
 

THESIS  
 

 

 

A QUANTITATIVE ANALYSIS OF HOMOTHERIUM SERUM TOOTH MARKS 
 
 
 
 

 

Submitted by  

Isabell D. Osborne 

Department of Anthropology and Geography  

  

In partial fulfillment of the requirements  

For the Degree of Master of Arts  

Colorado State University  

Fort Collins, Colorado  

Summer 2026 

 

 

 

 

Master’s Committee:  

Advisor: Michael C. Pante  
  

Michelle M. Glantz  
Scott Denning  

 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Copyright by Isabell D. Osborne 2026 

All Rights Reserved



 ii 

ABSTRACT 
 

 

 

A QUANTITATIVE ANALYSIS OF HOMOTHERIUM SERUM TOOTH MARKS 
 
 
 

 Humans have coexisted with large predators, such as sabertooth cats, for the entirety of 

their evolutionary history. Throughout their own evolutionary history, sabertooth cats have 

played a significant role in their ecosystems as carnivores specialized in consuming the flesh of 

their prey while being incapable of accessing the majority of within bone nutrients. These 

behaviors likely created scavengable resources, such as residual flesh and bone marrow, for 

mesopredators, including hominins. However, because sabertooth species are extinct and lack 

direct living descendants to serve as behavioral proxies, their impact on the fossil and 

archeological records remains underexplored.  

 This study examines bone surface modification (BSM) from the fossil assemblage at 

Friesenhahn Cave, Texas, which has been interpreted as a ~19 kya Homotherium serum den. 

This assemblage is particularly valuable because it has yielded no evidence of human or other 

carnivore interaction with the skeletal material, providing a rare opportunity to examine 

sabertooth tooth marks with minimal risk of mistaken identification.  

 To analyze these marks, silicone molds of fossil BSM were created and scanned using a 

Sensofar S Neox white light confocal optical profilometer to generate high-resolution 3D surface 

models. Quantitative micromorphological measurements were extracted from these models and 

compared to a large database of experimentally produced BSM, including marks created by 

extant carnivores, stone-tool butchery, percussion, and ungulate trampling. The primary goals of 

this analysis are to characterize the micromorphology of H. serum tooth marks and to evaluate 
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the degree to which sabertooth-generated marks can be distinguished from those produced by 

other agents using quantitative methods. Results show that H. serum tooth marks can be 

reliability classified at the agent level, with minimal confusion between carnivore-generated 

marks and other modification types and can be distinguished from those of extant carnivores 

when included as a modeled class.  

 This work contributes to ongoing effort to expand actualistic and middle-range 

frameworks by testing whether securely attributed fossil carnivore tooth marks can be 

incorporated into comparative reference datasets traditionally reserved for experimentally 

produced marks. The results have implications for identifying extinct carnivore feeding traces in 

the archeological record and for assessing the extent to which contextual evidence is required 

when evaluating carcass-processing agents. More broadly, this study informs interpretations of 

sabertooth feeding behavior, ecology, and potential interactions with hominins in Pleistocene 

ecosystems.  
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CHAPTER 1   INTRODUCTION 

1.1  Problem Statement  

 In the archeological and paleontological record, the ability to accurately and reliably link 

specific feeding traces left on fossilized remains to the agent that created them is paramount to 

reconstructing past ecological and behavioral contexts. As the genus Homo began incorporating 

nutrient-rich flesh and marrow into its diet around the Plio-Pleistocene boundary (~2.5 ma), 

ecological interactions between hominins and other members of the carnivore guild became 

increasingly significant for interpreting hominin’s role within these systems  (R. J. 

Blumenschine, 1986a; R. J. Blumenschine et al., 1987; R. Blumenschine & Pobiner, 2006; 

Brantingham, 1998; Pante et al., 2018). This dietary shift toward increased meat consumption 

has been widely linked to changes in brain and body size within the genus Homo, as well as to 

broader behavioral and technological developments associated with the dispersal of the genus 

beyond Africa and its expansion into diverse ecosystems (Aiello & Wells, 2002; Aiello & 

Wheeler, 1995; Larsen, 2015; Leonard et al., 2007; Ragir, 2000; Stanford & Bunn, 2001; 

Thompson et al., 2019; Wood & Collard, 1999).  

  While the incorporation of meat into the hominin diet is widely recognized as a 

significant component of human evolutionary history, the extent to which it acted as a primary 

driver of biological and behavioral change remains debated. Rather than reflecting a single 

causal relationship, recent work suggests that increases in brain and body size were supported by 

a combination of interacting factors, including overall dietary quality, energetic constraints, 

social behavior, and environmental variability (Burini & Leonard, 2018; Cornélio et al., 2016; 

Will et al., 2021). Within this framework, access to high-quality resources such as animal tissue 

https://www.zotero.org/google-docs/?FNRrvm
https://www.zotero.org/google-docs/?FNRrvm
https://www.zotero.org/google-docs/?FNRrvm
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remains critical—not as an isolated catalyst, but as part of a broader ecological and energetic 

system that shaped hominin adaptation. 

 Faunal assemblages from the Pleistocene (~ 2.6 Ma - 11.7 ka) can bear fossils with 

evidence of both carnivore and hominin feeding traces, as evidenced by the persistence of both 

carnivore tooth marks and stone tool butchery marks appearing on the same fossil 

(Blumenschine, 1986, 1995; Blumenschine et al., 2987; Pante et al., 2018). The sequence of 

feeding events that led to such fossils, however, remains a heavy debate. Some argue that 

hominins had primary access to nutrients from a carcass, indicating large-prey hunting, while 

others suggest that hominins had secondary access, and were instead scavenging remaining flesh 

and in-bone nutrients from carnivore kills (Binford, 1981a; Blumenschine, 1995; Blumenschine 

et al., 2007; Brain, 1983; Bunn, 1986, 1991; Domínguez-Rodrigo et al., 2010, 2014; Domínguez-

Rodrigo & Barba, 2006; Domínguez-Rodrigo & Pickering, 2017; Pante et al., 2015; Parkinson, 

2018; Pobiner, 2015, 2020; Pobiner & Blumenschine, 2003; Thompson et al., 2019). 

Unfortunately, the patchiness of the fossil record, particularly for carnivore remains, makes it 

very difficult to definitively determine the specific carnivore actor with which hominins were 

interacting. Furthermore, reconstructing the nature of the relationship between hominins and 

other carnivorans, whether it be strictly competitive, mutualistic, or parasitic, remains a crucial 

scale-dependent problem.  Therefore, the accurate characterization and interpretation of 

carnivore feeding marks left on bone is critical to understanding Pleistocene hominin-carnivore 

interactions and their broader ecological context.  

 Feeding traces found on bone have been shown to provide an accurate means of linking 

causality (or the agent responsible for creating a mark) to the resulting taphonomic trace (or bone 

surface modification (BSM)). Actualistic feeding and butchery experiments suggest that tooth 

https://www.zotero.org/google-docs/?WbJgGY
https://www.zotero.org/google-docs/?xAN0TD
https://www.zotero.org/google-docs/?xAN0TD
https://www.zotero.org/google-docs/?xAN0TD
https://www.zotero.org/google-docs/?xAN0TD
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and cut mark morphology, location, and frequency are related to the sequence of feeding events 

and the relative ability of hominins and carnivores to access flesh and in-bone nutrients from a 

carcass (Blumenschine, 1995; Blumenschine et al., 1987; Blumenschine & Selvaggio, 1988; 

Capaldo, 1997). If a specific carnivore, or a family of carnivores, can be identified as an actor by 

tooth marks left on bone, then flesh availability can be inferred based on known feeding behavior 

and ecological context; thereby, creating a mechanism to determine a possible timeline for 

hominin access. The reconstructed interactions between hominins and carnivores’ interactions 

have important implications for hominin foraging patterns, habitat preference, and social 

behavior allowing insights into behavioral adaptations that led to the emergence of our own 

species (Aiello & Wells, 2002; Aiello & Wheeler, 1995; Boone, 2002; Kraft et al., 2021; 

Pobiner, 2015).  

 A growing body of actualistic work documents and characterizes the feeding traces of 

extant mammalian, and a few reptilian, carnivores. Prior approaches have linked specific 

carnivore taxa to their feeding traces using qualitative assessment of tooth mark morphology 

(Domínguez-Rodrigo, 2001; Njau & Blumenschine, 2006), gnawing or biting patterns (Capaldo 

& Blumenschine, 1994; Haynes, 1980; Pobiner & Blumenschine, 2003), and bone destruction 

patterns (Faith et al., 2007; Pobiner et al., 2007; Thompson & Lee-Gorishti, 2007). More 

recently, quantitative methods have become an increasingly popular means of bone surface 

modification (BSM) classification (Curran et al., 2025; Domínguez-Rodrigo, 2019; Domínguez-

Rodrigo et al., 2021, 2025; T. Keevil et al., 2026; T. L. Keevil et al., 2018; Otárola-Castillo et al., 

2023; Pante et al., 2017a), but attempts to link mark morphology to specific carnivores have 

primarily focused on extant taxa (Domínguez-Rodrigo et al., 2024; Muttart et al., 2017). 

https://www.zotero.org/google-docs/?buqynX
https://www.zotero.org/google-docs/?buqynX
https://www.zotero.org/google-docs/?QfeAoS
https://www.zotero.org/google-docs/?QfeAoS
https://www.zotero.org/google-docs/?TBYvEI
https://www.zotero.org/google-docs/?A8R1EH
https://www.zotero.org/google-docs/?A8R1EH
https://www.zotero.org/google-docs/?RNhIti
https://www.zotero.org/google-docs/?8QS7qy
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 Sabertooth cats (Machairodontinae) were apex predators that occupied a wide range of 

environments across Africa, Eurasia, and the Americas during the Pleistocene (Barnett et al., 

2020; Paijmans et al., 2017). As hypercarnivores specialized in flesh consumption, they likely 

played a significant role in structuring predator-prey dynamics and influencing the availability of 

scavengable carcass resources on ancient landscapes (Domínguez-Rodrigo et al., 2022; Marean, 

1989; Marean & Ehrhardt, 1995a). These ecological interactions are particularly relevant for 

understanding hominin subsistence strategies, as access to carnivore-modified carcasses may 

have provided critical nutritional opportunities (Aiello, 1997; R. J. Blumenschine, 1986b; R. J. 

Blumenschine & Cavallo, 1992). 

 Despite their proposed ecological importance, identifying sabertooth feeding traces in the 

fossil record remains a methodological challenge. Sabertooth cats have no direct modern 

descendants and highly specialized dental morphologies, limiting the ability of researchers to use 

living analogs toe stablish diagnostic criteria for their tooth marks (Christiansen, 2013; Marean, 

1989). As a result, interpretations of sabertooth involvement in fossil assemblages often rely 

heavily on contextual evidence rather that direct morphological identification of feeding traces. 

This limitation constrains efforts to evaluate the role of sabertooths in carcass accumulation, 

ecosystem dynamics, and potential interactions with hominins as top-down mediators of 

available resources.  

 While previous work has demonstrated that BSM can often be reliably attributed to broad 

modifying agents, such as carnivores or hominins, the extent to which these approaches can 

resolve the specific actors responsible for those modifications remain less clear (Blumenschine, 

1995; Blumenschine et al., 1996; Domı́nguez-Rodrigo & Piqueras, 2003; Haynes, 1983). This 

distinction between agent-level and actor-level inference represents a critical challenge in 
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zooarchaeology and taphonomy. As quantitative approaches continue to develop it is necessary 

not only to evaluate their ability to distinguish among modifying agents but also assess the limits 

of taxonomic resolution achievable when comparing marks produced by different carnivores.  

 Quantitative micromorphological analysis offers a promising avenue for addressing this 

gap. High-resolution 3D surface profilometry has demonstrated success in distinguishing among 

BSM produced by different agents, including carnivores and hominins (T. Keevil et al., 2026; T. 

L. Keevil et al., 2018; Muttart et al., 2017; Pante et al., 2017b). However, these methods have 

primarily been applied to extant taxa, and their applicability to extinct carnivores remains largely 

untested.  

 Despite these challenges, certain fossil assemblages provide rare opportunities to evaluate 

extinct carnivore tooth marks within a well-constrained ecological and taphonomic context. Such 

contexts allow for the isolation of a single modifying agent, reducing uncertainty associated with 

mixed-actor assemblages and providing a critical foundation for evaluating the 

micromorphological characteristics of extinct taxa. This study applies high-resolution 3D surface 

analysis to tooth marks attributed to Homotherium serum (hereafter H. serum), an extinct species 

widely represented in the Pleistocene fossil record (Antón et al., 2005, 2014a). Specifically, 

fossil tooth marks from the Friesenhahn Cave (Bexar County, Texas) assemblage – a ~19 ka site 

widely interpreted as a H. serum den with minimal evidence of modification by other carnivores 

and no evidence of hominin interaction (R. W. Graham, 1976; R. W. Graham et al., 2013a; 

Marean, 1989) – are compared to an experimentally produced comparative database of BSM (T. 

Keevil et al., 2026) to evaluate whether Homotherium tooth marks exhibit distinguishable 

micromorphological characteristics within an established quantitative framework. The goals of 

this thesis are as follows: 
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1. To determine whether H. serum tooth marks fall within the range of variation observed in 

experimentally derived carnivore tooth marks and whether they can be distinguished 

from anthropogenic marks.  

2. To assess whether H. serum tooth marks can be differentiated from those produced by 

extant carnivores.  

This study does not attempt to independently establish the accumulation history of the 

Friesenhahn Cave assemblage. Instead, it uses BSM attributed to H. serum within an existing 

taphonomic interpretation to evaluate whether fossil carnivore tooth marks can be quantitatively 

integrated into comparative datasets traditionally derived from experimentally produced marks. 

By achieving these goals, this study contributes to ongoing efforts to improve the identification 

of carnivore feeding traces in fossil assemblages. Evaluating how H. serum tooth marks are 

represented within quantitative comparative frameworks expands the applicability of existing 

approaches to extinct taxa. This, in turn, strengthens the methodological foundation for 

interpreting carnivore activity within realistic expectations of taxonomic resolution.  

1.2  Zooarchaeological & Taphonomic Theory  

 Zooarchaeological and taphonomic interpretations are grounded in the principles of 

uniformitarianism and middle-range theory, which provide the theoretical framework for linking 

observable traces in the present to behaviors that occurred in the past. Uniformitarianism 

assumes that natural laws and physical processes operating today also operated in the past, 

allowing researchers to use present-day observations to infer the causes of patterns preserved in 

archeological and paleontological assemblages (Binford, 1981; Gould, 1965). Because the fossil 

record consists of static material remains rather than directly observable behaviors, 

interpretations of past events must be based on empirically established relationships between 
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processes and their material consequences. As Binford (1981) emphasized, “We cannot observe 

the past directly. We must instead study the relationship between observable processes and their 

material consequences in the present and use this knowledge to infer the causes of patterns 

preserved in the archeological record.” These principles form the foundation for interpreting 

BSM, which represent the material consequences of biological and environmental processes 

acting on skeletal remains.  

 Middle-range theory provides the methodological framework for establishing these 

relationships by linking specific processes to their diagnostic material signatures through 

experimental and actualistic research (Binford, 1981). As Binford (1981) explained, “Middle-

range research is concerned with establishing reliable links between static material remains and 

the dynamic behaviors that produced them.” By studying how known agents, such as carnivores 

and humans, produce characteristic BSM under controlled or observable conditions, researchers 

can develop empirically grounded criteria for interpreting similar traces in the fossil record. 

These comparative frameworks allow for the systematic evaluation of fossil BSM within a 

quantitative and theoretically supported context. In this study, experimentally produced tooth 

marks from modern taxa serve as a comparative reference for evaluating fossil tooth marks 

attributed to H. serum, allowing for the assessment of whether sabertooth tooth marks exhibit 

distinguishable micromorphological characteristics consistent with expectations derived from 

actualistic and experimental datasets.   
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CHAPTER 2  BACKGROUND & LITERATURE REVIEW 

 

 BSM produced by carnivores provide a critical line of evidence for reconstructing carcass 

acquisition sequences and understanding access to animal resources in past ecosystems. Because 

carnivores are often the primary modifiers of vertebrate remains in many depositional contests 

(Binford, 1981; Brain, 1983; Behrensmyer, 1984), the extent and nature of bone damage they 

produce directly influences the availability of flesh and in-bone nutrients to secondary consumers 

(mesopredators), including hominins (Blumenschine, 1986; Blumenschine & Cavallo, 1992; 

Pobiner, 2015). As a result, identifying the types of carnivores involved in carcass processing is 

essential for interpreting patterns of resource access, competition, and ecological interaction 

within Plio-Pleistocene environments.  

 Among carnivorans, feeding behavior varies substantially across taxa, particularly 

between bone crushing and flesh-specialist predators (Van Valkenburgh, 2007; Werdelin, 1989). 

Felids (Family Felidae), especially large-bodied taxa, typically prioritize soft tissue consumption 

while leaving substantial in-bone nutrients intact, creating important scavenging opportunities 

for other members of the carnivore guild (R. J. Blumenschine, 1986b; Brunet et al., 2022; 

Marean, 1989; B. L. Pobiner, 2015; Schaller, 1976; Tossens et al., 2025). In contrast, 

durophagous carnivores such as hyenas can extensively modify and destroy skeletal elements, 

reducing the availability of resources to other consumers (Aiello, 1997; Binford et al., 1988; 

Cruz-Uribe, 1991; Faith et al., 2007; Lansing et al., 2009; Monahan, 1999; Pickering, 2002). 

These differences in feeding behavior and carcass processing intensity make predator identity a 

key variable in reconstructing carcass use and hominin subsistence strategies (R. J. 

Blumenschine, 1986b; R. J. Blumenschine & Cavallo, 1992; Coil, 2025).   

2.1  Carnivore Feeding Behavior and Carcass Modification   
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 Carnivore taxa differ substantially in feeding behavior, dentition, and carcass processing 

intensity (Van Valkenburgh, 2007; Werdelin, 1989; Werdelin & Lewis, 2005). These differences 

are particularly evident when comparing flesh-specialist predators (Domínguez-Rodrigo et al., 

2021, 2022; Marean, 1989; Parkinson et al., 2015; Schaller, 1976) and durophagous carnivores 

(Binford et al., 1988; Cruz-Uribe, 1991; Domínguez-Rodrigo et al., 1999; Lansing et al., 2009; 

Monahan, 1999; Pickering, 2002), which occupy different functional roles within carnivore 

guilds (Brunet et al., 2022; Domínguez-Rodrigo et al., 1999; Heath et al., 2014; Tossens et al., 

2025). 

 Felids typically emphasize soft tissue consumption and often leave substation portions of 

the skeleton intact, including marrow-bearing elements (R. J. Blumenschine, 1986a; Domínguez-

Rodrigo et al., 1999; Marean, 1989; Parkinson et al., 2015; B. L. Pobiner, 2020; Schaller, 1976). 

In contrast, durophagous carnivores such as hyenas are capable of extensive carcass processing, 

including fragmentation, epiphyseal destruction, and consumption of dense bone (Brain, 1983; 

Cruz-Uribe, 1991; Domínguez-Rodrigo et al., 1999; Faith et al., 2007, 2007; Pickering, 2002). 

These behavioral differences produce distinct patterns of BSM, including variation in mark type, 

frequency, and associated skeletal damage, as well as differences in the degree of skeletal 

completeness preserved within assemblages (Faith et al., 2007; Faith & Behrensmeyer, 2006; 

Haynes, 1983; Selvaggio & Wilder, 2001a).  

 Because these differences directly influence the form and distribution of bone damage, 

identifying the carnivore responsible for modification provides a basis for distinguishing among 

agents within fossil assemblages and for evaluating patterns of carcass use (Delaney-Rivera et 

al., 2009; Domı́nguez-Rodrigo & Piqueras, 2003; Haynes, 1983; Muttart et al., 2017; Parkinson 

et al., 2015). However, this task is complicated by the problem of equifinality, in which similar 
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morphological traces can be produced by different agents or processes. In the case of carnivore 

tooth marks, different taxa may generate overlapping micromorphological signatures despite 

differences in feeding behavior and dentition (R. J. Blumenschine et al., 1996; Delaney-Rivera et 

al., 2009; Domı́nguez-Rodrigo & Piqueras, 2003; Rogers, 2000). As a result, distinguishing 

among carnivore taxa, particularly at the level of specific actors, remains challenging and 

requires quantitative approaches capable of identifying consistent differences in tooth mark 

morphology.  

2.2 Sabertooth Cats and Hominin-Carnivore Interaction 

 Sabertooth cats (subfamily Machairodontinae) represent a particularly important 

component of Plio-Pleistocene carnivore guilds due to their potential role in structuring carcass 

availability and shaping interactions among predators and scavengers. As  large-bodied apex 

predators that coexisted with hominins across much of the Pleistocene, and across much of the 

globe, machairodonts likely contributed substantially to carcass accumulation and modification 

in many ecosystems (Antón et al., 2005, 2014b; Barnett et al., 2020; Domínguez-Rodrigo et al., 

2022; Marean, 1989; Turner, 1988).  

 Despite these implications, the role of sabertooths in shaping carcass availability remains 

difficult to evaluate because their taphonomic signature is poorly defined relative to extant 

carnivores (Domínguez-Rodrigo et al., 2022; Marean & Ehrhardt, 1995a). Most interpretations 

of carnivore-modified assemblages rely on experimental datasets derived from observations of 

extant taxa, and the extent to which these models apply to extinct carnivores remains limited to 

the suitability of the proxy (Delaney-Rivera et al., 2009; Domínguez-Rodrigo & Piqueras, 2003). 

This creates a gap in the ability to assess the ecological impact of sabertooths in fossil 

assemblages.  
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2.3  H. serum and Friesenhahn Cave 

 Friesenhahn Cave, a single-room cave located near Cibolo Creek in northern Bexar 

County, Texas, has yielded one of the most diverse Pleistocene-aged faunal assemblages in 

North America (Evans & Meade, 1961). The cave contains three bone-bearing deposits clustered 

into distinct temporal units, the oldest of which has been dated to approximately 19 ka (R. W. 

Graham, 1976; Toomey, 1994). Friesenhahn has an established paleontological history, yielding 

the remains of more than 50 vertebrate taxa, the most relevant of which are the abundant adult 

and juvenile remains of the scimitar-toothed cat H. serum (Evans & Meade, 1961; R. W. 

Graham, 1976; R. W. Graham et al., 2013a). Coupled with hundreds of dental, cranial, and 

postcranial elements of juvenile Columbian mammoths (Mammuthus columbi), the assemblage 

serves as a uniquely robust lens into the paleocommunity of the southwestern United States 

during the Late Pleistocene (R. W. Graham, 1976; R. W. Graham et al., 2013a). The cave 

contains more H. serum fossil specimens – including complete individuals spanning multiple 

ontogenetic stages, resulting in a unique mortality profile – than any other site in the world, 

leading to its interpretation as a den site where H. serum accumulated prey remains, particularly 

juvenile mammoths (DeSantis et al., 2021; R. Graham et al., 2013; Marean & Ehrhardt, 1995).  

 Multiple independent quantitative and taphonomic lines of evidence support this 

interpretation. First, the relative abundance and demographic structure of H. serum remains are 

consistent with denning behavior rather than incidental mortality (Evans & Meade, 1961; R. 

Graham et al., 2013; R. W. Graham, 1976). The presence of individuals representing both 

juvenile and adult age classes indicates a bimodal age distribution consistent with denning 

behaviors which, when coupled with the prey assemblage being disproportionately dominated 

with juvenile mammoths, indicates repeated occupation of the cave by Homotherium, likely 
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including its use as a rearing site for offspring (DeSantis et al., 2021; R. Graham et al., 2013). In 

contrast, other extinct large carnivores such the dire wolf (Aenocyon dirus) and giant short-faced 

bear (Arctodus simus) are present at Friesenhahn, albeit in much lower abundance and 

demographic diversity; thereby supporting interpretations of Homotherium as the primary 

accumulating agent (R. Graham et al., 2013; R. W. Graham, 1976). Summary data on 

assemblage composition are presented in Table 2.1.  

Table 2.1) Taxonomic composition of the Friesenhahn Cave assemblage based on MNI. Relative 
abundances of major taxa are shown to characterize overall assemblage structure (Marean & 
Ehrhardt, 1995; Graham et al., 2013) 
 

Taxon Relative 

Abundance 

(MNI %) 

Role in 

Assemblage 

Interpretation Source 

M. columbi 

~34% Dominant Prey High 
representation 
of juvenile 
individuals 

Marean & 
Ehrhardt, 1995 

H. serum 

~33% Dominant 
Carnivore 

Primary 
Accumulating 
agent, largest 
known 
concentration 
globally 

Marean & 
Ehrhardt, 1995; 
Graham et al., 
2013 

Other Carnivores 
Minimal Minor 

Contributors 
Limited role in 
accumulation 

Marean & 
Ehrhardt, 1995 

  

Second, skeletal part profiles and prey composition profiles (NISP & MNI) demonstrate 

strong selectivity in prey acquisition and transport (R. Graham et al., 2013; Marean & Ehrhardt, 

1995). Juvenile M. columbi remains are disproportionately abundant relative to other large 

herbivores, and skeletal element representation is dominated by limb bones and other high-utility 

elements – indicating that H. serum actively transported portions of carcasses into the cave rather 

than the assemblage forming through passive depositional processes (e.g., natural death 

accumulation, fluvial transport, or other non-predatory accumulation) (DeSantis et al., 2021; 
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Marean & Ehrhardt, 1995). This pattern is consistent with predator-mediated accumulation and 

reflects deliberate carcass transport and processing behavior (R. J. Blumenschine, 1986b, 1988; 

Faith & Behrensmeyer, 2006; Marean & Ehrhardt, 1995b; Selvaggio & Wilder, 2001a). Stable 

isotope and dental microwear texture analyses further support this interpretation, indicating that 

H. serum was a specialized predator that preferentially consumed juvenile Columbian mammoths 

and other open-habitat prey, reinforcing the ecological link between H. serum and the mammoth-

dominated assemblage at Friesenhahn Cave (DeSantis et al., 2021). Counts of observed and tooth 

marked elements by skeletal region are summarized in Table 2.2.  

Table 2.2) Distribution of tooth marked M. columbi elements from Friesenhahn Cave. Counts of 
observed and modified specimens by skeletal element are reported (Marean & Ehrhardt, 1995).  
 

Taxon Element 
NISP 

(Observed) 

NISP 

(Tooth 

Marked) 

% Marked Source 

M. columbi Femur 21 9 ~43% 
Marean & 
Ehrhardt, 1995 

M. columbi Tibia 19 12 ~63% 
Marean & 
Ehrhardt, 1995 

M. columbi Humerus 21 10 ~48% 
Marean & 
Ehrhardt, 1995 

M. columbi Phalanges 137 0 0% 
Marean & 
Ehrhardt, 1995 

Assemblage-
wide 

– – – ~30% 
Marean & 
Ehrhardt, 1995 

 
 Third, BSM patterns preserved on the fossil assemblage provide evidence linking carcass 

processing to H. serum feeding activity. Marean and Ehrhardt (1995) demonstrated that bone 

damage patterns at Friesenhahn Cave are consistent with felid feeding behavior and flesh-

focused consumption rather than durophagous carcass processing. Long bones exhibit limited 

fragmentation, and epiphyses and cortical surfaces are frequently preserved intact, indicating 

minimal marrow extraction and a lack of systematic bone destruction (R. W. Graham et al., 

2013; Marean & Ehrhardt, 1995). Tooth mark frequencies are relatively low compared to 
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assemblages crated by bone-crushing carnivores, and skeletal element representation is 

dominated by high-utility long bone portions, suggesting selective transport of flesh-rich carcass 

portions (Marean & Ehrhardt, 1995). These patterns collectively indicate early-access predation 

and flesh consumption rather than late-stage scavenging or intensive bone utilization (R. J. 

Blumenschine, 1986, 1988; R. W. Graham et al., 2013; Marean & Ehrhardt, 1995; Selvaggio & 

Wilder, 2001). Such taphonomic signatures are consistent with the feeding behavior of extant 

felids (Parkinson et al., 2015) and support the interpretation of H. serum as a flesh-specialist 

predator and the primary accumulating agent at Friesenhahn Cave.  

 Taken together, the taxonomic composition, skeletal element representation, age 

structure, isotopic evidence, and BSM patterns of the Friesenhahn Cave assemblage strongly 

support its interpretation as a H. serum den site. The dominance of H. serum among carnivores 

present, combined with quantitative evidence for selective prey accumulation and carcass 

processing, indicates that Homotherium was the primary bone accumulating agent (DeSantis et 

al., 2021; R. W. Graham et al., 2013; Marean & Ehrhardt, 1995). This taphonomic clarity makes 

Friesenhahn Cave a uniquely valuable case study for examining Homotherium feeding behavior 

and its associated BSM. Because multiple independent lines of evidence support Homotherium-

mediated accumulation, BSM recorded from this fossil assemblage represent one of the most 

secure samples available for evaluating the micromorphological characteristic of sabertooth tooth 

marks within a middle-range comparative framework.  

2.4  Biomechanical Analysis of Sabertooth Feeding Morphology 

To evaluate whether observed damage patterns at Friesenhahn are biomechanically 

plausible for H. serum, its cranio-dental and postcranial morphology must be considered. 

Biomechanical modeling, particularly of cranial and appendicular morphology, provides critical 
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insight into the feeding behaviors and functional limits of carnivores. These models are 

especially important for extinct taxa because body size does not reliably correlate with bite force 

(Wroe et al., 2005), meaning that simple body-mass estimates cannot accurately predict the 

intensity or character of the tooth marks that an extinct carnivore may produce. As a result, tooth 

mark size alone may be an insufficient reference when evaluating carnivore body dimensions or 

when estimating flesh availability and carcass accessibility for scavenging hominins (Delaney-

Rivera et al., 2009; Domínguez-Rodrigo & Piqueras, 2003; Selvaggio & Wilder, 2001). 

 Machairodontinae exhibit a suite of feeding adaptations not represented in any extant 

carnivoran lineage, reflecting a distinct predatory strategy and biomechanical profile (Figueirido 

et al., 2018). Sabertooths can be lumped into two distinct ecomorphs – “dirk-toothed” and 

“scimitar-toothed” – that differ in canine tooth length, serration, and postcranial features (Figure 

2.1)(Figueirido et al., 2018; Kurten, 2017). Members of the tribe Homotherini exhibit the 

scimitar-toothed morphology, characterized by relatively shorter, broad, saber-like upper canines 

with coarse serrations (Moretti et al., 2025). These serrations occur on both the distal and mesial 

borders of the upper canines, and the presence of a diastema between C1 and the incisors further 

supports assignment to Homotherium (Moretti et al., 2025). Although serrated canines have the 

potential to leave microstriations or incision-like traces on bone, the appearance and preservation 

of these features depend heavily on the angle of contact, the thickness and density of the cortical 

surface, and the magnitude of force applied during the bite (Muttart et al., 2017; Njau & 

Blumenschine, 2006). As a result, serration-derived signatures are not guaranteed to occur 

consistently, and their absence alone cannot be used to exclude sabertooth assemblage 

interactions.  

https://www.zotero.org/google-docs/?6wmG6m
https://www.zotero.org/google-docs/?6wmG6m
https://www.zotero.org/google-docs/?hW0B3h
https://www.zotero.org/google-docs/?1iVeSo
https://www.zotero.org/google-docs/?dcgVEJ
https://www.zotero.org/google-docs/?V0kfK7
https://www.zotero.org/google-docs/?V0kfK7
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Figure 2.1) Morphology of the upper canine in Homotherium and Smilodon from Moretti et al. 
(2025). (a) Represents a premaxilla-maxilla fragment from Homotherium sp. SHSU-1-00155, a 
specimen housed in the Sam Houston State University Natural History Collection; (b) represents 
H. serum TMM 933-1928, an adult fossil specimen housed in the Texas Memorial Museum at 
the University of Texas at Austin, initially recovered from Friesenhahn Cave; (c) represents 
Smilodon M7786-9060 housed at the Biodiversity Institute at the University of Kansas (Moretti 
et al., 2025). Canine tooth details including surface models (left), distal edge detail including 
serrations (insert), mesiodistal length (base (B) to tip (T)) ratios (center), and approximate 
midshaft cross-sectional profiles (right) (Moretti et al., 2025).  
 

The cranial and dental morphology of Homotherium reflects functional adaptations that 

differ markedly from extant carnivorans and from dirk-toothed machairodonts. Scimitar-toothed 

cats generally prioritize efficient head and neck movement, wide gape angles, and controlled use 

of serrated canines rather than relying on the relatively high bite forces seen in many modern 

carnivores (Wroe et al., 2005). Modern felids generate a high bite force due in part to a large 

temporalis muscle acting across a long moment arm, indicated by a prominent mandibular 

coronoid process and robust, bend-resistant canines (Marean, 1989). Sabertooths, conversely, 

https://www.zotero.org/google-docs/?9ehVYr
https://www.zotero.org/google-docs/?9ehVYr
https://www.zotero.org/google-docs/?IdLIXL
https://www.zotero.org/google-docs/?ZC7Sb5
https://www.zotero.org/google-docs/?KcWq99
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possess a reduced coronoid process and more flexible canines, indicating a weaker temporalis 

and a lower maximal bite force ((Marean, 1989). They compensate with other morphological 

configurations – such as a temporalis oriented more vertically and more perpendicular to the 

tooth row – that provides relatively greater mechanical advantage even though overall bite force 

remains lower than in extant felids based on finite element analyses (Costa, 2018; Emerson & 

Radinsky, 1980; Kurten, 2017; Marean, 1989). 

Machairodonts also possess an exceptionally large mastoid process, indicating 

hypertrophied cleidomastoid and sternomastoid musculature, especially when compared to 

modern felids (Antón et al., 2004; Marean, 1989). The mastoid’s position – rotated further below 

the occipital condyle – suggests increased leverage for neck-driven motions, a hypothesis 

supported by the preserved neck muscle volume in a mummified specimen of H. latidens (Antón 

et al., 2004; Emerson & Radinsky, 1980; Lopatin et al., 2024; Marean, 1989; Pollock et al., 

2025). 

These cranio-dental features, combined with a relatively gracile postcranial skeleton, 

suggest that Homotherium relied on a cursorial, precision-based predatory strategy that focused 

on rapid pursuit following by a controlled clamp-and-hold engagement rather than forceful 

grappling or bone-cracking (Antón et al., 2004; DeSantis et al., 2021; Marean, 1989). Compared 

to other machairodonts, Homotherium’s postcrania includes proportionally elongate and slender 

limbs – with distal elements especially elongated – more closely resembling extant pursuit-

adapted felids (Antón et al., 2005; DeSantis et al., 2021). 

https://www.zotero.org/google-docs/?1lTz6H
https://www.zotero.org/google-docs/?DhrdjD
https://www.zotero.org/google-docs/?DhrdjD
https://www.zotero.org/google-docs/?gLJQUi
https://www.zotero.org/google-docs/?n4Tfbh
https://www.zotero.org/google-docs/?n4Tfbh
https://www.zotero.org/google-docs/?n4Tfbh
https://www.zotero.org/google-docs/?espf7K
https://www.zotero.org/google-docs/?rfKzSk
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Figure 2.2) Antón et al.’s (2022) reconstruction of adult H. latidens fossil specimen 
MNHN.F.PET 2000 a & b from Perrier. (A) presents a lateral view of the skull and mandible 
with an outline of the mental crest and cervical column based on fossils from Senèze and 
Incarcal); (B) represents an outline of the cranio-cervical skeleton, showing attachment of 
muscles including the temporalis (t), masseter (m), digastric (d), and levator nasolabialis (ln); (C) 
reconstruction of selected soft-tissues including the temporalis (t), masseter (m), digastric (d), 
bisected nasal cartilage (nc), and the bisected mass of connective rostroventral tissue to the 
mental region of the mandible (ctm); (D) reconstruction of the superficial craniocervical soft-
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tissue, showing fibers of the levator nasolabialis (lnf) and the orbicularis oris (oof); (E) 
reconstruction of the head and neck (Artwork by M. Antón)(Antón et al., 2022).  

 
Figure 2.3) Photograph of the mastoid regions of the skull in a female African lion (Panthera 
leo) (top) and H. latidens (bottom) from Incarcal, Spain (IN-1 929) (Antón et al., 2004). Muscle 
insertions are marked (1) brachiocephalicus, (2) trapezius, (3) splenius, (4) sternomastoideus, (5) 
obliquus capitis caudalis (Antón et al., 2004) . Skeletal features are marked (M) mastoid process 
and (P) paraoccipital process (Antón et al., 2004). Please note that the fossil specimen pictured 
here is fractured.  
 
The scapula and pelvic girdle are narrower and less robust than those of their dirk-toothed 

counterparts, suggesting that Homotherium did not subdue prey using body-weight pinning but 

https://www.zotero.org/google-docs/?erp1e5
https://www.zotero.org/google-docs/?FixyGn
https://www.zotero.org/google-docs/?GRtgHi
https://www.zotero.org/google-docs/?w7I3BP
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instead relied on speed and rapid contact followed by a sustained bite, holding and controlling 

prey until it succumbed (DeSantis et al., 2021; Figueirido et al., 2018).  

Analyses of cortical and trabecular bone proportion in North American sabertooth skulls 

reveal that H. serum has more trabecular bone than S. fatalis, suggesting that H. serum employed 

a predatory tactic unusual among sabertooths (Figueirido et al., 2018). While most 

machairodonts are inferred to use a largely “shearing” or slashing bite, H. serum more likely 

utilized a “clamp-and-hold” technique, mechanically more similar to the killing strategy of 

modern P. leo (Figueirido et al., 2018). This interpretation aligns with the reinforced cranio-

cervical musculature that would allow sustained pressure during a prolonged bite, as well as 

isotopic evidence indicating that Homotherium preyed on large C4 grazers often requiring 

control rather than quick slashing (DeSantis et al., 2021). Sexual dimorphism is widespread 

among large carnivorans, particularly in cranio-dental morphology, and is often associated with 

differences in feeding ecology and resource use (Van Valkenburgh & Sacco, 2022; Christiansen 

& Harris, 2012). In Machairodonts, this variation appears to be moderate and overlapping, and 

may be expressed not only in overall size, but also in functional aspects of the craniodental 

complex related to prey acquisition (Christiansen & Harris, 2012). As a result, some degree of 

intraspecific variation in feeding traces is expected. However, given the substantial overlap in 

feeding trace morphology observed among different carnivore taxa (Delaney-Rivera et al., 2009; 

Domínguez-Rodrigo & Piqueras, 2003; Selvaggio & Wilder, 2001; Muttart et al., 2017), this 

variation is unlikely to obscure broader biomechanically constrained patterning, which remains 

the primary focus of comparative BSM analysis.  

Biomechanical modeling supports this clamp-and-hold interpretation. Analyses of machairodont 

cranial mechanics show that serrated canines in Homotherium may have improved initial tissue 

https://www.zotero.org/google-docs/?xCz0px
https://www.zotero.org/google-docs/?w8r1Pj
https://www.zotero.org/google-docs/?T6XF2r
https://www.zotero.org/google-docs/?ckbqBE
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penetration and grip rather than facilitating repeated slashing movements (Emerson & Radinsky, 

1980; Marean, 1989; Pollock et al., 2025). The serrations reduce the force required to initiate a 

puncture or maintain purchase, allowing Homotherium to hold struggling prey securely without 

exposing the canines to excessive bending stresses – a key concern for sabertooths with 

elongated, laterally flattened canines (Costa, 2018; Figueirido et al., 2018). Although bite force is 

related to muscle cross-sectional area (van Spronsen et al., 1989), it does not scale directly with 

overall body size across taxa, and is strongly influenced by cranial morphology and muscle 

orientation (Wroe et al., 2005). Understanding these functional adaptations is therefore essential 

for interpreting the morphology, frequency, and depth of sabertooth-generated BSM. A clamp-

and-hold bite, associated with Homotherium, is expected to produce more localized and deeper 

pressure traces, rather than the elongated incisions associated with slashing behaviors, and these 

may occur on anatomical regions consistent with securing prey rather than intensive carcass 

processing. 

These considerations are directly relevant for evaluating potential H. serum activity at 

Friesenhahn Cave. The feeding morphology of the genus, broadly, provides a framework for 

assessing whether the observed BSM at the site are biomechanically plausible for this taxon. 

Because simple mark size alone cannot reliably distinguish between large carnivores (Delaney-

Rivera et al., 2009; Muttart et al., 2017), or even between carnivores and hominin butchery, 

integrating sabertooth cranial biomechanics with taphonomic patterning improves our ability to 

determine if Homotherium was responsible for the marks, or whether alternative agents must be 

considered. This work seeks to create a body of reference to develop an “expected range” of 

damage patterning for scimitar-toothed predators with serrated canines and a relatively low bite-

force profile (Figueirido et al., 2018; Wroe et al., 2005).  

https://www.zotero.org/google-docs/?iL8kZq
https://www.zotero.org/google-docs/?iL8kZq
https://www.zotero.org/google-docs/?1zPvoJ
https://www.zotero.org/google-docs/?OJcRHi
https://www.zotero.org/google-docs/?OJcRHi
https://www.zotero.org/google-docs/?GPKURK
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Taken together, the specialized cranial morphology, distinct feeding mechanics, and 

biomechanical constraints of Homotherium provide essential context for interpreting tooth-

marked fossils from Late Pleistocene sites. These data establish expectations for the type of 

traces Homotherium could - and could not - reasonably produce, forming a necessary 

comparative foundation for the analyses presented in the following sections. However, 

translating biomechanical expectations into reliable taxonomic identification requires analytical 

approaches capable of resolving overlapping damage patterns.  

2.5  Prior Methods for Sabertooth Feeding Trace Identification and Distinction 

 The biomechanical adaptations of carnivores provide evidence for the maximum and 

minimum gross bone damage that a specific carnivore, with a particular suite of characteristics, 

is reasonably capable of manifesting in skeletal part profiles. These damage values are 

determined, in part, through bone density analysis, the energetic value of skeletal portions, and 

the ecological contexts that have driven the trajectory of mechanical feeding anatomy in extant 

carnivores. For example, in modern African systems the behavioral shift towards hunting in 

Hyaenids (traditionally more generalist) and more generalist behavior such as facultative 

scavenging in felids (traditionally specialized hypercarnivores) can be linked to shifts in the 

community structure in which large prey populations declined and hypercarnivore hunting 

became untenable (Werdelin & Lewis, 2005). However, the range of feeding behaviors exhibited 

by carnivores is highly variable and include factors such as hunting versus scavenging frequency 

(Kruuk, 2009), bone cracking (Tseng, 2013; Van Valkenburgh et al., 2004), and prey preference 

(Blasco et al., 2011) that are inconsistent across carnivore populations.  

Additionally, the full potential of all hypercarnivore feeding displays may not always be 

expressed. For example, carnivores outside of the hyena family display the biomechanical ability 

https://www.zotero.org/google-docs/?1UyvL1
https://www.zotero.org/google-docs/?lKBbsp
https://www.zotero.org/google-docs/?v5TGgE
https://www.zotero.org/google-docs/?ItOnpR
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to fracture bone and access marrow calories, yet, this behavior is not always used and may 

require a particular scarcity or ecological shift that necessitates a population’s engagement with 

and utilization of those resources (Van Valkenburgh, 1991).This phenomenon has been 

described in captive carnivores, who only exploit in-bone nutrients by deleting or fracturing 

bones during periods of fasting relative to their, normally, abundant food supply (Faith et al., 

2007). Of course, an unfortunate reality of studying feeding behaviors and gross bone damage 

caused by extinct taxa is that these ecological shifts can be unpredictable at the scales of interest, 

and heavily obscured by unrelated taphonomic processes. Therefore, inferential approaches using 

qualitative and anecdotal evidence based on the analysis of paleontological and 

zooarchaeological assemblages have been popular in creating models of extinct carnivore 

feeding (Blasco et al., 2011; Muttart et al., 2017).  

2.4.1  Gnawing Patterns & Gross Bone Damage  

 Relationships between specific carnivore taxa and their mechanical ability to enact gross 

bone damage has been establishing through quantitative approaches that control prey body size 

(Parkinson et al., 2015; Pobiner et al., 2007; Pobiner & Blumenschine, 2003). These 

experiments, conducted primarily with fully fleshed carcasses, model early-access predatory 

behavior, and do not successfully manufacture the conditions of late-access scavenging. 

Additionally, the influence of prey body size on gross bone damage is not well documented 

when scavenging beyond Blumenschine’s (1988) work investigating carcass acquisition 

sequences. Some work suggests that prey body size is a significant predictor of bone deletion and 

damage as small epiphyses, particularly of relatively small prey, would be swallowed whole 

while large epiphyses would not (Marean & Spencer, 1991). Therefore, the ratio of epiphysis to 

shaft fragments in zooarchaeological assemblages may be indicative of the degree of carnivore 

https://www.zotero.org/google-docs/?6XGlZ5
https://www.zotero.org/google-docs/?V46Qvm
https://www.zotero.org/google-docs/?V46Qvm
https://www.zotero.org/google-docs/?yAZd3s
https://www.zotero.org/google-docs/?TzYcpD
https://www.zotero.org/google-docs/?GNw4xM
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ravaging – yet the degree to which this is reliable is heavily dependent on prey body size, degree 

of competition, and resource scarcity (Marean & Bertino, 1994; Marean & Spencer, 1991).  

 Biomechanical traits that determine a carnivore’s maximum gross damage potential can 

be assessed alongside actualistic studies of modern carnivore bone damage patterns and used to 

predict skeletal part profile patterns of analogous extinct carnivores. Higher predicted bite forces 

relative to non-durophagous carnivores, as inferred from biomechanical interpretations, can 

inform analyses of the possible range of bone damage that extinct carnivores would have been 

capable of producing. Durophagous carnivores with high bite forces are expected to produce 

extensive shaft fragmentations, epiphyseal destruction, and high degrees of bone deletion 

(Binford et al., 1988; Cruz-Uribe, 1991; Lansing et al., 2009; Monahan, 1999). In contrast, non-

durophagous felids typically exhibit limited shaft fragmentation, preserve epiphyses more 

frequently, and prioritize flesh consumption over marrow extraction (Marean & Spencer, 1991; 

Parkinson et al., 2015; B. Pobiner, 2008).  

 When applied to the Friesenhahn Cave assemblage, these expectations provide an 

additional line of evidence for evaluating accumulating agent likelihood. The assemblage 

exhibits relatively low levels of shaft fragmentation and limited epiphyseal destruction (Evans & 

Meade, 1961; R. W. Graham, 1976), patterns inconsistent with intensive bone-crushing 

behaviors characteristic of carnivores such as A. dirus (dire wolf) or A. simus (giant short-faced 

bear) (R. Graham et al., 2013; Marean & Ehrhardt, 1995). Instead, the preservation of long bone 

shafts and epiphyses aligns with expectations for a flesh-specialist felid (R. Graham et al., 2013; 

Marean & Ehrhardt, 1995). Based on biomechanical reconstructions and the absence of 

morphological adaptations associated with bone crushing, H. serum would be predicted toe 

exhibit relatively low gross bone damage profiles and limited marrow exploitation (Antón et al., 

https://www.zotero.org/google-docs/?ouwixt
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2004, 2014; Christiansen, 2013; DeSantis et al., 2021). Thus, gross damage patterns at 

Friesenhahn are more consistent with accumulation by a non-durophagous felid such as H. serum 

than by bone-crushing carnivores, strengthening the interpretation that the assemblage represents 

primarily Homotherium-mediated accumulation (R. Graham et al., 2013; Marean & Ehrhardt, 

1995). 

 The energetic and mechanical constraints of bone and in-bone nutrients can further 

inform characterization of feeding behavior and flesh availability. Bone density, which correlates 

with prey size class, influences a carnivore’s ability to destroy specific skeletal elements (Lam et 

al., 1999; Lyman, 1994b; Marean & Spencer, 1991). This approach, which integrates 

biomechanical constraints and prey bone density, can be used to assess minimum and maximum 

bone damage potentials and isolate likely carnivorous agents based on skeletal part profiles 

(Pobiner et al., 2007). Modern felids, for example, leave substantial flesh on size 3 and 4 

carcasses, but leave almost no scavengable material on size 1 & 2 carcasses (Pobiner et al., 

2007). Given that juvenile mammoths represent size 4-5 prey classes (R. J. Blumenschine, 

1986a; DeSantis et al., 2021; R. Graham et al., 2013; B. Pobiner, 2008), predictions derived from 

modern felid models are consistent with limited bone destruction and selective transport of high-

utility elements at Friesenhahn. While overlap in bite force among carnivores limits the 

taxonomic precision of gross damage patterns alone, the observed damage profiles at 

Friesenhahn align most closely with expectations for a large, non-durophagous felid.  

2.4.2  Tooth Mark Morphology & Frequency 

 The distribution and frequency of tooth marks on bone have been used to infer carcass 

consumption sequences (Blumenschine, 1986, 1995) and to infer carnivorous agents from 

feeding traces (Egeland et al., 2004). These studies are more applicable to certain carnivore 

https://www.zotero.org/google-docs/?RJLk8E
https://www.zotero.org/google-docs/?RJLk8E
https://www.zotero.org/google-docs/?f44C8a
https://www.zotero.org/google-docs/?7nPniC
https://www.zotero.org/google-docs/?7nPniC
https://www.zotero.org/google-docs/?j6lR1I
https://www.zotero.org/google-docs/?pAveJF
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clades than others – for example, hyaenids leave relatively high proportions of tooth marked 

shafts/epiphyses compared to other carnivores such as leopards or jackals that are less likely to 

utilize in-bone nutrients and are therefore less likely to leave traces on bone shaft fragments 

(Pobiner et al., 2007). However, tooth mark distribution and frequency alone are unreliable in 

inferring which taxa are responsible for skeletal part profiles or feeding traces, as there is 

significant overlap between taxa (Pobiner et al., 2007).  

 Previous quantitative approaches measure the length and width of tooth pits and scores 

from 2D digital images. These techniques displayed trends between carnivores, but showed no 

statistical distinguishability, and indicated only a weak correlation between carnivore body size 

and tooth mark size  (Delaney-Rivera et al., 2009; Domı́nguez-Rodrigo & Piqueras, 2003; 

Selvaggio & Wilder, 2001a). Thus, tooth mark size and morphology can provide a means to 

differentiate between large and small carnivores. Unfortunately, the large overlap between tooth 

mark morphologies analyzed using 2D methods is insufficient for taxonomic classification.  

 Especially when dealing with extinct taxa, a biomechanical approach can help bridge the 

gap between the effects of overall bite force and tooth mark morphology. It can be assumed that 

carnivores with stronger bite force would leave behind larger tooth marks, but this assumption 

fails to address the correlation between tooth mark morphology and body size, and the lack of 

correlation between body size and relative bite force. Therefore, biomechanical reconstructions 

of extinct carnivores can assist in connecting potential actors to skeletal part profiles and 

individual tooth marks found in the archeological and paleontological records. However, more 

definitive identification must rely on quantitative methods to accurately identify distinct 

carnivore taxa.  

2.6  Quantitative Advances in BSM Analysis  

https://www.zotero.org/google-docs/?uv2eVi
https://www.zotero.org/google-docs/?ceihkC
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Traditional BSM studies relied heavily on qualitative description and two-dimensional 

measurements of mark length and width. However, substantial overlap in these metrics across 

carnivore taxa, along with weak correlations between body size and mark dimensions, has 

limited the taxonomic resolution achievable through 2D approaches (Delaney-Rivera et al., 

2009; Domínguez-Rodrigo & Piqueras, 2003; Selvaggio & Wilder, 2001). These limitations have 

prompted increasing emphasis on quantitative and high-resolution analytical methods capable of 

capturing micromorphological variation beyond linear dimensions. 

 Early efforts to move beyond linear measurements focused one expanding the range of 

quantitative variables derived from experimental and actualistic datasets. These approaches 

emphasized the integration of multiple lines of evidence, including mark morphology, frequency, 

and anatomical distribution, to improve identification of modifying agents (Delaney-Rivera et 

al., 2009; Domínguez-Rodrigo & Piqueras, 2003; Selvaggio & Wilder, 2001). Rather than 

relying exclusively on mark length and width, this work incorporated comparative experimental 

frameworks and statistical evaluation of patterned variation in BSM, including the distribution 

and frequency of marks across skeletal elements, as demonstrated in experimental and actualistic 

assemblages (Domínguez-Rodrigo et al., 2021). These analyses show that BSM are not randomly 

distributed but instead reflect structured behavioral and biomechanical process during carcass 

consumption (Domínguez-Rodrigo et al., 2021), requiring multivariate and pattern-based 

approaches for reliable interpretation. This shift toward statistically informed comparison 

provided the foundation for subsequent morphometric and computational methods (Courtenay et 

al., 2019; Domínguez-Rodrigo et al., 2024).  

 Building on these multivariate and statistically informed frameworks, geometric 

morphometric (GM) approaches have been applied to improve the characterization and 
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classification of carnivore tooth marks (Arriaza et al., 2017; Courtenay et al., 2019). By 

emphasizing the shape variation rather than simple linear dimensions, these methods provide a 

means of comparing tooth mark morphology across taxa in a statistically explicit manner 

(Courtenay et al., 2019). This approach improved the ability to distinguish among carnivore 

agents in cases where mark size alone is insufficient, while also contributing to reducing 

equifinality through the incorporation of shape-based comparisons. When combined with 

multivariate statistical analyses and classification frameworks, GMs represent a refinement of 

earlier quantitative approaches, extending their ability to discriminate among overlapping 

modification signatures (Arriaza et al., 2017; Courtenay et al., 2019).    

 In parallel with these developments, computer vision (CV) approaches have extended 

quantitative analysis by shifting from manually defined variables to image-based feature 

extraction from standardized photographs of BSM. These methods utilize large experimental 

image datasets, in which tooth marks are recorded under controlled conditions and analyzed to 

identify patterns in texture, shape and pixel intensity that can be used for classification. By 

reducing reliance on user-defined measurements, CV approaches increase analytical 

reproducibility while enabling more automated classification frameworks (Domínguez-Rodrigo 

et al., 2024). Applications of these methods demonstrate the capacity to distinguish among 

multiple carnivore taxa, with classification performance influenced by image standardization, 

dataset composition, and the representation of variation within experimental samples 

(Domínguez-Rodrigo et al., 2024).  

 More recently, these image-based approaches have been further developed through the 

application of deep learning (DL) and related artificial intelligence (AI) methods. These 

approaches employ neural network architectures to learn feature representations directly from 
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image datasets, allowing classification without the need for explicit variable definition 

(Domínguez-Rodrigo et al., 2020, 2025). In doing so, they extend earlier computational 

frameworks by increasing the degree of automation in identifying BSM.  However, their 

performance remains strongly dependent on dataset size, class balance, and image quality – all of 

which influence model generalization and classification accuracy (Domínguez-Rodrigo et al., 

2025). Methodological refinements, including cross-validation and data augmentation strategies, 

have been introduced to address these limitations and improve model robusticity when working 

with experimental datasets (Domínguez-Rodrigo et al., 2025).  

Alongside these developments, three-dimensional surface analysis, including non-contact 

profilometry, provides a complementary approach for quantifying BSM at high resolution. This 

method captures aspect of mark morphology, including depth and surface topography, that are 

not accessible through 2D or image-based approaches (T. Keevil et al., 2026; Muttart et al., 

2017; Pante et al., 2017a). These data allow for standardized measurement of mark form and 

facilitate quantitative comparison among experimental and fossil samples (T. Keevil et al., 

2026). As such, 3D methods extend existing framework by incorporating additional aspects of 

micromorphological variation that may contribute to improved discrimination among 

modification types.  

Despite these advances, including application of morphometric and computational 

approaches to taxonomic classification, resolving actor-level variation among carnivores remains 

difficult. Recent studies demonstrate that GM, CV, and DL can distinguish among extant taxa 

under controlled conditions (Arriaza et al., 2017; Courtenay et al., 2019; Domínguez-Rodrigo et 

al., 2024, 2025), but these approaches are typically based on modern experimental datasets and 

image-derived representations of mark morphology. The extent to which high-resolution 3D 
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surface data can improve identification at finer taxonomic scales, particularly for fossil taxa 

lacking direct modern analogs, is less well established. This is especially relevant for 

Machairodonts, which exhibit distinct cranio-dental morphology that may produce 

micromorphological patterns not fully captures by existing approaches. Evaluation whether 3D 

surface metrics derived from photogrammetric data can distinguish H. serum tooth marks 

therefore represent a useful extension of current quantitative methods.  
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CHAPTER 3 MATERIALS AND METHODS 
 

3.1  Sample Composition 

 

Table 3.1) Summary of prey species and mark distribution included in this study.  

Common Name Scientific Name Number of Tooth Marks 

Mammoth Mammathus columbi 38 

Bovid Bison antiquus 13 

Dire Wolf Aenocyon dirus 13 

Scimitar-toothed cat Homotherium serum 34 

Total  98 

 

This study analyzes fossil BSM (n = 98) recovered from the Friesenhahn Cave 

assemblage (table 1.1). These marks occur on mammoth (n = 38), bovid (n = 13), canid (n = 13), 

and H. serum (n = 34) remains. The assemblage dates to ~19 ka and has historically been 

interpreted as a carnivore-accumulated deposit.  

 To evaluate the micromorphological distinctiveness of these fossil marks, they were 

compared to an experimentally produced comparative database of BSM (Keevil et al., 2026). 

This database (n = 958) includes stone-tool cut marks (n = 405), percussion marks (n = 88), 

trample marks (n = 130), and tooth marks (n = 275) produced by extant carnivores under 

actualistic and experimental conditions. The database was developed using standardized 3D 

profilometry and measurement protocols and has been previously validated using machine 

learning classification approaches (Keevil et al., 2026). All fossil marks were processed using the 

same scanning and measurement protocol as the experimental database to ensure methodological 

consistency.  

3.2  3D Surface Acquisition and Micromorphological Measurement 
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 All fossil BSM were documented using high-resolution 3D surface profilometry. Surface 

scans were collected using a Sensofar S neox optical profilometer equipped with a 5x objective 

lens. Scanning parameters were standardized to ensure direct comparability with the 

experimentally produced comparative database described in Keevil et al. (2026). Only scans 

achieving ≥95% surface acquisition were retained for analysis. When necessary, adjacent scans 

were stitched to capture the full morphology of individual marks.  

 Raw surface files were processed in MountainsMap® software using the same filtering 

and preparation process applied to the experimental dataset. Processing steps included the 

removal of measurement outliers, mirroring along the z-axis where required, surface leveling, 

and form removal excluding the modified region itself (see Pante et al., 2017 for details). 

Extraneous surface texture was eliminated to isolate the mark from the surrounding, unmodified, 

bone. The modified region was then extracted for analysis.  

 

a) b) 
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Figure 3.1) (a) shows the unprocessed scan of mark 933-2933-2a. (b) shows the processed or 
cleaned version of mark 933-2933-2a. To go from (a) to (b), the mark must be mirrored along the 
z-axis, have outlying points removed, rotated to meet the y-axes, have the form removed from 
extraneous surface texture, have the area of the actual mark extracted, and be retouched, using a 
thresholding tool, to account for any artificial holes or peaks due to stubborn dirt. The color scale 
indicates depth (µm).  
 

 From each processed surface, a standardized set of micromorphological variables were 

extracted. These measurements capture both three-dimensional surface morphology and two-

dimensional cross-sectional geometry. 3D variables included volume of removed material (µm3), 

maximum depth (µm), mean depth (µm), maximum length (µm), and maximum width (µm). 2D 

profile variables were derived from a standardized sagittal cross-section taken through the 

deepest point of the mark and included profile area (µm2), profile maximum depth (µm), profile 

maximum width (µm), shoulder angle (xº), and radius of curvature (µm). Together, these 

variables quantify mark size, penetration depth, internal geometry, and overall shape.  

 Profile extraction followed a standardized protocol. The deepest point of each mark was 

identified, and a sagittal transect was generated perpendicular to the long axis of the 

modification. The resulting profile was isolated from surrounding surface texture and used to 

calculate area, maximum depth, maximum width, angle, and radius metrics (Fig. 3.2).  

3.3  Statistical Analysis 

 All statistical analyses were conducted in R version 4.4.3 (R Core Team, 2024) using 

base R functions and the packages ggplot2 (Wickham, 2016), dplyr (Wickham et al., 2023), tidyr 

(Wickham & Girlich, 2025), randomForest (Liaw & Wiener, 2002), vegan (Oksanen et al., 

2022), MVN (Korkmaz et al., 2014), and caret (Kuhn, 2008). Fully annotated R code is provided 

in the supplementary materials (see Supplementary Section #). 
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Figure 3.2) (a) Visualization of the “volume of a hole” tool utilized on mark 933-2933-2a. 
White points indicate the analytical boundary placed by the researcher. The corresponding 
parameters table is detailed in µm units to the left of the mark 933-2933-2a. (b) Visualization of 
the sagittal section through the deepest point of mark 933-2933-2a, allowing for 2D profile 
measurements. (c) Visualization of the angle and radius measurement tool.  
 

To address the overarching aims of this thesis, statistical analyses were structured to evaluate 

three primary questions:  

1. whether Friesenhahn marks classify as a specific BSM agent (cut, percussion, carnivore 

tooth, or trample); 

2.  whether Friesenhahn tooth marks are morphologically distinct from extant mammalian 

carnivore taxa;  

3. and whether tooth mark morphology varies among taxa represented within the 

Friesenhahn fossil assemblage, with specific attention to mammoth versus non-mammoth 

remains. 

a 

 

b 

c 
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To evaluate the micromorphological distinctiveness of H. serum tooth marks relative to extant 

carnivore taxa, group-level summary statistics (mean, median, and standard deviation) were 

calculated for 12 micromorphological variables within each taxonomic class included within the 

comparative sample. Because several variables exhibited strong right skew and spanned multiple 

orders of magnitude, log10 scaling was applied to visualization axes (except for angular 

measurements) to improve interpretability; raw values were retained for all inferential tests.  

 To formally test for differences between sabertooth and extant carnivore marks, extant 

taxa were pooled into a single comparison group and evaluated using Wilcoxon rank-sum 

(Mann-Whitney U) tests, a non-parametric alternative appropriate for non-normal and unevenly 

distributed data (Hart, 2001). Given multiple comparisons across 12 variables, p-values were 

adjusted using the Holm method to reduce the likelihood of false positives (Eichstaedt et al., 

2013). In addition to statistical significance, effect sizes (r) were calculated to quantify the 

strength of separation between groups (Fiel Peres, 2025), and were interpreted as small (~0.1), 

moderate (~0.3), or large (≥0.5) (Fiel Peres, 2025).  

 To evaluate whether prey taxon influences BSM morphology within the Friesenhahn 

assemblage, marks were grouped as mammoth or non-mammoth based on the associated taxon. 

Multivariate normality of the dataset was assessed using Madria’s test of multivariate normality 

implemented in the MVN package. Because the dataset did not meet the assumptions of 

multivariate normality, differences between groups were evaluated using a permutational 

multivariate analysis of variance (PERMANOVA) based on Euclidean distance matrices 

implemented in the vegan package. Prior to PERMANOVA, homogeneity of multivariate 

dispersion (PERMDISP) was tested to determine whether group differences were influenced by 

unequal within-group variability. To visualize the distribution of marks in multivariate space, a 
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principal component analysis (PCA) was conducted on standardized variables. PCA was used 

only as an exploratory visualization tool to illustrate the degree of overlap between mammoth 

and non-mammoth marks.   

Random Forest (RF) models were implemented using the randomForest function (Liaw 

& Wiener, 2002). RF is an ensemble classification method that constructs multiple decision trees 

using bootstrap resampling of the training data and random subsets of predictor variables at each 

node, with final classifications determined by majority vote across trees. All 12 

micromorphological variables were included as predictors without transformation. Forests were 

constructed using 1000 trees with default hyperparameter settings. Where class sample sizes 

were unequal, prior class weights were specified as uniform to mitigate bias toward larger 

groups. 

Model performance was estimated using stratified 10-fold cross-validation. For each fold, 

models were trained exclusively on the training subset and evaluated on a held-out test subset. 

Predictions were aggregated across folds to generate confusion matrices and calculate 

classification accuracy estimates. In addition, out-of-bag (OOB) error rates were recorded for 

each model as an internal estimate of classification error. Variable importance was assessed 

using the mean decrease in Gini impurity, which quantifies the contribution of each predictor 

variable to model performance.   

 Two RF classification structures were implemented. First, a multiclass model was trained 

using the experimentally produced comparative BSM database to classify marks as cut, 

percussion, carnivore tooth, or trample, and was subsequently applied to the Friesenhahn 

assemblage with the fossil marks treated as unknowns. Second, multiclass RF models were 

trained using tooth marks produced by African wild dog, brown bear, African lion, spotted 
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hyena, striped hyena, grey wolf, and the Friesenhahn sample, allowing evaluation of whether 

sabertooth marks classify with any extant carnivore taxon.  
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CHAPTER 4 RESULTS 

 

4.1  Assessment of Univariate Metrics and Summary Statistics 

 Summary statistics for the Friesenhahn Cave BSM sample are presented in Tables 

4.1 and 4.2. Across the measured variables, the fossil sample exhibits substantial variability, with 

broad distributions evident in several metrics. Median values are consistently lower than the 

means, particularly for surface area, volume, and maximum length, indicating positively skewed 

distributions rather than symmetry (Table 4.1).  

Table 4.1) Summary statistics of 3D measurements of Friesenhahn Cave BSM. Mean, median, 
and standard deviation of volumetric measurements extracted from 3D surface models of 
Friesenhahn BSM 

 3D Measurements 

 Surface 

Area (µm2) 

Volume 

(µm3) 

Maximum 

Depth 

(µm) 

Mean 

Depth 

(µm) 

Maximum 

Length 

(µm) 

Maximum 

Width 

(µm) 

Mean 8.51 x 106 2.56 x 109 443.35 218.7 4677.72 2456.17 

Median 5.31 x 106 9.84 x 108 359.06 180.29 3192.08 2047.63 

Standard 

Deviation 
1.11 x 107 5.27 x 109 301.64 147.49 4279.20 1479.32 

 
 Mean volume measured 81.61 µm³, while maximum depth and mean depth averaged 7.17 

µm and 4.48 µm respectively (Table 4.1). Maximum length and maximum width averaged 9.27 

µm and 10.32 µm. Standard deviations are large relative to central tendency across all 3D 

variables, reflecting considerable dispersion within the sample.  

Table 4.2) Summary statistics of 2D measurements of Friesenhahn Cave BSM. Mean, median, 
and standard deviation values for measurements derived from standardized sagittal cross-sections 
of each mark.  
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 2D Measurements 

 Max Depth 

(µm) 

Area 

(µm2) 

Width 

(µm) 

Roughness 

(Ra) 

Angle 

(º) 

Radius 

(µm) 

Mean 439.18 7.10 x 105 2472.77 47.82 141.89 3827.65 

Median 336.90 3.85 x 105 2042.26 9.57 146.49 2118.29 

Standard 

Deviation 
337.65 8.55 x 105 1578.41 3.63 19.21 5974.32 

 
 Two-dimensional profile variables show broadly comparable patterns, although 

substation variability is present across several measures. Distributions are generally 

characterized by median values that fall below the means, particularly for area and radius 

measurements, indicating positive knew in these variables. Variability is high across most 

measures, as reflected in large standard deviations relative to central tendency, suggesting broad 

distribution rather than tightly clustered values (Table 4.2). 

4.2  RF Classification of Modification Agent  

 RF results show that the majority of the Friesenhahn BSM identify as carnivore tooth 

marks when treated as unknown samples and compared to the experimental database.  Of the 98 

analyzed marks, 83 were classified as carnivore tooth marks (85%) (Table 4.3). Percussion 

marks were the most common misclassification representing 73% of misclassified marks. 

Misclassifications occur among the other modification types but represent a small proportion of 

the total sample.  

Table 4.3) RF classification of Friesenhahn BSM by agent category. Counts of Friesenhahn 
marks classified as broad agents included in the experimental database. Friesenhahn marks were 
treated as a fossil sample with a, hypothetically, unknown agent for this analysis. Overall 
classification for this model was ~75% based on prior validation of the experimental dataset 
(Keevil et al., 2026).  
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Classification 

 

Count 

Cut 3 

Percussion 11 

Tooth 83 

Trample 1 

Total 98 

 

 
4.3 Prey Taxon Effects on Tooth Mark Morphology  

  The Friesenhahn marks occur on multiple prey taxa within the assemblage, including 

mammoth and non-mammoth specimens (Table 3.1). Multivariate dispersion does not differ 

significantly between mammoth and non-mammoth marks (PERMDISP: F = 2.75, p = 0.102). 

The spread of observations within each group is therefore statistically comparable.  

 No significant multivariate difference is detected between tooth marks recovered from 

mammoth and non-mammoth fossils across the combined set of measured variables 

(PERMANOVA: F = 0.67, R2 = 0.00695, p = 0.58). These results indicate that the measured 

variables do not differ significantly between prey categories within the Friesenhahn assemblage.  

 In multivariate space, mammoth and non-mammoth marks occupy largely overlapping 

regions of morphospace. The ordination plot shows substantial overlap between the two prey 

categories (Figure 4.1).  
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Figure 4.1) PCA of Friesenhahn tooth marks group by prey taxon. PCA ordination of 
Friesenhahn tooth marks based on standardized micromorphological variables. Points represent 
individual tooth marks and are colored by prey category (mammoth vs. non-mammoth). Ellipses 
indicate 95% confidence intervals for each group.  
 
4.4 Distinguishability from Extant Carnivore Tooth marks  

4.4.1 Univariate Comparisons  

Significant differences occur between H. serum tooth marks and pooled extant carnivore 

tooth marks across most measured micromorphological variables (Table 4.4). Directional 

differences are most pronounced in variables describing mark depth and volumetric 

displacement. H. serum tooth marks exhibit greater values for 3D mean depth, 3D maximum 

depth, and 2D maximum depth relative to extant carnivore tooth marks (Table 4.4). Similarly, 

variables describing mark volume and profile area are larger in H. serum tooth marks.  
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Table 4.4) Wilcoxon rank-sum test results comparing H. serum and extant carnivore tooth marks. Test statistics, p-values, Holm-
adjusted p-values and effect size estimates (r) for comparisons between H. serum tooth marks and pooled extant carnivore tooth marks 
across measured variables. Ra indicates the roughness measurement. Statistically significant P-values are indicated as follows: * < 
0.05, ** < 0.01, *** < 0.001.  
 

  

Differences are also observed in variables describing mark size and geometry. H. serum tooth marks show greater values in 3D 

volume, 2D area, and width measurements compared to extant carnivore samples. In contrast, angular measurements show 

comparatively smaller differences between groups, with lower effect size estimates relative to other variables (Table 4.4; Fig. 4.3). 

Effect size estimates are largest for depth related variables, followed by volume and area measurements, while variables such as radius 

and angle exhibit comparatively smaller effect sizes (Table 4.4; Fig. 4.3). Distributions of these variables show separation in central 

tendency between H. serum and extant carnivore tooth marks, with partial overlap across several variables (Fig. 4.2). 

Variable 3D 

mean 

depth 

3D 

max. 

depth 

2D 

max. 

depth 

2D area 3D 

volume 

3D 

max. 

width 

2D 

width 

Ra Surface 

area 

Radius 3D 

max. 

length 

Angle 

W 2314 3081 3420 3692.5 3975 4625 4793 5350 5912.5 7789 8685 13975 

P-value *** *** *** *** *** *** *** *** *** *** ** *** 

P-adjusted *** *** *** *** *** *** *** *** *** *** ** *** 

Effect Size r -0.986 -0.93 -0.905 -0.884 -0.863 -0.815 -0.803 -0.762 -0.72 -0.581 -0.515 -0.123 
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Figure 4.2) Distribution of micromorphological variables for H. serum and extant carnivore 
tooth marks. Boxplots showing the distribution of 3D and 2D measurements for H. serum tooth 
marks from the Friesenhahn assemblage and pooled extant carnivore tooth marks from the 
experimental dataset. Boxes represent interquartile ranges with median lines, and whiskers 
extend to 1.5x the interquartile range. X-Axes are shown on a log10 scale for variables spanning 
multiple orders of magnitude.  
4.4.2) RF Classification of Carnivore Taxa  

 H. serum tooth marks are most frequently classified as H. serum when evaluated 

alongside tooth marks produced by extant carnivore taxa. Within the Friesenhahn sample, 71/98 

(72%) marks are classified as H. serum.  The Friesenhahn marks were most commonly confused 

for those created by spotted hyena (n = 12), and African Lion (n = 8) (Table 4.5).
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Figure 4.3) Effect size estimates for comparisons between H. serum and extant carnivore tooth 
marks. Effect sizes (|r|) calculated from Wilcoxon-rank-sum tests comparing H. serum tooth 
marks with pooled extant carnivore tooth marks across measured variables. Variables are ordered 
by effect size magnitude.  
 

Misclassification occurs among several carnivore taxa within the broader dataset. Among 

the comparative carnivore tooth marks, 36/325 (~11% confusion) marks produced by extant 

species classified as Homotherium. Overall model accuracy for this classification framework is 

approximately 47%. Representative examples of variation in Homotherium tooth mark 

morphology, including both pits and elongated scores, are shown in Figure 4.4. 

Table 4.5) RF classification of H. serum and extant carnivore tooth marks. Confusion matrix 
showing observed and predicted classification for H. serum and extant carnivore tooth marks 
generating using a 10-fold cross-validated RF model. The overall classification accuracy of this 
model is ~47%.  
 

Effect Size (|r|) for H. serum vs Extant Carnivores 



45 

 

 Predicted 
A

ct
u

a
l 

Sample Taxon Striped 

hyena  

Spotted 

hyena  

H. 

serum 

Grey 

wolf  

Brown 

bear  

African 

lion  

African 

wild dog 

30 Striped 

hyena 

4 8 6 2 5 4 1 

59 Spotted 

hyena 

5 16 16 7 1 12 2 

98 H. 

serum 

0 12 71 0 5 8 2 

32 Grey 

wolf 

0 15 3 6 0 5 3 

28 Brown 

bear 

4 2 6 0 15 1 0 

58 African 

lion 

2 6 3 5 0 38 4 

28 African 

wild dog 

1 5 3 5 1 5 8 
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Figure 4.4) Representative variation in H. serum tooth marks from the Friesenhahn Cave 
assemblage shown as 3D surface models: a) elongated score (933-2741-1a), b) short score with 
associated shallow pit (933-1657-a-b), c) a shallow pit (933-3386), and d) a deep pit (933-7776-
3a)
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CHAPTER 5 DISCUSSION 
 

 

5.1 Identification of the Friesenhahn Marks as Carnivore Tooth marks  

  The first objective of this study was to evaluate whether the BSM observed in the 

Friesenhahn Cave assemblage correspond to known modification agents. The agent level RF 

model results provide strong support for interpreting the Friesenhahn marks as carnivore feeding 

traces. When treated as BSM with an unknown agent, the majority of marks were classified as 

carnivore tooth marks (85%; Table 4.3), indicating that the micromorphological characteristics 

of the fossil sample align most closely with carnivore-generated BSM.  

 This result is particularly important given the long-recognized problem of equifinality in 

BSM analysis, where multiple processes can produce superficially similar traces on bone 

surfaces (Behrensmeyer et al., 1986; Domínguez-Rodrigo et al., 2009; T. Keevil et al., 2026). 

The classification patterns observed here indicate that the Friesenhahn marks fall within the 

broader morphometric range expected for carnivore tooth marks when evaluated with an 

experimentally grounded comparative framework. These marks can, therefore, be confidently 

interpreted as carnivore-generated, with their attribution to H. serum being further supported by 

the assemblage’s taxonomic composition, demographic structure, skeletal part representation, 

and previously documented BSM patterns (Section 2.3) identifying it as the primary modifying 

agent.  

5.2  Distinguishability of H. serum Tooth marks from Extant Carnivores  

 Although the Friesenhahn marks clearly fall within the broader category of carnivore-

mediated bone damage, comparisons with extant carnivore tooth marks demonstrate that H. 

serum marks are quantitatively distinct across multiple micromorphological variables (Table 

4.4). Univariate analyses reveal statistically significant differences between H. serum and pooled 
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extant carnivore tooth marks for nearly all measured variables (Table 4.4), with the strongest 

separation observed in depth and volume-related metrics. Specifically, H. serum tooth marks are 

consistently deeper and exhibit greater volumetric displacement and profile area than those 

produced by extant carnivores, indicating systematic differences in mark penetration and internal 

geometry.  

 These differences are not limited to a single variable but occur across multiple 

independent measurement, including 3D depth, 2D depth, volume, and area. The magnitude of 

these differences, reflected in large effect size estimates, demonstrates that H. serum tooth marks 

occupy a distinct region within the broader range of carnivore-generated micromorphological 

variation. While some overlap is present, the overall pattern is one of consistent directional 

separation rather than complete morphological convergence.  

 RF classification results further support this interpretation. H. serum toothmarks are 

correctly classified in 71 of 98 (72%) casers when evaluated alongside extant carnivore taxa 

(Table 4.5). Misclassification occurs in 27 cases (28%), with the majority of confusion 

concentrated among spotted hyena (n = 12) and African lion (n = 8). Notably, this level of 

classification accuracy exceeds that observed for several extant carnivore taxa within the same 

model (Table 4.5), with only the African lion approaching comparable classification success 

(~66% accuracy) (Table 4.5).   

 The concentration of misclassification among a limited subset of taxa indicates that H. 

serum tooth marks are not broadly indistinguishable from all carnivores but instead show 

structures similarity to particular taxa while remaining distinct overall. This pattern contrasts 

with previous studies that have emphasized substantial morphological overlap among carnivore 
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tooth marks and limited taxonomic resolution based on mark morphology alone (Delaney-Rivera 

et al., 2009; Domínguez-Rodrigo & Piqueras, 2003; Selvaggio & Wilder, 2001 

 Taken together, these results demonstrate that H. serum tooth marks exhibit a unique and 

quantifiable micromorphological signature within carnivore-generated BSM. Although complete 

separation among carnivore taxa is not achieved, the combination of strong statistical 

differences, large effect sizes, and relatively high classification accuracy indicates that sabertooth 

tooth marks are more distinct that previously suggested and can be differentiated from extant 

carnivore tooth marks with a meaningful degree of reliability.  

5.3  Effects of Prey Taxon on Toothmark Morphology  

 This study also evaluated whether tooth mark morphology varies among prey taxa 

represented within the Friesenhahn assemblage. Comparisons between marks associated with 

mammoth and non-mammoth remains reveal no significant differences (PERMANOVA: F = 

0.67, R2 = 0.07, p = 0.58), indicating that prey taxon explains >1% of the observed variation in 

toothmark morphology. Tests of multivariate dispersion were also non-significant (PERMDISP: 

F = 2.75, p = 0.10), suggesting that differences between groups were not driven by unequal 

within-group variability.  

 In multivariate space, mammoth and non-mammoth marks occupy largely overlapping 

regions of morphospace (Fig. 4.1). This overlap indicates that differences in prey substrate do 

not strongly influence the micromorphological characteristics of the tooth marks within the 

Friesenhahn assemblage. One possible explanation for this pattern is that the marks analyzed 

here likely represent the feeding traces produced by a single dominant carnivore taxon. As 

previously established, Friesenhahn Cave has long been interpreted as a H. serum den (Graham 

et al., 2013; Marean & Ehrhardt, 1995). If multiple carnivores were occasionally present at the 
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site, H. serum was nevertheless likely responsible for the most feeding events on the juvenile 

mammoths that characterize the assemblage.  

 Under this interpretation, the tooth marks analyzed here can be reasonably attributed to 

H. serum. The absence of morphological differences between marks occurring on mammoth and 

non-mammoth specimens further supports the interpretation that these marks were produced by 

the same carnivore actor acting on multiple prey taxa within the assemblage. As a result, 

variation in toothmark morphology within the Friesenhahn sample likely reflects behavioral 

variability and contact mechanics during feeding events rather than differences in prey substrate.  

5.4  Implications for Sabertooth Feeding Behavior  

 Interpreting the Friesenhahn tooth marks within their ecological and taphonomic context 

provides an opportunity to consider how sabertooth feeding traces may be expressed in the fossil 

record. The analyses presented here indicate that the tooth marks attributed to H. serum are 

consistent with carnivore-generated BSM but do not form a singular, diagnostic 

micromorphological class when compared with extant carnivore tooth marks. Instead, 

Homotherium marks occupy the broader spectrum of carnivore-generated mark morphologies 

while exhibiting statistically distinct tendencies across several variables (Table 4.4). This pattern 

suggests that sabertooth feeding traces are shaped by the same fundamental contact mechanics 

that govern toothmark formation in other carnivores (Delaney-Rivera et al., 2009; Domínguez-

Rodrigo & Piqueras, 2003; Selvaggio & Wilder, 2001).  

 At the same time, the absence of a discrete H. serum toothmark signature likely reflect 

the behavioral and mechanical variability inherent in carnivore feeding. Tooth marks are 

produced through dynamic interactions between dental morphology, feeding behavior, carcass 

size and position, and bone surface properties. Even within a single carnivore species, these 
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factors can generate substantial morphological variation (Domínguez-Rodrigo et al., 2009; Pante 

et al., 2012). Under these conditions, it is not surprising that machairodont tooth marks overlap 

with those produced by extant carnivores despite notable differences in cranial morphology and 

predatory strategy.  

 These results suggest that Homotherium feeding traces do not require a distinct 

interpretive framework within zooarchaeology. Instead, they can be accommodated within 

existing carnivore-based models of BSM. Carnivore-level identification therefore remains 

sufficient for many interpretive questions related to carcass consumption and predator-scavenger 

dynamics in Plio-Pleistocene ecosystems (Blumenschine, 1986; Pobiner, 2015). Considered 

alongside the analytical results presented above, this interpretation highlights the broader utility 

of integrating fossil tooth marks into experimentally derived comparative frameworks. 

5.5  Implications for Quantitative BSM Analysis  

 The results of this study highlight an important distinction between identifying the agent 

responsible for a BSM and identifying the specific actor that produced that mark. In 

zooarchaeological and paleontological contexts, these levels of inference represent different 

analytical problems with different achievable resolutions. The analyses presented here show that 

the Friesenhahn marks can be confidently attributed to a carnivore modification agent. The RF 

classification results (Table 4.3; 4.5) demonstrate that the micromorphological characteristics of 

the fossil marks fall within the broader range expected for carnivore-generated BSM when 

evaluated within an experimentally grounded comparative framework. At this level of inference, 

quantitative analysis provides a reliable method for distinguishing carnivore tooth marks from 

other bone modifying agents.  
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 In contrast, identifying the specific carnivorous actor responsible for a mark remains 

substantially more challenging. Comparisons between H. serum tooth marks and those produced 

by extant carnivores reveal statistically distinct tendencies across several variables, but these 

differences to not combine to produce a singular, diagnostic, Homotherium toothmark 

morphology. Instead, H. serum marks occupy morphological space within the broader spectrum 

of carnivore-generated toothmark variation while retaining partial overlap with marks produced 

by multiple carnivore taxa. This pattern indicates that actor-level classification is constrained by 

the biological and behavioral processes that generate tooth marks rather than by limitations of the 

analytical methods themselves.  

 These results, therefore, clarify an important expectation for quantitative BSM studies. 

While experimentally derived datasets and machine learning classification approaches can 

successfully identify the processes responsible for many fossil marks, the ability to resolve the 

specific carnivorous actor responsible for those marks may remain inherently limited. This 

limitation reflects the shared contact mechanics of carnivore feeding and the substantial 

behavioral variability present within and among carnivore species. Experimental classification 

studies further contextualize this constraint, demonstrating that approximately 19-23% of 

carnivore tooth marks are misclassified as other modification types – most commonly as 

percussion marks (Keevil et al., 2026).  

This degree of overlap persists even under controlled experimental conditions, indicating 

that micromorphological similarity is an inherent feature of tooth-bone interactions rather than 

solely a product of fossilization of post-depositional processes. Simultaneously, it is important to 

recognize that the resolution of actor-level classification may vary depending on the employed 

analytical approach. Alternative methods may capture aspects of mark variation not fully 
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resolved by the variables used here. However, even as methodological approaches continue to 

advance, the results presented here suggest that biological and behavioral constraints will 

continue to limit the extent to which actor-level distinctions can be generalized across taxa and 

contexts, even when they may be achievable in well-constrained assemblages such as 

Friesenhahn Cave.  

 In this sense, the absence of a singular H. serum toothmark signature does not represent a 

failure of quantitative methods. Instead, it reflects a biologically meaningful resolution limit 

imposed by the processes that generate tooth marks. Recognizing this distinction between agent-

level and actor-level inference provides a more transparent framework for interpreting fossil 

BSM and clarifies the type of behavioral questions that quantitative BSM analysis can 

realistically address.  

  Within a middle-range theoretical framework (Binford, 1981), these findings 

demonstrate that fossil carnivore tooth marks can be integrated into experimentally derived 

comparative datasets while maintaining realistic expectations about the limits of taxonomic 

resolution. Although H. serum tooth marks can be evaluated within these frameworks, 

morphological overlap among carnivore taxa continues to constrain actor-level attribution. As a 

result, agent-level identification remains the most robust and informative scale of inference for 

interpreting carnivore feeding traces in the fossil record. 
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CHAPTER 6 CONCLUSION 

Distinguishing between the agents responsible for BSM remains a central challenge in 

zooarchaeology and taphonomy, particularly in assemblages shaped by interactions among 

carnivores, hominins, and post-depositional processes. While methodological advances have 

improved the identification of broad modification categories, resolving the specific carnivore 

responsible for tooth marks has historically been more difficult due to morphological overlap 

among taxa.  

The primary objectives of this thesis were to (1) determine whether H. serum tooth marks 

can be distinguished from those of extant carnivores using micromorphological variables, (2) 

evaluate whether sabertooth tooth marks can be differentiated from anthropogenic modifications, 

and (3) assess whether fossil carnivore tooth marks can be meaningfully integrated into 

experimentally derived comparative frameworks.  

The results demonstrate that H. serum tooth marks can be reliably identified as carnivore-

generated BSM, with minimal confusion between carnivore tooth marks and anthropogenic 

modifications. When evaluated using a RF classification model trained on experimentally 

produced marks, 83/98 Friesenhahn marks were classified as tooth marks, with very limited 

misclassification as cut (n = 3), percussion (n = 11), or trample marks (n = 1). This pattern 

indicates that quantitative 3D micromorphological approaches are effective for distinguishing 

modification agents in fossil assemblages, even when extinct taxa are involved.  

At the level of carnivore actor identification, H. serum tooth marks exhibit consistent and 

quantifiable differences from those produced by extant carnivores. Univariate analyses show that 

sabertooth tooth marks are systematically deeper an exhibit greater volumetric displacement and 

profile area than extant carnivore tooth marks, with large effect sizes across multiple variables. 
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These results demonstrate that H. serum tooth marks are not simply indistinguishable variants 

within a shared carnivore signal but instead reflect a distinct pattern of tooth-bone interaction. 

RF classification results further support this pattern of distinctiveness. H. serum tooth 

marks were correctly classified in 71 or 98 cases (72%) when evaluated alongside extant 

carnivore taxa. Misclassification occurred in 27 cases (28%), with the majority of confusion 

concentrated among spotted hyena (n = 12) and African lion (n = 8). This level of classification 

accuracy exceeds that observed for several extant carnivore taxa within the same model, with 

only the African lion approaching comparable classification success (~66%). The concentration 

of misclassification among a limited subset of taxa indicates structured similarity rather than 

generalized overlap across carnivores. Some degree of misclassification may also reflect 

limitations of the current modeling approach and comparative sample, rather than purely 

biological overlap among taxa.  

Together, these results demonstrate that Homotherium tooth marks exhibit a distinct and 

quantifiable micromorphological signature within carnivore-generated BSM. Although complete 

separation among carnivore taxa is not achieved, the combination of strong statistical 

differences, large effect sizes, and relatively high classification accuracy indicates that H. serum 

tooth marks can be distinguished from extant carnivore tooth marks with a meaningful degree of 

reliability. This pattern contrasts with earlier studies that emphasized substantial overlap and 

limited taxonomic resolution in carnivore tooth mark analysis (Delaney-Rivera et al., 2009; 

Dominguez-Rodrigo & Piqueras, 2003; Selvaggio & Wilder, 2001).  

Within a middle-range theoretical framework (Binford, 1981), these findings demonstrate 

that fossil carnivore tooth marks can be evaluated within experimentally derived comparative 

datasets without relying solely on contextual inference. The Friesenhahn Cave assemblage 
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represents a unique case in which the accumulating agent can be independently constrained, 

allowing direct evaluation of extinct carnivore tooth marks within a quantitative framework. In 

this context, the results provide a framework for evaluating fossil carnivore tooth marks in 

similarly well-constrained assemblages.  

More broadly, this study shows that quantitative micromorphological approaches can 

recover meaningful actor-level signal in at least some cases involving extinct carnivores. While 

classification is imperfect, the results presented here indicate that H. serum tooth marks are more 

consistently distinguishable than those of many extant carnivore taxa included in the comparative 

dataset. Thus, these findings clarify the extent to which extinct carnivore tooth marks can be 

quantitatively distinguished and demonstrate the conditions under which such distinctions are 

most reliable.  
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 APPENDIX A – BOX PLOT DISTRIBUTION OF UNIVARIATE MARK DATA: 
CARNIVORE TOOTH MARKS 

 

 

Figure A.1) Boxplot of 3D surface area for all carnivore tooth marks.  

 

Figure A.2) Boxplot of 3D max. depth for all carnivore tooth marks.  
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Figure A.3) Boxplot of 3D mean depth for all carnivore tooth marks.  

 

Figure A.4) Boxplot of 3D max. length for all carnivore tooth marks. 
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Figure A.5) Boxplot of 3D max. width for all carnivore tooth marks. 

 

Figure A.6) Boxplot of 3D volume for all carnivore tooth marks. 
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Figure A.7) Boxplot of 2D area for all carnivore tooth marks. 

 

Figure A.8) Boxplot of 2D max. depth for all carnivore tooth marks. 
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Figure A.9) Boxplot of 2D max. width for all carnivore tooth marks. 

 

Figure A.10) Boxplot of roughness for all carnivore tooth marks. 
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Figure A.11) Boxplot of angle for all carnivore tooth marks. 

 

Figure A.12) Boxplot of radius for all carnivore tooth marks. 
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APPENDIX B – RAW DATA FROM EXPERIMENTALLY PRODUCED CUT, PERCUSSION, AND TRAMPLE MARKS 

  3D Measurements 2D Measurements 

BSM 
Surface 

Area  
Volume 

Maximum 

Depth 

Mean 

Depth 

Maximum 

Length 

Maximum 

Width 

Maximum 

Depth 
Area Width Roughness Angle Radius 

Cut 2.26E+05 1.10E+06 20.2 4.9 1909.4 477.3 21.5 5.69E+02 43.3 0.7 79.7 19.5 
Cut 5.03E+05 8.26E+06 64.6 16.4 6905.2 168.6 77.8 4.07E+03 115.0 1.6 62.5 21.1 
Cut 1.20E+06 1.25E+07 43.6 10.4 13595.4 272.3 33.3 9.51E+02 52.4 1.7 62.2 22.9 
Cut 5.27E+05 1.95E+07 70.4 37.0 8674.3 137.6 44.3 1.42E+03 70.0 3.3 44.6 25.8 
Cut 6.02E+05 8.67E+06 47.1 14.4 12447.4 293.5 46.3 1.09E+03 70.0 2.0 78.0 34.2 
Cut 5.22E+05 8.18E+06 51.5 15.7 6364.7 229.6 51.8 2.08E+03 90.0 3.4 82.6 36.2 
Cut 4.81E+05 7.52E+06 47.0 15.6 8291.6 303.0 37.0 9.29E+02 80.0 2.5 89.3 36.9 
Cut 1.10E+05 1.72E+06 62.8 15.7 3023.3 91.3 56.0 2.19E+03 85.0 2.3 67.6 37.0 
Cut 8.58E+04 3.43E+06 88.7 39.9 1713.0 148.6 88.8 3.82E+03 90.0 4.5 46.9 43.2 
Cut 4.01E+05 3.08E+06 27.2 7.7 6033.8 104.5 23.3 9.76E+02 77.3 0.4 115.0 43.2 
Cut 1.77E+05 1.36E+06 25.7 7.7 3245.7 158.4 26.8 1.27E+03 82.8 0.7 112.6 43.5 
Cut 1.21E+06 1.74E+07 86.5 14.4 17011.6 202.7 90.8 3.80E+03 110.0 10.4 61.2 45.4 
Cut 9.43E+05 1.27E+07 38.2 13.4 12075.8 168.4 36.3 1.65E+03 95.0 1.2 99.5 45.8 
Cut 1.37E+05 2.31E+06 69.4 16.8 1789.8 206.6 68.9 1.72E+03 100.0 4.4 73.1 46.5 
Cut 3.84E+05 9.46E+06 70.4 24.7 2745.0 228.0 66.4 3.63E+03 110.0 3.2 74.6 48.1 
Cut 4.04E+05 6.82E+06 55.7 16.9 8763.9 247.8 38.0 8.16E+02 70.0 1.1 77.6 49.7 
Cut 1.42E+06 2.79E+07 46.6 19.7 9450.5 283.9 50.1 2.82E+03 110.0 1.8 94.6 50.1 
Cut 6.86E+05 1.87E+07 62.0 27.2 5992.8 245.0 60.8 4.01E+03 120.0 4.6 83.1 50.7 
Cut 6.90E+05 6.88E+06 40.8 10.0 14450.6 275.5 30.6 1.08E+03 90.0 1.9 104.4 50.8 
Cut 1.95E+05 4.20E+06 59.0 21.5 2346.2 138.4 55.2 2.71E+03 110.0 4.1 96.6 51.2 
Cut 2.14E+05 5.49E+06 64.3 25.7 4261.5 182.9 45.2 2.03E+03 110.0 1.5 82.3 53.5 
Cut 8.99E+05 9.23E+06 69.7 10.3 10620.5 203.3 52.3 2.54E+03 110.0 2.4 90.0 54.2 
Cut 1.60E+05 2.06E+06 35.4 12.9 1689.5 200.0 34.5 1.38E+03 85.0 0.5 82.9 54.6 
Cut 4.45E+05 9.40E+06 62.2 21.1 6543.2 170.6 53.3 2.65E+03 105.0 3.6 80.9 55.4 
Cut 2.24E+06 6.53E+07 103.0 29.1 14950.9 335.0 94.9 6.05E+03 105.0 1.5 51.5 59.5 
Cut 4.56E+05 9.92E+06 59.8 21.8 6403.6 159.9 63.7 4.19E+03 140.0 2.7 89.7 59.6 
Cut 4.01E+05 7.50E+06 52.1 18.7 6913.4 177.7 45.7 1.71E+03 100.0 3.3 100.3 60.3 
Cut 4.54E+05 5.41E+06 40.8 11.9 9547.3 173.7 31.6 1.44E+03 100.0 1.3 109.5 61.3 
Cut 5.94E+05 1.50E+07 70.6 25.2 5270.6 275.4 49.7 3.07E+03 140.0 1.9 104.4 66.0 
Cut 2.18E+05 4.86E+06 49.8 22.2 2474.1 172.0 61.0 4.21E+03 145.0 1.9 101.4 69.1 
Cut 6.87E+05 1.56E+07 69.8 22.7 6522.7 251.2 46.9 3.33E+03 140.0 2.6 110.7 70.4 
Cut 4.94E+05 6.87E+06 69.6 13.9 8222.7 211.2 66.3 3.41E+03 115.9 1.4 62.0 71.1 
Cut 1.56E+06 5.29E+07 81.3 33.9 20252.5 319.4 66.4 4.51E+03 150.0 5.9 98.9 71.3 
Cut 1.85E+06 6.26E+07 100.2 33.8 15995.9 439.1 91.6 5.73E+03 160.0 3.0 87.5 71.4 
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Cut 3.93E+05 7.38E+06 58.2 18.8 4824.2 152.0 50.5 3.13E+03 145.0 1.8 109.0 71.9 
Cut 9.17E+05 4.00E+07 123.2 43.6 13559.3 201.8 90.6 6.44E+03 160.0 4.6 88.9 72.5 
Cut 1.17E+05 2.10E+06 46.1 18.0 1834.3 180.5 33.3 1.68E+03 100.0 1.8 115.0 73.2 
Cut 2.59E+06 2.73E+07 50.0 10.5 17067.8 254.1 53.0 2.18E+03 125.0 2.4 104.4 74.0 
Cut 2.29E+05 4.68E+06 66.0 20.4 2031.6 144.5 60.5 5.28E+03 157.0 2.9 98.8 74.6 
Cut 3.10E+05 2.50E+06 29.2 8.1 3884.3 208.9 27.1 1.60E+03 118.7 0.4 129.5 75.0 
Cut 3.40E+05 4.10E+06 41.3 12.1 4423.3 140.0 39.6 1.95E+03 110.0 1.3 110.8 76.1 
Cut 6.70E+05 2.35E+07 94.8 35.1 3074.6 362.5 78.3 4.67E+03 160.0 8.0 94.8 78.9 
Cut 1.89E+05 5.57E+06 78.8 29.4 1387.2 299.2 78.8 4.86E+03 180.0 4.2 95.7 79.9 
Cut 2.42E+06 1.03E+08 102.9 42.4 12533.9 405.2 93.6 9.08E+03 190.4 4.1 87.2 80.3 
Cut 5.10E+05 6.78E+06 52.0 13.3 9128.9 167.9 42.1 2.54E+03 130.0 1.9 106.4 81.1 
Cut 5.27E+05 1.79E+07 88.4 33.9 3818.4 302.2 83.8 7.44E+03 180.0 4.9 83.7 82.0 
Cut 9.28E+05 1.10E+07 46.2 11.9 10104.9 277.7 39.4 1.51E+03 124.2 1.0 96.8 83.2 
Cut 1.61E+05 2.65E+06 41.7 16.5 1245.6 222.0 31.7 1.35E+03 120.0 3.0 127.7 83.5 
Cut 1.18E+06 1.36E+07 79.4 11.5 15460.4 215.9 81.9 3.02E+03 150.0 3.5 97.8 84.0 
Cut 2.64E+06 4.61E+07 75.1 17.4 20222.6 239.6 66.6 2.76E+03 140.0 3.2 92.3 85.2 
Cut 5.03E+05 5.04E+06 37.4 10.0 4176.9 265.2 26.0 1.35E+03 100.0 2.3 123.2 86.4 
Cut 2.59E+06 3.80E+07 53.3 14.7 24114.3 366.4 47.3 2.44E+03 150.0 1.8 102.4 87.8 
Cut 1.47E+05 2.02E+06 35.8 13.7 1623.2 153.5 21.3 8.76E+02 112.1 1.6 135.8 89.3 
Cut 9.18E+05 2.31E+07 71.8 25.1 5324.5 294.7 77.1 6.70E+03 195.0 1.2 67.3 89.8 
Cut 7.12E+05 1.43E+07 59.6 20.1 7922.5 199.8 51.0 4.32E+03 160.0 2.3 121.5 90.3 
Cut 1.02E+06 1.88E+07 65.0 18.4 10093.0 263.2 41.8 2.47E+03 150.0 2.6 120.2 91.1 
Cut 6.75E+05 2.69E+07 124.1 39.9 3751.9 342.1 130.5 1.46E+04 196.0 3.0 63.8 91.2 
Cut 2.92E+06 1.62E+08 162.1 55.6 12080.5 459.6 140.6 1.20E+04 180.0 3.4 52.9 92.2 
Cut 3.95E+05 6.65E+06 45.4 16.8 3894.2 258.2 40.9 3.13E+03 138.0 1.0 133.1 92.3 
Cut 4.71E+05 1.08E+07 62.2 22.8 4635.7 394.6 53.8 5.31E+03 176.6 1.7 113.5 93.2 
Cut 1.12E+06 3.35E+07 85.9 29.9 8527.2 324.2 82.7 7.09E+03 209.8 5.0 101.9 94.5 
Cut 4.94E+05 5.25E+06 51.9 10.6 12577.4 223.3 47.8 1.73E+03 140.0 3.5 116.2 94.7 
Cut 1.60E+06 2.29E+07 52.0 14.3 16219.5 187.5 48.7 3.38E+03 130.0 1.3 104.8 95.0 
Cut 1.07E+06 2.19E+07 68.2 20.6 7455.3 258.5 52.0 4.48E+03 168.4 4.3 119.1 96.0 
Cut 7.93E+05 5.11E+07 146.4 64.5 4103.6 470.3 108.3 1.09E+04 200.0 4.0 88.1 96.6 
Cut 8.37E+05 3.12E+07 94.0 37.3 5609.6 331.9 77.8 6.62E+03 195.0 3.0 103.1 97.8 
Cut 1.47E+06 2.84E+07 65.9 19.3 7544.3 382.9 66.1 5.78E+03 190.4 4.1 104.1 98.2 
Cut 7.97E+05 1.49E+07 57.8 18.7 3815.6 386.8 51.8 4.10E+03 179.4 3.5 114.2 98.7 
Cut 3.15E+06 8.17E+07 87.4 26.0 21300.2 389.6 88.3 8.50E+03 205.0 1.4 97.8 98.9 
Cut 2.92E+05 2.72E+06 29.2 9.3 3368.0 135.1 25.8 1.19E+03 115.9 1.1 134.8 98.9 
Cut 6.46E+05 1.16E+07 62.6 20.0 8212.9 155.6 60.8 4.65E+03 150.0 4.7 107.1 100.9 
Cut 1.18E+06 3.94E+07 90.9 33.4 7719.3 283.3 94.6 1.04E+04 215.3 3.3 102.8 101.7 
Cut 1.83E+05 1.90E+06 31.5 10.4 2223.7 184.3 27.4 1.35E+03 105.0 1.7 117.5 101.8 
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Cut 6.26E+05 1.34E+07 52.5 21.4 5046.1 196.1 43.9 3.08E+03 170.0 3.3 123.4 102.0 
Cut 1.11E+06 1.84E+07 75.9 16.6 17207.7 276.3 80.2 7.32E+03 210.0 2.2 111.7 102.3 
Cut 1.63E+05 4.41E+06 69.9 27.0 1616.6 218.2 65.1 5.61E+03 190.0 5.4 114.7 102.7 
Cut 6.20E+05 1.12E+07 52.1 18.0 9638.8 186.0 41.6 3.04E+03 155.0 1.3 125.4 103.0 
Cut 8.26E+05 9.90E+06 52.4 12.0 13821.1 189.8 54.5 4.01E+03 170.0 3.0 107.4 104.0 
Cut 8.47E+05 1.21E+07 47.2 14.3 9156.8 228.3 35.1 2.15E+03 146.3 1.4 124.4 104.3 
Cut 5.81E+05 9.99E+06 75.3 17.2 5295.0 346.3 75.2 5.36E+03 200.0 3.8 101.0 104.4 
Cut 9.75E+05 1.87E+07 51.7 19.2 15709.7 249.6 37.0 1.66E+03 130.0 2.4 128.5 104.5 
Cut 1.57E+06 3.41E+07 97.6 21.7 10854.1 364.7 79.9 4.26E+03 150.0 2.4 76.7 106.1 
Cut 5.47E+05 5.57E+06 30.8 10.2 4958.8 254.4 17.2 9.14E+02 105.0 0.7 142.7 106.2 
Cut 2.60E+06 1.92E+08 165.0 74.0 9941.8 531.5 173.3 2.26E+04 205.0 2.2 50.3 106.5 
Cut 2.39E+05 3.85E+06 52.7 16.1 3277.3 186.7 43.9 1.85E+03 140.0 4.3 114.3 107.4 
Cut 1.36E+05 4.02E+06 94.7 29.6 1398.0 231.3 83.1 8.33E+03 220.0 2.2 101.1 108.1 
Cut 6.63E+05 2.71E+07 126.0 40.9 3059.6 285.7 95.0 9.45E+03 226.3 5.7 90.8 108.3 
Cut 3.65E+06 1.18E+08 106.1 32.4 20416.5 447.3 99.2 7.57E+03 210.0 1.4 96.8 108.7 
Cut 1.21E+05 2.24E+06 53.7 18.4 1195.2 171.6 54.6 3.86E+03 170.0 2.0 115.1 108.8 
Cut 2.84E+06 8.20E+07 98.4 28.9 19176.8 393.8 99.5 1.24E+04 245.0 2.4 94.0 108.9 
Cut 2.69E+06 1.38E+08 156.5 51.4 14101.0 406.2 144.1 1.98E+04 250.0 3.0 67.4 109.4 
Cut 5.46E+05 7.26E+06 44.3 13.3 3812.7 272.0 40.1 3.25E+03 160.0 4.8 132.2 109.8 
Cut 7.14E+05 1.93E+07 61.9 27.0 5134.8 321.5 62.9 6.67E+03 210.0 2.4 112.0 110.3 
Cut 6.11E+05 1.23E+07 66.9 20.2 6930.3 240.7 67.8 5.36E+03 200.0 2.1 114.1 110.4 
Cut 9.69E+05 8.36E+06 73.5 8.6 13529.5 290.0 77.5 2.97E+03 190.0 9.3 111.5 112.4 
Cut 7.72E+05 1.15E+07 56.0 14.9 6969.7 274.4 52.8 1.62E+03 120.0 4.4 122.3 114.3 
Cut 5.81E+05 6.19E+06 34.4 10.6 5229.9 293.7 33.9 1.76E+03 150.0 3.2 132.0 116.4 
Cut 8.84E+05 1.15E+07 48.6 13.0 8980.2 232.0 47.2 4.77E+03 180.0 2.8 107.5 118.1 
Cut 1.67E+06 3.28E+07 70.7 19.6 14787.0 204.4 53.8 5.95E+03 195.0 2.2 123.4 118.2 
Cut 1.89E+06 6.52E+07 117.9 34.6 9453.0 444.7 122.2 1.42E+04 265.0 5.7 101.6 118.7 
Cut 8.62E+05 1.12E+07 40.2 13.0 13151.3 207.4 43.6 3.34E+03 150.0 1.5 123.7 119.2 
Cut 9.36E+05 1.54E+07 37.4 16.5 7967.9 214.9 32.1 2.74E+03 165.6 1.6 135.0 119.4 
Cut 7.87E+05 1.09E+07 69.3 13.8 5320.1 286.7 53.2 5.87E+03 200.0 2.1 121.1 120.2 
Cut 4.52E+05 6.76E+06 45.4 14.9 4333.2 190.6 50.5 3.78E+03 170.0 3.3 131.7 120.4 
Cut 6.04E+05 1.03E+07 68.1 17.0 6062.7 233.4 64.2 7.15E+03 220.0 2.3 112.2 120.8 
Cut 1.19E+06 7.17E+07 182.3 60.4 5581.4 506.0 141.3 2.01E+04 290.0 4.0 85.2 122.5 
Cut 8.77E+05 2.12E+07 100.2 24.2 11693.9 218.8 82.4 4.97E+03 190.0 5.0 110.6 122.9 
Cut 7.59E+05 1.39E+07 52.5 18.3 5516.0 244.0 52.0 5.69E+03 209.8 1.4 119.9 125.3 
Cut 9.21E+05 2.52E+07 59.3 27.3 6084.1 253.5 64.1 6.27E+03 220.0 1.7 110.1 126.7 
Cut 8.91E+05 1.35E+07 75.1 15.2 5616.1 352.3 76.5 8.98E+03 210.0 3.7 96.3 127.5 
Cut 5.48E+05 7.13E+06 134.8 13.0 15151.0 283.9 131.6 1.81E+04 280.0 2.6 89.9 127.6 
Cut 3.30E+06 5.66E+07 76.5 17.1 20371.4 231.1 57.2 4.43E+03 195.0 2.0 116.0 128.0 
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Cut 1.06E+06 2.27E+07 76.4 21.3 11405.0 235.6 49.1 5.26E+03 180.0 1.6 108.7 129.0 
Cut 9.40E+05 1.85E+07 51.2 19.7 10024.0 280.5 49.0 6.51E+03 160.0 2.9 110.9 129.1 
Cut 8.06E+05 1.50E+07 59.7 18.6 12890.1 206.6 48.2 3.00E+03 180.0 1.1 126.6 132.1 
Cut 3.17E+05 4.10E+06 33.7 12.9 2799.6 161.7 33.8 2.14E+03 145.0 4.0 135.0 132.4 
Cut 1.26E+06 5.78E+07 114.3 45.7 6237.8 435.6 114.3 1.07E+04 260.0 6.4 106.8 134.2 
Cut 2.74E+05 4.64E+06 45.6 16.9 2752.3 192.4 39.6 3.42E+03 179.4 2.9 135.2 134.8 
Cut 5.57E+05 1.32E+07 68.0 23.7 6519.7 235.8 55.1 4.33E+03 200.0 2.3 116.9 135.0 
Cut 8.28E+05 1.43E+07 54.3 17.2 8839.4 225.8 57.7 7.00E+03 200.0 1.1 119.6 136.7 
Cut 8.45E+05 2.37E+07 71.5 28.1 6521.3 251.8 58.5 5.26E+03 223.1 2.6 123.7 139.2 
Cut 2.83E+05 6.36E+06 54.0 22.5 2114.5 228.5 50.7 5.62E+03 200.0 0.9 116.2 140.0 
Cut 6.43E+05 2.49E+07 140.3 38.7 2298.9 466.9 116.5 1.28E+04 235.0 4.3 87.3 140.5 
Cut 8.42E+05 4.61E+07 160.5 54.8 8254.4 455.5 140.9 1.88E+04 360.0 4.8 91.8 141.8 
Cut 3.81E+05 3.25E+06 31.6 8.5 3233.6 278.6 28.6 1.21E+03 110.4 0.5 113.6 142.3 
Cut 5.48E+05 7.76E+06 46.4 14.2 4240.3 204.3 42.6 4.21E+03 190.0 2.2 131.7 145.7 
Cut 1.39E+06 3.27E+07 85.4 23.6 9332.3 330.9 81.3 6.36E+03 224.2 4.8 114.6 146.1 
Cut 6.70E+05 7.50E+06 78.1 11.2 13621.2 217.6 79.2 3.78E+03 205.0 5.3 115.9 147.5 
Cut 5.88E+05 1.24E+07 55.8 21.0 3835.5 300.7 55.9 6.90E+03 220.8 2.4 130.5 148.9 
Cut 5.79E+05 7.62E+06 42.3 13.1 7787.9 223.3 35.3 2.23E+03 170.0 2.2 146.7 149.4 
Cut 6.33E+05 4.83E+06 32.4 7.6 6411.9 294.9 33.5 1.30E+03 130.0 2.6 117.6 150.0 
Cut 4.48E+05 4.98E+06 44.6 11.1 7435.7 218.9 33.5 2.62E+03 180.0 1.8 140.8 150.2 
Cut 2.36E+06 4.23E+07 52.3 17.9 7267.8 449.2 52.5 5.27E+03 230.0 1.0 128.3 150.5 
Cut 1.16E+06 3.40E+07 85.2 29.4 6097.4 363.2 84.6 1.03E+04 260.0 2.3 112.2 150.5 
Cut 1.24E+06 2.23E+07 53.3 17.9 9059.0 306.3 47.7 4.19E+03 185.0 1.5 122.7 152.1 
Cut 8.07E+05 1.29E+07 45.3 16.0 5606.2 269.1 43.0 3.51E+03 170.0 1.5 142.5 152.7 
Cut 2.99E+06 1.42E+08 146.8 47.6 15944.9 376.8 140.4 1.71E+04 340.0 5.4 104.5 153.5 
Cut 1.17E+06 4.49E+07 83.5 38.4 6105.1 301.2 88.0 1.30E+04 285.0 3.5 115.6 153.6 
Cut 9.36E+05 2.39E+07 79.9 25.5 4673.1 333.3 66.4 6.57E+03 240.0 2.5 124.3 154.4 
Cut 4.58E+05 4.54E+06 34.1 9.9 5048.8 189.9 21.3 1.21E+03 140.8 0.5 138.3 156.1 
Cut 4.24E+05 1.14E+07 69.2 26.8 6371.2 255.4 55.3 3.44E+03 190.0 2.6 126.2 159.2 
Cut 5.34E+05 7.93E+06 63.7 14.8 8369.3 199.8 55.3 3.31E+03 180.0 3.7 111.1 159.5 
Cut 2.22E+06 8.25E+07 94.5 37.2 15185.8 584.2 37.3 3.17E+03 196.0 1.9 138.5 159.6 
Cut 6.69E+05 2.34E+07 72.7 35.0 4696.4 272.6 63.5 6.15E+03 250.0 2.4 117.9 160.0 
Cut 1.13E+06 3.00E+07 51.8 26.5 6584.5 272.2 54.8 6.03E+03 240.0 1.7 127.6 160.1 
Cut 5.13E+05 1.05E+07 56.1 20.4 2607.0 282.4 37.6 3.41E+03 180.0 2.3 141.0 160.3 
Cut 6.65E+05 7.92E+06 38.1 11.9 8816.3 299.5 37.2 2.74E+03 170.0 2.1 146.0 160.9 
Cut 2.09E+05 2.78E+06 46.2 13.3 3122.7 164.7 24.8 1.39E+03 120.0 2.2 107.5 161.3 
Cut 1.71E+06 5.84E+07 68.4 34.1 10273.8 273.0 73.9 9.93E+03 270.5 3.3 121.9 162.5 
Cut 5.14E+05 7.78E+06 49.1 15.1 5073.4 212.0 48.1 5.66E+03 210.0 2.0 125.1 162.8 
Cut 1.19E+06 1.86E+07 47.2 15.6 14777.1 370.4 46.5 4.13E+03 190.0 3.4 133.1 163.2 
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Cut 2.55E+06 3.15E+07 57.3 12.4 11936.2 266.4 49.3 5.02E+03 230.0 1.0 128.1 163.3 
Cut 1.07E+06 4.99E+07 123.3 46.7 4357.0 339.5 116.9 2.08E+04 320.0 4.7 109.8 163.4 
Cut 6.99E+05 2.43E+07 76.1 34.8 4924.4 293.6 70.0 8.17E+03 225.0 2.4 110.7 164.3 
Cut 2.69E+06 2.04E+08 182.4 75.9 11432.0 502.2 187.6 3.36E+04 285.0 3.2 64.6 164.7 
Cut 2.02E+05 2.07E+06 29.3 10.3 3178.6 119.6 25.8 1.72E+03 99.4 1.0 96.9 165.8 
Cut 1.54E+06 4.03E+07 79.2 26.2 9426.7 429.3 68.4 1.07E+04 278.8 1.9 127.0 167.5 
Cut 6.49E+05 1.29E+07 56.2 19.9 5520.0 251.9 47.4 5.18E+03 239.1 2.5 131.4 168.9 
Cut 2.59E+05 4.69E+06 44.6 18.1 2539.2 235.5 35.7 3.36E+03 196.8 1.3 139.7 169.3 
Cut 4.01E+05 1.15E+07 69.5 28.6 4653.8 230.8 57.9 4.57E+03 230.0 3.1 130.9 173.8 
Cut 2.72E+06 9.31E+07 154.5 34.3 15468.0 405.3 115.6 1.13E+04 240.1 4.9 82.2 174.4 
Cut 6.21E+05 5.44E+06 27.9 8.8 5595.6 308.9 26.0 1.82E+03 160.1 1.4 136.1 175.5 
Cut 2.25E+05 9.78E+05 38.2 4.3 5378.8 158.0 42.0 2.07E+03 190.0 3.4 141.1 175.8 
Cut 4.17E+05 6.98E+06 52.1 16.7 4373.0 233.0 46.2 3.22E+03 170.0 2.6 122.1 176.0 
Cut 1.02E+06 1.87E+07 47.8 18.4 13226.1 280.3 46.8 4.28E+03 210.0 1.5 139.0 176.1 
Cut 1.38E+06 3.77E+07 64.3 27.4 12900.3 280.9 52.4 5.75E+03 250.0 1.7 132.9 177.2 
Cut 4.22E+06 1.07E+08 70.7 25.4 10816.8 594.1 61.6 8.08E+03 260.0 1.9 114.8 179.2 
Cut 1.18E+06 2.18E+07 42.7 18.4 20541.7 295.6 38.4 2.20E+03 170.0 1.9 138.0 179.3 
Cut 4.42E+05 7.98E+06 45.3 18.1 3216.9 219.5 44.2 5.69E+03 209.8 1.7 131.1 179.4 
Cut 2.03E+06 3.94E+07 49.3 19.4 9634.6 566.6 42.6 2.77E+03 180.0 2.5 134.8 180.8 
Cut 1.02E+06 4.33E+07 118.4 42.4 12950.7 266.3 91.8 7.82E+03 255.0 1.8 106.9 181.2 
Cut 8.37E+05 1.56E+07 40.6 18.6 7938.7 205.5 33.7 2.57E+03 149.0 0.4 107.5 182.4 
Cut 4.04E+05 4.03E+06 46.5 10.0 7561.6 279.2 39.4 5.14E+03 220.0 0.5 142.5 182.6 
Cut 9.64E+05 1.56E+07 48.2 16.2 11909.3 271.3 50.6 5.30E+03 220.0 1.7 130.0 182.9 
Cut 4.32E+05 4.88E+06 44.8 11.3 12246.2 234.6 45.1 3.91E+03 210.0 2.4 135.3 185.0 
Cut 1.34E+06 3.45E+07 82.0 25.7 8458.8 315.8 74.7 1.05E+04 290.0 2.5 129.0 186.1 
Cut 1.36E+06 2.35E+07 74.6 17.3 11477.5 427.0 70.4 1.02E+04 284.3 2.9 129.8 186.3 
Cut 5.29E+05 7.18E+06 58.6 13.6 6291.8 256.9 39.0 3.47E+03 190.0 2.5 116.4 188.9 
Cut 7.06E+05 4.62E+06 33.9 6.5 5183.7 222.8 38.3 2.19E+03 190.0 2.8 141.8 189.1 
Cut 1.27E+06 4.05E+07 105.2 31.9 3683.2 482.3 94.4 1.25E+04 318.7 3.6 126.0 192.8 
Cut 4.68E+05 3.53E+06 32.0 7.5 4619.1 198.2 36.7 2.36E+03 185.0 3.1 141.7 196.8 
Cut 4.99E+05 4.68E+06 38.1 9.4 4103.5 298.7 42.2 3.54E+03 210.0 2.6 143.8 197.1 
Cut 1.23E+06 2.41E+07 62.8 19.6 5448.4 407.1 59.4 6.07E+03 276.0 2.8 132.5 197.4 
Cut 1.38E+06 1.85E+07 67.1 13.5 11649.0 273.2 67.5 5.44E+03 240.0 5.1 112.1 198.0 
Cut 7.03E+05 1.60E+07 58.2 22.8 4053.2 275.3 46.8 5.61E+03 245.0 2.3 139.8 199.1 
Cut 1.58E+06 2.12E+07 57.3 13.4 18489.4 434.8 57.2 4.56E+03 250.0 3.5 139.0 200.0 
Cut 1.37E+06 2.49E+07 69.2 18.1 15391.7 284.7 54.9 3.02E+03 200.0 3.2 139.4 200.1 
Cut 1.86E+05 2.44E+06 32.3 13.1 3470.7 175.0 32.1 2.10E+03 170.0 1.5 149.2 201.6 
Cut 5.79E+05 3.07E+07 149.0 52.9 3339.8 383.6 133.3 1.94E+04 335.0 3.7 108.7 202.1 
Cut 7.11E+05 9.32E+06 37.4 13.1 5534.3 208.1 27.4 2.29E+03 204.2 2.1 146.2 202.4 
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Cut 5.78E+05 1.22E+07 86.4 21.1 9476.8 310.9 70.0 1.03E+04 280.0 1.4 125.6 208.6 
Cut 1.09E+06 1.06E+07 66.6 9.7 6522.5 355.6 56.9 5.53E+03 240.0 4.1 138.8 209.0 
Cut 7.58E+05 1.66E+07 66.0 21.9 6279.3 382.6 56.6 4.85E+03 215.0 5.1 125.9 213.9 
Cut 6.55E+05 7.21E+06 40.6 11.0 9507.6 230.8 34.5 1.64E+03 160.0 1.5 141.4 214.8 
Cut 3.71E+05 1.12E+07 64.7 16.6 7685.2 235.1 49.2 4.33E+03 235.0 2.6 140.6 215.2 
Cut 2.35E+06 7.41E+07 80.9 31.6 10219.4 511.1 88.1 1.59E+04 340.0 1.0 125.9 218.0 
Cut 1.32E+06 4.84E+07 93.3 36.7 6756.5 379.8 98.0 1.88E+04 375.4 2.0 113.6 221.3 
Cut 1.27E+06 2.32E+07 73.3 18.3 16258.5 270.7 68.4 3.88E+03 240.0 3.5 136.9 222.0 
Cut 9.00E+05 1.30E+07 69.6 14.5 9668.3 360.9 57.8 5.11E+03 230.0 3.2 136.1 222.3 
Cut 3.14E+06 5.27E+07 58.8 16.8 19082.0 300.9 54.7 3.91E+03 200.0 2.6 137.8 222.6 
Cut 4.97E+05 5.15E+06 42.8 10.4 8994.1 251.0 38.8 4.88E+03 240.0 0.6 140.0 225.0 
Cut 6.18E+05 1.17E+07 42.2 18.9 3802.8 251.7 32.7 3.56E+03 210.0 1.5 150.3 227.2 
Cut 1.53E+06 3.53E+07 58.1 23.1 6059.7 395.2 57.5 8.82E+03 294.1 1.7 135.5 228.8 
Cut 5.84E+05 8.47E+06 45.7 14.5 6981.0 208.5 37.9 2.60E+03 170.0 1.4 112.3 230.0 
Cut 2.15E+06 8.75E+07 110.6 40.8 5464.5 483.7 103.4 1.75E+04 365.0 3.2 126.6 232.8 
Cut 3.12E+05 5.25E+06 60.6 16.8 2200.0 261.1 61.4 5.81E+03 260.0 2.5 127.8 233.3 
Cut 5.58E+05 1.28E+07 87.3 22.9 3750.7 356.0 89.3 8.52E+03 300.0 4.5 114.7 233.4 
Cut 2.21E+05 1.85E+06 36.2 8.4 3091.8 209.8 42.6 4.02E+03 225.0 3.6 140.3 235.8 
Cut 1.17E+06 3.02E+07 71.4 25.8 10589.0 516.9 55.7 5.88E+03 255.0 2.1 127.6 236.9 
Cut 1.07E+06 1.44E+07 51.8 13.5 13613.8 208.6 55.7 1.63E+03 130.0 2.3 94.6 238.4 
Cut 1.02E+06 1.41E+07 43.0 13.9 6259.0 550.1 39.9 2.75E+03 220.8 2.3 145.1 239.4 
Cut 5.29E+05 1.08E+07 57.8 20.4 7064.1 301.1 40.2 5.22E+03 265.0 1.5 144.4 243.1 
Cut 1.46E+06 2.34E+07 58.4 16.0 11771.3 282.2 52.6 8.32E+03 270.0 1.6 142.2 244.1 
Cut 8.95E+05 1.13E+07 46.5 12.6 7032.7 257.9 45.0 4.34E+03 250.0 2.7 147.2 245.0 
Cut 1.48E+06 1.90E+07 40.0 12.8 13288.7 218.8 38.4 1.47E+03 130.0 1.1 98.8 246.0 
Cut 1.23E+06 1.92E+07 56.7 15.6 10612.6 314.4 40.6 3.52E+03 210.0 1.7 142.9 246.1 
Cut 2.49E+06 5.90E+07 65.3 23.6 12202.6 399.1 64.9 1.07E+04 320.0 1.9 137.6 246.6 
Cut 1.38E+07 4.33E+08 135.6 31.4 21623.9 933.5 130.4 2.55E+04 470.0 3.0 114.9 247.8 
Cut 6.04E+05 1.85E+07 59.5 30.6 4645.8 359.9 48.9 5.24E+03 270.0 1.8 139.7 248.1 
Cut 5.90E+05 8.28E+06 40.9 14.1 8539.8 227.5 40.9 3.00E+03 200.0 3.2 151.8 248.5 
Cut 1.20E+06 1.09E+07 43.8 9.1 10561.7 536.5 38.4 2.69E+03 150.0 2.3 103.8 250.8 
Cut 1.56E+06 3.17E+07 52.2 20.4 11151.0 282.1 55.0 6.85E+03 260.0 1.4 139.1 252.1 
Cut 4.74E+05 3.51E+06 30.0 7.4 6401.7 186.2 31.4 2.25E+03 170.0 2.3 138.1 253.3 
Cut 1.60E+06 3.33E+08 414.9 207.6 6221.7 492.4 378.3 1.15E+05 640.0 12.2 75.0 254.0 
Cut 5.20E+05 6.59E+06 67.8 12.7 2879.0 267.9 68.4 6.17E+03 240.0 2.7 119.1 258.3 
Cut 1.63E+06 5.79E+07 86.7 35.4 8891.1 435.9 81.8 1.73E+04 395.0 1.7 133.3 258.4 
Cut 4.47E+05 8.18E+06 63.6 18.3 7852.0 267.0 41.6 4.44E+03 255.0 2.2 148.2 258.5 
Cut 1.70E+05 1.15E+06 26.0 6.8 2258.2 149.6 21.5 8.57E+02 132.5 0.8 117.8 263.1 
Cut 7.66E+05 1.59E+07 56.7 20.7 4561.0 282.4 73.0 9.83E+03 275.0 1.3 112.5 263.6 
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Cut 7.46E+05 6.86E+06 51.9 9.2 11641.5 260.7 35.6 6.54E+03 210.0 2.2 136.6 264.3 
Cut 4.89E+05 4.38E+06 44.5 9.0 17103.2 283.9 47.2 3.68E+03 200.0 2.2 110.1 265.9 
Cut 5.88E+06 9.99E+08 382.8 169.9 10784.2 878.0 325.0 1.28E+05 580.0 9.3 89.0 267.0 
Cut 1.84E+06 2.34E+07 60.3 12.7 16731.5 263.9 52.4 3.90E+03 162.8 3.9 109.5 268.0 
Cut 6.04E+06 1.09E+08 59.9 18.0 26133.8 1035.1 50.7 6.15E+03 275.0 3.3 144.4 268.7 
Cut 1.57E+06 1.56E+07 53.1 10.0 14174.9 425.4 55.8 1.04E+04 280.0 0.7 148.7 269.9 
Cut 1.20E+06 1.30E+07 72.5 10.8 13485.6 253.4 64.2 2.80E+03 200.0 5.1 106.8 271.2 
Cut 1.43E+06 3.34E+07 69.4 23.3 10606.2 624.7 51.1 3.92E+03 260.0 4.3 143.2 275.4 
Cut 4.72E+05 1.20E+07 58.4 25.4 2895.0 332.9 56.7 8.01E+03 304.9 2.2 140.1 276.9 
Cut 1.31E+05 1.73E+06 38.4 13.3 1180.3 220.8 41.0 5.25E+03 275.0 1.7 144.6 278.2 
Cut 2.31E+05 2.99E+06 60.0 12.9 4699.7 319.9 50.4 9.49E+03 310.0 1.1 147.7 279.3 
Cut 1.37E+06 2.67E+07 62.9 19.6 9390.4 285.3 65.1 7.50E+03 270.0 1.4 146.0 280.7 
Cut 6.34E+06 8.22E+08 304.8 129.7 16966.4 834.9 320.4 1.21E+05 660.0 23.2 91.0 286.0 
Cut 1.93E+06 3.07E+07 43.2 15.9 13240.4 245.4 39.0 4.41E+03 230.0 1.0 158.4 287.1 
Cut 6.55E+05 9.61E+06 45.2 14.7 7436.4 185.8 37.8 2.52E+03 160.1 2.1 95.5 289.2 
Cut 8.67E+05 1.33E+07 60.7 15.4 9371.8 343.2 52.2 5.87E+03 270.0 1.8 146.5 289.9 
Cut 7.06E+05 1.36E+07 52.0 19.2 4729.9 334.3 54.2 8.15E+03 325.0 1.8 143.3 290.5 
Cut 1.29E+06 5.15E+07 103.7 39.9 5757.7 458.3 97.6 1.67E+04 410.0 1.9 129.9 293.7 
Cut 3.92E+05 7.08E+06 113.3 18.0 5304.9 339.3 77.3 6.90E+03 290.0 4.6 138.5 297.1 
Cut 9.98E+05 1.63E+07 51.0 16.3 11728.1 278.5 47.8 3.57E+03 270.0 1.2 137.4 298.8 
Cut 3.73E+05 3.26E+06 18.7 8.8 2829.9 226.6 22.3 2.30E+03 215.0 1.7 156.4 301.7 
Cut 4.62E+06 1.39E+08 89.3 30.2 18835.4 434.3 73.8 1.29E+04 295.0 3.7 120.5 304.2 
Cut 4.94E+05 6.56E+06 43.2 13.3 5763.8 255.9 36.3 4.04E+03 250.0 0.9 145.7 308.9 
Cut 2.33E+06 5.95E+07 77.0 25.5 16048.5 405.9 67.6 1.14E+04 390.0 1.7 169.8 310.7 
Cut 9.77E+05 1.78E+07 60.0 18.2 4464.4 351.1 51.6 9.37E+03 350.0 1.3 145.2 315.7 
Cut 6.77E+05 1.51E+07 56.6 22.4 4698.8 265.5 47.7 6.89E+03 245.0 1.4 112.4 315.9 
Cut 2.39E+05 2.33E+06 24.4 9.7 2286.1 195.4 24.8 2.45E+03 192.6 2.1 157.9 320.9 
Cut 3.22E+06 3.56E+07 55.1 11.0 23626.3 313.5 63.2 6.98E+03 300.0 3.0 139.5 322.7 
Cut 1.58E+06 1.03E+07 30.8 6.5 12139.4 289.4 30.5 1.45E+03 180.0 2.3 157.3 325.4 
Cut 2.35E+06 2.97E+07 58.2 12.6 11568.1 344.3 49.2 3.45E+03 220.0 1.5 136.3 326.8 
Cut 1.96E+06 7.99E+07 105.6 40.7 9299.8 498.4 84.4 1.70E+04 400.0 1.7 130.8 327.6 
Cut 8.30E+05 1.15E+07 47.2 13.8 7316.4 290.5 40.6 4.57E+03 240.0 1.5 143.2 328.2 
Cut 1.99E+06 3.31E+07 53.1 16.6 17043.3 441.3 46.2 4.09E+03 250.0 1.5 139.0 331.0 
Cut 2.61E+05 8.64E+06 74.4 33.1 4368.5 324.4 65.6 6.53E+03 310.0 2.8 137.5 331.6 
Cut 2.38E+06 7.72E+07 75.0 32.5 6459.7 480.8 75.3 1.42E+04 390.0 2.0 137.6 332.9 
Cut 1.57E+06 2.90E+07 77.1 18.4 13091.2 434.2 66.9 5.90E+03 270.0 3.3 139.4 333.7 
Cut 2.53E+06 2.89E+07 46.6 11.4 20490.6 312.1 41.2 6.50E+03 280.0 1.1 153.5 334.0 
Cut 1.24E+06 2.45E+07 54.1 19.8 6215.2 383.8 49.7 6.44E+03 240.1 3.2 155.3 337.6 
Cut 2.49E+06 7.45E+07 85.1 29.9 6763.3 700.6 82.3 1.68E+04 415.0 1.9 137.8 338.0 
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Cut 1.89E+06 6.73E+07 90.9 35.6 8762.8 465.2 83.4 1.44E+04 400.0 2.3 139.9 355.8 
Cut 8.26E+05 1.78E+07 53.3 21.6 7293.0 301.1 48.4 6.23E+03 295.0 1.4 146.5 355.8 
Cut 3.02E+05 3.03E+06 51.1 10.0 8971.1 253.0 38.1 2.90E+03 195.0 1.8 132.7 357.3 
Cut 3.36E+05 2.74E+06 27.7 8.1 3416.7 241.3 28.1 3.03E+03 209.8 1.3 159.6 361.7 
Cut 3.23E+05 4.65E+06 41.9 14.4 2896.0 262.6 36.2 3.80E+03 250.0 1.9 156.0 363.3 
Cut 4.50E+06 1.05E+08 67.8 23.4 15630.8 962.6 54.6 9.18E+03 336.7 1.9 122.0 368.6 
Cut 1.44E+06 4.77E+07 106.9 33.2 2865.6 743.7 95.8 1.65E+04 420.0 5.0 141.4 369.6 
Cut 7.32E+05 1.06E+07 32.9 14.4 6307.8 237.0 28.9 2.34E+03 200.0 1.0 158.5 371.4 
Cut 2.26E+06 4.39E+07 59.6 19.4 22382.9 283.1 43.4 5.30E+03 280.0 1.4 140.1 374.2 
Cut 1.14E+06 1.63E+07 51.6 14.3 19883.0 347.2 61.6 5.14E+03 250.0 2.0 115.9 374.2 
Cut 2.45E+06 6.31E+07 71.8 25.7 9481.0 429.7 85.2 1.89E+04 449.9 1.7 141.7 382.0 
Cut 7.29E+05 1.47E+07 63.8 20.1 11045.4 446.5 47.0 6.48E+03 380.0 1.7 149.8 382.8 
Cut 1.22E+06 3.26E+07 66.7 26.7 15276.5 391.0 49.4 9.52E+03 360.0 0.8 146.2 382.9 
Cut 5.53E+05 1.28E+07 77.9 23.2 3803.8 408.2 70.9 9.32E+03 396.1 2.3 141.9 384.1 
Cut 9.83E+05 1.75E+07 63.2 17.8 5786.3 356.0 56.9 7.40E+03 350.0 1.2 139.2 385.2 
Cut 8.05E+06 1.74E+08 77.6 21.6 18230.8 336.6 56.8 7.42E+03 335.0 3.2 148.2 385.5 
Cut 4.16E+05 6.17E+06 67.6 14.8 4452.0 344.8 59.6 4.17E+03 260.0 4.9 154.5 386.2 
Cut 6.86E+05 1.96E+07 66.1 28.6 5147.3 387.1 51.9 8.05E+03 300.0 3.5 154.6 387.0 
Cut 2.38E+06 3.53E+07 76.9 14.8 8391.5 499.4 73.7 6.20E+03 330.0 3.6 144.7 389.8 
Cut 8.26E+05 1.02E+07 46.5 12.3 9566.3 280.5 38.7 4.67E+03 280.0 1.3 157.5 394.6 
Cut 6.32E+05 5.16E+06 50.8 8.2 6051.7 262.1 38.1 3.96E+03 255.0 0.9 157.2 394.7 
Cut 1.44E+06 2.41E+07 46.5 16.7 8894.3 479.2 38.3 3.84E+03 210.0 1.2 131.7 401.9 
Cut 2.31E+06 4.67E+07 68.4 20.2 9602.3 351.8 67.2 1.09E+04 350.5 2.0 146.6 405.3 
Cut 3.94E+05 2.96E+06 18.4 7.5 2667.7 304.2 15.9 1.59E+03 190.0 1.5 163.3 405.9 
Cut 1.09E+06 2.10E+07 64.2 19.3 8318.9 412.3 58.1 1.00E+04 380.0 2.4 150.6 421.3 
Cut 2.05E+06 6.10E+07 107.6 29.8 6292.6 570.9 102.3 2.24E+04 430.0 4.3 135.2 422.9 
Cut 4.50E+06 1.79E+08 81.7 39.6 16191.8 462.4 77.0 1.62E+04 410.0 2.2 134.2 426.3 
Cut 1.10E+06 4.54E+07 100.2 41.3 13389.9 343.4 75.5 6.98E+03 300.0 1.5 117.3 430.2 
Cut 1.81E+06 2.26E+07 52.3 12.5 4816.0 870.0 54.4 6.19E+03 251.2 2.6 106.9 436.0 
Cut 6.02E+06 1.51E+09 556.1 251.2 7096.2 743.9 373.3 1.75E+05 940.0 16.8 99.0 436.0 
Cut 2.56E+06 4.75E+07 67.0 18.5 10541.2 470.6 64.2 8.49E+03 400.2 1.9 148.9 436.9 
Cut 8.58E+05 1.38E+07 41.6 16.1 20021.3 440.6 29.7 3.01E+03 250.0 0.8 157.8 443.2 
Cut 1.45E+06 2.32E+07 58.9 16.0 18029.5 312.4 52.2 4.73E+03 280.0 2.0 139.8 443.9 
Cut 9.51E+05 2.04E+07 58.1 21.5 4945.0 508.0 57.1 1.22E+04 400.0 1.6 149.8 444.4 
Cut 2.82E+06 6.90E+07 76.5 24.5 10699.3 375.3 71.1 8.15E+03 309.1 3.0 135.9 450.9 
Cut 7.17E+05 1.02E+07 43.0 14.2 3859.9 293.7 44.1 7.18E+03 369.8 1.0 152.1 452.5 
Cut 2.48E+06 1.14E+08 179.6 46.1 4354.9 840.5 175.4 5.46E+04 715.0 7.4 128.1 479.5 
Cut 8.98E+05 2.26E+07 87.0 25.2 5922.0 339.5 86.6 1.59E+04 465.0 1.9 124.7 481.5 
Cut 6.96E+05 6.20E+06 59.1 8.9 12089.1 381.0 48.7 6.20E+03 360.0 1.2 154.0 481.8 
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Cut 4.62E+05 8.59E+06 45.9 18.6 2106.2 355.0 43.3 8.83E+03 354.9 1.6 153.0 486.4 
Cut 2.50E+06 9.63E+07 190.3 38.5 19976.8 754.4 173.3 4.57E+04 740.0 9.3 122.8 486.8 
Cut 4.22E+06 1.13E+08 78.2 26.7 13684.6 742.3 62.6 5.05E+03 315.0 3.1 144.5 493.3 
Cut 1.16E+07 2.75E+09 491.2 236.8 11637.6 1646.5 456.8 2.88E+05 1100.0 6.7 96.0 504.0 
Cut 4.71E+05 7.26E+06 37.5 15.4 4125.4 352.2 32.2 3.16E+03 265.0 1.8 152.6 504.2 
Cut 3.70E+05 8.65E+06 81.1 23.4 9251.0 470.1 83.4 1.49E+04 420.0 0.9 133.6 506.7 
Cut 1.27E+06 4.30E+07 103.2 33.9 3534.9 546.5 100.8 2.17E+04 535.4 7.5 146.6 509.3 
Cut 1.20E+06 1.48E+07 48.1 12.4 6022.1 408.7 40.3 6.28E+03 360.0 1.0 157.0 520.5 
Cut 5.54E+05 8.00E+06 41.0 14.4 9464.3 275.1 33.8 2.92E+03 230.0 2.7 145.2 535.3 
Cut 8.46E+05 1.16E+07 64.1 13.7 9446.7 492.4 53.5 9.11E+03 410.0 2.2 148.7 539.2 
Cut 4.88E+05 5.11E+06 43.1 10.5 9671.8 345.5 39.6 3.63E+03 260.0 1.2 134.4 541.5 
Cut 3.34E+06 1.37E+08 126.3 41.0 26236.4 501.6 103.3 2.35E+04 480.0 2.1 113.4 542.4 
Cut 3.53E+06 9.01E+07 77.4 25.5 8103.6 661.9 71.0 1.77E+04 515.0 2.4 147.0 542.7 
Cut 2.75E+06 3.92E+07 49.6 14.3 27249.4 334.4 38.1 1.85E+03 185.0 1.9 129.9 550.3 
Cut 5.77E+05 1.05E+07 51.5 18.2 7159.8 196.2 38.3 2.29E+03 190.0 2.4 114.5 552.9 
Cut 2.78E+06 5.58E+07 73.1 20.1 9044.8 551.4 72.9 1.10E+04 400.0 2.0 138.0 553.9 
Cut 5.72E+05 5.57E+06 30.2 9.7 12634.1 185.3 23.5 1.31E+03 140.0 1.0 122.1 563.6 
Cut 6.92E+05 1.28E+07 46.4 18.5 3279.3 338.4 40.7 4.68E+03 276.0 2.6 145.9 574.7 
Cut 3.82E+05 6.91E+06 55.4 18.1 3683.4 337.2 40.4 4.87E+03 280.0 2.0 132.4 577.5 
Cut 6.40E+05 9.70E+06 47.9 15.2 7773.4 219.9 25.0 2.24E+03 211.8 0.7 139.8 580.7 
Cut 1.95E+06 3.00E+07 45.3 15.4 19088.9 362.7 38.8 7.64E+03 350.0 1.3 158.0 581.1 
Cut 7.53E+05 7.36E+06 66.5 9.8 4523.0 616.5 65.0 7.76E+03 340.0 1.1 125.8 582.6 
Cut 4.84E+05 5.39E+06 53.5 11.1 5773.6 398.2 43.0 7.15E+03 360.0 1.4 150.0 598.6 
Cut 1.19E+06 2.04E+07 44.2 17.1 4637.1 500.8 44.8 1.02E+04 424.5 1.8 159.1 610.5 
Cut 9.52E+05 1.48E+07 53.1 15.6 11363.1 444.0 47.3 7.59E+03 410.0 1.6 158.7 635.4 
Cut 3.37E+06 1.22E+08 80.0 36.2 8838.6 753.4 82.7 2.13E+04 530.0 1.2 136.4 647.6 
Cut 1.93E+07 2.68E+09 337.9 139.0 14893.4 2010.6 279.2 1.83E+05 1050.0 5.0 129.0 655.0 
Cut 7.62E+05 9.73E+06 61.0 12.8 9003.2 452.8 45.6 8.73E+03 400.0 0.9 160.7 658.8 
Cut 1.47E+05 1.22E+06 31.5 8.3 3807.1 271.3 20.3 1.31E+03 195.0 1.6 151.9 661.3 
Cut 5.93E+05 6.34E+06 39.1 10.7 7366.5 321.1 31.1 4.53E+03 320.0 1.2 159.8 662.7 
Cut 8.19E+06 9.64E+08 266.9 117.6 13005.9 1133.5 270.8 1.38E+05 1020.0 5.0 119.0 667.0 
Cut 1.56E+06 3.55E+07 66.6 22.7 11851.2 325.5 57.5 4.24E+03 280.0 2.0 157.1 670.6 
Cut 2.06E+06 5.10E+07 74.8 24.7 10431.0 620.8 64.5 2.19E+04 590.6 1.6 154.1 672.3 
Cut 6.36E+05 8.35E+06 49.3 13.1 4978.6 291.5 38.5 2.63E+03 265.0 2.4 163.1 679.9 
Cut 1.66E+07 7.99E+08 151.4 48.3 23326.7 1089.0 173.5 7.54E+04 900.0 3.8 136.7 684.9 
Cut 8.76E+05 1.76E+07 52.7 20.1 5895.8 447.7 41.4 7.30E+03 400.0 0.8 158.9 689.1 
Cut 4.80E+06 8.98E+08 424.0 187.1 6003.8 1016.1 494.0 3.35E+05 1320.0 10.7 116.0 700.0 
Cut 1.47E+06 3.50E+07 117.7 23.7 18496.9 673.3 113.7 2.53E+04 620.0 1.9 152.8 722.0 
Cut 1.08E+06 1.37E+07 58.5 12.7 6449.3 283.3 57.5 4.93E+03 270.0 1.7 104.2 724.0 
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Cut 1.47E+06 2.90E+07 70.9 19.7 18142.0 501.8 60.4 8.60E+03 460.0 1.7 157.8 729.4 
Cut 3.73E+06 1.65E+08 107.2 44.4 18697.9 691.9 85.8 1.96E+04 630.0 0.9 148.1 729.9 
Cut 1.50E+06 3.56E+07 91.1 23.7 13264.6 640.3 66.5 2.13E+04 590.0 0.8 152.6 734.7 
Cut 5.24E+05 5.78E+06 43.6 11.0 8823.6 195.3 36.7 1.91E+03 160.0 2.0 129.4 765.1 
Cut 8.27E+04 1.21E+06 44.0 14.6 1179.3 172.2 36.4 2.30E+03 160.0 1.9 104.1 766.9 
Cut 1.15E+06 1.95E+07 39.1 17.0 9439.3 362.3 37.7 3.37E+03 280.0 1.6 158.4 769.2 
Cut 1.31E+06 1.82E+07 55.7 13.8 16051.5 464.1 50.0 7.08E+03 420.0 1.0 160.5 770.0 
Cut 4.72E+06 1.54E+08 100.7 32.6 18330.6 744.2 100.5 4.08E+04 720.0 1.5 150.4 771.0 
Cut 8.90E+06 1.13E+09 296.2 126.4 11366.5 1519.1 284.7 1.60E+05 1190.0 9.4 124.0 779.0 
Cut 1.92E+06 3.35E+07 45.1 17.4 15958.2 392.8 43.8 5.91E+03 330.0 1.0 152.8 792.9 
Cut 5.09E+05 9.50E+06 58.7 18.7 3327.1 352.9 55.3 7.88E+03 340.0 2.6 146.4 801.8 
Cut 5.19E+05 9.02E+06 55.6 17.4 7592.5 500.4 54.0 1.22E+04 495.0 1.5 157.2 809.0 
Cut 4.16E+06 1.22E+08 96.7 29.5 7980.3 1181.3 92.6 2.39E+04 679.0 5.3 150.3 840.0 
Cut 1.81E+06 4.92E+07 69.3 27.1 10356.9 432.9 62.3 1.13E+04 430.0 1.2 145.6 842.4 
Cut 1.36E+06 1.46E+07 76.0 10.8 14449.7 419.3 70.2 8.54E+03 410.0 2.3 149.0 860.4 
Cut 2.31E+06 2.27E+07 27.9 9.8 12766.6 489.3 29.1 2.59E+03 285.0 2.5 169.9 879.7 
Cut 9.54E+05 1.29E+07 44.2 13.5 15412.7 369.6 34.9 4.18E+03 360.0 0.9 166.5 881.4 
Cut 6.06E+05 8.56E+06 40.6 14.1 7392.3 375.9 27.7 3.45E+03 370.0 1.3 166.6 933.6 
Cut 6.99E+05 1.11E+07 62.9 16.9 12562.9 488.4 61.9 1.31E+04 450.0 1.4 144.3 938.0 
Cut 9.28E+05 1.02E+07 32.4 11.0 4953.2 340.8 32.9 3.92E+03 280.0 0.9 149.0 967.1 
Cut 5.42E+05 9.41E+06 44.7 17.4 3455.3 356.3 37.8 3.12E+03 230.0 2.8 150.8 970.3 
Cut 3.96E+06 1.36E+08 78.2 34.3 11464.0 711.8 75.6 2.24E+04 620.0 2.1 148.9 982.6 
Cut 1.33E+06 3.31E+07 64.2 24.9 3194.3 616.2 57.2 1.75E+04 580.0 2.6 151.1 1010.8 
Cut 9.78E+05 1.29E+07 44.6 13.2 7109.8 401.6 39.4 4.51E+03 380.0 0.9 162.7 1013.8 
Cut 5.73E+05 1.96E+07 84.2 34.2 8191.3 596.0 80.9 2.40E+04 580.0 2.2 126.0 1036.3 
Cut 1.31E+06 5.05E+07 108.8 38.6 4935.0 717.3 106.3 2.23E+04 714.8 9.6 158.6 1090.1 
Cut 1.74E+07 2.06E+09 280.4 118.4 15707.5 1704.9 265.7 2.00E+05 1350.0 7.3 140.0 1120.0 
Cut 1.10E+06 2.44E+07 67.7 22.2 5637.4 609.2 57.3 1.54E+04 590.0 1.6 163.1 1145.2 
Cut 2.92E+07 4.52E+09 437.1 154.9 28204.5 1974.6 374.0 2.80E+05 1415.0 10.2 122.0 1171.0 
Cut 1.57E+06 3.68E+07 52.5 23.4 12908.1 522.7 37.7 8.12E+03 510.0 2.3 165.9 1175.4 
Cut 1.68E+06 2.80E+07 64.8 16.7 12134.2 665.4 63.4 1.94E+04 640.0 1.8 163.0 1209.2 
Cut 1.12E+07 1.09E+09 293.3 97.3 11783.3 1278.9 237.6 1.28E+05 1290.0 4.5 133.0 1277.0 
Cut 2.64E+07 4.36E+09 402.0 164.9 12837.0 2843.9 350.7 2.91E+05 1650.0 24.4 133.0 1304.0 
Cut 1.53E+06 2.06E+07 41.8 13.5 4656.5 564.7 43.8 1.17E+04 420.0 2.5 135.4 1334.3 
Cut 5.88E+05 7.05E+06 48.5 12.0 7389.8 475.1 43.5 9.63E+03 465.0 1.2 152.0 1363.1 
Cut 9.96E+05 2.97E+07 84.4 29.9 4973.0 645.0 75.6 1.82E+04 610.0 1.6 155.5 1383.0 
Cut 7.27E+06 2.41E+08 93.2 33.1 12496.0 1038.1 78.7 2.10E+04 781.1 4.2 161.9 1455.3 
Cut 2.17E+06 2.17E+07 30.1 10.0 10294.4 567.0 24.3 2.19E+03 309.1 2.3 161.5 1490.8 
Cut 2.45E+07 2.88E+09 345.1 117.8 21300.7 1677.9 305.0 3.00E+05 1560.0 5.3 135.0 1497.0 
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Cut 2.60E+07 5.57E+09 524.0 214.3 17619.9 2525.7 425.0 4.88E+05 1950.0 20.5 138.3 1657.0 
Cut 2.15E+06 5.24E+07 61.0 24.3 11333.8 547.5 49.0 1.50E+04 720.0 3.3 163.0 1706.4 
Cut 5.23E+06 2.32E+08 115.9 44.3 9592.0 885.4 107.9 5.46E+04 900.0 3.4 140.8 1719.4 
Cut 1.40E+07 1.96E+09 339.9 139.7 12903.0 1475.2 412.5 2.99E+05 1480.0 7.5 110.0 1731.0 
Cut 1.95E+07 2.48E+09 271.0 127.3 19643.6 1542.6 332.1 2.88E+05 1760.0 17.8 131.0 1734.0 
Cut 9.36E+05 1.39E+07 36.9 14.8 6465.2 284.5 31.3 3.60E+03 179.4 2.5 151.4 1800.8 
Cut 4.64E+07 1.20E+10 552.3 259.2 35132.5 2824.1 498.5 6.36E+05 2300.0 21.9 137.0 1816.0 
Cut 1.10E+06 2.54E+07 56.3 23.2 10546.3 516.6 44.6 4.67E+03 480.0 1.1 158.5 1928.0 
Cut 2.37E+06 9.06E+07 134.5 38.3 5268.4 1265.7 133.4 7.72E+04 1240.7 5.5 157.8 2107.9 
Cut 1.38E+07 6.24E+08 159.6 45.2 24717.4 1120.3 164.5 7.67E+04 1140.0 6.1 152.8 2205.0 
Cut 3.08E+07 1.64E+08 153.6 53.2 16330.9 593.8 155.3 3.34E+04 580.0 3.0 89.5 2339.5 
Cut 4.56E+05 6.43E+06 38.6 14.1 2302.9 721.3 41.4 1.51E+04 739.7 1.4 171.0 2490.8 
Cut 2.33E+07 4.96E+09 528.8 212.5 12818.2 2407.7 587.8 8.88E+05 3200.0 21.1 137.0 2704.0 
Cut 5.43E+07 1.31E+10 573.1 242.1 23155.0 3514.8 519.8 5.54E+05 2500.0 21.0 135.0 2846.0 
Cut 3.14E+06 9.14E+07 112.6 29.1 14403.6 1181.0 99.7 3.99E+04 730.0 6.2 164.8 2884.8 
Cut 9.38E+06 6.56E+08 193.8 69.9 10463.2 1172.1 189.7 1.13E+05 1400.0 4.0 157.0 3419.0 
Cut 2.71E+05 3.16E+06 41.3 11.6 4957.4 260.5 38.9 2.47E+03 190.0 1.2 110.7 3496.4 
Cut 1.20E+07 2.13E+09 487.3 177.4 17393.7 2667.0 514.6 6.74E+05 2820.0 41.1 133.0 12741.0 
Cut 5.45E+05 6.12E+06 51.1 13.5 7248.8 420.1 41.0 1.00E+04 420.0 0.7 175.9 19234.1 
Cut 8.51E+05 1.36E+07 109.2 16.0 13649.6 1311.5 79.8 3.21E+04 1000.0 1.4 150.6 27140.7 
Percussion 1.39E+05 7.83E+06 122.6 56.3 626.1 445.4 91.9 8.14E+03 180.0 5.5 96.8 90.2 
Percussion 1.50E+05 3.82E+06 61.4 25.4 594.1 392.8 44.2 4.00E+03 184.9 3.8 137.4 140.8 
Percussion 6.99E+05 7.00E+07 230.9 100.6 1442.2 822.6 237.4 8.87E+04 687.2 7.6 122.8 438.6 
Percussion 2.88E+05 2.13E+07 144.6 74.0 870.9 520.6 128.1 4.08E+04 491.3 1.9 151.3 497.3 
Percussion 3.15E+05 3.69E+07 390.8 117.3 1095.5 558.3 348.1 2.16E+05 950.0 11.8 120.1 521.8 
Percussion 8.37E+05 6.17E+06 157.5 73.7 1556.6 1198.6 161.6 4.64E+04 598.9 4.8 139.1 572.0 
Percussion 1.20E+06 2.03E+08 314.0 168.6 1540.1 1061.0 254.6 1.51E+05 980.0 6.4 123.9 587.1 
Percussion 6.41E+05 7.78E+07 279.5 121.4 1056.5 961.0 230.9 1.05E+05 844.6 5.9 121.4 600.9 
Percussion 1.23E+06 3.82E+08 674.2 310.0 1706.6 946.9 612.9 6.11E+05 1660.0 34.1 107.0 803.3 
Percussion 1.05E+06 3.49E+08 743.4 331.9 1688.9 924.1 708.3 7.44E+05 1791.2 10.8 98.2 809.9 
Percussion 3.83E+05 5.12E+07 413.3 133.6 1490.9 432.7 385.4 3.07E+05 1440.7 7.4 120.9 829.8 
Percussion 4.08E+06 4.58E+08 279.5 112.2 3717.1 1698.0 245.0 1.48E+05 1170.2 5.9 135.8 850.4 
Percussion 1.40E+05 1.93E+07 250.3 137.8 679.6 270.2 247.6 9.61E+04 654.1 14.8 111.4 949.7 
Percussion 4.52E+05 9.00E+07 519.9 199.4 1718.1 395.8 486.4 5.42E+05 1730.0 10.5 124.4 996.5 
Percussion 3.48E+05 5.42E+07 367.3 155.6 1437.1 462.9 349.2 1.82E+05 1400.0 8.1 133.9 1048.9 
Percussion 9.00E+05 7.16E+07 154.6 79.6 1308.5 1160.8 113.6 4.98E+04 830.0 6.4 129.2 1114.8 
Percussion 8.81E+05 1.05E+08 366.3 119.6 1602.2 865.7 299.1 2.75E+05 1560.0 2.5 139.9 1206.0 
Percussion 3.01E+06 7.33E+08 588.1 243.1 2602.0 2034.5 469.8 5.48E+05 1900.0 16.8 126.7 1223.3 
Percussion 4.49E+06 1.23E+09 1416.6 274.8 2928.9 2807.9 1240.4 1.77E+06 2805.0 65.1 91.6 1256.9 
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Percussion 1.15E+06 1.11E+08 226.1 96.9 1740.8 1490.1 188.3 5.78E+04 770.0 9.9 158.7 1345.0 
Percussion 1.47E+06 2.55E+08 505.9 174.1 2177.5 992.7 501.6 5.67E+05 2185.9 14.4 130.3 1395.8 
Percussion 3.43E+05 4.91E+07 276.4 143.3 1478.4 387.8 214.1 1.86E+05 1520.0 3.2 146.8 1424.1 
Percussion 9.50E+05 9.14E+07 192.3 96.2 1267.8 1164.0 151.1 6.74E+04 940.0 5.6 123.8 1465.5 
Percussion 4.98E+05 3.61E+07 118.3 72.5 1056.3 610.5 92.2 3.54E+04 651.4 1.6 112.0 1672.4 
Percussion 1.90E+06 2.03E+08 355.3 107.0 2074.5 1480.0 338.3 1.88E+05 1498.7 13.0 149.2 1672.4 
Percussion 9.67E+05 8.71E+07 191.1 90.1 1678.0 1157.4 138.4 7.40E+04 1210.0 5.1 158.7 1818.6 
Percussion 1.72E+06 4.26E+08 614.6 248.1 2636.4 899.8 536.1 7.01E+05 2460.0 17.8 130.3 1917.8 
Percussion 9.37E+05 1.28E+08 278.3 136.6 1911.4 673.7 226.4 2.54E+05 1675.0 5.1 154.8 1969.1 
Percussion 4.53E+06 6.32E+08 282.2 139.4 3011.7 2581.5 247.6 2.74E+05 1925.0 22.7 133.8 2154.1 
Percussion 3.99E+05 3.64E+07 220.1 91.3 1313.0 499.4 228.3 1.87E+05 1355.2 4.5 140.3 2182.5 
Percussion 7.70E+05 3.43E+07 113.0 44.5 1335.1 886.4 98.3 2.62E+04 670.7 3.0 165.8 2211.8 
Percussion 2.94E+06 3.06E+08 167.6 104.1 3012.0 1506.9 121.6 8.37E+04 1455.0 4.9 161.2 2322.5 
Percussion 5.99E+06 1.09E+09 602.9 181.9 3128.4 2840.2 549.3 9.01E+05 3070.0 10.4 141.0 2477.0 
Percussion 3.16E+06 7.50E+08 506.4 237.5 2662.6 2125.7 404.1 6.71E+05 2660.0 6.7 147.0 2479.4 
Percussion 1.93E+06 2.25E+08 328.0 116.8 3241.9 1029.7 289.9 7.12E+04 941.2 7.0 70.0 2504.7 
Percussion 3.05E+06 8.02E+08 795.8 262.8 3598.1 1712.2 691.9 1.42E+06 3600.0 12.4 131.8 2510.0 
Percussion 6.39E+06 1.59E+09 542.6 248.9 3450.3 2870.2 530.8 7.99E+05 2980.0 31.0 142.9 2553.9 
Percussion 6.26E+06 5.17E+08 188.1 82.6 3914.1 3491.1 159.0 9.10E+04 1340.0 12.8 164.7 2667.9 
Percussion 3.49E+06 3.49E+08 287.1 99.8 2482.5 2208.7 243.7 3.10E+05 2075.0 8.2 156.5 2673.6 
Percussion 8.43E+05 4.46E+07 214.3 52.9 1267.2 1112.9 235.0 7.28E+04 1115.0 12.4 152.8 2718.9 
Percussion 3.93E+05 2.27E+07 123.3 57.9 937.0 605.8 118.3 4.55E+04 764.5 4.5 142.3 2975.5 
Percussion 8.75E+05 1.45E+08 311.3 165.3 1624.8 749.0 253.5 2.49E+05 1449.0 4.4 134.6 3203.1 
Percussion 1.46E+05 1.08E+07 220.0 74.4 1113.3 239.2 195.6 8.37E+04 1164.7 7.8 153.0 3218.5 
Percussion 1.92E+06 3.31E+08 419.0 172.7 2849.8 1003.8 427.1 5.98E+05 2771.0 21.9 146.7 3293.9 
Percussion 2.26E+05 1.63E+07 127.7 71.8 1245.7 295.2 104.5 8.97E+04 1269.6 3.0 162.2 3319.4 
Percussion 6.82E+06 9.42E+08 431.3 138.1 3345.5 3041.5 427.8 6.07E+05 3100.0 17.6 152.9 3369.8 
Percussion 2.05E+06 1.65E+08 174.9 80.4 2224.1 1506.0 173.8 1.14E+05 1382.8 10.9 127.8 3523.5 
Percussion 1.04E+06 8.94E+07 257.9 85.9 2580.1 682.8 235.7 1.92E+05 2119.7 18.9 158.4 3874.6 
Percussion 1.45E+06 4.08E+08 928.2 280.7 4482.5 588.7 842.8 1.43E+06 4685.0 23.9 139.3 3953.0 
Percussion 6.48E+06 3.66E+08 150.8 56.6 3761.6 2084.8 157.2 1.32E+05 1840.9 9.4 164.8 4076.3 
Percussion 2.25E+06 1.97E+08 182.9 87.5 1957.4 1940.6 148.3 1.30E+05 1600.0 3.6 165.1 4223.1 
Percussion 4.10E+06 1.09E+09 572.2 264.5 3523.4 1691.5 370.0 6.27E+05 3380.0 7.6 155.0 4357.6 
Percussion 5.95E+05 5.20E+07 225.6 87.3 2211.6 674.7 215.0 2.55E+05 2210.0 13.0 160.3 4454.3 
Percussion 2.25E+06 2.81E+08 345.4 124.7 2732.2 1612.1 330.2 3.05E+05 2750.0 17.2 162.5 4610.2 
Percussion 9.50E+06 2.34E+09 894.2 246.0 4942.8 3009.3 782.8 1.91E+06 4900.0 25.3 144.8 4755.5 
Percussion 1.46E+07 2.26E+09 304.2 155.4 6994.8 3484.0 216.4 2.10E+05 2465.0 15.3 163.6 5126.0 
Percussion 5.99E+06 1.66E+09 906.2 276.7 5797.1 1583.6 824.3 2.71E+06 5790.0 8.7 147.6 5535.1 
Percussion 5.83E+06 1.09E+09 771.0 187.7 5144.3 1503.1 708.9 1.18E+06 4450.0 16.7 154.7 5711.7 
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Percussion 9.79E+06 1.44E+09 467.6 147.6 5079.1 2771.9 492.1 6.27E+05 3255.0 19.6 143.5 5819.0 
Percussion 1.53E+06 3.54E+08 447.0 231.9 3510.5 691.0 358.5 7.66E+05 3530.0 11.5 162.2 6146.8 
Percussion 1.04E+07 8.04E+08 237.0 77.0 7734.0 2334.0 226.4 2.74E+05 2323.9 22.0 150.8 6380.9 
Percussion 2.23E+06 2.13E+08 239.8 95.5 3392.3 1014.9 197.6 1.61E+05 1830.0 5.3 150.0 6508.3 
Percussion 5.49E+06 9.75E+08 971.7 177.5 6222.5 2193.2 910.4 2.30E+06 6225.0 25.3 147.5 7476.1 
Percussion 1.66E+07 2.29E+09 296.6 138.1 6979.1 2976.0 273.8 4.57E+05 3405.0 10.5 155.5 7604.1 
Percussion 4.73E+06 1.05E+09 666.9 221.2 5037.1 1744.1 636.4 1.61E+06 5040.0 11.0 147.3 8215.4 
Percussion 1.74E+06 2.09E+08 468.6 120.2 3291.3 924.8 409.0 5.14E+05 3310.0 14.4 159.6 8501.2 
Percussion 1.06E+07 3.48E+09 645.0 326.9 5580.6 3431.0 535.0 7.89E+05 3810.0 21.3 166.6 9329.6 
Percussion 8.30E+06 1.58E+09 476.3 190.2 4556.8 2986.4 398.1 3.41E+05 2860.0 24.6 144.8 10439.1 
Percussion 8.93E+05 7.78E+07 210.3 87.2 3274.4 469.8 172.6 2.47E+05 3270.0 8.8 170.4 10440.0 
Percussion 3.61E+06 4.69E+08 366.8 129.8 4047.5 1256.7 318.5 7.68E+05 4065.0 8.2 164.9 10723.3 
Percussion 2.09E+07 1.25E+10 1416.8 597.9 9509.4 3227.1 1297.6 7.51E+06 9525.0 13.8 154.3 10977.6 
Percussion 9.61E+06 1.12E+09 430.4 116.5 5977.9 3431.5 391.4 5.12E+05 3370.0 15.9 144.8 11607.9 
Percussion 2.51E+06 2.62E+08 293.5 104.2 4591.0 1134.6 295.7 6.40E+05 4639.6 20.5 165.5 12988.6 
Percussion 2.27E+06 3.29E+08 387.1 144.7 3324.0 1365.4 355.4 4.18E+05 3345.0 20.9 154.9 13509.7 
Percussion 1.45E+06 9.79E+07 150.6 67.7 2389.4 836.4 143.8 1.63E+05 2360.0 7.7 147.9 15106.1 
Percussion 4.71E+05 1.89E+07 128.4 40.0 1400.4 538.2 99.1 5.74E+04 1410.0 6.1 169.3 16315.2 
Percussion 1.06E+07 1.55E+09 377.6 145.6 4139.8 3246.2 352.5 6.51E+05 4310.0 10.1 170.5 17047.4 
Percussion 1.49E+07 3.56E+09 754.7 238.0 7918.7 3507.2 748.0 2.75E+06 8270.0 17.7 165.7 17954.8 
Percussion 1.83E+07 8.24E+09 1587.5 451.4 14196.7 2954.4 1389.7 1.12E+07 13460.0 24.0 159.3 21415.5 
Percussion 6.76E+06 9.83E+08 387.8 145.4 6958.3 1674.2 321.3 9.98E+05 6830.0 9.5 170.7 24482.7 
Percussion 6.20E+06 5.97E+08 288.9 96.4 4885.1 1879.2 248.5 4.54E+05 4135.0 13.3 171.4 25213.3 
Percussion 1.11E+07 2.23E+09 507.8 200.6 8088.0 2215.0 408.4 1.25E+06 7500.0 10.0 172.9 31285.6 
Percussion 1.19E+07 4.14E+09 833.9 347.1 9540.8 2016.9 525.6 2.00E+06 9500.0 23.5 171.0 32684.8 
Percussion 6.20E+06 4.77E+08 202.1 76.9 5984.3 1922.2 181.2 4.82E+05 5730.0 4.7 173.1 38478.0 
Percussion 3.54E+07 1.32E+10 1487.7 372.1 15801.4 4468.9 1445.6 9.83E+06 16285.0 25.0 163.7 42554.6 
Percussion 3.85E+06 3.04E+08 191.6 79.0 4929.6 1136.1 197.4 5.37E+05 4995.6 5.1 175.6 52373.0 
Percussion 2.48E+06 3.47E+08 233.8 139.8 4044.2 1412.3 148.2 3.48E+05 4050.0 8.7 176.5 59171.9 
Percussion 1.20E+07 1.06E+09 217.4 88.7 7320.9 2102.6 217.2 5.97E+05 6380.0 7.0 172.6 79005.8 
Trample 2.23E+05 3.68E+06 63.0 16.5 2844.1 150.6 62.3 2.84E+03 115.0 3.8 69.1 50.6 
Trample 1.69E+05 3.37E+06 64.2 19.9 1705.7 210.9 48.9 1.88E+03 115.0 3.6 103.1 57.5 
Trample 1.48E+06 3.60E+07 78.6 24.3 12966.7 165.2 28.0 1.50E+03 110.0 1.5 125.1 68.0 
Trample 1.27E+06 3.03E+07 129.2 23.8 6824.3 313.2 141.5 9.23E+03 185.0 14.5 70.3 72.1 
Trample 2.11E+05 1.83E+06 26.2 8.7 2643.2 187.5 14.2 5.62E+02 80.0 1.4 144.2 76.2 
Trample 4.03E+05 5.63E+06 53.3 14.0 7443.3 109.9 23.1 9.83E+02 95.0 1.7 131.0 78.6 
Trample 1.95E+05 2.38E+06 43.5 12.2 2366.3 129.4 12.3 3.22E+02 80.0 1.2 142.8 80.3 
Trample 4.46E+05 5.07E+06 39.6 11.4 6016.6 165.5 26.2 1.70E+03 135.0 1.5 126.4 82.5 
Trample 3.13E+05 3.28E+06 38.2 10.5 6835.8 112.5 30.0 1.17E+03 110.0 3.8 132.4 89.4 
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Trample 4.47E+05 2.81E+06 33.4 6.3 4355.2 362.7 29.6 1.63E+03 130.0 2.5 132.3 91.9 
Trample 2.58E+05 4.42E+06 63.1 17.1 7123.5 185.7 58.3 6.08E+03 180.0 4.2 112.8 93.6 
Trample 7.51E+05 3.82E+06 30.8 5.1 7039.1 380.2 27.4 1.56E+03 120.0 2.5 127.8 93.7 
Trample 3.20E+05 6.97E+06 64.7 21.8 2459.9 254.5 46.2 4.19E+03 165.0 2.0 122.9 96.3 
Trample 3.64E+05 2.86E+07 216.1 78.5 1715.5 201.4 206.8 2.14E+04 210.7 7.6 44.2 97.9 
Trample 2.44E+05 2.30E+06 32.3 9.4 2762.7 143.0 23.4 1.38E+03 125.0 2.1 137.8 99.0 
Trample 5.13E+05 4.22E+06 28.8 8.2 8108.8 220.2 24.4 1.32E+03 125.0 1.8 131.3 115.8 
Trample 9.31E+05 8.16E+06 46.5 8.8 10372.5 225.0 44.3 3.56E+03 175.0 3.8 132.9 125.0 
Trample 8.79E+05 9.86E+06 50.5 11.2 17542.8 179.8 33.2 2.00E+03 140.0 4.1 142.0 129.5 
Trample 1.86E+05 2.35E+06 36.1 12.6 3370.9 134.3 13.0 7.08E+02 110.0 0.9 153.2 130.7 
Trample 5.80E+05 1.01E+07 55.2 17.4 7474.1 155.8 26.0 2.41E+03 145.0 1.6 146.0 133.8 
Trample 1.90E+05 2.37E+06 35.8 12.4 4326.9 122.8 15.0 6.32E+02 105.0 1.3 135.6 138.9 
Trample 1.39E+06 5.31E+07 104.6 38.2 8637.3 338.9 87.9 7.82E+03 235.0 6.5 116.1 143.9 
Trample 3.55E+05 2.60E+06 32.2 7.3 6505.2 135.3 28.4 1.14E+03 133.2 3.9 144.6 147.4 
Trample 4.23E+05 3.74E+06 28.0 8.9 3718.9 229.2 22.8 1.31E+03 145.0 1.8 144.1 148.8 
Trample 3.24E+05 3.26E+06 36.5 10.0 5867.1 134.5 27.6 9.47E+02 133.7 3.4 145.9 154.1 
Trample 6.15E+05 6.27E+06 48.9 10.2 6600.2 212.6 37.5 3.13E+03 180.0 3.1 143.3 163.9 
Trample 6.54E+05 1.38E+07 67.2 21.1 3165.7 354.5 45.6 5.16E+03 225.0 1.9 129.8 165.4 
Trample 2.85E+05 2.97E+06 44.1 10.4 3656.4 180.1 21.1 1.91E+03 160.0 0.6 149.8 167.0 
Trample 1.65E+06 3.31E+07 69.8 20.1 10575.6 455.8 46.8 2.45E+03 210.0 5.1 130.1 174.6 
Trample 6.24E+05 7.40E+06 44.5 11.8 11381.0 138.0 14.0 8.98E+02 125.0 1.2 153.4 178.3 
Trample 2.70E+05 3.59E+06 37.9 13.3 2862.1 173.9 21.3 9.81E+02 130.0 2.3 152.9 178.7 
Trample 8.60E+05 3.42E+07 106.7 39.8 3017.9 781.0 107.8 1.61E+04 310.0 5.6 96.1 190.0 
Trample 5.76E+05 5.00E+06 52.3 8.7 5538.2 209.4 35.9 1.21E+03 155.0 4.0 138.1 196.2 
Trample 4.42E+06 5.29E+07 60.1 11.9 13360.9 602.9 59.5 7.85E+03 283.2 1.9 133.6 200.5 
Trample 8.62E+05 1.01E+07 41.8 11.7 8822.1 278.7 57.1 8.29E+03 260.0 1.8 140.1 200.8 
Trample 4.62E+06 1.35E+08 131.4 29.1 18530.8 1020.0 134.5 2.13E+04 390.0 3.9 113.6 206.4 
Trample 9.91E+05 4.46E+07 127.0 45.0 4106.5 384.5 106.6 1.73E+04 360.0 2.8 120.5 207.6 
Trample 1.61E+06 2.12E+07 56.8 13.2 9488.6 527.0 63.2 5.33E+03 255.0 3.3 133.4 213.3 
Trample 1.28E+06 1.63E+07 51.9 12.7 17416.6 310.2 30.1 3.68E+03 210.0 2.2 150.3 221.9 
Trample 1.35E+06 3.33E+07 80.6 24.7 11556.5 376.3 86.2 1.03E+04 310.0 3.0 120.7 225.4 
Trample 2.28E+05 1.38E+06 23.4 6.0 2846.8 142.9 22.0 1.06E+03 140.0 3.0 159.6 251.8 
Trample 4.92E+05 6.45E+06 56.4 13.1 7070.2 287.5 39.9 2.11E+03 180.0 4.1 143.5 252.3 
Trample 1.04E+06 2.14E+07 56.5 20.5 5668.1 420.7 50.8 5.69E+03 290.0 2.1 145.2 256.7 
Trample 3.15E+06 4.65E+07 77.1 14.8 9105.2 723.1 83.1 1.16E+04 345.0 4.7 137.3 268.8 
Trample 5.34E+05 8.46E+06 73.5 15.8 4999.0 270.9 32.8 3.63E+03 240.0 2.4 154.3 272.1 
Trample 8.32E+05 1.13E+07 63.3 13.6 5286.4 245.7 18.9 1.39E+03 180.0 1.4 155.8 277.0 
Trample 5.21E+05 7.13E+06 44.5 13.7 3125.1 234.9 38.1 3.76E+03 230.0 3.1 153.4 285.1 
Trample 6.98E+05 9.85E+06 54.9 14.1 5610.8 304.7 40.3 5.99E+03 285.0 3.0 130.2 294.4 
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Trample 4.90E+05 8.81E+06 42.6 18.0 3577.3 194.7 17.8 1.34E+03 175.0 2.5 161.8 297.4 
Trample 2.76E+05 3.17E+06 43.4 11.5 3488.2 207.2 39.9 1.76E+03 170.0 3.9 135.1 319.1 
Trample 3.12E+05 3.41E+06 37.3 10.9 3925.6 289.3 40.8 4.71E+03 251.2 1.9 147.8 322.4 
Trample 1.27E+06 1.89E+07 43.4 14.9 8284.1 251.1 27.6 2.48E+03 225.0 2.4 158.0 331.7 
Trample 1.20E+06 3.45E+07 81.8 28.8 4936.2 545.7 90.4 1.61E+04 425.0 2.5 131.2 339.9 
Trample 1.02E+06 1.99E+07 53.6 19.5 5769.5 261.3 30.1 1.79E+03 180.0 3.7 156.9 354.3 
Trample 1.85E+06 3.42E+07 62.2 18.5 6210.8 489.9 66.4 1.61E+04 388.5 1.9 138.9 355.4 
Trample 1.33E+06 2.72E+07 78.6 20.6 10784.5 284.4 45.2 4.15E+03 280.0 1.6 153.4 358.6 
Trample 7.81E+05 9.78E+06 63.5 12.5 7382.2 181.6 21.7 1.56E+03 180.0 1.4 157.0 378.0 
Trample 4.94E+05 4.98E+07 225.2 100.8 1199.0 650.7 209.8 6.59E+04 650.0 24.5 108.7 378.3 
Trample 1.10E+06 2.31E+07 49.1 21.1 4438.4 397.8 46.3 9.20E+03 355.0 1.3 150.9 378.6 
Trample 6.69E+05 6.45E+06 36.0 9.6 8815.1 509.1 22.0 2.32E+03 215.0 1.1 159.6 380.8 
Trample 6.14E+05 6.71E+06 57.7 10.9 7845.0 246.1 49.1 5.03E+03 215.0 0.8 106.3 381.8 
Trample 7.75E+06 3.99E+08 174.9 51.4 12488.0 1219.1 121.7 2.86E+04 540.0 6.5 129.2 395.4 
Trample 1.32E+07 4.21E+08 146.0 31.9 16838.5 2395.8 110.0 1.82E+04 430.0 5.6 120.2 412.9 
Trample 1.64E+06 3.96E+07 134.8 24.1 8311.6 510.5 153.9 2.13E+04 450.0 9.2 138.0 420.5 
Trample 1.82E+06 4.54E+07 95.4 24.9 8636.5 532.4 95.8 3.12E+04 530.0 3.7 143.6 448.7 
Trample 4.21E+05 6.68E+06 48.0 15.9 2200.2 295.7 31.2 3.61E+03 240.0 1.6 134.4 453.7 
Trample 2.74E+06 4.08E+08 60.3 14.9 7478.8 626.6 60.2 7.28E+03 355.0 4.4 138.9 476.3 
Trample 1.10E+06 4.32E+07 105.4 39.2 3352.9 692.0 101.7 1.99E+04 390.0 4.0 145.1 478.5 
Trample 3.40E+06 5.95E+07 78.1 17.5 16482.2 485.6 58.9 7.40E+03 365.0 4.6 158.1 489.7 
Trample 3.36E+06 1.48E+08 164.8 44.1 6270.5 880.0 149.7 3.25E+04 620.0 11.7 141.0 505.6 
Trample 1.22E+06 1.19E+07 39.2 9.8 7364.6 327.5 31.2 2.37E+03 260.0 2.8 161.6 543.1 
Trample 6.71E+05 1.87E+07 78.5 27.9 3464.8 474.0 23.4 3.99E+03 330.0 0.8 163.9 550.9 
Trample 4.95E+06 3.14E+08 204.5 63.5 8332.4 939.5 208.7 8.24E+04 785.0 6.5 118.8 557.3 
Trample 4.02E+05 6.31E+06 41.5 15.7 3553.0 314.9 26.7 2.10E+03 220.0 2.2 156.6 560.9 
Trample 3.34E+06 8.16E+07 100.5 24.4 8728.3 762.0 98.6 1.71E+04 525.0 7.3 146.3 572.3 
Trample 4.03E+06 1.52E+08 139.2 37.7 11415.9 929.9 106.0 4.38E+04 515.0 4.1 104.5 593.6 
Trample 1.42E+06 1.27E+08 181.6 89.5 2451.5 876.9 175.1 6.96E+04 725.0 7.1 107.8 695.9 
Trample 8.92E+05 9.87E+06 52.7 11.1 6009.6 427.6 45.3 9.11E+03 425.0 1.9 161.4 706.3 
Trample 4.81E+06 7.92E+07 95.3 16.5 11308.2 1039.9 87.0 1.20E+04 470.0 4.3 156.6 726.9 
Trample 2.88E+06 6.74E+07 147.7 23.4 13359.0 562.2 76.4 7.56E+03 520.0 8.2 153.5 738.1 
Trample 1.42E+06 3.01E+07 69.7 21.2 9981.4 358.7 19.6 2.27E+03 270.0 1.2 165.5 757.8 
Trample 1.19E+06 6.41E+07 141.0 53.8 2822.5 617.0 167.9 5.24E+04 635.0 10.8 103.5 768.8 
Trample 1.69E+06 4.89E+07 82.5 28.9 6659.1 734.3 74.8 1.73E+04 490.0 3.4 158.9 774.4 
Trample 3.89E+06 3.78E+07 42.1 9.7 8126.9 1074.6 35.8 3.89E+03 350.0 2.9 163.9 781.0 
Trample 1.14E+07 5.72E+08 145.3 50.1 15784.1 1639.8 140.7 5.40E+04 860.0 4.6 148.5 830.5 
Trample 4.56E+06 1.31E+08 87.8 28.7 9005.6 892.1 88.6 2.97E+04 625.0 3.4 135.3 843.0 
Trample 3.09E+06 1.02E+08 105.4 33.0 9881.7 795.8 100.6 3.44E+04 730.0 4.5 144.1 867.4 
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Trample 1.94E+06 2.28E+07 57.5 11.8 9534.7 603.8 56.4 1.30E+04 465.0 3.3 161.0 878.0 
Trample 1.13E+06 2.41E+07 66.2 21.4 7006.5 586.2 56.7 1.25E+04 533.7 6.4 158.9 965.9 
Trample 1.62E+06 3.07E+07 79.1 19.0 4593.5 690.7 92.1 6.26E+03 545.0 12.6 141.1 999.1 
Trample 6.76E+05 1.02E+07 47.6 15.2 6688.8 200.0 11.1 9.93E+02 195.0 1.2 170.3 1001.9 
Trample 3.77E+06 1.81E+08 164.6 48.0 10480.2 679.3 159.6 5.64E+04 660.0 7.6 151.9 1008.0 
Trample 6.81E+06 4.14E+08 157.0 60.8 11843.3 1070.5 127.9 4.45E+04 730.0 13.2 155.8 1029.1 
Trample 1.87E+05 5.74E+06 64.7 30.7 2757.1 198.2 14.5 1.15E+03 195.0 1.1 157.3 1111.4 
Trample 2.90E+07 1.41E+09 175.3 48.5 22031.7 2970.3 202.2 6.62E+04 995.0 13.7 136.3 1142.6 
Trample 1.08E+06 1.14E+07 38.3 10.6 10923.9 306.5 13.5 1.61E+03 270.0 1.3 172.5 1149.3 
Trample 6.21E+06 4.64E+08 157.8 74.7 6695.6 1585.7 112.5 5.82E+04 945.0 5.7 153.1 1149.8 
Trample 2.95E+06 4.83E+07 53.2 16.3 7290.9 498.1 58.6 1.12E+04 415.0 5.0 170.4 1151.9 
Trample 3.50E+06 1.59E+08 135.6 45.5 6776.7 1164.9 141.9 3.65E+04 723.7 10.5 150.0 1169.0 
Trample 3.93E+06 7.93E+07 88.7 20.2 10083.0 684.0 89.8 1.60E+04 460.0 2.7 122.8 1328.5 
Trample 4.18E+06 1.70E+08 134.5 40.7 6313.2 1234.8 164.0 8.78E+04 1120.0 5.5 156.4 1499.2 
Trample 9.76E+06 8.96E+08 222.9 91.8 8985.1 1552.7 214.5 1.31E+05 1135.0 6.2 146.1 1532.6 
Trample 4.90E+05 7.36E+06 38.6 15.0 3260.9 364.5 18.0 2.59E+03 305.0 1.0 170.9 1542.8 
Trample 1.88E+06 2.42E+07 43.8 12.9 8296.6 416.5 24.2 3.06E+03 330.0 1.5 164.1 1640.6 
Trample 6.20E+06 1.06E+08 78.1 17.2 8268.0 958.6 72.4 2.99E+04 770.0 3.9 165.1 1701.1 
Trample 7.48E+06 4.96E+08 149.1 66.4 10342.8 2021.1 154.8 1.04E+05 1045.0 6.8 161.1 1718.6 
Trample 2.02E+06 2.62E+08 290.6 129.5 2296.9 1945.7 304.2 3.27E+05 1730.0 6.0 149.4 1787.4 
Trample 3.15E+07 1.87E+09 224.7 59.3 27795.1 2146.1 228.0 1.34E+05 1255.0 5.0 134.0 1851.6 
Trample 5.08E+06 1.01E+08 112.5 20.0 8086.0 1063.3 102.2 3.92E+04 995.0 4.5 159.3 1926.9 
Trample 1.74E+07 8.29E+08 202.9 47.6 18017.2 1587.3 223.3 1.04E+05 915.0 9.9 152.8 1958.7 
Trample 1.32E+07 3.84E+08 90.0 29.0 16634.1 2105.9 77.7 2.37E+04 825.0 7.2 166.9 2087.1 
Trample 4.32E+06 3.12E+07 52.8 7.2 10827.0 887.0 56.6 5.72E+03 510.0 6.2 169.8 2101.8 
Trample 1.02E+06 2.65E+07 70.2 25.9 7436.1 465.3 20.7 4.07E+03 415.0 1.2 173.7 2251.0 
Trample 4.21E+06 1.68E+08 123.4 40.0 7862.4 1750.0 123.3 4.75E+04 1095.0 5.4 158.2 2394.5 
Trample 4.71E+06 4.75E+07 39.1 10.1 10874.8 610.7 34.5 7.02E+03 545.0 2.9 170.9 3062.6 
Trample 2.23E+06 2.62E+07 83.1 11.7 4038.2 942.8 97.9 2.91E+04 930.0 6.2 168.0 3095.0 
Trample 6.18E+06 1.84E+08 104.5 29.8 7063.1 1641.8 97.8 5.34E+04 1230.0 3.6 168.5 3119.5 
Trample 5.78E+06 1.25E+08 86.8 21.6 12618.1 949.2 50.6 5.75E+03 645.0 5.6 170.1 3364.8 
Trample 1.35E+07 9.35E+08 199.3 69.3 22312.3 1505.2 160.0 8.62E+04 1350.0 7.4 169.8 3439.3 
Trample 7.26E+06 4.46E+08 152.7 61.5 4922.2 2120.3 155.4 9.67E+04 1555.0 3.8 157.1 4124.4 
Trample 1.08E+07 4.23E+08 137.1 39.4 11545.2 2375.9 147.7 4.79E+04 955.0 5.5 151.4 5589.1 
Trample 6.03E+05 5.75E+06 51.1 9.5 4685.2 414.2 59.3 7.75E+03 405.0 2.9 95.1 6010.9 
Trample 1.49E+07 5.65E+08 132.5 38.1 9414.5 2127.4 123.6 8.06E+04 1750.0 5.5 171.7 6184.8 
Trample 4.46E+06 1.65E+08 129.9 37.1 3362.3 2457.6 125.9 9.37E+04 1720.0 9.1 171.4 6508.9 
Trample 7.27E+06 5.93E+07 48.2 8.2 17059.6 892.5 44.0 8.03E+03 730.0 2.2 171.6 6654.9 
Trample 1.66E+07 1.18E+09 209.8 71.4 10754.4 2352.8 191.6 1.63E+05 2190.0 19.3 173.5 11594.1 
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Trample 2.14E+07 3.06E+08 49.7 14.3 16348.1 1636.0 37.2 2.23E+04 1370.0 2.4 176.8 15354.2 
Trample 7.65E+05 1.16E+07 46.5 15.2 3277.7 641.2 43.8 5.99E+03 525.0 2.2 140.2 19229.2 
Trample 1.99E+07 6.37E+08 146.2 32.1 21243.5 3114.0 135.7 5.50E+04 1845.0 10.1 176.5 42516.4 
Trample 6.12E+06 7.78E+07 80.4 12.7 7849.3 2221.9 82.5 3.15E+04 1610.0 3.8 168.8 47056.5 
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APPENDIX C – RAW DATA FROM FRIESENHAHN CAVE MARKS 

  
3D Measurements 2D Measurements 

Species Prey Mark ID 

Surface 

Area Volume 

Max. 

Depth 

Mean 

Depth 

Max. 

Length 

Max. 

Width 

Max. 

Depth Area Width Roughness Angle Radius 

Sabertooth mammoth 933-112a 33027446 
492282174

2 342.868 149.052 12788.2 3187.07 339.009 609131 3431.31 30.0093 161.348 9501.27 

Sabertooth mammoth 933-112b 11759609 
615725416

9 804.665 523.593 3715.93 3973.1 824.959 1804446 2752.88 11.508 138.377 2680.4 

Sabertooth mammoth 
933-1204-
1a 28507094 1.05E+10 734.592 368.93 12604.8 3918.84 612.136 752364 2044.88 11.1231 115.31 1071.21 

Sabertooth mammoth 
933-1204-
1b 3913370 606362723 285.227 154.946 4436.44 1083.79 262.135 179727 1015.81 4.18881 126.472 599.896 

Sabertooth mammoth 
933-1204-
1c 1365753 171543396 230.732 125.604 1610.83 1232.37 162.246 122335 1406.33 3.15634 156.006 2116.92 

Sabertooth mammoth 
933-1204-
2 86996140 4.41E+10 1163.45 507.337 30823.2 6404.81 1171.01 2191930 3225.68 30.9157 100.681 1506.55 

Sabertooth mammoth 
933-1204-
3a 1880568 20532139 41.2023 10.9181 9823.13 289.197 32.2378 6828.4 399.366 1.12812 163.065 696.879 

Sabertooth mammoth 
933-1204-
3b 3896558 53419909 41.8241 13.7095 10497.5 699.311 31.6082 7863.01 595.655 3.65872 174.96 5016.96 

Sabertooth mammoth 
933-1204-
3c 1634505 21453299 33.7018 13.1253 2276.55 1132.13 20.9264 3366.66 411.24 0.755048 169.209 1259.08 

Sabertooth mammoth 
933-1204-
3d 3522881 93475880 59.3483 26.5339 3034.78 1629.78 57.1469 25714.3 910.8 1.79174 164.728 1756.89 

Sabertooth mammoth 933-1205a 34242236 1.76E+10 1407.84 512.823 12726.6 3560.14 810.031 933259 2993.39 30.2668 123.001 1622.16 

Sabertooth mammoth 933-1205b 9824382 
795338518

3 1401.04 809.556 3109.39 3552.12 1368.28 3295336 4170.74 36.4607 123.103 2534.93 

Sabertooth mammoth 
933-1778-
1a 1637728 209267706 298.963 127.779 1968.24 880.982 259.755 177063 1190.28 4.91053 128.5 1010.06 

Sabertooth mammoth 
933-1778-
1b 6624582 

210910356
7 482.253 318.375 4739.47 1611.38 527.327 1050446 3630.17 8.17689 144.778 3749.31 

Sabertooth mammoth 
933-1778-
1c 6128114 

210476341
8 465.801 343.46 3130.29 2498.54 528.467 1072862 3644.87 8.69071 150.728 4077.68 

Sabertooth mammoth 
933-1778-
2a 8642466 

198646181
7 417.305 229.849 2085.22 4862.55 259.318 417640 3074.64 5.7056 163.48 5503.42 

Sabertooth mammoth 
933-1778-
2b 39819555 1.12E+10 739.823 282.073 14362.7 5009.29 721.748 2027131 4695.84 8.84781 142.916 4656.74 

Sabertooth mammoth 
933-1778-
2c 2879158 137984728 123.463 47.9254 2533.31 820.542 151.24 96679.8 1320.95 3.17216 144.162 3645.78 

Sabertooth mammoth 
933-1778-
2d 6290470 

100112876
4 391.971 159.15 3289.89 2180.51 348.794 500154 2706.68 10.1165 154.191 3768.9 

Sabertooth mammoth 
933-1778-
2e 5060909 899376789 386.421 177.711 3318.3 2221.63 176.446 187954 1533.97 3.02216 156.144 1863.21 

Sabertooth mammoth 
933-1852-
1 10767565 

170709268
2 363.957 158.54 4798.52 3559.61 353.132 584083 3612.15 3612.15 162.287 15844.4 

Sabertooth mammoth 933-2934a 4482420 852715803 317.714 190.236 2374.51 2183.08 254.6 355077 2241.04 6.60776 157.761 2988.34 

Sabertooth mammoth 933-2934b 875037 158022401 262.483 180.589 798.215 1204.58 119.099 69589.9 1142.31 3.79526 137.846 2580.76 

Sabertooth mammoth 933-2934c 6140517 
135468610

1 476.98 220.614 4726.76 1666.26 493.438 658117 2550.57 17.7524 139.215 2114.27 
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Sabertooth mammoth 
933-3839-
1a 2424467 720745367 454.853 297.28 2384.25 1369.52 499.479 731536 2422.89 10.9469 139.646 1912.06 

Sabertooth mammoth 
933-3839-
1b 2401289 523672679 357.477 218.08 1474.25 1611.81 235.285 238996 1633.65 14.3151 146.574 1692.21 

Sabertooth mammoth 
933-3839-
1c 8196092 

185303615
6 527.77 226.088 2052.22 4224.86 527.438 1438171 6254.16 9.45721 158.772 16885.4 

Sabertooth mammoth 
933-3839-
1d 5406489 

124647474
3 455.195 230.552 1438.94 4381.67 371.815 824329 4705.8 9.75024 163.073 18850.7 

Sabertooth mammoth 
933-3839-
1e 4140562 814908882 347.601 196.811 3676.62 1415.62 362.762 310494 1733.28 16.1224 138.486 1486.36 

Sabertooth mammoth 
933-3839-
1f 5669776 981007547 371.088 173.024 2782.13 3344.16 416.947 313473 2853.84 45.4608 156.872 5250.91 

Sabertooth mammoth 
933-3839-
2a 8156629 

298799127
8 589.524 366.327 3625.43 2923.37 588.584 1070422 3251.28 15.9531 149.314 4107.57 

Sabertooth mammoth 
933-3839-
2b 3606949 686941675 362.014 190.45 2168.93 2261.03 364.901 123389 863.88 3.76838 79.2047 544.305 

Sabertooth mammoth 933-3886  9375201 
145063277

4 443.813 154.731 2844.22 4425.83 2168.93 2261.03 4493.28 11.9746 161.674 8026.27 

Sabertooth mammoth 
933-518-
1b 11463212 

125182974
7 342.487 109.204 10051 1556.1 334.801 145947 1203.36 9.26434 105.432 620.205 

Sabertooth mammoth 933-518-1c 2724309 305736766 334.304 112.225 2963.06 1290.34 313.677 205760 1302.72 6.57311 123.517 744.743 

Sabertooth mammoth 933-518-2 10370867 
521725343

4 1347.62 503.068 8691.91 1975.29 1351.75 1588467 2067.24 22.2764 82.3386 933.047 

Sabertooth mammoth 933-5675   718762 97447595 247.935 135.577 1129.03 840.295 230.295 119503 847.512 4.34328 138.019 930.622 

Sabertooth mammoth 933-674-1  537.342 999.403 267.401 294.24 5038.97 2970.97 593.529 1083221 3173.85 6.95539 138.29 2467.53 

Sabertooth 
Homotheri
um 

933-2301-
1a 18956024 7.91E+09 1013.27 417.117 4350.62 6157.49 1082.77 3745268 6259.68 12.3554 150.853 7705.24 

Sabertooth 
homotheriu
m 

933-2301-
1b 2644256 1.50E+09 1119.01 568.556 1710.46 1942.71 854.926 1022664 1769.16 15.0254 104.26 896.856 

Sabertooth 
homotheriu
m 933-2304 24270553 

953918123
0 859.123 393.035 5861.42 5244.8 701.058 1524644 4443.6 15.0073 146.729 4186.48 

Sabertooth 
homotheriu
m 933-2689 31041427 1.50E+10 914.188 482.727 5256.68 6199.21 1010.03 4925992 6552.24 18.5831 134.873 12707.2 

Sabertooth 
homotheriu
m 

933-2741-
1a 19568338 

769862163
6 906.345 393.422 14854.3 2159.53 914.219 1524437 2942.16 9.26023 104.622 1789.21 

Sabertooth 
homotheriu
m 

933-2741-
1b 7561569 

126853279
5 277.383 167.761 10010.2 1935.44 328.387 275858 1454.52 5.04596 138.008 1081.11 

Sabertooth 
homotheriu
m 

933-2741-
1c 6767758 

100059902
9 347.173 147.848 7534.29 1719.67 322.048 264083 1620.12 10.3263 140.205 1449.39 

Sabertooth 
homotheriu
m 

933-2741-
1d 3988396 461225652 224.293 115.642 6201.15 1518.78 173.215 163477 1559.4 3.63297 157.65 2570.6 

Sabertooth 
homotheriu
m 

933-2741-
2a 21426610 

547369604
9 640.879 255.463 7479.26 5380.46 444.071 963892 4849.32 9.73148 163.302 9337.42 

Sabertooth 
homotheriu
m 

933-2741-
2b 11877971 

373595848
2 703.053 314.528 5413.1 3143.37 714.623 977285 2486.76 13.2758 117.4 1478.57 

Sabertooth 
homotheriu
m 

933-2741-
3 9856443 

189450658
6 436.474 192.21 4023.68 2814.41 489.592 680010 3806.04 12.9223 147.38 5011.54 

Sabertooth 
homotheriu
m 

933-2741-
4a 6365922 720530012 295.347 113.185 2512.85 1000.72 297.689 269216 1479.36 4.28865 138.697 1103.27 

Sabertooth 
homotheriu
m 

933-2741-
4b 2612856 212033864 200.39 81.1502 5633.19 892.316 185.21 77957.9 1046.04 10.338 151.96 1098.52 

Sabertooth 
homotheriu
m 

933-2741-
4c 1532101 106726967 157.412 69.6605 3019.36 562.652 158.394 51896.8 585.12 5.07492 120.653 326.569 
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Sabertooth 
homotheriu
m 

933-2741-
4d 338496 25859846 133.448 76.3964 1002.91 385.632 137.568 35165.3 414 1.63014 113.835 217.826 

Sabertooth 
homotheriu
m 

933-2741-
5 11818550 

375762177
4 610.131 317.943 3841.45 4727.16 591.024 1318548 4247.64 9.20027 149.826 4429.08 

Sabertooth 
homotheriu
m 

933-2741-
6a 2196642 197330933 167.101 89.833 2244.53 1272.74 152.848 131704 1302.72 4.67925 159.493 2168.95 

Sabertooth 
homotheriu
m 

933-2741-
6b 1944427 139407052 155.077 71.6957 1660.1 1410.59 175.135 161472 1476.6 3.203 152.905 2398.59 

Sabertooth 
homotheriu
m 

933-2741-
7 7117943 

175139832
3 413.86 246.054 2587.5 3417.9 352.914 563879 2528.16 12.5614 153.214 2926.48 

Sabertooth 
homotheriu
m 

933-2741-
8b 11331888 

161125511
8 302.384 142.188 10624.2 1792.33 272.672 226348 1882.32 10.5923 146.409 1932.97 

Sabertooth 
homotheriu
m 

933-2741-
8d 9882251 

138148747
5 356.881 139.795 9699.74 1644.13 195.268 127477 1186.8 8.82906 151.807 1262.59 

Sabertooth 
homotheriu
m 

933-2741-
9 2174870 229964444 200.246 105.737 2039.18 1479.72 211.887 219701 1686.36 10.2309 155.245 2302.35 

Sabertooth 
homotheriu
m 

933-2741-
10 14862128 

328194380
9 532.12 220.826 4237.08 4630.08 621.921 1774178 4948.68 8.54407 153.367 5860.59 

Sabertooth 
homotheriu
m 

933-2741-
11 8175597 

169407238
2 393.197 207.211 3209.21 3523.31 461.173 938047 3588 12.082 149.028 4363.7 

Sabertooth 
homotheriu
m 933-2747a 8214549 

216298342
4 579.89 263.311 5075.08 2045.31 531.172 427346 1611.84 18.9161 104.986 803.453 

Sabertooth 
homotheriu
m 933-2747b 5973196 

180515785
1 576.989 302.21 1927.32 4290.72 541.45 1118546 4509.84 10.9021 148.225 4772.24 

Sabertooth 
homotheriu
m 933-2747c 2909424 239963859 189.764 82.4781 4937.28 860.127 116.892 47119 993.6 5.86011 158.402 1577.49 

Sabertooth 
homotheriu
m 933-2821 6807019 

399729529
6 1236.81 587.231 3373.74 2770.63 1175.97 1939530 2710.32 34.6419 98.5782 1248.32 

Sabertooth 
homotheriu
m 933-3341a 11807668 

461633223
7 805.766 390.961 5327.12 3846.51 528.096 569591 2541.96 20.4393 130.216 1775.1 

Sabertooth 
homotheriu
m 933-3341b 5033668 602834032 264.947 119.76 4049.92 1878.96 198.397 177862 1611.84 9.68241 150.054 1736.52 

Sabertooth 
homotheriu
m 933-3481a 2432029 397696654 292.918 163.525 1748.43 1823.77 256.958 212837 1647.72 16.9915 148.841 1685.62 

Sabertooth 
homotheriu
m 933-3481b 1947036 280717347 270.804 144.177 1947.58 1524.63 240.592 149406 1311 7.27575 138.114 2004.67 

Sabertooth 
homotheriu
m 933-3507a 11188956 

386256830
4 612.514 345.213 4384.25 2996.4 645.014 1331332 3941.28 11.8108 140.463 3203.87 

Sabertooth 
homotheriu
m 933-3507b 5202387 

260022784
4 949.677 499.814 3171.3 2049.96 864.988 1061598 2001 15.5805 102.962 971.762 

Sabertooth canid 933-1622a 3598505 761176343 360.636 211.526 2310.33 2153.41 327.002 415041 1954.08 6.68557 132.84 2684.62 

Sabertooth canid 933-1622b 3154159 729805546 434.407 231.379 1683.72 2469.97 435.447 739788 2409.48 8.81703 132.161 2034.01 

Sabertooth canid 
933-2526-
2 2985699 648132156 426.234 217.079 1957.58 2132.61 399.059 517434 2252.16 20.0829 149.515 2951.31 

Sabertooth canid 933-3514 2282572 494479379 376.361 216.633 1825.94 1548.02 388.161 441977 1647.72 8.79092 135.429 1346.31 

Sabertooth canid 
933-7776-
1a 3709615 667717294 288.736 179.996 2155.67 1878.98 279.599 471768 2831.76 10.2371 157.65 4229.28 

Sabertooth canid 
933-7776-
1b 4457934 476765448 221.278 106.948 2347.78 2213.63 264.865 315461 2039.64 8.46984 153.138 2309.45 

Sabertooth canid 
933-7776-
1c 1458538 132705997 185.16 90.9856 1508.48 1258.3 226.783 186306 1460.04 5.0877 143.951 1358.62 

Sabertooth canid 
933-7776-
2 4123852 

167292755
5 701.571 405.671 2065.66 2465.52 739.298 1310242 2856.6 9.31733 121.542 1745 
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Sabertooth canid 
933-7776-
3a 4591676 551751570 236.213 120.163 3070.98 1822.5 234.09 232572 1984.44 4.98044 156.865 2806.29 

Sabertooth canid 
933-7776-
3b 1695423 195148621 203.538 115.103 1529.55 1445.07 204.119 201175 1484.88 3.80815 157.259 1888.27 

Sabertooth canid 
933-7776-
3c 2873458 284887528 204.83 99.1445 2311.82 1667.84 195.068 151978 1393.8 4.36992 145.125 2119.66 

Sabertooth canid 
933-7776-
3d 2997773 289389221 202.852 96.5347 2267.48 1675.42 180.807 161386 1766.4 6.4133 147.738 6197.88 

Sabertooth canid 
933-7776-
3e 2481300 245948232 268.096 99.1207 1683.45 2316.77 254.655 249346 2376.36 16.9548 163.133 4596.94 

Sabertooth bovid 933-1657a 2365013 214610759 174.17 90.744 2741.58 818.465 179.169 106574 1173 3.21931 140.877 997.295 

Sabertooth bovid 933-1657b 378385 26704139 140.692 70.5739 580.525 943.156 148.38 81192 1062.6 3.78223 152.211 1228.39 

Sabertooth bovid 933-1657c 4868572 318903488 141.714 65.5025 4340.8 1508.5 101.705 69407.1 1266.84 3.50325 164.112 2464.43 

Sabertooth bovid 
933-2933-
2a 13520158 986131814 277.964 72.9379 12938.6 2247.46 192.254 227034 2152.8 10.4244 154.02 3295 

Sabertooth bovid 
933-2933-
2b 10734158 

163032082
7 295.986 151.882 3174.95 4726.04 298.094 654356 4747.2 14.0369 162 48646.4 

Sabertooth bovid 
933-3306-
1a 5589003 

149681285
2 588.762 267.814 3679.3 2183.65 578.424 745102 2199.72 25.3556 126.909 1327.95 

Sabertooth bovid 
933-3306-
1b 3241030 741406460 463.82 228.756 2249.12 1956.68 382.367 428347 1909.92 8.46458 139.615 1480.4 

Sabertooth bovid 
933-3306-
2b 9996763 

114441930
0 311.541 114.479 11374.7 1788.27 326.863 312392 1796.76 16.8103 139.161 1585.87 

Sabertooth bovid 933-3388b 11419655 972682060 236.834 85.1761 9383.11 2199.3 275.292 292340 2368.08 15.2768 153.5 2813 

Sabertooth bovid 933-3388c 9232885 
239515764

7 509.301 259.416 3687.62 3074.26 562.188 1031942 3284.4 13.6506 140.304 2880.95 

Sabertooth bovid 933-3388d 11154509 
387970672

7 534.791 347.815 4881.57 3049.56 762.628 1965655 4231.08 17.0207 144.462 3618.57 

Sabertooth bovid 
933-4307-
1 15109711 

456150025
0 576.484 301.892 1635.51 7593.46 656.029 3391375 10366.6 11.8316 166.769 22998.1 

Sabertooth bovid 
933-4307-
2b 1723912 166369550 224.573 96.507 4188.17 573.467 253.381 108839 811.44 5.67896 122.654 503.381 

 

Note: “Sabertooth” refers to H. serum.  
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APPENDIX D – RAW DATA FROM EXPERIMENTALLY PRODUCED EXTANT CARNIVORE TOOTH MARKS 

  3D Measurements 2D Measurements 

Species Mark ID 
Surface 

Area 
Volume 

Maximum 

Depth 

Mean 

Depth 

Maximum 

Length 

Maximum 

Width 

Maximum 

Depth 
Area Width Roughness Angle Radius 

African Wild Dog DZD1-1 1.83E+06 1.60E+08 152.8 87.3 2548.6 1120.7 111.3 6.35E+04 1170.0 3.3 152.8 1506.8 

African Wild Dog DZD1-2 1.41E+06 1.03E+08 170.1 73.6 2231.6 796.3 164.4 6.16E+04 685.0 10.6 132.5 440.4 

African Wild Dog DZD1-4A 2.83E+06 2.96E+08 216.6 104.7 2488.7 1618.0 192.0 1.49E+05 1480.0 6.6 155.2 2209.6 

African Wild Dog DZD1-4B 2.97E+06 3.27E+08 222.4 110.3 2529.0 1522.9 264.6 2.38E+05 1635.0 20.8 150.7 1681.4 

African Wild Dog DZD1-5 5.13E+06 4.00E+08 160.0 78.0 5959.3 1130.4 142.2 8.20E+04 1370.0 2.6 167.4 4567.8 

African Wild Dog DZD2-1 1.79E+06 8.56E+07 114.5 47.7 2324.5 1094.4 103.2 4.65E+04 1030.0 4.4 166.1 8862.5 

African Wild Dog DZD4-2 4.48E+05 2.35E+07 116.1 52.5 949.4 556.0 74.7 1.47E+04 490.0 2.4 149.7 675.3 

African Wild Dog DZD4-3A 7.64E+05 5.27E+07 153.0 69.0 1727.0 626.3 151.7 5.18E+04 895.0 7.4 144.8 912.6 

African Wild Dog DZD4-3B 5.92E+05 4.12E+07 127.3 60.7 1249.7 584.5 93.5 2.91E+04 640.0 3.8 142.6 706.4 

African Wild Dog DZD4-4 2.89E+05 2.54E+07 158.6 87.8 883.9 383.2 103.5 2.10E+04 460.0 2.3 116.4 261.5 

African Wild Dog DZD4-5 6.77E+05 2.00E+07 77.3 29.6 1201.2 704.1 70.8 2.40E+04 915.0 3.5 163.9 2475.3 

African Wild Dog DZD4-6 1.01E+06 3.11E+07 74.2 30.9 1371.1 1096.1 66.9 3.45E+04 950.0 2.6 170.4 2560.8 

African Wild Dog DZD4-7 3.14E+05 6.98E+06 61.0 22.3 829.1 486.1 59.4 1.18E+04 430.0 2.0 162.9 700.1 

African Wild Dog DZD4-8 1.17E+06 5.14E+07 118.1 44.0 1895.5 896.0 107.8 4.92E+04 850.0 3.8 154.0 1187.6 

African Wild Dog DZD4-9 2.25E+06 1.54E+08 137.0 68.2 2407.4 1052.4 131.2 9.52E+04 1290.0 3.4 157.7 1757.2 

African Wild Dog DZD4-10 1.24E+06 7.07E+07 105.4 44.8 1710.7 811.5 99.4 5.21E+04 850.0 3.1 158.2 1214.9 

African Wild Dog DZD4-11 9.87E+05 4.28E+07 112.4 43.3 2740.4 653.1 117.3 3.70E+04 665.0 5.7 151.7 796.7 

African Wild Dog DZD4-12 2.14E+06 1.83E+08 222.3 85.7 2389.2 1244.7 206.0 1.32E+05 1345.0 3.0 144.4 1334.2 

African Wild Dog DZD4-14 3.74E+05 5.48E+06 54.5 14.6 1481.2 325.5 52.5 6.79E+03 340.0 2.6 156.9 536.0 

African Wild Dog DZD4-15A 3.58E+05 5.11E+06 47.9 14.2 1467.3 307.3 49.8 8.47E+03 360.0 2.0 162.6 608.6 

African Wild Dog DZD4-15B 3.89E+05 5.86E+06 61.2 15.0 1495.1 343.7 55.2 5.11E+03 320.0 3.2 151.2 463.5 

African Wild Dog DZD6-1 1.24E+06 6.03E+07 117.8 48.4 2870.5 590.2 127.5 4.77E+04 735.0 4.4 139.3 569.7 

African Wild Dog DZD7-1 7.01E+05 2.62E+07 92.1 37.4 1164.1 809.7 92.3 3.92E+04 830.0 2.1 153.9 1307.3 

African Wild Dog DZD7-2 2.06E+05 5.40E+06 76.3 26.1 612.3 363.2 61.5 8.56E+03 315.0 2.9 144.9 271.2 

African Wild Dog DZD7-3 5.16E+05 1.42E+07 73.5 26.8 1157.8 573.2 68.6 2.01E+04 550.0 2.6 155.0 925.2 

African Wild Dog DZD7-4 6.42E+05 1.09E+07 52.3 16.9 1697.1 546.7 52.0 1.26E+04 525.0 2.7 166.2 1197.3 

African Wild Dog DZD8-1A 5.50E+05 2.47E+07 83.3 44.9 1106.4 643.4 98.4 4.90E+04 870.0 3.2 157.4 1114.7 

African Wild Dog DZD8-1B 2.47E+05 9.97E+06 77.7 40.3 615.0 496.3 53.1 1.27E+04 460.0 2.7 157.6 635.7 

African Wild Dog DZD8-1C 2.84E+05 1.30E+07 98.4 46.0 723.1 454.1 77.1 1.44E+04 380.0 1.9 153.3 470.1 

African Wild Dog DZB8-2A 2.79E+05 4.93E+06 48.0 17.7 810.6 567.2 43.2 9.54E+03 580.0 3.0 152.0 3683.8 

African Wild Dog DZB8-2B 3.38E+04 7.66E+05 43.8 22.6 223.6 191.4 35.1 3.95E+03 180.0 2.0 145.2 167.0 

Gray Wolf WSN1-1 2.29E+06 1.08E+08 137.8 47.4 2387.3 1423.3 147.3 1.14E+05 1780.0 7.2 164.7 3786.3 

Gray Wolf WSN2-1 8.93E+05 7.42E+07 224.9 83.0 1141.9 1049.6 216.6 1.35E+05 1240.0 8.9 141.2 1018.9 

Gray Wolf WSN2-2 4.85E+05 2.48E+07 128.0 51.2 1099.1 550.0 139.3 7.15E+04 975.0 3.6 146.4 894.7 
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Gray Wolf WSN2-3 2.06E+06 9.36E+07 123.1 45.4 2018.9 1454.9 115.9 9.51E+04 1515.0 3.9 159.4 3366.6 

Gray Wolf WSH1-2 2.92E+06 2.07E+08 147.2 70.8 1839.3 2112.4 162.6 2.21E+05 2055.0 6.7 164.7 4340.5 

Gray Wolf WSH1-3 4.30E+06 5.78E+08 381.8 134.6 3136.3 1725.4 401.5 3.92E+05 2070.0 12.8 134.1 1417.5 

Gray Wolf WSH1-4 4.15E+06 4.78E+08 324.2 115.2 3393.5 1844.7 331.9 2.77E+05 1675.0 9.7 132.6 1150.8 

Gray Wolf WSH1-5 2.79E+06 1.73E+08 150.5 62.0 2625.1 1163.3 158.4 1.06E+05 1610.0 7.1 156.6 4149.4 

Gray Wolf WSH1-7 8.72E+05 5.96E+07 156.1 68.4 1620.7 974.3 163.3 9.08E+04 1190.0 5.5 150.5 1202.6 

Gray Wolf WSH1-8 1.54E+06 7.77E+07 140.6 50.6 3277.9 789.5 144.0 5.02E+04 955.0 4.3 147.0 972.1 

Gray Wolf WSH1-9 1.98E+06 1.16E+08 141.4 58.5 2514.7 988.3 133.3 6.99E+04 1195.0 2.6 158.5 1764.4 

Gray Wolf WSH1-10 3.86E+06 2.61E+08 188.0 67.7 3216.5 1558.9 211.5 1.88E+05 1720.0 8.2 153.1 1951.5 

Gray Wolf WSH1-13 9.58E+05 5.20E+07 155.5 54.2 1108.3 1104.3 121.2 5.45E+04 900.0 6.6 146.9 859.9 

Gray Wolf WSH3-1 1.11E+06 3.89E+07 109.3 35.2 4626.6 479.3 120.0 2.51E+04 545.0 7.5 141.6 475.1 

Gray Wolf WST1-1 1.39E+06 4.11E+07 69.6 29.5 1913.9 761.1 70.1 2.69E+04 900.0 1.8 148.2 3112.3 

Gray Wolf WST1-2A 3.50E+05 1.26E+07 85.4 36.2 800.6 583.4 87.7 2.96E+04 620.0 2.6 149.9 645.4 

Gray Wolf WST1-2B 2.90E+05 9.77E+06 89.0 33.7 742.1 468.9 92.7 2.46E+04 670.0 2.3 153.6 713.5 

Gray Wolf WST1-7 1.10E+06 1.59E+07 49.7 14.5 3213.1 477.4 62.4 2.06E+04 710.0 2.1 163.8 1529.9 

Gray Wolf WST1-8 2.95E+05 4.33E+06 46.9 14.7 640.7 707.3 41.7 9.56E+03 585.0 2.7 166.1 1479.0 

Gray Wolf WST1-9 3.38E+05 8.26E+06 69.3 24.4 724.8 687.3 82.9 2.27E+04 530.0 3.1 146.5 483.0 

Gray Wolf WST1-11 2.55E+06 9.31E+07 110.1 36.5 3872.7 968.0 98.6 4.80E+04 1390.0 2.9 158.1 9218.5 

Gray Wolf WST1-12 1.02E+06 7.67E+07 169.8 75.2 1065.7 1110.6 119.5 6.22E+04 1045.0 4.8 154.1 1262.5 

Gray Wolf WST1-15 1.73E+06 1.67E+08 168.8 96.3 1418.3 2082.2 189.9 1.61E+05 1415.0 6.3 166.8 3423.5 

Gray Wolf WST1-17 6.67E+05 2.13E+07 92.7 31.9 1075.2 766.7 93.0 3.35E+04 715.0 4.1 151.1 748.5 

Gray Wolf WST1-18A 6.01E+05 2.40E+07 84.1 39.9 1060.3 875.3 81.3 4.06E+04 995.0 2.4 160.9 1501.2 

Gray Wolf WST1-18B 5.14E+05 1.76E+07 73.1 34.2 984.6 763.8 73.1 3.25E+04 785.0 3.0 160.5 1182.4 

Gray Wolf WST1-21 3.05E+06 3.18E+08 247.5 104.5 2755.8 1639.7 258.6 2.25E+05 1650.0 9.7 143.6 1403.3 

Gray Wolf WST1-23 1.91E+06 1.42E+08 180.6 74.3 1730.4 1325.0 182.7 1.50E+05 2115.0 7.3 160.2 3201.1 

Gray Wolf WST1-3 3.86E+05 2.08E+07 104.3 53.9 992.0 632.4 110.4 3.42E+04 520.0 5.3 140.3 444.3 

Spotted Hyena* NGO25-3-1 6.19E+05 3.10E+08 169.0 50.1 4267.0 2332.5 174.8 2.09E+05 2395.0 8.7 163.6 4767.0 

Spotted Hyena* NGO25-3-3 2.66E+06 1.72E+08 160.0 64.8 4316.6 816.0 146.9 6.18E+04 850.0 5.0 146.7 832.3 

Spotted Hyena* NGO25-3-7 1.96E+06 7.59E+07 96.1 38.6 1949.3 1582.9 114.4 6.33E+04 1005.0 3.0 159.4 1478.6 

Spotted Hyena* NGO25-6-2 5.22E+06 5.64E+08 267.9 107.9 2589.4 2826.9 241.9 4.10E+05 2815.0 5.2 161.8 4582.6 

Spotted Hyena* NGO25-7-1 5.08E+06 3.52E+08 225.3 69.3 5013.3 1366.5 214.7 1.41E+05 1455.0 3.4 151.0 1651.1 

Spotted Hyena* NGO25-18-1 3.31E+06 2.11E+08 215.6 63.9 3163.4 2199.2 208.6 2.08E+05 2150.0 9.3 155.9 3544.5 

Spotted Hyena* NGO25-18-2 1.04E+07 7.06E+08 184.1 67.7 5969.0 2342.9 196.5 2.82E+05 2520.0 6.2 162.2 4463.5 

Spotted Hyena* NGO25-21-1 2.73E+06 1.36E+08 114.4 49.7 2448.6 1440.7 109.2 7.70E+04 1275.0 2.0 163.4 2458.7 

Spotted Hyena* NGO25-22-1 4.47E+05 3.24E+07 163.8 72.5 842.6 764.0 139.7 5.94E+04 775.0 6.2 138.2 557.4 

Spotted Hyena* NGO25-14-1 2.72E+06 3.86E+08 317.9 142.0 3555.3 1255.4 302.5 2.38E+05 1465.0 4.4 136.6 1055.4 

Spotted Hyena* NGO25-14-2 7.57E+05 5.32E+07 172.3 70.3 1215.5 945.4 177.7 8.78E+04 1015.0 3.7 135.4 746.0 

Spotted Hyena* NGO25-14-3 5.25E+06 1.14E+09 592.8 217.6 3349.7 1887.6 576.0 5.14E+05 2065.0 20.7 117.5 1142.1 

Spotted Hyena* NGO25-14-5 3.16E+06 4.89E+08 367.7 154.6 2476.1 1328.3 369.2 2.87E+05 1500.0 6.1 126.3 914.2 
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Spotted Hyena* NGO25-10-2 4.29E+06 3.55E+08 222.7 82.7 5359.9 1217.3 252.9 1.84E+05 1455.0 5.1 141.4 1218.8 

Spotted Hyena* NGO25-10-3 6.52E+06 8.17E+08 296.0 125.4 5209.1 2758.2 299.3 4.23E+05 2750.0 2.9 151.4 4425.5 

Spotted Hyena* NGO25-1-1 4.02E+06 2.43E+08 181.0 60.3 3971.7 1583.7 164.7 9.60E+04 1205.0 7.9 143.2 951.3 

Spotted Hyena* NGO25-1-2 2.00E+06 6.58E+07 105.0 32.9 4026.0 823.8 103.9 2.06E+04 690.0 9.2 149.0 957.8 

Spotted Hyena* NGO25-1-4 5.96E+06 2.74E+08 101.1 46.0 4777.3 2808.6 92.5 9.55E+04 2845.0 4.4 170.6 18192.0 

Spotted Hyena* NGO25-1-5 1.26E+06 4.34E+07 82.1 34.5 1680.3 1370.8 86.2 3.44E+04 755.0 2.8 159.4 929.8 

Spotted Hyena* NGO25-2-1 3.02E+06 1.90E+08 209.5 63.0 4320.0 1377.2 170.2 4.66E+04 455.0 4.5 82.1 244.9 

Spotted Hyena* NGO25-2-2A 3.49E+06 5.00E+08 364.2 143.4 3644.3 1463.6 346.7 1.77E+05 980.0 9.6 106.1 490.4 

Spotted Hyena* NGO25-2-2B 9.98E+05 5.47E+07 189.9 54.7 1777.6 941.9 195.7 9.08E+04 910.0 8.8 135.6 589.1 

Spotted Hyena* NGO25-2-3A 3.31E+06 1.01E+08 106.2 30.6 3852.2 2042.7 90.7 2.83E+04 850.0 4.8 157.1 1315.6 

Spotted Hyena* NGO25-2-3B 1.09E+06 4.76E+07 128.6 43.8 2307.1 760.0 130.1 4.17E+04 660.0 6.7 132.5 465.8 

Spotted Hyena* NGO25-2-3C 7.44E+05 3.02E+07 98.4 40.5 1565.1 694.2 90.4 2.50E+04 565.0 3.7 145.2 508.0 

Spotted Hyena* NGO25-2-4A 3.94E+05 1.67E+07 126.3 42.5 706.5 857.4 119.7 4.70E+04 840.0 4.4 147.0 827.3 

Spotted Hyena* NGO25-2-4B 1.24E+05 3.59E+06 63.4 28.9 592.4 282.2 63.2 9.75E+03 295.0 2.2 139.5 226.1 

Spotted Hyena* NGO25-2-5 1.77E+06 9.86E+07 148.6 55.6 3522.2 1263.6 135.3 7.78E+04 1300.0 5.6 160.7 2288.1 

Spotted Hyena* NGO25-1-6 2.66E+06 2.98E+08 261.6 111.7 1980.2 1881.9 246.4 2.40E+05 1995.0 13.9 144.3 2741.7 

Spotted Hyena DZHP1-1 8.22E+06 1.29E+09 272.7 157.1 4214.5 2139.3 150.3 1.67E+05 2340.0 6.0 168.8 6167.4 

Spotted Hyena DZHP1-2 8.71E+05 4.43E+07 124.8 50.9 1125.8 968.0 129.1 7.22E+04 1000.0 6.1 150.9 1138.3 

Spotted Hyena DZHP1-3 1.03E+06 8.86E+07 200.1 85.7 1319.7 931.2 184.9 7.64E+04 1030.0 6.4 140.3 878.2 

Spotted Hyena DZHP2-1 7.40E+06 1.35E+09 482.4 182.8 3288.0 3037.9 472.8 9.53E+05 3220.0 11.4 122.3 7569.1 

Spotted Hyena DZHP2-2 5.00E+06 5.07E+08 286.3 101.3 3148.5 2208.3 292.8 2.98E+05 2270.0 12.2 154.9 2764.7 

Spotted Hyena DZHP3-1A 3.39E+06 2.10E+08 226.4 62.1 1644.7 1730.0 202.6 1.15E+05 1365.0 5.0 144.5 1630.7 

Spotted Hyena DZHP3-1B 2.70E+06 1.68E+08 191.5 62.2 2833.5 981.6 179.4 1.17E+05 1545.0 4.8 149.7 1655.6 

Spotted Hyena DZHP3-2 4.93E+06 4.64E+08 249.2 94.2 4255.9 1624.6 269.7 3.25E+05 2055.0 6.6 122.3 2418.8 

Spotted Hyena DZHP4-1 4.96E+06 4.85E+08 267.7 97.8 3702.2 1916.5 281.2 3.11E+05 2160.0 9.4 138.6 2591.7 

Spotted Hyena DZHP4-3 3.66E+06 2.92E+08 182.7 79.8 2845.8 1760.9 206.5 1.91E+05 1660.0 8.7 153.2 1867.7 

Spotted Hyena DZHP5-1 1.21E+07 8.31E+08 197.7 68.6 11203.9 1431.2 181.5 1.33E+05 1515.0 4.1 150.3 1795.5 

Spotted Hyena DZHP5-2 7.64E+06 4.96E+08 150.0 59.5 7680.7 1164.4 144.4 1.05E+05 1470.0 3.3 158.2 2790.6 

Spotted Hyena DZHP5-3 3.17E+06 1.60E+08 102.3 50.3 4157.6 897.6 107.4 7.74E+04 1425.0 2.4 166.1 3785.7 

Spotted Hyena DZHP5-5 3.25E+06 2.12E+08 164.8 65.2 3119.1 1294.8 175.9 1.20E+05 1460.0 2.9 153.2 1638.7 

Spotted Hyena DZHP5-7 9.07E+06 8.47E+08 219.5 93.4 5529.5 2386.3 191.8 2.29E+05 2620.0 5.7 162.0 4923.0 

Spotted Hyena DZHP5-11 1.33E+07 1.12E+08 202.7 83.5 1627.9 721.7 205.3 1.12E+05 1040.0 7.7 148.2 1013.9 

Spotted Hyena DZHP5-12A 8.30E+05 1.88E+07 59.6 22.7 2355.9 613.8 61.4 1.59E+04 580.0 3.3 163.1 959.0 

Spotted Hyena DZHP5-13 2.53E+06 1.09E+08 121.4 43.0 3674.1 775.0 132.5 6.49E+04 1180.0 3.4 153.7 1962.4 

Spotted Hyena DZHP5-15 6.89E+05 3.82E+07 117.8 55.4 801.3 1054.6 115.7 6.18E+04 1060.0 4.5 153.2 1201.2 

Spotted Hyena DZHP5-16 3.16E+06 3.29E+08 268.3 104.2 2161.2 1901.4 239.0 2.04E+05 1985.0 15.1 150.9 2140.5 

Spotted Hyena DZHP5-17 1.04E+07 2.10E+09 493.0 203.3 4735.3 2980.9 479.0 7.85E+05 3255.0 6.9 146.7 3125.8 

Spotted Hyena DZHP5-18 1.47E+06 8.39E+11 149.7 60.4 1128.1 1096.1 136.1 7.94E+04 1155.0 136.7 136.7 1908.0 

Spotted Hyena DZHP6-1A 6.14E+05 1.98E+07 80.3 32.2 959.9 916.3 72.6 3.42E+04 860.0 3.1 162.6 1519.7 
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Spotted Hyena DZHP6-1B 2.44E+06 7.98E+07 86.8 32.8 3568.1 1081.8 85.4 6.65E+04 1785.0 8.5 173.1 9290.1 

Spotted Hyena DZHP6-4 2.14E+07 4.77E+09 595.2 223.2 8309.4 3810.5 506.9 9.55E+05 3685.0 14.2 148.8 3617.7 

Spotted Hyena DZHP6-5 8.70E+06 1.41E+09 448.4 162.3 3814.5 2343.3 452.7 6.86E+05 3090.0 10.4 149.5 3545.2 

Spotted Hyena DZHP6-6 9.73E+06 2.42E+09 655.9 248.3 4455.0 2440.2 580.7 6.19E+05 3250.0 20.2 142.7 7327.6 

Spotted Hyena DZHP6-7 1.22E+07 2.04E+09 413.0 167.0 4199.3 3375.6 358.6 4.75E+05 2680.0 14.0 149.9 3346.9 

Spotted Hyena DZHP6-8 1.91E+06 2.42E+08 242.8 126.9 1837.8 1234.5 239.2 3.09E+05 1940.0 8.0 154.4 2419.9 

Spotted Hyena DZHP9-1 1.84E+06 2.17E+08 220.3 117.7 1999.3 1281.7 207.4 1.63E+05 1390.0 3.0 130.2 1362.2 

Striped Hyena DZHT1-2 1.30E+07 1.17E+09 252.7 89.7 9324.8 2020.7 245.9 2.17E+05 1895.0 6.5 155.7 2359.0 

Striped Hyena DZHT1-3 1.23E+07 8.35E+08 173.5 68.0 9557.7 1734.4 173.7 1.42E+05 1705.0 5.8 155.1 2944.5 

Striped Hyena DZHT1-4 7.69E+06 1.57E+08 85.9 20.4 8070.3 1145.7 91.7 3.94E+04 1270.0 3.1 165.6 3497.3 

Striped Hyena DZHT1-5 5.60E+07 2.77E+08 141.5 49.4 7957.4 1297.5 132.5 5.94E+04 1100.0 5.5 161.4 1859.3 

Striped Hyena DZHT1-6 4.79E+06 1.35E+08 123.6 28.3 11501.3 1095.8 125.8 6.14E+04 1065.0 5.2 163.0 1928.8 

Striped Hyena DZHT1-7 5.48E+06 2.46E+08 178.8 45.0 5824.4 1453.6 172.2 8.86E+04 1340.0 4.8 151.7 1512.9 

Striped Hyena DZHT1-8 7.18E+06 4.13E+08 172.0 51.5 8154.1 1024.4 191.3 7.37E+04 1130.0 7.9 148.7 1794.2 

Striped Hyena DZHT1-9 3.04E+06 2.41E+08 218.0 79.3 1985.4 1864.0 212.8 1.65E+05 1815.0 10.9 159.9 2560.6 

Striped Hyena DZHT1-10 4.14E+07 7.56E+09 507.3 182.5 16038.3 4263.8 601.5 1.35E+06 4600.0 16.5 151.5 5264.9 

Striped Hyena DZHT1-11 5.36E+06 3.58E+08 193.4 66.8 3178.4 2165.3 214.7 2.05E+05 2505.0 8.5 168.5 6815.6 

Striped Hyena DZHT2-1 2.93E+07 3.56E+09 293.8 121.5 14237.7 2172.5 268.6 2.64E+05 2130.0 16.3 165.9 4979.9 

Striped Hyena DZHT2-2A 1.43E+06 5.49E+07 105.0 38.5 2283.6 1033.7 99.6 5.13E+04 1020.0 3.5 163.7 2136.9 

Striped Hyena DZHT2-2B 9.37E+05 3.69E+07 94.3 39.4 1457.2 582.3 80.7 2.43E+04 565.0 2.3 146.8 563.1 

Striped Hyena DZHT2-3 7.49E+05 4.69E+07 158.8 62.6 1191.5 911.8 158.9 6.69E+04 990.0 6.5 154.4 963.5 

Striped Hyena DZHT2-4 2.11E+06 8.94E+07 94.4 42.5 2948.5 1046.0 117.4 6.55E+04 1150.0 4.4 160.6 2060.2 

Striped Hyena DZHT2-5 3.52E+06 6.30E+07 81.5 17.9 5313.8 972.6 86.4 3.00E+04 910.0 6.0 167.1 2448.2 

Striped Hyena DZHT2-6 3.98E+06 1.06E+08 90.3 26.6 4500.2 1054.7 99.3 7.08E+04 1675.0 6.0 168.5 4649.5 

Striped Hyena DZHT2-7 1.76E+06 1.25E+08 175.7 71.2 1863.2 1101.9 186.3 1.18E+05 1135.0 3.7 155.6 1371.6 

Striped Hyena DZHT2-8 3.12E+06 1.71E+08 151.5 54.8 3334.3 1256.2 125.4 5.64E+04 1020.0 3.8 156.7 1386.7 

Striped Hyena DZHT2-9 5.24E+06 4.68E+08 241.4 89.3 3726.7 1837.3 211.7 1.40E+05 1470.0 10.4 159.2 3319.7 

Striped Hyena DZHT2-10 2.37E+07 2.70E+09 247.6 114.0 12870.5 2549.8 248.3 2.10E+05 1905.0 15.5 156.4 2735.9 

Striped Hyena DZHT3-1A 1.59E+06 7.57E+07 121.6 47.5 2447.8 753.7 130.5 5.64E+04 925.0 6.6 152.9 977.4 

Striped Hyena DZHT3-1B 9.88E+05 3.59E+07 93.1 36.3 1765.3 722.6 99.6 4.32E+04 925.0 3.1 163.9 3286.8 

Striped Hyena DZHT3-2 1.06E+07 1.32E+09 382.4 124.5 5786.8 2716.3 321.2 2.87E+05 2370.0 8.1 127.4 5953.0 

Striped Hyena DZHT3-3 7.16E+06 6.06E+08 224.8 84.7 3901.9 3028.5 192.5 2.68E+05 3130.0 8.8 165.5 8736.6 

Striped Hyena DZHT3-4A 2.55E+06 1.70E+08 210.0 66.5 2229.3 1412.5 203.2 1.47E+05 1830.0 15.8 157.0 2811.3 

Striped Hyena DZHT3-4B 2.89E+06 1.90E+08 141.2 65.7 3135.5 1249.0 151.5 1.15E+05 1605.0 5.4 160.4 2347.3 

Striped Hyena DZHT3-5 6.10E+06 1.07E+09 359.3 175.8 3189.4 2273.8 367.1 4.71E+05 2820.0 8.4 147.9 2906.2 

Striped Hyena DZHT3-7A 2.97E+06 4.26E+08 316.7 143.5 2242.3 1411.9 339.8 2.86E+05 1810.0 10.5 144.2 1637.6 

Striped Hyena DZHT3-7B 1.38E+06 5.61E+07 93.0 40.5 1507.2 1520.1 86.5 4.17E+04 1015.0 4.6 164.6 2089.8 

African Lion* A1 2.15E+06 5.89E+07 74.0 27.4 2451.9 766.8 65.9 2.00E+04 835.0 3.0 165.0 1767.4 

African Lion* A2 5.53E+06 3.45E+08 128.8 62.4 5537.6 1395.6 75.0 5.16E+04 1480.0 3.5 171.7 5806.1 
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African Lion* A3 4.57E+06 2.29E+08 132.6 50.0 5479.6 1095.6 82.6 3.18E+04 800.0 3.8 165.7 2102.6 

African Lion* B1 2.11E+06 4.50E+07 66.1 21.3 9083.3 407.9 56.5 1.31E+04 490.0 2.4 156.8 2015.2 

African Lion* B2 2.49E+06 5.26E+07 57.6 21.1 6235.3 578.1 51.7 1.36E+04 500.0 2.4 161.3 830.4 

African Lion* C1 1.55E+06 3.99E+07 85.7 25.8 3030.0 625.6 96.9 3.67E+04 725.0 3.7 150.7 866.8 

African Lion* C2 3.32E+05 1.65E+07 100.3 49.6 801.1 475.1 104.4 2.98E+04 520.0 5.0 138.3 388.2 

African Lion* E1 1.47E+06 2.68E+07 56.8 18.3 3500.7 567.7 52.9 1.65E+04 580.0 3.0 160.3 893.4 

African Lion* E2 1.90E+06 4.08E+07 78.6 21.5 4685.8 515.8 70.2 1.63E+04 455.0 1.9 147.2 426.6 

African Lion* E3 3.11E+06 6.51E+07 64.8 20.9 7513.4 953.6 73.6 3.79E+04 855.0 3.0 165.3 1775.8 

African Lion* I1 1.65E+06 3.38E+07 66.7 20.5 3066.8 853.4 77.3 2.30E+04 580.0 3.5 143.3 840.3 

African Lion* J1 8.10E+06 3.77E+08 175.6 46.5 9062.3 1123.9 200.6 1.03E+05 1160.0 5.9 142.5 1030.5 

African Lion* J2 6.73E+06 5.36E+08 201.4 79.7 7024.4 1387.3 205.3 1.56E+05 1250.0 4.4 147.5 1170.4 

African Lion* K1 1.21E+06 8.62E+07 160.1 71.4 1851.2 1017.5 163.5 1.06E+05 1050.0 6.1 150.2 1142.2 

African Lion* K2 1.34E+06 2.57E+07 68.0 19.3 3278.6 662.7 70.6 2.27E+04 545.0 4.1 160.7 835.0 

African Lion* L1 6.44E+06 4.52E+08 219.7 70.2 7396.0 1288.3 226.7 1.26E+05 1295.0 5.3 138.2 993.7 

African Lion* N1 2.69E+06 8.56E+07 89.1 31.8 6043.1 815.1 85.3 3.49E+04 695.0 1.5 154.2 807.9 

African Lion* N2 3.94E+06 9.79E+07 91.5 24.8 7946.2 762.1 84.9 3.43E+04 745.0 2.8 150.2 770.9 

African Lion* N3 4.98E+06 1.85E+08 105.4 37.1 6877.8 916.8 115.5 5.12E+04 1200.0 2.3 154.5 2032.2 

African Lion* O1 2.11E+06 7.60E+07 84.3 36.0 4338.9 561.9 50.6 1.56E+04 550.0 2.1 162.9 1046.1 

African Lion* O2 4.26E+06 1.20E+08 74.4 28.3 6161.1 864.4 56.9 2.67E+04 905.0 3.4 168.6 4416.7 

African Lion* O3 3.02E+06 1.38E+08 147.5 45.7 5533.3 964.8 162.4 7.24E+04 1135.0 5.3 158.3 1667.4 

African Lion* O4 9.06E+06 7.24E+08 207.0 79.1 7922.3 1944.7 231.1 1.34E+05 1270.0 6.4 143.9 1071.7 

African Lion* O5 1.03E+06 9.03E+07 234.7 87.7 1218.4 1147.9 256.8 1.73E+05 1325.0 5.3 141.6 1159.0 

African Lion* P1 3.00E+06 2.88E+08 225.7 96.0 4862.0 1185.5 237.6 1.67E+05 1345.0 3.7 146.3 1121.4 

African Lion* P2 3.92E+06 4.37E+08 246.6 11.5 5278.2 1009.9 206.7 1.10E+05 975.0 6.1 149.2 938.1 

African Lion* Q1 1.09E+07 2.41E+09 460.4 220.2 6948.7 2481.4 410.4 4.52E+05 2185.0 19.4 139.7 1851.4 

African Lion* S1 2.67E+06 1.87E+08 167.5 69.9 3090.4 1194.0 168.6 1.13E+05 1205.0 3.3 149.8 1255.7 

African Lion* S2 1.15E+06 8.14E+07 165.6 10.7 1105.9 1310.3 165.3 1.27E+05 1335.0 5.2 149.6 1776.0 

African Lion DZL1-1 1.04E+06 1.04E+08 237.3 100.3 1331.0 1077.2 219.8 8.99E+04 810.0 12.4 110.0 436.0 

African Lion DZL1-4 2.11E+06 6.00E+07 77.7 28.5 3602.8 873.2 77.9 2.07E+04 625.0 3.4 164.0 1087.4 

African Lion DZL1-6 4.28E+06 2.64E+08 170.9 61.7 6679.9 1275.1 143.2 6.20E+04 1070.0 4.7 148.0 1411.7 

African Lion DZL1-7A 2.84E+05 6.23E+06 54.3 22.0 630.4 536.8 53.2 1.36E+04 480.0 1.9 153.7 775.2 

African Lion DZL1-7B 3.30E+05 8.56E+06 73.4 25.9 847.6 480.5 78.1 2.20E+04 480.0 1.4 147.8 501.4 

African Lion DZL1-7C 2.99E+06 9.74E+07 101.2 32.6 5391.3 640.5 99.3 3.47E+04 775.0 4.2 156.9 1017.6 

African Lion DZL1-7D 8.06E+05 2.40E+07 76.7 29.7 1857.4 698.6 73.2 2.57E+04 775.0 2.2 160.1 1282.3 

African Lion DZL1-7E 6.63E+05 1.81E+07 67.4 27.3 1211.4 591.8 70.4 2.73E+04 715.0 1.9 158.2 1240.8 

African Lion DZL1-10 2.04E+06 3.24E+07 58.2 15.9 3840.8 600.2 65.1 1.88E+04 780.0 3.8 161.7 1591.9 

African Lion DZL3-2 1.89E+05 4.65E+06 76.1 24.6 503.2 403.9 78.4 1.47E+04 430.0 1.5 142.0 368.1 

African Lion DZL3-3 1.86E+05 5.05E+06 67.6 27.1 544.1 500.0 65.3 1.53E+04 395.0 1.3 141.3 330.1 

African Lion DZL3-4 9.18E+05 1.51E+07 54.6 16.4 1972.4 585.0 25.7 1.37E+03 440.0 1.4 164.0 17847.5 
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African Lion DZL3-5B 6.22E+05 1.17E+07 48.8 18.8 2596.2 360.0 44.0 6.50E+03 330.0 1.2 145.6 310.2 

African Lion DZL3-5C 5.98E+05 1.69E+07 70.8 28.7 2785.1 300.3 63.1 1.00E+04 285.0 1.6 119.5 169.1 

African Lion DZL3-5D 4.95E+05 8.04E+06 43.6 16.3 1931.0 313.7 36.4 5.29E+03 265.0 1.1 144.8 280.9 

African Lion DZL3-5E 5.85E+05 7.39E+06 41.6 12.6 4514.7 214.9 40.4 1.68E+03 175.0 0.4 156.1 230.7 

African Lion DZL3-5F 5.02E+05 6.98E+06 64.0 13.9 2963.6 234.5 58.1 5.54E+03 285.0 2.8 136.4 291.0 

African Lion DZL3-6 1.20E+06 1.10E+08 209.7 91.8 2215.5 777.0 202.5 1.02E+05 900.0 4.5 126.8 547.9 

African Lion DZL3-7 5.72E+05 2.60E+07 95.9 45.5 1969.2 363.2 86.8 2.38E+04 575.0 3.1 127.1 516.8 

African Lion DZL3-8 4.96E+05 1.36E+07 65.3 27.3 1886.8 294.3 64.3 8.38E+03 400.0 1.8 143.9 365.5 

African Lion DZL3-9 6.97E+05 4.39E+07 164.0 63.0 1109.6 781.5 156.3 6.30E+04 945.0 6.4 143.6 785.1 

African Lion DZL3-12A 2.45E+05 6.73E+06 61.4 27.4 1008.2 254.1 67.8 1.05E+04 320.0 2.0 132.0 216.3 

African Lion DZL3-12B 2.54E+05 5.38E+06 54.8 21.2 994.9 389.6 54.1 7.72E+03 315.0 2.0 147.7 313.9 

African Lion DZL3-12C 2.47E+05 8.40E+06 76.2 34.0 587.4 466.9 79.8 2.52E+04 575.0 3.9 146.3 526.3 

African Lion DZL3-12D 1.45E+05 4.17E+06 60.9 28.8 571.0 277.0 45.4 7.39E+03 345.0 2.4 154.4 462.8 

African Lion DZL3-13A 6.57E+05 2.03E+07 75.5 31.0 1829.8 545.9 41.7 9.94E+03 565.0 1.4 165.6 1229.8 

African Lion DZL3-13B 1.24E+06 5.54E+07 98.9 44.8 3724.3 585.0 75.4 2.72E+04 625.0 2.9 149.5 769.7 

African Lion DZL3-13C 2.88E+05 1.46E+07 134.9 50.6 597.8 610.0 122.4 4.17E+04 700.0 3.6 143.5 613.6 

Brown Bear DZB1-2 3.52E+07 3.49E+09 342.2 99.3 12001.0 3166.2 368.2 5.69E+05 3440.0 21.9 167.3 8120.9 

Brown Bear DZB1-3 1.31E+07 1.46E+09 257.2 111.4 6996.7 2216.4 276.9 3.40E+05 2090.0 10.7 160.2 3417.4 

Brown Bear DZB2-1A 6.23E+06 2.51E+08 144.6 40.3 8365.3 1465.4 149.3 7.67E+04 1295.0 4.7 164.4 2442.7 

Brown Bear DZB2-1B 5.02E+06 1.46E+08 110.6 29.1 7324.1 1127.5 115.0 4.78E+04 1050.0 4.2 147.2 2506.1 

Brown Bear DZB2-2 3.59E+07 3.43E+09 276.0 95.6 12469.6 3574.3 247.3 2.95E+05 3065.0 8.6 171.1 8379.3 

Brown Bear DZB2-4 9.86E+06 5.00E+08 164.4 50.7 5744.1 2368.1 146.2 1.31E+05 2490.0 7.4 168.2 6917.1 

Brown Bear DZB2-6 1.93E+07 1.69E+09 230.0 77.3 8824.1 2737.1 225.2 2.70E+05 2455.0 9.9 131.4 10785.4 

Brown Bear DZB2-7 2.25E+07 2.88E+09 316.0 117.1 9053.9 3575.0 322.8 6.68E+05 4320.0 12.7 160.2 8213.6 

Brown Bear DZB2-8 1.60E+07 1.79E+09 270.0 111.9 4632.3 4895.2 299.2 7.72E+05 5325.0 9.1 172.7 19759.9 

Brown Bear DZB2-9 4.84E+06 4.92E+08 252.9 101.5 3449.0 1943.2 248.0 4.05E+05 3535.0 7.0 171.4 15156.6 

Brown Bear DZB2-10 3.48E+06 1.78E+08 199.0 51.1 3923.0 1169.2 198.1 1.06E+05 1345.0 8.5 159.8 2564.8 

Brown Bear DZB3-1 3.40E+06 3.43E+08 229.1 100.7 1460.9 3391.1 228.8 3.57E+05 3530.0 14.4 172.5 1883.6 

Brown Bear DZB3-2B 1.93E+06 1.38E+08 176.8 71.5 2903.8 985.1 182.0 8.38E+04 750.0 3.6 132.6 507.0 

Brown Bear DZB3-2A 3.37E+06 3.78E+08 247.0 112.2 1654.4 3182.1 250.2 4.89E+05 3515.0 6.1 164.6 7060.4 

Brown Bear DZB3-3 1.15E+07 1.00E+09 243.5 86.9 9415.5 1745.2 253.0 1.92E+05 2025.0 20.6 152.7 2834.5 

Brown Bear DZB3-4 3.67E+07 6.86E+09 472.6 187.1 10251.7 4158.6 368.0 7.29E+05 4615.0 14.2 168.2 15659.3 

Brown Bear DZB3-5 2.41E+07 2.47E+09 299.7 105.3 9498.8 2691.3 322.6 4.55E+05 2765.0 16.3 163.7 8179.2 

Brown Bear DZB4-1 4.09E+07 7.72E+09 343.4 188.6 14367.9 3642.0 233.4 4.42E+05 3605.0 6.7 169.5 10768.4 

Brown Bear DZB4-2 2.96E+07 4.22E+09 297.2 140.1 10278.4 3856.2 267.1 4.12E+05 3055.0 8.2 178.4 8597.5 

Brown Bear DZB4-3 2.44E+07 2.01E+09 254.7 82.4 8486.0 3965.8 242.8 3.75E+05 2865.0 7.1 166.1 6464.6 

Brown Bear DZB4-5 4.50E+07 5.80E+09 372.5 128.9 12151.9 4726.3 337.1 4.09E+05 4235.0 21.5 172.7 16796.5 

Brown Bear DZB5-3 3.34E+07 2.52E+09 220.8 75.6 12380.4 4193.7 197.3 2.93E+05 3510.0 6.8 169.6 11576.6 

Brown Bear DZB5-4 9.15E+06 4.55E+08 123.8 49.8 6957.2 1933.5 130.9 1.28E+05 1950.0 7.7 165.9 4429.1 
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Brown Bear DZB6-1 5.27E+07 5.12E+09 284.7 97.1 17318.9 4355.5 294.5 6.58E+05 4690.0 8.0 172.7 27220.6 

Brown Bear DZB6-3 1.88E+07 5.17E+09 693.0 274.7 6350.4 3827.2 732.6 7.92E+05 2625.0 32.2 121.2 1559.8 

Brown Bear DZB6-4 1.04E+07 1.95E+09 370.4 186.7 4283.1 3389.1 423.7 6.66E+05 3060.0 15.9 154.4 3810.0 

 

Note: An asterisk in the “Species” column indicates the tooth mark and associated data is from a wild animal.  
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