
NYCEP The New York Consortium in Evolutionary Primatology

A GIS-Based Approach to Documenting Carnivore Damage to Bones
Jennifer A. Hodgson1, Thomas W. Plummer1,2, James S. Oliver3, Rebecca Bose4

1Department of Anthropology, City University of New York Graduate Center and New York Consortium in Evolutionary Primatology, 2Department of Anthropology, Queens College, CUNY,                                                                          
 3Anthropology and Information Technology, Illinois State Museum, 4Wolf Conservation Center, South Salem, NY.

Introduction

Methods

Results

Conclusion

Acknowledgements

References

Humerus

GIS Cluster Analysis for Tooth PitsTooth Mark Frequencies in Experimental Assemblages

Bone Fragment Preservation and Tooth Pit Distribution for Limb Elements

MNE 54

MNE 3

Femur

Anterior       Lateral             Posterior                Medial                            Anterior                 Lateral                   Posterior                 Medial     

MNE 48

MNE 3

Tibia

Anterior            Lateral                Posterior           Medial                    Anterior                     Lateral                         Posterior            Medial     

MNE 49

MNE 5

Radius

Anterior                Lateral                 Posterior              Medial                  Anterior                       Lateral                        Posterior             Medial     

MNE 46

MNE 3

Metatarsal Ulna

MNE 34

MNE 5

MNE 27

MNE 3

Anterior      Lateral               Posterior                    Medial                     Anterior               Lateral                   Posterior                   Medial     

Anterior          Lateral               Posterior               Medial                    Anterior                   Lateral                       Posterior                Medial     Anterior               Lateral              Posterior         Medial                         Anterior                        Lateral                  Posterior           Medial     

Analysis was performed on four aspects of all left elements. 
The distance between each tooth pit and its nearest 
neighbor was measured. The nearest neighbor index (NNI) is 
the observed distance divided by the average expected 
distance in a hypothetical random distribution. If the NNI is 
less than 1, the pattern is considered clustered. If the NNI 
is greater than 1, it is considered dispersed. Asterisks appear 
next to p-values indicating signi�cant clustering of tooth 
pits.

Element Anterior Lateral Posterior Medial 
Humerus 
     NNI 
     p 

Clustered 
0.857657 
*0.043434 

Clustered 
0.838885 
*0.005836 

Clustered 
0.791435 
*0.002828 

Clustered 
0.761146 
*0.000003 

Radius 
     NNI 
     p 

Clustered 
0.693855 
*<0.000001 

Clustered 
0.427285 
*<0.000001 

Clustered 
0.757138 
*0.008583 

Random 
1.041714 
0.596567 

Ulna 
     NNI 
     p 

Clustered 
0.403903 
*0.022563 

Clustered 
0.694107 
*0.000020 

NA Clustered 
0.571123 
*0.000005 

Metacarpal 
     NNI 
     p 

Clustered 
0.826397 
*0.002336 

Clustered 
0.723028 
*0.003706 

Random 
0.868291 
0.154056 

Random 
1.105820 
0.275634 

Femur 
     NNI 
     p 

Clustered 
0.694990 
*<0.000001 

Clustered 
0.551095 
*0.000003 

Clustered 
0.665874 
*<0.000001 

Clustered 
0.681802 
*0.000004 

Tibia 
     NNI 
     p 

Clustered 
0.641498 
*0.000064 

Clustered 
0.778843 
*0.000096 

Dispersed 
2.629182 
<0.000001 

Random 
0.991521 
0.867995 

Metatarsal 
     NNI 
     p 

Clustered 
0.677652 
*0.000029 

Clustered 
0.651534 
*0.000005 

Clustered 
0.799476 
*0.005670 

Random 
0.903789 
0.160993 

 

NISP = Number of identi�ed specimens
Group 1 =  2 individuals
Group 2 = 17 individuals

Element Total 
NISP 

% Total NISP  
tooth marked 

% Group 1 
NISP tooth 

marked 

% Group 2 
NISP tooth 

marked 

Humerus 87 84% 
 

83% 
 

85% 
Radius 77 86% 75% 89% 
Ulna 68 84% 70% 90% 
Metacarpal 41 83% 64% 93% 
Femur 81 90% 97% 87% 
Tibia 98 78% 77% 78% 
Metatarsal 55 80% 78% 81% 
Total 507 83% 80% 85% 
 

 Experimental studies of modern carnivore tooth marking 
patterns are integral to understanding the nature of carnivore 
involvement in archaeological bone assemblages.   However, 
experimental datasets for carnivore induced modi�cations are 
limited.  This is particularly true for canids, which overlapped 
stone-tool using hominins during the Pleistocene in both 
Africa and Eurasia, but whose damage signal is not as well 
studied as that of lions (Panthera leo) or spotted hyenas 
(Crocuta crocuta).  Further, methods for analysis of these modi-
�cations on archaeological bone assemblages are not well 
standardized. 
  
 Here we present an expanded set of large canid bone 
damage data collected from feeding experiments conducted 
with Mexican Gray Wolves (Canis lupus baileyi) and Red Wolves 
(Canis rufus).   This is to date the largest experimental assem-
blage reported for canids.  We use the image-analysis GIS ap-
proach described by Marean et al.  (2001) to document tooth 
mark distribution.  Further, we introduce the use of the ArcGIS 
Spatial Analyst to identify signi�cant concentrations of bone 
modi�cations.  Our results suggest that with a large enough 
sample, the GIS Spatial Analyst can be a useful tool for analyz-
ing the distribution of bone modi�cations.  This facilitates com-
parisons between experimental and fossil assemblages which 

• The bone sample analyzed here was collected from the wooded, 
one-acre enclosures where animals are housed at the Wolf Conserva-
tion Center in South Salem, NY.   Carcasses were fed on by Mexican 
Gray Wolves and Red Wolves.  The sample was derived from com-
plete deer carcasses used in wolf provisioning.   All carcasses fall 
within the bovid size class 2 category.   Systematic collection was at-
tempted in order to accurately re�ect bone preservation patterns.  

• We used the image-analysis GIS approach described by Marean 
et al.  (2001) to document bone preservation and tooth mark distri-
bution.   This method was originally used to document cut-mark dis-
tribution (Abe et al.   2002), however our project is the �rst applica-
tion of this approach to a carnivore-modi�ed bone assemblage.  

• Digital images of all fragments of a particular side and element 
were overlapped on a photographic template of a complete bone 
within ArcGIS 9.2, creating a composite record of the shape and posi-
tion of all fragments.  This process gives a visual representation of 
bone portion survivorship as well as facilitating minimum number of 
elements (MNE) calculation.

• All bones in the sample were examined with a 10x hand lens 
under oblique light to identify tooth pits.  ArcGIS 9.2 was used to plot 
tooth pit distribution by element, providing a composite record of all 
surface damage.  The Density Analysis and Analyzing Patterns tool-
sets within ArcGIS Spatial Analyst were then used to analyze cluster-
ing patterns for bone modi�cations.    

 The �gures on the left show GIS-generated MNE maps for the 
long bones (all left side).   These maps show a composite record of 
all fragments for each speci�c element.   The MNE maps are shaded 
according to which element portions are most typically preserved in 
our assemblage.  The �gures on the right show results from a GIS 
density analysis of tooth pit distribution performed on composite 
tooth pit plots for each speci�c element.   

 Our results show that there is a great deal of variation in the dis-
tribution of tooth marks across di�erent long bone elements.  Al-
though all long bones were heavily tooth marked, the femur showed 
the highest rate (90% of the NISP).  The tibia showed the lowest rate, 
at 78%.   Further, when the sample was broken down between the 
two wolf group sizes, the portion of the assemblage modi�ed by the 
larger group showed a higher frequency of damage.   Further analy-
ses using this GIS method may help to tease apart di�erences in the 
extent of damage between various group sizes as well.     

 Our cluster analysis (see table) shows that the distribution of 
tooth pits across long bones is indeed non-random.  Areas of signi�-
cantly dense tooth pits were identi�ed on all aspects of the humerus 
and femur and on at least two aspects of the other long bones.   As 
can be seen on the density analysis images, the femoral head as well 
as the proximal diaphysis and distal end of the humerus display 
dense concentrations of tooth pits.   The proximal shaft of the tibia, 
distal shaft of the radius and olecranon process of the ulna also have 
dense concentrations.

 We suggest analyses on modern, experimental bone assem-
blages using this GIS method can be a valuable analog with which 
to compare tooth mark and butchery mark distributions in archaeo-
faunal assemblages.  The assemblage in this study models 
carnivore-only access, however, in future work we plan to add data 
from assemblages modi�ed by other large carnivores as well as 
humans in di�erent orders of access.  Further analyses comparing 
portions of this sample gnawed on by di�erent canid group sizes 
may yield information on the extent of variability in canid-induced 
damage to bones.  We believe the GIS image-analysis method can 
be a powerful tool to analyze and predict bone preservation and 
tooth mark frequency patterns and o�ers a step forward in stan-
dardization of zooarchaeological data recording and analysis.

We would like to thank the sta� of the Wolf Conservation Center, 
South Salem, NY for their assistance as well as the CUNY student 
volunteers, especially Nardai Mootoo and Seema Choudhary, who 
assisted in cleaning and organizing the bone assemblage.  We also 
thank Dr.  Fabio Corsi for his GIS advice.

Abe, Y.   C.W.   Marean, P.J.   Nilssen, Z.   Assefa and E.C.   Stone..   2002.   
The analysis of cutmarks on archaeofauna: A review and critique of quan-
ti�cation procedures, and a new image-analysis GIS approach.   Ameri-
can Antiquity 67:643-663.

Marean, C.  W.   et al.   2001.  Estimating the minimum number of skeletal 
elements (MNE) in zooarchaeology: A review and A new image-analysis 
GIS approach.   American Antiquity 66:333-348.


