A BURNING QUESTION:

THE EFFECTS OF FIRE AND FIRE MANAGEMENT 

ON CULTURAL RESOURCES
Richard D. Shultz

[image: image1.jpg]



Signature Page.

Copyright Page.

Authorization for Reproduction page.

Acknowledgements Page.

CONTENTS

1Chapter 1 – Introduction


1Regulatory Context


1Project Area Location and Description


3Project Scope and Agreement


3Methods and Project Personnel


3Methods


4Project Personnel


5Chapter 2 – Project Setting


5Natural Setting


5Physiographic Zones


5Fault Zone


5Inverness Ridge


8Rolling Hills


9Point Reyes Promontory


9Estuaries and Beaches


9Climate


9Paleoclimatic Change


11Biotic Environment


13Fault Zone


13Role of Fire


13Inverness Ridge


14Role of Fire


14Rolling Hills


15Role of Fire


15Estuaries and Beaches


16Role of Fire


16Fire Intervals for Biotic Zones


19Chapter 3 – Cultural Contexts


19Prehistoric Context


19Research Issues


20Archaeological Work in the PRNS


24Ethnographic Context


26Historical Context


31Types of Resources Expected Within the PRNS


31Fault Zone


31Inverness Ridge


31Rolling Hills


32Point Reyes Promontory


32Estuaries and Beaches


32Past Use of Fire in California and the PRNS


32Native American Burning Practices


37Historic-period Fire Use


43Chapter 4 –Fire and Fire Behavior


43Basic Fire Concepts


46Chapter 5 – Effects of Fire and Fire Management


46Direct, Operational, and Indirect Effects


46Direct Effects.


46Flaked Stone


48Groundstone


49Glass


49Metal


51Historic-era Ceramics


51Cement, Brick, and Cinder Block


51Rubber and Plastic


51Rock Art and Spiritual Resources


52Shell


53Bone


54Pollen and Archaeobotanical Remains


54Organic Residues


55Wooden Features and Artifacts


55Vegetation


56Packrat Middens


56Fibers and Hides


56Leather


56Operational Effects


57Staging


58Fire Lines


58Ignition Techniques


59Fire Retardants


60Mop-up and Rehabilitation


61Indirect Effects


61Looting


62Increased Surface Runoff and Erosion


62Increased Tree Mortality


63Increased Burrowing Rodent and Insect Populations


63Increased Microbial Populations


63Carbon Contamination


65Chapter 6 – Field Observations


66Chapter 7 – Recommendations


66General Recommendations


68Mitigation Measures for Wildfire


69Mitigation Measures for Prescribed Fire


69Fuel Reduction


70Surface Collection


72Mitigation Measures for Manual and Mechanical Thinning


72Treating Cultural Landscapes


73Hand Clearing Resources


73Application of Herbicides


73Undiscovered Resources


74Mitigation Measures for Indirect Effects


74Runoff and Erosion


74Ailing Trees


74Looting


75The Wildland-Urban Interface


78Refferences Cited


100Appendix (HPD)



Figures

Error! Bookmark not defined.1. Project Area and Vicinity



Error! Bookmark not defined.2. Physiographic Zones of the Point Reyes Area



Error! Bookmark not defined.3. Distribution of Major Geologic Deposits



Error! Bookmark not defined.4. Timing and Extent of Sea-Level Rise



Error! Bookmark not defined.5. Distribution of Major Vegetation Communities



Error! Bookmark not defined.6. Prehistoric Settlement Patterns



Error! Bookmark not defined.7. Ranch Names and Locations in the Olema Valley and Lagunitas Canyon



Error! Bookmark not defined.8. Ranch Names and Locations within the Point Reyes National Seashore




Tables


171. Fire Intervals for Certain Habitats



182. Fire Intervals in Communities with Coyote Bush



213. Diagnostic Traits of Coastal Marin County Facies



264. Coast Miwok Seasonal Resource Procurement



385. Partial History of Fires in the Golden Gate National Recreation Area.



406. Partial History of Fires in the Point Reyes National Seashore.



417. Partial History of Fires in Marin County.



458. Maximum Surface, Litter, and Soil Temperatures



509. Melting Points of Metal Materials


7510. Partial List of WUI Projects in Marin County.


7611. Wildland-Urban Interface Project Areas and Cultural Resources.




Chapter 1 – Introduction

Regulatory Context


The document that formed the basis of this thesis was developed under a cooperative agreement between the National Park Service and the Sonoma State University Academic Foundation, Inc., and was charged with addressing the effects of fire and fire management on cultural resources within the Point Reyes National Seashore, and to present recommendations for the mitigation of negative effects on significant resources. For the purposes of federal-level undertakings, the significance of a cultural resource is defined by its inclusion, or eligibility for inclusion, in the National Register of Historic Places (NRHP). While the PRNS has been extensively surveyed in some areas, and some research has been conducted on the numerous ranches and farms, the Seashore has not been systematically examined for all possible cultural resources. Additionally, those resources that have been identified within the PRNS have yet to be evaluated for inclusion in the NRHP. To avoid negative effects to significant resources, all resources are considered potentially eligible for inclusion in the NRHP unless formally evaluated otherwise. The process of evaluating the NRHP eligibility of cultural resources is described in detail in a series of bulletins produced by the NPS (e.g., NPS 1995). 


Point Reyes National Seashore, along with all other NPS units that possess “vegetation capable of burning,” has been directed to prepare a plan to guide a fire-management program that is responsive to the park's natural and cultural resource objectives and to safety considerations for park visitors, employees, and developed facilities (NPS 1998a). Director’s Order #18 ([DO #18] NPS 1998a) and Reference Manual #18 ([RM #18] NPS 1999) provide the authority and the guidance, respectively, for fire-management-plan implementation. The document presented to the PRNS, concerning fire effects on cultural resources, had been produced in accordance with RM #18, and may be used as part of a forthcoming Fire Management Plan for the PRNS. 

Project Area Location and Description


Encompassing some 71,086 acres of west Marin County, California (Figure 1), approximately 40 miles northwest of the Golden Gate, the PRNS was formally created on 16 September 1972, nearly 10 years to the day after being authorized by President John F. Kennedy (PL 87-657 [S. 476]). Beginning with the initial authorization of 64,000 acres, PRNS gradually expanded to its present size through the 1970s and early 1980s (Livingston 1994:74-75). It complements the adjacent NPS-administered Golden Gate National Recreation Area (GGNRA), forming a substantial buffer against the developmental pressures placed on lands in the northern San Francisco Bay Area over the past three decades. 


Today, the PRNS attracts millions of visitors (2,254,465 in fiscal year 2002 [NPS 2003a]) to its scenic splendors, which range from barely accessible rugged coastlines and 
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isolated mountain peaks, to its more easily reached, yet primitive, campgrounds and windswept beaches, and its historic-period ranching landscapes. 

Project Scope and Agreement


A Cooperative Agreement was entered into between the Department of Interior, National Park Service, Point Reyes National Seashore, and the Sonoma State University Academic Foundation, Inc., for assistance and collaboration in archeological studies and initiatives. The current work has been conducted under Project Statement No. 008 of that agreement.


The specific objectives of the project were to provide research, fieldwork, recommendations, and final reports to assist the NPS in complying with the provisions of the National Historic Preservation Act, as amended, and its implementing regulations (36 CFR 800) with regard to fire-management and rehabilitation activities on lands administered by Point Reyes National Seashore.

Methods and Project Personnel 

Methods


This thesis is based on research conducted by the author using the following resources: Reports, notes, and maps provided by NPS personnel located at Point Reyes National Seashore, and Golden Gate National Recreation Area, as well as personal communications with individual NPS employees from both locations. 


The Jean and Charles Schulz Information Center, located on the Sonoma State University campus provided access to books, periodicals, and other literature from the other 23 California State University campuses through “Link+” system, access to the University of California campuses through the “Melvyl” system, and access to resources nation-wide through “Inter-Library Loan.”


Additional resources were located using the Internet, particularly United States governmental websites, such as those representing the National Park Service, the Bureau of Land Management, and the US Forest Service.


Research on the history of fire in Marin County was conducted at the Anne T. Kent California Room of the Marin County Civic Center Library, located at 3501 Civic Center Drive, Room 427, San Rafael, and at the Point Reyes Light (Tomales Bay Publishing Company) located at 11431 State Route 1, # 10, Point Reyes Station, California.


Prior to executing field surveys records searches were conducted at the Northwest Information Center (NWIC) of the California Historical Resources Information System. The NWIC, an affiliate of the State of California Office of Historic Preservation (OHP), is the official state repository of archaeological and historical records and reports for a 16-county area that includes Marin County.  


The records search consisted of examining all documented cultural resources records and reports within a 1-mile (1.6-km) radius from the center points of the survey areas. State and Federal historical inventories were also reviewed. These inventories included the Historic Properties Directory, which combines the National Register of Historic Places, the California Historical Landmarks, Points of Historic Interest, and the California Register of Historical Resources (California OHP 2002); and Five Views: An Ethnic Historic Site Survey (California OHP 1988).

Project Personnel

The literature and records search, field survey, report preparation, and administration were performed by the following ASC personnel:

Principal Investigator: Dr. Adrian Praetzellis, Registered Professional Archaeologist; Director, Anthropological Studies Center, Sonoma State University.

Project Coordinator: Richard D. Shultz, B.A. (Anthropology), M.A. candidate in Cultural Resource Management (CRM); 16 years of experience in California prehistoric and historical archaeology.

Archaeological Field Crew: Heidi Koenig, B.A. (Anthropology), M.A. candidate in CRM, with 10 years of experience in California and Middle-Eastern archaeology; and Christina MacDonald, B.A. (Anthropology), M.A. candidate in CRM, with 5 years of experience in California archaeology. 

Report Production: Margo Meyer, B.A. (Art History) report production. Maria Ribeiro, B.A. (Anthropology), report graphics and report production. Suzanne Stewart, RPA, M.A. (CRM), editor.

The following National Park Service Personnel contributed to this project: 

Jessica Maxey, B.A., NPS Archeologist, participated in field surveys on 7 October 2002, 13 May 2003, and 17 May 2003. She also provided various maps, notes, and other sources of information useful in the preparation of this report. 

Nelson Siefkin, M.A., NPS Fire Archeologist, provided a number of NPS publications and other documents that would have otherwise been unavailable for research. 

Mark Rudo, M.A., NPS Archeologist was instrumental in coordinating Cooperative Agreement No. 1443-CA-8530-96-006 Project Statement No. 008, between the NPS and SSUAF. He too provided a number of NPS publications, documents, and information that would have otherwise been unavailable for research. 



Chapter 2 – Project Setting

Natural Setting


The following section discusses the natural setting of the Point Reyes peninsula. Included here are the physiographic zones, biotic environments, climate, and paleoclimatic change that have shaped or are found within the peninsula. Also discussed is the role of fire within the biotic environments of the National Seashore.

Physiographic Zones


The various topographic features of the Point Reyes peninsula have resulted from a series of geological processes that began more than 80 million years ago. In describing these features the peninsula has been subdivided into a variety of physiographic zones (Figure 2). The number of zones described in the literature varies in accordance with the writer’s focus, with three to five macro-environments usually used to categorize the Seashore. National Park Service personnel (NPS 1973:4), for example, have described the PRNS as occupying three units: “(1) Inverness Ridge, (2) the rolling middleground [sic] west of the ridge, and (3) the beaches and tidal zones,” while biologist Kawahara defined five topographic settings: “(1) the long straight depression occupied by Tomales Bay, Olema Valley, and Bolinas Lagoon; (2) the high country of Inverness Ridge; (3) the rolling middle ground west of the ridge; (4) the promontory of Point Reyes itself; and (5) the estuaries and beaches” (1970:5).  


For the purposes of this report the five zones as described above will be utilized, as they tend to present a more comprehensive framework for describing the National Seashore’s physiography.

Fault Zone 


The dominant physiographic features of the PRNS, Inverness Ridge and the Olema Valley, owe their existence to the powerful actions of the San Andreas Fault (Kawahara’s “long straight depression”), which separates the Point Reyes peninsula from the rest of Marin County. Some indication of this power was illustrated by the 1906 earthquake, which resulted in an average of 4.2 meters (13.8 ft.) of lateral displacement along the fault trace (Daetwyler 1966:20). The rift zone, or Olema trough (Galloway 1977:1), is occupied by Tomales Bay on the north, and the Olema Valley and Bolinas Lagoon on the south. To the east lies a geologic province that is distinctly different from the peninsula (Figure 3): here, the fault is primarily composed of the Jurassic-Cretaceous Franciscan formation, with some exposures of rocks dating to the Pliocene, all cut by meandering streams of gentle gradients of approximately 8 feet per mile. West of the rift zone, the geology is dominated by dioritic granites and Tertiary sediments, with streams beds cutting these features with gradients of up to 500 ft. per mile (Kawahara 1970:5).

Inverness Ridge


The approximately 25-mile-long Inverness Ridge runs parallel to and just west of the San Andreas Fault, extending from Tomales Point to Bolinas Mesa, and forming part of the eastern boundary of the PRNS. Three prominent crests—Mount Wittenberg at 
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1,407 ft. (448 m) above mean sea level, Point Reyes Hill at 1,336 ft. (407 m), and Mount 
Vision at 1,282 ft. (391 m)—cap the ridge, and contain the oldest rocks found in the Seashore. Exposed from Tomales Point to approximately Bear Valley Ranch is the chief component of the ridge (Galloway 1977), a resistant quartz diorite that was formed approximately 80 million years ago when it was intruded into original shales and clays, and sandstones and calcareous sediments. The heat and pressures created by the intruding molten quartz diorite metamorphosed clays and shales into schists, and calcareous sediments and sandstones into marble and quartzites (Galloway 1977:2; Kawahara 1970:8). South of Bear Valley Ranch, and extending to Bolinas Mesa and Duxbury Reef, the granitic formation is buried by younger, light-colored marine shales (Galloway 1977:2). This younger formation, termed the Monterey Shale and the Laird Sandstone, originally covered all of Inverness Ridge, but has since eroded away along the northern margins. This Miocene-period deposit can be seen in an exposure near Kehoe Ranch (Galloway 1977:2).


Inverness Ridge is of such topographical prominence that it channels the prevailing northwesterly winds down through Tomales Bay, then eastward through the Nicasio fog gap to San Francisco Bay. As a consequence of the prevailing winds directing moisture-laden air masses over the summit of the ridgeline, the uplands receive nearly 40 in. (102 cm) of precipitation annually, both in the form of rain and fog. Run-off from this precipitation is channeled by relatively young streambeds to other prominent features found in and near the PRNS: Drakes Estero and western coastal beachheads to the west of the ridgeline, and Tomales Bay, Olema Creek, and Pine Gulch Creek to the east (Kawahara 1970:8; NPS 1973:6).  

Rolling Hills


At the western foot of Inverness Ridge begins the broad plain of two wave-cut terraces that form the rolling hills, which substantially contributes to the Seashore’s vast scenic viewshed. The two terrace features are situated along distinctly different elevations. The older, upper terrace lies at an elevation between 600 and 700 ft., while the younger, lower terrace is situated along the 200-ft. contour. The upper terrace is generally composed of fine-grained shales and sandstones of the Monterey formation. Because of its older status, this terrace is considerably more weathered than its younger counterpart and is now characterized by broadly rounded hilltops (Kawahara 1970:8; NPS 1973:7). The lower terrace is composed of an overlying soft, weakly consolidated, light-colored siltstone and claystone layer known as the Drakes Bay formation (Galloway 1977:2). This terrace is better preserved, but deeply scarred by steep, narrow canyons, such as those found draining into Drakes Estero, and is subject to constant slumping and landslides due to the incompetent nature of the soil.  


Precipitation in the terrace region averages 30 to 35 inches (76 to 89 cm) per year, decreasing towards the coastline. Much of the precipitation comes in the form of fog generated by warm air masses riding over the cooler ocean waters during the summer months (NPS 1973:7).

Point Reyes Promontory


Standing at the southwestern corner of the PRNS is situated a well-exposed outcrop of dioritic granitics and Paleocene conglomerates. This rocky promontory forms an anchor for the 10-mile-long Point Reyes Beach to the north, and protects Drakes Bay, lying to the east, from direct wave-action during much of the year. The year-round exposure to breakers has gradually broken down this feature, forming numerous isolated rocks, stacks, and islets (Galloway 1977:2; Kawahara 1970:9).

Estuaries and Beaches


Among the most extensive features in the PRNS are its beaches and estuaries. The geologic foundations of the PRNS have created numerous sandspits, sandbars, estuaries, and beaches. The granitic formations of Inverness Ridge are weathered and transported to the beaches at coves along Tomales Bay, while marine terraces are worn away by wave-action along the coastal margin, forming the sandy beaches found along Drakes Bay. The near-constant northwesterly winds help drive a southerly ocean current that brings sands from the north to settle along Tomales Point, Point Reyes Beach, Limantour Beach, and Bolinas Lagoon.

Climate


The climate of the Point Reyes peninsula is commonly referred to as Mediterranean, or Evergreen Heath Etesian Climate, according to the Köppen classification system (Beardsley 1954:14; Kawahara 1970:9). The area’s climate is often reduced to summer and winter conditions, with gradual transitions to each during autumn and spring. Typically the Point Reyes peninsula is characterized as having cool, foggy summers and mild, wet winters. As noted above, warm air masses sweep over the cooler Pacific during the summer months, often creating a heavy coastal fog zone. This fog is the main source of precipitation during the summer months, as little or no rain falls until late winter and early spring. The summer fog also ameliorates temperatures, keeping the area between 60 and 70° F (16 and 21° C). Winter storms arrive from the Gulf of Alaska, providing 80 percent of the yearly precipitation to the peninsula, with average rainfall varying between 24 and 27 inches (61 and 69 cm; Kawahara 1970:10).

Paleoclimatic Change


According to Meyer (2002), the paleoclimatic sequence developed for the North Coast Ranges suggests that, compared with present-day climate, former climatic conditions were (1) more continental in the Late Pleistocene-Early Holocene, that is cooler and wetter; (2) more Mediterranean in the Middle Holocene, warmer and drier; and have become (3) more maritime in the Late Holocene, similar to the present conditions.


At the height of the last glacial maximum, more than 15,000 years ago, sea levels were some 120 m (394 ft.) lower than at present (Figure 4). This difference in sea levels results in at least two significant features for the Point Reyes area. First, the now-submerged continental shelf was then fully exposed; creating a coastline that was located 25 to 50 km (15 to 30 mi.) west of the current shoreline (Meyer 2002). This would have resulted in a coastal terrace that was significantly wider than at present, with 
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perhaps a substantially greater area of brush and grasslands that would have been highly attractive to browse animals. The second feature would have been the change in watercourse gradient resulting in deltaic marshes and estuaries. At glacial maximum, watercourses to the bays and beaches would have been longer, creating steeper, highly erosive canyons (Meyer 2002). With the sudden climatic change that initiates the Holocene, continental ice sheets quickly regressed, flooding the oceans with meltwater and raising global sea levels. Between 15,000 and 11,000 years ago, sea levels rose approximately 55 m (180 ft.), covering most of the continental shelf. As the shoreline migrated eastward, short-lived marshes and estuaries were likely created as sediments were trapped within coastal valleys and embayments (Clifton, Hunter, and Gardner 1988:125). Between 11,000 and 8,000 years ago, sea levels rose an additional 25 m (82 ft.), at a somewhat slower pace than in the previous period; 13.0 m (42.6 ft.) versus 8.3 m (27.2 ft.) every 1,000 years. Coincidentally, the earliest known archaeological sites in the region date to this time (Schwaderer 1992; Meyer and Rosenthal 1997). Over the next 2,000 years sea levels rise only about 7 m (23 ft.), averaging a rate of 3.5 m per 1000 years. From 6,000 years ago to the present sea levels have risen an additional 8 m (26.2 ft.) at a rate of about 1.3 m (4.3 ft.) every 1,000 years (Meyer 2002).


As the rate of sedimentation began to outpace the rate of submergence, tidal flats, marshes, and lagoons began to form around the margins of the many protected bays and inlets located along the Pacific coastline (Atwater et al. 1979). The combination of higher sea levels, increased sedimentation, and wetland formation forced local streams and rivers to adjust to progressively higher baselines and lower hydrologic gradients. In response, many streams and rivers were overwhelmed by sediment that filled existing channels, formed new floodplains, and/or spread over the surface of existing floodplains (Helley et al. 1979). During this time, the upper reaches of some floodplains were subject to erosion and lateral channel migration as streams and rivers adjusted to the new conditions (Meyer 2002). Drakes Estero provides a good example of this process. 


These coastal valleys and embayments would have been favored by Early and Middle Holocene hunter-gatherer groups, as research in other coastal California environments suggests (see Research Issues below), for the diverse floral and faunal resources that these locations attract. The resultant archaeological deposits would then be subject to, at best, depositional forces resulting in their burial, and at worst, scouring by wave action associated with rising sea levels. 

Biotic Environment


The dominant plant communities of the Point Reyes peninsula (Figure 5) consist of a mosaic of coastal prairie and scrub, similar to that found along much of the central and northern California coastline (Küchler 1977), and a mixed evergreen/broadleaf hardwood forest that occupies much of the Inverness Ridge. Coastal prairie is often characterized by perennial California oatgrass (Danthonia californica), annual fescue (Festuca idahonensis, and F. rubra), Douglas iris (Iris douglasiana), California buttercup (Ranuculus californicus), and blue-eyed grass (Sisyrinchium bellum; Heady et al. 1977). The coastal prairie of the peninsula has been noted to be somewhat atypical, as California 
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brome (Bromus carinatus), tufted hairgrass (Deschampsia caespitosa var. halciformis), and introduced sheep sorrel (Rumex acetosella) tend to dominate. Within the coastal scrub community found in the PRNS, south-facing slopes and ridges tend towards a composition of California coffeeberry (Rhamnus californica), coast sagebrush (Artemisia californica), and poison oak (Rhus diversiloba), while northern-facing slopes and ridges are dominated by coyote bush (Baccharis pilularis var. consanguinea; Gogan 1986:21, 23).

Fault Zone


The San Andreas Fault zone combines many of the natural environments found in other zones, including mixed evergreen forests, riparian corridors, brush fields/grasslands, and marshes. For the most part the fault zone reflects natural environmental processes. At the head of Tomales Bay is found an extensive marsh system that drains part of the northern portion of Inverness Ridge, while the southern extent of the ridge drains southward towards Bolinas, forming a long riparian environment that also culminates in a marshland. Both mixed evergreen forests and brush fields/grasslands flank the fault, and have been extensively shaped by human populations since the mid- to late-1800s. Farming practices in Marin County during the latter 19th and early 20th centuries have done much to clear brushlands for potato and wheat farming and cattle and dairy ranching, while homesite construction during the 20th century has encroached into the forested margins, introducing many exotic plant species such as eucalyptus, or blue gum (Eucalyptus globules), and scotch broom (Cytisus scoparius; Kawahara 1970:15-16).

Role of Fire


The fault zone is comprised of a mosaic of vegetational communities. Fire within the fault zone would have most likely resulted in reinforcing this mosaic pattern. Accordingly, fire intervals would most likely vary depending upon the structure of the communities within the fault zone. For example, vegetational communities such as grasslands and brush fields would more readily burn than riparian or mixed-evergreen communities. Fire regimes for individual communities located within the fault zone may be similar to regimes presented below where the vegetational communities are similar.

Inverness Ridge


Two main plant communities are found on Inverness Ridge, reflecting distinctly different soils and geology. Due to its granitic substrate, the northern half of the ridge, with its higher elevations, supports a closed-cone forest structure with Bishop pine (Pinus muricata) as the climax species. Additional species in this forest structure include coast live oak (Quercus agrifolia), wax myrtle (Myrica californica), California bay (Umbellularia californica), California buckeye (Aesculus californica), Pacific madrone (Arbutus menziesii), chinquapin (Castanopsis chrysophylla var. minor), and Mount Vision ceanothus (Ceanothus gloriosus var. porrectus; Kawahara 1970:17). The Bishop pine forest found on the ridge may be a remnant of a more widespread, late-Tertiary forest (Vogl et al. 1977:332). The Monterey shale and the Laird sandstone found along the southern portion of the ridgeline favors a mixed-hardwood forest of Douglas fir (Pseudotsuga menziesii) and coast redwood (Sequoia sempervirens) groves in the higher elevations. A broadleaf forest of California bay, Pacific madrone, tanbark oak (Lithocarpus densiflora), coast live oak, big-leaf maple (Acer macrophylla), and wax myrtle is sometimes found in the Douglas-fir/redwood forest, but is more prevalent at lower elevations (Kawahara 1970:18; NPS 1973:4). 

Role of Fire


As noted above the long, dry summers that characterize California’s Mediterranean-type climate induce a susceptibility to fire in the plant communities found on Inverness Ridge. Both plant communities found in this zone have been shaped by fires that occur at regular intervals. Bishop pine is a fire-dependent species that requires the heat generated from fire to open its semi-serotinous cones and release the seeds held inside (Kawahara 1970:17; NPS 1973:6; USDA 2003; Vogl et al. 1977:337). Additionally, fires in Bishop pine forests that occur at intervals of less than 80 years may help the stand to resist rust-gall infection and a secondary fungal infection (Vogl et al. 1977:338). Douglas fir, on the other hand, is both a pioneer and a climax species that will dominate its environment given a sufficient length of time. Fire not only thins or even removes the stand, it also establishes the seedbed for the succeeding generation (USDA 2003). Douglas fir has the capacity to grow in a variety of forest conditions and is kept in check by regular fire intervals. With the removal of fire as a regenerative agent, however, both the Bishop pine and the broadleaf forest margins are being supplanted by the Douglas-fir community (NPS 1973:4, 6; Vogl et al. 1977:349).

Rolling Hills


The rolling hills area west of Inverness Ridge supports a “soft” chaparral, or coastal scrub, community; prior to the farming and ranching period, the community was intermixed with native coastal prairie species, creating a low, wind-pruned carpet of shrubs, with open patches of grasses. During the 1800s, large areas of the PRNS were converted to non-native grasslands, initially as a result of farming practices, and later as a result of feed-seeding for dairy and beef cattle. The native coastal scrub community occupied much of the Point Reyes peninsula, ranging from the edge of beach and estuary environments, across the marine terraces, and mixing with the forests on Inverness Ridge (Kawahara 1970:19-20; NPS 1973:7-8). Elliot and Wehausen described the peninsula’s coastal prairie as being dominated by California brome, tufted hairgrass, and introduced sheep sorrel (Heady et al. 1977:735). Additionally, Kawahara (1970:20) notes coast blue larkspur (Delphinium decorum), San Francisco owl’s clover (Orthocarpus floribundus), Douglas iris (Iris douglasiana), yellow eyes (or blue-eyed grass; Sisyrinchium bellum), blue dicks (Broadaea pulchella), checker bloom (Sidalcea malvaeflora), hairy coast goldfields (Lasthenia hirsutula), slenderer sedge (Carex gracilior), common rush (Juncus effusus var. brunneus), soft chess (Bromus mollis), and California fescue (Festuca californica) as common plants found in the grassland habitat. Within the chaparral, or brushland habitat, is found coyote bush, cow parsnip (Heracleum lanatum), wax myrtle, bush monkey flower (Mimulus aurantiacus), seaside daisy (Erigeron glaucus), and California blackberry (Rubus ursinus; Kawahara 1970:19).


Located within the rolling hills, or wave-cut terraces, are numerous steeply cut, sedimented-valley watercourses that support riparian species. The upper portions of these drainages are associated with the broadleaf and mixed evergreen forests, and often contain big-leaf maple, red alder (Alnus oregana), California bay, elk clover (Aralia californica), and California hazel (Corylus cornuta var. californica). As the drainages descend to the esteros, “[t]here is a sharp delineation between the stand of Red Alders, with its understory of California Stinging Nettle, that chokes the flood plain, and the soft chaparral that borders it” (Kawahara 1970:21).  

Role of Fire 


The role of fire in California coastal scrub communities has been long studied and documented (Biswell 1975; Hanes 1977:432; Kelley and Scott 1995; USDA 2003). Most species within the scrub community are well-adapted to California’s drought-associated summers, containing substances that both help them survive the dry periods, but which make them extremely flammable. Many plants, like coyote bush and ceanothus, possess leaves that have a waxy appearance; most of those leaves tend to be concentrated along the outer periphery of the plant, leaving a dry, woody interior. This xeric adaptation makes the plant highly flammable, as the waxy leaves contain concentrated volatile organic compounds that are easily ignited, while the woody interior is easily oxidized once a fire has started. Consequently, many scrub species have responded to the frequent fires found in this type of environment by regenerating from meristematic cells contained within their root burls or bulbs. Heady et al. (1977:736) note that the coastal prairies may have evolved under a regime of light grazing pressure and intense fire frequencies, while the introduction of highly competitive, exotic species, cultivation, increased grazing pressure, and the elimination of annual fires have dramatically altered the distribution and composition of the original community. 

Estuaries and Beaches


There are several estuarine and beach settings within the PRNS: Drakes Estero, Limantour Estero, Abbott’s Lagoon, Bolinas Lagoon, Point Reyes Beach, Drakes Beach, Limantour Spit, among others. A variety of factors work to make each location a distinctive setting. Some locations possess foredunes, like Point Reyes Beach and Limantour Spit; some are adjacent to steep cliffs, like Drakes Beach, McClure Beach, or Wildcat Beach; while Drakes Estero, Limantour Estero, and Bolinas Lagoon encompass mudflats.  


The strands and sandy beaches below the high tide line are, for the most part, devoid of floral species, particularly where heavy surf is present, but they do possess a wealth of faunal species, such as clams, cockles, and mussels. Above the high-tide zone the situation is quite different, with the complex of dunes containing a variety of floral species, including beach strawberry (Fragaria chiloensis), yellow sand verbena (Abronia latifolia), pink sand verbena (A. umbellata), beach morning glory (Calystegia soldanella), beach evening primrose (Camissonia cheiranthifolia), Douglas blue grass (Poa douglasii), seaside daisy, purple bush lupine (Lupinus propinquus), sea rocket (Cakile maritima), and beach grass (Amonphila arenaria; Kawahara 1970:24). Barbour and Johnson (1977:235) note that there is a tendency for floral zonation within most strand/beach environments, with Cakile species occupying the most seaward zone within Marin County. The next zone back was dominated by yellow sand verbena and silver beach weed (Ambrosia chamissonis), among others, while the third zone, or foredune, supported beach grass, Elymus spp., and Douglas blue grass. In places, the historically introduced beach grass can occupy 70 to 80 percent of the dune cover, tending to exclude native dune species. It also appears to alter dune characteristics, creating larger and taller dune systems that may further add to its advantage (Barbour and Johnson 1977:226). Located behind the foredune is the forward edge of the scrub community described above under the Rolling Hills zone. Approximately 14 species were identified in this zone, with coyote bush, Chamisso’s bush lupine (Lupinus chamissonis), coast buckwheat (Eriogonum latifolium), and Douglas blue grass comprising approximately 75 percent of the groundcover (Barbour and Johnson 1977:249-250).


Estuarine environments are usually restricted to relatively small areas within bays and protected river mouths, such as Drakes and Limantour esteros, Bolinas Lagoon, and Tomales Bay (Macdonald 1977:265). Because of the relatively high salinity of estuaries, the plant community tends to be dominated by salt-marsh species, known as halophytes. Like the strand/beach environments described above, salt-marsh plants grade from water’s edge to drier land in accordance with the species’ ability to live in a saturated saline environment. Salt marshes are usually dominated by California cordgrass (Spartina foliosa) and pickleweed (Salicornia virginica; Macdonald 1977:268-272, 286). Brackish lagoons and marshes tend to be dominated by tule or hardstem bulrush (Scirpus acutus) and common cattail (Typha latifolia). These vegetative types are usually homogeneous on gentle slopes, but are more zonal on steeper channel banks, with tules growing in deeper waters surrounded by a band of cattails higher up the bank (Macdonald 1977:274). Kawahara (1970:25) also noted that wigeon grass (Ruppia maritima), salt grass (Distichlis spicata), yerba reuma (Frankenia grandiflora), fleshy jaumea (Jaumea carnosa), marsh marigold (Limonium commune var. californicum), pacific seaside plantain (Plantago juncoides), coast arrow grass (Triglochin concinna), and seaside arrow grass (Triglochin maritima) could be found in saltwater-marsh habitats.

Role of Fire


The almost constant high relative humidity of the near-shore environment probably minimized natural fires and their influence in these settings. Understandably, saturated environments such as those found around estuarine settings are not very prone to fire, but during periods of drought, natural fires can occur in these settings. Nonetheless, it has been observed that hardstem bulrush and cattail often survive prescribed and natural fire regimes due to their rhizomatic nature; once their top-growth is burned off, new growth quickly follows. In fact, fire-affected seeds from Olney’s tule were found to germinate at a higher rate than those not subjected to fire (USDA 2003). This post-fire response suggests some degree of adaptation to periodic fire.

Fire Intervals for Biotic Zones


The U.S. Forest Service has established a series of research stations throughout the United States to conduct research on forests and forestry, including studies of fire and its use in modern forestry practices. Fire frequency, or return interval, measures how often a plant community is likely to burn, under natural conditions (that is, those not influenced by humans), usually defined in years. This does not mean that fire will run through a community every year, or every 120 years; rather it is a rough estimate as to when a fire is likely to return to an area previously burned. Understanding fire-return intervals helps in understanding the structure and life cycle of plant communities. For example, in a study of southern California and northern Baja California chaparral, research suggests a strong correlation between the age of the stand when it is at its climax stage, and the fire-return interval, in this case, roughly 70 years (Minnich 1995:22).


Table 1, which illustrates fire-return intervals for habitats found in the PRNS, is taken from a larger table for a variety of documented habitats (USDA 2003). Within the Point Reyes peninsula, as described above, the fault zone would include portions of many of the habitats listed in Table 1, including California chaparral, steppe, mixed evergreen. oakwoods, and live oak. The Coastal Douglas fir and California mixed evergreen ecosystems would be illustrative of the communities found on Inverness Ridge. The broad rolling hills would be best defined by California steppe, chaparral, and sagebrush habitats, and in some areas a mixed evergreen community may be found. There are no specific listings for species representative of a beach or estuarine environment within Table 1, however, because the beaches and estuaries are frequently bordered by a scrub or chaparral community the fire frequency represented by the California chaparral and steppe ecosystems could serve as representative.

Table 1. Fire Intervals for Certain Habitats (adapted from USDA 2003)
	Community or Ecosystem
	Dominant Species
	Fire Return Interval Range (years)

	California chaparral
	Adenostoma and/or Arctostaphylos spp.
	35 to 100 

	Coastal sagebrush
	Artemisia californica
	35 to 100 

	California steppe
	Festuca-Danthonia spp.
	< 35 

	Coastal Douglas fir
	Pseudotsuga menziesii var. menziesii
	40 to 240

	California mixed evergreen
	Pseudotsuga menziesii var. menziesii-
Lithocarpus densiflorus-Arbutus menziesii 
	< 35 

	California oakwoods
	Quercus spp.
	< 35 

	Coast live oak
	Quercus agrifolia
	2 to 75 



Coyote bush tends to be a dominant species in the PRNS, particularly in the brush and grassland areas, and would be even more dominant were ranching operations to cease. Table 2 illustrates how coyote bush can influence fire-return intervals in environments where the plant is a major component species. It is interesting to note that in the “Aboriginal” period fire frequency is 1 to 2 years for most environments, while during subsequent periods, fire regimes lengthened. Note especially the “Recent” period, which has further extended the return interval past 150 years for most plant communities as a result of successful fire suppression efforts. 

Table 2. Fire Intervals in Communities with Coyote Bush
(from Greenlee and Langenheim 1990)

	Fire regime
	Vegetation 
where burning is concentrated
	Vegetation 
where burning is incidental
	Recorded or calculated mean fire intervals (years)
	Probable mean fire intervals (years)

	Lightning ignition
	 
	Prairies
	 
	1-15

	
	 
	Coastal sage
	 
	1-15

	
	 
	Chaparral
	 
	10-30

	
	 
	Oak woodland
	 
	10-30

	
	Mixed evergreen
	 
	 
	15-30

	
	Redwood forest
	 
	135
	 

	Aboriginal (until approximately 1792)
	Prairies
	 
	1-2
	 

	
	Coastal sage
	 
	1-2
	 

	
	 
	Chaparral
	18-21
	 

	
	Oak woodland
	 
	1-2
	 

	
	 
	Mixed evergreen
	 
	50-75

	
	 
	Redwood forest
	17-82
	 

	Spanish (1792 to 1848)
	 
	Prairies
	 
	1-15

	
	 
	Coastal sage
	 
	1-15

	
	Chaparral
	 
	19-21
	 

	
	 
	Oak woodland
	 
	2-30

	
	 
	Mixed evergreen
	 
	50-75

	
	 
	Redwood forest
	82
	 

	European-American (1847 to 1929)
	 
	Prairies
	 
	20-30

	
	 
	Coastal sage
	 
	20-30

	
	 
	Chaparral
	10-27
	 

	
	 
	Oak woodland
	50-75
	 

	
	Mixed evergreen
	 
	7-29
	 

	
	Redwood forest
	 
	20-50
	 

	Recent (1929 to present)


	 
	Prairies
	 
	20-30

	
	 
	Coastal sage
	155
	 

	
	 
	Chaparral
	155
	 

	
	 
	Oak woodland
	225
	 

	
	 
	Mixed evergreen
	215
	 

	
	 
	Redwood forest
	130
	 




Chapter 3 – Cultural Contexts

Prehistoric Context

Research Issues


For the last several thousand years, the Point Reyes peninsula, with its attendant seashores, bay shores, grasslands, and forests, has contained a wealth of floral and faunal resources that fluctuated with global weather patterns and periodic glaciations. The sheer variety of landscapes and ecotones would have provided ample locations for the gathering of plant materials and the hunting of small and large game, as well as littoral, lacustrine, and pelagic resources for use by early populations. The opportunity for natural resource exploitation over that expansive period of time likely would not have gone unnoticed by prehistoric peoples, and yet there is a surprising paucity of Early Holocene archaeological deposits.  


Moratto (1984:275,539) suggests that a Hokan-speaking group, who were subsequently displaced with the arrival of a Proto-Miwok population into the region approximately 4,000 years B.P, initially populated the northern periphery of the San Francisco Bay shore. The earliest radiocarbon date in Marin County comes from excavations at CA-MRN-17 at De Silva Island, which dates to 5,480 ± 125 b.p. (Theiler 1983). The earliest known archaeological deposit within the PRNS is the McClure site (CA-MRN-266), located on the northeastern tip of Tomales Point, northeast of Pierce Point Ranch. As noted above, the McClure site was first described by Beardsley and, along with portions of the Estero (CA-MRN-232) and Cauly (CA-MRN-242) sites, was used to define his “McClure facies.” Most archaeological deposits found within the PRNS, however, date to the later stages of the Upper Archaic and the Emergent periods.


Several researchers have interpreted the distribution and the higher frequency of Late Holocene archaeological deposits as evidence of a relatively abrupt shift in settlement patterning and population change beginning in the Upper Archaic and Emergent period (e.g., Bouey 1987:66; Broughton 1994; Schulz 1981:184). From this shift, many have speculated that increases in population led to more intensive subsistence strategies, which gave rise to increased organizational complexity as a result of an imbalance between population density and resource availability (Basgall 1987; Beaton 1991; Bouey 1987; Broughton 1988, 1994; Jones 1992). In contrast, Meyer (2002) suggests that while the assumption that Late Archaic and Emergent-period populations were greater than in previous periods may be valid, the paucity of Lower to Middle Archaic archaeological deposits may have to do more with geomorphological processes than population pressure.


Indeed, while the upper portions of the McClure site date to as early as 2,000 b.p. (the lower portions have not been absolutely dated, but are presumed to be older than the overlying strata), other similar environments in California are beginning to reveal buried archaeological deposits that are nearly five times as old (Erlandson et al. 1999; Goldberg et al. 2000; Jones et al. 2002; Raab and Yatsko 1992; Rick, Erlandson, and Vellanoweth 2001). Given the increasing evidence for early maritime adaptations to coastal California during the Holocene transition, it would seem extraordinary that the resource base that the Point Reyes peninsula would have presented during that period would not have been utilized by early populations. Assuming that the peninsula did provide similar opportunities for resource exploitation at the onset of the Holocene, what could explain the lack of Early Holocene sites within the PRNS? There are at least two possibilities. First, not all of the Seashore has been systematically surveyed. Most surveys have been concentrated along the coastlines, bays, and lagoons (Figure 6), while much of the interior and upland regions have only been cursorily inspected (NPS 1961; Schenk 1970; Compas 1998), possibly leading to erroneous conclusions as to settlement patterns. These unsurveyed areas could contain archaeological deposits not yet recorded. Second, the dramatic change in the environment since the onset of the Holocene (outlined under Paleoclimatic Change above) has radically altered the landscape that now comprises the PRNS.  

Archaeological Work in the PRNS


Richard Beardsley (1948, 1954) was the first to describe archaeological sites found in the Point Reyes area within a taxonomic framework, using data generated by Robert Heizer’s surveys in 1938 and 1939, and Heizer’s and his own fieldwork conducted in 1940 and 1941. Beardsley described several sites, noting that most within the Point Reyes area were located adjacent to littoral environments (especially prevalent around Drakes Estero and Tomales Bay), with some sort of permanent or semi-permanent freshwater source and usually protected from the direct effects of wind and fog. At the time of publication of Beardsley’s scheme, radiocarbon dating was a relatively new technique and was not included in his conclusions. Nonetheless, Beardsley, based on artifact seriation and stratigraphy, inferred that two major temporal periods were reflected in the sites that had been investigated. Several sites were observed to possess archaeological assemblages within their lower portions that fell within the Middle horizon of the Central California Taxonomic System (CCTS). These assemblages included large, heavy projectile points, suggesting an absence of bow-and-arrow technology; a paucity of pestles and mortars, with those that were found being of a simple style; beads predominately of Olivella sp.; strong reliance on bone for awls, needles, chisels, daggers, ornaments, and whistles; and burials, both singular and grouped interments, were often found to be stained with red ochre, often with numerous bone implements found in close proximity. The type site for this assemblage is the McClure site, which defined Beardsley’s McClure facies.


The upper portions of most sites as well as a number of single-component sites fall within the CCTS Late horizon. The assemblages associated with these sites reflect shifts in hunting technology, an increased use of milling equipment, as well as different mortuary practices. Late horizon sites were often found to contain small projectile points associated with bow-and-arrow technology; an increased, and more elaborate, assortment of mortars and pestles; a shift from Olivella sp. to various clam species, steatite, and magnesite for bead making, as well as the adoption of glass trade beads when they became available; and a shift from flexed burials to cremations and burning of property within gravesites prior to interment of the deceased. Like the Late horizon elsewhere in central California, the period was divided into facies on the Marin coast: the Mendoza facies and the Estero facies, named for their type sites (CA-MRN-275 and –232). 


Twenty years after Beardsley’s framework was promulgated, David Fredrickson (1974) advanced his framework for interpreting archaeological sites found within California’s North Coastal region, the Point Reyes area, and portions of the Central Valley. Fredrickson divided this regional prehistory into three broad periods: the Paleo-Indian period, the Archaic period, and the Emergent period. This scheme used sociopolitical complexity, trade networks, population, and the introduction and variations of artifact types to differentiate between cultural units. The scheme, with minor revisions (Fredrickson 1994), remains the dominant framework for prehistoric archaeological research in this region.

Table 3. Diagnostic Traits of Coastal Marin County Facies (from Moratto 1984:235)
	Central California concordance
	McClure Facies

[image: image7]
Middle Horizon
	Mendoza Facies

[image: image8]
Late Horizon Phase I
	Estero Facies

[image: image9]
Late Horizon Phase II

	Burial Pattern

Artifacts
	Primary internment; high frequency of funerary items; beds of red ochre

1. Infrequent round-bottom mortars

2. Shaped pestles

3. Numerous crude stone sinkers

4. Net mesh gauges

5. Long, heavy projectile points; use of atlatl?

6. Some points with slight shoulders

7. Finely chipped stone drills

8. Quartz crystals with pitch

9. Abundant bone artifacts: tubes, head scratchers, needles, awls, chisels, daggers, etc.

10. Olivella A1, F3a, G1, G2a

11. –

12. Rectangular Haliotis ornaments

13. Baked-earth steaming ovens
	Primary inhumation and cremation; numerous “killed’ show mortars

Flat-based show mortars

Shaped pestles

Small projectile points of obsidian; triangular body

Relatively few bone artifacts; hairpins, awls, needles

Olivella A1, G2a, E1

–
	Mostly cremations; associations are frequent

Flat-based show mortars

Rare flanged pestles

Small obsidian projectile points often with square serrations

Tubular bird bone artifacts are common: pyro-incised tubes, bird-bone whistles, bone beads

Olivella E2

Tivela tubular beads; great numbers of clam disk beads; steatite and magnesite beads

Banjo shaped and triangular Haliotis pendants

Historic spikes, porcelain, trade beads, glass



In Fredrickson’s framework, the Paleo-Indian period (10,000-6000 B.C.) was characterized by small, highly mobile groups occupying broad geographic areas. During the Archaic period, consisting of the Lower Archaic period (6000-3000 B.C.), Middle Archaic period (3000-500 B.C.), and Upper Archaic period (500 B.C.-A.D. 1000), geographic mobility may have continued, although groups began to establish longer-term base camps in localities from which a more diverse range of resources could be exploited. The addition of milling tools, obsidian and chert concave-base points, and the occurrence of sites in a wider range of environments suggest that the economic base was more diverse. By the Upper Archaic, mobility was being replaced by a more sedentary adaptation in the development of numerous small villages, and the beginnings of a more complex society and economy began to emerge.  


During the Emergent period (A.D. 1000-1800), social complexity developed toward the ethnographic pattern of large, central villages where political leaders resided, with associated hamlets and specialized activity sites. Artifacts associated with this period are the bow and arrow, small serrated corner-notched points, mortars and pestles, and a diversity of beads and ornaments that become especially abundant (Gerike et al. 1996:3.11-3.17). Most sites in the PRNS that have been dated appear to fall into the Emergent period (e.g., King and Upson 1970; Origer 1982; Von der Porten 1963), although at least two substantial Middle Archaic-period sites, the McClure site and the Cauley site (CA-MRN-266 and –242), are represented.  


The first archaeological surveys of the Tomales Bay/Point Reyes area were conducted in the early 1900s by Nels Nelson of U.C. Berkeley (Nelson 1909). These initial surveys identified dozens of prehistoric archaeological deposits in and around the Point Reyes peninsula. Jesse Peter, between 1911 and 1913, conducted surveys from the southern border of Sonoma County south into Marin County; several years later, Bryant, in 1934, recorded and mapped several additional prehistoric sites within the area to become the PRNS. The first prehistoric archaeological excavations at Point Reyes weren’t undertaken until the late 1930s and early 1940s, when R.F. Heizer and R.K. Beardsley of the University of California, Berkeley, began major excavations at four sites, and smaller excavations at nine additional sites. Many of the subsequent archaeological studies of the Point Reyes area have tended to focus on the question of Sir Francis Drake’s presence in the area.  


Edward Von der Porten and the Drake Navigators Guild conducted a series of excavations around the Point Reyes peninsula during the early 1960s, the primary intent of which was to identify remains of Sir Francis Drake’s or Sebastián Rodríguez Cermeño’s encampments or shipwrecks. In the search for evidence of these encampments, however, Von der Porten (1963) excavated several prehistoric shellmounds within the area, and documented both prehistoric and historic-period artifacts and features.  


While quests to locate Drake’s and Cermeño’s landing sites dominated the archaeological work conducted in the 1960s, additional prehistoric archaeological research was conducted during the 1960s and early 1970s by Adan Treganza, Rob Edwards, Michael Moratto, and other San Francisco State College archaeologists. Much of this work was carried out as part of a National Park Service contract in conjunction with the proposed designation of the area as a National Seashore. Resulting from this work was a settlement-pattern hypothesis for the area in which Edwards (1970) identified three site groups that may be archaeological manifestations of distinct tribelets. In the same volume, King (1970) outlined several research questions for the PRNS and the Coast Miwok lands in general, including the need for the study of adaptive patterns of the Coast Miwok on the Point Reyes peninsula. Moratto (1974) surveyed portions of Point Reyes and created a synopsis of his work and the work conducted by Edwards, as well as evaluations of the various arguments for the location of Drake’s landing and a summation of all major archaeological work conducted in the PRNS to date.  


Riley (1976) and Upson (1977) conducted studies of 18 possibly endangered archaeological sites within the PRNS. The purpose of their studies was to document negative impacts to the sites as a baseline for assessment of future impacts and to establish a set of priorities for the mitigation of identified impacts (Upson 1977:1). While not addressing specific research questions, both projects provide important background information on the archaeological sites in the PRNS.


Archaeological excavations of CA-MRN-230 by Santa Rosa Junior College under the direction of Tom Origer (1982) were conducted under a research design focusing on questions of seasonal land use; the site yielded relatively abundant faunal bone and shell remains and a variety of artifacts. Obsidian projectile points from the site, along with points from several other Point Reyes archaeological sites, were among those analyzed by Origer (1987) in his study of the hydration rates for Napa and Annadel obsidian. These hydration readings remained the only chronometric dates for PRNS archaeological sites until the past year, when some preliminary radiocarbon studies were initiated by Madeline Solomon of U.C. Berkeley (2000). 


Compas (1994) conducted surveys of portions of the PRNS, updating the site records for 21 previously recorded sites. Her graduate thesis (Compas 1998) provides a research design for archaeological work at historic-period Native American sites based upon the settlement and procurement patterns of the native Coast Miwok after contact.


Polansky (2000) constructed an argument for significance for 71 prehistoric archaeological sites on the Point Reyes peninsula as part of her graduate thesis. Her significance arguments were based on her own fieldwork and on field data collected by Compas (1994), and used settlement-pattern models to construct six different site types based on resource exploitation and site artifact content.


Several recent surveys conducted under a cooperative agreement between the Anthropological Studies Center and NPS have been conducted by Michael Jablonowski (Newland 2002, pers. comm.). Using intern or volunteer labor, Jablonowski revisited or discovered numerous archaeological sites throughout the park. In addition, recent work by Jablonowski and Hans Bernaal of NPS sought to identify archaeological deposits within the Seashore that are in particular danger of loss due to erosional or other forces. Their procedures include mapping site locations and boundaries with the use of a sub‑meter GPS Total Station system, which may aid in monitoring and documenting the forces contributing to the loss of site structure, and facilitate the implementation of appropriate stabilization methodologies.  


Under a cooperative agreement between NPS and the Sonoma State University Academic Foundation, the Anthropological Studies Center is developing a research design for prehistoric and historic-era archaeology in the PRNS and the adjacent Golden Gate National Recreation Area. In addition to comprehensive discussions of regionally relevant approaches to prehistory and history, the research design includes special sections on geoarchaeology of the Point Reyes and GGNRA region; maritime archaeology in the area; and the archaeology of dairy-ranching on the Pt. Reyes peninsula. The volume will be produced in the fall of 2003.

Ethnographic Context


The PRNS is within the traditional territory of the Coast Miwok (Kelly 1978:415). The people collectively called the Coast Miwok by ethnographers were actually several distinct sociopolitical groups who spoke dialects of the same Penutian language. These speakers of the Coast Miwok language occupied a territory centered in present-day Marin and adjacent Sonoma County (Kelly 1978:414). The primary sociopolitical unit was the tribelet, or village community, which was overseen by one or more chiefs. The closest village to the PRNS was Olema-loke, immediately west in Olema Valley, south of Point Reyes Station; the village may have been a regional political center (Kroeber 1925:273). The total Coast Miwok population prior to missionization was relatively small, around 2,000 people according to Kelly (1978:414). In general, the Coast Miwok were culturally similar to their Pomo neighbors to the north (Kroeber 1925:276).


Economically, the Coast Miwok can be characterized as collectors who engaged in seasonal hunting and plant gathering. The Coast Miwok territory held both coastal and open valley environments containing a wide variety of resources, including grass seeds, bulbs and tubers, bear, deer, elk, antelope, several bird species, and rabbit and other small mammals (Table 4). Marine foods were particularly important: surf and bay fish, bullhead, steelhead, and salmon were captured, and shellfish, including mussels and clams, were gathered from rocks and beaches (Kelly 1978:415-416). In the late spring roots and bulbs were harvested along with nettle leaves, clover, and Indian lettuce, while seaweed was collected from the seashore to be eaten fresh, or dried for later use (NPS 2003b). During the summer and fall gathering seasons, camps were set up in the hills (Collier and Thalman 1991:118). Summer brought the harvest of grass and flower seeds, and berries, as well as the hunting of seals, sea lions, and deer (NPS 2003b). Fall saw the collection of a variety of nuts, including acorn, buckeye, bay, and hazel in preparation for the upcoming winter and early spring months when shortages were most likely to occur (NPS 2003b). Throughout the year, coastal, bay, and estuary resources were utilized, providing both food for consumption and raw materials that were later modified for such items as shell ornaments and currency (NPS 2003b). 



The Coast Miwok built above-ground, conical dwellings constructed of a grass-covered frame of two forked, interlocking poles of willow or driftwood, with a slightly excavated central hearth. Large villages had a sizeable sweathouse, dug 4 to 5 feet into the ground, with a large central supportive post; the structure was roofed with poles, earth, brush, and grass. Additional ceremonial chambers, constructed by secret societies, were smaller versions of the sweathouse, being perhaps 15 feet in diameter and excavated to a depth of 2 feet. Female secret society chambers were even smaller (Kelly 1978:417).
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Table 4. Coast Miwok Seasonal Resource Procurement 

	Fall
	Winter
	Spring
	Summer

	Acorn
	Hazel
	Angelica
	Pinole

	Bay
	Willow Wood
	Wild Onion
	Oak Sap

	Angelica
	Mussels
	Soaproot
	Laurel

	Mushrooms
	Clams
	Huckleberries
	Manzanita berries

	Seals
	Oysters
	Hazelnut
	Clover

	Sea lions
	Octopus
	Clover
	Seals

	Surf fish
	Shrimp
	Strawberries
	Sea lions

	Octopus
	Salmon
	Seaweed
	Mud hens

	Whale
	Trout
	Urchin
	Deer

	Salmon
	Elk
	Mussels
	

	Trout
	Mud hens
	Surf fish
	

	Quail
	Geese
	Squirrels
	

	Geese
	Deer
	Rabbit
	

	Deer
	
	Deer
	



Sources: Collier and Thalman 1991:118; Duncan 1992:178


The Coast Miwok acknowledged private ownership of goods and songs, and village ownership of rights to land and/or natural resources; they appear to have aggressively protected their village territories, requiring monetary payment for access rights in the form of clamshell beads or even shooting trespassers if caught. Clamshell disk beads were used as currency and appear to have played a central role in the Coast Miwok economy. The beads were used to purchase obsidian and yellow paint from the Wappo, and obsidian and venison from the Pomo. Among the people of their own tribelet and family, Coast Miwok used beads to acquire access to privately held hunting or fishing areas, admission to dances, medical attention, initiation into secret societies, and even the purchase of training and instruction in dancing, singing, curing, and crafts from one’s own relatives (Kelly 1978:418). Magnesite cylinders, purchased probably from the Eastern Pomo in Lake County, served a similar function. While currency was used heavily among the Coast Miwok, the group as a whole did not appear to trade for goods but for access rights to resources held by other groups.

Historical Context


The Point Reyes–Drakes Bay–Tomales Bay region was one of the earliest areas described by European explorers along the California coast. The Point Reyes cape was probably encountered by Cabrillo in 1542; almost four decades later, in 1579, English navigator Francis Drake dropped anchor along the coast, probably at what came to be known as Drakes Bay, just east of Point Reyes (Hoover et al. 1990:172-173). Drake had been exploring the defenses of the Spanish New World, and had escaped into the Pacific after his plundering exploits angered the Spanish. Although the ship’s log and diaries of the crew have been lost over the years, contemporary published accounts of the voyage based on the diaries of Francis Fletcher, chaplain of the expedition, indicate that Drake’s crew remained in the bay for five weeks (Hoover et al. 1990:172). During this time, Drake and his crew reconditioned the Golden Hinde, Drake’s ship, and made contact with the local Coast Miwok, whose actions suggest that they may have thought Drake and his party were ancestors returning from “the land of the dead” (Kroeber 1925:277). Their meeting represents the first documented contact of English-speaking people with California Native Americans, and appears to have been a cordial encounter (Kroeber 1925:276).  


Drake’s party left behind a brass plaque, engraved with the date of arrival, Queen Elizabeth and Drake’s names, and a short message claiming the lands for England. A sixpence was placed in the bottom of the plaque. A brass plate that fit the above description was “discovered” in 1936; after decades of controversy and study, including an analysis of the plate’s material composition and authenticity of the writing style, the Bancroft Library at the University of California at Berkeley concluded that the plate was probably a hoax (Hart 1977). To date, no one has claimed credit for the forgery, and the plate remains on display at the Bancroft Library (Hart 1977:24-25). However, a recent article (Von der Porten et al. 2002) has documented an investigation into this situation, concluding that the “plate of brasse” was crafted as a practical joke to be played on historian Herbert E. Bolton by senior members of the revitalized E. Clampus Vitus and the nascent California Historical Society.


Sixteen years after Drake’s landing, the San Augustín, a Manila galleon piloted by Sebastián Rodríguez Cermeño, entered Drakes Bay. The ship loaded with Oriental trade goods and heading for Acapulco, was wrecked by a violent storm three weeks after its arrival in November of 1595. Ming Dynasty-period ceramic fragments from the wreck have been found on the beaches throughout Drakes Bay. Before returning to the sea in a surviving launch, the crew explored inland from the bay a distance of 4 leagues (about 10.4 miles), making contact with several Coast Miwok villages, and obtaining acorns from them (Moratto 1974:5; Hoover et al. 1990:172-174).  


On the day of los reyes magos (the three holy kings), the Vizcaíno expedition of 1602-1603 passed the rocky outcrop of Point Reyes while at sea, conferring to it the name Punta de los Reyes (Gudde 1998:315). The Vizcaíno expedition also encountered Tomales Bay, though they assumed that the narrow bay was a river (Gudde 1998:396). Tomales Bay may be named either for the támal, a group of Coast Miwok who appear in the baptismal records of Mission Dolores between 1802 and 1810 (Milliken 1995:255), or for the Coast Miwok word “tomales,” or bay (Gudde 1998:396; Hoover et al. 1990:180).


After the visits of Drake, Cermeño, and Vizcaíno, it was nearly 200 years before Europeans returned to the area. With the establishment of the Mission San Francisco de Asís in 1776, local Native American groups were brought into the mission system and dislocated from their traditional territory. Mission recruitment gradually extended to the Point Reyes area; the majority of the Olema tribe was baptized at the missions in 1803 and 1805 (Milliken 1995:248). Native Americans were brought to the missions, both willingly and by force, to be converted to Christianity, to learn farming and other “civilized” skills, and to serve as laborers. Many of the native people at the missions died of diseases introduced by the foreign settlers, from malnutrition, and from conditions related to the often-inclement weather experienced at the mission site. As a result, an asistencia was constructed in San Rafael in 1817 to take advantage of the warmer, drier climate.


With secularization of the missions in the early 1830s, many Coast Miwok from the Point Reyes peninsula returned to the general area. Some applied the skills learned at the missions, living and working among the European population, while others attempted to re-establish traditional settlements (Dietz 1976). The virulent small‑pox epidemics of the mid-1830s, however, effectively decimated the surviving population. An additional source of disruption came with the acquisition of California by the United States after ratifying the Treaty of Guadalupe Hidalgo in 1848, and the subsequent lumbering, dairying, and agriculture practices that took place in order to feed the mining industry and the ensuing population growth in California.  


By the mid-1800s, foreign settlement within the Marin County region had not only displaced the Coast Miwok from the villages and lands from which they had traditionally obtained their livelihood, it also disrupted culturally and economically significant seasonal gathering strategies and trade (Gerike et al. 1996), as well as land-management practices, as noted above. The few surviving Coast Miwok found work in the lumber mills and agricultural fields of the region, maintaining some of their cultural traditions while adapting to the new economy (Campbell et al. 2002; Kelly 1978:414). In the early 1920s, the Bureau of Indian Affairs purchased land near the city of Graton and placed it in government trust as a rancheria for the remaining 75 Coast Miwok and Southern Pomo who shared their territory. Today, the Coast Miwok population has increased to 366 individuals and is represented by the federally recognized Federated Indians of Graton Rancheria located in Graton, with offices in Santa Rosa (Campbell et al. 2002).  


The Coast Miwok found the cool moist summers on Point Reyes to be ideal for extending the collecting season for native grasses and forbs. These same conditions were also nearly ideal for raising dairy and beef cattle. But the landscape that Spanish missionaries and Mexican and early American ranchers and settlers found was most likely a product of Coast Miwok cultural practices, particularly burning. With the shift from the native practice of seed harvesting and post-harvest firing, to cattle ranching and fire suppression, Point Reyes’s plant communities underwent radical changes (Duncan 1992).


Spanish missionaries utilized Point Reyes, after the removal of the Coast Miwok, as pastureland for cattle beginning in 1817. Secularization of mission lands was initiated in the early 1830s and led to portions of the Point Reyes area being subdivided into “ranchos,” setting the stage for the American dairies to come (NPS 2003c). While many ranchos were granted to Mexican citizens, often as a form payment or reward for services to the government, Anglo immigrants could become landholders by becoming naturalized Mexican citizens. This process usually required adopting Catholicism, and marrying a Mexican national (Rawles and Bean 1998:71-74). 


During the latter part of the 18th century the expanding Russian empire frequently challenged the northern reaches of the Spanish empire in California. By 1908 the Russian American Fur Company had established a small fortification (Fort Ross) along the Sonoma coast in order to take advantage of the abundant sea otter population, as well as to establish an agricultural concern to help supply their northern settlements in Alaska. It was clear to both sides that neither could defend nor advance their expansion and an “understanding” was reached between the two nations. Officially neither side was to interact with the other, nevertheless trade did take place; often Russian goods in exchange for access to fur seal and otter hunting grounds south of Fort Ross.


Though the Russian colony of Fort Ross never really posed as serious as a threat to Spain, and later Mexico, as either may have perceived there was no guarantee that Russia would not renew its foray into California at a later time. Thus, Mariano G. Vallejo, the official in charge of the disposition of northern California mission lands as part of the secularization process, began a series of land grants to “contain” any future Russian expansion  (Clayborn 1976:9; Gregory 1911:132). These land grants included Rancho Cañada de Jovine, Rancho Estero Americano, Blucher Rancho, Bodega Rancho, and Rancho Cañada de Pogolome.  


The first Point Reyes area rancho, Rancho Punta de Los Reyes, consisted of a 35,000-acre grant made in 1836 to Irish-born James Richard Berry. Shortly thereafter Berry sold a portion of the rancho to Joseph Snook, who in turn sold his portion to Antonio María Osio in 1843. Osio obtained the rest of the original grant, and was soon after granted the remaining 48,000 acres of land on Point Reyes, which was titled the Rancho Punta de los Reyes Sobrante (Hoover et al. 1990:181).


Like ranchos in other parts of California, the ranchos on Point Reyes experienced a series of land squabbles, squatting, and litigious conflicts. While the Board of Land Commissioners, the Appellate Court, or the United States Supreme Court settled many of these disputes, litigation costs often forced the legitimate landowners to sell their property to pay for the costs of defending their lawful claim. By taking advantage of this situation between 1852 and 1857, senior partners of the San Francisco law firm of Shafter, Shafter, Park, and Heydenfeldt managed to obtain title to over 50,000 acres on the peninsula, encompassing the coastal plain and most of Inverness Ridge (NPS 2003c). While the early ranches on Point Reyes were small-scale operations, the Shafter clan set about to creating a large-scale ranching system by incorporating existing operations and subdividing other lands, establishing a total of 33 ranches, all of which would deliver their products to the markets of San Francisco by the way of small schooners plying Tomales Bay (NPS 2003c).


The Shafters were instrumental in bringing in Irish, Swedish, Italian-speaking Swiss, and Azore Islands-Portuguese families to act as tenant ranchers. They also employed family members, local residents, and European dairymen as superintendents to construct new dairies, refurbish existing ranches, recruit immigrant ranch hands, and aid in selection of the tenant ranchers. Surviving Coast Miwok families displaced by the Spanish missions also found work on the dairies situated above their Tomales Bay homes (NPS 2003c). 


By 1869 the dairies were partitioned by the partners along six tracts, leaving each to own and manage a collection of coastal plain and ridgeline ranches. Oscar Shafter and his son-in-law, C.W. Howard, used the letters of the alphabet to distinguish their ranches, while James Shafter used geographic or descriptive names, such as Drakes Head, Muddy Hollow, Oporto, and Sunnyside for his ranches.


As the Shafters increased their property holdings, the first buildings in the area of what would become the town of Point Reyes were constructed; they included the warehouse of the 1856 Taylor Paper Mill, one of the first such mills in the region (Hoover et al. 1990:180). The historic Point Reyes Lighthouse was constructed more than a decade later, in 1870. The town of Point Reyes was formalized in 1887, but when a post office on the headland was also named Point Reyes in 1891 the town changed its name to the current Point Reyes Station (Gudde 1998:315). The first railroad link to the area was completed in 1882, spurring the growth of the small community, and facilitating dairy-product exports (Patterson 1976:6; USDI NPS 2003c). The town has historically served as a shipping and service area for the North Pacific Coast Railroad line, abandoned in 1933, the Point Reyes Lighthouse, and several of the nearby dairy ranches (Patterson 1976:4-7). Today the town is a tourist destination that serves to support the recreation economy of the PRNS.


Soon after the turn of the 20th century, the three estates of the Shafter/Howard families began to decline, and following the 1906 earthquake, many of the Inverness Ridge dairies were forced to close. By 1933, the same year the railroad that serviced the area closed, all ridgeline dairies had shut down, partly due to structural failure, but mainly due to a reduction in rangeland quality caused by following European rather than Native land-management practices. By not periodically firing the land, native coyote bush and poison oak gradually expanded, reducing palatable pasturage for the dairy-cattle population. Though chaparral encroachment into rangeland affected the ranches’ success, overgrazing, improvement of competing regional dairies, and the Depression were the main factors that brought an end to the three estates. The land was sold off in pieces to speculators, who then resold the properties to the present tenants (NPS 2003c).  


In 2002 six historic Shafter/Howard-era dairies were still in operation within the park. Additionally, nine historic-period ranches and former ranch sites are utilized for running beef cattle. In 1980 NPS personnel initiated evaluation of the Pierce Point Ranch as part of the nomination process for inclusion in the National Register of Historic Places, to which the ranch was added in 1985 as the best example of a 19th-century, west Marin dairy ranch. Today the ranch house and attendant buildings are used as an interpretive center, while much of the ranch lands have been converted for the reintroduction of the once-native tule elk, which had succumbed to a combination of over-hunting and competition by cattle (NPS 2003c).


Governmental interest in the creation of a seashore park began a few years after the closure of the railroad line in 1933, though many of the local property owners were opposed to the idea. Nearly 30 years later, and after many decades of cattle ranching, governmental, recreational, and commercial fishing use, and proposed developments within the peninsula, the 71,000-acre Point Reyes National Seashore was carved out of private and public lands in 1962, when President John F. Kennedy signed the act of Congress that placed the lands under federal control Hoover et al. 1990:185; King and Upson 1970:126-128). Private and leased property was maintained within the park, though private lands could only be sold to the federal government, for inclusion into the park (Hoover et al. 1990:185).

Types of Resources Expected Within the PRNS


The PRNS contains an untold number of cultural resources. This lack of specificity is due in part to an incomplete survey of the park itself, as well as an evolution in understanding as to what can be considered a cultural resource; those items that are presently dismissed may one day be considered worth preserving for the future. Nonetheless, there are many known resources within the park, which can be conveniently described according to the areas in which they are located (this does not, however, include traditional cultural properties as none have been formally identified within the park at this time).

Fault Zone


The numerous environments that comprise the fault zone provided an array of resources and settings that were useful to the Coast Miwok. After the arrival of European settlers the fault zone was reshaped to match their needs and expectations. Cultural resources in the fault zone include prehistoric/ethnohistoric archaeological sites, and ethnographic villages (e.g., Bauli-n and Olema-Loke), and historic-period ranches, farms, homesteads, and small towns, such as Point Reyes Station, Olema, and Bolinas.  

Inverness Ridge


Identified cultural resources located within the Inverness ridge zone consist solely of former ranches, farms, homesteads, and similar historic-period buildings, as well as landscapes, associated refuse scatters, and access roads and trails. The lack of prehistoric/ethnohistoric resources may be more a function of previous survey strategies than of an actual paucity of prehistoric/ethnohistoric resources. 

Rolling Hills


Cultural resources located within the rolling hills zone are almost entirely comprised of ranches, farms, homesteads, landscapes, and associated refuse scatters, as well as access roads and trails. Most of the Shafter/Howard dairy complex (see Historic Context above) is situated within this zone. The Point Reyes weather patterns, and the gentle rolling hills with its ample grasslands, provide an ideal environment for raising dairy and beef cattle. It would have also provided ample forage for deer and tule elk, among other animals that would have been hunted by the Coast Miwok, yet few prehistoric/ethnohistoric archaeological sites have been identified within this physiographic zone. The apparent lack of archaeological deposits may be a result more of past research interests and survey strategies, than of Coast Miwok settlement patterns. 

Point Reyes Promontory 


The most visible resource on the promontory is the Point Reyes Lighthouse and its associated buildings. In addition to the lighthouse complex are a small number of prehistoric archaeological sites.

Estuaries and Beaches


Coastal environments were heavily exploited by the Coast Miwok as evidenced by the numerous archaeological sites found along Tomales Bay, Kehoe Beach, Point Reyes Beach, Drakes Beach, and Limantour Spit, and around Drakes Estero, Limantour Estero, Abbott’s Lagoon, and Bolinas Lagoon. Cultural resources found in these environments are primarily comprised of midden refuse, which include shell, bone, and organic residue. Several of these sites have been extensively investigated, and have provided substantive information about the past (see Prehistoric Context above). 

Past Use of Fire in California and the PRNS

Native American Burning Practices


While the Coast Miwok are traditionally described as collectors who engaged in hunting and plant gathering, this appellation does not acknowledge the Coast Miwok’s role in shaping their environment. In fact, Bean and Lawton (1973) have gone so far as to claim that within California many native groups should have been considered proto-agriculturalists. Like other cultures around the world, the Coast Miwok took care to shape and order the natural environment around them to ensure a sustainable future, as well as to maintain a sense of aesthetic value. One of the primary tools used in this process was fire. Fire was not only used for cooking food and keeping warm, it was also used to clear the land of impenetrable brush, to improve visibility around the campsite or village grounds for protection against attack, to hunt and drive game, as well as to improve seed grasses, acorn production, basket grasses and sedges, and browse meadows (Blackburn and Anderson 1993). 


Cultural fire has been part of the human-occupied landscape for hundreds of thousands of years (Pyne 1982, 2001). The degree to which that agent has shaped the physical landscape has been extensively debated. With respect to California, the argument has ranged from such positions as that of California State Forestry Board Member and author Raymond Clar (1959:7), who found it difficult to understand why Indians should care if the forest burned, let alone use fire to “improve” the forest, and continued to complain that this “fantastic idea” was being used to justify reintroducing fire into forestlands, to that of biologist Verna Johnston (1970:81, 85), who held that California Indians had used fire as a land-management tool in the Sierra Nevada for more than 3,000 years. Some years earlier, anthropologist Ralph Beals (1933:363) had noted that, until non-Indian authorities stopped the practice, firing of the landscape had taken place on a regular basis in the mountains near Placerville. Fires had been set for the purpose of driving game, resulting in a lighter stand of trees along the ridgelines, often separated by a mile or more, while the canyons and moister locations usually held thickets of timber. 

The skeptical position in this debate was at least partly founded upon the near total disregard for the culture and customs of the Indians by the Spanish settlers and Franciscan missionaries, who rarely spent much time recording, let alone understanding, such activities. Another factor influencing viewpoints such as Clar’s was the disruption of the native economic systems as a result of the missionization process, such that few large-scale, Native American land-management practices persisted into the 1800s. Finally, there were simply different notions of appropriate practice: Clar and others believed in a more European-based forest-management system that did not include fire as a management tool (Pyne 1982). 


Several ethnohistoric observations made prior to the full implementation of the mission system in California are especially illustrative of Indian plant and animal husbandry, and maybe even a type of landscape aesthetic. Drake or his crew made no mention of Coast Miwok burning or land-management practices when he careened the Golden Hind at Point Reyes, quite possibly because it would have been at the wrong time of year for such activity. In other locations along and within California, however, several observations were made by various other explorers and travelers. During Cabrillo’s 1542 seaward expedition, the captain and his crew reported seeing “many smokes” along the San Diego coast. Indeed, the fires were so prominent and numerous that San Diego Bay was termed Bahiá de los Fumos (Bay of the Smokes) by the Spaniards (Bean and Lawton 1973:xviii-xix; Bolton 1967:24, 33). Between the Coronado Islands and the port of San Diego, Vizcaíno reported, in 1602, seeing “so many columns of smoke on the mainland that at night it looked like a procession, and in the daytime the sky was overcast” (Bolton 1967:80). Some have proffered various explanations for this activity, ranging from signal fires for native fishermen to use as beacons while out to sea (Johnson 1962:87-88), to fires used to signal the Spanish crews as they sailed just offshore (Bolton 1967:116). A 1792 journal entry by naturalist José Longinos Martínez has a more likely explanation: 

In all of New California from Fronteras [Mission San Borja, Baja California] northward the gentiles have the custom of burning the brush, for two purposes; one, for hunting rabbits and hares (because they burn the brush for hunting); second, so that with the first light rain or dew the shoots will come up which they call pelillo (little hair) and upon which they feed like cattle when the weather does not permit them to seek other food [Bean and Lawton 1973:xix-xx].


Father Crespí, traveling with the 1769-1770 Portolá expedition, reported burning brush as part of a rabbit drive south of San Onofre, and in several locations where the expedition’s livestock and pack animals needed forage, little was to be found due to the pasturages having been burned off by the local Indians (Bean and Lawton 1973:xx; Bolton 1927:132, 143, 197, 199, 201,214, 222, 225). Not only was fire used for clearing land, or hunting rabbits or other animals, fire was also used for plant and animal husbandry. What Crespí witnessed, but didn’t realize, was a post-harvest burning technique used to improve the next year’s yield, as well as a means to encourage browse animals to the area so as to hunt them. By firing the land with an annual or biennial frequency, the plant community was maintained in a primary seral stage, sustaining a grass community and suppressing the encroachment of the climax stage of a chaparral cover. In areas of southern California fire was used to improve the quality of basket grass (Shipek 1971:10-11; Lee 1937:48), to encourage the growth of favored food plants (Lee 1937:52-53), and even to control and prevent plant diseases, such as mistletoe that afflicted mesquite groves (Evens 1873:208), and pests and diseases that inhabited native stands of Washingtonia filifera (Patencio 1943:69). 


Yet despite this evidence, perceptions that native populations were incapable of managing landscapes for their own reasons, or were simply carrying out the mission fathers’ instructions, persisted among the general populace, and particularly among some professional foresters and landscape managers. As noted above, this belief may stem from the extensive disconnect, as a result of the missionization process, between aboriginal burning practices and their relationship to the native economic structure upon which it was founded. 


Don José Joaquín de Arrillaga, Interim Governor of Alta and Baja California, issued the first proscription against Indian burning practices on 31 May 1793 (translation reprinted in Clar 1959:8-9). While Indian groups living outside the mission system did not always heed the proscription (for example see Derby 1932:372-373), the fact that the missions had managed to relocate many individuals to within mission walls meant that cultural fire was no longer applied to the landscape on a regular basis. By the time the Americans arrived in California as a political group, Indian management strategies for much of the state had been abandoned or prohibited for at least 30 years (Bean and Lawton 1973:xxi). Consequently, the fire cycle was greatly decreased, wooded areas closed in, and brushlands expanded and thickened (Lewis 1973:49).


Not only did native peoples use fire for hunting and proto-agricultural purposes, fire was used to create a sense of environmental order, or aesthetic. Totuya, an Ahwahneeche who was raised in Yosemite Valley, provided a salient example of this value. In 1929, after a 77-year absence, Totuya returned to the valley, where her reaction to the altered landscape was documented: 

As she toured the valley with her daughter and several white friends, she saw that there were stands of pine trees in the meadows where her people had played field games; azalea thickets, clumps of tall cow parsnip, and showy milkweed. She shook her head disapprovingly and observed in English: ‘too dirty; too much bushy.’ The Ahwahneeches had kept the meadows open by firing the dry grass each fall. Only Leidig Meadow was yet free of encroaching forest and undergrowth, and she laughed in delight when she saw it. She greeted Yosemite Falls with a cry of joy: ‘Cho-lock! Cho-lock no gone!’ 

She noted the many man-made changes—roads, the hotels, cabins, campgrounds, offices, stores, and other structures—and clasping her hands, remarked: ‘All fixed up! Ahwahne too dirty bushy!’ [Sanborn 1989:237-238].


Near Fort Ross an informant to ethnographer Samuel Barrett provided a description of a portion of the Russian River valley that, while not including a direct observation of the use of fire, indicates a setting that most likely resulted from regular fire clearing by members of the Southwestern Pomo:

Except for willows and the like at some points along the river, there were almost no trees in the valley itself. But here was a great wide area of waving grass higher than a man's head, with deer, bear and other big game everywhere . . . In the foothills were many great oaks loaded with acorns, and farther up were the buckeyes, manzanitas, and other kinds of Indian foods. It was up there that we found the Indian potatoes (various bulbs of the lily family) [1952:47].


And in describing Redwood Valley, within the same general area, geographer Fred Kniffen noted:

The vegetation covering has experienced great changes. Certainly the chaparral thickets of manzanita, madrona, scrub oak, and buckbrush which now characterize many sections of the valley were formerly restricted to the higher slopes and ridges of the mountains. A beautiful park landscape, largely of oaks, was maintained by annual burning, done ‘when the straw was dry.’ In this manner the brush was held down; the larger trees were uninjured [1939:373]. 

Acorn gatherings lasted until late November. That the gathering might be easier, all the dry weeds and brush were annually burned after the seed gathering was over, so that there remained no underbrush in the valley or on the lower hillsides [1939:378].


Additionally, Stewart was told by an informant that “[t]he grass was burned every year. The fires were started and allowed to burn in every place. Burning was to make the weeds grow better and to keep down the brush” (1951:320)


Research conducted by Duncan (1992) documented paleobotanical shifts in the early contact, or encuentro, period (1579-1775) in southwestern Marin County, including the PRNS. Using a variety of techniques, including identifying fossil pollen in core samples, macrobotanical samples taken from archaeological sites, and historical documents Duncan noted that there were observable botanical shifts from native species to more dominant European-Mediterranean species within her study area.


Of particular note in Duncan’s study were documents relaying the observations made by senior Russian personnel, who based their agricultural and maritime activities at Fort Ross, as well as other non-Spanish explorers/global traders traveling in the region. In 1792 Vancouver described the vegetation community from Point Reyes to the Marin Headlands:

[T]he verdure of the plain continued to a considerable height up the sides of the hill, the summits of which, though chiefly composed of rugged rocks within a musket shot of the land, one could see it produced a few trees [1967:10].


Chamisso noted while on Von Kotzebue’s expedition that “they [Coast Miwok] neither reap nor sow, but burn their meadows from time to time to increase their fertility,” and that Point Reyes, Tomales Bay, Stinson Beach, the Marin Headlands, Angel Island, and Corte Madera Creek were “dreary and barren with few scattered trees on the higher elevations and patches of dwarf shrubs in the valleys” (Von Kotzebue 1967:48).


In particular, Klebnikov (1976:126) noted that the Coast Miwok collected rose hips and dug for roots after the fall burning, while Golovnin noted that in order

[T]o harvest the wild rye grain they resort to a very simple, although rather curious, method: they set fire to the entire field: the grass and stalks, being very dry, burn very fast, while the grain is not consumed by the fire but very scorched. They usually set these fires at night, so that when approaching the coast one always knows where the Indians have established their camps [1979:7].


Duncan’s study of core samples documented palynological and sedimentological histories for the Point Reyes area. She hypothesized that, as a result of the contact with Europeans, landscape-management practices were altered, and would be reflected in the core samples. Indeed, Duncan found that not only was there a marked shift in the structure of the plant communities sampled, but this shift was followed by a markedly larger gap between burning episodes, as indicated by carbon layers within the cores. As she states: 

After a.d. 1793, annual grasses and herbs increased; fire dependant, seral stage species such as manzanita did not expand their range, but were replaced by introduced plants; and the small amounts of charcoal recorded diminished through time, reflecting a lengthening of the fire interval [1992:349].


Additionally, Anderson (2001) examined sediment cores taken from Wildcat Lake and Glenmire (immediately north of Glen campground). Based on the data collected Anderson proposed a fire history for the southwest corner of the PRNS in both a coastal scrub setting, dominated by California sagebrush, coyote bush, and California coffeeberry (Wildcat Lake) and in a closed canopy Douglas fir–California Laurel–mixed oak setting, with a hazelnut and California huckleberry understory (Glenmire). Anderson’s radiocarbon data suggests a relatively complete fire history to 3,400 years b.p. at Wildcat Lake (core 1), and to 5,250 years b.p. at Glenmire (core 3). Anderson noted that the top 58.5 cm of the Wildcat Lake core contained very little charcoal, as did the top 100 cm of the Glenmire core. Anderson argues that the near lack of charcoal in the upper portion of the columns represents the last 100 years of active fire suppression on the Point Reyes peninsula. Data from the rest of the Wildcat Lake column seemingly indicates that fire occurred at regular intervals, suggesting fires with light to moderate intensity, but higher frequency, as would be expected in a grass/scrubland zone (see Biotic Environment – Rolling Hills above). The Glenmire data, however, suggests less frequent, but more catastrophic fire events, as would be expected in a forested zone (see Biotic Environment – Inverness Ridge above). Interestingly Anderson’s data (2001:10, 12) indicates a greater charcoal ratio in the Douglas fir environment from 2,250 to 1,000 b.p., which decreases during the last millennium (1,000 to 100 b.p.), while the charcoal ratio in the California scrub environment is greater in the 1,000 to 100 b.p. period, and lesser in the 2,250 to 1,000 b.p. period. This pattern may be indicative of the use of fire in the coastal scrub area by the Coast Miwok. Anderson rules out dramatic environmental change as a factor based on pollen stratigraphy recorded at Coast Trail Pond by Rypins et al. (1998). Future planned studies may go to some lengths to clarify this issue.


Though there may be a lack of documented observation of Coast Miwok land management through the use of fire within the Point Reyes peninsula specifically, it is apparent, based on ethnographic observations (e.g., Chamisso and Klebnikov above), that the Coast Miwok did use fire to modify their environment, and it is entirely possible that these practices were carried out within the PRNS. Additionally, it is evident, from both historical documents and through palynological and ethnobotanical research, that the Coast Miwok, among other groups, did burn the landscape around them, not without purpose, as Clar suggests, but because they had very real goals to be realized for their own survival and sense of what constituted a proper environment. 

Historic-period Fire Use


With the arrival of the mission system to the North Bay region after 1775, dramatic shifts in population and fire regimes took place in the area, which have been documented in part by pollen studies on the Point Reyes peninsula (Anderson 2001; Duncan 1992; Mudie and Byrne 1980; Russell 1983) and at other locations in Marin County (Duncan 1992). Physical evidence of these changes can be found along many stream and river channels where the lower terraces are often composed of historic-age sediments (Knudsen et al. 2000), as are many of the estuarine deposits. By the late 1800s, native vegetation cover had been greatly reduced through over-grazing by domesticated livestock during periods of intense drought, creating a landscape that was particularly susceptible to erosion (Burcham 1982:171), as did many historic-period logging, mining, and agricultural practices. The 1793 fire proscription issued by Don José Joaquín de Arrillaga, seeking to abolish a cultural practice that interfered with the needs of the missions, was also applicable to the non-native population when California was under Spanish governance. Policies such as these, in the end, had lasting repercussions well into the American period of California history. 


Fire is perhaps the single-most efficient means of clearing land of unwanted plant cover. Not only did this technique serve the needs of the Coast Miwok, it almost certainly served the needs of nineteenth and twentieth century ranchers. Praetzellis et al. (1985:44) noted that prior to World War II ranchers in the Warm Springs area used fire, along with girdling, to remove stands of Douglas fir and increase rangeland. After the war the value of Douglas fir dramatically increased and such practices were suspended, but by the 1980s ranchers were again burning sections of their acreage. Unfortunately no official records have been located that describe burning practices during the ranching period on the Point Reyes peninsula. In researching the ranching history for the PRNS, Livingston (2003, pers. comm.) was unable to locate any direct evidence that ranchers systematically fired the landscape as a means of managing or expanding rangeland, but he had been informed by resident Lee Murphy that there had been attempts to burn a brushy hillside near Home Ranch sometime in the 1940s; the action, however, failed to create new pasture. Other individual landowners may have fired their properties for similar reasons as the Coast Miwok had (Maxie 2003, pers. comm.), but evidence of this practice has not yet been documented. 


While ranchers may or may not have intentionally set fire to their rangelands in the PRNS, accidental fires did occur, sometimes burning hundreds or thousands of acres. For example, Livingston (1994:431) notes that in 1927 a small fire originating from the blacksmith shop of the Oporto Ranch, located on the west side on Inverness Ridge, escaped into the surrounding area, threatening the small community of Inverness on the east side of the ridge. This scenario was not at all atypical in the Point Reyes peninsula and Olema valley areas as Tables 5 and 6 below indicate. In the days of kerosene lamps and wood-fired stoves domestic fires were a particularly dangerous problem in rural communities, especially since efficient means of firefighting was usually only available in urban centers.


Despite the frequency and often devastating effects of fire located on farm and ranch lands, nearly all references to fire found in the Anne T. Kent California Room of the Marin County Civic Center Library archives (Federal Writers folder), and archives held by the Point Reyes Light related to fires located around Mount Tamalpais, Bolinas, San Rafael, and Mill Valley (Table 7), with reportage decreasing proportionally to the distance from these centers unless the fire was substantial; only one reference to fire located on the Point Reyes peninsula was located, that of the 1927 Oporto Ranch fire previously mentioned.

Table 5. Partial History of Fires in the Golden Gate National Recreation Area.

	Ranch/Property Name
	Date Burned
	Property Type Burned
	Source: Livingston 

	McCurdy Ranch
	1935*
	Ranch house
	1995:107

	McIsaac Ranch
	1885
1916
	Tocaloma House
Bertrand’s Hotel
	1995:351

	Neil McIsaac Ranch
	1960s
	All remaining ranch buildings
	1995:373

	Randall Ranch
	October 1890
	Most of the pastures and fences
	1995:151-152

	Stewart Ranch
	1931
	Ranch house damaged
	1995:219

	Truttman Ranch
	December 1941
1993**
	Bloom’s 1870s ranch house
Truttman’s 1944 house
	1995:251,253
1995:260

	Wilkins Ranch
	October 1890
1904
1945

	90% of the rangelands
Bridges and culverts
Pasture, timber, Union Copper Mine buildings and structures
	1995:80-81

	* Fire postdates date indicated
** Burned as a firefighting exercise


Note: see Figure 7 for ranch locations in Olema Valley.
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Table 6. Partial History of Fires in the Point Reyes National Seashore.

	Ranch/Property Name
	Date Burned
	Property Type Burned
	Source: Livingston 

	B Ranch
	1950
	Hay Barn
	1994:112

	C Ranch
	17 April 1889
	Peterson House (1885)
	1994:129

	D Ranch
	19 March 1928
	Bunkhouse, Garage, other buildings slightly damaged
	1994:144


	F Ranch
	1845
	Osio's original adobe house
	1994:173, 175

	H Ranch
	1930*
1965*
	1883 dairy barn 
Shafter-era house knocked down and burned
	1994:255
1994:257


	I Ranch
	1925
	Main house
	1994:41, 246-247, 270-271

	K Ranch
	September 1973
	Schoolhouse (early 1930s)
	1994:298

	N Ranch
	1939*
	Main house
	1994:333

	Biesler Ranch
	1966
	Biesler-era house and dairy barn
	1994:497

	Hagmaier Ranch
	12 July 1888
1940
1966
	Ranch house
Milking barn
House
	1995:132
1994:496, 498; 1995:134
1995:134-135

	Lake Ranch
	November 1890
	Hay barn
	1994:343

	Lake Ranch
	1926
	Eight square miles of brush and rangeland
	1994:345

	Laguna Ranch
	1950s
	Ranch house (partial)
	1994:420-421

	Oporto Ranch
	13 October 1927
	Blacksmith shop, thousands of surrounding acres
	1994:431

	Pierce Ranch
	1884 and 1895**
	Barn and 13 horses
	1994:456

	Tomales Bay Gun Club
	1940s
	Main building
	1994:479-480

	* Date burned approximated
** Burned some time between these two dates


Note: see Figure 8 for ranch locations in the Point Reyes National Seashore.

Table 7. Partial History of Fires in Marin County.

	Year of Fire
	Location
	Property Burned

	1859
	Mount Tamalpais
	Mt. Tamalpais burned for 3 months

	1865
	Bolinas Bay
	Forests along the shore of Bolinas Bay burned for 2 weeks

	1878
	Nicasio
	Over 1,000 acres burned near Nicasio

	1881
	Mill Valley
	65,000 acres of Mill Valley and Mt. Tamalpais

	1890
	San Rafael-to-Bolinas
	Over 8,000 acres between San Rafael and Bolinas burned

	1891
	Ross-to-Mt. Tamalpais
	Fire ignited near Ross eventually burned 12,000 acres on Mt. Tamalpais

	1893
	Mt. Tamalpais
	Over 3,000 acres of Mill Valley and Mt. Tamalpais burned

	1904
	Bolinas Ridge
	Between 15,000 and 20,000 acres burned on the west side of the Bolinas Ridge

	1913
	Rock Springs-to-Larkspur
	Over 1,500 acres burned

	1923
	Bolinas Ridge-to-Fairfax
	Between 20,000 and 30,000 acres burned between Bolinas Ridge to near Fairfax

	1929
	Mt. Tamalpais
	The “Great Mt. Tamalpais Fire” burned 2,500 acres and 117 Mill Valley homes

	1945
	Kent Lake
	18,000 acres burned around the Kent Lake area

	1995
	Mount Vision, PRNS
	48 homes and over 12,000 acres burned from Inverness Ridge to the coast


Source:
People, Parks & Fire. Supplement to the Marin Independent Journal, 5 October 2002:2.
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Chapter 4 –Fire and Fire Behavior


Over the past several years, a number of agencies within the Departments of Agriculture and the Interior have begun to more fully integrate the management of cultural resources with the management of natural resources, particularly those properties with “vegetation capable of burning.” This action has resulted in the issuance of NPS Director’s Order #18 and Reference Manual #18. In addition, a forthcoming volume (Wildland Fire in Ecosystems: Effects of Fire on Cultural Resources and Archeology, RMRS-GTR-42-vol. 3.) of the Rainbow Series will deal specifically with effects on cultural resources (see US Forest Services web site <http://www.fs.fed.us/rm/main/ pubs/electronic/rmrs_gtr.html> for information on availability).


National Park Service personnel began reporting on the effects of fire on cultural resources in the early 1960s (e.g., Burgh 1960). Since that time, a number of field experiments and post-burn observations have been reported, noting the effects of fire on artifacts. However, due to the uncontrolled nature of wildfire, collected data were without direct comparability, and laboratory settings have rarely matched the unpredictability of natural fire. 

Basic Fire Concepts


Fire behavior is highly variable, and situationally dependent, however, there are a few factors that strongly dictate the overall behavior of a fire. Fire is primarily driven by fuel, or vegetational biomass: the grass, brush, shrubs, and trees. With respect to cultural resources it is the biomass that provides the source of the energy needed to alter the characteristics of an artifact (Ryan and Noste 1985). Fuel is often separated into three component groups: the total above-ground biomass, the total fuel, and the available fuel. Total above-ground biomass is the total dry mass of living and dead plant tissue lying above the mineral soil layer, and is usually greater than total fuel, while total fuel is the amount of plant material that is capable of burning, and is usually in greater abundance than available fuel. Available fuel is that portion of the total fuel that actually burns in a given fire. Above-ground biomass varies by vegetation type and community. Forests often have the least amount of potential fuels, relative to other communities, mainly owing to the fact that much of the biomass is stored within the green wood of the tree. Brushlands, with their more compact floral communities contain more potential fuel than forests. Because of the even higher density of plant life and the greater surface area of those plants available for burning grasslands often contain the most above-ground biomass (Ryan and Noste 1985).


Energy is another critical component contributing to fire behavior and its effect on cultural resources. Total energy is the product of available fuel and its inherent heat content, and results from a combination of the energy release and the amount of time, or duration, of that release. The rate at which energy is released and the duration of burning determine the amount of heat produced. Fuel burn rates, aside from additional factors that can influence burn rates, such as humidity, wind, and slope, are determined by the physical configuration of the fuels. Cylindrical fuels—like grasses, conifer needles, twigs, and logs—burn at a rate of about 3.15 min./cm diameter. Partially decomposed materials, like duff and rotten logs, tend to burn more slowly due to their higher moisture content, or higher density and lower surface area; the rate of the burn of these materials tends on the order of hours.


Fuels are often classified as occupying three distinct zones: ground, surface, and aerial. Ground fuels—those that lie directly on the ground surface—include duff, decomposing logs, and roots. Fires that consume these materials are termed ground fires, or creeping surface fires. Surface fuels lie above the ground surface but are less than about 2 m (6.5 ft.) high; they include such items as grasses, forbs, litter (fallen twigs and branches), low shrubs, and seedlings. Fires that burn off this fuel type are termed, active, or running surface fires. Aerial fuels are generally taller than 2 m and comprise tall shrubs, trees, and snags. Fires that burn aerial fuels are associated with the upper stories of trees and tall shrubs and bushes, and are termed crown fires. Other factors influencing fire behavior are weather, particularly humidity and wind speed and direction, and the terrain upon which the fire is located.


Archaeological resources are differentially affected by the manifold factors that define how a fire will behave. The overall effect on archaeological deposits depends on the amount of energy released, the duration of that release, and the proximity to the source of heat. The greater any of these factors is the greater the potential for adverse effects to occur on cultural resources. The same four basic modes of heat transfer that help fire spread through the environment—radiation, convection, conduction, and mass transport—also affect cultural resources in a similar fashion. In both wildland and prescribed fire situations radiation, conduction, and, to some degree, convection are the means of heat transfer that directly affect archaeological materials. Despite the complex nature of fire behavior and heat-transfer mechanisms, it is possible to characterize fire behavior, in general terms, in the three fire zones: ground, surface, and crown fires.


Of these three zones, ground and creeping surface fires are the least intense. Accordingly, ground-level fires are preferred for prescribed burns, as the direct effects on cultural resources will be substantially less due to the cooler nature of the fire. Moderate damage to cultural materials may result from active and running surface fires, due to the greater amount of energy released. Active and running surface fires are often associated with wildland fires. Many researchers believe that ground and surface wildland fires were the norm in pre-1900 northern California, while running surface and crown fires were far more rare (Lewis 1973; Pyne 1982; Ryan and Noste 1985).


A number of factors influence the temperatures reached at various depths of the soil profile during and after prescribed and natural fires. The zone in which fire predominates, the amount of fuel consumed, the relative humidity, the amount of moisture within the fuel structure, and the amount of moisture within the soil column all have some bearing on soil temperature. Running surface and crown fires can generate a substantial amount of energy, but that energy may only affect the upper 2 to 3 cm of the mineral soil layer. Slow moving, but hot, ground fires in duff and deadfall, however, can result in a significant increase in soil temperature. Surface temperatures can rise over 700° C for several minutes in severe chaparral fires (DeBano, Rice, and Conrad 1979:5-6; Table 5). The depth to which soil will be heated is also a function of soil moisture content and, to a lesser extent, soil texture. Soil temperatures in wildfire contexts can reach 200° C at depths of 10 cm or more below surface. Recent research in Giant Sequoia-mixed conifer forests of the southern Sierra Nevada indicates that prescribed burns also produce relatively high temperatures at shallow depths (Haase and Sackett 1998). 

Table 8. Maximum Surface, Litter, and Soil Temperatures during Intense, Moderate, and Light Burns (adapted from DeBano, Rice, and Conrad 1979:7).
	Burn
Intensity
	Typical Maximum
Temperatures (o C)
	Data from Sampson (1944)
	Data from Bentley and Fenner (1958)

	
	Surface
	2.5 cm below surface
	Litter layer
	Soil
	Surface
	2.5 cm below surface

	Intense
Moderate
Light
	691
427
249
	199
166
88
	649
429
149
	243
202
93
	>538
399
177
	288
177
71



Tree roots present another potentially significant source of subsurface heating. Once ignited, roots will often burn in a slow, smoldering fashion. Large-diameter root systems can burn for extended periods of time, on the order of weeks, and can burn well below the ground surface, generating relatively high heat. However, because soil around root systems tends to be relatively moist, the effects of the heat will be somewhat mitigated by that moisture, restricting fire effects to the area immediately surrounding the burning root.

Chapter 5 – Effects of Fire and Fire Management

Direct, Operational, and Indirect Effects


Both fire and fire management affect cultural resources. The effects associated with managing prescribed fires and fighting wildfires, as well as post-fire operations, can be divided into direct, operational, and indirect categories. Direct effects are those where fire itself is the cause of the adverse effects; operational effects occur as a result of associated operations like fuel-break and line construction or staging; while indirect effects result from the aftereffects of a prescribed or wild fire, or associated operations, which may then result in significant adverse changes in the integrity of a resource.

Direct Effects.


The direct effects of fire and fire management on cultural resources can be quite substantial. Fire has the capacity to consume all organic materials, both above and below ground, including wooden buildings, structures, or other objects, artifacts made from bone or antler, and organic residues within soil matrices or located on stone tools. Fire also can alter the form and structure of inorganic items, such as glass, various metals, ceramics, and even the very structure of the surrounding soil.  


The following sections deal with illustrating how cultural resources are or may be affected by fire and fire behavior. From what has been illustrated above, it can be stated, unequivocally, that the more extreme the fire behavior, the greater the potential for adverse effects on cultural resources. Not all materials, however, are equally predisposed to fire’s effects (e.g., organic materials burn more easily than inorganic items). Even within single artifact classes, there can be disparities between overall effects. A case in point is obsidian. The hydration layer, or rind, that forms on newly exposed obsidian debitage and artifacts—which is used for relative dating of the obsidian piece and/or its context—has been shown to be highly sensitive to heat, while the structural integrity of the obsidian may show little or no discernible effects. Because the effects of fire are disproportionate across and within artifact classes, it is necessary to explore separately what is known of the effects of fire on the materials that commonly comprise cultural resources. It should be borne in mind, however, that while the following discussion attempts to be comprehensive, it is by no means an exhaustive review of either fire effects or cultural resource classes.

Flaked Stone 


Flaked-stone artifacts are generally associated with prehistoric archaeological deposits, and usually occur as formed tools and debitage. Common raw materials used in the production of flake-stone tools include obsidian, cryptocrystalline silicates (e.g., chert and chalcedony), and basalt and other fine- to medium-grained igneous rocks. Innumerable studies have demonstrated the value of certain flaked-stone tools, projectile points in particular, as time-markers for building local and regional chronologies. Also, analyses of lithic material sources can illustrate spatial patterns such as trade networks or exclusivity (Pigniolo 1992; Van de Hoek 1990), while debitage analyses can provide information about technology, adaptation, ethnicity, mobility, and other matters (Bieling 1991).


Flaked-stone tools and debitage of all raw materials are vulnerable to structural modifications (e.g., breakage, melting, discoloration, reduction of mass through water loss or increased porosity) as a result of heat from fire. Luedtke (1992:99-101) notes that chert specimens most often break due to thermal shock resulting from applying heat too rapidly or cooling too quickly. Laboratory studies performed on cryptocrystalline silicate specimens reveal that beyond 350° C, artifacts crack, spall, and shatter (Mandeville 1973; Purdy and Brooks 1971). In a recent experiment Benson (1999) exposed 90 cryptocrystalline silicate specimens to a prescribed burn in light, moderate, and heavy sagebrush fuel loads, which resulted in the breakage of all the samples, including some that were shattered beyond recognition. Temperatures measured ranged from approximately 40° to 705° C.


Prehistoric heat-treating of cryptocrystalline silicates to enhance desired flaking characteristics of this material type has been well-documented (Collins and Fenwick 1974; Mandeville 1973; Purdy and Brooks 1971). While initial heating of siliceous materials “improves” its flaking ability, additional firing can have a particularly negative effect on these resources. Hylkema (2003) noted that heat-treated cherts often shattered or otherwise broke when heated a second time. In addition to increased flaking ability, other alterations to raw materials that undergo heat treatment include potlidding, crazing, and color changes; these same effects can occur under wildfire and prescribed-fire conditions (e.g., Barnes 1939; Benson 1999; Lentz 1996a; Luedtke 1992; Romme, Floyd-Hanna, and Conner 1993). Furthermore, Kritzer (1995) has documented the creation of natural flakes produced by heating cobbles and chunks of basalt and other medium- to coarse-grained igneous materials that are virtually indistinguishable from cultural flaking debris. 


Obsidian is particularly important to archaeologists because of its ability to be traced to a specific geologic source, which can help identify particular quarries and possible trade networks, and its ability to provide an approximate absolute date, thereby dating archaeological deposits. Equally important is that obsidian is relatively abundant and can be inexpensively sourced and dated. Consequently, a number of recent studies have addressed the effects of fire on the physical integrity, chemical composition, and hydration rinds of obsidian tools and debitage. Obsidian specimens exposed to heat have shown macroscopic and microscopic alterations as noted by a number of researchers. In a study by Nakazawa (1999), heated laboratory and archaeological specimens developed bubbles, became vitrified, showed microfracturing, or resulted in explosion or breakage. Anderson and Origer (1997:18) collected obsidian artifacts after a wildfire and noted that the specimens had been so altered that visual sourcing was difficult to perform. Additionally, obsidian artifacts exposed to temperatures between 705 and 760° C during a wildfire event were described by Steffen (1999) as displaying extreme vessiculation (melting and frothing).


Chemical sourcing of obsidian can provide particularly useful data to archaeologists or other researchers. Fire, however, has the potential to alter chemical signatures found in obsidian. While obsidian has been collected from post-burn contexts that have been successfully sourced (Deal 2001:5), Shackley and Dillian (1999), have reported finding bonded sands on thermally altered obsidian, which have impeded their X-Ray fluorescence sourcing tests. Similarly, Skinner, Thatcher, and Davis  (1997) had difficulties, while using X-Ray fluorescence, sourcing fire-affected obsidian artifacts due to silica-based encrustations.


The particular nature that allows obsidian to be useful as a datable source in archaeological contexts also makes it susceptible to the effects of fire. When a fresh surface of obsidian is exposed it begins to absorb water from it surrounding environment. Over time this process, or hydration, results in the creation of a hydration band, or rind. Hydration rinds can be adversely affected by the heat resulting from fire events, by driving bonded water within the hydration band further into the artifact. In some cases this diffusion process can result the elimination of the band altogether when temperatures are sufficiently high, or when flame duration is sustained. When hydration rinds are driven further into the obsidian substrate the obsidian-hydration age may result in an overestimation of age (Skinner, Thatcher, and Davis 1997:10). On the other hand, if the band becomes completely diffused, or eliminated, the sample may register as being much younger than its actual age.


Following an informal field plot experiment in Yosemite National Park by Kelly and Mayberry (1979), which included “salting” a prescribed burn with a variety of artifacts to observe any changes, most of the studies addressing this issue have focused on post-burn observations at sites burned during wildfires or prescribed burns (e.g., Anderson and Origer 1994; Origer 1996). These studies, and others like them, have illustrated that the effects to hydration rinds are proportional to the severity of the fire; light burns, such as fast moving ground fires may result in little or no diffusion of the hydration band, while severe fire behavior is more likely to cause a high degree of diffusion, or even elimination of the hydration rind. While several studies conducted in both wildland-fire and laboratory settings indicate that obsidian-hydration bands begin to be visibly altered at about 95° C, and virtually disappear above 150° C, the effects of temperature duration is less well understood. Furthermore, Solomon (2000) has shown that, in addition to temperature and duration of heat application, the medium upon which the artifact was placed affected the point at which hydration rinds were influenced; those placed in ceramic crucibles had less diffused rinds than those placed in or on sand when heated to comparable temperatures and equivalent durations.


While fire events can adversely affect obsidian artifacts, rendering them potentially unusable for dating purposes, Anderson and Origer (1997) suggests that after a relatively short period of time fire-affected obsidian-hydration rinds might actually return to their original size and configuration. Laboratory-based experiments conducted by Loyd (1999), however, produced equivocal results when attempts to induce re-hydration were made.

Groundstone 


Groundstone artifacts include mortars, pestles, millingstones, handstones, and bedrock mortars and milling slicks, also termed milling stations.


Observations of the effects of fire on groundstone have been made mainly on samples from archaeological sites burned over in wildfire situations. Much like obsidian noted above, overall effects to groundstone depend on fire intensity. Pilles (1984) found that raw material composition of groundstone tools dictated the degree of fire effects; those made of sandstone frequently cracked, while basalt specimens subjected to the same fire intensity exhibited only blackening. Wilson and DeLyria (1999) also noted that basalt and andesite are more durable than quartzite. Lentz (1996b:63) notes that light-intensity burning generally had little effect on the surfaces of groundstone artifacts, however, high-intensity fire resulted in sooting, oxidation, or loss of structural integrity. In some cases groundstone artifacts showed signs of heat-induced adhesion of adjacent materials. Lentz (1996b:63) also suggested that important information may be lost as a result of high-intensity fires. Groundstone surfaces could exfoliate, possibly leading to misidentification of artifact class (e.g., groundstone versus fire-cracked rock). Information pertaining to use-wear, and environmental and dietary information derived from palynological and macrobotanical data might be lost as well, either by fire directly or through the loss of the ground surfaces. Ancient residues have been found on groundstone in both laboratory and post-fire settings, however, and number of researchers are of the opinion that naturally and culturally fractured rock can be distinguished by observing variables such as fracture patterns and differential on-site fuel loading, or conducting organic-residue analysis and luminescence tests of mineral components of the groundstone (Deal 2001; see below).


Similarly, bedrock milling stations are also susceptible to fire damage resulting in spalling, exfoliation, cracking, and smoke-blackening, as documented by Keefe, Kahl, and Montague (1999:112). Again, like other lithic artifacts, the extent of damage to the bedrock milling features appeared to correspond with the amount of fuel, and thus fire intensity, located on or near the features.

Glass


Glass artifacts such as beads, bottles, and jars, either whole or fragmented, are commonly found in historical and protohistorical archaeological sites. Glass artifacts can be useful in both determining the function of archaeological deposits, as well as dating them. Flaked-glass tools, such as projectile points or scrappers, have also been found in sites with Native American components as well. 


Glass artifacts can be easily affected by fire-associated flames, smoke, and heat build-up (Haecker 2000:7-9). Exposure to heat can result in crazing, or cracking of glass into smaller, irregular fragments, which can impede future identification of both form and function of the artifact. The extent of adverse effects to glass is a function of the type and thickness of the glass, and the temperature of the fire. Soda lime glass—commonly used for containers, windows, pressed-glass vessels, and lighting products—has a melting temperature of about 540° C, while lead glass melts at 420° C.

Metal


A variety of metal artifacts—including cans, nails, gun cartridges, telecommun-ication lines, fencing wire, automobile parts, woodstoves, horseshoes, coins, utensils, and building materials—are often found in historical, and sometimes in protohistorical deposits. When these materials are found in good preservation they can provide a remarkable amount of information concerning site chronology and the lifeways of the culture that produced the deposit. 


Metals commonly found in historical archaeological sites have a wide range of melting points, from 135° C to over 1,500° C (Table 9). Haecker (2000:10-12) noted that, under certain circumstances, metals with a higher melting point may form an alloy that begins to melt at lower temperatures when a metal with a lower melting point drips onto the former metal. Metal artifacts that do not melt may warp out of shape under certain conditions.


Table 9. Melting Points of Metal Materials Commonly Found on Historical Archeological Sites (adapted from Haecker 2000:10-11)
	Material
	Temperature (o C)
	Artifacts

	Aluminum 
	660
	Kitchenwares

	Brass (yellow) 
	932
	Cartridge cases, military buttons and insignia

	Cast iron 
	1,350 to 1,400 
	Kettles, Dutch ovens, wood stoves

	Copper 
	1,082
	Kitchenwares, building materials, coins

	Gold 
	1,063
	Coins, jewelry

	Iron 
	1,540
	Tools, nails, horseshoes, cans, corrugated roofing

	Lead 
	327
	Bullets

	Nickel 
	1,455
	Plating

	Pot metal 
	300 to 400 
	Flatware, pots, faucets

	Silver 
	960
	Coins, jewelry

	Solder (tin) 
	135 to 177 
	Patch repair on brass and iron objects

	Steel (stainless) 
	1,427
	Eating utensils, kitchenwares

	Steel (carbon) 
	1,516
	Heavy machinery parts

	Tin 
	232
	Kitchenwares, toys, building materials

	White pot metal 
	300 to 400 
	Kitchenwares

	Zinc 
	375
	Plating for iron objects




While purposeful trash burning or accidental building and structure fires have affected many historical metal artifacts, many of these fires may have not been of sufficient temperature to cause adverse damage, though certain components (e.g., lead solder in cans) may have melted, causing a loss of structural integrity and hastening disintegration (Haecker 2000:11). Applied enamel and plating (such as tin, brass and silver) can vaporize or spall off, allowing the base metal to oxidize. The higher melting points of copper and brass means that they tend to be more resistant to the effects of fire, though Haecker (2000:12) documented an incident at the Little Bighorn Battlefield where unfired gun cartridges detonated when exposed to a grass fire. Damage can occur even to more durable metals such as iron and steel. Fire can result in pitting or other surface damage, and may lead to long-term attrition. Another potential impact to metal artifacts and features is thermal shock, which can occur when heated metal is subjected to sudden cooling through the application of water. For example, if cast iron is heated to temperatures below 1,000° C it will crack when rapidly cooled. Not only will this destroy the artifact, it may also accelerate oxidation processes.

Historic-era Ceramics


Ceramic artifacts and fragments are one of the most frequently recovered artifact types from historical sites, and can be sometimes found in protohistorical deposits. The degree of fire effects to ceramics is conditioned by the characteristics of the ceramic’s paste, glaze, and decoration, as well as the temperature to which the artifact is exposed (Haecker 2000). Refined (i.e., glazed) earthenwares (e.g., ironstone, hotel wares) are usually fired between 1000 and 1300° C, but once fired can crack and become discolored at the relatively lower temperatures associated with some natural and prescribed fires. Porcelains have a melting temperature of about 1,550° C, but at lower temperatures overglaze paint decorations and makers’ marks can become discolored and/or eliminated, potentially compromising the ability to accurately identify and/or date the artifact.

Cement, Brick, and Cinder Block


These common building materials are also frequently found in association with historical archaeological sites, as well as standing buildings and structures. Haecker (2000:7) notes that porous firebrick is highly susceptible to fire, and that cinder block, certain masonry surfaces, and cement mortar could spall when exposed to fire. Experimental heating performed on gypsum plaster, firebrick, and cement mortar revealed varying effects depending on fire temperature. At about 245° C, the firebrick and cement mortar were unchanged, and the gypsum plaster was discolored and friable. The firebrick discolored and broke, gypsum plaster became even more friable, and the cement mortar discolored at temperatures exceeding 650° C. Keefe, Kahl, and Montague (1999) recorded damage in the form of spalling and cracking on concrete features burned over during a wildfire event.

Rubber and Plastic


Though rubber-based artifacts have been recovered from archaeological contexts hundreds of years old, rubber, and especially plastic, artifacts are often found on more recent historical sites. Haecker (2000:11, 12) observes that rubber and rubberized artifacts are completely incinerated in low-intensity fires, while plastics melt at between 75 and 265° C. In addition to loss of information regarding form, function, and age, rubber and plastic products could alter or obscure other artifact classes as the former melts.

Rock Art and Spiritual Resources


Rock art sites include both petroglyphs and pictographs, which are frequently associated with middens and other habitation debris (Lee, Hyder, and Benson 1988; Loubser and Whitley 1999). Spiritual resources encompass both the tangible (e.g., Vision Quest markers) and the intangible (vistas and landscapes).


Romme, Floyd-Hanna, and Conner (1993) note that rock art panels are particularly susceptible to exfoliation if directly exposed to fire events. Pictographs are also vulnerable to the adverse effects of fire because the organic component of some pigments can be easily oxidized.


Direct impacts to spiritual resources are often more subtle. While tangible items like Vision Quest markers and rock cairns can be damaged much the same way as other lithic-based resources (e.g., spalling, smoke-blackening, fracturing), fire damage to landscapes, vistas, or other spiritually significant locations can have aesthetic and spiritual consequences to contemporary Native Americans. Of particular concern to Native American practitioners is the presence of fire personnel and equipment in the vicinity of spiritual resources.

Shell


Marine and freshwater shells frequently occur in Native American archaeological deposits, often comprising a major portion of the midden component of the site. Manufactured shell products found in Native American archaeological deposits include beads and ornaments, typically fashioned from purple olive snails (Olivella sp.), abalone (Haliotis sp.), and a variety of marine clams. Shell beads and ornaments are useful for reconstructing aboriginal trade patterns, or interaction spheres, and are often used for relative dating purposes. Within historical archaeological contexts shell-based items usually consist of unmodified shellfish remains, and manufactured buttons. 


The organic nature of shell makes it susceptible to variety of natural processes that can reduce it to its elemental components. Many of the taphonomic forces that affect the integrity of marine and freshwater shell have been identified, ranging from chemical alteration to sediment abrasion (Claassen 1991; Waselkov 1987). Waselkov (1987:149) indicates that shell subjected to high temperatures can undergo accelerated deterioration as heat-released calcium oxide interacted with sodium bicarbonate solution found in the soil.


Seabloom, Sayler, and Ahler (1991) reported that shell exposed on the ground surface during a grass fire fractured or disintegrated. In a series of experiments Haecker (2000:13-14) exposed a shell button and whole oyster shell to relatively low- (ca. 245° C) and high- (ca. 815° C) intensity fires. The low-intensity fire resulted in discoloring the shell button, while the oyster shell appeared to be unaffected. The high-intensity fire, however, resulted in calcining the button, but only slightly discoloring the oyster shell. Haecker (2000:12) explained the results by suggesting that the larger mass associated with the oyster shell insulated it from the effects of the fire, while the thinness and lesser mass of the button contributed to its vulnerability to even low-intensity fires. 


As noted above native peoples sometimes intentionally burned shell beads and ornaments when these were part of the crematory process. Natural and prescribed fires could, in some instances, produce similar appearing results that may be misidentified as patterns of cultural behavior. Also, items that were burnt once before could sustain greater damage in subsequent fire events. 


In the PRNS the majority of recorded cultural resources located around the perimeter of the Seashore are prehistoric/ethnohistoric in nature. These sites are predominately located near estuaries, bays, and beaches, which allowed easy access to food resources. Accordingly, unmodified, and to a lesser degree modified, shellfish remains comprise a prominent constituent within these deposits. As previously stated, fire can have a detrimental effect on the long-term survivability of shell within the archaeological record, and in the case of modified shell items, can accelerate their decomposition or alter certain characteristics, which may lead to misidentification (e.g., being incorrectly associated with crematory processes). 

Bone


Bone is often found in archaeological settings as dietary remains, formed tools, and human remains. Faunal remains provide valuable information in regard to both human adaptations and past environmental conditions. Human remains have been reported from PRNS. Historically, the Coast Miwok both buried the deceased and performed cremation prior to burial.


Archaeological bone specimens often sustain blackening and charring when exposed to wildland fires, even those of relatively low temperatures (Lissoway and Propper 1984; Seabloom, Sayler, and Ahler 1991). Seabloom, Sayler, and Ahler  (1991), however, suggested that the degree of such alteration was generally less than that typically observed in culturally modified bone (e.g., burned in a hearth).


Fire and heat can induce changes to the physical appearance and chemical structure of bone (diagenesis). Chemical changes in bone structure have the potential to speed up the rate of decomposition. Experiments by Stiner et al. (1995) conclude that burned bone is more fragile and brittle than unburned specimens, and the mechanical strength and durability of bone can be greatly lessened, especially when exposed to more intensive burning. Bennett and Kunzmann (1985:12) conducted laboratory experiments on fresh bone which resulted in significant non-water loss at 100° C, charring above 300° C, and extreme chemical structure alterations above 400° C. McCutcheon (1992:360) also performed experiments on fresh bone and found a loss of free water and some carbonization of organics at temperatures up to 440° C, complete loss of the organic phase and loss of crystal-bound water between 440 and 600° C, and change in crystal size from 650 to 950° C. Further studies by Nicholson (1993) on laboratory-heated mammal, bird, and fish bone showed a general color shift from the natural tone to brown or black to gray and finally white between temperatures of 200 and 900° C. In addition to color changes macroscopic and microscopic morphological changes were observed to coincide with increases in temperature.


Bone that has been exposed to flame or a heat source is usually easily identified by color changes noted above, however, osteological materials can undergo heat-induced changes without being in direct contact with flame or a heat source. Much like bone located on the surface of a deposit effects to subsurface bone is dependant upon the soils in which the bone is situated, and the interaction of heat intensity and duration of exposure. Experiments performed by Bennett (1999) indicated that modern and archaeological specimens were susceptible to alteration when exposed to long-duration (up to 84 hours), low-intensity (500° C) burning, even when buried at a depth of up to 10 cm. Bennett found that bone samples showed color changes typically believed to be associated with higher temperatures and direct, rather than indirect, exposure to flame. Similarly, specimens subjected to high-intensity, short-duration exposure also yielded notable color changes, and moderate distortion. Stiner et al. (1995) documented carbonization in shallowly buried bone (5 cm) located directly beneath a high-intensity heat source (900° C), but none of the specimens exhibited calcination.


Protien, amino acid, and other similar analyses can be compromized by heating events. Taylor et al. (1995) suggested that concentrations of certain constituent amino acids commonly found in bone were altered when exposed to one or more heating events. Provided that there has been no other significant diagenic agents acting on the archaeological bone this pattern may extend to unburned bone if subjected to sufficient heating during a prescribed or wildland fire.

Pollen and Archaeobotanical Remains


Pollen and archaeobotanical materials can be found in many archaeological contexts, and the recovery and analysis of these materials can provide an important means of reconstructing human adaptations and past environmental conditions in the region under investigation (see Duncan 1992).


Researching the effects of fire on pollen and archaeobotanical remains in post-wildfire contexts Scott (1990) observed that pollen found on the ground surface was usually destroyed by moderately high-intensity fire, while subsurface pollen remained relatively unaffected. In contrast, research conducted by Fish (1990) following the Long Mesa Fire indicates that surface pollen, although physically altered, was still readily identifiable.


Well-preserved archaeobotanical materials can be recovered if found in contexts that remain constantly dry or wet, such as caves and rockshelters or bogs, but these materials are less likely to be preserved in archaeological contexts that alternate between saturation and desiccation unless carbonized (Micsicek 1987:219). Plant materials begin to carbonize around 250° C and are completely carbonized by 500° C, but only in low-oxygen conditions; introduction of oxygen will reduce plant remains to ash. Apart from mechanical damage, such as trampling, undisturbed, completely carbonized plant residues tend to be resistant to further decay because all organic components have been reduced to elemental carbon, which tends to be fairly stable. Research on how fire affects botanical remains has proven, in some instances, contradictory. Ford (1990) noted that wildfire caused no apparent damage to botanical remains recovered from shallow fire hearths in sites burned during the La Mesa Fire. Eininger (1990:46), however, cited examples of other archaeobotanical studies that suggested the distinction between modern and archaeological charcoal was far less apparent. Perhaps of greater concern in regard to archaeobotanical remains are indirect effects such as carbon contamination, which is discussed in more detail below.

Organic Residues


Organic residues, which include lipids, proteins, carbohydrates, and other biopolymers, can adhere to, or be absorbed by artifacts, ecofacts, or features and provide researchers with highly useful information for analyzing tool use and dietary traditions (Heron and Evershed 1993; Orna 1996).  


Though residues are increasingly recovered from archaeological contexts, even from deposits subjected to post-depositional fire, the exact nature of how some residues survive and how others are lost is still not fully understood. Some organic residues appear to be easily destroyed when subjected to heating events such as fire (Heron and Evershed 1993). Even ultraviolet radiation can affect the preservation of protein residues as documented by Tuross, Barnes, and Potts (1996) who realized minimal recovery of such proteins on experimental butchering tools after exposure to ultraviolet light. Newman (1995), on the other hand, reported obtaining positive immunological reactions on flaked-stone artifacts recovered from sites subjected to high-intensity wildfire. Using cooking pot residues Malainey, Pryzbylski, and Sherriff (1999) found that the fatty acids of plant and animal foods were altered dramatically, showing thermal and oxidative degradation, and making accurate food source interpretations difficult.

Wooden Features and Artifacts


Wood occurs on a number of historic-era resources in the form of standing and collapsed buildings, fence posts, scattered lumber, and miscellaneous artifacts, as well as in prehistoric contexts when located in waterlogged or extremely arid settings. In many cases, these artifacts may be several hundred or even thousands of years old. Haecker (2000:2) noted that, like other wood-based fuel sources such as downed tree limbs or trucks, hewn and milled lumber are variously affected by heat or burning depending on a number of factors. Generally speaking, sound dimensional lumber will ignite at about 350° C. In historic-period and archaeological contexts, however, associated lumber is rarely sound, and is often weathered or even highly decomposed, making the wood products particularly susceptible to even low-intensity fires (Haecker 2000). This situation is sometimes further influenced by additional flammable materials, such as heavy vegetation, paints, solvents, or other fuels, located or stored in or near wooden buildings or structures.  

Vegetation


Culturally modified trees are known to exist in the greater Pacific northwestern region of the United States. For example, some Pacific Northwest groups were known to modify juniper trees, perhaps in association with the manufacture of bows. Additionally, the use of imported, or exotic, tree species for use as windbreaks and property line markers is a common feature on the historic-period landscape. The potential for fire related adverse effects to culturally modified trees is related to the condition and health of the tree, and the surrounding fuel load. 


Exotic fruit and nut trees, ornamental shrubs, and perennial and annual flowers are common components of historical occupation sites and historical landscapes. Among the species commonly represented are apple, pear, cherry, and walnut trees, English and German ivy, roses, Himalayan blackberry, and various bulb plants such as daffodils and irises. These species probably have varied susceptibility to long and short-term fire effects. Within the PRNS eucalyptus and Monterey cypress are often associated with historic-period ranching and homesteading activities, and are a recurrent feature among the many historic ranches and homesteads of the Seashore.


Tree-ring data have proven to be invaluable in providing fine-grained paleoclimatic and paleoenvironmental analyses. Likewise, standing trees and stumps of certain species can yield excellent fire-history data (Arno and Sneck 1977; Barrett and Arno 1988). Researchers in the American Southwest have been well aware of the potential for fire to damage tree-ring data (e.g., Eininger 1990:47-48; Lissoway and Propper 1988:5; Romme, Floyd-Hanna, and Conner 1993). In the southern Sierra Nevada, Giant Sequoia stumps comprise not only historical archaeological and landscape features, but are also critical sources of long-term climatic and fire histories (e.g., Swetnam 1993). Depending on the condition of the stumps and surrounding fuel loads, stumps can be very vulnerable to damage or complete destruction during wildland or prescribed fires.

Packrat Middens


Packrat middens can be found throughout western North America and have been shown to be a valuable tool in reconstructing paleoenvironmental settings (Betancourt, Van Devender, and Martin 1990). The analysis of packrat middens has provided valuable information on vegetation shifts on the western margin of the Great Basin (Mehringer and Wigand 1987; Miller and Wigand 1994). Because packrat middens frequently contain dead wood and other plant remains they tend to be highly flammable. 

Fibers and Hides


Plant fibers, such as those used for basketry and textiles, hair, and animal hides are usually found in very specialized contexts, such as dry caves, wells, or other waterlogged settings. These materials, when located in arid contexts, are highly susceptible to fire at even very low intensities (Ryan n.d.).

Leather


Leather products often occur in the form of shoes, clothing, and horse tack or other similar items. With age, these objects become dry and brittle. They will char in a low-intensity fire, and are consumed at higher temperatures (Haecker 2000:12; Ryan n.d.).

Operational Effects


Operational effects are those that occur while conducting prescribed burns or fire fighting, including: the establishment of staging areas, construction of fuel breaks, excavation of handlines, widening trails or roads to act as fire roads, or even dousing flame through the use of retardant or water. Efforts towards lessening the severity of future fires through fuel-reduction strategies also have direct effects. Crews disturb soils during the removal of vegetation, and may inadvertently place slash to be burned on top of archaeological deposits, heightening the potential adverse effects of fire. Even the type of ignition source used to carry out a prescribed burn can have differential direct effects. This complex picture presents many additional factors for fire managers to consider prior to executing a prescribed burn, or controlling a wildfire.  


Activities associated with the implementation, control, and/or suppression of wildland and prescribed fires provide numerous opportunities for potentially damaging activities to cultural resources to take place (Pyne, Andrews, and Laven 1996). Because of their more noticeable impact, operations that involve ground-disturbing activities have been the focus of concern by cultural resource managers. In fact, many archaeological surveys conducted in anticipation of prescribed burns have tended to focus exclusively on mitigating pre-burn ground disturbance. There are, however, additional operational effects that should be considered, such as ignition techniques (which influence intensity and rate of spread of the flame front), fire suppressants and retardants, and post-burn mop-up and rehabilitation activities.

Staging


Staging for wildland and prescribed fires involves the distribution of people and equipment before, during, and after a fire event. Disturbances associated with staging vary between prescribed burns and wildfires. In general, not only is the amount of ground disturbance higher in wildfire situations, the locations chosen for heli-spots, spike camps, fuel breaks, and safety zones are often made with little advance planning or notice. Substantial ground disturbance can occur as a result of heavy equipment operations, while such impacts tend to be largely restricted to the surface when only hand tools are employed. Staging areas used for managing wildland and prescribed fires that are located close to developed areas are often sited in previously disturbed areas, such as roads, parking lots, and pullouts. Nevertheless, ground disturbances to these locations, though usually very shallow, can result from fire-related activities. Additionally, all-terrain vehicles, equipment, and personnel are often staged along on constructed fire lines, which can also be used to access other areas of a burn unit. 


In more remote, less developed, locations established trails are often used to access interior or distant perimeter locales of a burn unit. Spike camps, established on the margins of the burn and utilized by field personnel, might be placed at existing backcountry camps. In some instances new camps might be created at optimal locations if existing camps are not conveniently located. Ground disturbances associated with these camps might include increased foot traffic, and the excavation of latrines and pits for gray water disposal. Remote camp locations are often serviced by rotary wing aircraft (i.e. helicopters), which necessitates the creation of a heli‑spot or drop spot located nearby. Heli-spots are usually established on flat, open areas that may require the removal of vegetation in order to prepare the location.


Staging under wildfire conditions, however, is usually more complex owing to the frequently urgent nature of the response needs, larger number of personnel, and greater variety of equipment. While vehicles and other equipment are often driven and parked in designated and/or previously disturbed areas, the sheer number of vehicles and personnel can lead to a greater potential for resource damage. Personnel are generally housed at large temporary base camps. These are often located a substantial distance from the actual fire, and usually in developed areas like campgrounds and large parking lots. The use of spike camps on large conflagrations can require hundreds of firefighting personnel, necessitating the use of large areas for camping activities. If no suitable areas exist, one or more heli-spots and drop locations will be constructed. In the absence of vegetation-free areas, safety zones are sometimes constructed along the perimeter of the wildfire. These are used by fire-fighting personnel in the event of extreme fire behavior. Safety zones can be substantial in size (hundreds of square meters) and will be cleared of all standing and ground fuels with hand tools.

Fire Lines


Fire lines–breaks in fuel continuity–come in several varieties. Handlines are, as the name implies, hand excavated fire lines. Scratch lines are preliminary handlines, which are used for an initial attack against a fire, and later improved to help contain the fire. Catline fire lines are constructed by using tracked vehicles, such as bulldozers. Wetline fire lines are made by putting down a strip of water on fine fuels. Retardant lines are similar to wetlines, but are made with chemical retardants. Foam lines are much like wetlines and retardant lines using chemical foams to suppress a fire. Director’s Order #18 dictates that all prescribed and wild fires have some form of finite, delimited boundary. Generally these boundaries are comprised of a combination of natural (e.g., rock outcrop, river) and human-made (e.g., road, handline, wet line, catline) component. Often, fire lines are constructed in anticipation of (prescribed burn) or during (wildfire) a fire event. When natural and human-made boundaries are employed, some form of fireproofing is usually carried out along these features, such as live vegetation thinning, removal of dead-and-down fuels, and felling of hazard trees.


Fire lines tend to be constructed in defensible locations often incorporating natural features such as major ridges, wet drainages, and rocky outcrops, if present. Likewise, existing trails and roads are frequently utilized as fire lines, although some vegetation may be removed along the margins of these features. Very rarely will fire lines follow midslope contours, especially when in the context of prescribed fire. 


The urgent nature of wildfire often translates to fire line construction that is far less systematic than those used for prescribed fires, which are usually planned well in advance of their implementation. Heavy equipment is often utilized, which could result in some resource damage. More often, however, hand crews are employed to construct lines similar to those described above. In many instances, multiple crews are simultaneously operating in multiple locations, sometimes at night, and often without the supervision of a professional archaeologist. Depending on conditions, these lines are constructed in order to attain direct control of the fire (containing it to extinguishment), or indirect control (securing the perimeter of the burn from strategic boundaries). 


Wettstaed (1993; Wettstaed and LaPoint 1990) documented a variety of impacts to twelve previously unrecorded archaeological sites exposed through the construction of more than 80 km of catlines used to contain a wildfire in Montana. These lines ranged from one to eight blade-widths wide (to 30 m or more), and cut into soils to depths of up to 1 mater. The remains of several prehistoric fire hearths were observed in the berms of the numerous fire line cuts. Siefkin, Burger, and Kerr (n.d.) also documented extensive bulldozer damage on a late prehistoric habitation site in the foothills of the southern Sierra Nevada. Though at a smaller scale, the construction of fire lines with hand tools can also have an adverse effect on site integrity (e.g., Keefe, Kahl, and Montague 1999).

Ignition Techniques


Suppressing wildfires and conducting prescribed burns often employs the use of various ignition patterns for controlled burns, and control and containment of wildfires (Pyne et al. 1996). The method employed can influence the effects on archaeological resources. Generally, there are four commonly used techniques. Heading fires are set upwind of a fuel source selected to burn, and are generally ignited in spots or strips and allowed to spread with the wind or up slope. These fires tend to burn quickly, but with high intensity, and can have a high spotting potential (leading to spot fires developing from firebrands). Backing fires burn into the wind or down slope, and are ignited along an established safe zone or baseline (e.g., fire line, road, stream). Backing fires spread slowly, as they are moving against the prevailing wind or slope direction, and usually have low heat intensity and low spotting potential. Like backing fires flanking fires are set directly into the wind. Several individuals ignite multiple strips that form a series of widening triangles, or chevron. Fire intensity and flame heights lie between those of heading fires and backing fires, but the technique requires a high degree of coordination between field personnel to be successful. The last, and perhaps the most potentially damaging technique is the center or ring fire. This technique burns an area from the middle outward with concentric rings of fire surrounding the central point. This method results in a fast burn, but in heavy fuels can burn with a very high intensity, and may also result in long distance spotting.  


Not only is burning technique a factor in determining potential adverse effects of fire on cultural resources, but so too is the fire ignition agent employed. Ground and aerial ignition are the most common forms used, and are often utilized during prescribed burns. Ground ignition is frequently accomplished through the use of drip torches, flamethrowers, and terra-torches, frequently applied by one or more field personnel who may actually enter the interior of the burn unit to apply ignition fuels. Aerial ignition sources include plastic sphere dispensers (of burning jellied gasoline or fuels), and heli‑torches. Both of these ignition source could potentially result in damage if dropped on or in close proximity to archaeological resources. 

Fire Retardants


Fire retardants fall into two general groups: physical agents and chemical agents (Pyne, Andrews, and Laven 1996). Physical agents, such as water and dirt, influence heat and diffusion processes, but usually only provide short-term protection against combustion. Chemical agents, on the other hand, are generally applied as slurries, and affect fuels by modifying the course of combustion, affording long-term protection against combustion. When water is used as a suppressant it is usually combined with additives that either reduce surface tension (i.e., wetting agents), allowing treated water to penetrate deeply into combustible material, or to increase water viscosity (i.e., thickening agents), so that treated water congeals on the surface of fuels. Water combined with a thickening agent is considered particularly effective in firefighting, and is often delivered by aircraft as a gel or slurry.


The effects of the application and composition of chemical agents and chemically modified water on cultural resources have received only sparse attention. Typically, backpack pumps, fire hoses, and aircraft are used to apply fire retardants. Aside from any potential negative effects caused by retardants themselves Romme, Floyd-Hanna, and Conner  (1993) speculated that high velocity drops of slurry or water from aircraft could topple standing walls of prehistoric structures, wooden historical features, or cause physical impacts to midden deposits and artifact scatters, potentially adversely affecting the resource. Some fire retardants are known to be corrosive and/or toxic, which can adversely affect cultural resources, as well as make post-burn investigation of such locations inadvisable.

Mop-up and Rehabilitation


Mop-up and rehabilitation occur once a fire has been declared controlled and out, respectively. These are carried out most often following wildfires, often under the direction of a Burned Area Emergency Rehabilitation (BAER) team. Some mop-up and rehabilitation may also take place after prescribed burns. Depending on circumstances, mop-up varies: from a concerted effort to extinguish all combustion through intensive hand labor, to ground patrol, or to aerial reconnaissance. The more aggressive approaches can be particularly detrimental to cultural resources. This involves extensive ground disturbance through the use of hand tools, hazard-tree felling, and hose lays. In forested areas, smoldering tree roots and stumps are often excavated and broken up.

Because the nature of cultural resources varies considerably, for example, from partially to fully buried archaeological sites to standing architectural features, damage resulting from mop-up activities can vary appreciably, usually in direct proportion to the visibility of the resource. Wettstaed (1993; Wettstaed and LaPoint 1990) described heavy damage to an archaeological site resulting from mop-up activities, including extensive subsurface disturbance and artifact breakage resulting from tool blows. Traylor et al. (1990) found that mop-up following the La Mesa Fire produced surprisingly little damage to archaeological resources, and none to architectural remains.


Rehabilitation involves reconditioning fire lines and other disturbed areas, stabilizing volatile landforms, and controlling runoff. This is accomplished using a combination of hand tools, heavy machinery, and aircraft. Fire-line rehabilitation associated with prescribed burns is often as simple as pulling back (with hand tools) the berm adjacent to the scratched line, perhaps disguising the course by scattering cut vegetation. On larger fire lines, such as those constructed by bulldozers, heavy equipment is often needed return removed soils back into fire line cut. Wettstaed (1993; Wettstaed and LaPoint 1990) suggested that rehabilitation in these instances could result in significant, if unrecognized, damage to cultural resources. For example, the rehabilitation of a fire line that passes through an archaeological site will return artifacts to the footprint of the line, but out of original context. Given enough time, it might prove difficult to identify any previous impacts, especially if the lines were not mapped. Traylor et al. (1990) reported similar problems from rehabilitation following the La Mesa Fire and with the restoration of bulldozer lines in particular.


Emergency measures are often employed after wildfires to stabilize hill slopes, stream channels, and roads (Robichaud, Beyers, and Neary 2000; USDA and DOI 2001a, 2001b). As described in greater detail below, extensive research documents that surface runoff and erosion can increase markedly following a large, moderate- to high-intensity wildland fire. Among the most commonly employed hill-slope treatments are grass-seeding, or emplacing contour-felled logs, mulches, fabrics, scattered brush, and silt fences. Previously employed channel treatments include straw-bale check dams, log check dams, rock dams, log-and-rock grade stabilizers, in-channel debris basins and clearing, and stream-bank armoring. Road treatments consist of outsloping, culvert removal and upgrading, rolling dips, water bars and others. Some of these, such as contour-felled logs, contour trenching, outsloping, and channel clearing, might require the use of heavy equipment and could result in extensive disturbances.


Wildeson (1982) summarized impacts to archaeological resources exposed to a variety of heavy-equipment disturbances, including chaining, scarification, brush crushing, tractor yarding, and logging. Impacts common to each include displacement and damage of artifacts and features, and soil compaction. Not surprisingly, Wildeson (1982:63-64) found that the degree of damage correlated positively with the nature of the impact agent, distribution of disturbances, number of impact events, and the nature of the site sediments and archaeological resources.

Indirect Effects


Indirect fire effects include intentional and inadvertent looting, increased erosion of soils that can remove or bury archaeological resources, increased tree mortality resulting in impacts from tree fall or uprooting, increased rodent and insect populations that can alter subsurface soil structure, increased microbial activity, which can feed on organic matter within archaeological soils, and the addition of “new” carbon, which can be move through the soil column of archaeological sites through a variety of agents. They are a potential threat to archaeological resources following all prescribed and wildland fires.  

Looting


The cultural resource manager faces a particular challenge when it comes to protecting cultural resources from prescribed and natural fires. Firefighting activity requires the effort of a great many people who may be expert at fighting fire, but may know little about cultural resources or cultural resource protection laws. The cultural resource manager is confronted with balancing their obligation not to disclose sensitive locational information to members of the public, including fire personnel, while at the same time providing the very same sensitive information to field personnel in order to protect and/or avoid those resources. 


In regions where the density of cultural resources is particularly high, such as the American Southwest, the need to establish communications between various resource personnel is critical in order to prevent damage to cultural resources. For example, Traylor et al. (1990:103-104) found surface artifact collecting common among firefighting staff during the La Mesa Fire, mainly due to the fact that fire personnel were often unaware of laws against collecting. It was also noted, however, that fire personnel were particularly receptive to educational information provided by archaeologists associated with the event. Given the greater potential access to cultural resources during fire-fighting activities, the need for relaying basic instructions concerning resource-protection laws to fire crews is in order. This also could prove to be an opportune moment to involve fire crews with reporting cultural resource finds to appropriate resource staff.


Additionally, because NPS lands are primarily designated for public-use, and because fire can remove vegetation that obscures previously hidden cultural resources, the opportunity for looting by the general public is dramatically increased. Also, designated trails are often lined by heavy vegetation, which if removed by fire, could allow the public to wander, creating “unauthorized” trails leading to or cutting through sensitive areas. In these situations, it may be necessary for NPS staff to increase site visitations to monitor site integrity, and/or increase public awareness of resource-protection laws. This also could prove to be an opportune moment to involve the general public with site protection by reporting suspicious activity to appropriate NPS staff.

Increased Surface Runoff and Erosion


Research has been conducted on factors affecting increased surface runoff and erosion following a fire (Robichaud et al. 2000:5-11). Under good hydrological conditions, that is, more than 75 percent of ground surface covered with vegetation and litter, no more than 2 percent of rainfall becomes surface runoff, and erosion is low. Severe disturbances, however, such as those caused by large, moderate- to high-intensity fires, can result in poor hydrological conditions, with less than 10 percent of ground surface covered with vegetation and litter, resulting in substantially increased surface runoff (up to 70 percent higher than normal) and erosion (up to 300 percent higher than normal). These effects can be particularly acute and wide-ranging if the fire is closely followed by moderate or heavy precipitation. A water-repellent, or hydrophobic, layer sometimes forms on, or just below, the ground surface following a fire, exacerbating the impact of even moderate rainfall (DeBano, Rice, and Conrad 1979:13-14; Wells et al. 1979:18-19). Until the water-repellant layer is broken down precipitation, particularly heavy rain can alter the upper surface structure of archaeological deposits. In time new vegetation will become established and help minimize surface runoff and erosion, though this may take several years or even decades following severe fires and/or in xeric vegetation communities.


The loss of vegetation and the subsequent loss of soil following a fire can have a particularly deleterious effect on not only cultural resources, but also on the geomorphological and hydrological nature of the surrounding area. The horizontal and vertical spatial integrity of archaeological resources can be easily compromised if located on or adjacent to slopes, and exposed to the elements. Sheet erosion (induced by water, wind, and other phenomena), in combination with gravity, has been observed to relocate   cultural materials in a number of studies (e.g., Rick 1976; Schiffer 1987). Likewise, Wettstaed (1993; Wettstaed and LaPoint 1990) observed that localized heavy downpours were capable of produced a puddling effect, concentrating flaked-stone debitage into pools that might later be mistaken for activity areas. In more extreme situations, the collection of water in geologic formations can result in landslides, which can relocate or bury cultural resources. 

Increased Tree Mortality


Some tree species resist fire better than others, while some require fire for their survival. For example, Giant Sequoia, with their thick bark and high limbs, are highly resistant to fire. Bishop pine, on the other hand, are easily consumed by fire, but in the process heat-dependant seeds are released, establishing the next generation of trees. 


Most trees will die if the cambium layer is significantly damaged in a fire. If this vital layer is only partially damaged, and the tree isn’t killed immediately, then in it’s weaken state it is likely to become diseased and/or infested with insects. Trees killed outright or severely weakened by fire are susceptible to collapse. If archaeological resources are located near or among a stand of weakened trees any collapse could cause severe damage by the upheaval of root systems, or crushing by the trunk or main branches. Subsurface features and artifacts also can be damaged by branches being driven into the soil as the tree impacts the surface. Finally, fallen trees comprise heavy fuels that will burn at extreme temperatures during a future fire event.

Increased Burrowing Rodent and Insect Populations


The effect of burrowing rodents and insects on subsurface archaeological resources has been well illustrated (e.g., Armour-Chelu and Andrews 1994; Bocek 1986; Erlandson 1984; Schiffer 1987; Wood and Johnson 1978). Burrowing animals, particularly those that reside and feed mostly underground (e.g., gophers, earthworms), can cause considerable horizontal and vertical movement (usually within the first 2 meters of the soil column) of soils and cultural artifacts. The creation of burrows, nests, tunnels and runs can result in obscuring soil stratigraphy or other subtle features, separating and combining unassociated items, moving older artifactual materials to younger stratigraphic proveniences or younger artifactual materials to older proveniences, as well as physically alter artifacts and ecofacts through abrasion or breakage. 


While most animals are capable of fleeing fire, many can be overcome by smoke, oxygen deprivation, heat, or by being burned. Research suggests, however, that populations of burrowing rodents will eventually increase for a period following prescribed and wildland fires (Wirtz 1995:63-67). Some rodent populations remain high after a fire, as a result of being protected within their burrows, while other species may colonize the area from outside locations, taking advantage of an increased supply of food (plant seeds, roots, bulbs, and tubers). Accordingly, populations of rodent predators such as coyotes will also increase, and these species can also disturb significant amounts of soil in the quest for prey.

Increased Microbial Populations


Microbial populations can increase following fires (Bissett and Parkinson 1980; Romme, Floyd-Hanna, and Conner 1993) and these organisms might have a detrimental effect on the archaeological record. Microbial growth rates increase as the organic matter within the soil is altered (generally increasing nitrogen levels) following soil-heating events, such as natural and prescribed fires (DeBano, Rice, and Conrad 1979:10). Recent studies have demonstrated that microorganisms are often present in bone samples, although the implications for digenesis and taphonomy require additional research (Child 1995).

Carbon Contamination


As discussed above, the potential for contamination of archaeological sites and features with non-cultural carbonized botanical remains is an issue of major concern. While radiometric testing laboratories go to considerable lengths to remove sources of contamination from test samples, the adherence of relatively recent carbon on the sample would likely yield an erroneously late determination. In terms of the reconstruction of economic systems and paleoenvironments, introduction of recently burned plant remains like acorn hulls and grass seeds could result in misleading interpretations.


Archaeologists have recently become far more cognizant of the integrity of charcoal assays submitted for radiocarbon analysis. Schiffer (1986, 1987) pointed to the "old wood problem": the submission of conventional radiocarbon samples obtained from charcoal that is far older than the actual episode of occupation (e.g., recycling of wooden beams in architecture of the American Southwest, use of driftwood as firewood), as a potentially serious problem. The advent of Accelerator Mass Spectroscopy (AMS) dating allows for the submission of samples that are far lighter and smaller than those required earlier. This permits the researcher to submit charcoal samples from portions of a plant that would have otherwise disintegrated through time, and would not have been available for submission. The possible incorporation of recent charcoal fragments (through the action of fire itself [e.g., burned tree roots] and/or subsurface disturbances [e.g., rodent burrowing]) resulting from prescribed or natural fire into archaeological contexts, and the opportunity to submit small charcoal fragments, rather than more robust samples, gives rise to the potential for underestimating the age of the stratigraphic level being tests. Additionally, given that natural and anthropogenic fires have burned through the landscape innumerable times over the millennia, the collection and submission of isolated charcoal fragments, or those not in direct and clear association with cultural material or features should be regarded as suspect. Ford (1990), however, suggests that the difference between natural and cultural charcoal is easily distinguished. Analyzing carbonized botanical remains from sites, that were then recently burned over in the La Mesa Fire, Ford explained that natural charcoal fragments varied greatly in terms hardness and combustion, and were often only scorched or burned on a single surface, while culturally modified charcoal were consistently harder, thoroughly carbonized, exhibited no textural or color differences, and were more friable. Siefkin (2001:21) cautions, “the La Mesa samples were obtained relatively soon after the area had burned. Given enough time, recent charcoal may well take on the characteristics of older material, and the survivorship of more thoroughly carbonized modern charcoal would be favored.”

Chapter 6 – Field Observations


Still organizing and writing this section.

Chapter 7 – Recommendations


As has been illustrated above, fire and fire-management strategies can have an adverse effect on cultural resources. The criteria of adverse effect is defined in the implementing regulations of Section 106 which states: 

An adverse effect is found when an undertaking may alter, directly or indirectly, any of the characteristics of a historic property that qualify the property for inclusion in the National Register in a manner that would diminish the integrity of the property's location, design, setting, materials, workmanship, feeling, or association [36 CFR 800.5(a)(1)].


It is the policy of the National Park Service (NPS) to assume that cultural resources within the Point Reyes National Seashore are eligible for inclusion in the National Register of Historic Places unless formally evaluated otherwise. This policy further assumes that any effects on cultural resource are potentially adverse, requiring the establishment of mitigation measures to avoid or minimize those adverse effects. 


Wildland-fires are spontaneous, by nature, and are often fought with all immediacy, leaving little time for consideration of adverse effects on cultural resources. Prescribed fires and manual and mechanical thinning programs are often planned well in advance of their implementation, allowing much more time for identifying cultural resources within the proposed project area, and planning accordingly. The manifold complexities of both fire behavior and site structure preclude the application of simple actions to minimize those effects for all situations. There are, however, strategies that can be employed, either singly or in combination, to be used to avoid or minimize many of those effects. Several recommendations are suggested below that can mitigate adverse effects on cultural resources. 

General Recommendations


In Chapter 2 is a discussion of the physiographic zones and the types of cultural resources found in the Point Reyes National Seashore, and though there is a reasonable connection between a physiographic zone and the type of cultural resource likely to be found there (e.g., rolling hills dominated by ranches, farms, homesteads; beaches, bays, and estuaries dominated by prehistoric/ethnohistoric archaeological deposits) fire, and its potential to cause adverse effects, minds no such boundaries. The Vision fire, for example, burned from the top of Inverness Ridge, down across the rolling hills, and terminated at the shoreline after running out of fuel. Additionally, prescribed fire or other fuel-reduction strategies may encompass multiple physiographic zones and encounter a variety of cultural resources. Consequently, the following proposed recommendations are structured not according to effects likely to result from a wildfire in a specific physiographic zone, but according to the effects fire and fire management outlined above in the previous chapter.


Cultural resources cannot be protected from adverse effects if their location or presence is unknown. Presently, prior to implementing a prescribed burn or other fuel-reduction strategy, background research and field reconnaissance, if necessary, is conducted by an NPS archeologist to determine if there are any recorded or previously unidentified cultural resources located within the project area. When cultural resources are found within the proposed project area, the NPS archeologist coordinates with other personnel associated with the fuel-reduction program so that adverse effects on cultural resources are avoided or minimized. It is recommended that this policy continue in place. It is also recommended that future surveys focus on the interior upland regions of the PRNS as these areas have been neglected during the last 60 years of cultural resource investigation within the Seashore boundary. 


The Point Reyes peninsula, as discussed above, is comprised of a variety of topographic, geologic, and floral zones that have contributed to the patterns of human activity on the peninsula. Though the PRNS has not been fully surveyed certain patterns of human interaction with the Point Reyes environment are apparent. The Coast Miwok, who may have utilized the region for nearly 4,000 years, seem to have concentrated their activities primarily along the coastal margins of the peninsula, with a small number of archaeological deposits having been found along certain interior streams, and in the Olema Valley. These archaeological deposits tend to be comprised mainly of shell midden refuse, particularly those sites along the coastal margins (i.e. Drakes Estero, Limantour Estero, Abbott’s Lagoon, Bolinas Lagoon, Point Reyes Beach, Drakes Beach, Limantour Spit), though some of these deposits are intensive cultural activity (e.g., village sites). These shell midden deposits contain a wealth of information that can be used to answer questions not only about the people who generated them, but also about the environment in which they lived and how they adapted to the conditions placed upon them. Fire, particularly extreme fire, can pose a serious threat to the information contained within these resources. Care should be exercised when considering prescribed fire activity in the areas where these archaeological deposits are found.


With the arrival of the Spanish, Mexican, and American settlers emphasis on the resources found on the peninsula shifted away from the coastal areas and on to the interior regions of the peninsula and Olema Valley where grasses could feed cattle and timber could feed sawmills. There was a corresponding shift in settlement patterns, away from the coast and towards the grasslands and hillsides, where settlers, speculators, and entrepreneurs built their ranches, farms, and homesteads. By the late 1800s portions of the peninsula were being developed as upper class retreats, a process that continue to this day in towns like Inverness Park and Point Reyes Station. The many ranches, farms, homesteads, and town buildings form an integral part of the history and fabric of the PRNS. Many of these buildings, and attendant structures, objects, and plantings, have the potential to be included in the National Register of Historic Places, which requires that they be considered in any action that may alter their significance, and thus, their eligibility for inclusion in the National Register (16 U.S.C. 470).


In wildfire and prescribed-fire situations, numerous fire-fighting personnel are employed to control and contain the fire lines. In the course of their work they may encounter previously unidentified cultural resources. Some of the work crew many not be aware of what cultural resources are, or may not realize that resources can be present within the fire zone or project area. When feasible, firefighting crews should be educated about working around cultural resources and the importance of maintaining resource integrity. While the frantic nature of rapid-response firefighting activity may not allow for such training, planned fuel-reduction programs tend to have more lead-time, and resource awareness training should take place prior to initiating prescribed burns. 


When conducting a prescribed burn, and while fighting wildland fires, if feasible, avoiding direct impacts to recorded cultural resources should be a priority. An NPS archeologist or authorized representative should review with project personnel the location and mitigation measures required for all eligible resources before project implementation. For prescribed burns, and if possible during wildfires, an NPS archeologist, or a qualified consultant approved by an NPS archeologist should mark all cultural resources requiring protection with flagging tape, or similar demarcation device, prior to initiation of project activities so that these locations can be avoided. At the conclusion of prescribed fire or wildfire activities flagging tape or other markers used to indicate sensitive areas should be removed. 

Mitigation Measures for Wildfire


Though the occurrence and nature of wildfires are highly unpredictable features of wildland areas, cultural resources can be actively protected during these events when their location is known to coordinating personnel who may then direct firefighting crews and equipment in ways to avoid them. The use of modern computer-based programs such Geographic Information Systems (GIS) can greatly enhance the protection of resources in the face of fire and firefighting related activities. Because GIS locational information is based on Global Positioning System (GPS) data cultural resources with known locational data points can be easily relocated in the field with handheld GPS receivers. Once relocated, these resources can be demarcated and avoided, or treated as deemed appropriate in a manner that minimizes the potential for adverse effect. 


In many cases following a wildfire, a Burned Area Emergency Rehabilitation (BAER) team will conduct field studies to determine what effects a fire may have had on natural and cultural environments. Following the 1995 Vision Fire a BAER report (DOI-BAER 1995) was produced, outlining the effects of the fire, and provided recommendations for remediation of adverse effects on natural and cultural resources resulting from the fire and attendant firefighting activities. A cultural resources team was assembled and surveyed areas within the Vision Fire burn area. The team noted:

[The f]ire burnt over many historic sites where most structural elements had been removed. Damage was limited to burning of historic fences at the Home Ranch and moderately intensive burn of the historic eucalyptus grove at the Sky Ranch [Z Ranch]. There was no damage to the integrity of prehistoric sites. Suppression activities resulted in no impacts to historic properties. The fire burned out the grass and coyote bush which resulted in excellent delineation of individual site and road topography [DOI-BAER 1995:Appendix I Cultural Resources II (C)(2)].


The team surveyed a number of the dozer lines created as fuel breaks, but not hand lines, as well as the locations of recorded cultural resources (13 prehistoric/ethnographic deposits, and 20 historic-period sites located within or adjacent to the fire area), documenting effects on historic-period roads and ranch sites, and on prehistoric/ethnohistoric archaeological sites. While not specifically noting direct impacts caused by the fire itself (e.g., charring, melting, etc.), save for effects to historic-period trees, the team did note that dozer lines had directly altered portions of a number of historic and historic-period roads, and that the fire had exposed, and made easily accessible to park visitors, numerous previously hidden refuse dumps and prehistoric archaeological sites. 


The most frequent post-fire mitigation recommendations offered by the team were to obscure from view newly exposed resources (artifact scatters and prehistoric deposits) with vegetation cut from elsewhere within the park; to survey the firebreaks, road cuts, and burned over archaeological resources after the first rains had fallen; and to monitor firebreak (dozer line) rehabilitation where the break occurred on historic and historic-period roads. Other measures proposed included replacement of a portion of an historic fence line at Home Ranch, managing the cutting of historic eucalyptus trees at Sky Camp (Z Ranch), protecting historic-period vegetation at ranch sites, and increasing protection patrols for selected sites (DOI-BAER 1995:Appendix I Cultural Resources III (B)). With the exception of the recommendation of placing vegetation over exposed cultural resources, which is not advised (doing so could substantially add organic material to the soil matrix, and could add significantly to the fuel load in a fire situation), the BAER team recommendations were practicable. It is unclear which, if any, of these recommendations were carried out (White 2003, pers. comm.).


A BAER team is often the first organized effort to document and recommend redress following a wildfire event. Accordingly, if a BAER team is assembled for a particular wildfire event within the PRNS, it is recommended that an NPS archeologist, or a qualified consultant approved by an NPS archeologist, form part of the team, visiting recorded cultural resources that may have been affected by the fire. It is also recommended that a cultural resources survey be conducted in those areas within the fire zone that have not been previously surveyed, or were surveyed in the past, but under less than ideal conditions. If cultural resources are identified, they should be documented, describing any visible effects to the resource or individual artifacts, and recorded on the pertinent DPR 523 forms. The forms should be filed with the appropriate Information Center of the California Historical Resources Information System (CHRIS), and resource information, including a condition assessment, should be entered into the NPS Archeological Site Management Information System (ASMIS).

Mitigation Measures for Prescribed Fire

Fuel Reduction


One of the most effective means of minimizing adverse effects on cultural resources during wildfire and prescribed-fire situations is reducing heavy fuel loads on or adjacent to them. Fuel-load reduction is often achieved through prescribed fire and/or manual or mechanical thinning. Most adverse effects on cultural resources occur at the ground surface, where controlling the environmental conditions on and near the resource can diminish the severity of impact. Mitigation measures may include one or a combination of the following:

· Remove sufficient fuels from the resource to reduce burn intensity so that prescribed fire will not cause a substantial adverse change in the physical characteristics of cultural resources. 

· Develop a burn prescription that reduces the intensity of the burn. Appropriate measures may include adjusting the thresholds for environmental conditions of the prescription, such as reducing maximum wind speed, requiring a higher relative humidity, and/or requiring a lower ambient temperature, which will result in a less intense burn.

· Avoid burning those portions of a cultural resource that contain the significant characteristics of that resource. Appropriate measures may include hand clearing fuels from around the resource, directly suppressing flames during the burn, covering the resource with foam or fire fabric, or wetting the resource with water. 

· Avoid or adjust the timing of prescribed fires in areas currently used by Native Americans for traditional activities, in order to avoid conflicting periods of use.

· Recorded resources that are inadvertently burned-over during a prescribed fire should be documented, describing any visible effects to the resource or individual artifacts, and updated on DPR 523 forms, which should be filed with the appropriate Information Center of the CHRIS, and resource information, including a condition assessment, should be entered into the NPS ASMIS database.

· In areas where vegetation was dense, restricting access or ground visibility during the pre-burn field reconnaissance, a post-burn survey should be conducted, particularly in areas that appear to be likely locations for past habitation. If cultural resources are identified they should be documented, describing any visible effects to the resource or individual artifacts, and recorded on the pertinent DPR 523 forms, which should be filed with the appropriate Information Center of the CHRIS, and resource information, including a condition assessment, should be entered into the NPS ASMIS database.

Surface Collection


An additional mitigation measure frequently cited by resource managers from a variety of agencies is the scientific collection of surface artifacts within a prescribed burn area. There are, however, a number of potential complications associated with the collection of certain classes of artifacts, including proper documentation, appropriate long-term curation, and concerns from members of the public about the collection of sensitive materials (e.g., human remains or funerary items). Native American human remains, funerary objects, sacred objects, or objects of cultural patrimony found on Federal or tribal land are subject to the Native American Graves Protection and Repatriation Act (NAGPRA [25 U.S.C. 3001 et seq.]). Section 10.4(b) states:

Any person who knows or has reason to know that he or she has discovered inadvertently human remains, funerary objects, sacred objects, or objects of cultural patrimony on Federal or tribal lands after November 16, 1990, must provide immediate telephone notification of the inadvertent discovery, with written confirmation, to the responsible Federal agency official with respect to Federal lands, and, with respect to tribal lands, to the responsible Indian tribe official. The requirements of these regulations regarding inadvertent discoveries apply whether or not an inadvertent discovery is duly reported. If written confirmation is provided by certified mail, the return receipt constitutes evidence of the receipt of the written notification by the Federal agency official or Indian tribe official.


Presently, the PRNS does not have an approved collection policy that would allow for and guide, the collection, documentation, and future curation of surface artifacts, or human remains. The collection of human remains, funerary objects, sacred objects, or objects of cultural patrimony on Federal land may require consultation with the appropriate tribal representatives prior to the collection of such items. The PRNS is currently constructing a Memorandum of Agreement (MOA) in consultation with the Federated Indians of Graton Rancheria for the collection of prehistoric/ethnohistoric artifacts and human remains, funerary objects, sacred objects, or objects of cultural patrimony as per 25 U.S.C. 3001 §10.5(f). Under this directive a Plan of Action (POA) will be established that complies with 25 U.S.C. 3001 §10.3 (b)(1) and documents the following:

1. The kinds of objects to be considered as cultural items as defined in §10.2 (b);

2. The specific information used to determine custody pursuant to §10.6;

3. The planned treatment, care, and handling of human remains, funerary objects, sacred objects, or objects of cultural patrimony recovered;

4. The planned archeological recording of the human remains, funerary objects, sacred objects, or objects of cultural patrimony recovered;

5. The kinds of analysis planned for each kind of object;

6. Any steps to be followed to contact Indian tribe officials at the time of intentional excavation or inadvertent discovery of specific human remains, funerary objects, sacred objects, or objects of cultural patrimony;

7. The kind of traditional treatment, if any, to be afforded the human remains, funerary objects, sacred objects, or objects of cultural patrimony by members of the Indian tribe or Native Hawaiian organization;

8. The nature of reports to be prepared; and

9. The planned disposition of human remains, funerary objects, sacred objects, or objects of cultural patrimony following §10.6. 

(25 U.S.C. 3001 §10.5 [e]).


Once an MOA and a POA have been agreed upon the collection of surface artifacts from prehistoric/ethnohistoric deposits may be considered as a means of minimizing adverse effects on those resources. If plans are made to collect surface artifacts prior to a prescribed burn then all associated archaeological work, including the documentary reports, must meet the Secretary of the Interior’s Standards and Guidelines for Archeology and Historic Preservation.


While NAGPRA and tribal consultation shall be considered when working with prehistoric/ethnohistoric cultural materials, historic-period cultural resources generally fall outside the purview of these legal requirements. Nonetheless, the Archaeological Resource Protection Act, and other NPS regulations and guidelines (e.g., NPS Director’s Order #28 [NPS 1998b]) do apply to cultural resources associated with the historic era and should be considered when planning to collect artifacts from the surface prior to conducting a prescribed burn. Accordingly, if a surface collection plan is implemented all associated archaeological work, including the documentary reports, must meet the Secretary of the Interior’s Standards and Guidelines for Archeology and Historic Preservation.

Mitigation Measures for Manual and Mechanical Thinning


Manual and mechanical clearing of vegetation poses a significant risk to the physical integrity of cultural resources. Adverse effects to resources could result from disking, bulldozing, and driving across sensitive areas, as well as the indiscriminant thinning of vegetation associated with historic-period resources such as ranching and homesteading landscapes. Removal of shrubs, bushes, and grasses can greatly disturb soil matrices when root systems are pulled from the ground, and covering resources by piling slash or wood chips can result in overloading the resource with organic compounds and heavy fuel loads, which could create a substantial adverse effect if left in place, or burned. 

· Vegetation surrounding resources with clearly defined boundaries (e.g., fences or other protective elements located at or slightly beyond the perimeter of the resource) can be reduced with mechanical devices if machinery remains outside the resource boundary and posses no other adverse effect.

· Mechanical clearing (e.g., disking, chaining, etc.) should, in general, not be allowed within the boundaries of a cultural resource. No vegetation should be treated (e.g., chemically sprayed, burned, etc.) or placed on cultural resources.

· Inspect the project site periodically during implementation of undertakings to assure that known cultural resources are not being adversely affected.

Treating Cultural Landscapes


Historic and historic-period resources such as ranches and homesteads (often defined as rural historic landscapes) are frequently delineated in the PRNS by Monterey pine or Eucalyptus trees situated along property lines, or used as windbreaks, and can present particular problems to resource managers. Monterey pine and Eucalyptus tend to be highly flammable and can cause serious damage to other nearby resources if ignited and allowed to develop into a crown fire. One technique used to minimize this potential scenario is to “limb-up,” or remove lower-level branches, eliminating “ladder fuels” from between ground and surface fuels and fuels stored in the tree canopy. This strategy, however, could constitute an adverse change if the treated trees are determined to be significant or contribute to the significance of historic resources and the treatment results in altering the qualifying attributes of the resource. A balance must be struck between protecting vegetational resources from the potential adverse effects resulting from a fire event, and from the potential change in the significance of the resource that may result from trimming vegetational resources. The advice of a cultural resource specialist should be sought to resolve this issue in relation to specific impacts.

· 
Treatment of cultural landscapes, and features included therein, should follow the procedures discussed in NPS Director’s Order #28, specifically Chapter 7: Cultural Landscapes (NPS 1998b:87-112).

Hand Clearing Resources


Hand clearing can damage artifacts and their spatial distributions within resource areas. Artifact collecting by work crews and other project personnel may occur in these situations if precautions are not taken.

· Hand clearing should be conducted in such a way as to minimize adverse effects, or should be avoided as necessary, within cultural resource areas. Vegetation within culturally sensitive areas should not be treated (e.g., chemically sprayed, burned, etc.) or placed on archaeological or historical resources. 

· Work crews should be told that collecting archaeological artifacts is illegal. It may be necessary to supervise work crews to ensure that no unauthorized collection of artifacts or other disturbances to the cultural resource take place. 

Application of Herbicides


Little research has been conducted on the impacts of chemical control on historical resources. Application of herbicides could have an effect on ornamental plantings and orchards associated with historic-era homestead and ranching resources.

· Herbicides should be applied carefully to avoid losses to non-native vegetation associated with homestead and ranching resources. 

Undiscovered Resources


Manual and mechanical clearing can remove vegetation cover and soils that previously obscured cultural resources from discovery. In the event of such a discovery:

· Work in the immediate vicinity of the newly identified resource should be temporarily suspended while the NPS archeologist is consulted regarding further work in the area and the adoption of appropriate treatment measures. 

· Newly discovered resources should be recorded on the appropriate DPR 523 form(s), identifying standard resource information, and especially noting any observed adverse effects. DPR 523 form(s) should then be filed with the appropriate Information Center of the CHRIS, and resource information, including a condition assessment, should be entered into the NPS ASMIS database.

Mitigation Measures for Indirect Effects


Treating vegetation within the boundaries of a cultural resource often requires balancing competing agendas: leaving plant cover to help protect the resource form potential looting activity versus reducing plant cover to protect the resource from the adverse effects associated with wildland and prescribed fire. Balancing these agendas will require that the needs of the resource are analyzed on a case-by-case basis. In some instances the potential for looting may be such that it outweighs the potential for adverse effects resulting from fire or fuel-reduction programs. At other times a balance may be struck that achieves both goals. This balance may require communication between a cultural resource manager, a fire manager, and a biologist/botanist to develop a treatment plan that satisfies the various agendas. Additionally, treatment of vegetation that surround cultural resources can adversely change the hydrological conditions of soils and drainage systems, and could lead to the burial, or the destabilization, of cultural resources. 

Runoff and Erosion


The following suggestions are designed to help prevent resources from being damaged by natural processes such as erosion or burial by colluvial and alluvial processes, damaged by ailing trees, or intentionally or unwittingly looted.

· Prescribed fire intensity should be moderated along steeply sloped areas adjacent to valley edges and riparian environments, or similar locations so as to retain soil integrity and root structures to minimize erosional forces. This procedure will maintain soil integrity by allowing some of the plant community to survive, while at the same time reducing some of the fuel load, minimizing the potential of soil eroding from resources located on drainage edges, or minimizing deposition onto resources located in drainage bottoms.

· Inspect the project site periodically during implementation of undertakings to assure that known cultural resources are not being negatively affected. 

Ailing Trees

Ailing trees, which can fall or drop heavy limbs on to ground surface, can damage cultural resources, and artifacts and stratigraphic information can be displaced and lost when trees are uprooted. Sick, dying, and dead trees can burn with greater intensity than healthy trees, increasing the potential adverse effects on cultural resources. Trees that appear to be jeopardizing cultural resources should be assessed for possible treatment options.

Looting


If there is concern about the potential for looting or the long-term stability of a resource resulting from proposed fuel-reduction program then consultation between managers of cultural resources, natural resources, and fire programs should be conducted to devise a solution that avoids or minimizes potential adverse effects on the cultural resource while achieving the project goals. This may include selective manual thinning of vegetation within the boundaries of the resource, such as pruning or removing the larger bushes from archaeological deposits, but leaving grasses in place to keep the resource sufficiently hidden from view. 

· Keep cultural resource locations confidential and do not disclose them in any public document. Any perceived conflict between confidentiality policy and public-disclosure requirements should be reviewed by an NPS cultural resource specialist. Those individuals trusted with resource location information must be advised of the importance of keeping this information confidential.

· Inspect the location periodically during project implementation to assure that known cultural resources are not being negatively affected 

· If a resource appears to have been looted in the past, or if looting appears to be ongoing, contact an NPS archeologist, describing the location and condition of the resource. 

The Wildland-Urban Interface


The catastrophic fire season of 2000, highlighted by the Los Alamos, New Mexico prescribed fire that escaped control, stimulated the federal government to confront the dangers associated with high fuel loads in wildlands that are being encroached by residential development. These fringe areas are known as the Wildland-Urban Interface (WUI). The Wildland-Urban Interface is defined as the physical area where people build homes along the outer periphery of urban centers, often abutting Federal, State, or County open-space or other public lands. Within these areas

a set of conditions that exist, or could exist, in nearly every community in the country. These conditions include weather, humidity, type of vegetation, building construction, road construction, lot size, topography, and other factors that simply make some communities more vulnerable to wildfire than others [Smally 2001:9].


In response to this growing problem, Congress authorized the Wildland-Urban Interface initiative, in conjunction with the National Fire Plan, to reduce hazardous fuels on federal lands and assist communities with wildland fire protection (NPS 2002:2). 


The Point Reyes National Seashore, through grants from NPS, funds fuel-reduction and clearance programs within WUI locations adjacent to the National Seashore, which includes the towns of Inverness, Inverness Park, Point Reyes Station, Olema, and Bolinas. Table 10 illustrates the types of projects funded by the NPS grants during the 2002 funding period.


Numerous cultural resources are located within the above WUI, and encompass Federal, State, County, and private lands. These resources are located both within the “wildland” aspect of the WUI and within the urban centers. Small villages such as Inverness, Olema, and Bolinas not only contain historic-period buildings (see Appendix A), they also abut and permeate into the wildland areas that surround them, which often contain additional cultural resources (see Table 11). 

Table 10. Partial List of WUI Projects in Marin County. Sponsored in Part by the National Park Service and FIRESafe Marin (adapted from NPS 2002:2).

	WUI Project Area
	Project Type
	Funding Allocation

	Inverness
	Keith Way Fuel Break 
Seahaven Fire Management Plan and Implementation
Vision Road Fuel Buffer
Inverness Defensible Space Program
Inverness Public Utility District Chipper
Shell Beach Wildfire Protection
	$15,000
$172,000
$46,000
$12,000
$20,000
$47,700

	Inverness Park
	Paradise Ranch Estates Fire Management Plan and Implementation
Emergency Access and Fuel Reduction
	$167,500

$90,000

	Point Reyes Station
	Chipping Program
	$20,000

	Olema
	Water Pump System Upgrade
	$61,000

	Bolinas
	Resource Recovery Project
Wish Creek Watershed Fuel Reduction
Bolinas Mesa Defensible Space Survey
Homestead Valley Hazardous Fuel Reduction
	$52,500
$46,000
$20,000
$60,000


Table 11. Location of Wildland-Urban Interface Project Areas and Cultural Resources.

	WUI Location
	Prehistoric/Ethnohistoric Resource
	Historic/Historic-period Resource

	Tomales Bay State Park to Inverness Park
	CA-MRN-205, -206, -207, -208, -209, ‑217, ‑219, -220, -221, -241, -248, -253, ‑283, -284, ‑343, -361-, 362, -378, -563, ‑564
	None Recorded. See also Appendix A

	Olema Valley
	CA-MRN-386, -659, -660
	McFadden Ranch, DeSouza Ranch site, Olema Cemetery, Olema Lime Kilns, Johnson Farm site, Schultz House and Barn, Stewart Ranch, Garrison House site, Five Brooks School site, McLean Cabin, Old Sawmill site, Original Five Brook School site, Randall Grave Yard site (CA-MRN-633/H), Randall Ranch, Sieroty Cabin, Biesler Ranch site, Hagmaier Ranch, Seaver Ranch site, Teixeira Ranch, United Copper Mine, Wilkins Ranch. See also Appendix A

	Bolinas
	CA-MRN-334, -335, -372, -373, -380, ‑381, ‑382, -383, -401, -576
	Ingermann Ranch, See also Appendix A



Twenty prehistoric/ethnohistoric resources have been recorded along the western margin of Tomales Bay from Tomales Bay State Park south to Inverness Park. These archaeological deposits are typically situated along the margin between the fault zone and the Inverness Ridge zone (Figure 2) described above. The underlying geology of the area (Figure 3) is the granitic bedrock associated with the Inverness Ridge, which is dominated by a mixed evergreen forest (Figure 5). The archaeological resources are often located at or near the mouths of drainages, which provide ideal conditions for vegetation overgrowth. 


Cultural resources within the Olema Valley tend to be dominated by ranches, farms, and homesteads. The Olema Valley has been dramatically modified during the last century, altering the riparian-type environment that once dominated the valley and transforming it to one more suitable for grazing purposes. This process is reflected in the numerous historic-period dairy farms located in the valley (see Livingston 1995). This fault zone environment (Figure 2), underlain by the Merced and Franciscan formations (Figure 3), is presently characterized by brush fields and grasslands, with riparian corridors along the many streams (Figure 5). 


Bolinas Lagoon, like Tomales Bay, was utilized by the Coast Miwok who generated numerous shell midden deposits, which represent their past use of the area. These archaeological deposits are generally located along the lagoon shore, though there are a few that are approximately 1‑mile (1.6‑km) from the lagoon. The Bolinas area is characterized by the fault zone environment  (Figure 2), is underlain by the Merced and Franciscan geologic formations (Figure 3), and generally covered by brush field and grassland species (Figure 5).


Fuel-reduction programs taking place on historic properties must be designed to comply with the Secretary of the Interior’s Standards and Guidelines for Archeology and Historic Preservation. If any WUI funded projects are declared undertakings under Section 106 of the NHPA, the above listed recommendations may be utilized to avoid or minimize adverse effects to cultural resources.
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