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ABSTRACT OF THE THESIS
Regional Network Analysis Situating Lost Valley in the Inter-Site
Landscape
by
Victoria Lynn Kline
Master of Arts in Anthropology
San Diego State University, 2009
The purpose of this study is to analyze possible contact pathways through Lost
Valley, San Diego County, California, using the methods of least-cost path analysis for both
real and modeled travel corridors through the San Luis Rey Watershed. I conducted this
study using ArcView 9.2 GIS (geographic information systems), digital elevation models,
and aerial photography in order to show the most likely corridors of travel and trade using
least-cost path modeling. In addition, I compared the modeled paths to real trail networks, for
example those that show up in aerial photographs and/or those written about in the literature.
This study demonstrates how prehistoric and protohistoric peoples traveled through the Lost
Valley area and how contact networks were likely established and maintained. The modeled
travel corridors are compared to the ethnographic and historic knowledge of the Cupeño who
seasonally occupied Lost Valley.

vi

TABLE OF CONTENTS
PAGE
ABSTRACT...............................................................................................................................v
LIST OF TABLES................................................................................................................... ix
LIST OF FIGURES ...................................................................................................................x
ACKNOWLEDGEMENTS.................................................................................................... xii
CHAPTER
1

INTRODUCTION .........................................................................................................1
Study Area ...............................................................................................................1
GIS Analysis ............................................................................................................2
Previous Research Theses........................................................................................3
Problem and Solution...............................................................................................3
Limitations and Constraints .....................................................................................4
Summary of Chapters and Appendices....................................................................4

2 BACKGROUND ...........................................................................................................6
Project ......................................................................................................................6
Cultural Background: the Cupeño People................................................................7
Trade and Trails Through Lost Valley.....................................................................9
Natural History of Lost Valley ..............................................................................10
Chapter Summary ..................................................................................................11
3

LITERATURE REVIEW ............................................................................................13
Classic Studies GIS in Archaeology ......................................................................13
Recent GIS Studies in Archaeology ......................................................................15
Site Prediction, Procedure, and Landscape Theory ...............................................19
Site Location Prediction...................................................................................19
Landscape Theory............................................................................................22
GIS Least-cost Path Analyses in Archaeology ......................................................26
Least-Cost Path in Other Disciplines.....................................................................30
Theoretical Foundation ..........................................................................................30

vii
Landscape Archaeology...................................................................................30
GIS: Tool or Science?......................................................................................34
Chapter Summary ..................................................................................................34
4

METHODS ..................................................................................................................36
Scope of the Project ...............................................................................................36
Data: The Digital Elevation Model........................................................................39
Other Data Layers ..................................................................................................43
Least-Cost Path Analyses ......................................................................................43
Chapter Conclusion................................................................................................45

5 RESULTS AND DISCUSSION ..................................................................................46
Original Research Questions..................................................................................46
How is Lost Valley Connected? ............................................................................46
Consideration of the Natural Topography .............................................................48
Relationship Between Least-Cost Paths and Site Locations..................................48
GIS and Landscape Theory....................................................................................49
Virtual Tour ...........................................................................................................50
Chapter Summary ..................................................................................................56
6 CONCLUSION............................................................................................................57
Future questions:....................................................................................................57
Further Inqueries:...................................................................................................57
Last Comments and Observations .........................................................................58
REFERENCES ........................................................................................................................60
APPENDIX..............................................................................................................................70
FIRST FOUR ITERATIONS OF THE PROJECT............................................................70
Pilot Project............................................................................................................71
Results..............................................................................................................73
San Luis Rey Watershed........................................................................................73
Results..............................................................................................................75
Large Block Around Cupeño Territory..................................................................76
Methods............................................................................................................76
Results..............................................................................................................76
Bringing in the Boundary for Cupeño and Adjacent Territory..............................78

viii
Results..............................................................................................................78
Appendix References .............................................................................................81

ix

LIST OF TABLES
PAGE
Table 1. Distribution of Classic Themes in GIS and Archaeology..........................................15
Table 2. DEMs Used for Projects ............................................................................................41

x

LIST OF FIGURES
PAGE
Figure 1. Location of Lost Valley, California and site CA-SDI-2506 (The Bog Site).............7
Figure 2. Sketch map of the Cupeño territory showing the lands owned by different
clans. te = temewhatnitcem (Northerners) (from Strong 1929:248). ...........................11
Figure 3. Test of the model using the Hot Springs Mountain DEM, start path in
Warner Springs area, end path at Lost Valley (screenshot from ArcView 9.2). ........37
Figure 4. Location of the San Luis Rey watershed within San Diego County. ......................37
Figure 5. Changes in the boundary of the project area. ...........................................................38
Figure 6. USGS DEM titles and placement of those used in projects. ....................................39
Figure 7. The selected LCP from among the many that could be chosen. ..............................40
Figure 8. Example of a DEM after transformation from SDTS format to a grid
readable in ArcView on left. Right, after adding color and manipulating visual
for hillshade to give depth............................................................................................42
Figure 9. An alternate 12-DEM block, showing least-cost paths compared to probable
site areas.......................................................................................................................45
Figure 10. Least-cost paths covering ten DEMs to show relationship of the path
network to Lost Valley.................................................................................................47
Figure 11. Using sample data from SCIC for approximate site locations. ..............................48
Figure 12. Areas of probable sites shown with the path chosen for the virtual tour. ..............49
Figure 13. Least-cost path for comparison to an aerial view of the landscape.......................51
Figure 14. Isolated LCP saved as a jpg file. ............................................................................51
Figure 15. LCP imported into Google Earth............................................................................52
Figure 16. Plan view of the southern end of the line file........................................................52
Figure 17. A closer view of the southern end of the line file showing the terrain..................52
Figure 18. Landscape view from the southern end of the line file looking north at a
near 90 degree angle. ...................................................................................................53
Figure 19. View of the LCP at the first junction looking north...............................................53
Figure 20. First junction pivot. Turning the corner at the first junction to head
northeast.......................................................................................................................53
Figure 21. Landscape view from first junction of the LCP facing northeast with Lost
Valley on the horizon...................................................................................................54

xi
Figure 22. Plan view of the watershed boundary past Lost Valley. .......................................54
Figure 23. View to the east from the crossing of the watershed boundary out to the
Anza-Borrego desert. The Salton Sea can be seen on the horizon. ............................55
Figure 24.View towards the west from the watershed boundary. A 180 degree turn to
the west, looking back at Lost Valley..........................................................................55
Figure 25. A day of instruction at field school in summer of 2003. ........................................55
Figure 26. Pilot screenshot of ArcGIS 9.2 and least-cost path analysis (dark red
line) from Cupa (green circle) to Lost Valley and site CA-SDI-2506 (red
circle). ..........................................................................................................................72
Figure 27. The location of the San Luis Rey watershed within San Diego County. ...............74
Figure 28. ArcView 9.2 map of San Luis Rey Watershed with elevation shown in
relief, waterways (blue lines) within the watershed shown as well as roads
(red lines). The least-cost path analysis (neon green line) was made from a
point near the coast along the San Luis Rey River to CA-SDI-2506 in Lost
Valley............................................................................................................................75
Figure 29. The head of the San Luis Rey watershed and adjacent area...................................77
Figure 30. Smaller block around the head of the San Luis Rey watershed. ............................79
Figure 31. Close-up of smaller block in Figure 30. .................................................................80

xii

ACKNOWLEDGEMENTS
This research would not have been possible were it not for the financial support of my
husband, George E. Kline. George also provided many hours of discussion and emotional
support. He had a large part in giving me the determination to complete this thesis. He just
kept saying I had to finish, even when the goal seemed out of reach.
Academic support came from two sources. My thesis chair, Professor Lynn H.
Gamble, stuck with me thorough the evolution of this thesis with cheerful prodding all along
the way. She also hired me to work in Collections Management, which helped immensely
with financing my graduate education.
My thesis committee second, Dr. L. Leach, professor emeritus SDSU (now living on
Hawaii), was the first to plant the idea that I might apply to graduate school. After spending
two field seasons together, he knew me pretty well, knew how I reasoned out different tasks,
and how I related to others on the team. Jobs of the right caliber, he told me, would not be
attainable without [at least] a master’s degree. Dr. Leach believed in me and smoothed my
way into the graduate program at SDSU.
Ming-Hsiang Tsou, the third member of my committee, was chosen through a
recommendation of fellow graduate student, Koji Tsunoda. Dr. Tsou, professor of geography,
was kind enough to take on the added burden of another (my) thesis and offered use of the
CESAR Lab and a student version of the ArcView 9.2 (GIS) program. My first time line for
completion of the thesis was much too optimistic, but he stuck with me through the extra two
semesters that it took for me to complete my work without complaint.
My father, Richard M. Hannah, passed away last June. When he first heard that I was
thinking about going to graduate school he wholeheartedly agreed. He was very supportive of
continuing education to get one through life in as cultured a manner as possible. Thanks to
my mother and father for believing that I could complete this difficult goal of attaining a
master’s degree.

xiii
To Dr. R. Perez I send special thanks for being an excellent professor, leading great
courses for graduate students that were difficult but mind expanding, and for being the
graduate advisor during my four years of graduate school.

