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Abstract 

When archaeological human remains are absent or otherwise unavailable for bone chemistry-based paleodietary 

reconstructions, dog remains may provide an appropriate surrogate material for approximating ancient human diet. This 

“canine surrogacy approach” (CSA) has developed over the past thirty years and is becoming more common in 

archaeological science literature. A dearth of continued innovation in CSA applications as well as recent criticisms of its 

feasibility may reflect the absence of a cohesive overview of the approach’s development, its underlying analogical nature, as 

well as variation and inconsistency in the ways it has been applied. Considering the CSA’s invaluable potential to partially 

circumvent the destructive analysis of human remains, thereby addressing the increasingly recognized concerns of indigenous 

groups, such considerations would be timely and germane. Recent research has characterized the role of analogy in CSA 

applications and devised a framework for making CSA interpretations. Complementing that work, this paper provides an 

outline of the CSA’s inception and evolution with particular emphasis on identifying the impetuses for, and trends in, its 

development. In addition to clarifying the CSA’s origin as well as where and why it is applied today, this review provides an 

opportunity to identify future directions for productive methodological innovation. 
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Introduction 

Reconstructing dietary regimes is one way through which archaeologists understand ancient human lifeways. Stable 

isotope analyses have been established as an effective method for reconstructing ancient diet (Katzenberg 2008). Stable 

isotope based paleodietary reconstructions are founded on the premise that ‘you are what you eat,’ and that different kinds of 

foods have distinguishable isotopic compositions. With this foundational knowledge, archaeological bone chemists study 

stable carbon and nitrogen isotope compositions preserved in ancient human tissues to understand past dietary trends. This 

form of paleodietary reconstruction is important as it is one of few ways in which archaeologists can obtain direct 

information on past human dietary and nutritional practices. Though highly valuable, stable isotope work is destructive. For 

this reason, in some parts of the world, isotopic analysis has led to concerns among various academic, non-academic and 

indigenous communities regarding the ethical treatment of ancestrally and scientifically important human remains (Hublin et 

al. 2008; Katzenberg 2001; Walker 2008:25-26).  

In light of legislation such as the Native American Graves Protection and Repatriation Act (NAGPRA), 

archaeological bone chemists dealing with issues of the inaccessibility of human remains for stable isotope based research 

have sought materials that may provide an analog for human remains. The ‘canine surrogacy approach’ (CSA; Guiry 2012a) 

has been one result of these efforts. The CSA analyzes ancient dog (Canis familiaris) remains as proxy for human materials 

in order to understand human dietary practices (e.g. Cannon et al. 1999). The approach is based on the fact that dogs have 

often subsisted on the scraps of human meals and thus may have isotopic dietary signatures similar to contemporaneous 

humans.  

Over the past 30 years, the CSA has developed and evolved at varying rates, at different times and places, and for a 

variety of reasons. Despite a recent flurry of more sophisticated development, researchers are still stressing an unrealized 

potential for dogs to act as proxies for humans (e.g. Spence and White 2009:240). At the same time, there remains some 

uncertainty in the literature in regard to what the CSA is, as well as criticism of its validity as an effective tool for studying 

human diets (e.g. Bocherens et al. 2000; Eriksson and Zagorska 2003:160-162; Eriksson 2004). The lack of continued 

innovation in CSA applications and recent criticisms of its feasibility may reflect the absence of a cohesive overview of the 

approach’s development and its underlying analogical nature, as well as variation and inconsistency in the ways it has been 

applied. Considering the CSA’s invaluable potential to partially circumvent the destructive analysis of human remains, 

thereby addressing the increasingly recognized concerns of indigenous groups, such an analysis is timely and germane. A 

recent article (Guiry 2012a) has characterized the role of analogy in CSA applications and devised a framework for making 

CSA interpretations. Advancing this work, the purpose of this paper is to provide an outline of the CSA’s inception and 

evolution with particular emphasis on identifying the impetuses for, and trends in, its development. In addition to clarifying 
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the CSA’s origin as well as where and why it is applied today, this review of the CSA’s development provides an opportunity 

to identify future directions for productive methodological innovation. 

 

Stable Isotope Theory 

A brief outline of bone and dentine collagen stable isotope theory is necessary to provide background information 

for the following discussion. Stable isotope information from bone and dentine collagen is thought to primarily reflect the 

protein component of dietary intake (Ambrose and Norr 1993; Tieszen and Fagre 1993). Stable carbon isotope ratios (13C to 

12C relative to a standard, reported as δ13C) can indicate the relative amount of plants with different photosynthetic (C3 or C4) 

pathways contributing to a diet either directly through consumption of plant foods or indirectly through consumption of 

animal flesh (Schwarcz and Schoeninger 1991). Differences in the carbon sources of plants inhabiting aquatic versus 

terrestrial ecosystems also allows δ13C values to be used as an indicator of diets incorporating marine or freshwater 

ecosystems (Schwarcz and Schoeninger 1991). Specifically, animals and plants feeding in marine environments have δ13C 

values that are about 7‰ higher than species inhabiting terrestrial ecosystems (Chisholm et al. 1982). Ratios of 15N to 14N 

relative to a standard (reported as δ15N) increase by roughly 3-5‰ with each trophic level step up a given food chain and, for 

this reason, they can be used to differentiate herbivorous, omnivorous and carnivorous diets (Ambrose and DeNiro 1986; 

DeNiro and Epstein 1981; Schoeninger and DeNiro 1984; for review see Hedges and Reynard 2007). Aquatic ecosystems 

often have extended food chains with several additional levels and, for this reason, aquatic derived diets focusing on high 

trophic level species can also be differentiated from terrestrial focused diets based on δ15N values (Schoeninger et al. 1983).  

By using dog materials as a proxy for those of humans, part of the value of data deriving from stable isotope 

analyses, namely the direct relationship between diet and isotopic ratios preserved in human tissues, is overlooked and in this 

way the CSA might be considered an indirect approach to paelodietary inquiries. However, it should be pointed out that, if 

dogs are taken to be a proxy for direct forms of analyses of human remains, they still provide a different kind of information 

than other lines of paleodietary inquiry (such as paleoethnobotany and zooarchaeology), for instance, in that the stable 

isotope values of dogs reflect long term averaging of dietary intake and that foods which may otherwise be invisible in the 

archaeological record (e.g. certain plant materials) are detectable. For a discussion of issues surrounding the analogical 

relationship between dogs and humans in CSA applications see Guiry (2012a).  

 

Early Indications of Human-Dog Food Sharing Relationships 

Research contributing to the CSA began in 1978 (Burleigh and Brothwell 1978), almost immediately after stable 

isotope analysis was first applied to human remains for paleodietary reconstruction (Van der Merwe and Vogel 1978). Early 
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development occurred at different rates for stable carbon and nitrogen isotope analyses and was often a byproduct of research 

aimed at interpreting other aspects of human and animal diets. For the most part, this form of passive development continued 

throughout the 1980s and 1990s. The following discussion provides a comprehensive overview of this early research.   

 

The Stable Carbon Isotope Evidence  

During a routine radiocarbon dating exercise on ancient Peruvian dog hair, Burleigh and Brothwell (1978) found 

elevated δ13C values and interpreted them as evidence that maize had been a significant component of dog diet. Burliegh and 

Brothwell (1978) extended these analyses to dog bone collagen from post agricultural precontact Ecuador and Mexico and 

estimated that these dogs consumed a diet composed of over 60% maize. Later demonstration that similar human δ13C values 

can result from consumption of marine derived foods (Tauber 1981), as well as the possibility that such values could  also 

reflect dogs’ consumption of human feces, resulted in some criticism of this interpretation (Klepinger 1984:86; Noe Nygarrd 

1988). However, the implication that stable carbon isotopes could be used to indicate that humans had been provisioning their 

dogs remained unquestioned. 

 Later radiocarbon dating projects involving precontact dog remains from eastern North America during the 1980s 

yielded δ13C values (e.g. Nelson 1989) that Little and Schoeninger (1995:362-363) interpreted as reflecting human 

provisioning of marine derived foods. A series of radiocarbon dates taken from unidentified animal bones from post 

agricultural precontact Mayan contexts in Central America yielded elevated δ13C values (Hedges et al. 1991:132) that 

prompted Tykot and colleagues (1996:356) to suggest that these remains belonged to maize-fed dogs. During the early 1990s 

δ13C work on dog hair keratin and bone collagen from coastal precontact British Columbia, Canada, and Arizona, USA, 

provided evidence that dog diets had been strongly influenced by human exploitation of marine foods and maize, respectively 

(Berry 1992:141; Ezzo and Stiner 2000; Schulting 1994). 

In1988 Noe-Nygaard published pioneering work that would lay the foundation for using stable isotope information 

derived from dogs as a proxy for their human keepers. In light of the paucity of human remains recovered from Mesolithic 

and Early Neolithic Danish sites, Noe-Nygaard sought to: A) establish a similarity between the bone collagen δ13C values of 

dog (n=15) and human (n=4) remains at 16 coastal and inland sites; and, B) assess whether or not they would show the same 

dietary shifts between Mesolithic and Neolithic observed in another northern group (Tauber 1981). Like the humans, all dogs, 

save three, produced stable isotope ratios showing the expected trend of decreasing δ13C values (a greater reliance on 

terrestrial resources) as they moved temporally from the Mesolithic into the Neolithic. Noe-Nygaard concluded that “Dog 

bone collagen from prehistoric sites may be used as a supplement to prehistoric human bone collagen 13C/12C estimates of 
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diet in prehistoric man” (1988:94). Noe-Nygaard (1995: 248, 261-262) later applied this technique to additional Scandinavian 

dog remains in lieu of appropriate human materials and found similar δ13C results. 

Noe-Nygaard further extended this new technique to uncover information on seasonal mobility. In 1990, Clutton-

Brock and Noe-Nygaard published work in which the diets of three dogs from various inland and coastal sites in England 

(Star Carr and Seamer Carr) and Denmark (Kongemose) were characterized via δ13C analysis. Stable carbon isotope 

signatures from two dogs collected from inland sites produced elevated δ13C values consistent with a marine diet. The authors 

interpreted this data as suggesting that these dogs, and their human keepers, seasonally migrated to coastal areas to exploit 

marine resources. Although the northern environmental settings in which these sites are located likely precludes potential 

dietary inputs from C4 plants, the interpretation of these dogs’ δ13C values was questioned based on a localized anomalous 

‘hard water’ effect discovered at the Seamer Carr site (Day 1995). Later application of δ15N analyses to dog remains from 

this site settled the dispute (Dark 2003; Schulting and Richards 2002; 2009). This and the aforementioned questioning of 

interpretations of dog diets based only on δ13C values highlights the importance of applying multiple lines of analyses, such 

as δ15N or stable sulfur isotope (δ34S; see below) measurements, when establishing the suitability of dogs as dietary proxies 

for their humans keepers.  

 

The Stable Nitrogen Isotope Evidence  

In 1986 (Katzenberg 1988:311) and 1988 (Katzenberg and Kelly 1991:212), analyses of human and dog remains 

from Ontario, Canada, and New Mexico, USA, respectively, provided early indications that, in addition to δ13C values, dog 

δ15N values may also reflect human food provisioning. These findings were echoed in research by Murray and Schoeninger 

(1988:163-164) on Iron Age remains from Slovenia, by Katzenberg (1989) on Huron remains from historic Ontario, Canada, 

and by White and Schwarcz (1989) on precontact Mayan remains from Belize. 

Studies published during the early and mid 1990s continued to apply δ15N in tandem with δ13C analyses to dog and 

human remains, albeit mainly in post maize agricultural contexts in South America and southern North America (Gerry 

1993:157-159, 162, 164, 1997; Gerry and Kruger 1997:201; Tuross et al. 1994; Tykot et al. 1996:358; White et al. 1993). 

Most authors comment on the δ13C evidence suggesting that dogs consumed substantial quantities of human provisioned 

maize; however, no in-depth discussion of dog δ15N values in relation to those of humans is provided. One study conducted 

on precontact marine-hunting Asiatic groups produced data demonstrating similarities between dog and human diet in both 

δ13C and δ15N values but focused instead on a discussion of the greater degree of variation observed in dog δ15N values when 

compared to those of humans (Chu 1998:38-39, 52). 
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Following in the path of Noe-Nygaard (1988), Cannon and colleagues (1999) published the first attempt to use δ13C 

and δ15N values of dog bone collagen as a proxy for that of unavailable humans at a precontact marine oriented hunter-

gatherer site in British Columbia, Canada.  The authors note that, whereas human remains recovered from the site are dated to 

a relatively restricted time period, dog remains are available from all time periods. To enhance the temporal resolution of the 

paleodietary record for humans at the site, they analyzed dog remains that stratigraphically and temporally flanked and 

overlapped those of humans to: A) establish a similarity between human and dog δ13C and δ15N values; and, B) if sufficiently 

congruent, rely upon dog stable isotope signatures to approximate human dietary trends before and after the time periods for 

which human data could be obtained. The authors conclude that “dogs appear to be valid surrogates for human consumers in 

isotopic studies of north-west coast diet” (Cannon et al. 1999:405). In addition to Burleigh and Brothwell (1978) and Noe-

Nygaard (1988), Cannon and colleagues’ (1999) study has become a foundational citation in nearly all publications utilizing 

dog remains as a proxy for those of their human keepers (see below). 

 

Later Work: The 1990s to Present 

Building upon the CSA framework established in the 1980s and 1990s (Cannon et al. 1999; Noe-Nygaard 1988), 

archaeological scientists have explored many possibilities relating to the potential uses of dog remains as proxies for their 

human keepers. While these developments started off slowly, recent years have seen a marked increase in the frequency of 

CSA related publications and it is now routine for some researchers to include dog remains whenever possible in stable 

isotope based paleodietary reconstructions (e.g. Choy et al. 2010b; Choy and Richards 2010; Fischer et al. 2007a, b). 

Furthermore, impetuses for CSA use have diversified and researchers have begun to explore the applicability of a variety of 

techniques in addition to δ13C and δ15N analyses of dog bone collagen in an effort to identify new ways in which dogs may be 

used as surrogates for associated humans. The following discussion outlines these explorations and developments. 

 

Increase in the Analyses of Dog Remains 

CSA applications are now relatively common in the literature. (e.g. Allitt et al. 2008; Barton et al. 2009; Black 2003; 

Cannon et al. 1999; Chilton et al. 2001; Choy and Richards 2009, 2010; Choy et al. 2010b; Grier 2002:132-133; Guiry 

2012b; Hogue 2003, 2006; Noe-Nygaard 1995:245; Rick et al. 2011; Schulting and Richards 2002, 2009; Tankersley and 

Koster 2009; White et al. 2001). A substantial number of studies including human and dog bone collagen stable isotope data 

indicate general similarities (Guiry 2012a) in various cultural and temporal contexts in many areas of the world (Table 1).  

CSA research has not been evenly spaced in terms of time of publication/dissemination or geographical region of 

focus. Studies prior to 2000 including stable isotope information on dog remains are relatively few in comparison to those 
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occurring since. Figure 1 plots the number of theses, dissertations, and publications from all journals and conference 

proceedings known to the author (see Table 1) that apply the CSA or include similar stable isotope data from dog and human 

remains from comparable contexts by year. This graph clearly demonstrates significant and sustained growth in the analyses 

of dog remains after 2005, and suggests that the archaeological bone chemistry community has begun to explore CSA 

applications more seriously. 

The majority of growth in publications including data on humans and dogs has occurred within a limited 

geographical region that notably excludes Africa and Australia. Figure 2 presents a bar graph contrasting the relative 

quantities of publications which are cited in Table 1 by broad geographical region. The majority of growth in publication of 

dog data alongside human data has occurred in Europe and the Americas with a substantial number of publications also 

coming from Asia. These regions coincide with the areas in which bioarchaeological research communities have been most 

active according to a recent analysis of articles published in the Journal of Archaeological Science (Butzer 2008) and are the 

locations in which stable isotope based paleodietary reconstructions appear to be more common. This suggests that one 

reason that CSA applications have not been conducted in Africa and Australia is because there is relatively less stable isotope 

work occurring in these regions.  

 

Experimenting with Other Tissues and Techniques 

Other dog tissues, in addition to bone dentine collagen and hair keratin, have been analyzed alongside those of 

humans. These analyses often utilize techniques focusing on additional isotope systems and have addressed other questions 

beyond diet.  Explanation of appropriate background information on each of these techniques is beyond the scope of this 

paper (see Katezenberg 2008); however, a brief discussion will illustrate the variety of ways in which researchers have begun 

to consider the suitability of dogs as proxies for humans. 

Several studies have analyzed stable carbon and oxygen isotopes (paleodietary and paleomobility reconstruction 

techniques, respectively) in dog bone and tooth apatite either incidentally during routine faunal analyses (e.g. Bösl et al. 

2006; Gerry 1997; Gerry and Krugger 1997; Pechenkina et al. 2005; Prowse et al. 2004) or to intentionally assess the use of 

these materials as a dietary proxy for humans (e.g. Allitt et al. 2008; Chilton et al. 2001). While often similar, these studies 

have found some variability in the degree of congruency between human and dog stable isotope signatures. Larger scale 

studies would help further assess similarities between humans and dogs during stable carbon and oxygen isotope analyses of 

apatite. 

Dog bone collagen and apatite have been characterized using several other stable isotope based paleodietary 

reconstruction techniques. Studies have analyzed stable sulfur isotope ratios (δ34S) in dog bone collagen (e.g. Nelich and 
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Richards 2009) and found that, of all fauna, dogs produce isotopic signatures most similar to humans (Privat et al. 2007). A 

very limited amount of stable hydrogen and calcium isotope measurements have also been published for dog and human bone 

but relations between the two were not discussed by the authors (Reynard and Hedges 2008; Reynard et al. 2010).  

Compound specific δ13C analyses of dog and human bone collagen amino acids have indicated similarities 

supporting the use of dog materials as a surrogate for their human keepers (Choy and Richards 2010; Choy et al. 2010b; Corr 

et al. 2009). Such compound-specific analyses can provide greatly improved resolution of nutritional components 

contributing to diet and for this reason may offer refined comparisons of human and dog dietary similarities. Future work 

comparing humans and dogs from several cultural, geographical, and temporal contexts might allow for enhanced 

characterizations of the suitability of dog remains as proxies for humans in CSA applications.  

 Strontium isotope ratio analyses of dog enamel apatite, which can help identify migration and possibly marine 

dietary affinities (Bentley 2006), have been recommended by some researchers to complement bone collagen δ13C and δ15N 

work (Chilton et al. 2001). Several studies have characterized strontium isotope ratios from dog tooth apatite while 

reconstructing patterns of human mobility but have not commented in-depth on data deriving from dogs (e.g. Giblin 2009; 

Thornton 2011). Smits and colleagues (2010), however, briefly note similarities between humans and dogs.  Shaw and 

colleagues (2009) have used strontium isotope information from pigs to track human movements and colonization events 

through Oceania and it may be possible that dogs, as an alternative commensal animal, could serve as a proxy for their 

human keepers in a similar way.  

Dog remains have also served as surrogates for human remains in a physical capacity (i.e. non chemical) for 

studying diet and health related patterns. Bathurst (2000) found similarities in skeletal stress indicators between humans and 

dogs and suggests that dogs be considered an independent indicator of health status for associated human populations. 

Bathurst and Barta (2004) further show that it may be possible to extend this surrogacy to the biomolecular level for the 

identification of certain diseases among human populations. Other recent research has demonstrated that in some contexts 

dental microware analyses of dog teeth can show results similar to those of associated humans (Hogue 2006:126; Hogue and 

Melsheimer 2008) and, for this reason, studies of dog tooth dental microware could aid in human paleodietary 

reconstructions. 

In sum, a great deal of preliminary experimentation has been conducted on dog remains. The majority of isotopic 

work assessing human and dog dietary similarities has focused on δ13C and δ15N signatures in bone collagen and some 

researchers have stressed a need to expand this relatively narrow focus (e.g. White 2004). Taken as a whole, the body of 

research reviewed above suggests that further development and application of multiple lines of bone chemistry and other 

analyses to human and dog remains could enhance our understanding of the feasibility of CSA applications. 
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Justification for Studying Dogs Rather than Humans 

Researchers have found it preferable or necessary to analyze dog remains rather than their human counterparts for 

several reasons. Early studies often cited a variety of issues relating to poor preservation and a paucity of human remains 

recovered from certain archeological contexts as the impetus for relying on dog remains (Black 2003; Cannon et al. 1999; 

Clutton Brock and Noe Nygaard 1990; Craige 2006; Hogue 2006:123; Katzenberg 2006:272; Noe-Nygaard 1988, 1995:245; 

White et al. 2001).  

More recently, researchers have experienced issues with availability of human remains due to legal, political, and 

ethical factors and have cited cultural sensitivities of the descendants of archeological populations as the primary reason for 

relying on dog remains (Allitt 2011:73; Allitt et al. 2008; Chilton et al. 2001; Hogue 2003; Rick et al. 2011). In the United 

States this claim is often associated with the passing of NAGPRA and related legislation (c.f. Jenkins 2011) which curtailed 

the availability of many previously excavated human remains (Katzenberg 2001; Walker 2008:24). Cultural sensitivity in 

regard to the destructive analysis of human remains is also cited in contexts outside of the USA, such as Canada (Grier et al. 

2006:132), where repatriation laws are more incipient or still in the process of development (Katzenberg 2001). To the 

author’s knowledge, however, no studies of dog remains outside of the Americas have cited cultural sensitivity as a reason 

for avoiding the analysis of their human counterparts. As Europe and increasingly the Middle East and Asia are the focus of 

much stable isotope work (e.g. Butzer 2009), this difference in reasoning for CSA application suggests impetuses for CSA 

use are influenced by cultural, political and geographical factors. In other words, unlike Europe, one reason that CSA 

applications often appear to be related to cultural sensitivities in the Americas is the robustness of cultural, political, and 

ethical factors impeding access to human remains there. 

As CSA applications become more common, some researchers have begun including dogs in studies alongside 

humans (either explicitly or implicitly) to increase the quantity of data provided on human dietary practices (Allen and Craig 

2009; Choy and Richards 2009, 2010; Choy et al. 2010b; Corr et al. 2009; Craig et al. 2006; 2009; Craig 2009:19-20; Fisher 

et al. 2007a,b; Herrscher and Le Bras-Goude 2010; Schulting and Richards 2000:56-57). Although such studies usually 

include only a few dogs, they have potential to provide comparative contextual evidence for dog and human dietary 

similarities (Guiry 2012a).  

Another potential impetus for relying on dog remains to avoid destructive analyses of human bone might be to 

preserve limited human materials for posterity. Although not yet cited in any CSA publication, this reason may apply in 

contexts where human remains exist but are exceedingly rare or unique and might be more efficiently analyzed with as yet 

unavailable technologies (Hublin et al. 2008). 
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A final commonly cited reason for conducting stable isotope research on dog remains, for CSA applications or 

otherwise, is that information on dog diet is interesting and valuable in and of itself (e.g. Eriksson 2003:22; Guiry 2012a). For 

instance, CSA and other stable isotope work as well as biomolecular studies on dog remains have illuminated aspects of dog 

husbandry and breeding (Schulting 1994), seasonal migration (Clutton-Brock and Noe-Nygaard 1990), dog worship and 

spirituality (White et al. 2001) , dog domestication (Germonpré et al. 2009), and dog trade (Eriksson and Zagorska 

2003:167).  

 

Summary and Future Directions 

While early work on isotopically characterizing humans and dogs often demonstrated dietary similarities, research 

was not directly focused on assessing the possibility of using dog dietary information as a proxy for that of their human 

keepers. It was not until the later pioneering studies of Noe-Nygaard (1988) and Cannon and colleagues (1999) that 

researchers more fully realized the potential value of dog dietary information for accessing various aspects of ancient human 

subsistence practices. In doing so they initiated an approach known today as the CSA (Guiry 2012a). From relevant literature 

it becomes clear that CSA applications are expanding in both quantity and geographic scope. To some extent, however, a 

researcher’s decision to apply the CSA seems to be dependent on geopolitical factors. One motive in decisions to use or not 

use the CSA in a given region may be correlated with the level of local indigenous concern with the use of destructive 

analyses on ancestral human remains.  

In sum, the CSA’s promulgation and evolution shows a slow initial development. A sharp and sustained increase in 

attention to the CSA in recent years indicates that the archaeological bone chemistry community has developed a stronger 

willingness to explore the utility of CSA applications despite earlier wholesale criticisms (Bocherens et al. 2000; Eriksson 

and Zagorska 2003:160-162; Eriksson 2004). This marks a change in how the CSA has been viewed by mainstream 

archaeology (Guiry 2012a) and makes the present an ideal time to take stock of how to develop this approach for the future. 

From the above outline of development, current uses, and areas of growth in CSA applications, we can identify 

several new avenues that may be opened up as the CSA continues to evolve. As stable isotope based paleodietary 

reconstructions become increasingly common, and the concerns of indigenous communities around the globe continue to 

grain greater recognition, the CSA may also become routine in new regions of the world such as Australia, Africa, and Asia. 

Another relatively newly recognized factor driving an increase in CSA work, independent of geography, will be the 

increasing public and academic interest in understanding dog and human relationships for their own value (e.g. Barret 2011; 

Viegas 2008).  
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The disproportionate focus of most CSA applications on stable carbon and nitrogen isotope analyses is also likely to 

change to reflect the possibility of deriving additional, higher resolution information on past human lifeways. For instance, 

further research may demonstrate the feasibility of using strontium and stable oxygen isotope information from dogs as a 

proxy for human mobility, thereby providing additional opportunities to reduce the destructive analyses of human remains. 

Another promising area of research will involve assessing human and dog dietary similarities using stable sulfur (δ34S) and 

compound specific stable carbon isotope work. These developments, in conjunction with more routine analyses of greater 

quantities of well contextualized dogs, will provide CSA analysts with an invaluable opportunity to refine understandings of 

the degree to which dog diets reflect those of their human keepers.  
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Figure Captions 

Fig 1 

CSA related research as well as studies (see Table 1) including bone collagen δ13C and/or δ15N data from associated dogs and 

humans versus time of publication/dissemination. 
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Fig 2 

All CSA related research as well as studies (see Table 1) including dog and human stable isotope shown by broad 

geographical region. Studies containing dissimilar dog and human isotope data are also show for comparison. 
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Table 1 

List of CSA studies and related research that include generally similar human and dog δ13C and/or δ15N values organized by 

broad geographic region (modified from Guiry [2012]). Studies from all regions with significantly differing human and dog 

isotope values are also included.  

 

Africa Mosothwane 2010:132 
Americas Allitt et al. 2008;  Berón et al. 2009; Cannon et al. 1999; Coltrain 2009; Corr et al. 2009; DeBoer 

and Tykot 2007; Gerry 1993:200, 216, 1997; Gerry and Krugger 1997:201, 202; Hogue 2003, 
2006; Guiry 2009, 2012b; Guiry and Grimes 2010; Katzenberg 1988, 1989, 2006:266; 
Katzenberg and Kelly 1991:212; Rick et al. 2011; Tankersley and Koster 2009; Van der Merwe 
et al. 2000; White and Schwarcz 1989; White et al. 1993, 2001, 2006:145  

Asia Atahan et al. 2011; Barton et al. 2009; Bocherens et al. 2000, 2006; Choy and Richards 2009, 
2010; Choy et al. 2010a,b; Chu 1994:39; Hollund et al. 2010; Katzenberg et al. 2010:185; 
Kusaka et al. 2008; Lanehart et al. 2011; Liu et al. 2012; Losey et al. 2011; Pechenkina et al. 
2005; Webber et al. 2002, 2012 

Europe Antanaitis et al. 2008; Ascough et al. 2012; Bocherens et al. 2007; Borić and Miracle 2004; Bösl 
et al. 2006; Bour et al. 2011; Le Bras-Goude and Clauster 2009; Chenery  et al. 2011; Craig et al. 
2009;  Eriksson  2004; Eriksson et al. 2008; Fischer et al. 2007a, b; Forander et al. 2008;  Fuller 
et al. 2010, 2012; Hakenbeck et al. 2010; Hedges et al. 2008; Herrsher and Le Bras-Goude 2010 ; 
Honch et al., 2006, 2012; Jay and Richards, 2006, 2007:174; Jørkov et al. 2010; Keenlyside et al. 
2009; Kosiba et al. 2007; Le Bras-Goude et al. 2012; Lightfoot et al. 2009, 2012; Lösch et al. 
2006; Müldner and Richards 2005, 2007; Murray and Schoeninger 1988:164; Noe-Nygaard 
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2005, 2008; Richards et al. 2009 Eriksson 2003; Eriksson and Zagorska 2003; Tuross et al. 1994 

CSA related 
studies 
including only 
dog values 

Berry 1992;  Black 2003; Burleigh and Brothwell 1978; Chilton et al, 2001; Clutton Brock and 
NoeNygaard 1990; Bettinger et al. 2010 Schulting and Richards 2002, 2009; White 2004; White 
et al. 2004:156 

 



    

Page 15 

References 
 

Allen MS, Craig JA (2009) Dynamics of Polynesian subsistence: Insights from archaeofuana and stable isotope studies, 
Aitutaki, Southern Cook Islands. Pac Sci 63(4):477-505 

Allitt S. (2011) Stable isotope insights into the subsistence patterns of prehistoric dogs (Canis familiaris) and their human 
counterparts in Northeastern North America. Dissertation, Temple University, Philadelphia, PA 

Allitt S, Stewart M, Messner T (2008) The utility of dog bone (Canis familiaris) in stable isotope studies for investigating the 
presence of prehistoric maize (Zea Mays ssp. Mays): A preliminary study. Norteam Archaeologist 29(3-4):343-367 

Ambrose SH, DeNiro MJ (1986) Reconstruction of African human diet using bone collagen carbon and nitrogen isotope 
ratios. Nat 319:321-324 

Ambrose SH, Norr L (1993) Experimental evidence for the relationship of the carbon isotope ratios of whole diet and dietary 
protein to those of collagen and carbonate. In: Lambert JB,  Grupe G (eds, Prehistoric Bone: Archaeology at the Molecular 
Level. Springer-Verlag, Berlin, pp. 1-37 

Antanaitis I, Richards M, Daugnora L, Jankauskas R, Ogrinc N (2008) Diet in early Lithuanian prehistory and the new stable 
isotope evidence. Archaeologia Baltica 12:12-30 

Atahan P, Dodson J,  Li X, Zhou X, Hu S, Bertuch F, Sun N (2011) Subsistence and the isotopic signature of herding in the 
Bronze Age hexi corridor, NW Gansu, China. J Archaeol Sci 38(7):1747-1753 

Ascough P, Church MJ, Cook GT, Dunbar E, Gestdóttir H, McGovern TH, Dugmore AJ, Friðriksson A, Edwards KJ (2012) 
Radiocarbon resivoir effects in human bone collagen from northern Iceland. J Archaeol Sci 39:2261-2271. 

Bathurst R (2000) Canine health and human analogy: Dogs as surrogate indicators of human health status. Conference paper 
at the 33rd Annual Meeting of the Canadian Archaeological Association. CAA Publications. http://www.canadianarchaeology 
.com/caa/fr/node/1989. Accessed 17 August 2011 

Bathurst R, Barta JL (2004) Molecular evidence of tuberculosis induced hypertrophic osteopathy in a 16th-century Iroquoian 
dog. J Archaeol Sci 31:917-925 

Barton L, Newsome SD, Chen F, Wang H, Guilerson TP, Bettinger RR (2009) Agricultural origins and the isotopic identity 
of domestication in northern China. PNAS 116(14):5523-5528 

Barret J (2011) Ancient bond between humans and dogs revealed in isotopic signatures of their bones. Smithsonian Science. 
http://smithsonianscience.org/2011/03/ strong-bond-between-humans-and-dogs-revealed-in-isotopic-signatures-of-ancient-
bones/. Accessed January 17, 2012 

Bentley RA (2006) Strontium isotopes from the earth to the archaeological skeleton: A review. J Archaeol Method and 
Theory 13(3):135-187 

Berón MA, Luna LH, Barberena R (2009) Isotopic archaeology in the western Pampas (Argentina): Preliminary results and 
perspectives. Int J Osteoarchaeol 19(2):250-265 

Berry K (1992) Prehistoric dog food: Stable carbon isotope analysis from the Keatly Creek site. Abstracts of papers presented 
at the 45th Annual Northwest Anthropological Conference, Burnaby, 1992. Northwest Anthropol Res Notes 26(2):137-202 

Bettinger RL, Barton L, Morgan C (2010) The origins of food production in North China: A different kind of agricultural 
revolution. Evolutionary Anth 19:9-21 

Black WD (2003) Woodland period seal hunting in the Quoddy region, New Brunswick. In: Charest P, Plourde M (eds) 
Recherches Amérindienns au Quebec. La Chasse au Phoque, une Activité Multimillénaire, Quebéc, Recherches 
Amérindienns au Quebéc XXXIII(1), Montréal, pp. 21-34 

Bocherens H, Mashkour M, Marjan B (2000) Palaeoenvironmental and archaeological implications of isotopic analysis (13C, 
15N) from Neolithic to the present Qazvin. Environ Archaeol 5:1-19 

Bocherens H, Mashkour M, Drucker DG, Moussa I, Billou D (2006) Stable isotope evidence for palaeodiets in southern 
Turkmenistan during historical period and Iron Age. J Archaeol Sci 33(2):253-264 

Bocherens H, Polet C, Toussiant M (2007) Paleodiet of the Mesolithic and Neolithic populations of Meuse Basin (Belgium): 
Evidence from stable isotopes. J Archaeol Sci 34(1):10-27 

Borić D, Grupe G, Peters J, Mikić Z (2004) Is the Mesolithic-Neolithic dichotomy real? New stable isotope evidence from 
the Danube Gorges. Eur J Archaeol 7(3):221-248 

http://smithsonianscience.org/2011/


    

Page 16 

Borić D, Miracle P (2004) Mesolithic and Neolithic (dis)continuities in the Danube Gorges: New AMS dates from Padina 
and Hajdučka Vodenica (Serbia). Oxf J of Archaeol 23(4):341-371  

Bösl C, Grupe G, Peters J (2006) A late Neolithic vertebrate food web based on stable isotope analyses. Int J Osteoarchaeol 
16(4):296-315 

Bourbou C, Fuller BT, Garvie-Lok SJ, Richards MP (2011) Reconstructing the diets of Greek Byzantine Populations (6th-15th 
centuries AD) using carbon and nitrogen isotope ratios. Am J Physical Anth 146:569-581 

Le Bras-Goude G, Claustre F (2009) Exploitation of domestic mammals in the eastern Pyrenees during the Neolithic: Human 
dietary patterns at the site of Montou (Corberes-les-Cabanes, France) using bone collagen stable isotopes (δ13C, δ15N). Life 
Environ 59(2):215-221 

Burleigh R, Brothwell D (1978) Studies of Amerindian dogs: Carbon isotopes in relation to maize in the diet of domestic 
dogs from early Peru and Ecuador. J of Archaeol Sci 5:355-362 

Butzer KW (2009) Evolution of an interdisciplinary enterprise: The Journal of Archaeological Science. J Archaeol Sci 
36:1842-1846 

Byers DA, Yesner DR, Broughton JM, Coltrain JB (2011) Stable isotope chemistry, population histories and late prehistoric 
subsistence change in the Aleutian Islands. J Archaeol Sci 38(1):183-196 

Cannon A, Schwarcz HP, Knyf M (1999) Marine-based subsistence trends and the stable isotope analysis of dog bones from 
Namu, British Columbia. J Archaeol Sci 26:399-407  

Chenery C, Eckardt H, Müldner G (2011) Cosmopolitan Catterick? Isotopic evidence for population mobility on Rome’s 
northern frontier. J Archaeol Sci 38(7):1525-1536 

Chilton ES, Van der Merwe NJ, Stein N, Allegreto KO (2001) Canine proxies for Native American diets. Paper at the 66th 
Annual Meeting Society of American Archaeology. Scholarworks at UMass Amhurst. http://scholarworks.umass.edu/cgi/ 
viewcontent.cgi?article=1001&context=chilton_elizabeth. Accessed March 6 2012 

Chisholm BS, Nelson DE, Schwarcz HP (1982) Stable-carbon isotope ratios as a measure of marine verses terrestrial proteins 
in ancient diets. Sci 216 :1131-1132 

Choy K, Richards MP (2009) Stable isotope evidence of human diet at Nukdo shell midden site, South Korea. J Archaeol Sci 
36(7):1312-1318 

Choy K, Richards MP (2010) Isotopic evidence for diet in the middle Chulmun period: A case study from the Tonsamdong 
shell midden, Korea. Archaeol Anthropol Sci 2(1):1-10 

Choy K, Jeon O, Fuller BT, Richards MP (2010a) Isotopic evidence of dietary variations and weaning practices in the Gaya 
cemetery at Yeanri, Gimhae, South Korea. Am J of Physical Anth 142:74-84 

Choy K, Smith CI, Fuller BT, Richards MP (2010b) Investigation of amino acid δ13C signatures in bone collagen to 
reconstruct human paleodiets using liquid chromatography-isotope ratio mass spectrometry. Geochim Cosmochim Act 
74(21):6093-6111 

Chu PP (1998) Dietary variation among the prehistoric Asiatic Eskimo. Master of Arts Thesis, Simon Fraser University, 
Burnaby, B.C. 

Clutton-Brock J, Noe-Nygaard N (1990) New osteological evidence on Mesolithic dogs: Companions to hunters and fishers 
at Star Carr, Seamer Carr and Kongemose. J Archaeol Sci 17:643-653 

Coltrain JB, (2009) Sealing, whaling and caribou revisited: Additional insights from the skeletal isotope chemistry of eastern 
Arctic forages. J Archaeol Sci 36(3):764-775 

Corr LT, Richards MP, Grier C, Mackie A, Beattie O (2009) Probing dietary change of the Kwädąy Dän Ts’ìnchį individual, 
an ancient glacier body from British Columbia: I. Deconvoluting whole skin and bone collagen δ13C values via carbon 
isotope analysis of individual amino acids. J Archaeol Sci 36(1):12-18 

Craig JA (2006) From turf to surf: Stable isotope analysis of changing dietary patterns on Aitutaki, southern Cook Islands. 
Paper at the 7th Annual International Gotland University Conference. HGO 2007 Session11 Abstracts. http://ma inweb.hgo 
.se/conf/conference2007.nsf/d58a35499d98cdbdc1256df100359b6b/b1370392d02f8828c12571da00279723!OpenDocument. 
Accessed 28 June 2009 

Craig JA, (2009) Stable isotope analysis of prehistoric human and commensal diet on Aitutaki, southern Cook Islands. 
Dissertation, University of Auckland, NZ.   

http://scholarworks.umass.edu/cgi/%20viewcontent.cgi?article=1001&context=chilton_elizabeth
http://scholarworks.umass.edu/cgi/%20viewcontent.cgi?article=1001&context=chilton_elizabeth


    

Page 17 

Craig OE, Biazzo M, O’Connell T, Gaensey P, Martinez-Labarga C, Lelli R, Salvadei L, Tartagali C, Nava A, Renó L, 
Fliammenghi A, Rickards O, Bondiali L (2009) Stable isotope evidence for diet at the imperial Roman coastal site of Velia 
(1st and 2nd centuries AD) in southern Italy. Am J Phys Anthropol 139(4):572-583 

Craig OE., Ross R, Anderson SH, Milner N, Bailey G (2006) Focus: Sulfur isotope variation in archaeological fauna from 
northern Europe. J Archaeol Sci 33:1642-1646 

Day PS, (1996) Dogs, deer and diet at Star Carr: A reconsideration of C-isotope evidence from early Mesolithic dog remains 
from the Vale of Pickering, Yorkshire, England. J Archaeol Sci 23:783-787 

Dark PS (2003) Dogs, a crane (not a duck) and diet at Star Carr: A response to Schulting and Richards. J Archaeol Sci 
30:1353-1356 

DeBoer BR, Tykot RH (2007) Reconstruction ancestral Puebloan diets in the middle San Juan River, New Mexico through 
stable isotope analysis. Paper at the 72nd Annual Meeting of the Society for American Archaeology. Academia.edu Share 
Research.http://usf.academia.edu/RobertTykot/Papers/1445440/Reconstructing_Ancestral_Puebloan_Diets_in_the_Middle_ 
San_Juan_River_New_Mexico_through_Stable_Isotope_Analysis. Accessed 29 September 2009. Cited with permission from 
Robert Tykot, 6 March 2011   

DeNiro MJ, Epstein S (1981) Influence of diet on the distribution of nitrogen isotopes in animals. Geochim Cosmochim Act 
45:341-351  

Dürrwächter C, Craig OE, Collins MJ, Burger J, Alt KW (2006) Beyond the grave: Variability in Neolithic diets in southern 
Germany? J Archaeol Scie 33(1):39-48 

Eriksson G (2003) Norm and difference: Stone Age practice in the Baltic Region. Dissertation, Stolkholm University. 

Eriksson G (2004) Part-time framers or hard core sealers? Västerbjers studied by means of stable isotope Analysis. J 
Anthropol Archaeol 23:135-162 

Eriksson G, Linderholm A, Fornander E, Kanstrup M, Schoultz P, Olofsson H, Lidén K (2008) Same island, different diet: 
Cultural evolution of food practice on Öland, Sweden, from the Mesolithic to the Roman period. J Anthropol Archaeol 
27(4):520-543 

Eriksson G, Zagorska I (2003) Do dogs eat like humans? Marine stable isotope signals in dog teeth from Inland Zvejnieki. In: 
Larson L, Kindgren H, Knutsson K, Leoffler D, Åkerlund A (eds) Mesolithic on the Move, Oxbow Press, Oxford, pp. 160-
168 

Ezzo JA, Stiner MC (2000) A late Archaic period dog burial from the Tuscon Basin, Arizona. KIVA 66: 291-305 

Fischer A, Olsen J, Richards MP, Heinmeier J, Sveinbjörnsdótter AE, Bennike P (2007a) Coast-inland mobility and diet in 
the Danish Mesolithic and Neolithic: Evidence from stable isotope values of humans and dogs. J Archeol Sci 34(12):2125-
2150 

Fischer A, Richards MP, Olsen J, Robinson DE, Bennike P, Kubiak-Martens L, Heinemeier J (2007b) The composition of 
Mesolithic food: Evidence from the submerged settlement on the Argus Bank, Denmark. Act Archaeol 78(2):163-178 

Fornander E, Eriksson G, Lidén K (2008) Wild at heart: Approaching Pitted Ware identity, economy and cosmology through 
stable isotopes in skeletal material from the Neolithtic site Korsnas in eastern central Sweden. J Anthropol Archaeol 
27(3):281-297 

Fuller BT, Cupere BD, Marinova E, Van Neer W, Waelkens, Richards MP (2012) Isotopic reconstructions of human diet and 
animal husbandry practices during the Classical-Hellenistic, Imperial , and Byzantine periods at Sagalassos, Turkey. Am J 
Physical Anth 149:157-171 

Fuller BT, Márquez-Grant N, Richards MP (2010) Investigation of diachronic dietary patterns on the islands of Ibiza and 
Formentera, Spain: Evidence from carbon and nitrogen stable isotope ratio analysis. Am J Phys Anthropol 143(4):512-522 

Germonpré M, Sablin MV, Stevens R, Hedges REM, Hofreiter M, Stiller M, Després VR (2009) Fossil dogs and wolves 
from Palaeolithic sites in Belgium, the Ukraine and Russian: Osteometry, ancient DNA and stable isotope analysis. J 
Archaeol Sci 36:473-490 

Gerry JP (1993) Diet and status among the Classic Maya: An isotopic perspective. Dissertation, Harvard University 

Gerry JP (1997) Bone isotope ratios bearing on elite privilege among the Classic Maya. Geoarchaeol Int J 12(1):41-69 

Gerry JP, Kruger HW (1997) Regional diversity in Classic Mayan diets. In: Whittington S, Reed DM (eds) Bones of the 
Maya: Studies of Ancient Skeletons, Smithsonian Institution Press, Washington, pp. 196-207 

http://usf.academia.edu/RobertTykot/Papers/1445440/Reconstructing_Ancestral_Puebloan_Diets_in_the_Middle_%20San_Juan_River_New_Mexico_through_Stable_Isotope_Analysis
http://usf.academia.edu/RobertTykot/Papers/1445440/Reconstructing_Ancestral_Puebloan_Diets_in_the_Middle_%20San_Juan_River_New_Mexico_through_Stable_Isotope_Analysis


    

Page 18 

Giblin JI (2009) Strontium isotope analysis of Neolithic and Copper Age populations on the Great Hungarian Plain. J 
Archaeol Sci 36:491-497 

Grier C (2006) Affluence on the prehistoric northwest coast of North America. In: Grier C, Kim J, Uchiyama J (eds) Beyond 
Affluent Foragers: Rethinking Hunter Gather Complexity. Proceedings of the 9th Conference of the International Council of 
Archaeozoology, Durham, 2002, Oxbow Books, Oxford, pp. 126-135 

Guiry EJ (2009) δ13C & δ15N of Domestic Dog Bone Collage: Considering a Circumstantial Proxy for Human Paleodiet with 
Special Comments on the Great Plains-Boreal Transition Zone. Honors Bachelor of Science Thesis, Lakehead University 

Guiry EJ (2012a) Dogs as analogs in stable isotope-based human paleodietary reconstructions: A review and considerations 
for future use. J Archaeol Method Theory 19(3):351-376 

Guiry EJ (2012b) Dogs as analogs in stable isotope based human paleodietary reconstructions: Assessing the Canine 
Surrogacy Approach. Master of Arts Thesis, Memorial University, St. John’s, N.L. 

Guiry EJ, Grimes V (2010) Dogs as dietary analogs: Assessing the cross-contextual validity of the canine surrogacy 
approach. Poster at the 4th Int Symp on Biomolecular Archaeol, Copenhagen, Denmark.  PURE. http://pure.au.dk/portal 
/files/34337330/ISBA4_FINAL.pdf. Accessed 6 March 2012 

Hakenbeck S, McManus E, Geisler H, Grupe G, O’Connell T (2010) Diet and mobility in early medieval Bavaria: A study of 
carbon and nitrogen stable isotopes. Am J Phys Anthropol 143(2):235-249 

Hedges REM, Housley RA, Bronk CR, VanKlinken GA (1991) Radiocarbon dates from the Oxford AMS system: 
Archaeometry aatelist 12. Archaeometry 33(1):121-134 

Hedges REM, Reynard LM (2007) Nitrogen isotopes and the trophic level of humans in archaeology. J Archaeol Sci 
34:1240-1251 

Hedges REM, Savville A, O’Connell T (2008) Characterizing the diet of individuals at the Neolithic chambered tomb of 
Hazelton North, Gloucestershire, England, using stable isotope analysis. Archaeometry 5(1):114-128 

Herrscher E, Le Bras-Goude G (2010) Southern French Neolithic populations: Isotopic evidence for regional specifics in 
environment and diet. Am J Phys Anthropol 141(2):259-272 

Hogue HS (2003) Corn dogs and hush puppies: Diet and domestication at two prehistoric farmsteads in Okitibbeha County, 
Mississipps. Southeast Archaeol 22:185-195 

Hogue HS (2006) Carbon isotope and microware analysis of dog burials: Evidence for maize agriculture at a small 
Mississippian/Protohistoric site. In: Maltby M (ed) Integrating Zooarchaeology: Proceedings of the 9th ICAZ conference, 
Durham, 2002, Oxbow Books, Oxford, pp. 123-130 

Hogue S, Melsheimer R (2008) Integrating dental microwear and isotopic Analysis to understand dietary change in east-
central Mississippi. J Archaeol Sci 35:228-238 

Hollund HI, Hingham T, Belinskij A, Korenevskij S (2010) Investigation of paleodiet in the north Caucasus (South Russia) 
Bronze Age using stable isotope analysis and AMS dating of human and animal bone remains. J Archaeol Scie 37(12):2971-
2983 

Honch NV, Higman TFG, Chapman J, Gaydarska B, Hedges REM (2006) A paleodietary investigation of carbon (13C/13C) 
and nitrogen (15N/15/N) in human and faunal bones from the Copper Age cemeteries of Varna I and Durankulak, Bulgaria. J 
Archaeol Sci 33(12):1493-1504 

Honch NV, McCoullagh JSO, Hedges REM (2012) Varitation of bone collagen amino acid δ13C values in archaeological 
humans and faunal with different dietary regimes: Developing frameworks of dietary discrimination. 148:495-511 

Hublin JJ, Pääbo S, Derevianko AP, Doronichev VB, Golovanova LV, Friess M, Froment A, Hoffmann A, Kachache NEJ, 
Kullmer O, Lordkipanidze D, le`ne Moncel M, Potts R, Radovcic J, Rak YZ, Richards MP, Méndez JR, Rosas A, Schmauder 
M, Schmitz RW, Semal P, Smith T, Tafurir MA, Tattersall I, Tournepiche JF, Toussaint M, Vassiliev S, Vialet A, White T, 
Ziegler R (2008) Suggested guidelines for invasive sampling of hominid remains. J Hum Evol 55(4):756-757 

Jay M, Richards MP (2006) Diet in the Iron Age cemetery population at Wetwang Slack, east Yorkshire, UK: Carbon and 
nitrogen stable isotope evidence. J Archaeol Sci 33(5):653-662  

Jay M, Richards MP (2007) British Iron Age diet: Stable isotope and other evidence. Proc Prehistoric Soc 73:169-190 

Jenkins T (2011) Contesting human remains in museum collections: The crisis of cultural authority. Routledge, New York 

http://pure.au.dk/portal%20/files/34337330/ISBA4_FINAL.pdf
http://pure.au.dk/portal%20/files/34337330/ISBA4_FINAL.pdf


    

Page 19 

Jones S, Quinn RL (2009) Prehistoric Fijian diet and subsistence: Integration of faunal, ethnographic, and stable isotopic 
evidence from the Lau Island group. J Archaeol Sci 36(12):2741-2754 

Jørkov MLS, Jørgensen L, Lynnerup N (2010) Uniform diet in a diverse society: Revealing new dietary evidence of the 
Danish Roman Iron Age based on stable isotope analysis. Am J of Phys Anthropol 143(4):523-533 

Katzenberg MA (1988) Stable isotope analysis of animal bone and the reconstruction of human palaeodiet. In: Kennedy BV, 
LeMoine CM (eds) Diet and subsistence: Current archaeological perspectives. Proceedings of the Nineteenth Annual 
Conference of the Archaeological Association of the University of Calgary, University of Calgary Archaeological 
Association, Calgary, pp. 307-314 

Katzenberg MA (1989) Stable isotope analysis of archaeological faunal remains from southern Ontario. J Archaeol Sci 16: 
319-329 

Katzenberg MA (2001) Destructive analysis of human remains in the age of NAGPRA and related legislation. In: Sawchuk 
L, Pheiffer S (eds) Out of the Past: The History of Human Osteology at the University of Toronto, CITD Press, Scarborough. 
https://tspace.library.utoronto.ca/citd/Osteology/Katzenberg.html. Accessed 16 October 2011 

Katzenberg MA (2006) Prehistoric maize in southern Ontario: Contributions from stable isotope analyses. In: Staller JE, 
Tykot RH, Benz BF (eds) Histories of Maize: Multidisciplinary Approaches to Prehistory, Linguistics, Biogeography, 
Domestication, and Evolution of Maize, Academic Press, New York, pp. 263-272 

Katzenberg MA (2008) Stable isotope analysis: A tool for studying past diet, demography, and life history. In: Katzenberg 
MA, Saunders SR (eds) Biological Anthropology of the Human Skeleton, Wiley-Liss, New York, pp. 387-410 

Katzenberg MA, Bazaliiskii VI, Goriunova OI, Savel’ev NA, Weber AW (2010) Diet reconstruction of prehistoric hunter-
gatherers in the Lake Baikal region. In: Weber AW, Katzenberg MA, Schurr TG (eds) Prehistoric Hunter-Gatherers of the 
Baikal Region, Siberia: Bioarchaeological Studies of Past Lifeways, University of Pennsylvania Museum of Archaeology and 
Anthropology Press, Philadelphia, pp. 175-191  

Katzenberg MA, Kelly JH (1991) Stable isotope analysis of prehistoric bone from the Sierra Blanca region of New Mexico. 
In: Bekett PH (ed) Mongollon V: Proceedings of the 1988 Mongolon Conference, COAS Publishing and Research, Las 
Cruces, NM, pp. 207-219 

Keenlyside A, Schwarcz H, Stirling L, Lazeg NB (2009) Stable isotopic evidence for diet in a roman and late Roman 
population from Leptiminus, Tunisia. J Archaeol Sci 36(1): 51-63 

Klepinger LL (1984) Nutritional assessment from bone. Ann Rev Anthropol 13:75-96. 

Kosiba SB, Tykot RH, Carlsson D (2007) Stable isotopes as indicators of change in the food procurement preference of 
Viking Age and early Christian populations on Gotland (Sweden). J Archaeol Sci 26(3):394-411 

Kusaka S, Ikarashi T, Hyodo F, Yumoto T, Katayama K (2008) Variability in stable isotope ratios in two late-final Jomon 
communities in the Tokai coastal region and its relationship with sex and ritual tooth ablation. Anthropol Sci 116(2):171-181 

Lanehart RE, Tykot RH, Underhill AP, Luan F, Yu H, Fang H, Fengshu C, Feinman G, Nicholas L (2011) Dietary adaptation 
during the Longshan period in China: Stable isotope analyses at Liangchengzhen (southeastern Shandong). J Archaeol Sci 
38:2171-2181 

Le Bras-Goude G, Herrscher E, Vaquer (2012) Funeral practices and food stuff behavior: What does eat meat mean? Stable 
isotope analysis of Middle Neolithic populations in the Languedoc region (France). J Anthropol Archaeol In Press. 

Lightfoot E, O’Connell T, Stevens RE, Hamilton J, Hey G, and Hedges REM (2009) An investigation into diet at the site of 
Yarnton, Oxfordshire, using stable carbon and nitrogen isotopes. Oxf J Archaeol 28(3):301-322 

Lightfoot E, Šlaus M, O’Connell TC (2012) Changing cultures, changing cuisines: Cultural traditions and dietary change in 
Iron Age, Roman, and Early Medieval Croatia. Am J Physical Anth 148:543-556 

Little E, Schoeninger MJ (1995) The late Woodland diet on Nantucket Island and the problem of maize in costal New 
England. Am Antiquity 60: 351-368 

Liu X, Jones MK, Zhao Z, Liu G, O’Connell TC (2012) The earliest evidence of Millet as a staple crop: New light on 
Neolithic foodways in North China. Am J Physical Anth 149:283-290 

Lösch S, Grupe G, Peters J (2006) Stable isotopes and dietary adaptations in humans and animals at pre-pottery Neolithic 
Nevali Cori, southeast Anatolia. Am J Phys Anthropol 131(2):181-193 

Losey RJ, Bazaliiskii VI, Garvie-Lok S, Germonpré M, Leonard JA, Allen AL, Katzenberg MA, Sablin MV (2011) Canids 
as persons: Early Neoltihic dog and wolf burials, Cis-Baikal, Siberia. J Anthropol Archaeol 30(2):174-189 

https://tspace.library.utoronto.ca/citd/Osteology/Katzenberg.html


    

Page 20 

Mosothwane MN (2010) Foragers among farmers in the early Iron Age of Bostwana? Dietary evidence from stable isotopes. 
Dissertation, University of Witwatersrand  

Müldner G, Richards MP (2005) Fast of feast: Reconstruction diet in later medieval England by stable isotope analysis. J 
Archaeol Sci 32(1):39-48 

Müldner G, Richards MP (2007) Stable isotope evidence for 1500 years of human diet at the city of York, UK. Am J Phys 
Anthropol 133(1):682-697 

Murray M, Schoeninger MJ (1988) Diet, status and complex social structure in the Iron Age central Europe: Some 
contributions of bone chemistry. In: Gibson B, Geselowitz M (eds) Tribe and Polity in Late Prehistoric Europe, Plenum 
Press, New York, pp. 155-176 

Nehlich O, Richards MP (2009) Establishing collagen quality criteria for sulfur isotope analyses of archaeological bone 
collagen. Archaeol Anthropol Sci 1:59-75 

Nelson CM (1989) Radiocarbon age of the dog burial from squantum, Massachusetts. Bull Mass Archaeol Soc 50:29  

Noe-Nygaard N (1988) δ13C-values of dog bone reveal the nature of changes in man’s food resources at the Mesolithic-
Neolithic transition, Denmark. Chem Geol 73:87-96 

Noe-Nygaard N (1995) Ecological, Sedimentary, and Geochemical Evolution of Late-Glacial to Postglacial Amose 
Lacustrian Basin, Denmark, Oslo. Fossils and Strata 37, Scandinavian University Press, Oslo. 

Pechenkina EA, Ambrose SH, Xiaolin M, Benfer RA (2005) Reconstructing northern Chinese Neolithic subsistence practices 
by isotopic analysis. J Archaeol Sci 32(8):1176-1189 

Petrousta EI, Manolis SA (2010) Reconstructing late Bronze Age diet in mainland Greece using stable isotope analysis. J 
Archaeol Sci 37(3):614-630 

Private KL, O’Connell T, Hedges REM (2007) The distinction between freshwater- and terrestrial-based diets: 
Methodological concerns and archaeological applications of sulphur stable isotope analysis. J Archaeol Sci 34:1197-1204 

Prowse T, Schwarcz HP, Suanders S, Macchiarelli R, Bondoli L (2004) Isotopic paleodiet studies of skeletons from the 
imperial Roman-Age cemetery of Iso-Sacra, Rome, Italy. J Archaeol Sci 31(3):259-272 

Redfern RC, Hamlin C, Athfield NB (2010) Temporal changes in diet: A stable isotope analysis of late Iron Age and Roman 
Dorset Britain. J Archaeol Sci 37(6):1149-1160 

Reynard LM, Hedges REM (2008) Stable hydrogen isotopes of bone collagen in paleodietary and paleoenvironmental 
reconstruction. J Archaeol Sci 35:1934-1942 

Reynard LM, Henderson GM, Hedges REM (2010) Calcium isotope ratios in animal and human bone. Geochim et 
Cosmochim Act 74:3735-3750 

Richards MP, Pearson JA, Molleson TI, Russell N, Martain L (2003) Stable isotope evidence of diet at Neolithic Çatalhöyük, 
Turkey. J Archaeol Sci 30(1):67-76 

Richards MP, West E, Rolett B, Dobney K (2009) Isotope analysis of human and animals diets from the Hanamiai 
archaeological site (French Polynesia). Archaeol Oceania 44:29-37 

Rick TC, Culleton BJ, Smith CB, Johnson JR, Kennet DJ (2011) Stable isotope analysis of dog, fox, and human diets at a 
Late Holocene Chumash Village (CA-SRI-2) on Santa Rosa Island, California. J Archaeol Sci 38(6):1385-1393 

Schoeninger MJ, DeNiro MJ (1984) Nitrogen and carbon isotopic composition of bone collagen from marine and terrestrial 
animals. Geochim Cosmochim Act 48:625-639 

Schoeninger MJ, DeNiro MJ, Tauber H (1983) Stable nitrogen isotope ratios reflect marine and terrestrial components of 
prehistoric human diet. Sci 220:1381-1383 

Schulting RJ (1994) The hair of the dog: The identification of a coast Salish dog-hair blanket from Yale, British Columbia. 
Can J Archaeol 18:57-76 

Schulting RJ, Richards MP (2000) The use of stable isotopes in studies of subsistence and seasonality in the British 
Mesolithic. In: Young R (ed) Mesolithic Lifeways: Current Research from Britain and Ireland. Leicester Archaeology 
Monograph No. 7, University of Leicester, Leicester, UK, pp. 55-65. 

Schulting RJ, Richards MP (2002) Dogs, ducks, deer and diet: New stable isotope evidence on early Mesolithic dogs from 
the Vale of Pickering, northeast England. J Archaeol Sci 29:327-333 



    

Page 21 

Schulting RJ, Richards MP (2009) Dogs, divers, deer and diet: Stable isotope results from Star Carr and a response to Dark. J 
Archaeol Sci 36:498-503 

Schwarcz H, Schoneninger MJ (1991) Stable isotope analysis in human nutritional ecology. Yearb Phys Anthropol 34:283-
321 

Shaw BJ, Summerhayes GR, Buckley HR, Baker JA (2009) The use of strontium isotopes as an indicator of migration in 
human and pig Lapita populations in the Bismarck Archipelago, Papua New Guinea. J Archaeol Sci 36(4):1079-1091 

Shin JY (2011) Stable isotope chemistry of bone collagen and carbonate assessed by bone density fractionation. Bull Korean 
Chem Soc 32:3618-3623 

Smits E, Millard AR, Nowell G, Pearson DG (2010) Isotopic investigation of diet and residential mobility in the Neolithic of 
the lower Rhine Basin. Eur J Archaeol 13:5-29 

Spence MW, White CD (2009) Mesoamerican bioarchaeology: Past and future. Anc Mesoam 20:233-240 

Stevens RE, Lightfoot E, Hamilton J, Cunliffe B, Hedges REM (2010) Stable isotope investigations of the Danebury Hillfort 
pit burials. Oxf J Archaeol 29(4):407-428 

Tankersley KB, Koster JM (2009) Sources of stable isotope variation in archaeological dog remains. N Am Archaeol 
30(4):361-375 

Tauber H (1981) 13C evidence for dietary habits of prehistoric man in Denmark. Nat 208:1053-1055 

Tieszen L, Fagre T (1993). Effect of diet quality and composition on the isotopic composition of respired CO2, collagen, 
bioapatite and soft tissues. In: Lambert JB, Grupe G (eds) Prehistoric Bone: Archaeology at the Molecular Level. Springer-
Verlag, Berlin, pp. 121-155 

Thompson AH, Chaix L, Richards MP (2008) Stable isotopes and diet at ancient Kerma, upper Nubia (Sudan). J Archaeol 
Sci 35(2):376-387 

Thompson AH, Richards MP, Shortland A, Zakrzewski SR (2005) Isotopic palaeodiet studies of ancient Egyptian fauna and 
humans. J Archaeol Sci 32(3):451-463 

Thornton EK (2011) Reconstructing ancient Maya animal trade through strontium isotope (87Sr/86Sr) analysis. J Archaeol Sci 
38(12):3254-3263 

Tuross N, Fogel ML, Newsome L, Doran GH (1994) Subsistence in the Florida Archaic: The stable-isotope and 
archaeobotanical evidence from the Windover site. Am Antiquity 59(2) 288-303 

Tykot RH, Van der Merwe NJ, Hammond N (1996) Stable isotope analysis of bone collagen, bone apatite, and tooth enamel 
in the reconstruction of human diet. In: Orna MV (ed) Archaeological Chemistry: Organic, Inorganic, an Biochemical 
Analysis, American Chemical Society, Washinton, pp. 355-365 

Valentine F, Bocherens H, Gratuze B, Sand C (2006) Dietary patterns during the late prehistoric/historic period in Cikobia 
Island (Fiji) insights from stable isotope analysis. J Archaeol Sci 33:1396-1410 

Van Strydonck M, Boudin M, Ervynck A, Orvay J, Borms H (2009) Spatial and temporal variation of dietary habits during 
the prehistory of the Balearic Islands as reflected by 14C, δ15N and δ13C analyses on human and animal bones. Mayurqa 
30:523-541 

Van der Merwe NJ, Tykot RH, Hammond N, Oakberg K (2000) Diet and animal husbandry of the preclassic Maya at Cuello, 
Belize: Isotopic and zooarchaeological evidence. In: Ambrose SH, Katzenberg MA (eds) Biogeochemical Approaches to 
Paleodietary Analysis. Advances in Archaeological and Museum Science, New York, pp. 23-38 

Van der Merwe NJ, Vogel JC (1978) 13C content and human bone collagen as a measure of prehistoric diet in Woodland 
North America. Nat 276:815- 816 

Viegas J, (2008) Earliest dogs dined on big game. ABC Science. Electronic Document, 
http://www.abc.net.au/science/articles/2008/10/28/2403381.htm?site=science&topic=ancient. Accessed 10 January 2009 

Walker PL, (2008) Bioarchaeological ethics: A historical perspective on the value of human remains. In: Katzenberg MA, 
Saunders SR (eds) Biological Anthropology of the Human Skeleton, Wiley-Liss, New York, pp. 3-40 

Weber AW, Link DW, Katzenberg MA (2002) Hunter–gatherer culture change and continuity in the middle Holocene of the 
Cis-Baikal, Siberia. J Anthropol Archaeol 21(2):230-299 

http://dx.doi.org/10.1016/j.jas.2011.06.035
http://www.abc.net.au/science/articles/2008/10/28/2403381.htm?site=science&topic=ancient


    

Page 22 

Webber AW, White D, Bazaliiskii VI, Goriunova OI, Savel’ev, Katzenberg MA (2011) Hunter-gatherer foraging ranges, 
migrations, and travel in the middle Holocene Baikal region of Serbia: Insights from carbon and nitrogen stable isotope 
signatures. J Anthropol Archaeol 30:523-548 

White CD, (2004) Stable isotopes and the human-animal interface in Maya biosocial and environmental systems. 
Archaeofauna 13:183-198 

White CD, Longstaffe FJ, Schwarcz HP (2006) Social directions in the isotopic anthropology of maize in the Maya region. 
In: Staller JE, Tykot RH, Benz BF (eds) Histories of Maize: Multidisciplinary Approaches to Prehistory, Linguistics, 
Biogeography, Domestication, and Evolution of Maize, Academic Press, New York, pp. 143-159 

White CD, Healy P, Schwarcz H (1993) Intensive agriculture, social status and Maya diet at Pacbitun, Belize. J Anthropol 
Res 49(4):347-375 

White CD, Schwarcz HP (1989) Ancient Maya diet as inferred from isotopic and elemental analysis. J Archaeol Sci 16:451-
474 

White CD, Pohl MED, Schwarcz HP, Longstaffe FJ (2001) Isotopic evidence for Maya patterns of deer and dog use at 
preclassic Colha. J Archaeol Sci 28(1):89-107 

White CD, Pohl MED, Schwarcz HP, Longstaffe FJ (2004) Feast, field and forest: Deer and dog diets at Lagartero, Tikal, and 
Copán. In: K.F. Emery (ed) Maya Zooarchaeology: New Directions in Method and Theory, Costen Institute of Archaeology, 
Los Angeles, pp. 141-158 

 
 

 


