphological features of the cranium, mandible,
and post-cranial skeleton were used to identify these specimens to species, while
fusion of sutures and long bone epiphyses indicated maturity (Figure 4). Shoulder
height was estimated from the length of the left femur and left tibia using the
formula of Harcourt (1974:154). The skeleton was further analyzed to determine
the condition of the remains and evidence of taphonomic processes.
Beta Analytic extracted collagen from the dentin of the left mandibular first

molar (LM1) for carbon and nitrogen isotopic analyses as well as radiocarbon
dating. Collagen samples for dating were analyzed using accelerator mass spec-
trometry, and dates were statistically calibrated and probability determined using
OxCal 4.3.2 (Bronk Ramsey 2009) and IntCal13 (Reimer et al. 2013).
Ratios of 13C/12C (δ13C) and 15N/14N (δ15N) were determined using isotope ratio

mass spectrometry at Beta Analytic. The δ13C indicates the photosynthetic pathway
of consumed plants, which is often used to indicate the presence and degree of pre-
historic maize consumption in North America (e.g., Coltrain et al. [2007]; Katzen-
berg et al. [1995]; Matson [2016]). In contrast, the δ15N reflects protein sources,
indicating trophic level and possible consumption of aquatic resources, although

figure 2. Map of the Kipp Site showing dog burial location in relationship to the Mimbres
River and pueblo room blocks (Aerial photo used with permission from William Walker).
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no evidence indicates fish or other riverine resources were included in the regular
diets of humans or domesticated animals at Kipp (see Brooks [2010]; DeBry
[2012]). Increases in δ15N of approximately 3‰ per trophic level are often noted

figure 3. Picture taken during excavation of the Kipp Site dog remains and surrounding
burial pit (used with permission from William Walker and Robert DeBry).

figure 4. Photograph showing the Kipp Site dog remains during laboratory analysis.
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(Schoeninger and Moore 1992), but others suggest estimates of 3–4‰ (Hedges and
Reynard 2007) or higher to accommodate a lower dietary fraction of animal protein.
Finally, bone, tooth enamel, and environmental samples were processed for

strontium and analyzed at the Johnson Mass Spectrometry Laboratory at New
Mexico State University (Table 1). Due to concern for damaging intact teeth and
bones, four initial enamel samples were prepared for strontium isotope analyses
that originated from auger-broken fragments. These fragments were primarily col-
lected near the anterior cranium and mandible that was unintentionally damaged
during soil sampling. In addition to these four tooth enamel samples, a small
piece of mandibular bone, which was broken into two separate samples, and soil
from the dog burial were also analyzed.
As these initial enamel sample results proved highly variable, a final tooth enamel

sample of known origin was chipped from the loose right maxillary second premolar
(RP2). Water collection took place at the southernmost publicly accessible point in
which the Mimbres River flows at the surface, north of Old Town in the Mimbres
Valley. Also, a small section was broken from a lightly burned dog rib to determine
variability between bone samples. Finally, a rabbit (Sylvilagus sp.) humerus from
Black’s Bluff near present-day Cliff, New Mexico is included here for comparison.
It is also part of a larger forthcoming study onMimbres regional strontium variation.
Samples were cleaned, digested, and purified using cation exchange chromato-

graphy following the procedure of Ramos and Tepley (2008; see also Semanko

TABLE 1.

STRONTIUM SAMPLE WEIGHTS AND ISOTOPE RESULTS

Sample Description Sample Name Weight* 87Sr/86Sr 2σ Error** 84Sr/86Sr***

Enamel 1 E1 2.4 mg 0.709003 0.000014 0.056553

Enamel 2 E2 2.8 mg 0.708662 0.000025 0.056616

Enamel 3 E3 1.2 mg 0.709124 0.000010 0.056844

Enamel 4 E4 2.2 mg 0.708885 0.000010 0.056508

Mandible 1 M1 33.2 mg 0.708590 0.000017 0.056552

Mandible 2 M2 24.5 mg 0.708558 0.000013 0.056497

NBS 987**** N = 3 0.710300 0.000011 0.056622

Soil Soil 100 mg 0.708881 0.000014 0.056456

Mimbres River Water Water Not weighed 0.708342 0.000013 0.056532

Dog Enamel (RP2) DE 0.4 mg 0.709750 0.000024 0.056548

Dog Rib DR 2.8 mg 0.708655 0.000012 0.056479

Rabbit Humerus RH 4.4 mg 0.709692 0.000019 0.056357

NBS 987**** N = 2 0.710225 0.000013 0.056465

*Weight of sample after cleaning and leaching, but before digestion.
**Reproducibility is approximately two times the 2σ error.
***84Sr/86Sr internal standard is 0.056543 for N = 5.
****A standard, NBS 987, with a known 87Sr/86Sr ratio of 0.71024–0.71025 (Miyazaki and Shuto 1998) was analyzed
with each set of samples to ensure measurement accuracy and reproducibility, and all ratios were normalized to
86Sr/88Sr ratio of 0.1194 to correct for mass fractionation.
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2020). Bone and tooth enamel (except E4 and M2) were cleaned with a dry tooth-
brush, leached in 2.5NHCl or 6NHCl for 3–5 min, and rinsed five times with deio-
nized water. Residual dentin (on enamel samples) or dirt were manually removed
from samples under a microscope before a second round of leaching. To determine
the impact of leaching on samples, E4 and M2 were cleaned only with deionized
water. All samples were digested in 6N HCl and centrifuged before strontium puri-
fication using cation exchange chromatography. Strontium analyses were con-
ducted using either thermal ionization mass spectrometry (TIMS; Enamel 1–4
and Mandible 1–2 samples) or multi-collector inductively coupled plasma mass
spectrometry (MC-ICP-MS; Soil, Mimbres River Water, RP2, Dog Rib, and
Rabbit Humerus samples). A standard, NBS 987, with a known 87Sr/86Sr ratio of
0.71024–0.71025 (Miyazaki and Shuto 1998) was analyzed with each set of
samples to ensure measurement accuracy and reproducibility, and all ratios were
normalized to 86Sr/88Sr ratio of 0.1194 to correct for mass fractionation. Reprodu-
cibility is approximately two times the in-run 2σ error.

Results

Skeletal markers on the mandible and skull, as well as generally robust long bones,
suggest the canid is a domestic dog (Canis familiaris). Fused skull sutures and long
bone epiphyses as well as exclusively permanent dentition indicate that the animal
was a fully mature adult dog. Shoulder height was estimated at approximately
41 cm. A perimortem fracture over the eye orbit and cut marks from skinning,
butchery, and decapitation were identified on the skeleton (DeBry 2012;
Semanko 2020). Many bones also exhibit some degree of darkening from
burning, especially near appendicular joints. Because few of the artifacts within
the burial pit appear burned, deposition took place after the dog was burned. Col-
lagen extracted from LM1 yields a conventional radiocarbon age of 1470 ± 30 years
BP. A statistically calibrated calendar age of AD 545–645 (1405–1305 cal BP) was
determined with 95.4% certainty.
The Kipp dog sample yields a δ 13C of −7.4‰, a δ15N of 12.4‰, and a carbon to

nitrogen ratio of 3.2. Prehistoric remains with carbon to nitrogen (C:N) ratios
between 2.9 and 3.6 have sufficient collagen preservation to provide comparable
results to modern fresh bone (DeNiro 1985:807), thus the Kipp dog had collagen
preservation sufficient to generate reliable δ 13C and δ15N results uncompromised
by bone diagenesis. In addition to δ 13C and δ15N, Table 1 presents complete results
from all strontium samples, which span a range from 0.7087–0.7098 for tooth
enamel and 0.7086–0.7087 for dog rib and mandibular bones from the Kipp
Site. The Black’s Bluff rabbit humerus had 87Sr/86Sr of 0.7097.

Discussion

Radiocarbon
The radiocarbon age of the Kipp dog tooth corresponds with the Georgetown Phase
in the Mimbres culture, AD 550–650, and correlates well with the San Francisco
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Red and Alma Plain ceramics from the burial pit. Later ceramic sherds (e.g., Mogol-
lon Red-on-brown andMimbres Boldface) were interspersed throughout the prove-
niences associated with the dog burial likely due to flooding, bioturbation, or other
post-depositional disturbances of the surrounding area.

δ13C
The Kipp dog has δ13C of −7.4‰, indicating near-exclusive consumption of C4

pathway plants and animals consuming C4 plants. Hard and others (1996:285,
301) find δ13C from prehistoric Southwest regions with established maize agricul-
ture cluster between −7.3‰ and −8.6‰ and conclude that establishment of maize
dependence varies significantly across the areas studied and that each location
requires independent analysis to determine when maize became a staple of the
local diet. The Kipp dog approaches the higher end of this range, confirming
maize agriculture was well established and likely an important food source for
both humans and canines by the Georgetown Phase.
Only a few other studies evaluate dietary isotopic data from canids in the

Southwest (Figure 5). Most dogs (10 of 18) from southwestern Colorado sites
analyzed by Kemp and others (2017) fall into, or higher than, the δ13C range
established by Hard and others (1996). Eighteen dogs from the Mesa Verde
region retained an average δ13C of −9.1 (Kemp et al. 2017:13). Of these, four
dogs had heavier δ13C than the Kipp dog, including two from Grass Mesa
Village (−7.39 and −7.28), one from Lilian’s Site (−6.8), and one from
McPhee Pueblo (−6.96).
Based on interment location and isotope characteristics, Monagle and others

(2018) suggest three canids from Arroyo Hondo Pueblo in the northern Rio
Grande area were treated as dogs despite mitochondrial DNA indicating they are
coyotes, as their δ13C fall within the range expected for animals consuming C4

resources (Kemp et al. 2017). Furthermore, these canids were recovered from
kivas and plazas, locations often used for dog interment in the Southwest. Although
all seven canids in this study present some degree of δ13C enrichment, one specimen
(AH6) had a δ13C of −11.3 (Monagle et al. 2018:5). As Monagle and others
(2018:6) note, findings from Arroyo Hondo canids demonstrate dietary reconstruc-
tion from isotopes alone cannot differentiate domestic dogs from coyotes or other
wild species.
Interestingly, one study shows that isotopic signatures of maize consumption are

often absent in humans and dogs unless a significant amount is consumed. In
an attempt to show correlations between living and archaeological populations,
Tankersley and Koster (2009) examined the δ13C of modern and archaeological
humans and dogs. Hair samples were collected from a household in Arang Dak,
a small village in Nicaragua known to consume maize in small quantities (∼22
days of the year), but none of the humans or dogs retained δ13C indicative of
maize consumption (δ13C > −19‰; Tankersley and Koster 2009:371). Of the 34
dogs tested throughout Arang Dak, only two had heavier δ13C than −19‰
despite maize consumption throughout the village (Tankersley and Koster
2009:372).
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It is also important to note differences between collagen and carbonate in asses-
sing δ13C for dietary reconstruction. Collagen is known to preferentially scavenge
carbon from protein sources, rather than reflecting the whole diet, which would
include lipids and carbohydrates (Ambrose and Norr 1993). As a result, higher
protein foods are likely to have a greater impact on collagen than lower protein
sources such as maize. However, this can be overcome if the animal consumes
large enough quantities of maize for it to contribute to the protein content of the
overall diet (Allitt 2011:67). With established agriculture, dogs likely performed
pest management of rodents, rabbits, and other small animals found near fields
or food storage. Garden hunting practices also allowed dogs to eat the cast-off
remains of animals hunted and trapped in cultivated fields. Thus, it is probable
that a significant portion of their dietary protein came from animals that consumed
high quantities of maize.
Macrobotanicals from soil flotations confirm the presence of maize within

the burial pit and from soil adhering to the Kipp dog bones. Possibly complicat-
ing matters, both agave and cactus are identified as plausible sources of food resi-
dues from Kipp Site ceramics (Brooks 2010). As these are CAM plants, they may
raise δ 13C in humans or animals where the diet is otherwise composed primarily
of C3 plants. Conversely, they may also lower the ratio despite diets heavy in C4

plants.

figure 5. Diagram showing dietary isotopes, δ13C and δ15N, from prehistoric Southwest
dogs, coyotes, and Canis sp.
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δ15N
Results from nitrogen isotope analyses of the Kipp dog are higher than anticipated
(δ15N = 12.4‰). Although the average δ15N from 18 dogs studied by Kemp and
others (2017:13) is 9.1, one from McPhee Pueblo retains heavier δ15N than the
Kipp dog with δ15N of 12.61‰. Interestingly, this dog (5MT4475-19) is slightly
more enriched in both δ15N and δ 13C relative to the Kipp dog. At Arroyo
Hondo, Monagle and others (2018:5) find two Canis sp. (indicating the animal
could be coyote or dog) with δ15N ratios of 11.2 and 13.4‰. These results indicate
the Kipp dog is not anomalous within the Southwest, although there is considerable
geographical separation between specimens. Interestingly, few prehistoric humans
studied from the region share comparable 15N enrichments.
In a study of predominantly Basketmaker-period human remains in the South-

west by Coltrain and others (2007), δ15N from the Marsh Pass area averaged
7.7‰, with a range from 5.7‰ to 8.6‰. They found the highest Southwest δ15N
ratios from Chaco Canyon Great Houses at 12.4‰ and 14.0‰ (Coltrain et al.
2007:306). An earlier paper by the same authors (Coltrain et al. 2006:281)
found a δ15N of 11.6‰ from a site seven miles southeast of Cortez, Colorado. In
both studies, human δ15N were almost exclusively lighter than 10‰. Multinational
data compiled by Guiry (2012:356) showed dogs exhibited an overall average drop
of −1.16 ± 1.28‰ from human δ15N, but in a few instances, dogs retained heavier
δ15N relative to humans from the same site. Several variables could provide expla-
nations for the heavy 15N of the Kipp dog and other canids relative to most South-
west human samples.
Ambrose and DeNiro (1986:404) pointed to the possibility that elevated δ15N

levels in hot, arid climates could result from animals conserving water by excreting
15N-depleted urea. This hypothesis accounts for elevated δ15N of herbivores in a
semi-desert environment in Kenya compared to those from highland savannas.
Sealy and others (1987:2710) demonstrated terrestrial herbivores from arid
environments with less than 400 mm of annual rainfall may have δ15N in excess
of 10‰. Herbivores from Churchhaven, South Africa, which only receives
244 mm of rain annually, had δ15N ranging from 11.8‰ to 16.3‰ (Sealy et al.
1987:2711). Grissino-Mayer and others (1997:58) reconstruction of annual pre-
cipitation indicates 11.34” (approximately 288 mm) for the southern Rio Grande
Valley in AD 622, the earliest year listed for the area and the most geographically
relevant. Such limited rainfall supports the Ambrose and DeNiro (1986) premise.
As a result of considerable variability across systems, Ambrose (1993:99) stipu-

lates conclusions from nitrogen isotope data cannot be drawn regarding trophic
level or marine resource consumption in hot, arid environments. Others,
however, simply call for diligence regarding variables of diet, time, and environment
when analyzing and comparing paleodietary information between sites (Guiry and
Grimes 2013; Hammersley 2016; White et al. 2001).
A simpler explanation for heavier δ15N in the Kipp dog could be that the animal

was consuming human excrement (coprophagy) or other carnivorous animals.
Although eating carnivores was not commonly practiced across the Southwest,
scavenging the remains of other carnivores, or their excrement, could also
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account for elevated δ15N. Many mammalian tissues and excretions contain 15N,
contributing to examinations of weaning practices using δ15N enrichment in
archaeological human bone collagen (e.g., Richards et al. [2002]), fingernail and
hair clippings from modern populations (Fuller et al. 2006), and feces in captive
primate investigations (Reitsema 2012). If the Kipp dog consumed human or carni-
vore tissues or their waste, it could result in elevated δ15N.
Without comparative human values from the area near the Kipp Site, it is difficult

to determine the relationship between δ15N for the two species. If human δ15N is
above or similar to those of the dog, it is likely that the climatological hypothesis
is correct. If human δ15N is depleted relative to those of the dog, it probably con-
sumed some form of human or carnivore tissue or related waste. It is also credible
that both circumstances contributed to varying degrees, but more conclusive
answers would necessitate further sampling from the local area.

87Sr/86Sr
Strontium Isotope studies in the American Southwest have been used to elucidate
locations of prehistoric animal procurement and to differentiate between local
and migrant human populations. Ezzo and others (1997) analyzed tooth samples
from 69 human adults at the prehistoric site of Grasshopper Pueblo in east-central
Arizona to differentiate between individuals of local origin and migrants. After
establishing a range of local 87Sr/86Sr from rodent teeth and bones, they concluded
that approximately 30–54% of the humans sampled were immigrants, a group
further divided into two separate areas of origin based on the known geological
landscape. Subsequent work (Ezzo and Price 2002) incorporated elements of
material culture, skeletal analysis, and chronology to further their conclusions, as
well as extending nearby 87Sr/86Sr baselines using modern rodent populations.
Dudas and others (2016) also used 87Sr/86Sr ratios to identify patterns of prehis-

toric human mobility within the Southwest. With a wider scope, Dudas and others
(2016) compared 87Sr/86Sr of tooth dentin and enamel of 28 humans across 10 sites
in the Southwest, in conjunction with lead (Pb) isotopes, adding to the record of
known human isotopic characteristics in the region. A known baseline enhances
isotopic studies of mobility and migration, and tracking 87Sr/86Sr from animals
in the Southwest further contributes to this baseline while exposing human subsis-
tence practices.
Grimstead and others (2016) analyzed strontium and oxygen isotopes from

environmental and animal samples near Chaco Canyon to determine the distance
of mammal procurement. Archaeological faunal remains from deer, lagomorphs,
and prairie dogs were compared against a baseline comprising wood, maize,
water, soil, rock, and modern mammal samples. They concluded that most
animal protein came from the north and west at greater than 40 km from Pueblo
Bonito, suggesting local animal abundance was scarce and insufficient to feed the
population (Grimstead et al. 2016:15).
Recently, Sheets and others (2021) studied prehistoric bighorn sheep (Ovis cana-

densis) procurement from northern Arizona using archaeological lagomorphs and
modern tree samples to establish a strontium baseline for probable locations.
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Although their baseline does not cover all possible origination points, available iso-
topic and ethnohistoric data suggest Black Mesa as the probable source for bighorn
sheep found at Homol’ovi (Sheets et al. 2021:7).
These studies provide the best available 87Sr/86Sr baselines for the Southwest, but

represent isolated areas of prehistoric occupation. Further research in other parts of
the Southwest would expand the overall baseline and produce a more powerful
resource for isotopic studies. Also, focusing on small animals with limited ranges
could better illuminate the basis for unexplained variability and aid in identifying
previously unrecognized locations of significance.
Laffoon and others (2019) conducted the most prominent study to date involving

87Sr/86Sr of archaeological canids on human and dog populations in the Antilles.
The 87Sr/86Sr ratios of dogs from four locations fall within ranges of humans
from those same areas, indicating that non-local dogs likely originated from the
same geographical locations as human immigrants. Although these data remain
ambiguous as to whether these dogs migrated with humans or were traded, they
do show the potential for further applications investigating human movement
using domesticated dog 87Sr/86Sr.
In the American Southwest, the Kipp Site dog offers a glimpse into possible

Mimbres mobility. Bones from the dog have lower 87Sr/86Sr than nearby soil. It
appears the mandible (0.7086), which has more dense cortical bone, has a slightly
lower 87Sr/86Sr ratio than the dog rib (0.7087), which is composed of thinner cor-
tical bone and more cancellous bone. The soil is subtly higher (0.7088) than both of
these, leading to the possible conclusion that bone burning and diagenesis more
dramatically influenced the less dense rib bone. However, the rib could have regen-
erated more thoroughly before death than mandibular cortical bone, which may
still retain a lower 87Sr/86Sr from previous travel, migration, or outside food
sources. Together, the dog bone 87Sr/86Sr ratios are consistent with human
samples within the Mimbres Valley, notably NAN Ranch and Harris (Dudas
et al. 2016:25), which are approximately 48 and 74 km north, respectively.
Tooth enamel 87Sr/86Sr from the Kipp dog reflects unexpectedly high variability.

The first four enamel samples, which were loose fragments collected from damaged
bone and teeth where the auger struck the cranium during soil sampling, have vari-
able 87Sr/86Sr (0.7087, 0.7089, 0.7090, and 0.7091) and do not provide conclusive
evidence that the dog was bred at Kipp. Samples E4 (0.7089) and E2 (0.7087) have
similar 87Sr/86Sr to the soil (0.7088), but the others are higher. Also, E4 was only
cleaned with deionized water rather than acid leached, leaving the possibility of
surface contamination (see Semanko [2020:223–224]). Unfortunately, conclusions
regarding tooth development and eruption timing were hindered by the inability to
distinguish precise origins for each of the first four enamel samples. Furthermore, as
the dog burial proveniences contained other faunal remains, it is possible, although
unlikely, that these enamel samples came from another animal.
The fifth enamel sample, labeled Dog Enamel (Table 1), came from the loose right

maxillary second premolar (RP2) of the Kipp dog. Results for this tooth enamel,
0.7098, were much higher and do not match anything from the local area. Interest-
ingly, this 87Sr/86Sr ratio is more consistent with other sites in the Mimbres culture
area, particularly Black’s Bluff, approximately 112 km northwest of Kipp in the
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Burro Mountains south of Cliff, New Mexico. The Black’s Bluff rabbit bone
87Sr/86Sr (0.7097) is more similar to the Kipp dog enamel 87Sr/86Sr (0.7098) than
anything near the Kipp Site. Although included here for comparison, this rabbit
is part of a larger dataset to be presented in an upcoming paper that seeks to
explain strontium isotope variation within the Mimbres cultural area by creating
a baseline of known sites using samples of archaeologically recovered rodents
and cottontails.
Of the known human 87Sr/86Sr ratios in the Mogollon, the elevated Kipp dog

enamel sample (0.7098) falls within the range of “locals” from Grasshopper
Pueblo (Ezzo and Price 2002:504). It is feasible that migration, trade, or hunting pat-
terns brought the dog and its human keepers into the border region of Arizona and
NewMexico in its early life. As a result, the Kipp dog enamel retains 87Sr/86Sr similar
to the rabbit humerus from Black’s Bluff. Although several Kipp dog 87Sr/86Sr ratios
are similar to isotopic signatures found in artiodactyls by Grimstead and others
(2016) at Pueblo Bonito, the great distance (approximately 418 km) and lack of evi-
dence for interaction makes this area improbable. Alternatively, uncharacterized sites
closer to the Mimbres Valley and the Kipp Site may reflect more radiogenic 87Sr/86Sr
ratios. Curiously, several human enamel samples from NAN Ranch and Harris also
have higher 87Sr/86Sr (0.7099–0.7120; Dudas et al. 2016:25). Future data contribut-
ing to strontium baselines across the Mimbres will provide more insight into possible
prehistoric mobility within these areas.

Conclusions

Carbon, nitrogen, and strontium isotopes from the Kipp Site dog provide insights
into the lives and diets of contemporaneous Mimbres people during the George-
town phase. This dog was intentionally killed, skinned, burned, and buried
between AD 545–645. δ13C demonstrates the substantial quantities of maize con-
sumed by the dog, and most likely people as well. Agriculture must have been well
established for maize to be such an important staple in everyday diet at the Kipp
Site. Additionally, heavy δ15N suggests the dog ate other carnivores, riverine
resources, drought-resistant animals, or human excrement. Finally, 87Sr/86Sr
ratios from Kipp dog bones nearly match the Kipp soil and humans from other
Mimbres sites, but elevated 87Sr/86Sr of tooth enamel are more similar to small
mammals near Cliff, New Mexico. The 87Sr/86Sr ratios of enamel are consistent
with 87Sr/86Sr from human enamel at NAN Ranch and Harris (Dudas et al.
2016), which may result from seasonal movement or longer-term migrations. As
a whole, the Kipp Site dog demonstrates the utility of using dogs to assess human
practices and justifies future studies of archaeological dog remains to infer relevant
knowledge of human populations.
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