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Abstract
This study provides an isotopic examination of both human and animal paleodiets and mobility patterns at a highland Maya 
community. Kaminaljuyu, Guatemala, was a large Prehispanic center located in a distinctly cooler, drier setting compared 
with the majority of Maya sites in the surrounding lowlands. Previous archaeological research at Kaminaljuyu revealed it 
played an important political and economic role in the Maya region, assisting in the obsidian trade network and maintaining 
ties with communities as far away as Teotihuacan in central Mexico. By examining the strontium (87Sr/86Sr), carbon (δ13C), 
and oxygen (δ18O) isotope values from dental enamel of humans and terrestrial mammals at the site, this study provides 
direct evidence of long-distance animal trade, explores the nature and timing of such activities, and compares highland 
dietary patterns with faunal studies in the lowlands. Our results indicate that isotopically non-local humans and animals are 
most frequently found in special and ceremonial contexts, indicating that long-distance movements of people and products 
were motivated for politically or ritually significant events. Although dietary patterns showed cross-species variation, diets 
within species were similar between highland and lowland settings.
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Introduction

The past several decades of isotope research in the Maya 
area have produced many fascinating insights regarding the 
ecology, movements, and paleodiets of ancient humans and 
animals. These studies have used faunal diets as proxies for 

landscape vegetation cover and its change over time (Emery 
et al. 2000; Emery and Thornton 2008; Sugiyama et al. 
2020), and to better understand human diets and subsist-
ence strategies (Gerry and Krueger 1997; Rand et al. 2020; 
White et al. 1993). They have been used to identify animal 
trade and management practices, necessary for sustaining 
large populations across a broad area (Freiwald and Pugh 
2017; Rand et al. 2021; Sharpe et al. 2018; Thornton 2011; 
White et al. 2001, 2004). Isotope studies on human and ani-
mal remains have also been used with other archaeological 
datasets to interpret differences in social status and resource 
distribution in the Maya region (Price et al. 2008, 2010; 
Somerville et al. 2016; Wright 2012; Wright et al. 2010).

The present study provides the first isotopic dataset using 
tooth enamel from fauna at a Maya highland site, provid-
ing a unique ecological and social setting for comparison 
with preexisting data from other areas. Kaminaljuyu was 
the largest Prehispanic highland community in the Maya 
region, with a long occupation beginning around 800 BCE 
(Figs. 1, 2). The site was a politically powerful settlement 
and ceremonial center that participated in highland exchange 
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Fig. 1  Map of the Maya region 
and sites referred to in this 
study. Strontium isotope ranges 
based on Freiwald et al. (2020), 
Hodell et al. (2004), and Price 
et al. (2008, 2019). Note the 
Metamorphic Province contains 
the Motagua Valley, with a 
87Sr/86Sr range of 0.07042–
0.7073. Values exceeding this 
range in the Metamorphic 
Province are not common based 
on current isoscape data

Fig. 2  Map and chronologi-
cal timeline of Kaminaljuyu, 
Guatemala. Map courtesy of the 
Proyecto Zona Arqueológica 
Kaminaljuyu
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networks, including that of obsidian, a local resource that 
was exchanged broadly throughout the surrounding lowlands 
(Arroyo et al. 2020; Kaplan 2011; Popenoe de Hatch 2002). 
Previous isotope studies at Kaminaljuyu have focused on 
human remains recovered from burial deposits (Valdés and 
Wright 2004; White et al. 2000; Wright 2013; Wright and 
Schwarcz 1998, 1999; Wright et al. 2010). These studies 
identified remarkable dietary consistency among those indi-
viduals who were born locally at or near the site. They also 
discovered that non-local individuals were often incomplete 
skeletons or isolated crania placed in larger tombs contain-
ing locally-born central occupants.

Our study set out to address five main questions: (1) Can 
we identify the remains of non-local fauna at Kaminal-
juyu using stable isotope analyses that would indicate the 
exchange of whole or parts of individual animals? (2) If non-
local animals are identified, in what contexts are they found, 
and how does this compare with the contexts in which non-
local humans have been identified at Kaminaljuyu? (3) Does 
the presence of non-local animals align chronologically with 
the arrival of non-local human individuals, and do they come 
from the same geographic points of origin? (4) What was the 
nature of animal diets at Kaminaljuyu, and how similar were 
the faunal diets to the diets of humans previously tested at 
the site? (5) Using animal diets as a proxy for local environ-
ment, how do fauna differ isotopically between Kaminaljuyu 
and the Maya lowlands?

We anticipated that the answers to these questions would 
provide important information regarding Kaminaljuyu’s 
ecology, subsistence practices, and relationship with the sur-
rounding Maya region. The results, however, show consid-
erable variation in species’ diets, as well as place of origin 
when comparing non-local humans and animals. While we 
do identify non-local animals, they included small-bodied 
mammals that are not generally considered to have been 
trade items (i.e., pocket gophers). In addition to providing 
information about the diets and exchange activities among 
the ancient highland Maya, this study also serves as a warn-
ing against the assumption that small mammals recovered 
at a site were locally acquired. Rather, ceremonial activities 
appear to have been a driving factor in the movement of 
animals, and perhaps humans as well, across the landscape.

History of Kaminaljuyu and past research

Kaminaljuyu is located underneath the modern metropo-
lis of Guatemala City, which has dramatically altered the 
original landscape and settlement features. The surround-
ing highland region has an elevation between 1000 to 
4220 masl and is characterized by steep valleys, ridges, 
and numerous volcanoes (Islebe et al. 1995). Vegetation 
ranges from tropical humid forests in the lowest valleys to 

mixed conifer and broadleaf forest on the mountain slopes. 
Dry scrubland covers the highest elevations. The earliest 
evidence for human occupation at Kaminaljuyu dates to c. 
800 BCE, with settlement focused around the area that was 
once Lake Miraflores (Fig. 2; Arroyo et al. 2020).

The settlement expanded over the ensuing centuries, 
and by the Terminal Preclassic period (100 BCE–250 
CE), Kaminaljuyu had become the dominant political 
center in the region. Archaeologists have uncovered the 
remains of extensive canal and irrigation systems around 
the original lake, attesting to the settlement’s dependence 
on agricultural activities (Valdés and Popenoe de Hatch 
1996; Valdés 1997; Valdés and Wright 2004:340–341). 
Kaminaljuyu’s rulers maintained political authority in part 
through an extensive trade network that relied on obsidian 
exchange out of the highlands. These rulers also promoted 
ceremonial activities that fostered unity within the com-
munity and connected it to similar ritual displays of power 
elsewhere in the Maya area (Inomata et al. 2014; Kaplan 
2002, 2011; Popenoe de Hatch 2002). By the Early Clas-
sic period (250–550 CE), Kaminaljuyu’s power began to 
waver, partly due to the ecological decline brought about 
by the slow diminishment of the lake. Several large royal 
tombs dating to this era, along with the construction of 
elite temples in the talud-tablero style of central Mex-
ico, suggest that Kaminaljuyu maintained political ties 
with both lowland Maya centers and distant Teotihuacan 
(Arroyo et al. 2020; Braswell 2003). Yet by the Terminal 
Classic period (800–900 CE), Kaminaljuyu’s population 
had considerably declined. The site was only intermittently 
occupied thereafter until the arrival of the Spanish.

Excavations have been ongoing to preserve Kaminal-
juyu’s archaeological history since the early twentieth cen-
tury, in spite of the gradual development of the modern 
metropolis over the original settlement (Kidder 1945; Kid-
der et al. 1946). Wright, Schwarcz, and colleagues (Wright 
and Schwarcz 1998, 1999; Wright et al. 2010) conducted the 
first stable isotope studies at the site, focusing on teeth from 
human burials recovered from excavations from the pre-
ceding decades. These burials included several large Early 
Classic elite tombs in Mounds A and B excavated by Kid-
der et al. (1946) at the southeast margin of the site (Fig. 2). 
Some of these contained the remains of a principal occupant 
surrounded by other individuals who may have been sacri-
ficed or were secondary burials of earlier tomb occupants. 
Other burials that were included in the analysis came from 
rescue projects in the residential areas (Valdés and Wright 
2004) and a series of ceremonial structures that included 
the Acropolis and Palangana (a ceremonial platform with 
an upraised eastern side and lower western side, first exca-
vated by Pennsylvania State University; Michels and Sanders 
1973). These deposits primarily dated to the Early Classic 
period, with a few coming from earlier and later contexts.
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Osteological analysis of the human remains was con-
ducted by Wright (Valdés and Wright 2004; Wright et al. 
2010). For the isotope analysis, teeth from 42 individuals 
were selected based on the preservation of the skeleton 
and secure contextual information (see Wright et al. 2010 
for details). Isotope ratios were obtained on representative 
enamel sections from first molars, premolars, and third 
molars. The majority of individuals came from the Mounds 
A and B structures excavated by Kidder et al. (1946), resi-
dential structures excavated by the Proyecto Miraflores II, 
and a few from the Early Classic phases of the Palangana 
excavated by Penn State (Wright et al 2010:Table 2). One of 
the primary goals of the isotope study was to compare the 
diets and place of origin of the remains in the Mound A and 
B tombs with burials from other parts of the site.

The human isotope data show that the majority of indi-
viduals buried at Kaminaljuyu were likely born locally. A 
few individuals, including isolated skulls and adolescent 
individuals placed within primary elite burials, were from 
other regions. There was little pattern exhibited among the 
latter, although some appear to have come from an area to 
the northeast of Kaminaljuyu, with elevated oxygen and 
strontium isotope values more closely resembling the Car-
ibbean side of the highlands. One adolescent skull had a 
particularly high strontium value (Tomb A-III, Skull 1, 
87Sr/86Sr = 0.71050), indicating it may have come from the 
Maya Mountains of south-central Belize. The present study 
uses these results to interpret local and non-local isotope 
values in the faunal remains.

Animals sampled in the present study come from four 
parts of the site (Fig. 2), which have been excavated from 
2010 to 2016 by the Proyecto Zona Arqueológica Kami-
naljuyu (ZAK, Kaminaljuyu Archaeological Zone Project), 
directed by Bárbara Arroyo. The first two of these locations 
include the Acropolis and Palangana. ZAK excavations in 
the Palangana recovered a series of dense concentrations 
of miscellaneous artifacts, burnt organic material, human 
remains, and animal bones that mainly consisted of dogs 
(Ajú Álvarez 2017; Sharpe et al. 2022). These deposits date 
to the Terminal Preclassic period, and may have been closely 
related in time (they were designated as the “Gran Depósito” 
or Great Deposit by the excavators, but it is unclear if they 
were a single deposit). The third location in this study is 
the base of Mound E-III-3, once the largest structure at the 
site before it was destroyed during a development project in 
the mid-twentieth century (Shook and Kidder 1952). Recent 
excavations located thousands of intentionally shattered 
ceramic vessels at the base of this structure, which had likely 
been a form of Late Preclassic dedicatory offering intention-
ally laid before the structure’s construction (Estrada de la 
Cerda 2017). The deposit included the remains of several 
humans (some either disturbed or intentionally disarticulated 
before deposition), as well as considerable quantities of ash 

from burned organic material and animal bones. The ani-
mal remains mainly consisted of deer, dogs, and thousands 
of fish bones, some of which could be identified to marine 
species (Lutjanus sp. and Dormitator latifrons; Sharpe et al. 
2022). The fourth location included in the study was the area 
around Mounds A-IV-1 and A-IV-2. This area is believed 
to have served several functions during the Late Preclassic 
through Early Classic periods, including for storage and for 
small cache and burial deposits (Serech van Haute 2018). It 
may have been near a residential area, which is now covered 
by the modern city and impossible to access. Animals from 
this part of the site came from midden and fill deposits.

Stable isotope methods in Maya 
zooarchaeology

This study uses a combination of stable isotopic ratios to 
determine animal diet and movement in the past. To assess 
diet, carbon isotopes from dental enamel (δ13Cen) are used 
to determine what animals ate during enamel development. 
Oxygen (δ18Oen) and strontium (87Sr/86Sr) isotopes are used 
to identify which individuals were non-local to the highlands 
and gauge from where they may have originally come.

Many studies of human and animal paleodiet in the 
Maya region have relied on bone collagen, since collagen 
contains the isotopic composition of the last several years 
of an individual’s diet (Hedges et al. 2007; Matsubayashi 
and Tayasu 2019). However, collagen preservation is poor 
throughout much of the volcanic highlands and Pacific coast. 
Occasionally, the only remaining portion of a human burial 
is the outline of the original deposit with a few teeth that 
managed to preserve longer than the rest of the skeleton 
(Renson et al. 2019; Wright and Schwarcz 1999). Although 
a small number of human bone and dentin samples were 
successfully extracted by Wright et al. (2010), the major-
ity of human dietary data was gathered from tooth enamel 
δ13C. Therefore, we focused this study on animal teeth and 
on the best-preserved specimens. This allows us to examine 
how similar the non-human animal and human diets were 
at the site. Animals raised in captivity, such as domestic 
dogs, might be expected to have diets that resemble those 
of humans (Guiry 2012; White et al. 2001). Animals that 
were presumably caught in the wild, such as the deer and 
gophers in this study, should have isotope values that reflect 
the local habitat.

The δ13C isotopes in dental enamel reflect the diet of an 
animal during the time of tooth development, particularly 
during the first several months of life for most mammals in 
this study. The δ13C of hypselodont incisors, like the pocket 
gophers (Orthogeomys hispidus) reported here, represent 
a longer range of time because these teeth continuously 
grow throughout life (Jernvall and Thesleff 2012). Carbon 
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isotope ratios can determine whether an animal was consum-
ing predominantly plants with a  C3 photosynthetic pathway, 
which includes most leafy vegetation in the Maya area, to 
plants with a  C4 photosynthetic pathway, which includes 
grasses such as maize (DeNiro and Epstein 1978; van der 
Merwe 1982). Modern  C3 plants usually have δ13C values 
that range from ~  − 33 to − 24‰ in the Maya area, whereas 
 C4 plants like maize have a δ13C range of ~  − 12 to − 10‰ 
(White et al. 2001, 2004), even in the highlands (Wright 
et al. 2010:Table 4). Among humans in Prehispanic Mes-
oamerica, δ13C is typically used to determine the amount 
of maize in the diet since maize was the principal edible  C4 
plant in the region. There is no evidence that other tropi-
cal grasses (e.g., Chloridoideae, Panicoideae) contributed 
significantly to Maya diets, and many cannot be digested 
by humans. Crassulacean acid metabolism (CAM) plants, 
including cacti, can provide δ13C values between those of 
 C3 and  C4 plants (O’Leary 1981). However, they are also not 
considered to have contributed sufficiently to Maya diets to 
shift δ13C values in humans.

Non-human animal diets, however, typically differ sub-
stantially from those of humans. Isotope studies in Mes-
oamerica, as well as modern food web studies and feeding 
experiments, have indicated that mammals that regularly 
consume maize from a young age will have elevated δ13C 
values (e.g., Ambrose and Norr 1993; Darr and Hewitt 2008; 
Kays and Feranec 2011; Tieszen and Fagre 1993). How-
ever, herbivores that opportunistically feed on maize or other 
grasses, as well as omnivores or carnivores that consume 
these herbivores, have intermediary δ13C values (Cormie 
and Schwarcz 1994; Sharpe et al. 2018; Thornton et al. 
2016). Habitat disturbance for the establishment of agricul-
tural fields and dwellings tends to produce more secondary 
grassland environments that could elevate δ13C in grazing 
animals. While forest clearing and the spread of grasslands 
has been identified with isotopes in areas outside the Maya 
area, such as central Panama (Sugiyama et al. 2020), it has 
yet to be conclusively documented in the Maya region (see 
Emery and Thornton 2008 for a review).

To address the matter of whether animals were moved to 
Kaminaljuyu, as either live individuals or deceased products 
(e.g., food, adornments, ritual items), this study uses strontium 
(87Sr/86Sr) and oxygen (δ18O) isotopes from dental enamel. 
Since enamel develops once in the life of most mammals 
(excepting the hypselodont gophers in this study), it can be 
used to determine the origin of an individual by comparing the 
87Sr/86Sr and δ18O of the enamel to the expected local range of 
these isotopes. Strontium isotopes vary by geographic region 
based on rock type, age, and the history of weathering in an 
area (Bentley 2006; Price et al. 2002). Geological sources of 
strontium enter the food and water that animals consume in a 
particular area, and strontium becomes incorporated in den-
tal enamel. Typically resistant to diagenetic exchange, tooth 

enamel retains the original 87Sr/86Sr signature from the time it 
was developed. Several regional 87Sr/86Sr baselines have been 
established for the Maya and surrounding regions (Hodell et al. 
2004; Miller Wolf and Freiwald 2018; Price et al. 2008; Thorn-
ton 2011). Hodell et al. (2004) determined that the highlands 
around Kaminaljuyu have 87Sr/86Sr of ~ 0.70417 (15 samples, 
s.d. = 2 ×  10−4), and Wright et al. (2010:159) determined the 
Valley of Guatemala, where Kaminaljuyu is located, has a 
value of ~ 0.7045.

Oxygen isotope values in teeth function similarly to stron-
tium isotope ratios, in that they are set during enamel forma-
tion and can be matched with expected local ranges. However, 
δ18Oen in animals varies due to a number of environmental, 
behavioral, and physiological circumstances, making it less 
predictable for assessing location of origin than 87Sr/86Sr. The 
oxygen isotope content in terrestrial mammal hydroxyapatite 
generally derives from water, with a smaller contribution from 
food and from breathing atmospheric  O2 (Pederzani and Brit-
ton 2019; Sponheimer and Lee-Thorp 1999). Non-obligate 
drinking herbivores obtain most of their water from vegeta-
tion. For example, white-tailed deer (Odocoileus virginianus) 
bone δ18O is primarily dependent on the δ18O of leaves from 
which they obtain water (Repussard et al. 2014). Surface water 
δ18O in the Maya area is primarily influenced by the δ18O of 
rain, with the Caribbean coast having the highest δ18O values 
(~ − 4 to − 1‰) and the Guatemalan highlands and Pacific 
coast having the lowest δ18O values (~ − 6 to − 4‰ in the high-
lands, ~  − 10 to − 6‰ along the Pacific coast; Brenner et al. 
2003; Lachniet and Patterson 2009). However, δ18O also varies 
among local water sources, particularly smaller closed bodies 
of waters such as swamps and ponds, due to differences in 
evaporative enrichment throughout the year and variations and 
rainfall (Brenner et al. 2003; Scherer et al. 2015; Wright 2017). 
Skeletal mineral δ18O is also shaped by the metabolic differ-
ences among different species, as fractionation in hydroxyapa-
tite mineralization is temperature dependent, and mammals 
differ in body temperatures. The δ18O of water sources differ 
considerably between obligate and non-obligate drinkers (Bry-
ant and Froelich 1995; Pietsch et al. 2011; Repussard et al. 
2014). The local range of δ18O in meteoric water around Kam-
inaljuyu should be around − 6 to − 4‰ (Lachniet and Patterson 
2009; Wright et al. 2010), but we would expect some varia-
tion based on differences in animal metabolism and drinking 
behavior.

Methods

Faunal specimens used in the present study (Table 1) were 
selected based on quality of preservation and whether 
they came from securely-dated contexts. Most teeth were 
recovered as either isolated specimens or as part of a man-
dible or cranium. In no case was a complete, articulated 
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skeleton recovered, although the Mound E-III-3 and Palan-
gana deposits contained partially articulated dogs, gophers, 
and small birds, which may have been offerings, feasting 
remains, or both (Sharpe et al. 2022). All specimens were 
photographed and measured prior to isotope analysis. Ini-
tial selection, cleaning, and drilling of enamel samples were 
performed in the Archaeological Laboratories of the Smith-
sonian Tropical Research Institute in Panama City, Panama. 
Enamel processing for strontium isotopes was performed in 
the class 100 clean labs of the University of Florida Depart-
ment of Geological Sciences in Gainesville, FL, USA.

Detailed procedures used in the pretreatment and pro-
cessing of specimens follow methods reported in Sharpe 
et al. (2018). Enamel was carefully extracted and cleaned 
from surface contaminants and dentin with a Dedeco carbide 
blade and a diamond-tipped Brasseler NSK Z500 drill, using 
different drill heads to avoid cross-contamination. Approxi-
mately 20–50 mg of enamel was obtained from each tooth. 
Half of the sample was ground and placed in individual ster-
ile microcentrifuge tubes to be used for the δ13C and δ18O 
analysis. About 2 ml of 2.5% sodium hypochlorite (NaOCl) 
was added to each tube and set for 16 h, with intermittent 

Table 1  Enamel specimens tested for carbon, oxygen, and strontium isotopes in this study. LP Late Preclassic, TP Terminal Preclassic, EC Early 
Classic, C Classic (mostly Late)

Specimen number Chronological 
period

Area of site Common name δ13Cen (‰, vs. 
PDB)

δ18Oen (‰, vs. 
PDB)

87Sr/86Sr

EN-01 LP Mound A-IV-1/A-IV-2 Domestic dog  − 3.40  − 5.91 0.704183
EN-02 LP Mound E-III-3 Domestic dog  − 3.67  − 5.17 0.706915
EN-03 LP Mound E-III-3 Domestic dog  − 2.71  − 6.37 0.704375
EN-04 LP Mound E-III-3 Hispid pocket gopher  − 7.52  − 6.27 0.707535
EN-05 LP Mound E-III-3 Hispid pocket gopher  − 4.64  − 8.87 0.704033
EN-06 LP Mound E-III-3 Hispid pocket gopher  − 10.73  − 4.80 0.705980
EN-07 TP Mound A-IV-1/A-IV-2 Domestic dog  − 1.37  − 5.25 0.704168
EN-08 TP Palangana Domestic dog  − 0.90  − 6.89 0.704152
EN-09 TP Palangana Domestic dog  − 3.77  − 5.45 0.704715
EN-10 TP Palangana Domestic dog  − 2.74  − 4.87 0.704761
EN-11 TP Palangana Hispid pocket gopher - - 0.704139
EN-12 TP Palangana Domestic dog  − 1.29  − 6.07 0.704133
EN-13 TP Palangana Domestic dog 0.47  − 6.42 0.704540
EN-14 TP Palangana Domestic dog  − 1.63  − 5.89 0.704811
EN-15 TP Palangana Domestic dog  − 0.01  − 5.54 0.704222
EN-16 TP Palangana Domestic dog  − 0.51  − 6.52 0.704314
EN-17 TP Palangana Domestic dog 1.57  − 5.49 0.704138
EN-18 TP Palangana Domestic dog  − 1.54  − 7.00 0.706535
EN-19 TP Palangana Domestic dog  − 6.29  − 4.55 0.704401
EN-20 TP Palangana Domestic dog 0.41  − 5.20 0.705531
EN-21 TP Palangana Domestic dog  − 0.22  − 5.51 0.704416
EN-22 TP Palangana Hispid pocket gopher  − 10.35  − 7.93 0.704070
EN-23 TP Palangana Hispid pocket gopher  − 11.55  − 6.14 0.704107
EN-24 TP Palangana Hispid pocket gopher  − 7.94  − 7.27 0.704261
EN-25 TP Palangana Hispid pocket gopher  − 1.29  − 5.13 0.703792
EN-26 TP Palangana Hispid pocket gopher  − 12.39  − 4.86 0.704049
EN-27 EC Palangana Domestic dog 0.09  − 6.55 0.704391
EN-28 EC Palangana Domestic dog  − 0.09  − 5.80 0.704025
EN-29 EC Mound A-IV-1/A-IV-2 Deer (white-tailed?)  − 13.81  − 6.48 0.704079
EN-30 EC Palangana Deer (white-tailed?)  − 13.46  − 3.91 0.707898
EN-31 C Acropolis Domestic dog  − 0.09  − 6.88 0.704252
EN-32 C Acropolis Domestic dog  − 0.21  − 6.16 0.704242
EN-33 C Acropolis Domestic dog 0.63  − 6.30 0.704261
EN-34 C Acropolis Domestic dog  − 6.62  − 5.02 0.704460
EN-35 C Acropolis Hispid pocket gopher  − 9.48  − 7.30 0.703996
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agitation. The samples were then rinsed to neutral pH with 
distilled-deionized water (DI-H2O), and ~ 2 ml of 0.2 M 
acetic acid  (C2H4O2) was added and again set for 16 h with 
intermittent agitation. The samples were rinsed to neutral pH 
a second time, excess DI-H2O was removed, and the samples 
were frozen and freeze dried for 2–3 days. Samples were 
weighed and then measured for δ13C and δ18O at the Light 
Stable Isotope Mass Spectrometry Laboratory at the Univer-
sity of Florida on a Kiel III carbonate prep device connected 
to a Finnegan MAT 252 isotope ratio mass spectrometer. The 
precision using the NBS-19 standard was ~ 0.02‰ for δ13C 
and ~ 0.04‰ for δ18O.

The second half of the enamel sample was used for 
87Sr/86Sr analysis. Samples were placed in precleaned Tef-
lon vials with 2 ml of 8 N nitric acid  (HNO3, Optima). Small 
amounts of solution (< 100 ml, variable depending on origi-
nal sample weight) of each were removed to test for stron-
tium concentrations on an Element2 HR-ICP-MS, following 
methods described by Kamenov et al. (2018). The remain-
ing solution was evaporated on a hot plate at 100 °C. The 
strontium was separated using ion chromatography, using 
a strontium-selective crown ether resin (Sr-spec; Eichrom 
Technologies) and multiple washes of 3.5 M  HNO3 (Pin and 
Bassin 1992). Samples were measured on a NuPlasma mul-
tiple collector inductively coupled plasma mass spectrom-
eter (MC-ICP-MS), and the NBS 987 average was 0.710241 
(2σ = 0.00003).

Results and discussion

A total of 35 samples were included in the analysis: 23 from 
dogs, two from deer, and ten from gophers (Table 1; Online 
Resource 1). Although teeth were available from rabbits 

(Sylvilagus floridanus) and opossums (Didelphidae), they 
were too fragile to test. All animals tested were identified as 
adult or older subadult individuals. Twenty specimens came 
from Terminal Preclassic deposits, since these were the foci 
of excavations in recent years. A smaller number of Early 
Classic and mixed (likely Late or Terminal) Classic speci-
mens were also included, providing an overview of animal 
isotope values over the course of a thousand years.

Exchange of animals to Kaminaljuyu: enamel 
87Sr/86Sr and δ18O

Comparison of the strontium and oxygen isotope values at 
Kaminaljuyu in Fig. 3 shows that five animals we sampled 
had 87Sr/86Sr values that could be considered as statistical 
outliers (87Sr/86Sr mean 0.70468, s.d. = 1.03 ×  10−3). Since 
prior studies using geologic samples from Kaminaljuyu and 
the immediate area have identified 87Sr/86Sr values below 
0.7050 (Hodell et al. 2004; Wright et al. 2010), a sixth 
sample (87Sr/86Sr = 0.70553) might also be considered non-
local to Kaminaljuyu but perhaps from a nearby highland 
area. The majority of the fauna has local 87Sr/86Sr values, 
and includes most of the dogs from the Palangana deposits, 
as well as all of the Late Classic animals. All twenty of 
the dogs that had “local” strontium isotope ratios also had 
δ18Oen values below − 4.5‰, a range that would be expected 
for humans living in the highlands.

Four of the gophers that had local 87Sr/86Sr values had 
δ18Oen values lower than − 7‰, which would be expected 
from humans originating from the Pacific coastal plain 
(Price et al. 2008; Renson et al. 2019; Wright et al. 2010). 
However, these low δ18Oen values may be due to a metabolic 
or dietary habit unique to gophers. Isotopic data on modern 
gophers is lacking; however, paleoecological studies from 

Fig. 3  Strontium and oxygen 
isotope values for human and 
fauna enamel at Kaminaljuyu. 
In cases where more than one 
human tooth was tested, only 
the first molar is represented 
except for individual KJ54, 
where the third molar differed 
more from the expected local 
strontium range (~ 0.7040–
0.7050) than the first molar
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North American species have found that gophers with simi-
larly low oxygen isotope values occur among individuals 
living in cooler environments (Rogers and Wang 2002). A 
similar pattern has been observed recently in the bone car-
bonate δ18O from leporids (rabbits and jackrabbits) when 
compared across different habitats in northern Mexico 
(Somerville et al. 2018, 2020). Like gophers, rabbits obtain 
much of their water through vegetal matter, and their δ18O 
values often reflect local precipitation and temperature. Rab-
bits from cooler, wetter highland regions had lower bone 
carbonate δ18O values. The gophers with low δ18Oen values 
were from several different deposits and ranged from Late 
Preclassic through Classic periods (Table 2), indicating there 
was no change over time in local conditions.

The six distinctly non-local specimens include three dogs, 
two gophers, and one deer. Two of these dogs come from the 
Terminal Preclassic Palangana deposits. These had 87Sr/86Sr 
values of 0.70553 and 0.70654, indicating they had different 
locations of origin. The dog with the higher strontium value 
perhaps came from an area with a less volcanic or more 
mixed geologic strontium signature. The δ18Oen of this dog 
is lower than any other (− 7.0‰). Such a low δ18Oen value 
indicates isotopically light precipitation, such as occurs 
on the Pacific coast of Guatemala (Lachniet and Patterson 
2009). This suggests the dog may be from another area of 
the highlands with more variable geology, either to the north 
(northwest Guatemala or Chiapas) or south (El Salvador or 
Honduras; for a discussion on the Sr variability in the lat-
ter, see Miller Wolf and Freiwald 2018). A second dog has 
a δ18Oen value of − 5.2‰, within the range of the dogs that 
have local 87Sr/86Sr. This dog may well have been raised in 

another area of the Guatemalan highlands with a slightly 
higher strontium ratio than Kaminaljuyu.

The third non-local dog had 87Sr/86Sr of 0.70692 and 
δ18Oen of − 5.2‰. The tooth came from a disarticulated but 
mostly complete individual found in the dense Late Pre-
classic dedicatory offering of human remains and shattered 
ceramic vessels at the base of Mound E-III-3. As was men-
tioned, this deposit contained hundreds of fish bones, some 
identified as marine species. At least one species is from 
the Pacific coast (the Pacific sleeper, Dormitator latifrons). 
The only shell species in the assemblage is also from the 
Pacific coast (an ark clam, Anadara tuberculosa). However, 
the non-local dog’s strontium isotope value does not match 
that of the Pacific coastal plain, nor does its δ18Oen value; 
it appears to come from somewhere to the east, such as the 
region of metamorphic geology around and including the 
Motagua Valley of central Guatemala and western Honduras 
(Hodell et al. 2004). The underlying bedrock of these zones 
is geologically complex, and is neither dominated by the vol-
canic alluvium from the highlands as observed on the Pacific 
coastal plain (resulting in low 87Sr/86Sr), nor the karstic bed-
rock of northern Guatemala, Belize, and southern Mexico 
(87Sr/86Sr typically above 0.7073; Hodell et al. 2004:588).

Of the two deer teeth tested, one was local to Kami-
naljuyu, and the other had strontium and oxygen values 
that were clearly not from the highlands. The strontium 
value (0.70790) matches the primarily Cretaceous/Pale-
ocene limestone of southern Mexico, northern Guatemala, 
or western Belize. The oxygen value (− 3.9‰) matches 
these areas as well. The deer tooth was one of several frag-
mented molars from a poorly preserved mandible found 

Table 2  Descriptive statistics of 
the carbon and oxygen isotope 
values by chronological period

Tooth and period δ13Cen δ18Oen

Mean sd Range Mean sd Range
Late Preclassic
  Dogs (3)  − 3.3 0.5  − 3.7 to − 2.7  − 5.8 0.6  − 6.4 to − 5.2
  Gophers (3)  − 7.6 3.0  − 10.7 to − 4.6  − 6.7 2.1  − 8.9 to − 4.8

Terminal Preclassic
  Dogs (14)  − 1.3 2.0  − 6.3 to 1.6  − 5.8 0.7  − 7.0 to − 4.6
  Gophers (5)  − 8.7 4.5  − 12.4 to − 1.3  − 6.3 1.3  − 7.9 to − 4.9

Early Classic
  Deer (2)  − 13.6 0.2  − 13.8 to − 13.5  − 5.2 1.8  − 6.5 to − 3.9
  Dogs (2) 0 0.1  − 0.1 to 0.1  − 6.2 0.5  − 6.6 to − 5.8

Mixed Classic
  Dogs (4)  − 1.6 3.4  − 6.6 to 0.6  − 6.1 0.8  − 6.9 to − 5.0
  Gophers (1)  − 9.5 - -  − 7.3 - -

Total
  Deer (2)  − 13.6 0.2  − 13.8 to − 13.5  − 5.2 1.8  − 6.5 to − 3.9
  Dogs (23)  − 1.5 2.1  − 6.6 to 1.6  − 5.9 0.7  − 7.0 to − 4.6
  Gophers (9)  − 8.4 3.6  − 12.4 to − 1.3  − 6.5 1.4  − 8.9 to − 4.8
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in the Early Classic deposits of the Palangana. Consider-
ing that no other deer bones were found nearby, it may 
have been part of an adornment or other artifact brought 
to Kaminaljuyu from elsewhere. Since the deposit was not 
a special cache or dedicatory offering like other deposits 
in the same structure, another possibility is that it had 
been part of secondary midden material redeposited from 
elsewhere, likely from the vicinity around the Palangana 
structure.

The non-local animals, including the gophers that will 
be examined more closely in the next section, comprise 
almost 20% of the animal teeth tested in this study. The 
majority of these came from special deposits, likely as 
offerings. Although most animals recovered from Kami-
naljuyu came from special deposits, where preservation 
is better than in domestic deposits, other sourcing studies 
in the Maya region have noted that non-local terrestrial 
mammals are rare (e.g., Rand et al. 2020, 2021; Sharpe 
et al. 2018; Thornton 2011; Thornton et al. 2016). When 
they are encountered, they are usually found in special 
contexts (Sharpe et al. 2018; Thornton 2011). Unlike other 
regions of the world where the long-distance exchange of 
mammals contributed to subsistence activities and mar-
ketplace economies, mammals may have been primarily 
transported for ceremonial or ritual purposes among the 
Prehispanic Maya. There is evidence that marine fish were 
exchanged for subsistence purposes in the Yucatan (Jimé-
nez-Cano and Masson 2016; Masson and Peraza Lope 
2008), although evidence for marine fish exchange into 
Belize and the central Maya lowlands is rare and usually 
comprises brightly colored species like parrotfish that may 
have been used for special functions (Boileau and Stanchly 
2020; Brady et al. 2019). If ceremonial activities drove the 
need to acquire non-local species, which has been dem-
onstrated previously with marine shells (see Sharpe 2019 
for a review), this would indicate that rituals reinforced 
communication and the exchange of resources as well as 
ideas among the different parts of the Maya area.

Closer examination of potentially non‑local gophers

The unusually high 87Sr/86Sr values of two pocket gophers in 
the Mound E-III-3 dedicatory offering were an unexpected 
finding (Fig. 4). There was a minimum of three gophers 
in the assemblage, determined by the number of repeating 
cranial elements and maxillary dentition. At least one of 
the gophers was partly burned, and limb bones of at least 
two individuals were recovered. Since many of the other 
animal bones in the deposit had been burned, including a 
large quantity of organic material that contained carbonized 
seeds, the gophers were likely part of the deposit and not 
later intrusive additions who had burrowed inside. There 
is currently no evidence for gopher exchange in the Maya 
region; in fact, gophers and other small rodents are often 
assumed to be “local” to the site where they are recovered. 
Rodents, (especially mice) are frequently used for creating 
local isotopic baselines globally for this reason (Conlee et al. 
2009; Kootker et al. 2016; Price et al. 2002; Sharpe et al. 
2021). Only recently has the potential for non-local small 
animals been raised, with the identification of a possibly 
non-local armadillo (Dasypus novemcinctus) and agouti 
(Dasyprocta punctata) using sulfur isotopes from two sites 
around the Chetumal Bay (Rand et al. 2021).

Since the gophers had been found near the marine fish 
and shells, and marine fish are expected to have the modern 
marine 87Sr/86Sr value (~ 0.70917), we decided to test the 
possibility that the gopher enamel of the two higher-stron-
tium samples may have diagenetically exchanged strontium 
from their proximity near the fish. Although rodent enamel 
is softer than that of most mammals (von Koenigswald 
1985), it is denser than dentin and bone. Thus, the bone 
and dentin from these same specimens should also have 
elevated 87Sr/86Sr values if the specimens were absorbing 
strontium from the fish. We tested the dentin of all three 
incisors and bone of the cranium of one individual (incisor 
EN-06). The results showed that dentin 87Sr/86Sr from the 
two possible non-local gophers were also elevated above 

Fig. 4  Hispid pocket gopher 
(Orthogeomys hispidus) man-
dible from the Mound E-III-3 
base deposit (far left) compared 
with a modern mandible of 
the same species. Photo of a 
live pocket gopher  taken from 
Chankom, Mexico (courtesy 
of Angel Castillo Cime, CC 
BY-NC)
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the local baseline, but not as high as the enamel (Table 3). 
The bone 87Sr/86Sr was 0.70475, which is within the local 
range for Kaminaljuyu. This means that post-deposition 
contact with the marine fish is not likely the cause of the 
elevated 87Sr/86Sr in the enamel. The lower 87Sr/86Sr val-
ues of the dentin and bone would be expected due to diage-
netic alteration caused by the surrounding volcanic matrix, 
which is why bone and dentin are typically not used for 
87Sr/86Sr sourcing studies (Budd et al. 2000; Hoppe et al. 
2003). Given the scarcity of calcium in the volcanic soils 
at Kaminaljuyu, we anticipate that leaching of  CaCO3 out 
of the skeletal matrix characterizes the process of skeletal 
decay during burial, rather than recrystallization of diage-
netic carbonates.

We are therefore left with the possibility that the two 
gophers were not from Kaminaljuyu or the nearby area. 
One gopher had a 87Sr/86Sr value of 0.70754, and the other 
a value of 0.70598. Since gopher enamel is softer than that 
of other mammals, it is possible that some degree of diagen-
esis had occurred and altered the original values, so they 
may have been higher originally. Oxygen isotope values of 
the two gophers are similar to those of the other gophers 
in the study (Table 1), although one (EN-06) had the high-
est δ18Oen value of any gopher tested (-4.8‰). We cannot 
be certain where the two gophers originated, although their 
isotopic values match the southern lowlands in the case of 
the higher strontium value, and the region of metamorphic 
geology around the Motagua Valley for the gopher with the 
lower value (Hodell et al. 2004).

The non-local dog, marine fish, and shells indicate there 
were a number of exotic items intentionally incorporated 
into this dedicatory offering, and the gophers may be no 
exception. Examination of the role of pocket gophers in 
Classic period Maya art has led Stone et al. (2011:81–82) 
to suggest they may have been used as pets, since they are 
depicted in the arms of individuals or seated nearby. While 
gopher bones are occasionally found at Maya sites (e.g., Boi-
leau and Stanchly 2020; Sharpe et al. 2020; Wing 1981), the 
rarity of their remains indicates they were not a common sta-
ple. Gophers are hunted today in the Maya area such as the 
Quintana Roo region where snare traps are placed near bur-
rows (Hovey and Rissolo 1999). They have also been report-
edly sold in markets in Chiapas (Barragán et al. 2007). The 

human-mediated translocation of rodents, including guinea 
pigs (Cavia porcellus) and hutia (Geocapromys ingrahami 
and Isolobodon portoricensis), has been well documented 
within the faunal records of the Caribbean islands (e.g., Gio-
vas et al. 2012; LeFebvre and deFrance 2014; LeFebvre et al. 
2019a). The case of the two non-local gophers interred in the 
Mound E-III-3 base deposit suggests this diminutive rodent 
may have had a larger role in Maya rituals than previously 
believed. It also serves as a warning against the assumption 
that rodents and other small mammals were moved infre-
quently by humans in the past, supporting similar evidence 
found recently by Rand et al. (2021) concerning armadillos 
and agoutis. Whether the long-distance movement of rodents 
was a frequent activity across the Maya region, or done pri-
marily for special, ceremonial purposes, is a question that 
warrants further investigation.

Comparison of human and animal mobility 
at Kaminaljuyu

Prior data from 42 humans at Kaminaljuyu found that ten 
teeth, or eight individuals (since some teeth came from the 
same person), had 87Sr/86Sr values exceeding 0.7050 (Valdés 
and Wright 2004; Wright et al. 2010). These individuals 
generally had elevated δ18Oen as well (mean − 3.0‰, with 
two exceeding − 2.0‰). Although human teeth were tested 
for strontium from the Late Preclassic through Late Classic 
periods, all isotopically elevated samples came from Early 
Classic burials. Seven of these individuals came from the 
Mound A and B tombs, and of these, six were children or 
adolescents possibly buried to accompany the central adult 
interment. Some may have been secondary deposits, pushed 
aside in the tombs at a time of reuse. Preservation of the chil-
dren and adolescent skeletons was often poor and resulted in 
incomplete recovery of skeletal remains, but in a few cases, 
it was clear that only isolated skulls had been deposited. 
The skulls of four children were not local to Kaminaljuyu, 
including one with a 87Sr/86Sr value matching the Maya 
Mountains region of Belize or another area with metamor-
phic bedrock exhibiting a similar value (0.71050). The only 
tomb examined from Mound B (B-IV) included a non-local 
adult (87Sr/86Sr = 0.70694) who may have been one of the 
central occupants. The only non-local individual found out-
side Mounds A and B was recovered from the Palangana and 
appears to have been an adult male (87Sr/86Sr = 0.70600).

With the exception of the adult from Tomb B-IV and the 
Palangana burial, the other five individuals had 87Sr/86Sr and 
δ18Oen values that formed a distinct cluster removed from 
the other humans and animals (87Sr/86Sr = 0.7050–0.7060, 
δ18Oen >  − 3.5‰). This suggests these individuals came 
from the same general location, which did not match the 
source of the non-local animals. An area to the east of Kami-
naljuyu would seem mostly likely based on these values, 

Table 3  87Sr/86Sr of dentin and bone from the three gophers in the 
Mound E-III-3 base deposit

Specimen number Material 87Sr/86Sr 2σ Error Enamel correlate

BCL-5464 Dentin 0.705706 0.000026 EN-04
BCL-5465 Dentin 0.704154 0.000034 EN-05
BCL-5466 Dentin 0.705110 0.000028 EN-06
BCL-5463 Bone 0.704746 0.000014 EN-06

29   Page 10 of 17 Archaeological and Anthropological Sciences (2022) 14: 29



1 3

perhaps somewhere on the eastern slopes of the highlands 
or the Motagua Valley. Interestingly, no human 87Sr/86Sr 
values matched the southern Maya lowlands, despite an 
abundance of artifactual and artistic evidence supporting 
continuous interaction with the region since the Middle 
Preclassic period (Arroyo et al. 2020; Inomata et al. 2014; 
Kaplan 2011).

The majority of animals match the human 87Sr/86Sr values 
(~ 0.7040–0.7050). Compared to the humans, the generally 
lower δ18Oen exhibited among all three animal species in this 
study is likely the result of drinking and metabolic differ-
ences between these species and humans (Table 2). Gophers 
obtain much of their water from vegetation, which may be 
why their δ18Oen values are lower than those of humans. The 
dog δ18Oen range overlaps more with the humans, but is also 
lower on average. This may be due to a metabolic or dietary 
difference between dogs and humans.

Although all humans with elevated 87Sr/86Sr date to the 
Early Classic period, only one potentially non-local animal 
was deposited during this time. This was the deer mandible 
recovered in the Palangana, with a strontium value (0.70790) 
that did not match any of the human 87Sr/86Sr values since 
it was comparable with the southern lowlands. The other 
animals with elevated 87Sr/86Sr came from the Late Preclas-
sic Mound E-III-3 dedication deposit and the Palangana’s 
Terminal Preclassic deposits. There is little correlation in the 
87Sr/86Sr and δ18Oen values among either the fauna or with 
the humans; most appear to have come from the foothills 
of central Guatemala or perhaps the Motagua Valley. One 
of the dogs (EN-02) may have come from the Motagua or 
Copan Valleys, based on similar strontium and oxygen val-
ues (0.70692 and − 5.2‰; Price et al. 2010). A second dog’s 
strontium and oxygen values (EN-18, 0.70654 and − 7.0‰) 
more closely align with an area of the Pacific coast to the 
north in Mexico, such as the Soconusco region (Renson 
et al. 2019). Ultimately, until more data is available, we can 
only conclude that the movements of animals and humans 

to Kaminaljuyu over time were highly variable. Non-local 
humans and animals appear to have been frequently interred 
in special deposits, such as tombs and dedicatory offerings, 
but their locations of origin varied widely.

Comparing human and animal diet: enamel δ13C

Enamel carbon isotope values (δ13Cen) reflect the diet of 
animals, including humans, while enamel is still forming. 
A previous study at Kaminaljuyu by Wright and Schwarcz 
(1998) comparing the δ13Cen of multiple teeth within the 
same individual found that the δ13Cen of the first molars of 
humans was generally lower than permanent premolars and 
second and third molars, which have later enamel forma-
tion. The latter contain the δ13Cen values after the introduc-
tion of solid foods into the diet, which largely consisted 
of maize.

Figure 5 compares the δ13Cen values of local animals 
along with humans, excluding the first molar. Human and 
dog dietary δ13Cen are most similar during the Late/Terminal 
Preclassic period, but dog diets show elevated δ13Cen in later 
periods. This may indicate that maize was more prevalent 
in dog diets, on average, compared to humans during the 
Early and Late Classic periods. Nevertheless, dog dietary 
δ13Cen values also exhibit more variation in the Late/Termi-
nal Preclassic and Late Classic periods compared to humans, 
indicating that maize consumption was variable within the 
species. The diversity in dog diets compared to humans 
suggests there was no standard dog “diet” at the site, and 
dogs were likely fed a variety of different foods. Dog dietary 
diversity has been identified at other Maya sites as well, such 
as Ceibal (Sharpe et al. 2018), Colha (White et al. 2001), and 
Lagartero (White et al. 2004). It may be related to the differ-
ential rearing of certain breeds or morphotypes, a question 
that needs to be examined more closely at Kaminaljuyu and 
throughout the Maya area.

Fig. 5  Comparison of human and animal enamel δ13C at Kaminal-
juyu through time. Box plot whiskers display distance 1.5 times the 
interquartile range. Non-local humans and animals are excluded. Late 

Classic phase includes some animals from mixed Classic (Early/Late) 
deposits around the Acropolis
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During the Early Classic period, all dogs appear to have 
been consuming a greater proportion of maize in their 
diets than humans (mean dog δ13Cen = 0‰, mean human 
δ13Cen =  − 2.4‰ excluding first molars). While dogs from 
other periods come from varied deposits, the two Early Clas-
sic specimens came from the same excavation unit in the 
Palangana. While they are two different individuals, the teeth 
were found with a few other scattered dog bones in the con-
struction fill as a secondary deposit. A greater sample size 
of dogs from this period may reveal that Early Classic dogs 
had more variation in the diet, comparable to other periods.

Deer and gophers consumed more  C3 plants than dogs. 
Both the local and non-local deer had the lowest δ13Cen val-
ues of any animals (− 13.8‰ and − 13.5‰, respectively), 
suggesting they were primarily consuming  C3 plants. 
Most of the gophers had low or intermediate δ13Cen values 
between the deer and the humans/dogs, although one gopher 
from the Palangana had consumed  C4 plants at a level com-
parable with the dogs (− 1.3‰). Gophers are known to eat 
maize in addition to other grasses, so this is not unexpected 
(Whisson and Villa-C 1996). It may have come from an 
agricultural zone or cleared field nearby. Alternatively, it 
is possible that this particular gopher was kept in captivity 
and fed a diet rich in maize, similar to the dogs. Examples 
of elevated δ13Cen in Prehispanic rodents that may have 
been maintained in captivity have been identified among 
Bahamian hutia (Geocapromys ingrahami) in the Caribbean 
(LeFebvre et al. 2019b) and guinea pigs (Cavia porcellus) in 
the Andes (Finucane et al. 2006).

Interestingly, place of origin does not appear to have 
shaped animal diets. The δ13Cen of local and non-local dogs 
from the Preclassic overlap (mean δ13Cen is − 1.6‰ in both 
cases, with non-local dog values falling within the local dog 
range). Both deer have near-identical δ13Cen, despite one 
deer possibly originating in the humid lowlands, a region 
with distinctly different vegetation than the highlands. The 
δ13Cen of the two non-local gophers are dissimilar (− 7.5‰ 
and − 10.7‰), as are their strontium and oxygen values. 
Since these values overlap with those of the other gophers 
at Kaminaljuyu, we cannot use diet to argue that these two 
gophers were treated differently or kept in captivity (i.e., as 
pets or to be raised as special offerings with unique diets). 
Nevertheless, the elevated δ13Cen compared to the deer sam-
ples suggests that these two gophers may have had some 
maize in their diet. Their diets may have been influenced 
by humans, either intentionally (kept in captivity and fed 
some maize) or unintentionally (consumed some maize from 
agricultural fields). Both gophers may have lived in closed 
proximity to human settlements.

Although there have been a number of studies in the Maya 
area of animal diets using δ13C of bone collagen, very few 
studies have used dental enamel. This is surprising consid-
ering that it is now frequently used to examine paleodiet in 

extinct fossil species (e.g., Cerling and Sharp 1996; Cerling 
et al. 1997; Feranec and MacFadden 2000; Lee-Thorp et al. 
2010). Three exceptions include a study done of multiple 
animals at Ceibal (Sharpe et al. 2018), a study of felids and 
one deer at Copan (Sugiyama et al. 2018), and a deer and 
peccary at Cuello (van der Merwe et al. 2000). The dog 
and white-tailed deer carbon isotope data from these studies 
is compared with that of Kaminaljuyu in Fig. 6. The dogs 
from Ceibal have lower δ13Cen values (mean =  − 5.7‰) than 
the humans and dogs from Kaminaljuyu (mean =  − 2.6‰ 
and − 1.5‰, respectively). Interestingly, the deer from all 
three studies are comparable with the deer from Kaminal-
juyu, with a range of only 1.3‰ across all four sites (− 13.9 
to − 12.6‰). This represents a remarkable degree of con-
sistency in deer diets across the Maya area, independent of 
regional vegetation differences. It also underscores the role 
maize played in domestic omnivore diets in the Maya region.

Conclusions

By examining the isotopic composition of animal teeth at 
Kaminaljuyu, we have found that the results both support 
and expand on what we know regarding the movements 
and diets of humans at the site. The majority of the animals 
appear to have originated from in or nearby Kaminaljuyu. 
This supports similar isotopic analysis on the human den-
tal enamel, which found that most humans interred at the 
site were likely from the highlands. The few distinctly non-
local animal specimens appear to have come from diverse 

Fig. 6  Comparison of local Kaminaljuyu human (no first molar) and 
animal enamel δ13C with values reported from dogs and white-tailed 
deer at other sites. Ceibal data from Sharpe et al. (2018; excludes two 
dogs that had been reported as non-local), Copan deer data from Sug-
iyama et al. (2018), and Cuello deer data from van der Merwe et al. 
(2000)
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locations across the Maya region. These locations do not 
correspond with the isotopic values of the non-local human 
individuals, nor does the presence of non-local animals and 
individuals correlate in time. The results also suggest that 
oxygen isotope values in animals may vary differently in 
relation to those of humans due to biological and behavio-
ral factors, as was previously noted in other investigations 
using modern animals. While oxygen values may support 
interpretations of mobility based on strontium ratios, the lat-
ter may be more precise in sourcing studies. Enamel carbon 
isotopes, interestingly, reveal remarkable consistency within 
species across the Maya area. While there is more variability 
exhibited in dog diets than deer, it would appear that most 
dogs in the Maya area were consuming maize during both 
Preclassic and Classic periods.

The discrepancy between locating place of origin in the 
isotope values of non-local human and animal individuals 
supports the view long held by archaeologists that Kami-
naljuyu played an important role as an exchange hub in the 
Maya region. There is already substantial artifactual and 
architectural evidence attesting to Kaminaljuyu’s political 
and, likely, trade connections from Copan in Honduras to 
Teotihuacan in central Mexico. Wright et al. (2010) identi-
fied non-local individuals, some possibly captives or tro-
phy skulls in tombs, dating exclusively to the Early Classic 
period. The non-local animals reported in the present study 
indicate long-distance exchange with other regions occurred 
during the Preclassic period as well. We were limited to 
examining three animal species due to the poor preserva-
tion of faunal remains, but it would appear the ancient Maya 
exchanged all three across the landscape. This includes the 
pocket gophers, a species typically assumed to be local at 
most sites when encountered. This discovery opens the pos-
sibility to the exchange of other rodents in the Maya area.

Much like the non-local human individuals identified at 
the site, the majority of the non-local animals was found in 
special contexts, mainly as dedicatory offerings. Although 
this is partly due to sampling bias favoring monumental 
architecture that contain special offerings, there is still rela-
tively little evidence in the Maya region for the long-distance 
exchange of mammals for purposes other than rituals. There 
remains much work to be done on this matter, since a better 
understanding of the role of animals in Prehispanic exchange 
systems will enhance our understanding of Maya society as 
a whole.
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