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Introduction
Applications of Isotope Research in Zooarchaeology

Ashley E. Sharpe and John Krigbaum

A half century ago when stable isotope research was first applied to an-
cient animal studies to address questions concerning diet and ecology, ar-
chaeologists recognized they had acquired a remarkably versatile tool with 
which to examine the past. Traditional methods in zooarchaeology—the 
analysis of faunal remains associated with past humans—were able to ad-
dress questions concerning which animal resources humans had used, as 
well as what animals were directly or indirectly affected by human activities 
in past ecosystems. The addition of stable isotopes allowed a novel dimen-
sion of analysis that archaeologists could use to examine the life histories of 
individual animals more closely, including what they ate, how they moved, 
and what their local environment was like. Larger datasets could expand 
these queries to population, community, and ecosystem levels, gauging the 
extent of human effects on fauna and vice versa in every conceivable con-
text, past and present. At times, much of the early work focused on human 
studies of paleodiet, with faunal remains taking a proverbial backseat as 
“baseline” data in support of ground-truth interpretations of the human re-
sults. Times have certainly changed! Based on the chapters included in this 
volume, and those published in a variety of journals and edited volumes in 
recent years, isotopic data of zooarchaeological materials are in the driver’s 
seat of archaeological inquiry.
 The topics addressed in this volume examine ongoing and developing 
applications of isotope analysis in zooarchaeology. It explores new meth-
odological advances and exciting case studies using ancient animal remains 
to address key questions in the human past. It also provides an outlook 
as to where the field is headed. By no means is this the first compilation 
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on the subject, nor will it be the last (for example, see Makarewicz 2016; 
Zangrando et al. 2014). If anything, the breadth of subject matter in this 
volume is a testament to how archaeologists have utilized the method to 
ample effect, adapting novel methods and pretreatment techniques to ac-
quire data with mass spectrometry to address questions of the past. Sig-
nificantly, archaeologists have led the charge in method development and 
data interpretation, in collaboration with geochemists, paleontologists, and 
ecologists. They did not simply borrow techniques developed by chemists 
in other disciplines. Rather, they have actively engaged in the improvement 
and assessment of isotopic methodologies, enabling the bio- and geochem-
istry fields to advance further and faster.
 Isotopic investigations in zooarchaeology have the potential to address 
diverse social and biological topics, including diet and foodway practices, 
hunting and procurement strategies, status and differential provisioning, 
exchange patterns, animal rearing and husbandry, biological consequences 
of domestication, and short- and long-term environmental changes. Devel-
opment of these new methodologies in concert with traditional zooarchae-
ological analyses and advancements in “big data” exchange allow us to ex-
amine questions regarding human ecology and environmental archaeology 
that were previously inaccessible. The applications of isotopic procedures 
addressed in this volume will be a significant reference to archaeologists 
as well as those interested in questions pertaining to historical ecology, 
paleoecology, environmental conservation, zoology, animal behavior, and 
biogeochemistry.

A Brief History of Isotope Analysis and Zooarchaeology

Isotopes are forms of an element that share the same number of protons 
but vary in their number of neutrons. Different isotopes of a specific ele-
ment therefore vary in weight, and these variations can determine how 
they behave in geochemical and biological systems (Faure 1997). The light 
isotopes, including carbon (δ13C), nitrogen (δ15N), and oxygen (δ18O), have 
low atomic masses. Light isotopes have been examined and utilized more 
than isotopes with large atomic masses (“heavy” isotopes) in the biologi-
cal sciences and commercial applications due to their ubiquity on Earth 
and their simpler chemical structure, which allows for greater accessibility 
and testing in laboratory settings. Thus, the use of light isotopes in zoo-
archaeology has advanced to a far greater extent than the application and 
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interpretation of the heavy isotopes, such as strontium (87Sr/86Sr) and lead 
(206,207,208Pb/204Pb).
 The 1970s and 1980s witnessed significant advances in the methods of 
measuring δ13C and δ15N from bone collagen. Collagen δ13C values were 
found to gauge proportions of C3 (most leafy vegetation, particularly trees 
and shrubs) and C4 (corn and many grasses) photosynthetic plants in the 
diet (DeNiro and Epstein 1978; van der Merwe 1982). Nitrogen isotopes 
were found to express trophic position, providing insights into ancient food 
webs (Ambrose 1991; DeNiro and Epstein 1981; Schoeninger and DeNiro 
1984). These methods expanded into studies of δ13C from bone and enamel 
hydroxyapatite, and from molluscan shell carbonates, to assess animal diet 
(Kohn and Cerling 2002; Lee-Thorp and van der Merwe 1991; Lee-Thorp et 
al. 1989). Applications of oxygen isotopes (δ18O) on the same materials were 
developed to assess questions pertaining to ecology and climate, compar-
ing the δ18O from either carbonates or phosphates in organic tissues to use 
as proxies to gauge the δ18O from environmental settings (Bailey et al. 1983; 
Leng and Lewis 2016; Sponheimer and Lee-Thorp 1999).
 Methodologies at this time focused on testing applications using mod-
ern animals in laboratory and controlled field settings (Ambrose and Norr 
1993; Tieszen and Fagre 1993). These pioneering studies identified and 
measured fractionation of light isotopes under varying conditions, and de-
termined how bone and other organic tissues were isotopically offset from 
the compositions of their dietary contributions (Krueger and Sullivan 1984; 
Lee-Thorp and van der Merwe 1991; Schwarcz 1991; Tieszen 1991; Tieszen 
et al. 1983). They also examined the physical, chemical, and biological ef-
fects of taphonomy, or post-mortem deposition and decay, on isotope ra-
tios (Koch et al. 1997; Kohn et al. 1999; Szpak 2011). Standardization in 
establishing laboratory methodologies and in reporting results, especially 
when comparing past and modern datasets, has remained an area where 
researchers strive for improvement (Bocherens and Drucker 2003; Pestle et 
al. 2014; Szpak et al. 2017).
 Zooarchaeological applications of other isotopes did not see signifi-
cant development until the 1990s and 2000s. Foremost among these were 
strontium isotopes (87Sr/86Sr), which required knowledge of geologic and 
bioavailable 87Sr/86Sr to adequately interpret and assess diagenetic altera-
tion (Bentley 2006; Grimstead et al. 2017; Price et al. 2002). Other iso-
topes, including hydrogen (δ2H or δD; Hobson et al. 2015; Reynard and 
Hedges 2008), sulfur (δ34S; Privat et al. 2007; Richards et al. 2003), and 
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lead (206Pb/204Pb,207Pb/204Pb, and 208Pb/204Pb; Giovas et al. 2016; Samu-
elsen and Potra 2020) have been applied to sourcing and foodweb stud-
ies, although development and refinement of these techniques is ongoing. 
Advances in analytical techniques are providing exciting new avenues into 
acquiring δ15N from tooth enamel (Leichliter et al. 2020) as well as alter-
native perspectives with respect to δ15N variation and stress (Hedges and 
Reynard 2007).
 Today, isotope research is no longer a novelty in zooarchaeology. It is 
commonly used to examine past hunting and fishing strategies (Barrett et 
al. 2011; Katzenberg et al. 2012; Richards et al. 2000; Zangrando et al. 2016), 
and has proved essential for interpreting animal management strategies, 
from early forms of husbandry to full-fledged animal domestication (Ar-
nold et al. 2018; Dufour et al. 2014; Makarewicz and Tuross 2012; Somerville 
et al. 2016; Zavodny et al. 2014). Sourcing studies with isotopes have exam-
ined questions pertaining to resource exchange and animal mobility on the 
landscape (Arnold et al. 2016; Minagawa et al. 2005; Thornton 2011; Sharpe 
et al. 2018), as well as species introductions (Giovas et al. 2016; Laffoon et 
al. 2015; LeFebvre et al. 2019; Sykes et al. 2006). The field has also expanded 
into meta-analyses of these data and formulations of isoscapes to address 
large-scale regional patterns in these systems (West et al. 2010). It is used to 
understand the impact of humans on past disturbed or overexploited habi-
tats (Hobson et al. 2015; Kochi et al. 2018; Szpak et al. 2012), and to establish 
proxies for natural and anthropogenic climate change (Carré et al. 2005; 
Drucker et al. 2011; Jones et al. 2018; West et al. 2018). Isotopes are now 
incorporated in residue and lipid analysis of ceramic and stone tools, pro-
viding information about animals without actual bone and shell remains 
(Colonese et al. 2017; Craig et al. 2007; Evershed 2008). Finally, isotopes 
have provided new ways of examining subannual seasonality and temporal 
trends in faunal datasets, revealing detailed multiscale patterns that were 
previously unattainable (Balasse et al. 2012; Culleton et al. 2009; Huftham-
mer et al. 2010; Janzen et al. 2020). In sum, the application of isotopes to 
zooarchaeology has allowed the field to expand by enabling researchers to 
address novel questions, test social and ecological theories, establish inter-
disciplinary collaborations, and generate significant discoveries and datas-
ets with relevance far beyond archaeology.
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Topics in This Volume

The contributions to this volume are divided into four parts, which are 
based on research themes. The first part examines applications of multi-
isotope methods for interpreting prehistoric ecological datasets. These 
chapters emphasize that it is integral that archaeologists incorporate the 
environmental setting when interpreting human activities such as hunt-
ing and fishing. Zangrando and colleagues (Chapter 2) review how stable 
isotopes and zooarchaeology provide a window into the dynamic marine 
ecosystem of Tierra del Fuego, and how hunter-gatherer-fishers have al-
tered, and in turn been altered by, long-term trends in coastal habitats. 
For a terrestrial contrast, Somerville and colleagues (Chapter 3) combine 
the lagomorph index, a traditional zooarchaeological approach for gauging 
past vegetation in North America, with isotope analysis as a means to ex-
amine how environmental change has affected communities in prehispanic 
northern Mexico.
 The second part explores how isotopes can address questions of ani-
mal management, particularly husbanded and domesticated species. The 
domestication of animal species was one of the most direct and impactful 
effects humans have had on other organisms, and isotopes provide a means 
of understanding the many ways humans were able to accomplish this feat. 
Price and colleagues (Chapter 4) integrate stable isotopes, traditional zooar-
chaeological methods, and anthropological theory of economic consump-
tion to interpret domestic animal management and exchange activities in 
Late Bronze Age Mycenae. Miller and colleagues (Chapter 5) examine the 
complex interplay of domestic and wild animals in early Roman Great Brit-
ain, exploring the interactions and perceptions that humans have had with 
the native wildlife as they introduced new species to the landscape. Janzen 
(Chapter 6) reviews how isotope methods, including serial sampling tech-
niques, have improved our understanding of transhumant pastoralists on 
the African continent. Her review emphasizes how seasonal strategizing 
among modern pastoralists is dependent on a variety of social and eco-
logical factors that need to be considered when interpreting archaeological 
data.
 Applications of relatively novel isotope techniques to zooarchaeology 
are explored in Part 3 of the volume. These chapters not only demonstrate 
successful applications of these techniques, but also provide cautionary ad-
vice concerning the limitations and unknown factors regarding their use. 
Sharpe and colleagues (Chapter 7) examine the effectiveness and limita-


