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CHAPTER 5 

DEVELOPING AN APPROACH FOR USING THE SOIL PHYTOLITH RECORD TO 

INFER VEGETATION AND DISTURBANCE REGIME CHANGES  

OVER THE PAST 200 YEARS1 

 
Abstract 

Historical ecology is a field of research that seeks to explain how ecosystem 

change is manifest upon the landscape over time.  This interdisciplinary synthesis of 

information draws from the human and the biological archive.  Historical ecology helps 

characterize reference conditions and the historic range of variability in ecosystem 

structure that is useful in understanding ecosystem dynamics and function, provides input 

to resource managers, and guides restoration efforts.  The methods in historical ecology 

cover a wide range of temporal and spatial scales.  However, the evidence for time scales 

of less than 200 years is largely limited to the human archive and dendrochronology.  

Additional approaches for this more recent time period could provide important 

information for understanding the vegetation changes in the past 200 years especially 

where dendrochronology is not applicable.  This research seeks to expand the biological 

evidence for inferring vegetation and disturbance regime changes in the Western United 

States since settlement in the 1800s by developing an approach that combines the human 

archive and soil phytolith analysis.  We examined the human archive for vegetation and 

disturbance regimes change in the City of Rocks National Reserve, Idaho, US.  In 

addition, we examined the phytoliths of native and introduced species in the area and 

looked at how well the soil phytolith record reflects recent wildfires.  Our results indicate 
 

1 Coauthored by Lesley R. Morris, Neil E. West, Fred A. Baker, Helga Van Miegroet, and Ronald J. Ryel. 











Table 7-2  Results of radiocarbon dating.  Dates are from bulk sediments soil cores segments at all sites. Calibration of calendar ages 
from Stuiver, M., Reimer, P. J., and Reimer, R. W. 2005. CALIB 5.0. (http://calib.qub.ac.uk/calib/). * Data from pilot study cores.  

 
Site Depth 



Table 7-3  Detailed core analysis results from Site 1A. Relative abundance of phytolith morphotypes expressed as a percent of the 
grass total for grass morphotypes. Relative abundance of the blocky morphotype (Artemisia) expressed as a percent of the sum.  
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Modern 0-1cm 6 1 4 5 18 23 2 16 3 2 4 10 10 3 23 6 215 228
 4-5cm 8 0 3 3 27 25 1 14 1 4 1 10 8 1 20 6 205 219
 8-9cm 10 3 4 3 20 28 0 12 2 3 1 6 12 6 24 6 212 226
Pre-Modern 9-10cm 11 2 2 3 27 31 0 10 0 3 1 15 5 2 22 6 213 227
 10-11cm 11 3 1 4 26 29 0 8 1 4 1 9 10 4 22 5 216 227
 11-12cm 11 3 4 7 22 26 0 13 1 2 1 9 7 4 20 7 216 233
 12-13cm 15 4 4 5 26 26 0 8 2 2 1 12 2 6 21 2 204 209
 13-14cm 12 1 3 12 25 18 0 7 0 1 0 5 17 9 31 6 204 217
370 ± 25 14-15cm 11 3 7 13 18 19 0 10 1 3 0 6 10 9 25 4 211 220
 15-16cm 10 2 3 13 14 23 0 9 0 2 0 11 11 9 31 1 203 206
 16-17cm 16 2 2 7 18 24 1 10 1 4 1 9 14 7 30 2 221 226
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Table 7-4  Detailed core analysis results from Site 3.  Relative abundance of phytolith morphotypes expressed as a percent of the grass 
total for grass morphotypes.  Relative abundance of the blocky morphotype (Artemisia) expressed as a percent of the sum.  See Table 
7-2 and text for details on segment ages.  Extraction weights are expressed as percents of total sample weight (2 g).  
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Modern 0-1cm 8 2 2 6 33 26 0 11 2 2 3 3 7 3 13 4 214 222
Pre-Modern 9-10cm 16 2 2 6 22 29 0 10 2 2 0 8 9 8 26 8 202 220
 10-11cm 16 8 1 8 20 24 1 10 0 3 1 3 10 11 24 5 225 238
 11-12cm 25 9 3 8 18 23 0 10 1 4 1 5 9 10 23 3 222 228
 12-13cm 17 5 2 7 18 24 0 7 2 2 0 6 16 8 30 4 228 237
 13-14cm 17 4 1 8 25 24 0 5 2 1 1 8 12 8 28 5 212 222
695 ± 30 14-15cm 8 5 3 8 16 24 0 12 0 3 0 7 10 9 27 4 229 238
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Figure 7-1  Percent extraction weights for unburned sites.  Primary core and replicate 
core for sites that had not burned in at least 100 years (Morris, 2006b).  The first core for 
Site 2 was destroyed during mishandling in the laboratory.  Radiocarbon dates in years 
before present are presented parenthetically when available.   
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Figure 7-2  Percent extraction weights for burned sites. Primary and replicate cores are 
from sites that burned in 1999 and 2000 (Morris, 2006b).  Radiocarbon dates in 
radiocarbon years before present are presented parenthetically where available.    
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Figure 7-3  Percent rondels at four sites that were dominated by the introduced grass, 
Bromus tectorum.  The information is expressed as all rondels counted, divided by the 
sum of all grass morphotypes multiplied by 100 to give percent rondels.  Dates in 
radiocarbon years before present are presented parenthetically when available. 
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Figure 7-4  Percent extraction weights for detailed analysis cores.  Site 1A is in a pinyon-
juniper woodland and Site 3 is in a former pinyon juniper woodland that burned in 1999 
and is now dominated by introduced grasses and forbs.  Segment ages are provided 
parenthetically where available.    
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Figure 7-5  Phytolith percent diagram for detailed core at Site 1A.   
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Figure 7-6  Phytolith percent diagram for detailed core at Site 3.   

 

294



 295

Plate 7-1  Morphotypes used in phytolith assemblage analysis; (a) stipa type (b) plate 

wavy short (c) plate wavy deep lobes (d) plate wavy long (e) long cell smooth (f) long 

deeply indented (g) long cell indented (h) square-based hair (i) round-based hair (j) 

oblong knobby hair (k) pyramidal rondel (l) keeled rondel (m) horned rondel (n) blocky  
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CHAPTER 8 

 
CONCLUSIONS AND FUTURE RESEARCH 

 
 
Conclusions 

There were two interconnected objectives for this dissertation research.  The first 

was to reconstruct an ecological history of the City of Rocks National Reserve from the 

period of overland emigration to present, approximately the last 200 years.  The second 

objective was to explore the utility of soil phytolith analysis for inferring vegetation and 

disturbance regime change over the past 200 years by testing its sensitivity to record 

known changes.  These objectives were addressed by examining the human archive for 

evidence of ecological change, particularly in vegetation.  Then, using these known 

changes, I developed hypotheses and tested if the soil phytolith stratigraphy recorded 

them.  The results demonstrated that the multiple land use changes, coupled with changes 

in climate and fire have resulted in vegetation that is different in many ways from what it 

was approximately 200 years ago.  Soil phytolith analysis appears to hold promise as a 

biological proxy for understanding historic and prehistoric environmental conditions and 

fire histories.  By testing for and finding a pattern suggesting the similarity to the changes 

from the human archive, biological data was added to support the claims summarized by 

historical documents.  

In addition to the findings from each of the four general questions that we 

addressed to meet the objectives, there is another important conclusion that can by drawn 

from the culmination of this work.   Much of the historic land use impacts are still visible 

on the landscape.  Based on this, we can assume that the influence of those historic land 
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uses have had lasting impacts that deserve deeper consideration.  These land uses are 

the stage upon which the dynamics of competition, facilitation, plant soil interactions or 

other mechanisms are acting.  Therefore, in addition to demonstrating how important it is 

to consider the multiple causes of change, the ecological history at the City of Rocks 

National Reserve demonstrated very clearly that land use history should be included in all 

projects seeking to understand ecological dynamics, conservation, preservation, or 

restoration.  The history of an area influences every part of the ecosystem and cannot be 

separated from it if we seek knowledge of its function for management or theory.  History 

is important for management actions directed at the landscape as well as the people who 

visit it.  In fact, interpretative programs for the public regarding the dynamics of 

ecosystems and the legacies of all types of land uses are the most immediate application 

of this study and others like it.    

Of course, there are limitations to the soil phytolith analysis methods explored in 

this dissertation, such as location and sampling.  Interpretation of the soil phytolith record 

in these chapters was linked to known changes in vegetation and modern analogue 

studies.  Until more work has been done to refine the interpretation of the soil 

assemblages, this method is limited to areas with a rich human archive.  Even with 

carbon dating, the human archive was essential in locating areas with a relatively stable 

soil profile.  It is also limited to the sagebrush steppe and pinyon-juniper woodlands.  

Continuous sampling has not been tested in other ecosystem types and there is reason to 

believe that it may not be portable.  For example, grassland soils have faster soil turnover 

and development and more soil fauna than these more arid systems.  In addition, the fires 

that sweep across grasslands happen more frequently and have a higher transportation 
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potential.  Therefore, buried A horizon comparison may be a better method in 

grasslands rather than the continuous sampling developed here.   

Continuous sampling and multiple core soil phytolith analysis is also limited by 

sampling issues.  Soil cores with stable one centimeter segments are difficult to obtain in 

the field.  Once the cores are collected, the segments have to be radiocarbon dated.  

Dating each segment in a core is cost prohibitive, so only a selected number of segments 

can be used.  If the soil cores were not deep enough or the soils too mixed to represent the 

timeframe of interest, that sampling site can be lost from the study.  Sample size is also 

limited by the processing and counting time in the laboratory.  It typically took a whole 

day to extract the phytoliths from two samples and 1-2 days to dry.  Counting the 

phytoliths and/or charcoal required an average of 2 hours per slide.  Similarities in 

extraction weight were the quickest way to determine if the cores from the same site were 

usable in this study.  However, counting phytoliths and comparing assemblages for 

patterns is the best (and most time consuming) way to decide if the soil stratigraphy has 

been stable over the period of interest.  Past and present soil disturbance is by far the 

greatest limitation to interpretation.           

 
Future research 

Even with the limitations discussed above, I believe the methods developed here 

hold great promise.  There is, of course much more work that can and should be done in 

this regard.  I have briefly outlined some ideas here in three areas that I think should be 

explored next: modern analogue studies, multi-proxy data combinations, and fire history 

chronosequences.   
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Both the multiple core and detailed core analysis presented in this dissertation 

suggest that the soils in these two ecosystem types can be stable and well stratified 

enough to explore more questions about vegetation change over the past 200 years as 

well as into the Little Ice Age.  Our interpretations were aided by the modern analogue 

studies completed by researchers in other regions of the American West.  However, there 

are differences between the Columbia Basin and the Great Basin ecosystems soils, plant 

communities and climate.  Therefore, modern analogue studies comparing current 

vegetation to soil phytolith assemblages directly under them would be very useful for 

better interpretation of the historic assemblages that are recovered in the Great Basin.  In 

addition, these modern analogues could be investigated with various climate variables 

using ordination analysis.    

Another area of future research that would add strength to the ability to interpret 

soil phytolith assemblages would be through multi-proxy combinations.  Phytoliths have 

been successfully paired with pollen studies and microscopic charcoal in lacustrine 

sediments.  There are fairly protected sampling locations around caves and rock outcrops 

where all three proxies (phytoliths, pollen and microscopic charcoal) could be combined 

to provide a more complete picture of vegetation change and the impacts of fire and 

humans.  Soil phytolith analysis could also be coupled with packrat midden analysis.  

Packrat middens are known to provide good historical and palaeecological data about the 

presence and absence of tree species (like pinyon and juniper) that phytoliths will are not 

be able to offer.    

Finally, the potential is there for more development and understanding of burned 

phytoliths and microscopic charcoal in terrestrial sediments.  Our modern analogue study 
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showed recognizable differences between burned and unburned sites.  It would be 

useful to carry through with these modern analogue and taphonomy studies at a number 

of locations where there were known fires to see if the signal of the historic fire is visible 

in the soil profile.  With varying dates since the last fire, it would also be useful to 

examine how long that signal is recognizable in the soil profile.  More work should be 

done to explore fire and taphonomy of phytoliths with fire at sites with low slopes and 

relatively stable soils.  

 
Significance of this research 

The work presented in this dissertation demonstrates how important and revealing 

the human archive is for understanding ecosystem change and function.  In addition, my 

work is the first time that soil phytolith analysis has been tested and employed as a 

method for inferring vegetation and disturbance regime changes in these ecosystem types, 

in continuous sampling of soil sediments and over this time scale.  The applications of the 

human and biological archive methods developed in this research will be beneficial for 

understanding sagebrush steppe and pinyon-juniper woodlands, two widespread and 

highly threatened systems in the Intermountain West.  They can be adapted to examine a 

variety of questions in other systems in future research.  Therefore, this research 

contributes significantly to the advancement of the methods in historical ecology and the 

field of ecology as a whole. 
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