Development of a
Methodology for Building
Fire History In Great
Basin Shrub-grass

Landscapes
Dr. Pat Barker, BLM

Dr. Stephanie Livingston, Independent
Dr. Scott Mensing, UNR
Ms. Sandy Gregory, BLM



Presenter�
Presentation Notes�
     Characteristics of the modern landscape at the time of contact are often used as a model for the “natural vegetation”, providing idealized templates  for restoration and  conservation programs. Post-contact vegetation changes due to fire suppression, livestock grazing, and agricultural landuse are widely recognized, and too often are assumed to be the first human impacts on the landscape.  But throughout North America, both climate changes and anthropogenic landuse have affected the distribution and abundances of plants and animals before as well as after the arrival of Euroamericans.  Native American activities, including the deliberate burning of vegetation, may have changed the characteristics of many North American landscapes for millennia prior to the arrival of Euroamericans.  

     Although there are a number of widely used methods for reconstructing climate changes, fire frequencies and prehistoric anthropogenic impacts have received much less attention.  Native Americans in the Great Basin are often thought to have had little or no impact on the landscape because they lived in small mobile groups that relied heavily on seasonally abundant resources.  Importantly, however, there are ethnographic accounts of the use of fire by some of the Great Basin peoples deliberately setting the landscape on fire to aid in capturing rabbits and deer. In forest and woodlands, fire-scarred trees are the common source of data for reconstructing fire histories, but prehistoric fire histories for the treeless sagebrush-grasslands where rabbitdrives were held and where firestorms currently rage across the state, are less accessible.  Historic and ethnographic documents provide records of Native American landuse practices in the historic and protohistoric period, but the record of Native American landuse patterns earlier in the prehistoric period must be reconstructed from physical evidence preserved in geological and archaeological deposits. 

     The goal of this project is to develop a methodology for collecting evidence from a number of diverse data sources and integrating them into a more comprehensive view of fire history in the treeless valley environments that comprise much of the shrub-grass landscapes of the Great Basin.�
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     This project was designed to determine if past fires could be recognized in the manner that other aspects of past environments are and to demonstrate the integration of a set of techniques developed for the reconstruction of prehistoric environments for the recognition of the frequency and intensity of past fire regimes.  

     The methodology for reconstructing long-term fire history in treeless environments developed in this project entails the concurrent use of data from multiple sources: charcoal, pollen, and phytoliths from wetland sediment cores, and charcoal, phytoliths, plant cuticles, faunal remains and artifacts from archaeological sites.

     Sediment cores from a spring-fed wetland in Newark Valley provided charcoal and pollen profiles documenting the occurrence and relative magnitude of past fires, deposits from the archaeological site in Newark Cave provided artifacts documenting the human use of the valley during prehistoric times and additional sediments containing evidence of past environments, and historic records (ethnographies and newspapers) provide evidence of the known fires and changing use of the resources in the valley. 

      These data were integrated to arrive at a reconstruction of fire regimes in the sagebrush dominated landscape of Newark Valley for approximately the last 5000 years.

�
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Presentation Notes�
The pilot study was conducted in Newark Valley, Nevada (elev. 5840 ft, 1785 m) where the native vegetation is dominated by sagebrush.  The sediment core is from a marsh deposit in the outflow of a perennial spring, the archaeological deposits are from Newark Cave.

     Newark Valley was chosen as the locus for the pilot study because there is an extensive spring complex in the valley at the foot of the Diamond Mountains which promised marsh sediments amenable to extracting a sediment core from which a stratified charcoal and pollen record could be obtained.   Second,  the Newark Valley is bounded on the west by the Diamond Range, which rises to over 10,000 feet of elevation and supports stands of trees that can be cored for tree-rings.  On the east, the Maverick Spring Range also supports trees, and the Cherry Creek Range supports stands of limber pine that are over 400 years old.  Third, there is a well documented archaeological record for the Newark Valley, including the excavated Newark Cave site from which there are faunal remains indicating that bison and marmots were present in the valley at various times during the last 5000 years (Newark Valley is currently outside the documented range of these species, and none have been documented during the historic period) and there are cultural similarities with groups to the east and south where fire was used to manage landscapes for encouraging grasslands that support some of the animal species found in the faunal assemblage.  

     Aside from offering a variety of different sources for prehistoric data, Newark Valley was chosen as a pilot site because at least two large fires have burned in the sagebrush in close proximity to the spring/meadow complex within the last twenty years.  In 1986 more than 3500 acres burned and in 1999 more than 1000 acres burned.  We predicted that charcoal from these fires would be evident in the near surface sediments collected in sediment cores from wetland sediments around the springs.  If charcoal abundance in these layers is greater than in earlier layers that had no fires, we can be confident that fires of this magnitude burning near the coring site will be recorded in the sedimentary record and we can reconstruct a fire history going back through time.  If the upper layers of sediment contain no charcoal, then we would have had to conclude that coring for charcoal would not be an appropriate method for obtaining fire history data in sagebrush-grass environments. 

�
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Fire return intervals in sagebrush have been suggested to have been as short as 15 to 25 years and as long as 100 years based on fire scar studies of trees at the edge of sagebrush habitat.  These estimates appear to describe modern fire regimes of woodlands that may not be characteristic of prehistoric fires in sagebrush or bunchgrass dominated vegetation types.  If people were burning to drive animals, to prepare fields for planting, or simply to get rid of unwanted plants, the fires did not impact large portions of the local landscape.

     Charcoal abundance in the Newark Valley core is greatest between 12 and 23 cm depth in the core, confirming the ability of sediments in small spring-fed pools in low elevation valleys to capture charcoal.   The large peak in the upper sediments reflects the 1986 fire (more than 3500 acres) and the 1999 fire (more than 1000 acres), smeared through the upper sediments by livestock trampling. 

     Although they cannot be separated due to bioturbation of the upper sediments, evidence of the two recent fires (1986 and 1999) is clear in the very high concentration of charcoal in the upper levels of the marsh sediment core.  Earlier fires at approximately 600, 900, and 2400 years ago are also clearly represented by much smaller peaks of charcoal occurrence.  These smaller peaks indicate that 

   1.  recent fires have been either larger or more frequent than anything seen in the pre-historic period.  

  2. Prehistoric fires correlate more clearly with climatic changes than with regularly occurring fuel buildups; increased fire frequency/intensity corresponds with the beginnings of drought periods at the end of wet climatic intervals rather than burning due to fuels accumulation on a periodic basis. 

     Contrary to the widely held perception that fire return intervals in sagebrush landscapes are less than 100 years, the data from Newark Valley suggest that fire was largely absent from that sagebrush environment for long periods, and that if fires occurred on a regular basis before the historic period, they would have been small. �
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At the time this pollen profile was constructed only 7 samples had been counted from the upper 70 cm of a core that is over 3 meters in length.  Those upper 70 cm span the last approximately 4700 years.  The location of the 7 samples and the relative abundance of pollen in each sample is shown in the right side of the diagram.  The high concentration of pollen in the upper two samples, representing the historic fires, indicates that the site has been wetter and more productive in recent times.  



High percentages of sagebrush and pine pollen at 70 cm depth (~ 4700 cal yr B.P.) indicate that the area must have been relatively wet at this time as well.  These are the highest percentages of these types in the record.  By about 3400 cal yr B.P. saltbush pollen dominates, suggesting that a significant drying trend must have taken place.  Central Nevada was known to have endured an extended drought between 2000 and 2500 cal yr B.P.  Grass pollen is very high in the sample at 50 cm depth, which is also a time of high charcoal values.  It could be that increased grass at this time provided the ground fuel between plants that allowed landscape scale fires to spread.  Sagebrush appears to have rebounded again after this time, with juniper also becoming more important.  Juniper and sagebrush have increased as well in the uppermost samples.�
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Archaeological data provide evidence of the impact of prehistoric vegetations on human populations in the valley, particularly in respect to the large animals (bison and pronghorn) that provided important food resources. 

     Most of the prehistoric sites in Newark Valley consist of surface scatters of lithic debitage (waste flakes) with occasional flake tools, including Elko, Rosgate, and Desert series projectile points from which it can be inferred that the sites were created during the last 5000 years.  Newark Cave is a small (9m wide x 9 m from dripline to back wall) cave at 1880 m (6150 ft) elevation in the west face of Buck Mountain on the east side of Newark Valley.  It had approximately 1.5 m of deposits that spanned the last 6000 or more years when it was first excavated by Fowler (1968).  Use of the cave by people is thought to have begun around 5500 BP, and continued intermittently until circa AD110, or later.  There is a large spring on the valley floor below Newark Cave that has been developed for agricultural use.  It appears to be permanent and  most likely provided the closest reliable water source for prehistoric people who used Newark Cave.  Newark Cave provides that people have lived in the valley for approximately the last 6000 years, and a record of some of the resources they used while living there (which in turn provides evidence of past distribution of animals).  Importantly, the artifacts and faunal remains from the site show many similarities to those of people who lived to the east of Newark Valley (Fremont) who were more sedentary, and practiced more intensive manipulation of land and resources than those of the people to the west. 
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A review of the published records for bison found in archaeological and paleontological sites shows that bison roamed the Great Basin since the late Pleistocene until the protohistoric period.   However, their range and frequency of occurrence has varied during the last 12,000 years.  At the end of the Pleistocene they were common in the Bonneville, Lahontan and Las Vegas basins.  It appears that they retreated to their historic range in the eastern and northern Great Basin during early Holocene conditions but it should be noted that archaeological and paleontological sites of this period are rare in the central and western Great Basin which means that records for all animals are rare during this period.  The earliest record for bison in Newark Cave (pink circle) is from deposits that have been estimated to be 5470 ± 400 BP by radiocarbon analysis indicating that either they survived the early Holocene in the central Great Basin or they were expanding their range back into the central Great Basin from the north or the east by that time.  Sometime between 3250 and 1350 BP a bison mandible and 3 distal leg bones were deposited in Gatecliff Shelter at 7607' (2319 m) in the Toquima Range overlooking the Monitor Valley.  These specimens suggest there was a continuing population of bison in the central Great Basin through the middle Holocene. The record reported by Hall (1961) from the Simpson Park Mountains is from an area just north of the Monitor Valley.  It does not show on this maps in Figure 5 because there is no date for the specimen. 

   This figure shows the distribution of archaeological & paleontological sites with bison remains for the period from 1500 to contact. The line through the northern part of Nevada represents the southern limit of bison range at A.D. 1500 estimated by Seton (1927) and cited by Steward (1938). This time period follows the peak of what Wigand (1997) considered the climax of late-Holocene warm, wet conditions in the northern Great Basin, after which there was a decrease in annual rainfall, and the rain came later in the year.  He has argued, on the basis of pollen and charcoal records from southern Oregon,  that the peak of precipitation during this period occurred at approximately 1800 BP accompanied by an increase in the growing season, and was marked by more grass in the sagebrush-grass landscapes of the northern and eastern Great Basin and a contraction of juniper woodlands.  Decline in pine and grass accompanying increase in sagebrush pollen after about 1800 BP is also seen in the pollen profile from Newark Valley.  

Pink circle is Newark Cave, blue square is White Sage Wash (specimen in next slide).�


White Sage Wash Bison
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Approximately 650 BP the bison appear to abandon the Great Basin south of the Humboldt River.  The locality marked WS on the distribution map is a skull from White Sage Wash, a fragment of which was submitted for radiocarbon analysis as part of this study.  It provided one of the most recent dates available for bison in the central Great Basin, 610± 50 BP (Beta 185140).  Although this specimen shows no evidence of human modification and was recovered from deposits that contained no artifacts, it dates from the same time during which Fremont culture was disappearing from throughout the area. 

     There are locations to the south of Newark Cave and White Sage Wash from which bison have been recovered  but which are west of the modern limits of bison distribution. Cathedral Gorge, like White Sage Wash, shows no evidence of human involvement.  The Cathedral Gorge locality represents several depositional events radiocarbon dated to between 450 and 806 BP during which a number of bison died of apparently natural causes, most likely associated with some environmental stress that now excludes Cathedral Gorge from their range. 

     We suggest that the changing distribution of bison through time may provide a proxy of the distribution of adequate range to support them.  In particular, the diminishing range of bison may reflect a decrease in grasses in the sagebrush-grasslands of the central Great Basin.  Whether this is due to the decrease in annual rainfall and the change in seasonality of rainfall suggested by Wigand, or if it was due to the abandonment of the area by the Fremont people who may have encouraged the growth of grasses, either deliberately or as a side-effect of burning shrubs to drive animals as has been reported for adjacent areas.  Regardless of whether the shrubs were removed by burning or were out-competed by grasses, there appears to have been a decline in grasses and an increase in sagebrush as the bison disappeared from the central Great Basin landscape.  
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Another recently demonstrated method for recognizing burned vegetal material found in archaeological sediments is changes in the refractive indices of phytoliths, the silica bodies formed in plant tissues.  Because phytoliths are insoluble silica minerals they preserve well in most sediments, and because the specific gravity of many forms of phytoliths is now known they can be separated from their surrounding matrix by flotation in heavy liquids.  If recovered from dated sediments, phytoliths provide a great, untapped potential for study of past landscape conditions. 

     The most widely recognized use for phytoliths for archaeologists is recognition of the kinds of plants used by people in the past.  But  phytoliths have not been widely used for archaeological or paleovegetation studies because the tremendous variability in phytolith bodies from individual plant species makes identification of the plant taxon in which they formed difficult to impossible.  In fact, there are few widely accepted systematic classifications of identifiable phytolith structures for more than a few plant types.  Fortunately it is not necessary to identify individual phytoliths to species to determine whether or not they have been burned– there is a change in the refractive index of the silica with heat. 

     Sediments from the profile in Newark Cave, from the core analyzed for charcoal and pollen, and from the burned and unburned surface immediately above the valley floor were processed for phytolith extraction.  All provided a reasonable recovery of silica bodies.  And that it is clear that some are burned.  The phytoliths recovered from the cave sediments are  predominantly spherical morpho-types similar to published pine specimens. The Becke line visible under polarized light on  these phytoliths indicates they have been subjected to heat as would be expected from wood burned in a hearth.

     Although we have only begun to tap the potential for this line of investigation, the preliminary results are extremely promising.  Further work is being conducted on the sediments from the Newark Valley cores and profiles to determine whether the process is a useful as it appears at present.  If our results are as fruitful as those in the published literature for identifying cooked plants and as is suggested by our first attempts at extraction, identification, and polarized light examination, we will then proceed to examining the possibility of determining fire intensity in the refractive indices. 

�


Conclusions

m Both known and prehistoric fires are recorded In
wetland and archaeological sediments

m Prehistoric fires were smaller and less frequent
than historic fires

m Prehistoric fuel accumulation appears to have
been a function of climate, and possibly
anthropogenic activity, rather than fire
frequency

m Treeless landscapes respond differently to fire
suppression than woodlands and forests
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The data suggest that landscape level fire was largely absent from sagebrush environments of Newark Valley for long periods during the last 5000 years.  If fires occurred on a regular basis before the historic period, they would have been small compared to the documented fires of the last decades. Landscape level fires (on the scale that occurred in both 1988 and 1999) appear to have happened at most three times in the last 5000 years. 



The very long fire return intervals and much smaller fires represented in the Newark Valley data suggest that different fire management programs may be required to maintain different vegetation types.  Frequent burning of understory to prevent fuel buildup appears to enhance woodland health and prevent intense fire storms in treed landscapes.  But it may be more appropriate to practice a policy of fire suppression in shrub-grass landscapes, preventing short fire intervals and landscape scale burning.  If frequent burning is responsible for maintaining a grass-dominated landscape, the fires may have been very small and frequent, preventing sagebrush and juniper growth from attaining a level that would leave abundant charcoal.  Fire suppression may be necessary to encourage establishment and growth of native shrubs and bunchgrasses, allowing them to reach growth stages and density necessary to compete with fire-adapted invasive species.�


Directions for Future
Studies

mReplication in a nearby valley

mReplication in treeless valley with
different dominant shrub
vegetation

mFurther experimentation with
phytolith studies
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     The results of the pilot project in Newark Valley need to be replicated in similar setting and compared with similar studies in other treeless valley settings before they can be securely used as in fire management programs as evidence of precontact conditions.  A proposal has been submitted to the JSFP to conduct similar studies in four additional Great Basin valleys.

     Replication in a nearby valley is needed to determine if the characteristics observed are the result of anomalous local factors, or if we are seeing a pattern typical of sagebrush dominatedvalleys

     Replication in treeless valley with different dominant shrub vegetation to control for differences in burning, and differences in preservation of evidence of burning, as a result of different properties of dominant plant species 

     Further experimentation with phytolith studies to find a means of recognizing small scale fires of the magnitude of the controlled fires set by Native Americans in the course of driving rabbits or hunting deer�
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