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CHAPTER 1 - OVERVIEW AND INTRODUCTION 

The Pine Valley cultural resources model project is intended to use a combination of 
scientific modeling, existing archaeological and geological information, and management 
practice to create tools for managing cultural resources in oil wj $as developmait. The 
tools consist of information management, planning tools, and management 
recommendations. The impetus of this project is on-going oil and gas development within 
the study area, but both the tools and approaches are useful in planning, management, and 
compliance work on federal lands generally. 

The cultural resource management process for post-lease management of an oil and gas 
development on federal lands can often be a labyrinth (Figure 1.1). For a typical APD or 
seismic project on federal lands, the process might include: 

an intensive archaeological inventory accomplished by fieldwork 
a preliminary report to federal land managing agency 

0 further fieldwork and report revisions as required by the agency 
project design changes or fieldwork to mitigate effects 
further review by the agency 
consultation with the state and other agencies 
possible further fieldwork 
report revisions 
project design changes 
issuance of a permit 

It is hardly surprising that this process can be unpredictable, expensive, and slow, as the 
interagency task force on applications for permits to drill found in 1996. The Bureau of 
Land Management (BLM), Gnomon Inc., and the Nevada Division of Minerals (NDOM), 
undertook the project reported here to improve the efficiency of this process through 
appropriate technological and scientific research. The work reported here has been 
supported by Department of Energy Agreement DE-FC26-OlBCl5337. 

The overall goal of this project is to develop a mode of operation in which the entire 
process of use of public lands is informed of potential and actual cultural resource values. 
Through a combination of better information management and predictive modeling, the 
land use planning process can proceed more efficiently. Essentially, one develops the 
“best evidence” cultural resource information first, including a model of the likeIihood of 
encountering cultural resources. 

After resource modeling and management planning, one could estimatc the risk of 
cultural resources delaying or adding to the expense of a given land use, such as seismic 
exploration or oil and gas development. In oil and gas sews, this approach can be 
useful before even bidding the lease. An operator could choose to avoid expensive 
leasing in areas where cultural resource compliance would be costly or untimely - thus 
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Figure 1.1. Cultural resources investigation and management under Section 106 of the 
National Historic Preservation Act. 

1-2 



preserving the resource itself. Or, one could identi@ otherwise less attractive oil and gas 
targets that have few potential cultural resource conflicts. Mer a lease is issued, the 
cultural resource manager in the public land agency can turn to the model to assess 
whether significant cultural resources are likely to be present in any areas identified for 
exploration or development, and can also check for nearby known resource-free ground. 

If suitable ground is available in the same location, then the project could be redesigned. 
If cultural resources are likely to be dense and significant, the resource manager can alert 
the applicant in advance. Finally, if cultural resource likelihood is low then the resource 
manager may recommend less intense fieldwork. All of these actions streamline the 
regulatory process, enhancing fossil energy development on public lands and effective 
environmental protection. 

The rest of this report presents an approach that allows regulators and developers to make 
faster and better leasing and permit decisions. This approach should make public lands 
accessible to oil and gas operations more rapidly. As well, this process streamlines 
compliance with environmental regulations by making the regulatory process swifter, 
more open, and more predictable. 

The resource modeling approach outlined here illustrates: (1) the systematic compilation 
of a large amount of archival field data into an electronic archive; (2) the geomorphic, 
archaeological, and historical study of areas in the western U.S of interest to oil and gas 
developers; (3) the creation of a "risk" model for land development related to oil and gas 
exploration, drilling, or development within the model area; and (4) resource 
management planning to facilitate development. 

THE MANAGEMENT OF CULTURAL RESOURCES 
Cultural resources are managed under Section 106 of the National Historic Preservation 
Act of 1966 ("A). Section 106 is deceptively simple. It requires Federal agencies to 
af€ord the President's Advisory Council on Historic Premation (ACHP) the opportunity 
to comment on any undertakings that could affect significant cultural resources. 
However, over the last four decades, affordmg the ACHP the opportunity to comment has 
become exceedingly complex, costly, and time consuming. Briefly, the process has tbree 
phases (Figure 1.1): (1) an identification phase in which the agency attempts to find all 
significant resources; (2) an evaluation phase in which known resources are evaluated to 
determine if they are eligible for inclusion on the National Register of Historic Places 
(NRHP); and (3) a mitigation phase in which impacts to eligible resources are reduced or 
eliminated. 

Due to the historic emphasis on finding and evaluating individual sites, the general lack 
of systematic cultural resource distribution data, and a generally &-averse conservative 
approach among cultural resource specialists and land managers, the Section 106 process 
is largely reactive. Cultural resource studies are done on a piecemeal basis as each lease, 
road, pipeline corridor, or other action is proposed and subsequently evaluated. Almost 
every land development action necessitates field studies that are expensive time- 
consuming, and unpredictable in their economic and temporal resolution. 
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In oil and gas development, this process often comes as a “surprise” to the to developer 
because there were no stipulation or warnings included in the lease package when it was 
bid, indicating there were or could be significant cultural resources witbin the leased area 
that could add to the cost and processing time of developing the lease. If the potential 
resource conflicts could have been known, then the lessee might have made different 
leasing choices. 

In Nevada for example, the vast majority of land uses proposed annually are subjected to 
Class IIl field inventory that is funded by the land use proponent and conducted by a 
private contractor. In a Class 111 inventory, the Area of Potential Effect (APE) is 
inventoried by walking thirty meter transects over the entire area and recording all 
cultural resources witbin it. These resources are then evaluated using NRHP criteria and 
all resources determined to be eligible for the NRHP are “treated” in some manner to 
reduce or eliminate effects to them. After the contractor conducts the inventory and 
develops a report, the Federal Agency and the State Historic Preservation Office (SHPO) 
review the report The site records associated with the report are filed in a repository and 
become available for use when evaluating future land use applications after the report is 
accepted. 

This process usually requires sixty to ninety days and costs at least thirty-five dollars an 
acre. It can take a lot longer and cost a lot more. One of the most frustrating aspects of 
the current process is its unpredictability. Under current practice it is impossible to 
predict what types of resources will be found, how long it will take to find them; and 
what measures will be necessary to mitigate impacts to them. All too often land 
managers cannot provide a reasonable timeline for processing an application and 
developers cannot plan necessary actions to implement their development plans. 
Fortunately, the standard approach is not the only way to comply with the National 
Historic Preservation Act. 

The Section 106 process as currently implemented is not inherent in the NHPA but is a 
process created through the historic practice of cultural resources managers. This means 
that the process can be changed to improve its efficiency and predictability significantly, 
without sacrificing significant cultural resources. One of the ways in which this can be 
done is by developing landscape-based probabilistic models of past land use and applying 
those models to develop resource management plans that adjust the amount of required 
cultural resource inventory to the likelihood of discovering significant resources 
(Figurel.1). These plans can also be used to inform land-use proponents and managers of 
the likelihood that operation in a particular place will (or will not) entail significant costs 
in time or funds. 

AN OVERVIEW OF MODEL F O m A T I O N  
The approach reported here begins fiom an anthropological and geological model of the 
archaeological record. This scientific model serves as the basis of a management model. 
The formulation of the models is technically complex; here, we outline their development 
in simplified fashion (Figure 1.2). 
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The anthropological and geological model is intended to predict where cultural resources 
are likely to be found as surface and as buried deposits. Three major components 
comprise the model: principles of human foraging behavior, reconstruction of past 
environments in terms of human forage potential within the model area, and 
consideration of Late Pleistocene and Holocene geomorphology and depositional 
energetics within the model area. 

Human foraging behavior is predicted by ecological theory called optimal foraging 
theory. To simplify, optimal foraging theory predicts that humans will attempt to 
maximize net caloric intake and minimize the occurrence of critical (“mortal”) risks. To 
s impw hugely, human foragers (hunters and gatherers) will mhhize the risk of 
starvation and maximize their caloric intake. Humans do this by planning their movement 
across a landscape based on its resources. 

Model formulation measures the potential resources in a landscape based upon 
contemporary and fossil soils. Soils are the result of climate, geology, vegetative history, 
and erosion or deposition. Thus, soil types are a good proxy measure of potential 
vegetation at a particular time. Vegetation, in turn, deternines animal life. The model 
builds upon the soil units an area map of “attractiveness” of different parts of a landscape 
to human foragers. These are referred to as habitats. 

The third component of the anthropological model is the geomorphic history of an area 
Erosion and deposition will obscure, remove, or expose archaeological materials. Areas 
with no surface archaeological materials may contain abundant buried materials, 
conversely areas with lots of surface material may not contain any buried archaeology. 
Geomorphology is the “filter” through which the archaeological record is always seen. 

These three components are combined to create a predictive model of where 
archaeological remains should be (a) visible; @) present, but burid and so invisible; (c) 
not present. The predictive model also states the kinds of archaeological phenomena that 
will be found in different habitats. The predictive model is tested using known 
archaeological information. 

A management model (Figure 2.3) uses the anthropological model as its basis. Particular 
kinds of archaeological phenomena are considered eligible to the National Register of 
Historic Places. Combining the archaeological pmbctions of the anthropological model 
with appropriate contemporary criteria for NRHP eligibility, the “sensitivity” of different 
habitats is forecast. Areas of broadly similar sensitivity are combined into areas of similar 
“risk” of encountering National Register eligible sites. There can be Merent risk 
characteristics too. For example, because of late Holocene deposits followed by stability, 
an area may have almost no risk of significant sqfime archaeology, but a high risk of 
buried archaeology. 
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THE PINE VALLEY STUDY 
The study reported here grew out of a previous study in Railroad Valley, Nevada. The 
Railroad Valley study area encompassed approximately 530,000 acres (roughly 825 
square miles) in eastern central Nevada. The Railroad Valley study ( Z e d  et al. 1999) 
was conducted by Intermountain Research on behalf of the Bureau of Land Management. 
Results of that study were sufficiently useful that there was keen interest in extending the 
area of study to other oil and gas settings in the Great Basin and, importantly, testing the 
approach in a different terrain. 

The Railroad Valley study resulted in several usel l  products: (a) a GIs and database of 
all known cultural resources and cultural resource inventories within the study area; (b) 
an anthropological model; (c) a management model that predicted sensitivity of particular 
areas, also mapped within the GIS as management zones; (d) a management plan 
containing specific protocols for different management zones. The management plan was 
made effective through review and acceptance by the BLM and by the Nevada State 
Historic Preservation Office. 

The Pine Valley study generates similar products. Unlike the Railroad Valley study, no 
formal management plan is presented as an outcome of the Pine Valley project. The GIs 
data and database are available to professional cultural resource managers through the 
Bureau of Land Management. The anthropological model and general management 
model are discussed in this report. 

The report begins with a consideration of the natural and cultural setting of Pine Valley, 
Nevada. The presentation turns to a discussion of the model-building methodologies 
(Chapters 3, 4, and 5), followed by model predictions (Chapters 6 and 7). Finally, we 
consider the management implications of the Pine Valley modeling exercise. 
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CHAPTER 2-THE PINE VALLEY MODEL AREA 

INTRODUCTION 
Pine Valley was chosen for this study largely because of management considerations. 
From a research perspective, the study area could just as easily have been in a different 
valley. Although each of the many valleys in the Basin and Range physiographic 
province has unique features, Pine Valley is similar to many other valleys tributary to the 
Humboldt River. In this section, the characteristics of the Pine Valley model area are 
discussed. Many of the features of Pine Valley can be seen in other valleys. Thus, much 
of the following discussion pertains in some way to other nearby valleys. Unique or 
different characteristics of Pine Valley are discussed where appropriate. 

The environmental setting of Pine Valley is described first. The geography, hydrology, 
geology, physiography and soils of Pine Valley are described briefly. Next, the regional 
paleoenvironmental sequence is presented Against the natural setting, then, the regional 
and area prehistory, ethnography, and history are sketched. 

PROJECT AREA DEFINITION 
The project area is located in northeastem Nevada (Figure 2.1). In the southern part of 
Pine Valley Denay Valley and Garden Valley join Pine Valley. The study area boundary 
is the Pine Valley hydrographic basin, so Denay and Garden Valleys are part of the study 
area. Pine Creek is the major hydrographic feature within the project area 

Pine Valley is roughly triangular in shape, with one apex at the northern terminus of the 
valley where it meets the Humboldt River and two apices at the southwest and southeast 
valley boundaries. Pine Valley is roughly fifty miles n d s o u t h  (along its axis), and at 
the base of the ''triangle" approximately thirty miles east-west. The project area covers 
approximately 1,005 square miles (roughly 643,000 acres or 292,000 hectares). Elevation 
in the project area ranges h m  4840 feet (1475 meters) where Pine Valley Creek meets 
the Humboldt in Palisade Canyon to 10,133 feet (3089 meters) at Roberts Creek 
Mountain in the Roberts Mountains. Much of the floor of Pine Valley lies between 6000 
feet and 5100 feet (1830 to 1555 meters). 

The extreme eastern portion of the project area lies in Elko County with the remainder in 
Eureka County. More than 82% of the study area is federal land administered by the 
Bureau of Land Management, Elk0 and Battle Mountain Field Offices. Private property 
makes up the rest of the study area. Private land is cancentrated in the noahem third of 
Pine Valley, both on the valley floor and to the crests of the Cortez Range on the west 
and the Pinon Range on the east. 
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Figure 2.1. Project region map. 
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GEOGRAPHY 
Pine Valley is within the Great Basin section of the Basin and Range physiographic 
province, an area characterized by “Isolated ranges (largely dissected block mountains) 
separated by aggraded desert plains“ (Fenneman and Johnson 1946 map legend). One 
can define the Great Basin in many ways: as a hydrographic Unit, as a floristic entity, as a 
physiographic province, and as a Native American cultural area (see Grayson 1993. Pine 
Valley lies in the center of all of these definitions. Much of the Great Basin (in any 
definition) is internally drained, with streams never reaching a body of water that 
connects to an ocean. Geomorphology and climate control the internal drainage patterns. 
Internally drained and sediment-filled basins within the Basin and Range province are 
termed “bolsons”. Bolsons are domdropped blocks surrounded by uplifted blocks. The 
dowdropped block forms an internal, closed, basin. Pine Valley is a semi-bolson, for it is 
externally drained. The accumulation and connection of surface waters is a function of 
geomorphology and climate. Evidence of shallow lakes, regional lakes, and changes in 
drainage pattern are indicators of climatic changes that occurred in the past. 

Adjacent bolsons containd lakes during the Pleistocene (more than 10,000 years before 
present)(see Figure 2.3). Grass Valley, to the souhsouthwest of Pine Valley contained 
Pleistocene Lake Gilbert. To the east, across the Sulphur Springs Range, Diamond Valley 
contained Pleistocene Lake Diamond. Both Grass Valley and Diamond Valley contain 
playas and probably have a history of limited, shallow, open water during the past 10,000 
or so years. The greatest lakes in the basin and range province were on the western 
margin (Lake Lahontan) and eastern margin (Lake BoMedk). The smaller bolson lakes 
adjacent to Pine Valley were never part of these large lake systems. 

Pine Valley is bounded by parallel mountain ranges to the east and west (see Figure 2.2). 
The northnortheast trending Cortez Mountains (maximum elevation 9162 feet at Mount 
Tenabo) form the western boundary of the basin. To the east, lie the extremely narrow, 
steep, northsouth trending Sulphur Springs Range (maximum elevation 8168 ft. at 
Coffin Mt.). The northeast part of the Pine Valley hydrographic basin is formed by the 
Pinon Range (maximum elevation 8170 feet at the Ravens Nest). The crests of the Cortez 
and pinon Mountains are less than 9 miles apart in northern Pine Valley. Pine Creek exits 
the valley through a canyon between the two ranges, debouching into the Humboldt River 
near the head of Palisade Canyon. (Palisade Canyon is itself cut through the Cortez 
Range.) 

The southern margin of Pine Valley is formed by the Roberts Mountah (maximum 
elevation 10,133 ft. at Roberts Creek Mt.) and by the northernmost portion of the 
Simpson Park Mountains (maximum elevation 7628 ft. at Twin Peaks). 

Passes are an important feature of the valley’s geography, for mountain slopes are steep 
and rocky. The pass (5980 ft.) between the Cortez Mountains and Twin Peaks separates 
pine Valley b m  Grass Valley to the soutksouthwest. The next pass to the east (6938 
ft.) is formed between Twin Peaks and the Roberts Mountains. It divides Pine Valley 
fiom Monitor Valley to the south Finally, the easternmost pass (6700 ft.) is situated 
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between Roberts Mountain and the southern portion of the Sulphur Springs Range and 
forms the divide between Pine Valley and Kowh Valley. 

GEOLOGY 
The mountain ranges mentioned above are, for the most part, bounded by normal faults. 
The ranges are composed of Paleozoic, Mesozoic, and early Cenozoic sedimentary and 
igneous rocks (Figure 2.4). As described by Smith and Ketner (1975), the exposed 
Paleozoic rocks in the area are Ordovician through Permimage and were deposited in a 
broad geosyncline. These sediments included an eastern carbonate and a western 
siliceous/volcanic assemblage, both of predominantly marine origin (Roberts et al. 1967). 
Evidence for at least two Paleozoic episodes of uplift are preserved in these rocks. Of 
particular note m Middle Paleozoic compressional tectonics which caused considerable 
uplift and deformation including thrust-faulting (Roberts Mountain Thrust - early 
Mississippian (Coats 1987). Compressional deformation mewed during the Mesozoic 
(Smith and Ketner 1976) when marine deposition ended, probably during the Triassic. 
Volcanism predominated during the Jurassic. Broad basins formed in the greater Pine 
Valley region during Cretaceous through early Tertiary time when a variety of lacustrine 
and terredal sediments were deposited including nonlocal tephra (Smith and Ketner 
1976). Thick deposits of poorly sorted gravel dating to this era are present in the Cortez 
Mountains (Roberts et al. 1967). Local volcanoclastic rocks began to be deposited along 
with other basin fill by the late Eocene/early Oligocene. 

By mid-Tertiary Miocene times, tensional deformation began to predominate, resulting in 
the formation of the normal faults that outlined the present-day mountaidbasin structures. 
Early basin till sediments (Carlin Formation - Miocene) included many aggraded, a& 
rich units. Some of these are now uplifted on the flanks of the mountains. continued 
normal faulting along with tilting (predominantly to the east), steepened the western 
flanks of the mountains and deepened the basins (Roberts et al. 1967). The younger Plio- 
Pleistocene Hav Ranch Formation formed within the Contines of the more restricted 
present-day bask and it consists of fanglomerates and conglomerates along the mountain 
fionts (Roberts et al. 1967) with finer textured lacustrine and ashy/tuffaceous sediments 
in the kterior of the basin (Smith and Ketner 1976). The more resktant lithologies within 
the formation support ridges and benches in the bin, some of which are abandoned 
basin-flmm 

During the past million years (the Pleistocene), the formation of pediments of these 
sediments has occurred. Deposition of alluvium, fan sediments, and slope deposits 
(Regnier 1960) has continued. Quaternary tectonic activity is the main controlling factor 
on the erosion of the basin (Coats 1987; Regnier 1960) including the 
development/preservation of aggradational landforms such as fans and terrace treads. 

From an archaeological standpoint, this geologic history yielded several important 
sources of stone for prehistoric tools (Turner et al. 1984). Lower Mississippian rocks 
contain cherts, quartzites, and siliceous argillites that crop out extensively in the Pinon 
Range. Mesozoic and Tertiary intrusions led ti hydrothermal alterations of host rocks 
that produced, not only extractable ore deposits, but also siliceous sinter that formed 
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Figure 2.4. Geologic map of Pine Valley (Data from Coats 1987 and Roberts et al. 1967). 

2-7 



cherts on the southeastern flank of the Cortez Mountains. See Figure 2.5 for the 
distributions of potential bedrock sources of chipped stone raw material. 

HYDROLOGY 
The major hydrologic feature in the Pine Valley hydrologic unit (USGS hydrographic 
unit code 16040104) is Pine Creek Pine Creek is a tributary to the Humboldt River. The 
Humboldt heads in eastern Nevada along the western flank of the Ruby and Snake 
Mountains then drains westward across much of northern Nevada. Tributaries to the 
Humboldt flow both south and north to the river from the parallel trending, fault-block 
valleys. Pine Creek is one of the north-draining tributaries. 

Numerous small drainages from the surrounding mountains feed Pine Creek (Figure 2.5). 
Perennial springs can be found along the mountain slopes and on the valley floor. Some 
of these small tributaries are considered to have perennial reaches according to the 
Environmental Protection Agency BASINS and National Hydrologic Data datasets. At 
the southern, or upper, end of the valley Henderson Creek, Pete Hanson Creek, and 
Denay Creek have perennial reaches. In the northeastern part of the valley, Trout Creek, 
Ferdelford Creek, and Cole Creek are said to have perennial flow in some parts of their 
beds. One must consider wreiidly the nature of ''pemmial" in regard to all of these 
streams: Pine Creek itself is perennial only in its northern, lower, reaches. Long-term 
records from the USGS gaging station (number 10323000) at the mouth of Pine Creek 
show that on average March and April are the months of greatest flows of 30 to 40 cubic 
feet per second (cfs) and July through September have the least flows of 2 to 3 cfs. Some 
years have had flows as little as 0.1 cfs at the mouth of Pine Creek -- less than a 
washroom faucet. Historically, some low-ground in the northern part of Pine Valley was 
probably seasonal marsh, since General Land Office plat maps from around 100 years 
ago depict marshy areas. 

LANDFORMS 
Various landforms are characteristic of semi-bolsons within the Great Basin. Peterson 
(1 98 1) has devised a classification system for these landforms. The classification system 
divides the semi-bolson into major physiographic parts that include the bounding 
mountains, piedmont slopes, and the basin floor (Figures 2.7 and 2.8). 

Bounding Mountains 
The bounding mountains form the hydrologic boundaries of the semi-bolson. Within Pine 
Valley, the bounding mountains are composed of a highly deformed mixture of intrusive 
and extrusive volcanic rocks, pre-cenozOic detrital rocks, and chemically precipitated 
rocks. Ridges, steep slopes, and narrow canyons are the most common lan8orms. 

Piedmont Slopes 
The primary geological processes operating within Pine Valley at the margin of the 
mountains and the basin ace intermittent stream channel transport, debris flow deposition, 
slope wash, and sheetwash. These processes have led to alluvial fan formation. Periods 
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Figure 2.5. Bedruck sou~ces of chipped stone raw material (Data from (hats 1987 and 
Roberts et al. 1967). 
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“A fan skirt (S) that mages along its lower boundary with a basin floor (BF) and 
thatwasfamsdbycoalesdngallwialfaasoaiginatifiPatgulliesartinadj~ 
fan piedmcmt(P) remnants and mouths afthe inset fans form theuppaboundaty of 
the fhn skirt It is the same age aaface as the inset h s ,  but is y- than the 
relict summits ofthe fanrannants. It may bethe same age or youngerthaa the 
basin floor 8llrface, but as shm hen it is younger because ita alluvium overlaps 
the basin floor surface.” 

Figure 2.8. Feature5 of a fan drirt (aAcr Fostar 1989:Figure 3; moditied &om Petersen 
1981). 
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of active alluvial fan formation produced extensive coalescent fans or bajadas. As well, in 
past times (Plic-Pleistocene), Pine Valley was a closed basin providing accommodation 
space for the aggmdation of lake sediments within the central basin. Together, these 
deposits formed the Pleistocene basin fill within Pine Valley. Tectonic activity has 
provided the opportunity for this ancient fill to be dissected and for younger fill (mostly 
alluvium and fan deposits) to be inset below the older bajada rmrfaceshasin floors. In this 
way, the piedmont slopes have formed. Piedmort slopes can be divided into several 
distinct major landform components including alluvial fans, ballenas, and fan piedmonts. 

Alluvial fans are convex in cross section and cone-shaped in plan view with their apex 
upstream, often extending into a canyon mouth. Ballenas are "...distinctively round- 
topped ridge line remnants of fan alluvium. The broadly rounded shoulders of the ridge 
meet from either side to form a narrow crest and merge smooth with the concave back 
slopes. In ideal examples, the slightly concave foot slopes of adjacent ballenas merge to 
form a smoothly rounded drainageway." (Blackbum 1997S91). Piedmont fans are often 
composed of coarse gravelly material (large cobbles and boulders). Generally, the 
material composing piedmont alluvial fans is coarser than is currently being deposited 
suggesting to some investigators that they formed within pluvial eras (Pierce and Scott 
1982). Very ancient piedmont slopes sometimes overlie, or are themselves composed of, 
older basin fill that includes volcanoclastic and lacustrine basin fill as well as ancient 
conglomerates and fanglomerates. 

Fan piedmonts are fan remnants which are incised along the central portion of drainage- 
ways emanating from canyon mouths, but which are preserved and still abut the bounding 
mountain front between adjacent canyon mouths. Fan piedmonts are often stair-stepped 
exhibiting a sequential series of younger to older incised fan surfaces. Incision was 
probably partially controlled by uplift, however, entrenched channels suggest horizontal 
corrasion by relatively competent streamflow which could probably occur only during 
pluvial eras. This would suggest that fan building and piedmont incision reflect two 
distinct hydrologic regimes within the Pleistocene (Peterson 1981). 

Fan Skirts 
Fan skirts are composed of younger sediment deposited at the terminus of the piedmont 
slope. It is generally much finer than the bouldeIy material composing the piedmont 
slope. Fan skirts are composed of inset fans at the floor of channels entrenched into the 
fan piedmont and of broad fan aprons spreading out from the terminus of the entrenched 
channels. Fan skirts are lowangle aggradational surfaces built mostly by intermittent 
sheet floods. For the most part, fan skirts are post-Pleistocene in age. Sometimes subtly 
different ages of fan skirts can be identified. The fan skirts of different ages probably 
show Holocene changes in hydrological regimes and tectonic movement. 

Basin Floors 
Basin floors can be divided into alluvial flats, alluvial p lah ,  and axial stream flood 
plains. An alluvial flat is a lower angle, extension of the fan skirt. As with the fan skirt, 
sometimes several subtle geomorphic surfaces can be identified. When several surfaces 
are identified, the upper surface is termed an alluvial flat remuant and the active surface 
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is the alluvial flat. An alluvial plain is generally continuous with the alluvial flat and 
situated between it and the inset terraces of the modem stream. Often, alluvial plains 
formed as the most extensive postglacial-era basin floor and aggradational surface. In the 
project area, when tephra from the eruption of Mount Mazama is present, it underlies the 
alluvial plain surface. This indicates that the deposits which form the alluvial plain 
aggraded through the middle Holocene. The modem channel of Pine Creek and any low, 
late Holocene terraces are inset within this alluvial plain in what can be considered the 
flood plain. 

SOILS 
Soils within the project area (Figure 2.9) vary from deep, young, well-watered soils of 
alluvial floodplains (Aquents) such as those that occur along Pine Creek to more mature 
and drier upland soils in the surrounding mountains (Haplargids) (Blackbum 1997; Foster 
1989). 

Soils along the bottomlands of Pine Valley stand out as a distinct, north to south- 
southwest trending band of well-watered, young, soils developed in floodplain alluvium 
derived from ashrich parent material. On poorly drained locations, soils are mostly 
Aeric Halaquepts (Figure 2.9: Designation A). These formed in sodic parent material and 
exhibit alkali characteristics. On more well-drained locations where parent material is 
rich in pyroclastic sediment, Durorthidic Torriorthents have formed (Figure 2.9 
Designation A). These soils contain a horizon weakly cemented by silica. 

Next to the bottomlands, adjacent fan skirts and inset fans contain Durorthidic Xeric 
Tomorthents (Figure 2.9 Designations B, D) and Xerollic Haplargids (Figure 2.9 
Designations F, K, L, M). The former soils are found on younger parent material and are 
similar to the better-drained floodplain soils. The latter soils are on older materials. The 
Haplargids have a subsurface zone of illuvial clay accumulation as well as some silica 
cementation. 

On the older, higher, portions of the valley fans soils m e r  depending upon the parent 
material. On the west si& of the valley the parent material is sodic and the resultant soils 
are primarily Xerollic Natmgids (Figure 2.9 Designation E). These lie on .fan piedmont 
remnants and contain a zone of sodium-influenced illuvial clay accumulation. Soils on 
the east side of the valley, formed mostly in pyroclastic rich sediments, are not as sodium 
enriched. These soils (Xeric Torriorthents and Durorthidic Xeric Tomorthents) are 
poorly horizonated, with weak silica cementation. They lie on low hills and some inset 
fans (Figure 2.9: Designations B, D). 

Steep, shallow, and rocky soils dominate on the adjacent mountains. The steeper areas are 
heavily eroded and only weakly horizonated soils form Torriorthents (Figure 2.9 
Designation G). Areas with significant orogmphic precipitation support soils which have 
well-developed Xerolls and humic A horizons. In these &gs,geomorphically stable 
locations often have both A horizons and clayenriched B horizons (Argixerolls) 
Torriorthents (Figure 2.9 Desigmtion H, I, J). 
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Figure 2.9. Sail map ofthe Pine Valley vicinity (Data from Soil Conservation Service 
1994). 
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PALEOENVIRONMENTAL alNTExT 
Pine Valley has not always been as we see it today. During the time of human occupation 
of North America, for approximately fourteen thousand years, the earth's climate has 
changed in may different ways. Climate changes induce other environmental changes. 
These include changes in plant communities, concomitant changes in the animals that one 
way or another depend upon plants, and differing mixes of geomorphic processes in Pine 
Valley. Understanding the prehistory of Pine Valley necessitates, then, some 
consideration of its paleonvironmental history for this would have affected human use of 
the valley and how archaeological sites have formed or been destmyed. 

Cyclical changes in the geometry of the earth's orbit are thought to be a primary cause of 
climatic change (Imbrie and Imbrie 1980). changes in orbital g e o m w  (axial tilt, 
precession of the equinox, and orbital shape) cause variation in the amount of solar 
radiation the earth receives. This forces the earth's atmosphere to behave in a predictable 
manner. Initial results of models comparing orbital geometry and climatic data suggest 
reasonable agreement between the model's predictions and the paleoenvironmental 
record ( C O W  Project Members 1988; Thompson et al. 1993; Davis and Sellers 
1994). Paleoclimatic models predict the position of the jet stream, the strength of the 
summer monsoon over western North America, the positions of cyclonic and 
antkyclonic activity, annual surface temperature, and annual precipitation from 18,000 
to 6000 years BP (before present). 

As mentioned above, Great Basin pluvial lakes are especially important proxies with 
which such models are tested. Isotope data from 5500 BP to the present generally suggest 
that levels of Pleistocene Lake Bonneville were at maxima when winter precipitation 
dominated and westerly flow patterns similar to those that exist today, were prevalent. 
Lake level minima occurred when summer precipitation dominated and Mexican 
monsoon circulation h m  the southeast was strengthened (McKenzie and Eberli 1987). It 
is likely that such patterns existed prior to 5500 BP as well, at least for the Holocene era. 
It may take less than a decade to change h m  the steadystate conditions of one 
millemidscale cycle to another. Such a change in climatic regime could thus be 
experienced within an individual's lifetime (Madsen 2000). 

The summary of regional environmental history below utilizes information and 
conclusions from a wide variety of sources. Like all historical studies, the study of past 
environment necessarily depends upon a complex web of evidence, sound interpretation, 
and conjecture. Where reasonable or necessary to do so, we have highlighted different 
interpretations of paleoenvironmental history, although it makes a more complicated 
exposition. 

Contemporary climate data demonstrate that environmental change can be regional or 
even sub-regional in scale. Some of the complexity in interpretations of past 
environments is no doubt due to different regions varying in their environmental records. 
For Pine Valley, the best evidence for Pine Valley paleoenvironments would be found in 
the valley. However, there is relatively little available paleoenvironmental information 

a 

w 
a 

a 

m 
a 
a 

a 
a 

a 

a 
a 

rn 

W 

rn 2-16 



for Pine Valley. Instead, we rely mostly upon nearby and regional data. We rely to a 
somewhat lesser extent, on the interpretation of regional data. 

Paleoenvironmental history, like human prehistory, can best be presented understood in 
periods of time. However, the use of time periods does not imply marked boundaries 
between each period. The limits of dating events in the past and the nature of climatic (or 
even human behavioral) phenomena dictate that the boundaries between periods be 
considered quite broad and gradual. 

Frill Glacial Period (18,000 - 15,000 BP) 
The genedcirculation model ( C O W  Project Members 1988) for the last glacial 
maximum (around 17,000 BP) predicts that the jet stream was split around the Lawentide 
Ice Sheet with a southern stream-am depressed far below the present jet stream position. 
This is thought to have resulted as strong anticyclonic circulation developed over the ice 
sheet producing cold, dry, easterly, summer winds over the project region. This 
hypothesis is currently being tested using paleocirculation data from the Bonneviue Basin 
(Jewel1 et al. 1998). Winters were probably no colder than at present, but seasonality was 
much reduced resulting in colder summers. Annual temperature in the study area was 8- 
10' C colder than present. The summer monsoon was absent and the Pacific subtropid 
high was very weak. Cold, dry conditions are predicted for the study area. The 
simulation produced by Davis and Sellers (1994) generally agrees with this 
representation, except that they predicted summer precipitation to have been considerably 
higher than it is today (up to 4 &day) and that most of the precipitation was drawn 
from the Pacific Ocean by summer westerlies. 

During the height of glaciation, around 17,000 BP, the project region was in proximity to 
locations of mountain glaciers (Currey and James 1982). Mountain glaciers were active 
in the Ruby Mountains (Porter et al. 1983), continental glaciers were present on the Great 
Plains 800 km (497 mi) northeast of the project area (Andrews 1987), and permafrost was 
present to the north and east (Pew6 1983). Streams had higher capacities and 
competencies (Baker 1983; Schumm and B r a k d g e  1987). Steppe tundra may have 
existed on the Snake River Plain (Wells 1983) and Wyoming Basin (Meam 1981) during 
this time, supporting a variety of Pleistocene megafauna. Megafauna included muskox, 
mammoth, camel, Pleistocene bear, Pleistocene bisonand horse (Grayson 1991). Some 
of these species have been found in Mineral Cave within the project area (Bryan Hockett, 
personal communication 2001). 

Lake Bmeville was filllng by 18,000 BP but remained well below the Wisconsin 
(Bonneville shoreline) &mum, though alpine glaciers in the western edge of the Great 
Basin were near their late Wisconsin maxima. Stratigraphic studies and radiocarbon 
dates indicate that lake maxima typically lagged behind alpine glacial maxima by several 
thousand years (Thompson et al. 1993). The cold climate resulted in low evaporation 
rates that were responsible for the growth and high stand of Lake Bonneville during the 
full glacial period (Currey 1990; Currey and James 1982). 
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Lake Montan reached a highstand mund 18,000 BP, rising as the climate became 
colder (Davis 1982); not all Pleistocene lakes of the Great Basin rose and fell at the same 
time due, it is believed, to variability in storm track direction and polar front position. 
There is some variation in dates with Lake Franklin reaching a highstand at 18,500 BP to 
15,070 BP @Iston 1999; Rhode 1998). 

Deglaciation (15,000 - 11,000 BP) 
Around 15,000 BP, changes in the geometry of the earth’s orbit and axial tilt initiated a 
warming trend according to C O W  Project Members (1988). As a result, seasonality 
started to become more pronounced and the split jet stream shifted northward. The 
Pacific subtropicaLhigh, and the monsoon were still weak and precipitation remained 
low. Due to summer wanning, evapotranspiration began to increase so conditions became 
dryer. Simulations performed by Thompson et al. (1993) agree that temperatures were 
rising in the western United States, but predict that stronger-thampresent westerlies 
during winter would probably have kept precipitation levels above those of the present. 

Much of the regional data is in close agreement with the predictions. By 14,000 BP, the 
once- extensive ice cap on Yellowstone Plateau had disappeared (Richmond 1986) and 
mountain glaciers in the Rocky Mountains receded (Porter et al. 1983). Rapid 
deglaciation of the Lamentide and Cordilleran ice sheets occurred after 13,000 BP (Teller 
1987). During the same period, the extensive pluvial lakes in the Great Basin, including 
Lake Bonneville, shrank to post-glacial low levels (Currey 1990). Alluvial systems were 
in a period of major readjustment following the cessation of glacial outwash (Schumm 
and Brakenridge 1987). A wide variety of nowextinct Pleistocene megafauna were 
present, inchding bison, mammoth, horse and camel (Grayson 1991). 

Haynes (1990) suggests that a millennium of severe drought occurred between 
12,000-11,000 B. P. Lake Bonneville may have been lower at 12,000 BP than at any 
time in the post-glaciaIkTolocene era, including the A l t i t h e d  interval (Murchison 
1989). This late Pleistocene drought coincides with the fmt human presence in western 
North America (Haynes 1990) and also with the extinction of the Pleistocene megafauna 
(with the exception of bison) (Grayson 1991). Elston (1999) reports that many animal 
species were on the decline due to the volatility of the climate affecting the distribution 
and extent of marshlands and lakes when human hunters appeared about 11,500 BP 

Much of the data from this period is contradictory, however. Deposition of “red beds” 
(oxidized sediments) along with mirabilite around the Great Salt Lake suggest that 
temperatures were cool and dry during the low lake period (Currey 1990; Thompson et 
al. 1993). Hydrogen isotope ratios from cellulose in pack rat (Neotomu) middens west of 
the Salt Lake valley suggest significant shifts in climate patterns, probably reflecting 
cooler temperatures and more winter-dominated precipitation between 14,000 and 11,000 
BP, though plant macrofossil assemblages from these mddens changed relatively little 
(Thompson et al. 1993). 

Midden data west of the Great Salt Lake, studied by Rhode and Madsen (1995), represent 
a suite of flora and fauna that are typical of cool and dry conditions from 14,000 to 
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10,800 BP. South of Railroad Valley, in the Pahranagat Range of Nevada, limber pine 
grew at 1500 m as1 (4921 ft) suggesting summer temperatures quite a bit lower than 
today during 13,000 to &r 11,000 BP (Elston 1999). Freshwater fish remains w m  
found in the West Desert portion of the Great Salt Lake basin, suggesting that a large, 
cold, relatively freshwater lake existed until shortly before 11,300 BP Pollen (Madsen 
and Currey 1979; Spencer et al. 1984) and wood remains from lake sediments in the 
northeastern Bonneville basin (Scott et al. 1983) suggest the possibility that the Wasatch 
Front supported coniferous forests, indicating a cooler, wetter environment. This may 
have been a result of lake effects and orographic effects which can cause an increase in 
precipitation (Rhode and Madsen 1995). 

Overall, the paleoclimate of this time remains unclear. The region was probably quite 
dry, as extreme desiccation did occur sometime during this period, and precipitation that 
did occur was probably winter dominated. Temperatures m y  have been either cool or 
warm compared to today. Rhode and Madsen (1995) suggest that the post-Provo 
regression may have been prolonged until after 12,000 BP, with the cycle of regression 
and then transgression to the Gilbert level restricted to a relatively m o w  span of time 
(between 11,500-10,500 BP). It is likely that the Wasatch Front received more 
precipitation than much of the Great Basin 

Terminal Pleistocene/Holocene Transition (11,000 - 9000 BP) 
Although ice sheet size and shape affected jet stream movement during the last 
glaciaYdeglacial cycle, by 11,000-10,000 BP its influence had diminished and the 
summer and winter positions of the jet stream had become simila~ to those of today 
(Benson et al. 1990). The climate simulations of Thompson et al. (1993) predict that 
winter precipitation and temperatures 9000 years ago differed little from the present. 
Summer temperatures and insolation were predicted to be greater than they are today in 
the western United States. The COHMAP model ( C O W  Project Members 1988) 
predicts that by the end of the Pleistocene, summer insolation and seasonality were at 
post-glacial maximum values and temperatures were generally 2-4" C higher than today. 
This caused the jet stream to rejoin and continue a northwad migation which, in turn, 
produced a strengthened monsoon. 

Under modem conditions the shift of the jet stream, northward in the summer and 
southward in the winter, produces seasonal patterns of precipitation in the westem United 
States. In the winter the jet stream is positioned over the northern tier of the westem 
states. Pacific storm track the jet stream inland and drop their moisture over the middle 
Rocky Mountains. In the summer the jet stream shifts to a northward track through 
Canada. The result is drier summen in the Northwest but stronger onshore flow along 
the Gulf of Mexico and the Gulf of California. This strong onshore flow produces a 
monsoonal pattern of summer dominant precipitation in the southern Great Basin, 
southern Colorado Plateau and up through the southern portion of the western Great 
Plains. COHMAP predicts that this pattern was stronger during the late Pleistocene and 
early Holocene. 
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Topography plays an important role in the distribution of seasonal precipitation 
(Whitlock and Bartlein 1993). Mountains tend to catch winter and early spring 
precipitation fiom the Pacific storm track whereas areas in the summer-wet zone 
experience precipitation fiom convectional storms. Basins throughout the area are dry. 
Whitlock and Bartlein (1993) suggest that the overall effect of warmer global 
t e m m  at the Pleistocene-Holocene boundary was to make areas within the present- 
day distribution of summer-dry areas dryer, and winter-wet areas wetter. These 
individual trends ameliorated as the Holocene progressed and caused the continuation of 
distinct paleoenvirmental histories. This suggests that maximum Holocene aridity 
occurred in the early Holocene (9000-7000 BP) within summer-dry areas, but later 
(SO00 BP) in summer-wet areas. 

Proxy data indicate a brief, but intense, increase in effective precipitation occurred 
between 11,000-9,000 BP. Warming, increased seasonality, and strengthened m o d  
flow influenced the Southwest (Carrara et al. 1991). Pollen profiles from the summer- 
dry, Snake River Plain indicate continued aridity during this period (Bamoslq et al. 
1987), while those from m o d  areas show the effects of increased moisture 
(Beiswenger 1991; Whitlock and Bartlein 1993). In the southern Colorado Plateau, 
timberline rose and lower tree lines descended as a result of a strengthened monsoon 
(Carrara et al. 1991; Markgraf and Scott 1981; Petersen 1988). Pack rat midden data 
evaluated by Rhode and Madsen (1995) indicate that Bonneville Basin flora was 
progressively dominated by sagebrush and shadscale scrub brush between 11,000 and 
9200 BP, suggesting that summer temperatures were increasing. In the east-central Great 
Basin, rapid warming is thought to have occurred at 10,310 BP, as indicated by au 
increase in Douglas-fir and declining numbers of limber pine (Wells 1983). 

There is good evidence that precipitation increased in the Bonueville basin between 
11,000-10,000 BP. This is illustrated most strikingly by a lake level rise to the Gilbert 
Shoreline (Currey 1990). Currey (1990) suggests that this may have been the result of 
increased monsoonal flow similar to that documented for the southern Basin and Range 
by Spaulding and Graumlich (1986) especially vis a vis the Sevier River @on Currey, 
personal communicatbn, 2001). Madsen (2000) correlates a return of Lake Bonneville 
with the Younger Dryas and refers to the presence of diving ducks in Homestead Cave to 
show a large hsh water lake existed. 

Other records suggest an increase in snow pack at this time indicating a short-term shift 
to cooler temperatures and increased winter precipitation (Benedict 1973; Currey and 
James 1982; Davis 1988). There is also evidence for a short, but sharp, cooling trend of 
world-wide significance at about this time (Paterson and Hammer 1987). 

Early Holocene (9000 - 7500 BP) 
There is no well-dated, glacial evidence for the early Holocene to the east of the study 
region (Davis 1988). In the Sierras the Hilgad cirque glaciation is dated to the latest 
Pleistocene/earliest Holocene (Curry 1971; Burke and Birkeland 1983). Climatic models 
predict conditions similar to those of the terminal Pleistocene/Holocene transition period 
(Thompson et al. 1993; Davis and Sellers 1994). At the beginning of this period the 
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Great Salt Lake was still quite high, but shortly after 9000 BP the lake level plummeted 
to an unknown low and remained low until a minor transgression occurred just before 
7500 BP. 

Much of the evidence conceming temperatures and aridity during this time is 
contradictory. In Yellowstone National Park, Lodge pole pine and Douglas fir expanded 
into high elevations, suggesting a Holocene drought. Winter-dominated precipitation is 
also inferred (Whitlock and Bartlein 1993; Thompson et al. 1993). Records from high 
elevations across the western interior suggest that summer temperatures were warmer 
than they are today (Thompson et al. 1993). Pollen data from the Steen Mountains, in the 
far northwest Great Basin, also indicate that conditions were warmer than at present 
(Mehringer 1985), as do coprolites h m  Hogup Cave (west side of the Hogup Mountains, 
dated 8300 BP) that are high in sodium and contain halophytic vegetal foods (Murchison 
1989). 

The few pack rat midden records available for this time in the Great Basin suggest 
montane and woodland taxa at the elevation of modem pinyodjuniper woodlands. This 
evidence, along with hydrogen isotope data (Siegal 1983) and pollen records indicating 
more abundant sagebrush, point toward cooler/moister conditions than today (Thompson 
et al. 1993). No clear record of elevated tree lines exist in the Great Basin from this time, 
but that may be due to the history of preservation, or it may be because warmer 
temperatures experienced in the Rocky Mountains did not extend into the Basin 
(Thompson et al. 1993). 

Middle Holocene (7500 - 5000 BP) 
This period encompasses the Altithermal interval (Antevs 1955). The Great Salt Lake 
fell to low levels between 6800 and 6000 BP (Murchison 1989). Slightly higher lake 
levels preceded this low (7600-7000 BP) and followed it (6000-5200 BP). Low lake 
levels and aridity returned near the end of the Altithermal and continued into the 
following early Neopluvial Spanning the period from 5200-3800 BP. Insolation at 6000 
BP was still greater than it is presently during the summer and less than at present during 
the winter, according to the predictions of Thompson et al. (1993), though not as 
drastically as was predicted for 9000 BP. Summer temptures are predicted to have 
been 2' C higher than at present. 

Xeric conditions appeared to be increasing in the Great Basin by 7500 BP, when salt- 
tolerant species were established on the basin floors and fauna adapted to dry Conditions 
increased and expanded their ranges (Thompson et al. 1993). Sub alpine conifers were 
present in stands well above their modem limit, indicating that the mean summer 
temperature was almost 2°C warmer than today (Thompson et al. 1993). Pollen from the 
far northwest Great Basin suggests low levels of effective moisture between 8300 and 
5400 BP and temperatures above present temperatures between 7000 and 3500 BP 
(Mehrmger 1985). Rho& (1998) states the Great Basin was drier and warmer between 
7000-4000 BP. Limber pines disappeared from lowelevation areas and pinyon and Utah 
juniper communities expanded their ranges in the Bonneville basin (Madsen 2000). 
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In contrast to the evidence for warm, dry conditions, boreal mammals (including pika and 
heather vole) survived outside their modern ranges in the Greet Basin until mid-Holocene 
times (Thoqson et al. 1993). This indicates that summer temperalum were. lower than 
at present. Since the Altithermal represents a period of extensive desiccation of the Great 
Salt Lake, and because m a t  evidence suggests increasing temperatures and aridity within 
the Great Basin, it is most likely that the project area experienced climatic conditions that 
were warmer and dryer than those of today. 

Middle to Early-Late Holocene (5000 - 3500 BP) 
An early neoglacial era (Recess Peak) cirque glaciation has been proposed for the Sierra 
Nevada (Burke and Birkeland 1983). Similar ages are reported for glacial activity in the 
Wasatch Range (Anderson and Anderson 1981) and the La Sal Mountains (Richmond 
1986). 

Judging from the Great Salt Lake volume fluctuation record (Currey 1990), conditions of 
relatively low effective precipitation continued into the period between 5000-3500 BP. 
Murchison (1989) indicates that lake levels fell after a minor, late Altithermal, high stand 
that occurred between 6000 and 5200 BP. A low stand equivalent to the average 
Altithermal level prevailed from 5000-3500 BP. Currey and James (1982) suggest that 
this pattern agrees with a wide variety of geological and biological data from the 
northeastern Great Basin, which indicate arid conditions within this time h e .  

Oxygen isotopes from stratigraphic cores near the Great Salt Lake indicate a warming 
trend early on in the period (McKenzie and Eberli 1987). High chenopo&sagebrush 
pollen ratios found in the far northwest portion of the Great Basin suggest that 
temperatures were above those at present during the interval of 7000 to 3500 BP, but that 
very low levels of effective moisture only lasted until 5400 BP (Melninger 1985). At 
4700 BP the onset of cooler and moister conditions in the Great Basin occurred, but did 
not reach its maximum until after 3800 BP (Thompson et al. 1993). Madsen (2000) 
suggests the dates of 4400-2950 BP to be both wetter and cooler than that of today. 
Similarly, Rhode (1998) believes the climate of 4000 BP wetter and cooler. 

It is probable that conditions around the Great Salt Lake were fairly dry and warm 
throughout most of this period, with temperatures higher and aridity more intense than at 
present. However, the region did experience increasing effective moisture and declining 
temperatures sometime after 4700 BP, as reflected by a gradually increasing lake level. 

Middle-Late Holocene (3500 - 1000 BP) 
The Great Salt Lake attained its highest levels since 9000 BP during the period of 3500- 
1000 BP. Murchison (1989) plots this high stand as occurring between 3200-1800 BP. 
The lake rose over 5 m during this period. Denton and Karl& (1973) suggest that a 
worldwide Neoglacial episode occurred between 3300-2400 BP. Madsen (2000) sees 
evidence of glaciation (Rocky Mountaim) and major cooling in wre and shoreline 
records from the Great Salt Lake. Further. he shows that lower Utah iuniuer tree lines 
were decreased by -50-100 m or more as suggested by middens from k i b p e  Island in 
the Great Salt Lake and other nearby mountain ranges. 
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Palynologists in the Basin and Range and adjacent portions of the Colorado Plateau have 
attempted to identify fine-resolution records in late Holocene pollen sequences (Newman 
1988, Newman 1993a, Newman 1993b; Petersen 1988). Portions of these records 
support a glacial episode, while others are not so indicative of cooler temperatures. 
According to Newman (1993% Newman 1993b), cooler temperatures and winter 
precipitation dominated from 3700-3300 BP producing an expansion of woodland. 
Woodlands then became more restricted in the middle Neolacustrial. Between 3000- 
2900 BP cool, dry conditions prevailed, followed by a shift to summer moisture and 
warmer temperatures that lasted until 2000 BP. 

At Cave of 100 Hands (west of Sevier, Utah) altemting dominance between arboreal and 
nowrboml pollen was observed to have lasted from 2000 to 1350 BP. Nmarboreal 
pollen increased between 1300 and 1000 BP. This evidence, combined with 
pine/sagebrush and pinyodjuniper ratios indicate that conditions were cool and dry from 
1350 to 1200 BP, while warm and dry conditions with mostly summer precipitation 
prevailed between 1200 and 1000 BP (Newman 1988). Pollen and plant macrofossil data 
indicate the period of maximum warmth in the Uintas occurred between 4600-2100 BP 
(Carrara et al. 1985). In the northern Great Basin, grassland and forest began expanding 
by 4000 BP and recovered ground lost during the A l t i t h d ,  indicating more mesic 
conditions (Mehringer 1985). Lindsay (1980) suggests that slightly cooler conditions 
produced the pollen frequencies observed at Cowboy Cave (central Colorado Plateau) 
between 3300-1800 BP 

The Great Salt Lake experienced several deepening and freshening occurrences from 
about 3000-2000 BP according to core samples taken from the Bomeville Basin m o d e  
1998). Currey and James (1982) suggest grassland expansions in the northern Great 
Basin indicate mesic conditions were again prevalent around 1500 BP. Slope wash 
stability at Pint-size Shelter (near the Muddy Creek Basin in southeast Utah) also 
indicates mesic soil moisture regimes, brought on by intensitied winter-wet circulation 
between 3390 and 1790 years ago (Currey and James 1982). Overall, conditions were 
quite variable, spatially as well as temporally, during the middle Neolacustrial. 

Early-Latest Holocene (1000 - 500 BP) 
Lake levels of the Great Sa3t Lake fell to their post-Altithermal low during this period 
(Currey 1990). According to Murchison (1989) this occurred between 1300 BP and 600 
BP. The level at this time was above average Altithermal stands, but well below the 
terminal Pleistocene and middle Neopluvial high stand. Terrain available for wetland 
development would have increased as the lake level declined. 

Newman (1988) determined that the dominance of sagebrush pollen over pollen f b m  
bunch grasses, west of Sevier, Utab, indicates that the climate was cool and moist fbm 
1000 to 900 BP. High bunch &sage pollen ratios from the Sevier region suggest 
warm, xeric conditions prevailed, dominated by summer precipitation, from 900 to 600 
BP; while pollen records from the Colorado Plateau (Petersea 1988) imply cooling and 
drying after 850 BP. Pollen ratios indicate cool, xeric conditions in the eastern Great 
Basin h m  600 to 100 BP (Newman 1988). However, Currey and James (1982) view 
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grassland expansion in the northeastern Great Basin as a sign of a mesic environment 
around 600 BP. 

Elston (1999) notes severe droughts took place at 900 and 300 BP, and the “Little Ice 
Age” of 400-300 BP with its associated cooler temperatures and greater winter 
precipitation caused an increase of pinyon pine into the southern Great Basin. Tree ring 
data fiom the Sierra Nevada region suggests slightly warmer and drier conditions than 
present throughout most of the period, while the later years were dominated by cooler, 
moister conditions (Graumlich 1993). Madsen (2000) opines that plant remains from 
caves in the Bonneville basin suggest that the driest and the warmest period of the 
Holocene was during the last 600-1000 years. 

Terminal-Latest Holocene (500 - 150 BP) 
A final high stand occurred in the Great Salt Lake during the terminal prehistoric era 
(Currey 1990), inundating most of the wetland terrain that was exposed during the early- 
late Neolacustrial. Murchison (1989) places this high stand at about 450-150 BP. 
Thereafter, the lake dropped to modern levels reflecting a relatively drier historic climate. 
Pollen data, including high bunchgrasdsagebrush ratios, from the Sevier, Utah area 
(Newman 1988) suggests cool, xeric conditions with mostly summer precipitation 
throughout the period. Additional pollen data from central Utah indicates high 
juniper/pine and grasdsagebrush ratios, typical of low effective moisture and summer- 
dominated precipitation that lasted until 400 E’, followed by maximum pine-&juniper 
ratios, indicative of warm, wet summers combined with winter precipitation and an 
overall increase in effective moisture (Newman 1993a, Newman 1993b). On the 
Colorado Plateau, pollen records are interpreted to represent low summer temperatures 
with low winter and summer moisture levels continuing until 150 BP (Petersen 1988). 

The mountain ranges to the east of the Great Salt Lake basin appear to have experienced 
cold temperatures and possibly xeric conditions. It is unclear whether temperatures in the 
project area were cool or warm at this time, but the high lake level may represent a cooler 
climate with low evaporation rates. Most data from surrounding localities endorse this 
interpretation. 

PREHISTORIC CULTURAL CONTEXT 
The following section reviews the prehistory, ethnography and history of the Pine Valley 
Study area. This synthesis of Pine Valley and regional prehistory draws from previous 
investigations within the study area as well as a regional overview of the Central 
Subregion of the western Great Basin (Elston 1986135-148). Grayson (1993) gives also 
provides a summary of trends in Great Basin prehistory that may be usell to the nom 
technical reader. 

The archaeological record within that portion of the Great Basin shows a gradual shift 
from a dispersed foraging strategy of resource acquisition undertaken by small 
populations to one of more intensive collection by larger groups. These adaptive shifts 
are marked by the reliance on a broader range of low yield resources resulting in overall 
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higher processing costs. Over time, as populations increased, foraging a~eas decreased in 
size but were more intensively utilized A greater reliance on plant materials is 
manifested by more complex plant processing technologies and a less elaborate stone tool 
complex. Elston (1986) postulates that these changes may have been driven by a complex 
interaction between climate, population pressure and possibly migration (Elston 1982; 
O’Connell, Jones and S~~IIIS 1982). 

Chronologically, occupational periods within the central Great Basin are defined by a 
series of adaptive strategies that express regional trends over the larger area- These 
strategies are further refined within the context of regional phases, each of which are 
represented by different assemblages and settlement patterns within the archaeological 
record. Adaptive strategies are broadly framed within a Re-Archaic to Late Archaic 
continuum. Table 2.2 depicts the central Great Basin chronology and relates it to regional 
paleoenvironmental history. 

Pre-ArehaiC (11,000 BP to 8,000 BP) 
The Pre-Archaic marks the transition from Pleistocene to Holocene climatic conditions. 
Sites are usually associated with pluvial lake, shoreline features, riparian areas, marshes 
or along old river terraces. Diagnostic tools include a variety of stemmed projectile points 
(Great Basin Stemmed series) as well as fluted Clovis and unfluted lanceloate types 
(Beck and Jones 1997). Core choppers, hammerstones, crescents, specialized scrapers, 
small graving tools and drills are common, but grinding implements are generally absent. 
Sites usually lack a buried component. Structural remains, storage facilities or other 
archaeological features are rare. 

Archaeological evidence suggests that subsistence sbrategies involved procurement of 
low costhigh return wetland resources. Pre-Archaic cultures hunted big game (including 
declining populations of megafauna), smaller game animals, and gathered easily 
processed lacustrine and marsh related resources such as cattail pollen, shoots and green 
seeds. F’re-Archaic population density was likely low, consisting of small but mobile 
hunter-gatherer bands. 

Pine Valley was not a closed basin during the Early Holocene and thus contained no 
pluvial lakes. During historic times, marshes were known to exist in the northern portion 
of the valley near the present Hay and Tomera Ranches. They may have provided 
suitable habitat for exploitation during the Pre-Archaic. The Grass Valley phase in 
Monitor Valley and Dry Gulch Phase in the Upper Humboldt Valley are regional 
characterizations of the &-Archaic in the study area. 
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Table 2.1. Regional chronology 

Palaoenvironmental 
Sequence 

Terminal Holocene 

Miidle-Late 
Holocene 

Middle to Early- 
Late Holocene 

Middle Holocene 

Early Holocene 

Terminal 
Pleistocene- 

Holocene 
Transition 

Deglaciation 

Full Glacial 

4000 

-5eSe 

6ooo 

7000 

8ooo 

-+Em- 

10,000 

tkeee- 
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Early Archaic (7,000 to 4,000 BP) 
Marshes and lakes dried up as warming and drymg k n d s  of the early Holocene 
continued into the middle Holocene. Origins of the Early Archaic are somewhat obscure 
in the archaeological record, beginning sometime after 7000 BP but becoming more 
visible between 4500 and 4000 BP. 

Specialized artifacts, fluted points and crescents disappear h m  the archaeological 
record, while a variety of smaller, randomly flaked projectile points and groundstone 
appear. Triple T concave base projectile points (Thomas 1981, 1983a) &om Gatecliff 
shelter and Triple T Shelter are common time markers of the Clipper Gap phase in the 
Monitor Valley sequence. They are gradually replaced by the Gatecliff projectile point 
series (Thomas 1983a) during the Devils Gate and No Name phases. 

Site settings shift from lakeshore environments to a wider variety of locales including 
those near perennial streams, springs, caves and rock shelters. Hunting camps in upland 
settings and pine nut harvesting within the pinyonjuniper zone, at least within Monitor 
and Reese River Valleys (Thomas and Bettinger 1976, Thomas 1988), suggest a sharp 
population increase and utilization of upland resources. 

Middle Archaic (4000 BP to 1500 BP) 
Climatic conditions during the Middle Archaic were cool and moist. While high altitude 
resources may have been more difficult to exploit during this period, the climatic regime 
may have created shallow lakes and marshes in lowland environments. Technological 
change is minimal during the transition from the early to middle Archaic. Settlement and 
subsistence patterns, population density, and stylistic elaboration mark the major change 
of adaptive strategy between the two periods. 

Population density appears to have increased significantly, and a greater diversity of 
resources appears to have been exploited. Both residential sites and seasonal field camps 
were utilized and re-occupied. They contain features such as hearths, cache pits, food 
storage pits, and house depressions. Caching of tools in caves and rock shelters suggests 
that groups exploited a limited territov. 

Big game hunting remained an important subsistence strategy along with seed gathering 
and processing. Elk0 series projectile points are the most abundant point type associated 
with the Middle Archaic. Bifaces and seed grinding equipment also occur. Trade with 
groups outside of the Great Basin is evidenced by the occurrence of marine shell beads, 
and portable rock art in the fonn of incised stones makes its first appearance during this 
period. The Middle Archaic is associated with the Reveille phase in Central Nevada, and 
the James Creek phase within the Upper Humboldt River Valley. 

Late Archaic (1500 BP to Historic Contact) 
Sometime around 2000 BP a warming and drying trend began reaching a peak around 
1500 BP. While the climate remained milder than that of the Early Archaic, climatic 
change, along with increased population pressure, spurred important cultural change. 
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Subsistence strategies expanded to include exploitation of more diverse resources within 
a wider range of ecosystems. Plant food resources, especially pinyon were emphasized 
and smaller game such as rabbits, birds, and rodents replaced larger mammals in the diet. 
Sedentism increased as evidenced by the occurrence of large village sites and 
construCtion of substantial houses. Specialized campsites, especially those in high 
altitude sites are abandoned in favor of more centralized locales. Settlement patterns 
culminate with the large valley floor villages described by historic ethnographers. 

Around 1500 BP, the atlatd was replaced by the bow and arrow, and projectile points 
became smaller in overall dimensions. Rose Spring and Eastgate types (Rosegate Series) 
are common during the first part of the Late Archaic (Underdown, Maggie Creek), but 
are replaced by Desert Side-notched and Cottonwood types (Desert Series) during the 
later part of the period (Yankee Blade, Eagle Peak). Expedient flake tools replaced 
bifaces and tools manufactured fiom quarried raw materials. After 900 BP pottery enters 
the archaeological record. Some contacts with horticultural cultures are indicated by the 
occasional occurrence of Fremont and Anasazi pottery sherds. 

At some time during the Late Prehistoric, Numic language and cultural traditions 
documented by ethnographers assert an influence over most of the Great Basin. Whether 
these traditions develop in situ, as proposed by Gross (1977) or were spread by invadmg 
groups from the south (Lamb 1958) remains a topic of discussion (Bettinger and 
Baumhoff 1982, 1983; Simms 1983; Elston 1982; O’Connell, Jones and Simms 1982). 

ETHNOGRAPHIC CULTURAL CONTEXT 
The poject area is situated within the ethnographic territory of the Western Shoshone 
(Steward 1938), a Numic-speaking people of the Uto-Azkcan linguistic family (Fowler 
and Fowler 1971: 5-6). Territory extended northeastward from Death Valley through 
central Nevada and northwestern Utah. Peter Skene Ogden made initial European 
contact with the Western Shoshone as he traversed the territory in 1827. As western 
exploration increased between 1830 and 1850 encounters became more frequent. 
Accounts by James H. Simpson during topographical surveys in 1849 and 1869 (Simpson 
1869, 1876) provide the earliest detailed ethnographic statements on the Western 
Shoshone. 

The technology and adaptive strategy of the Western Shoshone was relatively complex 
despite the deprecatory observations of early explorers and settlers (Thomas, Pendleton 
and Cappannari 1986 265). Much of what is known of the Western Shoshone is derived 
from the works of Steward (1938). Subsistence and settlement strategies employed by the 
Western S h o s h e  are identical to that of the late archaic. The uplands were exploited for 
a variety of seeds and roots, pine nuts and small game including deer and rabbit. Bighorn 
sheep and antelope were also taken. Grass and hard seeds were exploited in the lowlands, 
and rabbits harvested during annual rabbit drives. 

Population density at the time of historic contact was relatively low, approximately one 
person per 3.8 square miles in the Pine Valley area (Steward 1938:141). In 1873, the 
Western Shoshone in Pine Valley numbered around 400. The Western Shoshone lived in 
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semi-permanent campsites that were seasonally re-occupied. Campsites were strategically 
located in order to provide access to water and within the proximity to a range of 
resources and procurement areas. 

Steward (1938: Figure 11) identifies three Western Shoshone villages within the project 
area (Figure 2.10). Buuwiyoi, located at the base of Roberts Mountain is a p u p  of six 
encampments. Fifteen or sixteen families resided at To:&agadu, a village comisting of 
several encampments scattered between springs on the west slope of the Sulphur Springs 
Range east of Mineral Hill. At the north end of Pine Valley, approximately 56 people 
inhabited a winter village near Palisade. Stewards map shows that seeds, roots and rabbits 
were taken in the Pine Valley lowlands. Pine nuts were harvested in the Roberts 
Mountains and the Sulphur Springs Range. 
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Figure 2.10. Steward’s map of ethnographic villages and subsistence areas (Steward 
1938; Figure 11.). 
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HISTORIC CULTURAL CONTEXT 

Exploration 
In the early 1 SOO's, explorers and fur trappers provide the first historic accounts of Eureka 
County. Peter Odgen, leader of the Fifth Snake Country Expedition, explored the region 
along the Humboldt River between Elk0 and Carlin, just north of Pine Valley, in 1828. 
Zenas Leonard, a clerk with the Walker-Bonneville Fur Trapping Expedition in 1833, 
provided a later historical account of the Humboldt basin. He recorded the party's 
passage through Palisade Canyon, along the northern edge of the county. 

During the 1840's and 1850's California bound emigrant parties followed the Humboldt 
route through northern Eureka County as did the E.G. Beckwith survey for the 
transcontinental railroad in 1854. Beckwith entered Pine Valley fiom Pony Canyon then 
continued southward towards the present Slagowski Ranch before exiting through a pass 
north of Mount Tenabo in the Cortez Mountains (Patterson 196986) Beckwith's route is 
identified as "Old Emigrant Road" on 1869 and 1909 General Land Office survey plats 
(Vierra 2001:14) 

Transportation 
Woodward and Chorpening's "Jackass Mail" or "Jackass Express" was the first mail and 
express ouffit to traverse Eureka County. Established in 185 1, it followed the Humboldt 
River until 1854 when George Chopening, the surviving partner of the enterprise, 
received permission to abandon the Humboldt route in favor of a southern route fiom San 
Diego to Salt Lake. A new contract in 1858 re-established the route along the Humboldt, 
but Chorpening moved the eastem portion of the line, diverting it southward h m  
Gravelly Ford near Beowawe, through pine Valley and over Railroad Pass into 
Huntington Valley and points east (Goodwin 1969133,134). This central route was the 
same as that pioneered by Captain Simpson in 1859 and constructed by Colonel Fredrick 
Lander in 1860. 

In 1860, the contract for the express mail was transferred to Jones, Russell and Company 
(later Russell, Majors and Waddell) and until its demise in 1861; the route was plied by 
the Pony Express (Goodwin 1969). Several stations were established along the route to 
provide fksh mounts for the Pony Express riders and to maintain company equipment 
and livestock. 

John Butterfield's Overland Mail and Stage Company, umunenced operation along the 
Pony Express route in March of 1861, and assumed the express mail contract upon the 
demise of the Pony Express. The Overland Stage utilized many of the Pony Express 
stations, and the Overland Mail route marks the location of the first permanent 
occupation by Caucasians in central Nevada (Goodwin 1969137). 

With the completion of the Transcontinmtal Railroad in 1869, the Overland Mail lost its 
express mail contract and went out of business (Conkkg and Conkling 1947). At the 
same time, the White Pine Mmhg District (Hamilton and Treasure Hill) was developing 
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and within six weeks, during the spring of 1869, six stage lines began operation from the 
Central Pacific railhead at Carlin or Elk0 to the White Pine mines (Goodwin 1969140). 

Initially, the stage routes traversed privately constructed and maintained toll roads. Toll 
rates were stipulated according to the particular use, while stage and freight operators 
arranged to use the road under contract. An important adjunct to the collection of fees 
along the toll road was the tollhouse and appurtenant structures, often including a hotel 
and bar (Goodwin 1969:155). The authority to grant road franchises was maintained by 
the territory or state, and finally, during the 1860's, to the counties. As counties took over 
operation of the toll roads, the fees were abolished, and their general condition improved. 
The Central Pacific reached Carlin in December 1868, and by August of 1869, the Payne 
& Palmer and James Russell Stage Lines began service over the White Pine Toll Road to 
Mineral Hill, Eureka and Austin. The route extended from Carlin southwesterly through 
Woodruff and Cole Canyon, then south up Pine Valley. 

With the discovery of silver ore in Eureka during late 1868, the Central Pacific railroad 
developed &e tom of Palisade as a hight and passenger terminus for the Eureka and 
White Pine mines. In the summer of 1869, William Paddleford, one of the fust Pine 
Valley Ranchers, constmcted the. Palisade Toll Road through Pine Valley from Palisade 
to Mineral Hill. In June of 1870, the Woodruff and Ennor Company, opened a stage line 
using the Paddleford road, and extended service to Eureka via Garden Pass over their 
own Pine Valley Toll Road 

In 1870, W.L. "Nick of the Woods" Pritchard built a bight road and stage lines 
(Pritchard Fast Freight Lines) serving Mineral Hill and Eureka. Likewise, the National 
Transportation Company ("N.T.") provided service to Mineral Hill and Eureka utilizing 
the northern portion of the Paddleford road. The N.T. route then crossed Union Pass into 
Diamond Valley and Eureka. 

Stage and freighting companies were the dominant mode of transportation until the 
completion of the Eureka & Paliw&.s Railroad (E8zP) in 1875. With the 1869-1870 
silver boom in Eureka, several towns along the Central Pacific line showed great interest 
in becoming a principal point of departure for a rail line to Eureka, Hamilton and Pioche. 
Elk0 was the first town to pursue the rail link, incorporating the Eastern Nevada Railroad 
in Carson City on January 20,1871. Preliminary gradmg commenced just west of Elko, 
but progress was stalled while the contractors, two Utah stage men, Gilmer and Salisbury, 
purposely delayed construction to allow Utah's Salt Lake, Sevier Valley and Pioche 
railroad to reach the White Pine mines iirst (Goodwin 1969: 194). 

Angered by the pretensions and delays, Eureka's citizens incorporated the Eureka and 
Palisade Railroad in November of 1873 began construction Without the state's hnchise 
or county bond subsidy. In 1874, investors representing the Bank of California and the 
Comstock's V&T Railroad took over the project and completed construction in the 
summerof 1875. 
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The Eureh and Palisade Railroad hauled more than 31,000,000 pounds of bullion 
(silver rich lead with traces of gold) in one year (1878) and on return trips hauled huge 
amounts of timber h m  the Sierra Nevada Mountains. Most of the prime bullion from 
Eureka was shipped to bullion agents in San Francisco. 

The Eureka boom began its decline during the middle 188O’s, and by 1897 the focus of 
the railroad waa on other areas. Floods and fires were common occmces  in Eureka 
and most Nevada Mining camps. Both would also plague the railroad. The Eureku and 
PaZisade Railroad went bankmpt but was reorgamzed in 1901 as a Utah company called 
the Eureka and Palisade Railway. After the reorganization, alignments were rebuilt and 
repand. Tragedy struck again in 19 10 when eleven miles of track and several bridges in 
northern Pine Valley were washed out by a series of foods. Pine Creek, which had 
previously been 100 yards wide, expanded to ten times that width and effectively created 
a lake that extended 30 miles south h m  Palisade (Myrick 1962:lOl) When the lmiu 
retumwi to service, in May of 1912, it was known as the Eureh-Nevada Railway 
Company. Washouts continued to plague the line. 

Despite decreased ore production and increased competition &om automobiles and 
trucks, the Eureka and Palisade Railroad continued operation for another 26 years. 
During that time service declined to the point that only weekly service by Motorcar No. 
23 was provided instead of the multiple daily freight and passenger trains of it’s heyday. 
Finally, on September 21,1938, after a series of political disputes and additional floods, 
the line was finally abandoned (Myrick 1962: 11 1). 

Ranching 
Early tmqortation through the project area relied heavily upon horses, mules, and oxen, 
requiring large amounts of fodder. Development within Pine Valley was largely due to 
the need for support and services for travelers and early settlers. Many stage and express 
statim later continued their existence as ranches. Contempmy ranches continue to 
operate where once early statim had operated, represanting over 120 years of 
continuous operation (Tomera Ranch, Rand Ranch, Btriley Ranch]. The north end of 
Pine Valley with its meadows and marshes provided an opportunity for many operations 
to harvest native grasses. By the 1860’s several hay ranches were operating along Pine 
Creek in the northern @on of the project area. Paddleford’s House, Archy McDonald’s 
House, Pine Valley Hause, Rawlin’s House (Rand Ranch) James Donahue’s Cabin and 
the Hay Ranch are a l l  depicted within the northem prtion of the valley on the 1869 
General Land Office plat. 

The Eureka and P W  Railroad operakd the Hay Ratlch. It consisted of “2,500 acres of 
fenced bottom land, frmn which 1,000 tons of hay are cut annually.’’ (Angel 1881:428). 
By 1880, the area from Palisade south to the Hay Ranch contained thirteen ranches, 
includmg five dairy faFms and a school district in which there were &irken students 
(Angel 1881:428). Several ranches, many associated with zlrilroad stations dong the 
Eureka and Palisade Railmad line, are shown on early plats of southern Pine Valley and 
Garden Valley. These include Mineral Station, Alpha Station and Pine Station. 
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Homesteads within the project area are most frequently located along the bottomlands of 
more reliable stream courses and adjacent to numerous travel ways. 

Mining, Milling and Commerce 
With the discovery of the Comstock Lode in 1859, a surge in prospecting occurred across 
Nevada. As ores were discovered, mining districts were established. Prospecting, mineral 
extraction and processing activities lead to the development of ephemeral mining camps 
and towns across the state. 

Several mining districts lie within the project area. The Cortez and Buckhom districts 
encompass most of Mt. Tenabo and surrounding slopes of the Cortez Range in the 
southem portion of the project area. The Cortez District was discovered in 1863 by 
prospectors from Austin (Lincoln 1923:86). Simon Wenban, an original locator, 
partnered with George Hearst in 1864 and began shipping gold and silver ore to Austin 
for processing. Proceeds from the venture helped establish the Hearst fortune. An 8 stamp 
mill was subsequently erected in Mill Canyon to process ores, and later enlarged to 16 
stamps. According to the Reese River Reveille, some 20 mines were operathg on Mt. 
Tenabo by January of 1867 (Angel 1881:429). That same year, Wenban bought Hearst 
out, and acquired all of the important mines in the district. A larger mill was erected at 
Cortez in1886. Wenban was associated with the mill and mineral extraction until his 
death in 1892. The Tenabo properties were sporadically worked by a number of lessees 
until 1919 when the Consolidated Cortez Silver Mines Co. took possession. They erected 
a 100 ton concentration and cyanide mill in 1923. 

The Buckhom (Mill Canyon) District ir located north of Mt. Tenabo on the northwest 
slope of the Cortez Range. It adjoins and is often considered part of the Cortez District. 
The Mill Canyon district was discovered in 1863 and a mill was erected in 1864. Early 
assessments within the district were not very productive, and the mill was contracted to 
reduce ore from the neighboring Cortez District. In 1908, Joe Lynn discovered ores 
within the Buckhom claim. principal claims were acquired by George Wingfield and the 
Buckhom Mines Co. in 1910 and ores processed by a 300 ton cyanide mill at Buckhom 
or at an 800 horsepower electric plant at Beowawe until 1916 when the operation shut 
down (Lincoln 1923%). 

Mineral Hill District is located on the westem slopes of the Sulphur Springs Range near 
Table Mountain. The district was discovered by prospectors from Austin in 1868 and 
soon thereafter, a 15 stamp mill was erected. Angel (1881:435) reports that eighteen 
miners work the district, six of who own mines. Two families reside within the district. 
The- mine and mill was sold to the Mineral Hill Silver Mining Company, an English 
concern, who erected a 20 stamp mill and roasting furnace. Those operations proved 
unsuccessful and in 1880, it was sold to the Austin and Spencer Company. They operated 
the mines and mill until 1887. Small amounts of ore were extracted by several companies 
between 1912 and 1919 (Lincoln 1923:95). 

The Alph District is located east of Alpha in northern Garden Valley. A 10 stamp mill 
was built west of the prospects, did not prove to be successful (Lincoln 1923:85). 
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CHAPTER 3 -- ARCHAEOLOGICAL AND ENVIRONMENTAL 
INFORMATION COLLECTION 

Extensive amounts of archaeological and environmental information were collected as 
part of this study. A variety of sources of archaeological records and data were utilized. 
Similarly, there was no single source of environmental, soils, or biological data. This 
chapter describes how the data used in this study were gathered: its sources, its problems, 
and how it was converted from information to analytical data. 

ARCHAEOLOGICAL INFORMATION 
Information on cultural resources and cultural resource mvestigations was gathered h m  
several different sources. These included the Nevada State Museum, the Bureau of Land 
Management Elk0 and Battle Mountain Field Offices, the Bureau of Land Managemerf 
State Office in Reno, and the Nevada State Historic Preservation Office. All of these 
agencies were extremely cooperative and made our task much easier. Most of the records 
in these offices were on paper; a few electronic files were found too. Much of tk paper 
information was converted into digital formats as part of the collection and analysis done 
by this project. The rest of this section describes the materials gathered and their 
conversion into project data. 

Cultural Resource Archive Maps 
Data entry began with digitization and tabular data entry of site and inventory locations 
depicted on maps obtained fiom the Nevada State Museum cultural records archive. 
These archival maps were scanned, and then geo-referenced to the project ceordinate 
system. Data entry was not restricted to the project area but included al l  data on any 
USGS quadrangles intersected by the project boundaries. Map scales varied h m  
1:24,000 to 1:250,000. Spatial accuracy of the plotted data is dependent upon map scale 
and precision of the original map plot. Tabular data relating to map plots included 
accessioned Smithsonian site number, data source (map scale), digitizing date and name 
of data entry person. 

Sites and inventories were digitized either as points, lines or polygons depending upon 
size and resource type. Digitizing was accomplished from scanned, geo-referenced, 
images of the archive maps. These were displayed o~tscreen in Arcview 3.1 
(Environmental Systems Research Institute) and digitized into “shapefile” f a t s .  Any 
non-linear site with an area greater than 2.5 acres was plotted as a polygon to the extent 
of its depicted boundary. Linear features were plotted using similar size criteria. 
Centerlines were digitized, and then buffered to a default width of 30 meters. Skes less 
than 2.5 acres in size were plotted as points. Upon completion, draft plots of the quads 
were produced then checked against the original to assure completeness and accuracy. 

Archaeological Site Forms and Reports 
Archaeological site records and survey reports were gathered from the Nevada State 
Museum archives and pertinent data entered into an Access database. Fields containing 
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all associated project number, lead agency, Nevada State Historic Preservation Office 
SHPO concurrence, report title, autbr, acreage surveyed, type of investigation, and 
summsuy site data comprise the investigations database. 

Site database structure was derived from the Intermountain Antiquities Computer System 
(IMACS) encoding format. It contains text and codes for administrative and cultural 
components of a given site. A related Microsoft Access database, compiled from site 
record and report synthesis was also populated in order to allow for a more detailed 
analysis of assemblage components. 

A number of reports submitted to the Nevada Site Museum have yet to be accessioned 
into the permanent archive. These un-accessioned records were also entered into 
respective inventory and site databases. Site and inventory areas were then digitized and 
entered into the appropriate GIs layer. Site files and map plots at the Battle Mountain and 
Elk0 BLM Field Offices were then checked against the map plots and any additional 
reports or site records were added to appropriate databases using the process for un- 
accessioned records. All site records gathered for data entry were scanned into a publicly 
readable document file to allow electronic access. 

Upon entry of all records into the databases, GIS entries, the analytical database, and 
image files were crosschecked against each other to insure completeness. 

General Land Office (GLO) Plats 
General Land Office plats are historic records of survey for selected townships or 
portions of townships. Portions of Nevada were systematically surveyed during the 
1860’s. Topographic features on historic plats include roads, telegraph lines, homesteads, 
agricultural fields, and in some cases vegetation or terrain features. A list of townships 
was compiled for the project area from electronic files and available GLO plats were 
reproduced from microfilmed archives at the Bureau of Land Management Nevada State 
Office. 

Since mapping standards of the late lgth century produced a somewhat inaccurate map 
plot, topographic features on the GLO plats were encoded by indicating presence or 
absence (by default) of specific cultural features within each section. This Access 
database contained fields then for each section within that township; the presence of any 
transportation, communication, settlement, or agriculture/mhing/industry features was 
tabulated. If no listoric fatures were present within a section, or if the surveyor did not 
evaluate the section, those constraints were also noted. The location and general extent of 
hydrographic features like springs and marshes were digitized into GIs layers fiom the 
GLQ plats. 

Automated Data 
Electronic data was available for some aspects of cultural resources. The Nevada State 
Historic Preservation Office maintains a log of all resources that they consider eligible to 
the National Register of Historic Places. This was wed to determine resource legal status. 
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The BLM Elk0 Field Office maintains a log of all site numbers and status determinations 
that they make; this too was useful in compiling the cultural resource information. 

For several years, the Nevada State Museum tracked site and project numbers issued by 
federal agencies and by the museum or Nevada SHPO. This database was very useful in 
finding records and in preventing duplicate entry of records with different numbers. 

Cultural Resource Information Gaps 
Although we made every effort to find site records, reports, and legal status 
determinations, gaps remain in the information. The most notable shoacomings are the 
age of site records from the study area. Many of the larger, most obvious, sites were last 
recorded 61 the 1970's. These recurds do not meet current standards and were difficult to 
translate into the analytical database structure. Where possible, we used the narrative 
reports of the 1970's to augment the site records themselves. 

A second gap lies in fieldwork that was begun but never was completed. Some projects 
on public lands were cancelled after archaeological fieldwork was conducted In a few 
instances, site records and a narrative report were never completed and turned over to the 
Bureau of Land Management. One can consider the archaeological fieldwork as either 
never having occurred at all, or one can gather whatever infomation is available h m  the 
field archaeologists who conducted the work. We chose to gamer whatever information 
we could fiom the field archaeologists and incorporate it in to the project data. 

NATURAL RESOURCES AND ENVIRONMENTAL INFORMATION 
Natural resources information was gathered from a variety of sources, including 
published maps, data compilations made for environmental research investigations, 
management datasets maintained by the Bureau of Land Management and even satellite 
imagery. 

Soils, Sediments, Landforms 
A very important source of information was the Natural Resources Conservation Service 
(NRCS) soil survey data. Two different scales of NRCS survey data were used: statewide 
(STATSGO) and countylevel (Order D survey; SSURGO). Not all of the project area is 
covered by the larger scale, countylevel, information. Nor is all of the countylevel 
information for Nevada in electronic format. We were fortunate in that the portions of the 
Pine Valley study area that have been mapped at the county level are also available 
electronically. The statewide data (SSURGO) is also available electronically. NRCS 
electronic formats comprise ArciINFO @nviromnental Systems Research Institute) 
coverages and associated data tables. 

Vegetation 
The US. Fish and Wildlife Service GAP (VSFWS GAP) analysis data comprise GIS data 
for vegetation communities, species presencehbsence, and surface ownership. These data 
were retrieved fiom the University of Nevada Biological Resources Research Center (the 
USFWS GAP contractor for Nevada) and reviewed. The NRCS soil survey data was 
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found to contain more detailed breakdowns of vegetation communities. One could derive 
much the same map as the USFWS GAP vegetation by combining vegetation 
communities from the NRCS county level data. Hence, the USFWS GAP vegetation data 
was not used The species component, being presence/absence, was also not useful for 
this study. Land ownership was derived from BLM sources for the most part and was 
used (though only in minor ways) in this study. 

Geomorphology and Geology 
There are no single sources of detailed geomorphological information for the Pine Valley 
study area During the study, we did use the county geological map series (Nevada 
Bureau of Mines and Geology). 

Initially, a LANDSAT multispectral 30m pixel image was examined for the study area. 
Inbred bands (near infrared), and panchromatic spectral bands were combined to create 
a false color image in which green vegetation shows as bright red. Vegetation must pretty 
well fill a 30m pixel before it will appear red, and discernible green vegetation features 
on the imagery typically require at least 9 pixel aggregations. Green vegetation was 
sought as an indicator of wetland landforms and potential dune settings. In both of these 
places, vegetation may be more verdant and dense. The imagery analysis revealed no 
dune fields and only obvious areas of wetland - galleries of green along perennial stream 
courses and irrigated fields. 

Hydrology 
Hydrological information was gathered first from the Bureau of Land Management 
springs, seeps, and wells GIS data available over the internet. For the prehistoric study, 
marrmade springs and wells were discarded from M e r  consideration. Springs shown 
on contemporary 1:24,000 quadrangles were digitized if they were not present in the 
BLM data. It was a simple matter to fmd GIS data for the few perennial streams in the 
study area. These were derived from a 1:24,000 digital line graph (DLG) dataset 
published by the United States Geological Survey. 

Digital Topography 
Some parts of the analysis involved using digital terrain models to assess slope, aspect, 
and proximity to various natural or cultural features. A digital terrain model was 
constructed from the 30m digital elevation models for the study area. These were 
retrieved as individual quadrangles of data and then combined into a single terrain model. 

Natural Resource Information Gaps 
There are gaps in the natural resource information available to the study. Especially 
important is the lack of NRCS county-level survey in the very northem part of the study 
area. We were unable to fhd information on large-game ranges in the study area at any 
useful scale. The available Nevada Division of Wildlife maps are on a regional scale - 
too small to be useful to this study. 
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CHAPTER 4. LANDSCAPE SENSITMTY 

ARCHAEOLOGICAL LANDSCAPE SENSITIVITY MODEL 
Landscapes vary in their potential to contain buried archaeological sites that might affect 
the implementation of land management decisions. These variations are not randomly 
distributed across the landscape. Land management decisions can be enhanced by 
knowledge of these variations. The goal of constructing the archaeological landscape 
sensitivity model is to subdivide the project area into zones that are more or less likely to 
contain settings conducive to the preservation of important, buried prehistoric sites. This 
was accomplished by considering site formation and destruction factors that af fec t  the 
contextual integrity of archaeological occupation zones. Consideration was given to 
whether a location contained postglacial era deposits or instead had been a residual 
surface for the last 14,000 years. As well, a consideration was given as to the energy 
regime of the depositional environment. Higbenergy depositional environments are 
predicted to have low contextual integrity due to disuptions during burial. 

The spatial variation in the intensity of fixmation processes across the landscape is 
primarily a function of depositional environment. This variation is controlled by slope, 
transport energy, and resultant sediment. 

Artifact dispersal occurs in most depositional environments (Butzer 1982). An exception 
to this is eolian silt (loessal) environments. Lack of dispersal in loess is the result of a 
low surface wind shear (because vegetation is usually present) and the low impact energy 
of the silt particles. Many surface sites on flat, vegetated surfaces are eventually, albeit 
slowly, covered with loess. Other common depositional environments can be ranked into 
two categtegtegtegtegtegtegtegtegtegtegtegte ofpotential burial dispersal. A relatively low to moderate energy category 
includes alluvial overbank, sheetflow (including slope wash), and eolian sand 
environments. The moderate to high-energy category would include alluvial channel, 
debris flow, and colluvial depositional environments. For most water and air entrained 
sediments, artifact movement is a function of their size and density (Gifford and 
Behrensmeyer 1976). 

The considerations discussed above allowed the construction of a model that classifies 
the landscape in terms of its archaeological sensitivity. This model is used to predict 
where sediment younger than 12,000 B.P. occurs. It also predicb locations where 
geological site formation processes might lead to the better preservation of significant 
archaeological resources. Favorable locations are mapped ("very high and high 
archaeological landscape sensitivity") and differentiated from locations with surface 
sediments older than 12,000 B.P. and/or with little potential to preserve reasonably intact 
archaeological sites ("very low and low archaeological landscape sensitivity"). 

NRCS soils mapping was used to use classify the relevant depositional and site formation 
criteria. Individual soil map units were the smallest spatial unit used in the analysis. 
Map unit descriptions acquired h m  the NRCS contain information on the soil taxon, 
sediment type, and landform type within each map unit. Early attempts to classify 
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archaeological sensitivity utilized a manual, light table, approach to superimpose taxon, 
deposit type, and landscape type characteristics to determine archaeological landscape 
sensitivity (Eckerle 1995). A geographic information system (GIS) approach was used in 
this project to simplify the process of assigning archaeological sensitivity to soils map 
units. 

Scale of Soils Mapping 
Several scales of soils mapping were utilized in this project. County level mapping 
(SSURGO) was used where possible. Unfortunately, portions of, Eureka and Elko 
County were not available at tk SSURGO scale of soils mapping. Thus, we choose to 
supplement the SSURGO data with mul&county NRCS STATSGO soils mapping, 

Sensitivity Criteria 
The goal of the archaeological landscape sensitivity model is to use the soils mapping 
data to help predict h e  location of sediments that are the right age and type to contain 
buried archaeological sites. Soils mapping generates information on a number of 
variables relevant to this goal. For this analysis the following variables were tabulated 
map unit number, taxonomic classification, percent slope, landform type, and deposit 
type. The map unit information was entered into a database (designed by Eric Ingbar and 
William Eckerle using Microsoft Access). A discussion of each of these variables 
follows. 

Map Units 
Soil map units delineate areas of similar soils. Map units can consist of a single series, an 
association composed of 2 series, or a complex of three or more soil series. The soils 
map units are described in the Soil Survey of Eureka County Area, Nmudu (Foster 1989) 
and the Soil Survey ofElhm County, Nevada, Cenfrul Purt(B1ackburn 1997). Some of the 
important variables extracted fkom the map unit descriptions are described below. 

Soil Taxonomic Classification 
The taxonomic classification of the principal surface soil@) in each map unit was 
tabulated. These are listed to the family or great group level of classification. Implicit in 
the classification are soil features that have genetic and chronological significance (Soil 
Survey Staff 1975). Birkeland (1999; Birkeland et al. 1991) presents information on soil 
chronosequences in the western United States. A general, time dependent sequence of 
horizon development can be identified and includes from youngest to oldest; A (surface 
organic accumulation); Bw (oxidation or weak structural development); Bt (clay 
accumulation) and Bk (calcium carbonate accumulation); K (very well developed 
calcium carbonate accumulation) and Bym (very strongly developed gypsum 
accumulation). In term of the taxonomic classes present in our study area, a relevant 
sequence would be as follows h m  youngest to oldest: 1) orthents and Fluvents, 2) 
Camhrthids at the great group level and calcic and argic variants at the family level of 
other great groups, 3) Argids and Cakiorthib, and 4) Paleargids and Paleorthids. A 
tentative age estimate for these groupings is 1) 4 0 0 0  B.P., 2) 1000-10,000 B.P., 3) 
10,000-100,000 B.P. and 4) >100,000 B.P. These estimates can be used to calculate the 
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age of the deposits on which a soil is formed and thus provide insight to where post- 
Clovis age sediment @e. <12,000 B.P.) is located. 

Landform 
Landform is a good indicator of depositional setting. Good potential depositional settings 
for archaeological sites are often found in floodplains, low (overbank) terraces, inset 
alluvial fans, and footslopes. Channels, summits, rock outcrops, cliffs, and steep slopes 
are poor potential depositional settings. 

Deposit Type 
Parent material provides an estimate of both the depositional energy regime and depth of 
burial. Although we did not formally use deposit type in this analysis, we visually cross- 
checked the other categories to assure that they compared favorably to sensitive deposit 
types. Depositional settings most likely to contain sites with good integrity are floodplain 
deposits, low angle alluvial fan, and slope wash deposits. Those with a poor chance of 
site integrity are residuum, regolith, channel gravel, and talus. 

Percent Gravel (clasts > 2 m )  
Percent gravel (>Zmm) was tabulated 6r the soils. Percent gravel for each horizon 
within each soil series was presented as a range of values from which the median was 
selected to represent the series. This variable is thought to provide a good proxy measure 
for the energy regime of the deposit andor the proximity (shallowness) of regolith. 

Percent Cobbles and Larger (clasts 23" (5.5 an) 
Content of cobbles present in each map unit was tabulated. The maximum percentage for 
each soil series was weighted according to p e n t  that the soil series Comprised of the 
total map unit. Rock outcrop and/or bedrock are considered to contain 100Y0 fragments 
>3 in. For larger clasts the weighted averages for each soil series was derived and then 
all the component series averaged to get a representative figure for the map unit as a 
whole. 

Archaeological Landscape Sensitivity Outline 
The criteria discussed above were outlined to facilitate the reclassification of the soil map 
units into arcbaeological landscape sensitivity areas. This outline is presentedbelow. 
The analysis involved identifying the sensitivity zones in a sequential manner based on 
what we felt was the most clear-cut and reliable characteristics. Once an area was 
assigued to a particular sensitivity zone, it was excluded from further analysis. The 
sequence was very high, high, very low, low. Moderate represented the remainder when 
the analysis was complete. Manual inspection of variabledvalues included within the 
moderate category suggests that the included map units, indeed are transitional between 
high and low with regards to sensitivity criteria. Some adjustments were needed to 
accommodate both the STATSGO and the SSURGO databases and these are specified 
below: 

1. VERY HIGH SENSITMTY AREAS meet all of the following criteria 
1. Include map units which contain a component where the depth to bedrock is 40 
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in. or deeper and the component composes 10% or more of the map unit. 
2. Include map units which contain a component where the minimum slope is 10% 

or less. 
3. Include map units which contain a component where clasts 3 inches or greater in 

diameter compose 8% or less by volume of the soil matrix. 
4. Include map units which contain a component where clasts 2 mm or greater 

compose 20% or less by volume of the soil matrix and the component composes 
10% or more of the map unit. 

5.  Include map units which contain a component having a likely Holocene age soil 
taxon (Camborthids, Cryoborolls, Endoaquolls, Fluvaquents, Halaquepts, 
Haplaquolls, Haploxerolls, Natrargids, and Tomorthents) and the component 
composes 30% or greater of the map unit. 

6. Include map units that contain a component having a landform designated as “low 
terraces and floodplains”. 

2. HIGH SENSITMTY AREAS meet all of the following criteria 
1. Meet all of the criteria for very high sensitivity except do not meet criteria ‘f . 

3. MODERATE SENSITIVITY AREAS meet all of the following criteria 
1. Meet all of the criteria for very high sensitivity except does not meet criteria ‘e’, 

and ‘f. 
2. Include map units that contain a component having a likely Holocem age soil 

taxon (Cambortbids, Cryoborolls, Endoaquolls, Fluvaquents, Halaquepts, 
Haplaquolls, Haploxerolls, Natxargids, and Tomorthents) and the component 
composes less than 30% of the map unit. 

3. Include map units which contain a component having a probable Holocene age 
soil taxon (Argixerolls, Durorthids, Haplargids, and Nadurargids) and the 
component composes 30% or greater of the map unit. 

4. LOW SENSITMTY AREAS meet all of the following criteria 
1. Include map units which contain a component where the depth to bedrock is 35 

inches or less, contains no inclusions, and the component composes 10% or more 
of the map unit. 

2. Include map units that contain a component where the minimum slope is greater 
than or equal to 10%. 

3. Include map units which contain a component where clasts 3 inches or greater in 
diameter compose 8% or more by volume of the soil matrix. 

4. Include map units which contain a component where clasts 2 mm or greater 
compose 30% or more by volume of the soil matrix and the component composes 
10% or m r e  of the map unit. 

5. Include map units which contain a component having a probable Holocene age 
soil taxon (Argixerolls, Durorthids, Haplargids, and Nadwgids) and the 
component composes 30% or less of the map unit. 

6. Include map units that contain a component having a questionable Holocene age 
soil taxon (Calciortbids, Calcixerolls, Durixerolls, Rendolls) and the component 
composes 30% or more of the map unit. 

4-4 

W 
W 
W 
W 
W 

w 
W 
W 
W 
W 
W 
W 
W 
H 
W 
W 
W 
W 
W 
W 
W 
W 
W 
W 
I 
W 
W 
I 
I 
I 
I 



I 
I 
m 
I 
I 

I 
I 
I 
rn 
I 

H 
I 
I 

I 
I 

I 

I 
I 
I 

rn 

7. Does not meet the criteria for VERY LOW SENSITIVITY 

5. VERY LOW SENSITIVITY AREAS meet all of the following criteria 
1. Include map units which contain a component where the depth to bedrock is 25 

inches or less, contains no inclusions, and the component composes 10% or more 

2. Include map units that contain a component where the minimum slope is greater 
than or equal to 15%. 

3. Include map units which contain a component where clasts 3 inches or greater in 
diameter compose 15% or more by volume of the soil matrix. 

4. Include map units which contain a component where clasts 2 mm or greater 
compose 40% or more by volume of the soil matrix and the component composes 
10% or more of the map unit. 

5.  Include map units which contain a component having a questionable Holocene 
age soil taxon (Calciorthids, Calcixerolls, Durixerolls, Rendolls) and the 
component composes 30% or less of the map unit. 

6. Include map units that contain a component having an unlikely Holocene age sod 
taxon (Durargids, Paleargids, Paleorthids, Palexerolls), and the component 
composes 30% or more of the map unithobable Holocene age soil taxon 
(Argixerolls, Durorthids, Haplargids, and Nadurargids) and the component 
composes SOYO or less of the map unit. 

7. Plus, they include only those map units which contain a component having a 
questionable Holocene age soil taxon (Calciorthids, Calcixerolls, Durixerolls, 
Rendolls) and the component composes 30% or more of the map unit 

8. Does not meet the criteria for VERY LOW SENSITMT?'. 

of the map unit 

Conclusions and Recommendations 
A discussion of the sensitivity classification is presented here. These zones predict 
locations where geological conditions favor: (1) retention of archaeological b e h a v i d  
spatial context, (2) the preservation or perishable archaeological materials (bone and 
charcoal), and (3) the stratigraphic separation of archaeological occupation zones. Again, 
the reader is cautioned that the sensitivity model predicts where site preservation 
conditions are good and not locations that were attractive to human activity 
(see Chapter 7). 

Very High Sensitivity Zone 
Locations predicted to have very high archaeological landscape sensitivity within Pine 
Valley (Figure 4.1) are situated primarily along the floodplains and low terraces of Pine 
Creek and its major tributaries. Areas included within this zone meet stringent criteria 
for sediment accumulation depth (depth to bedrock), depositional energy regime 
(minimum slope, bedload trwport energy [e.g. percent of 3" clasts and percent of clasts 
greater than 2 mm]), and sediment age using likely Holocene-age surface soils as a proxy. 
This zone comprises 35.9% of the total project area. The very high sensitivity area 
contains all the tested site locationa reported by Turner et al. (1984) as well as the 
palynological locations analyzed by Thompson (1984). Investigations at these locations 
tend to support our conclusion that this zone can contain stratiiied, intact, occupation 

4-5 



8 
8 
8 
8 
8 
8 
8 

8 
8 

8 
8 
8 
8 
8 
8 
8 
8 

8 
8 
8 
8 
8 
8 
8 
8 

w 
8 
8 

Pine Valley SSURGO Sensitivity Model 

0 Project Boundary = Very High Sensitiitty 
High Sensitivity 
I Moderate Sensitiity 

Low Sensitivity 
Very Low Sensitivlty 
‘Jnrnapped 

N 

w*E 
5 

20 a 20 

Figure 4.1, Archaeological landscape sensitivity map for Pine Valley at the SSURGO d 
mapping scale. 
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zones that yield perishable materials like bone and charcoal and which span nearly the 
entire span of the Holocene. Earth disturbing construction activities within this zone 
should only be undertaken under the most controlled circumstances. Intensive 
archaeological inventory, prospecting, and complete construction monitoring would be 
necessary to totally prevent the inadvertent destruction of significant archaeological 
resources within this zone. Very deep trenching, probably only attainable with a 
caterpillar-track mounted, backhoe would be necessary to evaluate these areas for the 
presence of sites. 

High Sensitivity Zone 
Some locations not necessarily situated along the Pine Creek or the lower reaches of the 
major tributaries are mapped as having high archaeological landscape sensitivity. NRCS 
map units assigned to the high sensitivity zone are in all respects identical to the very 
high sensitivity zone, but were not designated as "low terraces and floodplains" by the 
soil scientists who mapped the area. On the SSURGO sensitivity map (Figures 4.1 and 
4.3) the high sensitive areas are concentrated north and south of the main zone of very 
high sensitivity. This zone comprises 4.3% of the total project area We expect that the 
high sensitivity area will contain cultural occupation zones that are similar to those in the 
very high zone. As archaeological endeavors continue in Pine Valley, the utility of this 
zone category might be reevaluated and combined with the very high zone. Like the very 
high sensitivity zone, earth disturbing construction activities within this zone should only 
be undertaken within the most controlled circumstances. Intensive archaeological 
inventory, prospecting, and complete construction monitoring would be necessary to 
totally prevent the inadvertent destruction of significant archaeological resources. As in 
the very high sensitivity zone, very deep trenching, probably only attainable with a 
caterpillar-track mounted, backhoe would be necessary to evaluate these areas for the 
presence of sites. 

Moderate Sensitivity Zone 
Some areas within Pine Valley are similar in many respects to the very high and high 
sensitivity zones, except for the fact that they contain mall areas of likely Holocene-age 
soils within larger areas of only probable Holocene age soils. The areas of likely 
Holocene-age soils compose less tlm 30% of the map units. Otherwise, these map Units 
contain, soil taxon such as Argkerolls, Durorthids, Haplargids, and Nadurargids which, 
either overlie latest Pleistocendearliest Holocene age sediment, or even older deposits. It 
is possible that Early Archaic and Paleoindian age mupations might be buried in or 
under these surface soils, however dating of these soil taxon under local soil formation 
conditions is necessary to demonstrate this. Still, given that smaller areas of younger 
soils are present, the moderate zone still presents a management concern for the 
protection of archaeological resources. Professional o-site/project specific, 
geoarchaeological evaluations might help identifl the smaller sensitive portions of 
specific map units withinthis zone. This zone comprises 31.0% of the total project area. 
In addition to normal 106 process inventory and evaluation, this zone deserves 
construction monitoring of known archaeological resources and construction monitoing 
of linear construction projects such as pipeline trenches and highway constmction. Like 
the very high and high zones, the deposits might be deep in the moderate sensitivity zone 
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and deep testing is necessary to evaluate these areas for the presence of buried occupation 
zones. 

Low Sensitivity Zone 
Areas predicted to have a low landscape sensitivity include soil map units that have a 
thinner mantel of sediment, steeper slope, and both more total gravel and more cobble- 
sized gravel. As well, this zone is mostly mantled by surface soils that are of 
questionable Holocene age (Calciorthids, Calcixmlls, DurixeroUs, and RendoUs), with 
the inclusion of small areas of soils of only probably Holocene age (the predominant soils 
in the moderate sensitivity zone). Thus, there is a much smaller chance for occupation 
integrity, perishable preservation, and stratigraphic separation of occupations in this zone. 
This zone comprises 17.8% of the total project area. As with the other zones, field 
archaeologists permitted to conduct 106 process activities in Pine Valley should consult 
the US. Department of Agriculture (SCS and NRCS) soil reports for Eureka and Elk0 
counties prior to undertaking field work in Pine Valley. This is to determine the settings, 
landfonns, parent materials that occur within soil map unit inclusions so as to be alert to 
potential locations too small to be mapable using the NRCS database. In addition to 
normal 106 process inventory and evaluation, this zone deserves construction m o n i t h g  
of known archaeological resouces and construction monitoring of linear wnstmction 
projects only on a case-by-case basis given uniquely recognized geoarchaeological 
opportunities. Unlike the very high and high zones, the deposits are not as deep in the 
moderate sensitivity zone and, where necessary, rubber-tired backhoe testing is probably 
adequate to evaluate these areas for the presence of buried occupation zones. 

Very Low Sensitivity Zone 
At the lowest extreme of the sensitivity scale is the very low sensitivity zone. Some areas 
within Pine Valley contain a combination of attributes such as to render them unlikely to 
contain intact, well-preserved, and stratigraphically separated occupation zones. This is 
because the NRCS map units they occupy have a very shallow depth to bedrock (<25"), 
they are on steep slopes, have relatively large amounts of gravel including cobble sized 
and greater, and their major soil types are thought to be too old to engulf any intact and 
buried cultural material. These areas comprise the very low sensitivity zone. Much of 
this zone is situated on steep slopes in mountainous areas. As with the other zones, 
inclusions of other soils occur within the boundaries of the very low sensitivity zone, thus 
there is still a small chance that some of these areas might wntain intact, well-preserved, 
and stratigraphically separated occupation zones. This zone comprises 11.0% of the total 
project area. If potential archaeologically sensitive inclusions are not identified, 
construction monitoring and other post-inmtory discovery techniques can be minimized 
without overt risk to sensitive cultural resources. 

A sensitivity map was also made using the STATSGO soils database that is constructed 
at an appropriate scale for analysis at a multbcounty level of analysis. This was done due 
to the fact that digital SSURGO coverage was incomplete for Eureka and Elk0 Counties. 
The STATSGO sensitivity map (Figure. 4.2) was constructed using the identical attributes 
and values as the SSURGO sensitivity map (Figure 4.1) with some minor exceptions 
noted in the outline presented above. These two maps are wmpared in Figure 4.3. 
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Figure 4.2. Archaeological landscape sensitivity map for Pine Valley at the S T N W  
soil mapping d e .  
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CHAPTER 5 - HABITAT DEFINITION AND DESCRIPTION 

This chapter develops a detailed model of environmental variability in Pine Valley. First, 
the advantages and limitations of the range type concept in a prehistoric plant community 
modeling application are considered Then, soil map units and range types are 
transformed into a set of Pine Valley habitats. Habitat characterizations are refined 
according to proximity to perennial water. Finally, the suitability of habitats for various 
classes of wildlife important to hunter-gatherer foraging is ranked. This final step 
provides a typology of habitats in the Pine Valley study area derived from soils, 
vegetation, water, and slope. 

RANGE AND HABITAT CONCEPTS 
To model hunter-gatherer ecology in the study area, the spatial distribution of resources 
as they probably existed during the early nineteenth century, when hunter-gatherers 
inhabited northern Nevada, must be estimated, and then extrapolated back into antiquity. 
Alone, modern vegetation and wildlife inventories are inadequate for this task because 
ranching, irrigation, flre control, mining, construction, and other developments have 
altered the biota of the study area. Elsewhere in the Great Basin (Raven and Elston 1989; 
Zeanah et al. 1995; Zeanah and Elston 1997; Zeanah et al. 1999) and the Great Plains 
(Eckerlie and Hobey 1999). the range type concept has served as a means to model 
prehistoric biota; one that minimizes historic and modem distortion. 

A range site is a distinctive set of geological, topographic, and hydrological 
circumstances that fosters a particular potential natural vegetation community 
(Dyksterhuis 1949, 1958). Such a community is represented by the vegetation that 
develops in particular physiographic circumstances defined as the range type, if left 
undisturbed for a sufficient time under current climatic conditions (Society for Range 
Management 1983). Range and soil scientists classify potential natural vegetation by 
analyzing the productivity and composition of vegetation growing on protected rellct 
sites of particular soils covered by climax vegetation, or sample plots of soils left 
undisturbed long enough for the potential natural community to re-establish. These 
analyses generate estimates of total and species-specific annual herbage productivity in 
kilogram per hectare for each range type (Passey et al. 1982). 

Range sites strongly correlate with soil types because both vary according to the same 
geological, topographic, climatic and hydrological conditions (Dyksterhuis 1958; 
Aandahl and Heerwagen 1964). The NRCS uses range types as a management tool for 
linking soil-mapping data to potential natural vegetation. Therefore the spatial 
distribution of potential natural vegetation can be inferred from soil maps. 

Range types serve as a basis for estimating prehistoric plant communities because they 
describe relict stands that correlate with soil, allowing the distribution of potential natural 
vegetation to be extrapolated from soil maps, notwithstanding disruption to current 
vegetation. However, an important caveat is that modem potential natural vegetation 
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communities are not the living fossils of vanished prehistoric associations. Rather. they 
reflect modem equilibrium as affected by historic alterations (cf. Young et al. 1976). For 
example, historic livestock grazing has fostered expansion of sagebrush and a variety of 
forbs and grasses at the expense of the indigenous species that flourished before the 
introduction of cattle (Young et al. 1976; Young and Tipton 1990). These introduced and 
invasive species are modem members of the climax vegetation of the Great Basin. 

Too, natural disturbance process such as flooding, erosion, wildfire, and overgrazing 
(Young et al. 1976) and activities of prehistoric hunter-gatherers such as the intentional 
burning of range lands and sowing of wild seeds (Steward 1938) frequently disrupted the 
climax of prehistoric vegetation, allowing success ional communities to flourish. 
Furthermore, paleoenvironmental studies indicate that major changes occurred to the 
composition of plant communities in the northeastern Great Basin during the Holocene 
(Rhode 1998). Modem potential natural vegetation is not identical to the plant 
communities that existed before these shifts occurred, Therefore, range scientists (Tausch 
et al. 1993) caution that potential natural vegetation has varied dynamically over time as 
individual species have adapted to long term climatic change through adaptation, 
migration, and hybridization. 

The foregoing observations compel acknowledgement of the temporal and spatial 
dynamics of the biotic landscape of northeastem Nevada, but as long as these limitations 
are kept in mind, range types nevertheless serve as useful analytical tools in consideration 
of prehistoric environments. Range types and their associated vegetation represent 
consistent and quantitative descriptions of modem plant community composition and 
productivity that serve to extrapolate the climax landscape that existed before modern 
times, so long as generally the same soil, topography, hydrology, and climate structuring 
the modem landscape were operating in the past. 

The farther back in time that the range type landscape is projected, the more likely it is 
that these conditions varied signiftcantly. Nevertheless, the landscape provides a baseline 
that estimates prehistoric resource distributions, because plant communities are modeled 
according to soil type. Since soil formation reflects the interaction of vegetation and 
environment over long periods of time, soil types should reflect, grossly but reliably, the 
vegetation that typically grew on them as long as those soils existed. 

Although specific compositions of present range types may differ from their prehistoric 
predecessors, they should be fundamentally similar in productivity, structure, and 
function (Tausch et al. 1993:445). Range types that are lush in biomass today should have 
been so in the past, despite differences in particular species composition or stage of 
succession, so long as modem soil type and hydrology were present. Range types that 
currently favor particular plant species should have been favorable for those u similar 
species in the past (although the precise percentage contribution of the species to the 
community may have been different). The paleoenvironmental record can serve as a 
guide for estimating how the distribution of critical resources may have varied in the past. 
For example, the effects on habitat productivity and composition of a constriction of 
pinyon-juniper woodland, an expansion of marsh wetlands, or sowing of seed plots can 
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be extrapolated from an understanding of the modern structure of potential natural plant 
communities. 

Thus, range types remain useful heuristic tools for modeling prehistodc resource 
distributions. Modem range types will form the basis of a model of Pine Valley habitats 
that will characterize of the climax resource structure that existed before the intrusion of 
European-Americans. As such, it will serve as a model landscape that can be integrated 
with data on ethnographic Shoshone subsistence and settlement strategies. This, in tun, 
constitutes a predictive baseline to compare with archaeological site distributions. 
Moreover, the paleoenvironmental record serves as a guide to how the ethnographic 
resource landscape may have differed from that of prehistory. 

SOIL MAP UNITS, RANGE TYPES, AND HABITATS 
Having discussed the framework in which range types are employed to model prehistoric 
resource distributions, a landscape of habitats is now constmcted for the P i e  Valley 
study area. NRCS STATSGO soil maps are of insufficient resolution to allow habitat 
classification. Consequently, only those portions of the study area encompassed by 
county level SSURGO coverage are considered. 

Table 5.1 lists 127 SSURGO soil types from the Central Elk0 County Soil Survey (prefix 
767-), and the Eureka County Area Soil Survey (prefix 776-), soil surveys mapped in 
Pine Valley study area. Table 5.2 lists 49 range types associated wholly or partially with 
one or more soils in the Pine Valley study area. These range types originate from the 
Humboldt Area (prefix 024XV). Owyhee High Plateau @ref= 025XY-), and Central 
Nevada Basin and Range (prefix 028BY-) Nevada major land resource areas united 
States Soil Conservation Service 1981). 

Table 5.3 lists the concordance between soil map units and range types comprising at 
least 15% of the potential natural vegetation community associated with each soil. One 
map unit lacks associated range types because it refers to open water (soil map unit 
7761510) in several small reservoirs on the valley floor. The remaining 126 soil map 
units associate with one or more of the 49 range types in 82 different combinations. 
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Table 5.1. SSURGO soil map units in the Pine Valley study area. 
SOsMap S0ilN.w Ara SoidMap SonNme Ara Soilhlap SoilNum h 

unit (h.1 unit (h.) U& flln) 

n m i  nms 
nmi VI 

b 776972 
7761011 

nm 
7671881 

7671880 
7671889 

n@zs  

n w 2 3  

nwzz 
n m  
767241 

377 

5080 

1443 
406 
3567 

2291 

90 

82u) 
439 

1848 
4234 
404 

2624 

2611 

1922 

3862 
154 

308 

951 

917 

1458 

H)4 

776S3l 

7671631 

n m  
n m  
n a i  

776923 

776523 

77 .m 

n e 3 2  

n63m 

767201 / 

767206 

776331 

n 6 x i  

nwi 
nwo 
776371 

767060 I 
na i  
nwn 
767700 

767701 

767702 

167723 

CnarvanVariant-bHi- 
VdAanociation 
Hackwood-HapgodCleavage 
Aasoeiation 
Hardy I.cam,ZTo 8 Percent Slopes 
Hdy-RUbyM Aapocintoo 
HnunchcoHahlr-Rockoutaop 
Aarrtahon 
Hode& Stmy Loam, 2 To 8 Pemni 
Slopsa 
Hadcdo Very Stony Loam, IS To 30 
pnant S l o p  
HadEQCoils Associa!i~ 
H c q e k a . c a V e h i i l M *  

. .  

I. ~ 767070 / 
Luncar"- 776341 

338 

471 

2282 
832 
773 

136 

382 

I012 
8026 

41 
199 
429 

1324 

3096 

623 

101 I 
2493 

158 

1110 

9% 

1481 

589 

776270 

776813 

767172fi 
776814 
nail 

7671724 

7671729 

776431 
776691 

n6293 
776491 
776492 

7 7 m  

776764 

776762 

n 6 w 1  
767501 

776521 

767469 

767514 

767586 

336 

4146 

673 
756 
2500 

424 

1538 

17 
628 

4933 
1380 
409 

1214 

4269 

4889 

2965 
112 

243 

15 

I 979 

974 

866 



D D D D  D I D  D D D  D D D  D D D  D D H  D D D  B D  H D H  D D D  

SoilMap SoilNam Area SoilMap SoilName Area Soil Map SoilNeme Area 
unit @a) Unit @a) Unit @p) 

776280 CoilsLopm,2To8percentSIopes 528 776111 LimHapkmAawciation 2575 776382 ToejaPuett Association 449 
77620 c~ilsumil- 386 776361 lousoVariaOrLoem 141 7761202 ~ulase silt ~oam, o TO 2 P- 3985 

SI-* 

IlhRM 

4127 

642 

1816 
591 

2310 

4 

599 

1686 
3395 

984 

717 

63 

1632 

692 
385 

767080 

776610 

7 7 6 1 ~ 2  
776171 

776172 

776161 

767491 

776141 
7761.13 

767121 

167345 

7761233 

n 6 1 m  

776121 
7761411 

Loocan VaMot Loam, OT02 peneot 

pealr silt Losm, Oaasimally 
Rmded. 
Nevadn-RiEsa-Tulaae Aasociaton 
Nw-Maghills Association 

83 

6% 

1306 
1528 

380 

1641 

22 

35 
&16 

95 

267 

10100 

9085 

509 
24798 

7761201 

776202 

776641 
767413 

776783 

776781 

nmz 
7761510 
776962 

776961 

776770 

776772 

776891 

7764.30 
776181 

?-&Silt Loam 2To 8 Paceat 
Slopes 
UmiLHayesAm Assooiation 

Vaineat-Tomaa Asmciatia, 
Vmwnm-Bilbo-SOUghe Amciation 

WaltiGlpao Association 

Wal t~so%Uabb le -~  Assodation 

wal~softswbMe-Robmo 

WUieI 
Weigle Gravelly km, I5 To 30 

WeiglePe&li V M  Assockdm 

Welch Loam, Drained, 0 To 4 bent 

Welch Silt Loam, 0 To 2 P m  

percent Slopes 

Slopes' 

slOpe9' 

7671234 
776851 Glean-- Asaacistion 41 

3419 

258 

6219 
524 

370 

68 

1288 

20 
359 

425 

810 

250 

118 

468 
1243 



Table 5.2 List of range types in the Pine Valley study area. 

R.w Type Range Type Name Range Type Range Type Name 
Number Number 

024XY003NV Sodic Terrace 6-8 p.2. O Z S X Y O 2 7 N V  Loamy 12-14 p.z. 
024XY005NV Laamv 8-10 0.1. 025XYO51NV EruddSballow Clawan 12-16~.z. 

024XY00ZNV Loamy 5-8 p.z. 025XYO2sNV chalky Knoll 

024XY006NV Dry F k d p i m  
024XY007NV Saline Bottom 
024XYOl INV Sodic Flat 6-8 p.2. 

.. 
025XY059NV JWIS Wsg OR 
025XY065NV porn wsg: 117 
028BY003NV Loamy Bottom IO-14p.z. 

024XY017NV Sandy 8-1Op.z. 028BYO04iW SalineBottom 
024XY030NV Shallow Calcareous Loam 8-1 0 p.z. 028BY00RJV Loamy 10-12 p.2. 
024XY033NV Steep North Slope IO-I2p.z. 028BYOIONV Loamy 8-10 pz.  
024XY049NV P-J/AmZ 028BYOllNV Shallow Calcareous Loam 8-10 p.2. 
024XY051NV P-J.Aram 028BYO13h’V Silty 8-10 p.z. 
025XY001NV Moist Flwdplain 
025XY003NV Loamy Bottom 8-14p.z. 
025XYWNV Lomy Slope 16+ pz.  
025XYoOsNv Wet Meadow 
025XYoo9NV South Slope 12-14 p.z. 
025XYOlONV Steep North Slope 
025XYO12NV Loamy Slope 12-16 p.z, 
025XY014NV Loamy IO-12p.z. 
025XYOlSNV South Slope 8-12 p.z. 
025XYO17NV Claypan 12-16p.z. 
025XYOl8NV Clawan 10-120.z. 

028BY016NV 
028BY017NV Loamy 5-8 p.z. 
028BYO24NV Loamy Bottom 14+p.z. 
028BY029NV Loamy 16- p.z. 
028BYO3ONV Loamy 12-16 p.1. 
028BY034NV Mountain Ridge 12-14 p.z. 
028BY037NV Claypan 12-14p.z. 
028BY038NV Mountain Ridge 14- pz. 
028BY042NV Mahogany Tbickct 
OZ8BY043NV Calcareous Mahogany Savannah 
028BY060NV Puno-Juos Wse: Or4 

Shallow Calcareous Slope 8-10 p.z. 

_. I 

025XYO19NV Loamy 8-10 p z .  028BY067NV Potrt Wsg: I r f  
O Z S X Y O Z Z N V  Cobbly Claypan 8-1 2 p.z. 028BYO85NV Calcareous Loam 16+p.z. 
OZSXY024NV Mountam Ridge 

Table 5.3 Concordance among soil map units, range types, and habitats in the Pine Valley 
study area. 
Soil Map Units Range Trpes Percentage Number 

776293/7761203 024XYOOZNV/024XY005NV 30-75/15-65 1 
7761011 02.4XY00ZNV 100 2 
776881 024XY003NV/024XY007NV/024XYO 1 INV 35/25/25 3 
776883 024XY003NV 100 4 
7761022 024XY005,//025XY0l9NV 4oLMIzO 5 
7761060 M4XYoO5NV 100 6 
776610 024XY006NV 95 7 
776565 0 2 4 ~ 0 3 0 ~ ~ 0 ~ 5 ~ 0 1 9 ~ m z ~ ~ ~ o ~ ~  40/30/20 8 

Represented 

75-100 

776975 024XY049NV/025XY009NV 70/20 
776691 024XY049NV/OZSBYO37NV 65/20 
776521 024XY~9NV/OZSXYOl8~/025XYO12NV 5o/MnO 
776uu7763zin76831 024XY049NV/028BYOO7NY 45-75/1545 
776311/776762 024XYC49NV/028BY030W 506w5-35 
776111 024x105 1NV/O28BYO11NV/OZ8BYO1ONV 40/30/35 
77633W76331 024XYO5lNV/O28BY016NV 40-55125-35 

9 

IO 
11 
12 
13 
14 
16 
17 

776241 02moo1NV 100 18 
767080/776361 OZSXY003NV 100 19 
776772 ozsxY00sNv 100 20 
77681 I 025XY009NV1024XY051NV/025XY059NV 40/3WO 21 

m 

m 

m 

m 
m 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



Soil Map Units Range Types Percentage Number 
P m w a n r n t u l  ---I..-"----- 

767723 02SXY009NV/025XYO17NV/02SXY051NV 35/MRO 26 
767640 02SX(OI2NV/02SXYOIONV/025XY06SNV 40/30/15 27 
776814 
776431 
776382 
767469fl76951 
776923 
776922 
776941 
767501 
767413 
7671889 
7671880 
776422/776423 
776981fl7698217671881 
776425 

767701 

767261 
761452 
7671234 
776802 
776822 

232l7761411 
767o6an670701116341n765 
811 
776641177684117761201/ 
776120217761352 
776971 
776550 
767993 

7671631 
116630 

76i24in67100 

776aoi 

761229n67491/716823n16 1 

76734sn761~33 

776161 
7762801776282 
776283 
7161411776143177621~766 
001 
776870 
776371 
776202 
776171 
776172 
776201 
776661 
7769611176962 
776121 
776770 
776481 
7764801776492/776551 
7766811776682/776701/7768 
51 
776891 
7767811776782/776783 
767121 

O2SXY014NV/o2S~~NVlo25xYo 12NV 
O Z S X Y O  1 4 ~ ~ 1 0 2 5 ~ ~ 0  I 2NV 
025XY014NV/025XYO14NV1025XYOZ5NV 

025XY015NV/024XY033NV 
025XY015~v1025x~012NV 

025XYO 17NV/025XY012NV1025XY024NV 
025XYO 17NV1025XY014NV 
025XYO 1 7NV/025XY009NV 
025x101 7NVl025XYOI 8NV1025XYO 14NV 
025XYO 17NV/025XY024NV/025XY012NV 
02$XY017NV1028BY042NV 
025XY018NV1025XY009NV 
02rnOI 8NVlo2sXYo14NV/ozsXYol9NV 
025XY018NV102sXY015Nv1025XY014Nv 
025XY018NV1025XY017NV1025XY012NV 
025XY018NV1025XY018NV 
025XY019NV1024XY01 lNv1025xY019NV 
025XY019NV1025XY02sNv 

02SXYOl9NV 

025XY024NV/O2SXYOI 9NVlOZSXY009NV 
025XYO24NV/02$XYOlZNV 

025XY06sNv/025XY004NV1025XY024NV 
028BY003NV 
028BY004NV 
028BY007NV 
028BY007NV1028BY011NV 
028BY01 ONV 

028BY010NV/028BY013NV 
028BYOI lNVOR8BYOlONV 
028BYOI lNV/028BY013NV 
028BYOI 1 NV,O28BYOI l" 
028BYOllNV 
02SBYO16NV/02SBYO37NV 
028BY016NV 
028BYOlW 
028BY024NV 
028BYO29NVl028BYO37NV 
028BY029NV1028BY038NV 

028BY037NVl028BY00~1028BYG3ONV 
028BYO37NV/O28BY03ONV 
028BY042NV 

50/20/15 
45/40 
40/W15 
40-45/40-45 
55/30 
100 
50140 
50140 
55135 
30155 
40125/20 
45/40 
60-70115-25 
40/25/20 
45/20/20 
40135 
35/50 
4W30nO 
45130115 
35130/20 
65/20 
50120120 
40-65125-50 

85-100 

5W20/20 
7000 
40130/15 
75115 
45/25/15 
100 
100 
90-100 
50140 
85-100 

60BO 
7wu) 
70120 
70/20 
100 
75110 
85-100 
1W 
95 
45140 
25-W15-50 
20-65/20-35 

35/25/25 
4O-lW15135 
45 

776531 028BY042NV/025XY009NV/O25XYO24NV 40/35115 
776452 028BY042NV/028BY029NV/O28BYO6lNV M,20/IS 78 

28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

51 

52 
53 
54 
$5 
56 
57 
58 
59 
60 
61 

62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 

74 
75 
76 
77 
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soil M.p units R.ngcTypg Percentage Number 

nasi 028BY04ZNV/O28BY043NV W O  79 
7764621776471 028BY043NV/028BY029NV 45-50/3&35 80 
767206 0 2 8 B Y 0 6 0 N V / O Z ~ 0 5 9 N V / 0 ~ ~ 0 3 ~  W W 2 0  81 
767~01n7633~ 028BY06ONVIO28BYOW 55/30 a2 
776491 028BY043NV 35 83 
7761510 NA 100 84 

Note that the summed percentage of range types listed for each soil often fails to sum 
100% becam rock outcrops and minor range types take up the remaining proportion of 
each soil map unit. Also notice that some range type combinations occur in varying 
percentages given as ranges in the table. A unique numeric identifier designatw each 
range type combination. 

Review of these 82 soilderived biotic associations revealed that they fail to adequately 
capture biotic communities associated with wetlands, because these usually occur in 
parcels too small to map. This is a critical shortcoming because the distribution of 
perennial water strongly affects the productivity, composition. and diversity of plant 
communities and their suitability for wildlife in arid settings. Four categories of wetland 
communities were recognized from USGS maps and assigned appropriate range type 
associations from the Owyhee High Plateau and Central Nevada Basin and Range. 

Each kind of wetland was designated as an additional range type combination (Table 
5.4) and added as shapeffles Into the soil map unit database. Perennial water sources were 
recorded by simply reviewing all  USGS maps encompassing the study area and digitlzinp 
the location of every mapped stream, seep, and spring. Mapped sources were then divided 
into three elevation categories: c 1829 m (6000 ft), 1829-2286 m (7500 ft), and > 2286 
m. All area within 25 m of each spring and axial stream, and 10 m of each Mbutary 
stream was designated as part of the wetland. 

Table 5.4 List of Wetland Habitats Defined from USGS Maps 

Lklxiption Elevation Ran$eTypes RsageTypName NUUlk 

LowLnd Axid Stream <lWJm. 02SXYOOlNV MoMFloodpM~ 100 85 
PlWapllim 
Lonlrnd Pen- met < 1m9 a wsxwosrwi wet MSulmi WM 8wzO 86 
F m ,  s~riasa +s 028BYO44NV 
MlbElevation htd 1829- 028BY001NV/ W e t M d o n  10-14 p.z/ Wetland 8w20 87 
FlodpMns,Sprht@md 2W16m 028BYoC4Nv 
Seep 
U P W  Strum, 228Lm 028BYOZZ1YV WetMuaOn14+p.% 7e 88 
SPrInR md %pl 

Reprwented 

: ill 

I .  
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THE PINE VALLEY HABlTAT LANDSCAPE 
Altogether 86 separate combinations of range types were identified within Pine Valley 
and designated with an identification number ranging from 1 to 88 (numbers 15 and 84 
were assigned to provisional range typdsoil combinations that were later discarded). 
Table 5.5 summarizes biotic characteristics of the range type configurations and assigns 
each to wetland, saltbush, sagebrush, pinyon-juniper, or montane biotic communities. 
The biogeographical literature of the Great Basin (cf. Cronquist et al. 1986) often 
employs similar designations representing gross classifications of plant communities. 
Such categories are convenient for designating habitats because, although habitats 
sometimes crosscut boundaries among community types, they usually qualify 
unequivocally as one or another community based on predominant shrub and grass 
species. However, note that Range Type Combination number 1 classifies as either a 
sagebrush or saltbush community depending on the proportional contribution of 
constituent range types. 

Counting Range Type Combination 1 twice, five range type combinations qualify as 
wetland, six as saltbush, 49 as sagebrush, 17 as pinyon-juniper, and ten as montane. Each 
of these 87 range typdcommunity associations is defined as a separate habitat; thus, 
"habitat" refers to a particular potential natural plant community defmed by a specific 
assortment of range types. Note that each habitat is assigned an alphanumeric symbol 
bearing a letter prefix (WT, ST, SG, PJ, or MN) that represents the community to which 
it belongs. This is followed by the USDA plant symbols for the dominant shrub and grass 
species. The habitat symbol ends with the numeral identifying the range type 
combination. Table 5.6 summarizes physiographic characteristics of each habitat. Figure 
5.1 shows the spatial distribution of these associations in the Pine Valley study area. 
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Table 5.5. Biotic characteristics of Pine Valley habitats. 

Numbs A m W a l 9 s N b e -  . Tree Danhradsbrub DanbmtGnU DmninantFd Community Habitat 
F.m&ctivity - 

P o a - N d -  -%Fabs 
Fsvgablc &a=) 

1 347b2l-745 4%51-7 NA ssrbnuh SC-ARTRTlACRi7-1 

1 

3 
4 
5 

6 

7 

II 

9 

10 

11 

12 

13 

14 

16 

17 

18 

19 

26 

a 
319419.764 
336do4440 
3w66Mw 
336404.672 
3 ~ 7 9 0  

44a672d% 

638-1170. 
1% 

3022.448617 

235-39~49 

392494440 

XI8498639 

414438885 

Mb54.7!i6 

45447- 

uJ-386&0 

196-26- 

2016-2800- 
3920 

WO-3920- 
so40 

1UO-1901- 

61-363 
70.la2 
4 5 4 w  
79.14-7 
4>53-5 

314b9  

2b76-4 

3651-7 

42-52-6 

3551-8 

4 1 - a 4  

3 t s 9  

39.554 

39.54.7 

4 L S 7  

4 1 - a 6  

14-74-12 

1281-7 

4-7w4 

NA 
NA 
NA 
NA 
NA 

NA 

NA 

NA 

-e@ -- 
~ M O M ~ +  

-e 
--Ww 

*e 
Jup*m 
arrmrpmu *- 
NA 

NA 

NA 

Saltbulb 
Sdtlnuh 
wtblub 
Saltbush 
m m h  

md 
slgebrlnh 

Sigebruah 

Pinyon- 
Juniper 
Pinyon- 
Juniper 
Pinyon- 
Juniper 
Pinyon- 
Junlper 
Pinyon. 
Juniper 
Pinyon- 
Junlpr 
Pinyon- 
Jmnlper 
Pinyon- 
dunlper 
Wetland 

W b  

ST-ATWAHCPl 
ST-ATCWAHtX-2 
ST-SAVWLECICJ 
ST-ATCOK.UiY4 
SC-ARTfWACITl74 

SC-ARTRTlACTIl74 

SC-ARTRTLECl4-7 

SG-ARARBIAm74 

PLARVAUACTIlZ9 

Pd-ARvA2lmsPs-IO 

PLARVA2lmsPs-1 I 

P L A R V ~ - I  2 

PJ-ARVAUACTIl'FU 

PIARvAypsss-14 

PJ-ARAIWAEtX-16 

PJ-AMWRSPS-17 

WTsALIxILECI4-18 

SG-ARTRTlLECl4-19 

SG-ARCAIJIDECB 
20 



22 
23 
24 
25 
26 
27 

28 
29 
30 

31 
32 

33 
34 

35 

36 

37 
38 
39 
40 
41 
42 
43 

44 
45 
46 

47 
48 
49 
54 
55 

367539.773 
473485952 
4 5 4 4 5 m  
w4iaiis 

6104ia1086 
616451-1131 
504686969 

470661451 
504494%85 

672-8961120 
459461418 

5944401187 

487489974 

566451-116s 
409.655885 
470-711402 
431-7OWZ4 
426.661451 
3924338857 
8461254- 

1579 
549-739-1041 
41047M74 
47067b907 

448694-930 
381-571-762 
4l6627a29 
577-874-1254 
235495654 

I B @ I ~  
22-63-14 
24-61-14 
21-64-15 
23-6314 
2065-16 

23-65-u 
2 5 8 1 2  
2bC411 

23-6610 
29-62-10 

24-65-11 
22-M8 

23-67-10 

21-746 

2561-15 
24-60.16 
23-62-15 
22-61-17 
23-63-14 
24-5p-17 
5038.12 

21-68-u 
2567-9 
22-m9 

23-63-14 
23-68-10 
30.6s-5 
20.65-15 
33-5a9 

NA 
NA 
NA 
NA 
NA 
Populua (renrula 
asp rrsntvdoQks 
NA 
NA 
&ilipZl#S 
O S i W p t Y I M  
NA 
J- 
ostmxpcrma 
NA 
Juniperus 
oarmspmna 
J u n i p m  
OSIeOSptYIM 
Junipm~s 
o-spmnrr 
NA 
NA 
NA 
NA 
NA 
NA 
C - m  
ledlfOUUvr 
NA 
NA 
Junipmrs 
osuospsrrnn 
NA 
NA 
NA 
NA 
Jvnlomra 

Multiple 
CwpbllC- 

Sagebrerh 
Sngebrush 
sagebrush 
Sagebrush 
Montane 

SapbIIWh 
Sagebrush 
Sagebrush 

sssebrpsh 
Sagebrush 

sagebrush 
Sagebrush 

Sagebrush 

Sapbrush 

Sagebrush 
Sagebrush 
Sagebrush 
Manhne 

Sagebrush 

Sagebrush 

Sagebrush 

Sagebrush 

slsearaaa 
Webrush 

srsebmh 

srsebmh 

SC-ARVAfmssPs-28 
SC-ARVAUPSSPS-29 
SC-ARTRT/PSSPsJO 

SG-ARARS/PSSPS-31 
SG-ARTRT/PSSPsJZ 

SC-ARTRTiPSSPs34 

SG-ARVAZPSSPS-35 

SG-ARTRTiPSSPS36 

SG-ARvAmmlL37 

SG-ARARSIPSSPS-41 
5g-42 
MN-ARAB(wssps43 

SG-ARVA2lffsps-44 
SG-ARTRTiPSSF3.15 
SG-ARTRTllWPS46 

sc-ARARSIPSSPS-47 
SGdRARBIpssPs-48 
SG-ARTRT/PSSPs 49 
S G - A R v m m - 5 4  
PJ-ARTRTiPSSPs-55 .. 

OaJmsPanur Juniper 



SSD 
57 

58 
59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 
70 

71 

72 

73 

74 

75 

76 

lMb0 

19.m 
2au-7  

33.5bl 

4 & S 7  

47-47-6 

4-1 

4 8 4 - 1  

4 7 - 6 1  

-7 

4-7 

53-41-6 

6431-5 
25-75.0 

3-7 

3 1- 

3s- 

34-588 

3a611 

Ni 



P o o r - N d -  -W& 
Favorable 

(ksma) 

1921 lalyfollvs 
77 1061-1474- 48-41-11 Cereoeorpus ArfemidP wepuu~ ~.snlfoltqnnio qicnra Luplnus Montane MN-ARvAmssPs-77 

78 1196-1714- 52-37-11 C&CI?RWW A ~ i ~ w ~  
2tA5 

Montane MN-ARVAmsSPS-78 

85 1646-2901- 1&7!L11 Nd 

86 1053-2150- 3-77-20 NA 
3248 

3024 

3920 
87 i m a i 9 -  2 8 5 1 3  NA 

88 1568-t240- 7-930 NA 

Wetland WTsALwLECI445 

Wetland WTSALWDECE-86 

Wetland WT4ALWCAREX- 
87 

Wetbnd WT-ARCAl3/DECE. 



Table 5.6. Physiographic characteristics of Pine Valley habitats. 

Habitat sou lhre 
MN-ArlAWPssPs4 
MN-ARVAWACIE7- 

Soil Texture Landf0m Predpitation Rack Slope Annual 
(in) outcrop rw Flmding 

76 
MN-ARVAlI FEm27 

MN-ARVW pssps-79 

MN-ARvAlIpsspsa 
r n - A R V W  pssps-82 

MN-ARVAZ osspsB3 
MNsyNIpwAGTR-56 

PJ-ARARE'AcM740 
P.LARARB/ ACTH741 

PJ-ARARSIAECT-16 

PJ-ARARW PSSPS-17 

PJ-ARARW PSSPS-75 
PLARTRTl PssPsdd 

PJ-ARVA2l A-9-71 
PJARVAZ ACTH713 

PJ-ARVAZ ACl'H7-59 

PJ-ARVAZ A m 7 4  

PbARVAZPSSPS-10 

PJ-ARVAZ PssPs-I1 

P.?-ARVA2/pssps-U 
PJ-ARVW PssPs-14 

colluvium and residuum cobbly l o a d  very stony loam billdmountdndridged slopes 14 Preent 1550 
r e i d u m  very stony loam 

colluvium and residuum 

coUuviumanddduum 
alluvium, colluvium, and 
raidUIlm 
colluvium and raidnnm 

colluvium and re&Iuum 
colluvium andreiduum 

m ~ u v i u m a n d ~ d n u m  
dlnvium, colluvium, and 
resldnum 
allmiurn 
coUuvium and residuum 

aunvium 

colluvium and residuum 

coUuvium and residuum 
dluvium, colluvium, and 
d d u w n  
dludum, colluvium, and 
d d u u m  
dluvium, colluvium, and 
residuum 
eeliuviora and raid- 

colluvium and residuum 

colluviumandresiduum 
colluvium and residuum 

gravellyload tilt loam 

very gwellyloam 
graveUylo.m/silt loPm/stony 
loam 
gravdyloam/very gravelly 
l a m  
Z i y  ~ o r m / g r a v e ~ y  loam 
bollldcry Sot l o r d g n v e l l y  
loam 
very stony loam 
gravelly lonrn/silt loam 

loam/gravcUy loam 
silt loam/ very g n v d )  l o m  

snndylaandgravellysandy 
l am 
gravelly loam/ very gravelly 
lomu 
stony loam/ cobbly loam 
gnvelly Ioam/sandyloam/ silt 
l0.m 

stonysiltlwn/veryatotonylo.m 
laandstony lonm/gravellylonm 

loam/&nyloam 

loam/gravellylo.m/cobbly 
l o a d  
d b l y  h d v e r y  gravelly loam 

gravelly l o d  extremely stony 
lorn 
very gravelly 10mllo.m 
stony lonm/grsveUy loam 

hllldlmobslpedimenWplateawJ 

mountniaaalope 
hilLJ mourttaindridgedslopes 

mountaid ridged slope 

mountaind ridged slope 
mountaim! pedimmid ridged 

mount.indslopes 
131y mountaid ridges 

l a d  piedmonts 
hilld low terraces and lloodplaind 
mountainsl piedmoatd ridged 

ballenad fans/ piedmonts 

mountaiad ridged slope 

W monntaind plateaud slopes 
h d  hilWlow terraces and 
t l o o d p W  mountaid pedimentd 
plateaus 
mountains/ slope 
f a d  piedmontd hilLs/ monntainsl 
aopcs 
fand hiW piedmonts/ dopes 

Rnd moontliadpiedmontd slopes 

b1W mountains/ pedlmentd 
plnteaw 
hllldmount.indplatedwJdopes 

hiW mount&d ridgeSrslopa 
W mountaid platead Elopes 

Slopes 

dopes 

slopes 

14 

16 

1 6  
18 

17 

16 
13 

14 
16 

10 
10 

9 

12 

14 
9 

I5 
12 

10 

13 

13 

14 

11 
IS 

Present 15-50 

Present 

Present 

Present 

Present 

presollt 

1550 

30-75 
1550 

1575 

1575 
1550 

15-50 
8-30 

za 
1 5-50 

0-15 

4-50 

8-50 
2-50 

8-30 
2-30 

250 

2-50 

1550 

8 5 0  

15-50 
1575 

None 
None 

None 

None 
None 

None 

None 
None 

None 
None 

None 
None 

Rue 

None 

NOM 
None 

None 
None 

None 

None 

NOM 

None 

None 
None 



Habitat Soil Type Soil Texture L a d f O t l l l  Precipitation Rock Slope h n ~ l  
(in) Outcrop (Ye) Flooding 

15.50 None PJARVAZ Pssps-21 colluvium andmiduum loamlvery gravelly loam hllLsl mouotaind pwlimeutd 12 

colluvium and rwidoum 

dluvium, colluvium, and 
d d u u m  
.uUviUm 

alluvium 

dnvium 

allUVIUm 
colluvium and residuum 

alluvium and residuum 
colluvium and residuum 
wllnviqm and reslduum 

colluvium .ad residuum 

allnvium 

wlluvillm and midmum 

wlluviumsndresiduum 

Illuvillum, colluvium, and 
residuum 
alluvium and colluvium 
reridoum 
alluvium 

cobbly load!gaveUy loam 

verygruvellyloamlverystouy 
loam 

very wbblyloam/siltloam 

nudyloam/gravellylonm 

gravelly sundyloaml gravelly 
loam 
P d Y  I O ~ g r a W  
loam 
gruveUy loam 
very stony loam/ very cobbly 
loam 
loam/graveY.loam 
gravelly loamlwbbly loam 
gravelly loam/wbblylwm 

mbbly clay loam/ gravelly loam 

cobblyloamlgrawUyclayloam 

stonyloam/p.velly l o a d  
wbbly clay loam 

wbbly loaml gravelly clay Loam 

cobblyloadgmeuy silt loam 
atony clay loadstony loam 
ChVlOam 

pla tead  
slopes 
W monntdnd phteaud ridged 
slopes 
M d  mountaindpedimentd 
plateamd 
rid@ s l o p  
fpnd piedmonts 

fsnmdlow t e m w  and fioodphbd 

fad piedmonts 
pifdlllonts 

hid piedmouts 

rand piedmonts 
hllLsl mountrinJ ridged slopes 

hills/ ridged slopes 
hills/mount.indsloper 
W h o b d m o u n t s i a d  patud 
edges 
hllLJ mountaind pediments/ 
piedmontd 
plateadsloper 
piaamontd rnuey dded fin 
remnlotd nney fuu 
fanrlbllld mountaindpiedmoutd 

bu remuautd piedmonts/ plateaus 
mouotrdrdridgedulopea 
low tenneea and Uwdolnlna 

15 

12 

10 

10 

10 

10 

10 
11 

10 
13 
14 

13 

10 

14 

13 

12 

8-15 

230 

2-30 

oa 
2 6  

2.8 

2.8 
6-50 

15.50 
4-50 
15-'10 

8-30 

2-15 

15.4) 

4-50 

15-50 

12 2-15 
12 8-30 
12 0-2 

None 

Rare 

None 

None 

h i o n  
nl 

&re 

None 
None 

None 
Noae 
None 

None 

None 

None 

None 

None 

None 
Noae 

Prmueat 
SG-ARTRTI ACTH74 alluvium I& ssndvlordsilt loam fndlow t e m w  andhoodplains 8 0-8 None 
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WILDLIFE 
Range type descriptions provide quantitative descriptions of plant communities, including 
species ethnohistorically recorded as having been collected for food by hunter-gatherers. 
This provides a simple way to model the distribution and productivity of plant food 
resources in Pine Valley. However, a predictive model of hunter-gatherer foraging 
decisions based on optimal foraging theory must also consider animal resources, simply 
because most game offer higher foraging returns than do most plants (Simms 1987). 
Thus, fauna must be included in the Pine Valley model. Although soil and range data do 
not directly measure the spatial distribution or abundance of fauna, they do permit 
observation of the distributions of many forage plants of that fauna. Also, variability in 
water and soil acts upon wildlife distribution as well as plant habitat (Cooperrider et al. 
1986). Therefore, the Pine Valley habitat landscape can be used to assess the suitability 
of plant habitat types for animal habitat based on the production of forage and on 
physiographic requirements of particular game animals. The following section discusses 
habitat suitability for selected game species. 

Large Mammals 
Pronghorn antelope, mule deer, and bighorn sheep are important food sources of 
ethnographic hunter-gatherers (Steward 1938). The habitat distribution of all three 
species can be inferred from slope, association with water, and forage abundance. 

Typical pronghorn habitat is a low, open, gently rolling terrain in sagebrush and 
greasewood-saltbush plant communities. Antelope generally shun steeper slopes 
(Kindschy et al. 1982; Yoakum 1980) in order to rely on heir keen eyesight and high 
running speeds to flee predators (Frison 1978:251). In contra.% mule deer generally 
prefer steep, rough, or broken terrain offering steep relief. This kind of topography offers 
effective escape from predators and easy access to a variety of feeding niches within a 
small area (Kerr 1979). Relief is even more vital for sheep habitat, the defining 
characteristic of which is precipitous, remote topography. Mountain sheep use steep 
bluffs, cliffs, rock rims, and outcrops as escape terrain. Similarly, bedding and lambing 
areas are restricted to steeper slopes. Although adult rams occasionally venture as far as 3 
km from steep relief, mountain sheep usually remain within 0.8 km of abrupt escape 
terrain even when rich, well watered foraging patches lie not much farther away (Van 
Dyke et al. 1983; Wehausen 1983). 

Given the different slope preferences of these three species, a slope suitability score can 
be calculated for each habitat by individually weighting the slope intervals presented in 
Table 5.7 for each of the three large mammals. The antelope slope suitability score is 
calculated by the following equation. 

SSS antelope= (3*pc3%~t(Z*p3-9%)+@-~8%~ (Equation 1) 

where: 
SSS antelop = antelope slope suitability score 
pc3% = proportion of a habitat of 3% or less slope 
p3-9%= proportion of a habitat between 3% and 9% slope 
p9-18% = proportion of a habitat of 9% to 18% slope 
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Table 5.7. Proportional breakdown of Pine Valley habitats by slope interval and proximity to water. 

Eabitat Tobl 49; 34% 9-1896 >18% <Mmfrom 50 ID 3 k m  > 6 k m  
Area Slope slope slope Slope Water 3 km from 6 km from Water 
@a) Water Water 

MN-ARARfUPSSPS-43 947 0.01 0.07 0.37 0.56 0.00 1.00 0.00 0.00 
MN-ARVABACTH7 -76 

MN-ARvAz1pssPS-77 
MN-ARVAz1psSPS-78 
MN-ARV AZIPSSPS-79 
MN-ARVAZIPSSPS-SO 
MN-ARVAZ/F'SSPS-E2 
MN-ARVAzIPSSPS-83 
MNSYMPHIACTR-56 
PJ-ARARWA-7 -60 
PJ-ARAR8IACTE7-81 
PJ-ARARBIAHCT-16 
PJ-ARARBIPSSPS-17 
PJ-ARAR8RSSPS-75 
PJ-ARTRTIpsSPS-55 
PJ-ARVABACLE9-71 
PJ-ARVABACTE7 -13 
PJ-ARVAzIACTH7 -59 
PJ-ARVAZlACTE7 4 
PJ-ARVAZIPSSPS-10 

PJ-ARVAZIPSSPS-12 
PJ-ARVA21psSPS-14 

PJ-ARVAZIPSSPS-73 
PJ-ARVAZIPSSPS-74 

M N - A R V A ~ E I D - ~ ~  

PJ-ARVAZIPSSPS-11 

PJ-ARVAZIPSSPS-21 

SGAXAR81ACXH7 4 
SGARAR8lAHCT-63 
SGARARfUAECT44 

95 
401 
336 
62 

704 
919 
7917 
1374 
469 
385 
41 

2518 
626 
1703 
10252 
1224 
9583 
733 

12749 
431 
614 
240 
543 1 
2448 
6202 
115 
1434 

1518 
258 

0.02 
0.01 
0.00 
0.00 
0.00 
0.02 
0.00 
0.01 
0.55 
0.17 
0.39 
0.07 
0.07 
0.38 
0.02 
0.14 
0.44 
0.04 
0.01 
0.02 
0.00 
0.03 
0.06 
0.07 
0.44 
0.16 
0.85 
0.85 

0.10 
0.18 
0.09 
0.00 
0.03 
0.03 
0.23 
0.02 
0.09 
0.45 
0.67 
0.58 
0.35 
0.53 
0.52 
0.37 
0.61 
0.48 
0.34 
0.33 
0.29 
0.14 
0.30 
0.41 
0.42 
054  
0.62 
0.15 
0.14 

0.28 
0.37 
0.32 
0.10 
0.21 
0.20 
0.38 
0.17 
0.45 
0.01 
0.13 
0.03 
0.38 
0.31 
0.09 
0.47 
0.22 
0.07 
0.39 
0.54 
0.47 
0.35 
0.46 
0.40 
0.40 
0.02 
0.19 
0.00 
0.00 

0.58 0.00 
0.43 0.01 
0.59 0.00 
0.90 0.00 
0.76 0.00 
0.77 0.00 
0.37 0.00 
0.81 0.00 
0.46 0.00 
0.00 0.00 
0.03 0.00 
0.00 0.00 
0.20 0.00 
0.09 0.00 
0.01 0.00 
0.14 0.01 
0.03 0.00 
0.00 0.00 
0.24 0.00 
0.11 0.00 
0.22 0.02 
0.50 0.01 
0.22 0.00 
0.14 0.00 
0.11 0.01 
0.00 0.00 
0.02 0.00 
0.00 0.00 
0.00 0.00 

1.00 
0.99 
1.00 
1.00 
0.81 
0.99 
0.79 
0.66 
1.00 
1.00 
0.69 
0.27 
0.63 
0.89 
0.88 
0.99 
0.72 
1.00 
0.62 
1 .OO 
0.98 
0.99 
0.92 
1.00 
0.88 
1.00 

1.00 
9.53 

8.02 

0.00 
0.00 
0.00 
0.00 
0.18 
0.W 
0.21 
0.34 
0.00 
0.00 
0.31 
0.67 
0.37 
0.11 
0.10 
0.00 
0.20 
0.00 
0.35 
0.00 
0.00 
0.00 
0.08 
0.00 
0.12 
0.00 
0.73 
0.00 
0.47 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.06 
0.00 
0.00 
0.02 
0.00 
0.07 
0.00 
0.03 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.25 
0.00 
0.00 

SGARAR8lAECT-65 375 0.46 0.54 0.01 0.00 0.00 0.98 0.02 0.00 



... I . a .  ..I ... ... B I B  . . a  . 
Habitat Total 4% 3-9% 948% >18% e50 m from so m 3 k m  > 6 k m  

Area Slope Slope Slope Slope Water 3 km from 6 km from Water 
&a) Water Water 

SGARAR8lAACT-66 1413 0.72 0.28 0.01 0.00 0.00 0.61 0.21 0.19 
SGARAR8IAHCT-67 
SGARAR8IAACT-68 
SGARAR(vFEID-38 
SGARARsIFEm-42 
SGARARWPSSPS -26 
SGARARWPSSPS-31 
S GARARWSSPS -39 
S GARAR8/PSSPS -40 
SGARARS/PSSPS-41 
SGARARWSSPS -47 
SGARAR8mGsps -48 
SGARCA13/DJK!E20 
SGARTRTlACTH7-1 
S GARTRTlAClX7-S 
S GARTRT/ACTE7-6 
S GARTRT/AECT-61 
S GARTRTAHCT-62 
SGARTRTLF.Cl4-19 
S GARTRTLECI4-57 
SGARTRTLECI4-7 
SGARTRTIPSSPS -30 
SGARTRTIPSSPS -32 
SGARTRTIPSSPS -34 
SGARTRTIPSSPS -36 
SGARTRTIPSSPS -45 
SGARTRTPSSPS -46 
SGARTRTIPSSPS -49 
SGARTRTIPSSPS -SO 
SGARTRTIPSSPS -51 
S GARTRTPSSPS -52 
SGARVAWACLE9-72 
SGARVA2iTElD-37 
SGARVAZiFEID-53 

374 
779 
3791 
1597 
580 
1809 
1839 
4754 
298 
379 
685 
222 
834 
1288 
5039 
3341 
1002 
216 
570 
650 
438 
824 
2897 
515 
203 
626 
1673 

36853 
21212 
1832 
1980 
151 
855 
n 

0.04 
0.19 
0.03 
0.01 
0.04 
0.29 
0.04 
0.04 
0.26 
0.02 
0.09 
0.90 
0.74 
0.90 
0.71 
0.66 
0.99 
0.76 
0.68 
0.94 
0.52 
0.59 
0.17 
0.07 
0.13 
0.14 
0.94 
0.65 
0.74 
0.03 
0.01 
0.01 
0.01 

0.41 
0.60 
032 
0.13 
0.56 
0.60 
0.43 
0.49 
0.51 
0.48 
0.63 
0.09 
0.25 
0.10 
0.27 
0.32 
0.01 
0.22 
0.28 
0.06 
0.40 
0.39 
0.49 
0.58 
0.78 
0.69 
0.06 
033 
0.24 
0.45 
0.13 
0.40 
0.08 

0.46 
0.18 
0.40 
0.38 
0.34 
0.09 
037 
0.36 
0.19 
0.44 
0.26 
0.01 
0.01 
0.00 
0.02 
0.02 
0.00 
0.02 
0.04 
0.00 
0.08 
0.02 
0.28 
0.30 
0.08 
0.14 
0.00 
0.02 
0.02 
0.43 
0.41 
0.43 
0.44 

0.10 
0.03 
0.2s 
0.49 
0.05 
0.03 
0.16 
0.11 
0.04 
0.07 
0.03 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.06 
0.06 
0.00 
0.03 
0.00 
0.00 
0.00 
0.09 
0.46 
0.15 
0.47 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.01 
0.00 
0.00 
0.01 
0.00 
0.09 
0.04 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.05 
0.00 
0.00 
0.00 
0.00 
0.00 
0.01 
0.00 
0.00 
0.00 
0.00 
0.01 
0.02 
0.00 

0.70 
0.76 
0.99 
1.00 
1.00 

0.99 
0.97 
1.00 
0.99 

0.91 
0.84 
1.00 
8.80 
0.61 
0.43 
1.00 
0.28 
0.94 
0.67 
0.25 
0.88 
0.81 
1.00 
0.99 
0.66 
0.80 
0.81 
0.23 
0.99 
0.98 
1.00 

0.99 

0.89 

0.29 
0.24 
0.01 
0.00 
0.00 
0.01 
0.00 
0.02 
0.00 
0.00 
0.11 

0.12 
0.08 
0.29 
0.33 
0.57 
0.00 
0.58 
LO2 
033 
0.63 
0.12 

0.00 
0.00 
034 
0.19 
0.18 
0.66 
0.00 
0.00 
0.00 

aw 

0.19 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.06 
0.00 
0.00 
0.14 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.12 
0.00 
0.00 
0.00 

0.11 

0.00 SGARVAZlF'ElL3-54 - 0.45 0.55 0.00 0.00 1.00 0.00 0.00 
SGARVAZLECI4-70 682 0.65 0.23 0.10 0.02 0.14 0.86 0.00 0.00 



Habitat Total <3?4 3-!%SlOpe 9-18.x >IW <SOmfrom 50m-3bfnm1 3 h n - 6 b f m m  > 6 b W a t a  
Area Slope Slope Slope Water Water Wata 
ala) 

SGARVAWSSPS-22 1511 0.01 0.18 0.46 036 0.00 1.00 0.00 0.00 
SGARVAWPSSFS -23 5976 0.03 0.34 0.42 0.21 0.00 0.92 0.07 0.00 
SGARVAZIPSSPS -24 58fM 0.02 0.18 0.45 035 0.00 0.78 a21 0.00 
S GARVAZIPSSPS -25 1932 0.02 0.24 0.46 0.28 0.00 1.00 aw 0.00 
SGARVAYPSSPS -m 739 0.07 a74 0.18 aoz 0.00 1.w aw 0.00 
SGARVAWSSPS -29 75 0.02 0.16 0.64 0.19 0.00 1.00 aw a00 
SGARVAWSSPSJS 188 0.16 0.50 0.24 aio 0.00 1.W aw 0.00 
SGARVAWSSPS-44 1- 0.19 0.70 0.11 0.00 0.00 0.97 am 0.00 
SGPUTRMSSPS -33 2261 a47 0.42 0.10 0.01 0.00 as 0.31 0.11 
ST-ATC!O/A€ICT-l 4916 0.97 0.03 0.00 0.00 9.00 a79 0.21 0.00 
ST-ATCWAECT-2 361 0.94 0.06 0.00 0.00 0.10 ass am 0.00 
ST-ATCWAFICT49 499 0.85 0.15 0.00 0.00 0.00 1.w 0.W 0.00 
ST-ATCO%IHYA 9a 086 0.14 0.00 0.00 0.00 1.W a00 0.00 
STsAvwLECu-3 m 0.97 0.03 0.00 0.00 0.03 0.95 0.02 0.00 
ST-SAWNLKI4-58 1526 032 0.08 0.00 0.00 0.05 0.95 0.00 0.00 
W- ARCAWDECESO 94 0.01 0.26 0.39 0.34 0.22 0.77 0.01 0.00 
W-SALWCAREX4I7 1564 0.21 0.42 0.24 0.13 0.14 0.65 0.18 0.02 
W-SALIWDECES6 1459 0.69 0.23 0.05 0.03 0.02 0.77 azo 0.01 

w-S-4-(I5 589 as 0.05 0.00 0.00 1.00 0.00 0.00 a00 
W-SALlXiLSc14-18 1241 0.99 0.01 0.00 0.00 0.02 0.98 aw 0.00 

Y 
!3 



Note that the score assigns a value of zero to all area greater than 18% slope. 

SMlarly. the following score measures the slope suitability of habitats for mule deer by 
weighting the values of slope intervals differently, and assigning a value of zero to all 
areas of less than 3% slope 

sss deer= (3*p9-18%)+(2*~>18%) +(p3-9%) (Equation 2) 

where: 
SSS deer = mule deer slope suitability score 
p3-9%= proportion of a habitat between 3% and 9% slope 
p9-18% = proportion of a habitat of 9% to 18% slope 
p>18%= proportion of a habitat greater than 18% slope 

Also assigning a value of zero to all areas of less than 3% slope, he slope suitability of 
habitats for bighorn sheep is measured by the following equation. 

sss sheep= (3*p>18%)+(2*~9-18%) +(p3-9%) 

where: 
SSS sheep = bighorn sheep slope suitability score 
p3-9%= proportion of a habitat between 3% and 9% slope 
~9.18% = proportion of a habitat of 9% to 18% slope 
p>18%= proportion of a habitat greater than 18% slope 

equation 3) 

Table 5.8 gives the slope suitability score for each large mammal species in each habitat, 
as calculated from Table 5.7 and equations 1,2, and 3. 

Handy drinking water is extremely important for antelope habitats (Kindschy et al. 1982; 
OGara and Yoakum 1992; Yoakum 1980). Although individual antelope occasionally 
may wander as far as 8 km from water, pronghorn populations cluster near their water 
sources as demonstrated by wildlife inventories in Wyoming documenting that 95% of a 
population of 12,000 pronghorns remained within 6.5 km of water (Yoakum 1980:15). 
Although proximity of drinking water Seems less important to mule deer ecology than to 
antelope habitats, mule deer are nevertheless likely to remain within 6.5 km of a water 
source (Kern 1979). Particularly important are riparian zones which deer use as fawning 
areas and migration corridors, and because they provide good forage, cover, and access to 
water (Lekenby et al. 1982). Proximity of drinking water is also important to mountain 
sheep habitats: populations generally cluster within 1.6 to 3.2 km of water sources, 
especially during summer months (Van Dyke et al. 1983). 

Propinquity of water affects the suitability of habitat for all large game so a score was 
devised to measure the relative proximity of habitats to water. Table 5.7 presents the 
relative proportion of the total area in hectares of each habitat in each of four ordinal 
categories of distance from water: e 50 m, 50 m - 3000 m, 3000 m - 6,000 m, and > 6,000 
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m. From these data, a score measuring the relative proximity of water to each habitat is 
calculated by the following equation. 
W S  = (3*p<50m)+(Z*p50m-3~0~+ (p3000m-6OOOom)(n 4) 
where: 
WS = water proximity score 
p<50m = proportion of a habitat within 50 m of a perennial water source 
p50m-30Mhn = proportion d a habitat between 50 m and 3 km of a perennial water 
source 
p3OOOm-6OOOm = proportion of a habitat between 3 and 6 km of a perennial water source 
Note that the water proximity score assigns a value of zero to all area more than 6 km 
from a water source. The water proximity score calculated in equation 4 serves to 
measure habitat suitability for all three large mammals because of their similar water 
requirements (Table 5.8). 

Pronghorn generally are browsers and shrubs are their major food source, but they also 
consume grasses and forbs. Typically, low sagebrush dominates the best summer ranges 
of antelope, whereas winter ranges maintain saltbush, greasewood, and winterfat. 
Rangelands maintaining a desirable mixture of plant classes represent best antelope 
habitats (Kindschy et al. 1982); Yoakum (1980) estimates that assortments of 30 to 40% 
grasses, 10 to 30% forbs, and 5 to 30% shrubs are optimums. Mule deer are also browsers 
relying most heavily on shrubs in late summer, fall, and winter. Mountain mahogany and 
antelope bitterbrush are particularly attractive to mule deer. Succulent grasses and forbs 
make up a greater portion of mule deer diet in spring and early summer. Mountain sheep 
are primarily grazers, subsisting on grasses augmented by browse and forbs in spring and 
summer (Van Dyke et al. 1983:8; Wehausen 1983). 

Comprehensive lists of forage plants of all three large mammal species are tallied 
elsewhere (Zeanah et al. 1995: 132, 135, 138-139). Table 5.9 sums the amount of normal 
year forage in each habitat and assigns ordinal forage scores to each. These scores are 
based on the number of standard deviations above or below the mean forage yield for all 
87 habitats, assuming a normal distribution. 

Given the three parameters of suitable habitat for large mammals, the quality of each 
habitat In the Pine Valley study area is estimable by multiplying the water proximity 
score (WPS). slope suitability score ( S S S ) ,  and forage score. Table 5.10 gives the 
resulting scores for each species. The score directly measures the quality of a habitat for 
each species, and is assumed to indirectly monitor the probability that a particular game 
animal occurs in any speciflc habitat. 
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Table 5.8. Water proximity and slope suitability scores for pronghorn antelope, mule 
deer, and bighorn sheep. 

Habitat SSS SSS SSS Water Bibitat SSS SSS SSS Water 

score smm 
MN-ARAR8/pSSPS43 0.52 2.28 2.48 3.00 SGARTRT/ACTHM 2.74 0.27 0.26 2.92 

Antelope Deer Sheep proximity Antelope Deer Sheep FYoxjmity 

MN-ARVA7JACTH7-76 
MN-ARVA7.IFFSD-27 

~ - 
MN-ARVUPSSPS77 
MN-ARVAzIPSSPs78 
MN-ARVWPSSPS79 
MN-ARVrnSPS80 
MN-ARVAUPSSFS82 
MNhRVAZIPSSPS83 
MN-SYMPtLAGTRS6 
Pl-ARARNACTH74U 
PJ-ARAR8/ACTH7-8l 
PI-ARAlGJAHCT -16 
PJ-ARARSPSSPS17 
P J-ARAR8PSSPS75 
P J-ARTRTPSSPS55 
PI-ARVMlACLE9-71 
PI-ARVAUACTE7-I 3 
Pl-ARVAZ/ACTH7-59 
P I-ARVA21ACTH7-9 
P J - A R V m s P S 1 0  
PI-ARVrnSPS11 
P J - A R v m s P S I  2 
PI-ARVrnSPS14 
P I - A R v m  SSPS2l 
P I - A R v r n s P S 7 3  
PJ-ARVA2RSSPS74 
SGARARSIACT H7-8 

0.60 
0.78 
0.51 
0.10 
0.26 
0.26 
0.91 
0.21 
0.65 
2.54 
1.98 
2.35 
1.28 
1.59 
2.27 
1 .n 
1.86 
2.36 
1.18 
1.24 
1.12 
0.64 
1.13 
1.39 
1.45 
2.42 
1.93 
2.85 
2.85 
2.45 
2.71 
1.38 
1.93 
1.14 
0.64 
1.59 
2.14 
1.35 
1.46 
1.98 
1.45 
1.77 

2.09 
2.16 
2.22 
2.10 
2.18 
2.17 
2.10 
2.14 
2.34 
0.47 
1.12 
0.68 
1.90 
1.64 
0.82 
2.05 
1.32 
0.71 
1.97 
2.19 
2.13 
2.21 
2.11 
1.87 
1.84 
0.60 
1.24 
0.16 
0.16 
0.55 
0.30 
1.98 
1.21 
2.01 
2.25 
1.69 
0.92 
1.86 
1.80 
1.16 
1.92 
1.46 

2.40 
2.22 
2.49 
2.90 
2.74 
2.14 
2.09 
2.79 
2.35 
0.46 
1.02 
0.65 
1.72 
1.41 
0.73 
1.73 
1.14 
0.64 
1.82 
1.76 
1.88 
2.36 
1.87 
1.61 
1.55 
0.58 
1.07 
0.15 
0.15 
0.55 
0.29 
1.62 
1.07 
1.86 
2.36 
1.41 
0.86 
1.65 
1.54 
1.02 
1.55 
1.23 

3 00 SCrARTRT/Am-5 2.90 0 IO 0.10 3.00 ~~~~ ~~~ ~. . ~~~~ 

3.01 SGARTRT/ACT€Wj 2.69 0.32 0.3i 2.80 
3.00 SOARTRT/AHCT-51 2.64 0.37 0.36 2.56 
3.00 sGARTRT/AHCT42 2.99 0.01 0.01 2.43 
2.82 SGARTRTLEC14-19 2.74 0.28 0.26 3.00 
3.00 SGARTRTLECI4-57 2.64 0.39 0.36 2.14 
2.79 
2.66 
3.00 
3.00 
2.69 
2.20 
2.63 
2.89 
2.87 
3.01 

SGARTRTLECl4-7 
SGARTRTE'SSFS30 
SGARTRTmSSFS32 
SGARTRTPSSPS34 
SCrARTRTITSSF'S36 .~~ 
SGAKlRTlPSSPS45 
SGARTRTlPSSPS-46 
SGARTRTlPSSPS49 
SGARTRTPSSPS50 
SGARTRTPSSPSf 1 

2.93 
2.43 
2.57 
1.78 
1.65 
2.03 
1.93 
2.94 
2.62 
2.71 

0.07 
0.64 
0.44 
1.45 
1.58 
1.05 
1.18 
0.06 
0.40 
0.30 

0.07 
0.57 
0.43 
1.22 
1.35 
0.97 
1.07 
0.06 
0.38 
0.29 

3.03 
2.67 
2.14 
2.88 
2.81 
3.00 
3.01 
2.66 
2.80 
2.81 

2.65 *FARTRTPSSPS~Z 1.43 1.91 1.57 2.11 ~~~~ ..- ~~~ ~ 

3.00 SGARVAZ/ACLE9-72 0.68 2.27 2.32 3.01 
2.59 s ~ m v m m - 3 7  1.27 2.00 1.73 3.02 
3.00 s ~ ~ ~ v ~ m ~ r n - 5 3  0.63 2.35 2.37 3.00 
3.02 s ~ ~ ~ v ~ m ~ r n - 5 4  2.45 0.55 0.55 3.00 
3.01 
2.92 
3.00 
2.89 
3.00 
1.77 
3.00 
2.53 
2.98 
2.42 
2.71 

SGARVAULEC1470 
SGARVAZRSSPSZZ 
SGARVAZRSSPS23 
SGARVA.VPSSPS24 
SGARVAUpSSPS25 
SGARVAupsspS28 
sGARVAZRSSPS29 
SGARVA2/PSSPS35 
s G A R v m s s P S 4 4  
sGPu-IIIUpSSPS33 
B-ATCQAHCT -1 

2.50 
0.83 
1.20 
0.87 
1.01 
1.86 
1 .oo 
1.73 
2.08 
2.34 
2.97 

0.57 
2.26 
2.01 
2.24 
2.17 
1.30 
2.44 
1.42 
1.03 
0.74 
0.04 

0.50 
2.17 
1.80 
2.13 
1.99 
1.14 
2.00 
1.27 
0.92 
0.66 
0.03 

3.14 
3.00 
2.93 
2.78 
3.00 
3.00 
3.00 
3.00 
2.97 
2.47 
2.79 

276 ST-ATCQAHCT-2 2.94 0.06 0.06 3.10 
2.99 ST-ATCCYAHCT49 2.85 0.15 0.15 3.00 
3.00 ST-ATCOISIHY-4 2.86 0.14 0.14 3.00 
3.00 ST-SAWMJEI4-3 2.97 0.03 0.03 3.02 
3.00 W-SAvEdizEc4-58 2.92 0.08 0.08 3.05 

SGARARtWSSPS39 
SGARAR8iPSSPS40 
SGARARSRSSPS41 
SGARARBmsSPS47 
SGARARSlPSSPS48 
SGARCA13/DECE-20 2.89 0.12 0.11 3.09 

2.90 Wl-SALWLECI4-85 2.95 0.05 0.05 4.00 

~~~ 

3.01 W T - A R C A I ~ I D E C E ~ ~  0.95 2 io 2.05 3.21 
2.98 W-SALIXCAREX-87 1.70 I41 1.30 2.91 
3.00 W-sALD(IDECE-86 2.57 0.45 0.43 2.80 
3.01 WT-SALIXLECWI8 2.99 0.01 0.01 3.02 
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Table 5.9 Forage quantity and forage scores in each habitat for pronghorn antelope, mule 
deer, and bighorn sheep. 

Habitat Bighorn Sheep MuleDeer Deer Pronghorn Antelope 
P o w  Forage Forage Forage Forage F- 
ol%h.) %Om ol%h.) score @&ha) SCQm 

MN-ARARWSSPs-43 1207 3 1236 3 727 3 
MN-ARVAuACTH7-76 
MN-ARVAUFEID-27 
MN-ARVAzmSPS77 
MN-ARVAZmSSPS78 
M N - A R V r n S P S 7 9  
MN-ARVIUIPSSPS80 
MN-ARVIUIPSSPs82 
M N - A R v m s s P s 8 3  
MN-SYMPWAGTR-56 
PJ-ARARWACTH7-60 
PI-ARAR8/ACTH7-81 
PI-ARAR81AHCT-16 
PI-ARAR8PSSPS17 
PI-ARARWSSPS75 
PJ-ARTRTIpSSPS55 
PJ-ARVMACLE9-7 1 
PJ-ARVMAClX7-13 
PI-ARVMAClR7-59 
PJ-ARVMACTH7-9 
PJ-ARVA2IpSSPSlO 
PJ-ARVAZ/F%SPSI 1 
PJ-ARVA2IpSSPSIZ 
PI-ARVIUIPSSPS 14 
PJ-ARVA2PSSPSZ 1 
P I - A R V r n S P S 7 3  
PJ-ARVA2/psSPS74 
SG-ARAR8lACTH7-8 
SG-ARAPaAHCT-63 
SG-ARAR8/AHCT-61 
SG-ARAR8/AHCT-65 
SG-ARAR8IAHCT-66 
SG-ARAR8lAHCT-67 
SG-ARAR8/AHCT-68 
SG-ARARSIFED-38 
sO-ARAR8mlD-42 
SG-ARARWSSPS26 
SG-ARARS/pSSPS31 
SG-ARAR8IpSSPS39 
SG-ARAR8IpSSPS40 
SG-ARAR8mSPs-41 
SG-ARAR8mSsPs-47 
SG-ARARSIpSSPs48 
SG-ARCAI 3DECE-20 
SG-ARTRT/AC"H7-1 
SG-ARTRT/ACTH7-5 
SG-ARTRT/ACTH7-6 
SG-ARTRT/AHCT -61 
SG-ARTRWAHCT-62 

1169 
737 
1427 
1554 
1466 
1057 
508 
498 
591 
638 
324 
378 
253 
665 
388 
709 
650 

560 
589 
4% 
614 
750 
574 
927 
789 
413 
472 
452 
408 
489 
220 
205 
613 
599 
633 
646 
685 
693 
63 1 
652 
536 
1515 
488 
517 
640 
646 
553 

885 

3830 

3 
3 
4 
4 
4 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
2 
2 
2 
2 
3 
2 
3 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
4 
2 
2 
2 
2 
2 
7 
6 

1185 
818 
1451 
1653 
1490 
I140 
53 1 
510 
782 
635 
323 
371 
251 
672 
390 
798 
655 
896 
560 
594 
498 
636 
750 
5 82 
929 
795 
424 
456 
437 
366 
467 
215 
I97 
653 
636 
654 
666 
711 
722 
657 
690 
559 
I 743 
443 
475 
640 
646 
553 

3588 
SG-ARTRTLEC14-57 - 732 - 
SG-ARTRT/LEC14-19 

3 
3 
4 
4 
4 
3 
2 
2 
3 
2 
2 
2 
2 
2 
2 
3 
2 
3 
2 
2 
2 
2 
2 
2 
3 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
4 
2 
2 
2 
2 
2 
6 
5 

556 
704 
859 
849 
829 
862 
455 
390 
569 
609 
303 
357 
235 
633 
388 
650 
599 
835 
496 
530 
45 1 
567 
668 
537 
836 
736 
413 
456 
445 
400 
478 
217 
203 
595 
583 
607 
621 
660 
670 
615 
634 
532 
778 
483 
515 
618 
605 
528 
1568 

2 
3 
4 
4 
4 
4 
2 
2 
2 
3 
1 
1 
1 
3 
2 
3 
3 
4 
2 
2 
2 
2 
3 
2 
4 
3 
2 
2 
2 
2 
2 
1 
1 
3 
2 
3 
3 
3 
3 
3 
3 
2 
3 
2 
2 
3 
3 
2 
5 
3 

5-24 

I 
I 
I 
I 
I 
I 
I 
W 
W 
W 
W 
W 
W 
W 
W 

W 

W 
W 
W 
W 
W 
W 
W 
W 
H 
W 
W 
W 
I 
W 
W 



E 
E 
R 
R 
R 
R 

R 

a 
R 
R 
R 
4 
m 
R 

R 
R 

R 

R 
R 
R 
R 

R 
R 
R 
c 
R 
R 
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Table 5.9 continued. 

Eabltat Bigborn Sheep MnkDeer Deer Pron@orn Antelope 
Forage Fonge Fotagu Fof8@ Fonge For* 
(lis/h.) &Om m) SCOrC 0m.W SCOW2 

SG-ARTRTLEC14-7 1082 3 1074 3 452 2 
SO-ARTRTPSSPS-30 
SO-ARTRTIPSSPS-32 
SG-ARTRTPSSPS-34 
so-ARTRT/l'SSPS-36 
SG-ARTRTIPSSPS-45 
SO-ARTRT/PSSPW 
SG-ARTRTPSSPS.IO 
SG-ARTRT/psspsSO 
SO-ARTRTIPSSPSSI 
SG-ARTRTPSSPS-52 
SG-ARVAZIACLE9-72 
S G - A R V A ~ ~ I D - ~ ~  
w - ~ ~ v m r n - 5 3  
s i 3 - m v m r n - 5 4  
S G - A R V ~ C M - 7 0  

SG-ARVAz/pSSPS24 
SO-ARVAz/pSSPS2S 
so-ARvAzmssPS-28 
SG-ARVAZPSSPS-29 
Yi-ARVA2mSSPS3S 
sG-ARVAZmSSPs44 
sG-PUTR2PSSPS33 
ST-ATCOIAHCT-I 
ST-ATCOIAHCT-2 
ST-ATCOIAHCTd9 

ST-SAVE4/LEC14-58 
WT-ARCA13IDECE-84 
WT-SALIWCAREX-87 
WT-SALDODECE-86 
WT-SALLyILEQ4.18 

666 
676 
652 
674 
640 
647 
546 
495 
626 
463 
670 
794 
404 
847 

2369 
635 
826 
748 
660 
791 
809 
802 
714 
876 
435 
452 
328 
317 
454 
1440 
2240 
1676 
1327 
2359 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
2 
3 
5 
2 
3 
3 
2 
3 
3 
3 
2 
3 
2 
2 
2 
2 
2 
4 
5 
4 
4 
5 

679 
687 
655 
676 
660 
663 
558 
503 
641 
479 
786 
851 
432 
$66 

2369 
65 I 
862 
784 
683 
818 
851 
835 
734 
8% 
323 
302 
195 
260 
540 
1560 
2240 
1986 
1738 
2587 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
2 
3 
5 
2 
3 
3 
2 
3 
3 
3 
2 
3 
2 
2 
2 
2 
2 
4 
5 
5 
4 
5 

628 
634 
634 
662 
622 
632 
533 
493 
626 
454 
601 
754 
398 
781 
971 
608 
781 
701 
631 
740 
758 
766 
678 
823 
450 
476 
328 
416 
317 
447 
1222 
1594 
709 
1109 

3 
3 
3 
3 
3 
3 
2 
2 
3 
2 
3 
3 
2 
3 
4 
3 
3 
3 
3 
3 
3 
3 
3 
4 
2 
2 
1 
2 
1 
2 
5 
5 
3 
5 

wr-sAT.,m~4.85 1823 4 1326 5 807 4 
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Table 5.10. Habitat suitability scores for game species in Pine Valley. 

Hab1t.t Pronghorn MuleDev Rigban Jndrnbbiti Ground Woodrat/ Small Waterfowl SageGmwe 

MN--43 4.71 2 0 s  223 9 0 12 0 0 6.28 
htdoPc S h w  Hue sqlllrrd Marmot Mamm.lr 

MKARVMACIX%76 3.61 
MN-ARVA2FEUL27 
MN-ARvAlmSPs-77 
MN-ARV&?.!PmPs-78 
MN-ARvmFS-79 
MN-ARVAYPSSPSBO 
MN-ARV&?.!PmPsBZ 

7.05 
6.16 
1.17 
2.96 
3.1 
5.09 
1.11 
3.89 
22.84 
533 
119  
338 
13.79 
1x99 
lld8 
1481 
28.41 
6.11 
7.45 
6.77 
3.86 
9.9 
834 
16.76 
21.74 
6.84 
17.88 
I4d3 
14.6 
13.13 
3.75 
533 
10.24 
3.84 
1434 
1935 
12.19 

SG---IO 13.02 

19.5 
M64 
E 1 7  
2456 
1953 
11.74 
11.4 
21.1 

6.06 
2.98 
9.98 
9d7 
4.67 
1853 
7.02 
6.38 
10.19 
13.13 
1286 
1 3 3  
123  
11.25 
E99 
144 
4.41 
0.94 

33 
1.45 
10.71 
6.69 
1ZOS 
l3d9 

519 
11.19 
10.7 

261 

oa 

10.17 

18.84 2158 6 0 
20 9 6.01 

29& 
3483 
3082 
24.6 
11.67 
14.85 
14.12 
2.77 
5.51 
2.85 
9.03 
8.17 
4.2 
10.4 
6.05 
5.74 
9.42 
10.55 
11.3s 
14.19 
1639 

12 
12 
9 
9 
4 
2 
6 
6 
2 
4 
2 
6 
4 
6 
4 
8 
6 
6 
4 
6 
6 

0 
12 
0 
0 
0 
0 
3 
9 
0 

4.41 
0 
0 

5.73 
0 
0 

12.02 
0 
0 
0 
0 
0 

9.68 6 0 
13d5 6 0 
3.26 6 0 
38 4 3.55 
0.92 4 6 
0.78 4 5.07 
3.17 4 5.95 
1.41 4 0 
8.74 1 0 
5.07 1 0 
11.13 6 0 
14.18 4 0 
ad6 6 t 
5.15 6 t 
9.91 9 t 
9 3  9 0 

12 
0 
0 
0 

16.89 
11.99 

0 
532 

0 
0 
0 
0 

5.26 
0 
0 
0 
0 
0 

7.76 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 0 3.61 
6.01 

0 
6 
0 
0 
0 
0 
6 
3 
0 
22 
0 
0 

2.87 
0 
0 

6.01 
0 
0 
0 
0 
0 
0 
0 
0 

1.77 
3 

2.53 
2.98 

0 
0 
0 
0 
0 
0 
0 
0 

3.01 
0 

3 
0 
t 
a 
0 

289 
0 

3.01 
0 
0 
0 
0 
0 

311 
2.92 

0 
2.89 

3 
0 
0 
0 
0 
0 
0 
0 

l.99 

9.41 
6.16 ~~~~ 

1.76 
6.66 
1151 
10.19 
2.23 
3.89 
4569 
10.66 
20.76 
13.51 
4138 
12.99 
45.94 
29.63 
42.62 
24.43 

1667 ..._. 
37.n 
6.21 
13.68 
5135 
18.86 
29.19 
3939 
14.99 
1133 
13.66 

0 0 17.36 



Habitat Pronghorn Mule Deer Bighorn JncknbbiU Ground Woadrnu Small Waterfowl SageGrouae 

SG-ARARBmssps-47 13.09 11.59 9 3 5  n 3.01 26.17 
SG-ARARBmssps-48 10.28 
SG-ARCAlWIEC EZO 26.76 
SG-ARTRT/ACIFl7-1 1599 

Antelope Sheep aare squirrel mmot ~ a m m a l s  

SG-ARTRT/AcTA7-5 

SG-ARTRTiLECl4-19 
SG-ARTRTKXCI447 
SG-ARTRTLECl4-7 
SG-ARTRT/PSsPs-Xl 
SG-ARTRTiPSSPS-32 
SG-ARTRTPSSPS44 
SG-ARTRTiPSSPS-36 
SG-ARTRT/PSSPS-iS 
SG-ARTRT/PSFS46 
SG-ARTRT/PSSPS 4 9  
SG-ARTRTRW'SSO 
X-ARTRTiPSSPS -51 
SG-ARTRT/PSPS4l 
SG-ARVAZJACLE9-'I2 
SG-ARvAmEm37 
S G - A R v m m 5 3  
SG-ARvA2/FIm-54 
SG-ARVA2LEcI4 -70 
SG-ARvm-12 
SG-ARVAUPSSPS-23 
SG-ARVAUPSSPS-24 
SG-ARVAZPSPS-25 
SG-ARVAZJPSSPS-28 
SG-ARVAUPSSPS-29 
SG-ARVAUPSSPS-35 
SG-ARVAZJPSSPS-44 
SG4-a 
ST-ATCWAHCTI 
ST-ATCO/AECTZ 
ST-ATCOIAEClX9 
ST-ATCOISIw4 
ST-SAVFAlLEU4-3 
ST-SAVF&LECl4-58 
WT-ARCAIYDECE-88 

1737 
22.63 
203 
14.54 
41.07 
1698 
17.77 
19.53 
16.52 
1534 
1396 
I831 
17A7 
15.66 
14.68 
21.9 
6.02 
6.17 
11.57 
3.79 

22.05 
31.41 
7.52 

1056 
7.24 
9.09 
16.73 
9.04 
15.54 

23.12 
16.56 
1832 
8.54 
17.17 
8.96 
17.r) 
15.19 

i a ~  

8.45 7.09 
1.44 
1.59 

135 
1.54 

0.62 
1.82 
1.92 
0.03 
5.11 
42 
0.65 
3.42 
1.9 

8.33 
8.9 
6.17 
7.1 

033  
2.26 
1.7 

8.09 
M.46 
18.18 
14.09 
4.95 
8.95 
13.58 
17.66 
12.44 
13.05 
11.75 
21.98 
12.77 
6.12 
5.49 
0.2 
0 3 9  
0.91 

0.19 
1.03 

33.78 

0.113 

0.62 
1.72 
1.85 
0.03 
5.56 
4.57 
0.61 
3.03 
1.83 
7.03 
7.57 
5.79 
6.43 
0.33 
2.14 
1.6 

6.65 
13.95 
15.65 
1432 
4.95 

13 
15.79 
11.86 
11.99 
1 0 3  
17.96 
11.47 
5.46 
4.85 
0.19 
0.38 
0.91 
0.83 
0.19 

1 
33  

7.a 

6 
4 
10 
4 
4 
9 
6 
4 

24 
12 
6 
6 
6 
6 
9 
6 
6 
4 
4 
6 
4 
9 
9 
4 
9 

20 
6 
9 
9 
9 
9 
9 
9 
9 
9 
4 
2 
1 
2 
2 
12 
25 

0 
0 
0 

5.85 
8.99 
8.41 
7.69 
739  
15.01 
6.42 
3.03 
8.02 
6.42 

0 
0 
0 
0 

7.99 
5.61 
8.43 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
I 
0 
0 
0 

5.58 
62 
6 
3 

3.02 
3.05 
3.21 

0 
0 
0 
0 
0 
e 
I 
e 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

9.03 
0 
0 
0 
e 
I 
0 
0 
0 
0 
a 
I 
0 
0 
0 
I 
0 
0 
0 
0 
0 
n 

0 
0 

2.92 
3 

2.56 
2A3 
18.02 
10.7 
6.06 
2.67 
2.14 

0 
0 
0 
0 

2.66 

2.81 
0 
0 
0 
0 
0 
0 
@ 
0 
0 
0 
0 
0 
B 
0 
0 

2.79 
3.1 
3 
3 

3.02 
9.14 

12.85 

2.a 

2.a 

2 9  30.83 
9.26 

0 
0 
0 
0 
0 

6.01 
4.28 
6.06 

0 
0 
0 
0 
3 

3.01 
0 
0 
0 
0 

3.81 
3.02 

3 
3 

6.27 
0 

2.93 
2.78 

0 
3 
3 
3 

2.97 
0 
0 
0 
0 
3 

6.03 
6.1 

16.86 

35.68 
47.98 
52.12 
67.88 
8t19  
43.63 
295.67 
113.19 
53.32 
&e4 
33.w 
20AS 
1861 
36.62 
23.29 
46.97 
29.36 
45.79 
1zu 
24.67 
34.7 
7.58 
19.4 

23558 
10.02 
14.M 
9.65 
1212 
22.3 
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24.75 
52(0 
33.11 
54.67 
34.16 
8.59 
8.96 

0 
72.91 
n WTsALwcAREx-(I7 t4a1 20.6 15.13 35 11.66 " 11.66 17.49 
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Medium and Small Mammals 
Great Basin hunter-gatherers consumed numerous medium and small sized mammals 
(Steward 1938; there is sufficient information to model three categories of medium 
mammals in Pine Valley: jackrabbitdhares, large ground squirrels, and 
woodratdmarmots. Also, various small mammals including white-tailed antelope 
squirrel, kangaroo rat, vole, grasshopper mouse, deer mouse, pinyon mouse, least 
chipmunk, and pocket gopher are considered collectively. 

Although the habitats of Nuttall’s cottontail, black-tailed jackrabbit, and white-tailed 
jackrabbit differ, there are considerable similarities. Generally, white-tailed jackrabbit 
and cottontail occupy sagebrush and montane plant communities at higher elevations than 
black-tailed jackrabbits (Masser et al. 1984; United States Fish and Wildlife Service 
1978:105). Rabbits and hares are eclectic regarding habitat diversity, but they prefer areas 
of low growing shrubs and trees for the escape cover they provide. Although rabbits will 
feed in open grasslands and meadows where they are vulnerable to predators, they 
usually remain within 300 m of protective brush cover (Chapman and Willner 1986; 
United States Fish and Wildlife Service 1978:105). Table 5.11 lists the average ground 
cover expected for each habitat and assigns a relative score to each based on the 
statistical spread for all habitats. 

Unlike many other animals considered herein, proximity of water is not critical for 
rabbits and hares; lagomorphs may drink but usually satisfy their water requirements by 
eating succulent plants. Nevertheless, population densities may parallel closely the 
distribution of water sources because of the greater densities of succulent plants near 
water (Chapman and Willner 1986). Because of this correlation, the water proximity 
score calculated in equation 4 also pertains to modeling lagomorph habitats. 

Rabbits and hares prefer succulent forbs and grasses, especially during summer when 
moisture needs are highest. They are nevertheIess quite eclectic diners, feeding on shrub 
vegetation whenever succulents are unavailable (United States Fish and Wildlife Service 
1978105). Known food plants of rabbits and hares are listed elsewhere (Zeanah et al. 
1995: 144). Table 5.11 tallies the quantity ofjackrabbithare forage species in kilograms 
per hectare, for each habitat in the Pine Valley study area, assigning a forage score based 
on standard deviations above or below the mean. The suitability of habitats for 
jackrabbits and hares is then calculated by simply multiplying the forage score, cover 
score, and water proximity scores. Again, the score (Table 5.10) directly measures habitat 
quality, and indirectly monitors lagomorph abundance. 

Large ground squirrels that were prey for ethnographic Great Basin hunter-gatherers 
include golden-mantled ground squirrel, Belding’s ground squirrel, and Townsend’s 
ground squirrel. Ground squirrels thrive in greasewood-saltbush, sagebrush, and montane 
plant communities, but are particularly fond of deep, well-drained soils that permit 
burrowing (United States Fish and Wildlife Service 1978; Masser et al. 1984; Rickart 
1987). To reflect this preference, each habitat is scored a value of “1” if it occurs on a 
loamy soil with a depth to bedrock greater than 20 inches to bedrock, and “0” if it 
occupies only rocky or shallow soils (Table 5.12). Zeveloff (1988:122) and Rickart 

5-29 



Table 5.1 1. Jackrabbit and hare cover and forage scores for habitats in Pine Valley. 

HaUtat X Cover Bare Bare Habitat '/a Cover %re Eare 
Cever Wre Fmnge Forage Cover Smre Forage Fornge 

Score Smre 
MN-ARARSiESSPS43 32.88 3 6Q8 3 SGARTRT/ACTH7-1 20.25 478 2 
MN-ARVMACTEI7-76 
MN-ARVAZEEID-27 
MN-ARvmssPS77 
MN-ARVAZPSSPS78 
MN-ARVAZPSSPS79 
MN-ARVMSPSBO 
MN-ARVAZPSSPS82 
MN-ARVMSPS83 
MN-SYMPWAGTM6 
Pl-ARARSlACTfI7-Sl 
PI-ARARSlACTH7-81 
PJ-ARARSfAHCT -16 
PJ-ARAR8IpSSPS 17 
PJ-ARARSPSSPS75 
PI-ARTRTPSSPSSS 
PI-ARVMACLE9-71 
PJ-ARVA2lACTfI7-13 
PI-ARVUACTH7-59 
PI-ARVwAcTH7-9 
PI-ARVrnSSPSIO 
PI-ARVrnSSPSII 
PJ-ARVrnSPs12 
PI-ARVAZPSSPS 14 
PJ-ARVMSPS2 1 
PJ-ARVAZPSPS73 
PI-ARVrnSSPS74 
SGARARS/ACTH78 

28.13 
37.88 
42 

43.88 
37 

34.88 
22.63 

14 
28.5 
19.5 
24.75 
18.5 
1838 
17.38 
24.38 
26.13 
24.38 
25 

27.5 
27.25 
21.38 
27.75 
24.25 
29.75 
23.88 
19.88 
21.5 
15.25 
15.25 
14.25 
17.5 
7.38 
7.5 

2625 
25.38 
26.25 
25.75 
26.38 
26.5 

3 
3 
4 
4 
3 
3 
2 
2 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
2 
3 
2 
3 
2 
2 
2 
2 
2 
2 
2 
1 
1 
3 
2 
3 
2 
3 
3 

SGARARSPSSPS41 24.25 2 
SGARARIIIPSSPSd7 96 7 

452 
625 
726 
717 
685 
759 
418 
330 
440 
584 
291 
352 
223 
602 
364 
608 
550 
791 
431 
466 
400 
507 
589 
486 
746 
674 
418 
456 
438 
397 
47 1 
206 
195 
523 
512 
540 
583 
594 
5% 
559 
574 

2 
3 
3 
3 
3 
3 
2 
1 
2 
3 
I 
2 
1 
3 
2 
3 
2 
4 
2 
2 
2 
2 
3 
2 
3 
3 
2 
2 
2 
2 
2 
1 
1 
2 
2 
2 
3 
3 
3 
3 
x 

SGARTRT/ACTH7-5 
SGARTRT/ACTH7-5 
SGARTRT/AHCT -51 
SGARTKT/AHCT42 
SGARTRTLECl4-I9 
SGARTRTLECI4-57 
SGARTRTLECl4-7 
SGARTRTPSSPS30 
SGARTRTPSSFS32 
SGARTRTiESSPS34 
SGARTRTPSSPS36 
SGARTRTiF'SSPS45 
SGARTRTPSSPS46 
SGARTRTPSSPS49 
SGARTRTMSPSSO 
SGARTRTPSSPSS 1 
SGARTRTPSSPS52 
SGARVA2iACI.W-72 
SGARVAUFEID-37 
SGARVAUFEIO-$3 
SGARVAZiFEID-54 
SGARVA?.&ECM-70 
SGARVA2!%PS22 
SGARVAZ'PSSPS23 
SG AKVA2 'PSSPS24 
SGARVAl PSSPS25 
SGARVAZmSSPS28 
SGARVAlPSSPS29 

- - . __ __. - . . - .  . 
SGARAR8iESSPs48 2i.& i 509 2 
SGARCA13IZIECE-20 80 5 550 2 

20.75 
30 
15 

13.5 
52.5 
40 

33.25 
26 

23.75 
25 

2625 
25.5 
25.5 
22.5 
18.75 
25 
23 

30.75 
33 
23 

36.15 
61.75 
32.13 
3325 
32.5 
27.25 
32.25 
33.75 
33 

28.75 
35 

13.88 
12.5 
10 

12.5 
11.88 
27.5 
67.5 
65 
75 

77.5 
70.75 

2 
2 
3 
2 
2 
4 
4 
3 
2 
2 
2 
3 
2 
2 
2 
2 
2 
2 
3 
3 
2 
3 
5 
3 
3 
3 
3 
3 
3 
3 
3 
3 
2 
1 
1 
1 
1 
3 
5 
5 
5 
5 
5 

515 
a4 
631 
542 
1417 
132 
511 
582 
609 
587 
632 
597 
598 
536 
4% 
641 
420 
55.5 
666 
351 
697 
835 
541 
692 
624 
559 
675 
688 
701 
619 
763 
454 
484 
336 
428 
415 
916 
1120 
1608 
554 
1094 
938 

2 
3 
3 
2 
6 
3 
2 
3 
3 
3 
3 
3 
3 
2 
2 
3 
2 
3 
3 
2 
3 
4 
2 
3 
3 
3 
3 
3 
3 
3 
3 
2 
2 
1 
2 
2 
4 
5 
7 
2 
5 
4 
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Table 5.12. Large p u n d  squirrel forage and soil suitability scores. 

MN-ARVmSPS78 
MN.ARvmssPS79 
MN-ARVAYpSSPS80 
MN-ARVAZ.@SSPS82 
MN-ARVAZfPSsp983 
MN-SYMPH/AGTB56 
PJ-ARAR8lAClW740 
PJ-ARAWACTH7-SI 
PJ-ARARIVAHCT-I6 
PI-ARARSIPSSPSI'I 
PJ-ARARBIPsSPS7S 
PJ-ARTRTMSPESS 
PI-ARVMACLE9-7 I 
PI-ARVMACTH7-I 3 
PJ-ARVAuACTIf7-59 

P JARVA2!F%SPSlI 
PI-ARVAZPSWSl2 
PJ-ARVWPSSPSI 4 
PJ-ARVAZPWPS-21 
PI-ARVAwsSPs73 

.. _. 
SGARAR8/psspS39 
SGARAR8PSSPS.40 
sGARARBmsPS.41 
sGARAR8iPSSPS.47 

712 
727 
744 
446 
346 
28? 
s6 
2% 
347 
231 
618 
374 
565 
586 
808 
486 
512 
444 
484 
634 
498 
769 
692 
395 
4% 
423 
385 
4% 
mi 
187 
362 
354 
465 
568 
493 
467 
468 
455 

748 

491 

c 
4 
4 
4 
4 
2 
2 
1 
3 
1 
2 
1 
3 
2 
3 
3 
4 
3 
3 
2 
3 
3 
3 
4 
4 
2 
2 
2 
2 
2 
1 
1 
2 
2 
2 
3 
3 
2 
2 
2 

0 
1 
0 
1 
0 
0 
0 
0 
1 
1 
0 
1 
0 
0 
1 
0 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
I 
1 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
o 
n 

a 

S G A R T R T / m G  
SGARTRTILECIQ-I9 
SGARTRTiLKl4-5l 
SGARTRTLEC14-7 

SGARVwPsSPps44 

478 
573 
S85 
514 
1116 
555 
296 
565 
584 
454 
601 
576 
579 
498 
461 
595 
380 
500 
461 
255 
508 
757 
421 
581 
539 
489 
627 
57s 
931 
fils 

409 
431 
328 
2% 
149 
142 
244 
665 
196 
412 
3w 

743 

3 0 
3 1 
5 1 
3 1 
1 1 
3 1 
3 1 
2 0 
3 0 
3 0 
3 0 
3 1 
2 1 
3 1 
2 0 
3 0 
a 0 
1 0 
3 0 
4 0 
2 0 
3 0 
3 0 
3 0 
3 0 
3 0 
3 0 
3 0 
4 0 
2 I 
2 1 
2 1 
1 1 
1 1 
1 1 
1 1 
4 1 
1 1 
2 0 
2 1 
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(1987) record that Townsend's ground squirrel populations are particularly large at 
desert springs, and reproduction frequently occurs near wet meadow, riparian, palustrine, 
and lacustrine habitats (Masser et al. 198434). Thus, the water proximity score of 
habitats, given in Table 5.8, also pertains to ground squirrel habitat evaluation. 

Ground squirrels eat seeds, succulent green vegetation of forbs and grasses, as well as a 
few insects. Generally. squirrels eat green forbs after emerging from hibernation in 
January or February and gradually shift reliance to grass seed before aestivating in June 
or July (Yensen and Quinney 1992). 

In particular, winterfat, Sandberg's bluegrass, and various forbs are favored foods 
distribution. of ground squirrels (Johnson 1977: Rogers and Gano 1980; Yensen and 
Quinney 1992). Zeanah et al. (1995147) list common forage plants of ground squirrel. 
Table 5.12 lists the quantity of forage in kg/ha for each habitat in the Pine Valley study 
area. Ordinal forage scores are assigned to each habitat according to a normal curve 
distribution. A score measuring the suitability of habitats for large ground squirrels is 
then calculable by multiplying the water proximity score, soil score and forage score 
(Table 5.10). 

Distributions of woodrats and marmots overlap: bushy-tailed woodrats occur in 
sagebrush. pinyon juniper, and mountain brush vegetation communities: desert woodrats 
are common in greasewood-shadscale. and sagebrush communities; and marmots are 
most common in montane communities and wet meadows (Maser et al. 1984; United 
States Fish and Wildlife Service 1978). Together, all three species live in diverse biotic 
settings. Woodrats and marmots require drinking water to survive, so water proximity is 
pertinent to evaluating their habitat. 

Rock outcrops that provide protection from predators and weather are a critical element 
of woodrat and marmot habitat that strongly affects population densities (JAewellyn 
1981). Because of the importance of rock outcrops to woodrats and marmots, habitats 
occupying soils with rock outcrops are assigned a value of " 1 I, whereas habitats lacking 
outcrops are scored "0" (Table 5.13). 

Woodrats and marmots eat various forbs (Johnson and Hansen 1979), the succulent parts 
of shrubs and grasses, and seeds (Zeveloff 1988216-217). Zeanah et al. (1995: 148) list 
food plants of woodrats and marmots. Table 5.13 lists the quantity of forage species in 
In each rock outcrop-bearing habitat in the Pine Valley study area. Each habitat is scored 
for the abundance of forage based on the deviation of forage from the mean of all 
habitats. The suitability of these habitats for woodrats and marmots is calculated by 
multiplying the forb, forage, and water proximity scores (Table 5.10). 

Ethnomhic hunter-patherers procured a variety of small mammals, includmg white- 
tailed antelope squirrel, kangaroo rat, vole, grasshopper mice, deer mice, pinyon mice, 
least chipmunk, and pocket gopher. Many small mammals such as pinyon mouse, vole, 
and chipmunk require dridang water, and so this means that in arid settings the 
distributions of these mammals are tethered to water sources to the extent required by 
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Table 5.13. Woodrat and marmot forage and soil suitability scores. 

Ifnbltat Woodrat Woodrat Rock fibitat Woodrat Wwdmf Rack 
Forage Fonge Outaop Fonge Forage Olltcrop 
(Igh4 &-re (Ighi) Score smre 

MN-ARARsPSSPS43 I .?o 2 1 SGARTRTIACTH7-I IM 2 n 
MN-ARVAZIACTH7-76 
MN-ARVA21FEID27 
M N - A R v m s p s 7 7  
MN-ARVAupSSPS78 
MN-ARVAUPSSPS79 
MN-ARVAZIPSSPSSO 
MN-ARVAUPSSPS82 
MN-ARVAUl'SSPS83 
MN-SYMPH AGTR56 
PJ-ARAR8 ACTH7 40 
PJ-ARARSACTM74l 
PI-ARAMAHCT-16 
PJ-ARARSIPSSPS 17 
PJ-ARAR8IPSSPS75 
PJ-ARTRTIPSSPSSS 
PI-ARVAZACLE9.7 I 
PJ-ARVIUIACTH7.I 3 
PJ-ARVAZACTM7-59 
P J-ARVAUACTH7.9 
PJ-ARVI\upsSPSI 0 
PJ-ARVAUPSSPSI I 
PJ-ARVMPSSPS I2 
PJ-ARVMPSSPS14 
PI-ARVAUPSSPSZI 
PJ-ARVAUPSSPS73 
PJ-ARVAWSSPS74 
SGARARS ACTH74 
SGARARgAHCT43 
SGARARM AHCT 44 
SGARARSfAHCT 6 
SGARARILAHCT6 
SGARARS AHCT 4 7  
SGARAWAHCTd 
SGARARWFEID38 
SGARARIVFEID42 
SGARARSIPSSPS26 
SGARARSIPSSPS31 
SGARARXRSSPSW . .. .. 
SGARARWPSSPS40 
SGARARSlPSSPS4 I 
SCrARARSlPSSPS47 
SGARARsPSSPS48 

... 
97 
95 
147 
164 
192 
270 
152 
123 
85 
225 
111 
205 
123 
219 
95 
212 
233 
189 
268 
216 
220 
1 97 
256 
118 
243 
220 
145 
288 
245 
236 
3w 
135 
150 
116 
1 I4 
110 
127 
1 26 
117 
121 
125 
117 

2 
3 
4 
2 
2 
1 
3 
2 
3 
2 
3 
1 
3 
3 
3 
4 
3 
3 
3 
3 
2 
3 
3 
2 
4 
3 
3 
4 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

1 
0 
0 
0 
1 
1 
0 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 n 

~~ ~ ~~ 

SGARTRTi ACTH75 
SGARTRTIACTH74 
SGARTRTlAHCTdl 
SGARTRTIAHCT 42 
SGARTRT/LECM-I9 
SGARTRTLEC14-Sl 
SGARTRTLECU-7 
SGART RTIPSSPS30 
SGARTRTIPSSPS32 
SGARTRT, PSSPS34 
SGARTRT PSSPS36 
SG ARTRTIPSSPS45 
SGARTRTIPSSPS46 
SGARTRTIPSSPS49 
SG ARTRTIPSSPSSO 
SGARTRTIPSSPSSI 
SG ARTRTIPSSPSSZ 
SGARVAZ ACLE9-72 
SGARVA2/FUD-37 
SGARVAZFFID-53 
SGARVA21FETD-54 ~ ~~ 

SGARVAULtC1470 
SGARVAUPSSPS22 
SGARVAUPSSPS23 
SGARVAWPSSPS24 
SGARVAUPSSPSZS 
SGARVAUPSSPS28 ~~~~~~~~~ 

SGARVAUPSSPS29 
SGARVAUPSSPS35 
SGARVAUPSSPS44 
SGPuTR2IpSSPS33 
SI-ATCO/AHCT -1 
ST-ATCDMCT -2 
ST-A'KCYMCT -69 
ST-ATCO/SIR(-4 
ST-SAvWI/LEc4-3 
%-SAVWECI4-58 . . ~~~ 

WT-ARCA13/DECE-88 
WT-SALWCAREX-87 
WT-SALWDECE-86 
WT-SALMECIQI 8 
Wr-SALMECI485 

... 
169 
194 
390 
286 
362 
252 
170 
141 
205 
106 
104 
135 
118 
171 
153 
159 
101 
186 
139 
93 
127 
466 
86 
133 
122 
110 
134 
143 
1 25 
118 
159 
177 
198 
128 
157 
155 
164 
163 
14 
43 
270 
189 

~ 

2 
3 
5 
4 
5 
3 
2 
2 
3 
2 
2 
2 
2 
2 
2 

1 0 
2 0 
6 0 
1 0 
2 0 
2 0 
2 0 
2 0 
2 0 
2 0 
2 0 
2 
3 
3 
2 
2 
2 
2 
2 
1 
1 
4 
3 
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their mobility and moisture requirements. Wildlife studies consistently indicate that 
wetlands maintain higher densities of small mammals than drier habitats (Clary and 
Medin 1992; Feldhammer 1979). However, white-tailed antelope squirrel, kangaroo rat, 
grasshopper mouse, and deer mouse can metabolize moisture from succulent plants and 
consequently do not require drinking water. The densities of these mammals correspond 
signiflcantly to soil depth and soil texture and should coincide with wetland plant 
communities only (as was the case with rabbits) if the distributions of forage species or 
other critical habitat variables happen to correlate with proximity to water. Indeed, these 
mammals should occur in greatest proportion in forage patches too remote from water for 
competing mammals to rely on (Brown 1973; Brown and Liebermann 1973). 
Nevertheless, the water proximity score calculated in equation 4 is pertinent to evaluating 
small mammal habitats because of the importance of water to certain small mammal 
species and the correlation of water with forage species. 

Small mammals prefer deep, well drained, and easily dug soils (Brown 1973; Brown and 
Liebermann 1973), so the soil ranking developed for ground squirrels (Table 5.12) also 
applies to smaller mammals. Small mammals subsist on a wide variety of grasses and 
forbs so Table 5.14 tallies the normal year productivity of grasses and forbs in kgha for 
each habitat and assigns a forage score to each according to statistical intervals. 
Multiplying the foraging suitability score, water proximity score, soil score calculates the 
suitability of habitats for small mammals (Table 5.10). 

Birds 
Two categories of avifauna are potential game for hunter-gatherers in Pine Valley: 
waterfowl and upland game birds. Wetlands of the Pine Valley study area do not support 
permanent populations of waterfowl and shorebirds, but may host occasional migratory 
visitors. Waterfowl inhabit a variety of feeding and nesting habitats in wetlands. Canada 
goose typically nests in emergent vegetation, preferring islands as nesting sites @ng 
1986b:373). They feed on terrestrial and aquatic vegetation in saltgrass meadows and 
emergent marshes. Canvasback and redhead duck prefer nesting in protected emergent 
vegetation closely juxtaposed with open water, uplands, and islands (Eng 1986b3375). 
They feed in emergent and submergent settings (Hamilton and Auble 1993:ll-13). 
Mallards nest in upland settings near wetlands, feeding in saltgrass meadows and 
emergent vegetation (Eng 1986b:372,375; Hamilton and Auble 1993:ll-13). 

Waterfowl rely heavily on aquatic invertebrates to provide protein for molting, egg 
formation, and hatchling growth (Hamilton and Auble 1993:ll-13). Adults subsist on a 
variety of aquatic vegetation, but sago pondweed is a major food (Eng 1986b; Thompson 
and Hallock 1988:63). Waterfowl forage plants are listed elsewhere (Zeanah et al. 1995: 
151), however Table 5.15 tallies the quantity of waterfowl forage by Habitat in Pine 
Valley, assigning an ordinal score to each. The suitability of Pine Valley habitats for 
waterfowl is measured by multiplying water proximity score by forage score. 

Upland game birds used as food by ethnographic hunter-gatherers include sage grouse, 
blue grouse, and mountain quail. However, the present discussion emphasizes sage 
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grouse over other species, because blue grouse and mountain quail typify high altitude, 
Table 5.14. SmaU mammal forage scores in Pine Valley habitats. 

Forage Forage 
&re Smre 

MN-ARARsiPSSPS43 150 477 627 2 SGARTRT/ACTH7-1 36 266 302 1 
MN-ARVA2 ACIHT76 
MN-ARVmElDn 
MN-ARVA2lPSsPS77 
MN-ARVA2rpSsPS78 
MN-ARVAUPSSPS79 
MN-ARVIuIPsSPS80 
Mt-ARVAUPSSPS82 
MN-ARVAUPSSPs83 
MN-SYMPH AGTR56 
PI-ARAR8 ACTH744 
PJ-ARAREAcM7-81 
PJ-ARAM AIICT. 16 
PJ-ARARBPSSPS17 
PJ-AIMRII,PSSPS75 
P J-ARTRTPSSPSS5 
PJ-ARVAZIACLE9-7 I 
PJ-ARVWACTll7-I 3 
PJ-ARVAZACTII7-59 
PJ-ARVAZ. ACTH7-9 
PJ-ARVAZ'PSSPSIO 
PJ-ARVAUPSSPSI 1 
PJ-ARVAUPSSPS 12 
PJ-ARVAUPSSPS 14 
PJ-ARVrnSPS2 I 
PJ-ARVMF'SSPS73 
PJ-ARVAUPSSPS74 
SGARARBACTH7-8 
SGARAMAHCT-53 
SGARARBAHCT44 
SGARAR& AHCT 6 
S G A R A R B W . 6 6  
SGARAR8!AHCT-57 
SGARAR8 AHCT-58 
SGARAR8KEID38 
SGARARX'FEID42 
SGARARRIPSSPS26 
SGARAR81PSSPS3I 
SGARARE.'PSSPS39 

SGARAR8PSSPS40 

SARAR&'PSSPS4I 
SGARAR8lPSSPC27 
SCr ARARI(IPSWE4R 

121 
131 
162 
189 
121 
72 
22 
26 
256 
46 
26 
27 
16 
56 
36 
61 
46 
63 
34 
48 
30 
57 
53 
64 
74 
64 
31 
34 
33 
29 
35 
18 
15 
105 
108 
92 
74 
107 

123 

93 
97 
57 

375 
532 
604 
641 
529 
611 
349 
224 
3 w  
384 
182 
205 
140 
388 
229 
524 
386 
573 
291 
339 
259 
370 
413 
372 
530 
461 
255 
244 
209 
193 
247 
113 
1 03 
393 
376 
413 
444 
441 

448 

416 

496 
663 
766 
823 
650 
683 
371 
250 
640 
429 
208 
232 
156 
445 
265 
586 
432 
636 
325 
386 
289 
427 
465 
437 
605 
525 
287 
278 
242 
223 
282 
131 
118 
498 
485 
504 
517 
547 

570 

509 
437 - .  388 

A<7 1771 1WQ 

534 
645 

1 
2 
2 
2 
2 
2 
1 
I 
2 
I 
I 
1 
1 
1 
1 
1 
1 
2 
1 
1 
1 
1 
1 
1 
2 
I 
1 
I 
I 
1 
I 
1 
1 
1 
1 
1 
1 
1 

1 

I 
1 
1 
d 

SGARTRT/ACTH7-5 
SCARTRT/AcM7-5 
SGARTRTIAHCT -51 
SGARTRTIAHC? -52 
SGARTRTRECI4-I 9 
SGARTRTLFC14-57 
SGARTRTfl.EC14-7 
SGARTRTPSSPS30 
SGARTRTPSSPS32 
SGARTRTPSSPS34 
SGARTRTPSSPS36 
SGARTRTPSSPMS 
SGARTRTPSSPS46 
SGARTRTPSSPsI(9 
SGARTRTPSSPS5U 
SGARTRTPSSPSS I 
SGARTRTPSSPS52 
SGARVAZIACLE9-72 
SGARVAUFEID-37 
s ~ m v ~ 2 i ~ ~ r n - 5 3  
SGARVA2iFED-54 
SGARVA2nECI4-70 _ _  ..~. .~ 
SGARVAZPSSPS22 
SGARVAZPSSPS23 
SGARVAaPSSPs24 
SGARVAamsSPS25 
SGARVA2fPSSPSZ8 ~~ 

SGARVAZPSSPS29 
SGARVAZPSSPS35 
SGARVA2PSSPS44 
SGPuTR2/psSPs33 
W'-AX?XAHCI -I 

28 
60 
47 
34 
274 
0 

47 
75 
69 
53 
41 
60 
60 
31 
16 
13 
54 
71 
128 
70 
131 
0 

85 
121 
102 

98 
1 02 
84 
89 
99 
14 
10 
17 
35 
33 
67 
0 

314 

430 
336 
319 

im 

294 
403 
356 
268 
3175 
2464 
889 
432 
430 
463 
510 
450 
470 
408 
337 
450 
309 
561 
519 
255 
568 
1777 
451 
552 
502 
438 
532 
536 
563 
503 
582 
168 
141 
104 
71 
326 
1294 
2083 

uM6 

16% 
2672 
2292 

321 
464 
403 
303 
3450 
2464 
936 
508 
500 
516 
551 
511 
531 
439 
353 
464 
363 
632 
647 
326 
699 

536 
672 
604 
5441 
630 
638 
647 
591 
681 
182 
I51 
121 
106 
360 
1361 
2083 

2371 

2086 
2408 
2611 

im 

i 
1 
1 
1 
6 
5 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
1 
2 
3 
1 
2 
2 
1 
2 
2 
2 
1 
2 
1 
1 
1 
1 
1 
3 
4 

4 

4 
5 
5 

5-35 



Table 5.15. Waterfowl forage quantity and forage score in Pine Valley. 
Hnbitnt Waterfowl Wnterfowl Hnbitnt W l t e d O W l  wmrlowl 

Fonge FongeSeore Fonge FongcSmre 
(ulu) (Uh.1 

MNARARwPSsPs43 0 0 SGARTRT/ACT€W 0 0 
MN-ARVAZAlXH7-76 0 0 SGARTRTIACTB7-5 0 0 
MN-ARVA..UFED27 SGARTRT/ACTH7-6 
MN-ARvA2PSsPs77 
MN-ARVA2PSSPS78 
MN-ARvA2PSm79 
MN-ARVAX"S80 
MN-ARVA2PSSPS82 
MN-ARVA2mssPs83 
MN-SyMpWAGTB56 
PI-ARARWACTW7.60 
PJ-ARARWACtW-81 
P J - W A H C T - 1 6  
PJ-ARAR8msSPSI7 
PI-ARAR8msSPS'IS 
PI-ARTRTPSSPSU 
PI-ARVMACLE9-7l 
PI-ARVMAlXH7-I 3 
PJ-ARVMACTH7-59 
PI-ARVMACTH7-9 
PJ-ARVA2PSSPSI 0 
PJ-ARVWPSSPSI I 
PI-ARVWPSSPSI 2 
PI-ARvAupsspsI4 
PI-ARVMPsSFs2I 
PI-ARvWPSsPS73 
PI-ARvWPSsPs74 
SGW81ACTH7-8 
SGARARS AHCT 4 3  
SGARAR&AHCI.&l 
SGARNL%AHCTLS 
SGARARSIAHCT46 
SGARAUAHCT47 
SGARARWAHCT-58 
SGUW28EEID38 
SGARAR8rnID42 
SGARAR8PSSPS26 
SGARARB/pSSPS31 
SGARARBmssPS39 
SGARARBPSSF5-40 
SGARARSPSSPS41 
SGARAR8RSPS47 
SGARAR8/psSPs48 

8 
0 
IO 
0 
17 
0 
0 
8 
0 
0 
0 
0 
4 
0 

22 
0 
0 
0 
0 
0 
7 
6 
0 
12 
4 
0 
0 
0 
0 
0 
0 
0 
5 
4 
n 

I 
0 
0 
0 
0 
1 
0 
1 
0 
0 
0 
0 
0 
1 
1 
0 
1 
I 
0 
0 
0 
0 
0 
0 
0 
1 
1 
n 

6 1 
0 0 
0 0 
3 1 
9 1 

SGARTRT/AHm61 
SG.&TRTIfiCT42 
SGARTRTLEC14-19 
SGARTRTLEC14-57 
SGARTRTLEC14-7 
SGARTRTIPSSPS30 
SGARTRTIPSSPS32 
SGARTRTIPSSPS34 
SGARTRTIPSSPS36 
SGARTRTIPSSPS45 
SGARTRTPSSPS46 
SGARTRT/psSPS49 
SGARTRTPSSPSSO 
SGARTRTPSSPSSI 
SGARTRTPSSPSS2 
SGARVMACLE9-72 
S G A R V ~ I D - 3 7  
S G A R V ~ I D - 5 3  
~ ~ ~ ~ v m r n - 5 4  
SGARVwLECI470 
SGARVWPSSPS22 
SGARVWPSSPS23 
S G A R V M S P S 2 4  
SGARVWPSSPS25 
SGARVAZSSPS28 
SGARVmSSPS29 
SGARVmSSPS35 
SGARVWPSSPS44 
SGPUTRWSSPS33 
ST-AXXYAHCI -1 
ST-AWO/AHCT -2 
Sl'-AWO/AHCT 49 
ST-ATCWSIHY-4 

0 
0 
0 

151 
50 
37 
0 
0 
0 
0 
6 
6 
0 
0 
0 
0 
30 
11 
4 
3 

136 
0 
5 
6 
0 
3 
8 
8 
5 
0 
0 
0 
0 
11 
41 

0 
0 
0 
2 
2 
2 
0 
0 
0 
0 
1 
1 
0 
0 
0 
0 
1 
1 
1 
1 
2 
0 
1 
1 
0 
1 
1 
1 
1 
0 
0 
0 
0 
1 
2 .. - 

55 2 
61 1 5 
938 6 
651 5 
426 4 

12 1 
SGARCA13KJECE-20 201 3 

1m3 6 

I 

I 
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coniferous forests (Masser et al. 1984; United States Fish and Wildlife Service 1978) and 
is unlikely ever to have been abundant in the Pine Valley study area. Sagebrush is critical 
to sage grouse habitats because it provides protective cover from weather and predators, 
and represents the major over winter food source for sage grouse (Call 1979; Call and 
Masser 1985; Eng 1986a; Roberson 1984). Sage grouse may forage occasionally in 
greasewood-saltbush vegetation communities in winters when deep snow drives them out 
of sagebrush. Similarly, in dry summers sage grouse may migrate to pinyon-juniper or 
mountain brush where water and succulent vegetatlon are available. However, 
greasewood-saltbush and montane communities are marginal areas for sage grouse and 
they reproduce almost exclusively in sagebrush communities (Call and Masser 1985; 
Maser et al. 1984; Roberson 1984). 

Table 5.16 lists the quantity of sagebrush (defined here as all species belonging to the 
genus Artemisia) in kgha in each habitat in the Pine Valley study area. Each habitat is 
assigned an ordinal sagebrush score based on the quantity of sagebrush in that habitat. 

Drinking water is a necessary component of sage grouse habitats: in summer months the 
birds may venture no farther than 1.5 to 3.5 km from a stream, spring, or seep (Call 1979; 
Eng 1986b), but in winter may use snow as a water source (Call and Masser 1985). Sage 
grouse generally prefer flat or gently rolling terrain to steeper slopes. Sage grouse use 
open meadows closely juxtaposed with patches of dense sagebrush as strutting grounds or 
leks while mating in the spring, and use meadows as foraging patches to provision 
hatchlings and fledglings with insects and succulent vegetation (Call 1979: Call and 
Masser 1985). Therefore, the water proximity score calculated in equation 4 is pertinent 
to evaluating sage grouse habitats. 

Sage grouse subsist on three categories of food: insects vital to the young, succulent 
grasses and forbs in summer, and sagebrush leaves for overwintering. Elsewhere, we 
have listed specific forage plants favored by sage grouse (Zeanah et al. 1995: 154). Table 
5.16 tallies all forage plants by habitat in kgha. Once again, these values are simplified 
into ordinal scores. Habitat suitability for sage grouse is then determined by multiplying 
the sagebrush, forage, and water proximity scores (Table 5.10). 
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Table 5.16. Sagebrush cover and sage grouse forage scores for Pine Valley habitats. 

Habitat Sage Sage Sage Sage Habitat Sage Sage Sage Sage 
(koa)  Score Grouse Grouse (kgha) %ore Grouse Grouse 

Forage Forage Forage Forage 
(kglha) Score Ikema) smre 

MN-ARARBmSSPS43 81 2 175 2 SGARTRT/ACTH7-1 123 3 155 2 
MN-ARVAZACTH7- 
76 
MN-ARVAZFEW27 
MN-ARVA2E.SPS77 
MN-ARVA2E.SPS78 
MN-ARvAmssPs79 
MN-ARVAmsSPSBO 
MN-ARvA2IpsSPS82 
MN-ARVA2PSSPS83 
MN-SYMF'WAGTR56 
PJARARWACTE74 
PJ-ARAR#ACTR741 ~ ~ ~~ ~~ 

P J-ARARLL AHCT- I6 
P J-ARARBPSSPS 17 
PJ-ARARS/PSSPS75 
PI-ARTRTPSSPSSS 
PJ-ARVAZACLE9-71 
P J-ARVAZACEI7-13 
P J-ARVAZACTH7-59 
PJ-ARVAZACTE7-9 
PJ-ARVAZPSSPSI 0 
PI-ARVAupSSPSI 1 
PJ-ARVAUPSSPSI 2 ~ ~~~~~ 

PJ-ARVAUPSSPSI 4 
PJ-ARVAupSSPS21 
PJ-ARVA2 PSSPS73 
PJ-ARVAupSSPS74 
SGARARS ACTH74 
SGARARSAHCT-53 
SGARARslAHCT4.4 
SGARAR8lAHCT.s 

SGARAR8iFEID38 
SGARARBFEID42 
SGARAR8/PSSPS26 
SGARARBIPSSPS31 
SGARAR8IPSSPS39 
SGARAR8PSSPS40 
SGARARBmSSPS-41 
SGARAR8/pssPs47 

40 

79 
83 
98 
121 
229 
83 
1w 
51 
123 
60 
1 08 
81 
159 
64 
181 
147 
133 
170 
140 
145 
144 
I63 
83 
161 
150 
107 
134 
107 
112 
141 
88 
95 
103 
102 
93 
11s 
112 
103 
112 
1 I7 
117 

1 

2 
2 
2 
3 
5 
2 
2 
1 
3 
1 
2 
2 
3 
1 
4 
3 
3 
4 
3 
3 
3 
3 
2 
3 
3 
2 
3 
2 
2 
3 
2 
2 
2 
2 
2 
3 
2 
2 
2 
3 
3 

113 

145 
184 
220 
227 
359 
I34 
147 
186 
1 50 
80 
128 
90 

234 
103 
290 
164 
If% 
187 
170 
170 
181 
224 
131 
263 
220 
137 
166 
134 
137 
174 
106 
108 
171 
169 
159 
161 
1 77 ~. ~ 

181 
172 
180 
153 

2 

2 
2 
3 
3 
4 
2 
2 
2 
2 
2 
2 
2 
3 
2 
3 
2 
2 
2 
2 
2 
2 
3 
2 
3 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

SGARTRT/ACTll75 

SGARTRT/ACTH7-6 
SGARTRT/AHCT-51 
SGARTRT/AklCT -62 
SGARTRTLEC14-19 
SGARTRTLEC14-57 
SGARTRTLECI4-7 
SGARTRTfPSSPS30 
SGARTRTIPSSPS32 
SGARTRT/PSSPS34 
SGARTRTmSSPS3 6 
SG.kRTIPSSPS45 
SGARTRTIPSSWh 
S(i-ARTRTs'PSSPS49 
SGARTRTIPSSPSS 0 
SGAR"SSPS51 
SGARTRTRSSPS52 
SGARVAZACLEQ-72 

SGARVrnErn-53 
SGARVrnErn-54 

s ~ ~ ~ v ~ 2 m r n - 3 7  

SGARVA2iLECI470 
SGARVA2PSSPS22 
SGARVAZPSSPS23 
SGARVA2mSSPS24 
SGARVA21PSSPS25 
SGARVA2iPSSPS28 
SGARVA2E.SPS29 
SGARVA2mSSPS35 
SGARVA2PSSPS44 
SGPUTRUPSSPS33 
ST-Arro/AHcT -1 
ST-AKOAHCT-2 
ST-AKOAHCT 49 
ST-ATC0,SIlW-l 
ST-sAw4lLEa4-3 
ST-SAVE4REC14-58 
WT-ARCAIYDECE -88 
WT-SALKCAREX-87 
WT-SALX O m  -86 
WT-SALIxREC1418 
WT-sAI.IxREc1+8s 

125 

158 
180 
120 
302 
252 
111 
116 
131 
86 
80 
123 
107 
117 
113 
128 
83 
1 72 
1 24 
82 
113 
291 
68 
111 
1 0  
90 
114 
126 
1 03 
101 
139 
114 
121 
67 
31 
12 
0 

163 
0 
21 
85 
60 

3 

3 
4 
3 
6 
5 
2 
2 
3 
2 
2 
3 
2 
3 
2 
3 
2 
4 
3 
2 
2 
6 
2 
2 
2 
2 
2 
3 
2 
2 
3 
2 
3 
2 
1 
1 
0 
3 
0 
1 
2 
1 

157 

203 
221 
1 50 
694 
429 
2 0  
162 
176 
131 
125 
163 
151 
152 
141 
159 
120 
286 
208 
120 
179 
485 
121 
195 
171 
158 
178 
193 
171 
161 
199 
139 
145 
75 
46 
47 
164 
1039 
847 
374 
512 
468 

2 

3 
3 
2 
6 
4 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
2 
2 
5 
2 
2 
2 
2 
2 
2 
2 
2 
3 
2 
2 
2 
1 
1 
2 
8 
7 
4 
5 
5 SGARAR8PSSPS48 

SGARCA13DECE-20 27 1 375 4 
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CHAPTER 6 - IMPLICATIONS OF FORAGING BEHAVIOR 

The distribution of biotic habitats within Pine Valley was described in Chapter 5. In this 
chapter, the food items contained in these habitats, as known from ethnographic and 
archaeological sources, are identified and ranked according to energetic return rate. This 
resource landscape serves to rank habitats, and to predict where hunter-gatherers settled 
and foraged in the study area. 

DEVELOPMENT OF A TFXEORETICAZ, MODELING APPROACH 
Ethnographic descriptions of Shoshone bands in Pine Valley and nearby areas (Steward 
1938) inform that indigenous people foraged in an arid environment where critical 
resources were distributed unevenly in space and time, and often were rare and 
unreliable. Because of this, food and water distributions strongly influenced where 
prehistoric hunter-gatherers chose to live and work. 

Behavioral ecology is a Darwinian paradigm that uses optimal foraging theory to model 
foraging behavior. These models assume that, all other things being equal, organisms that 
forage efficiently enjoy a fitness advantage over less competent competitors. Therefore, 
natural selection favors organisms that make choices that improve the cost-effectiveness 
of foraging (Smith and Winterhalder 199253). Often such models simplify the task of 
measuring the fitness advantage bestowed by efficient foraging by presupposing that 
forager decisions are motivated to maximize net energetic foraging return rates 
&localories per hour). 

Usually behavioral ecologists use optimal foraging models to predict how living 
organisms search for food so that they can test hypotheses directly against observed 
behavior. In the case of archaeological site sensitivity predictions, optimal foraging 
models serve to retrodict the use of resource patches by generations of hunter--gatherers, 
and test expectations against the archaeological record. Such an approach requires neither 
an assumption that there was only one optimal strategy for foraging in Pine Valley, nor 
that the behavior of all prehistoric hunter-gatherers in Pine Valley was always optimal. 
However, the archaeological record is eloquent testimony that hunting and gathering was 
a successful economic lifeway in northern Nevada for millennia, and that ethnographic 
foragers benefited from generations of hard-won, local experience in this lifestyle. 
Obviously, it must have been possible to pursue many foraging strategies in Pine Valley, 
but some must have been more cost-efficient than others. Those hunter-gatherers who 
chose better strategies must have been better fed and raised healthier children by doing 
so. 

Over time, locations offering the best places to live and forage attracted more hunter- 
gatherer activity than less favorable locations. The archaeological record reflects such 
preferences in the position, size, composition, and diversity of archaeological 
assemblages. Consequently, prehistoric archaeological site distributions can be predicted 
by replicating prehistoric resource distributions and using optimality models to predict 
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how prehistoric people could best forage in that landscape. Such predictions are testable 
by analysis of archaeological survey data. 

Given this theoretical predilection, prehistoric hunter-gatherers of northeastern Nevada 
are assumed to have striven for foraging efficiency. Using optimal foraging models as a 
guide, prehistoric hunter-gatherers are assumed to have done best by living and foraging 
in habitats providing highest caloric return rates. The foraging options of hunter-gatherers 
can be modeled by ranking the energetic productivity and spatial distribution of resources 
that habitats contain. Development of an optimal foraging analysis of the land-use 
decisions of Pine Valley hunter-gatherers also requires consideration of three 
organizational constraints of ethnographic subsistence and settlement strategies which 
optimal foraging models fail to consider: seasonality, sexual division of labor, and central 
place foraging. Seasonality structures intra-annual fluctuation in the availability of 
resources, whereas sexual division of labor and central place foraging are hdamental 
tactics of hunter-gatherers for scheduling procurement of simultaneously available but 
spatially dispersed resources (Flannery 1968; Isaac 1978). Introduction of these 
constraints into the Pine Valley model improves the realism and accuracy of its 
predictions. 

Thus, this chapter considers a set of subsistence resources that are contained in the 
habitats defined in the previous chapter. Caloric costs and benefits m e  to rank the 
relative values of these resources. Next, the ethnographic record serves to divide 
resources into men's and women's prey, and then into sets of resources that are 
simultaneously available in the same season. These sets of resources are projected against 
the habitat landscape to calculate the overall foraging returns available in each habitat 
and rank habitats by their seasonal productivity as foraging patches for either sex. 

Optimal Foraging Models 
Evaluating the foraging potential of Pine Valley habitats requires consideration of three 
optimal foraging models: diet breadth, patch choice, and the marginal value theorem. The 
diet breadth model (DBM) predicts whether a forager should harvest a resource upon 
encounter based on the caloric return offered by that resource, compared with the return 
that could be gained from bypassing that resource and searching for more profitable 
alternatives (Schoener 1971). The model calculates the return rate of exploiting a 
particular food based on the time required to pursue and process (handling time) that 
resource and the number of calories thereby gained. Return rates are thus expmsed as 
calories per hour and this figure ranks the caloric value of different resources. However, 
estimates of handling cost only calculate time necessary to extract energy from a resource 
after it has been found, ignoring the search time necessary to track down that resource. 
This means that the post-encounter caloric return rate of a resource in a DBM is 
independent of its abundance (i.e., the rate at which a forager successfully encounters the 
resource). Foragers msximize average energetic returns for searching and harvesting all 
dietary items in an environment only by harvesting those resources that offer return rates 
greater than the rate for shunning that resource and exclusively seeking, collecting, and 
processing only higher ranked resources. Thus, the DBM specifically models trade-offs 
in energetic return rates between search and handling costs. 

6-2 



The average foraging return rate (E/T) obtainable fiom any set of resources within an 
environment is calculated as follows (Stephens and Krebs 1986): 

(equation 5) 

where: 
E = total calories acquired from foraging for all resources up to and including resource i, 
T = total time spent foraging (handling and search time) for all resources up to and 
including resource i, 
Ei = calories available in a unit of resource i (kcal/kg), 
hj = handling time per unit of resource i (hrkg) and 
Rj = encounter rate with resource i per unit of search time (kgihr). 

According to the DBM, any specific resource (i) should be in the diet only so long 
as: 

E I T < E, 14 (equation 6) 

The DBM makes three specific predictions: 1) Foragers will take any resource in the 
optimal diet whenever they come across it. 2) Whether any resource is w i t h  the optimal 
diet depends on the availability of all higher ranked resources, not on the abundance of 
that particular resource. 3) Optimal diet breadth contracts and expands in response to 
fluctuations in the abundance of higher ranked resources; if high ranked resources 
become sufficiently common then low ranked resources may fall from the diet, but diet 
breadth expands if higher ranked resources become sufficiently rare (Schoener 1971). 

To conceptualize DBM predictions, imagine that a gatherer forages in an environment 
where ground squirrel (Eihi = 5,900 kcal/hr), shadscale seed (Ei/hi = 1,200 kcal/hr), and 
pickleweed seed (Ei/hi = 180 kcal/hr) are available. If the gatherer takes ground squirrels 
so often that she can achieve average foraging returns (E /q  greater than 1,200 kcaVhr by 
seekmg, collecting, and processing squirrel alone, she would lower her overall foraging 
return rate by harvesting shadscale or pickleweed seeds no matter how often she comes 
across them. If squirrels become sufficiently rare that her overall return rate falls below 
1,200 kcal/hr, she would profit by adding shadscale seed to her diet, no matter how scarce 
shadscale may be, but she should also continue to take squirrel whenever she has the 
opportunity (no matter how rarely). However, as long as her average foraging returns for 
seeking and harvesting squirrel and shadscale together remain greater than 180 kcal/hr, 
she maximizes her overall return rate by forsaking pickleweed seed regardless of how 
common pickleweed may be. 

Bettinger (1993: 49-50) points out one shortcoming in the way that the DBM can 
realistically reflect the foraging behavior of Great Basin hunter-gatherers. The DBM 
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calculates optimal behavior according to momentary circumstances, but such contingency 
based predictions can be misleading if other constraints select for foraging efficiency 
over the longer term. For example, a forager whose selective constraint is to avoid 
starvation over an extended period of time, but who optimizes behavior according to 
momentary contingencies, may collect the necessary calories less efficiently than a 
forager who takes resources that seem less than optimal concerning momentary returns. 
According to Bettinger, this problem may be particularly relevant to foragers who store 
food. Therefore, thoughtful application of the DBM to model the foraging strategies of 
prehistoric Great Basin hunw-gatherers must consider the possibility that low ranked but 
storable, resources, like seeds, may have been procured to maximize long-term (i.e., 
annual), rather than momentary foraging returns (cf. Simms 1987). 
The DBM assumes resources to be homogeneously distributed through the environment, 
but principles of the model can be adjusted to predict foraging decisions in environments 
where resources are unevenly distributed among patches (MacArthur and Pianka 1966). 
A patch is merely a concentration of food, and the patch choice model (PCM) assumes 
that foragers encounter patches randomly and individually. The model predicts which 
patches foragers should elect to forage in, whenever encountered, in order to maximize 
their overall caloric return rate. Just as the DBM ranks resources by rate of caloric return 
per unit of handling time, the PCM also ranks patches according to caloric return, but 
does so by including search time within the patch along with handling time as a measure 
of cost. However, the time necessary to travel between patches is not considered a cost in 
ranking patches. Thus, just as the ranks of food resources in the DBM are independent of 
resource abundance (search time), patch type rankings are independent of patch 
abundance (travel time), and the PCM compares trade-offs in energetic return rate 
between combined search and handling costs with travel costs. 

The mathematically expression of the PCM is as follows (Chamov 1976; Stephens and 
Krebs 198625-27). 

2 R A - C .  
(equation 6) 

where: 
E = total calories acquired from foraging for all patches up to and including patch i, 
T = total time spent foraging (handling, search, and travel time) for all patches up to and 
including patch i, 
Rj = encounter rate with patch type i per unit of time (kgh) 
Ei = calories available in an example of patch i (kcaldkg), 
C, = energetic cost per unit of time expended in foraging in all patches up to and 
including patch i, and 
hi = search and handling time per unit of patch i (hrkg). 
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Therefore, the equation indicates that a forager should choose a patch only as long as the 
returns for searching for and handling resources within the patch exceed the overall 
returns for traveling to and foraging within higher ranked patches, m 

E l  T < E, I h, 

Like the DBM, the PCM expects foragers to prefer the most energetically profitable 
patches and predicts that a change in resource abundance may alter the breadth of patch 
selection. However, other patch choice predictions are not so straightforward as those of 
the DBM because search time is considered a cost in ranlung patches. Although the rank 
of patches is independent of the abundance of patches, it is not independent of the 
abundance of resources within patches. This makes it unclear whether the optimal 
breadth of patches will broaden, narrow, or remain stable when resource abundance 
changes. This is because changing the abundance of resources may alter both search time 
within patches (because the abundance of resources within patches may change) and 
travel time between patches (because patch abundance may change). Thus, effects of 
fluctuating resource abundance on patch breadth are contingent on whether travel, search, 
or handling time comprise the bulk of costs required for exploiting resources in patches. 

Consider patches containing resources that are easily found but costly to harvest and 
process (seeds for example). Increasing the quantity of seeds should increase the number 
of profitable seed patches and, therefore, lower travel time between patches. However, 
increasing the abundance of seeds is unlikely to reduce search costs sufficiently to raise 
average foraging returns within seed patches, because seeds tend to be easily located 
anyway. In this situation, foragers should select a narrower array of higher ranked seed 
bearing patch types because more examples of these patches are available (Le., the 
abundance of higher ranked patch types increases causing the breadth of patch types to 

(equation 7) 

narrow). 

In contrast, increasing the abundance of resources that are harder to find than handle (for 
example large game) will increase overall returns within hunting patches as well as 
number of hunting patches. This is simply because large game must always be sought 
out, and increasing their abundance in a hunting niche must significantly reduce the time 
necessiuy to find them. In this situation, patch breadth may broaden as resources become 
more abundant, because more patch types are sufficiently high ranked to fall within 
optimal patch breadth (i.e., the rankings of patches increase). 

This means that the effects of paleoenvironmental change on the distribution of intrapatch 
resources with different allotments of search and handling costs must be considered 
before predicting the effects of such change on patch selection in Pine Valley. The need 
for such consideration becomes particularly evident when sexual division of labor is 
considered; women tend to pursue prey that are most expensive in handling costs, 
whereas men pursue prey where searching is the higher cost. Therefore, the same 
paleoenviromnental change may have diametrically opposite effects on the patch 
selection of male and female foragers because of the nature of resources they procure. 
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Another ambiguity in PCM predictions concerns its assumption that foragers encounter 
patches sequentially rather than simultaneously. If a forager has the simultaneous option 
of exploiting more than one patch, then travel time can significantly alter optimal patch 
choice in ways that contradict the expectation that foragers maximize their foraging 
returns by choosing highest ranked patches. As travel time increases (greater distance 
between patches), it constitutes a greater proportion of the total costs necessary to exploit 
patches, while the proportional contribution of search and handling costs diminishes. 
Thus, if a forager is sufficiently close to a low ranked patch, then the additional travel 
time required to reach a more distant but higher ranked patch may lower its overall return 
below that of the nearby patch. The forager will achieve greater foraging returns for 
exploiting the lower ranked, but local, patch. 

The complications of simultaneous patch encounters are particularly critical to predicting 
patch choice of central place foragers, who may choose among a set of simultaneously 
available patches of varying distances fiom a home base camp, rather than sequentially 
encountering patches on a foray (Kaplan and W 1992:lSO; Stephens and Krebs 
1986:38-45). For example, imagine a scenario applicable to the arid Great Basin where 
hunter-gatherers must camp near water, but the best foraging patches are far from water 
sources. Depending on the particular circumstances of travel costs and relative patch 
retums, those hunter-gatherers may find it more profitable to forage in lower ranked 
patches that are close to home than in distant, but profitable, patches. This means that 
consideration of patch choice among central place foragers must consider constraints of 
central place locations such as the distribution of potable water. 

The Marginal Value Theorem (MVT) is a variant of the PCM that assumes that the return 
rate for foraging in a patch declines the longer it is utilized (diminishing returns) and 
predict the point at which a forager should abandon the patch to optimize energetic return 
rates (Chamov 1976). The solution to the dilemma is simple, a forager should move out 
of a patch when the return rate for foraging in the patch falls below the average return for 
travelling, searching, and foraging in the environment as a whole. An implication of this 
is that prehistoric hunter-gatherers should have preferred to forage in resource patches 
offering foraging return rates higher than the environmental average, and avoided lower 
than average patches. 

Neither the DBM, PCM, nor MVT specifically predict where hunter-gatherers should 
elect to forage; all ignore constraints pertinent to those facing central place hunter- 
gatherers. Yet they can serve as the framework for an optimal foraging approach to 
m o d e m  the locations of central place foraging and settlement decisions once 
appropriate constraints are considered. The habitats described in Chapter 5 are types of 
patches that differ in the assortment and proportion of resou~ces they contain. To 
maximize caloric intake, Pine Valley hunter-gatherers should prefer to forage in habitats 
(patches) providing higher than average return rates. The average return rate obtainable 
fiom the optimal diet of each habitat type ( E 4  can be calculated by using equation 1 of 
the diet breadth model and considering the abundance and energetic return rates of 
resources available within each habitat. Habitats then can be ranked according to the 
average return obtainable given the net return rate and abundance of resources contained 
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within each habitat type, and the average foraging return rate obtainable from the entire 
study area assemblage of habitats. 

However, the array of prey available within each habitat varies seasonally, so habitat 
types are also ranked separately for each season of the year. Too, ethnographic male and 
female hunter-gatherers pursue different sets of prey. In this model, sexual division of 
foraging effort is assumed to be determined by tmde-offs between child care and resource 
variability that are not monitored by these optimal foraging models. Therefore, after 
considering how extrinsic constraints of variability and mobility determined the array of 
resources available to each sex, habitat types are ranked separately for men and women. 

For the moment, we assume Pine Valley hunter-gatherers favored habitat types that 
offered highest returns for both men and women, but sexual division of labor and central 
place foraging tactics would have allowed them to exploit simultaneously more than one 
patch. How Pine Valley foragers may have reconciled conflicts between the foraging 
interests of men and women will be considered after evaluation of the foraging utility of 
habitats for male and female foragers. 

RANKING MAJOR RESOURCES IN PINE VALLEY BY RETURN RATE 
Using the optimal foraging theory to model hunter-gatherer foraging decisions in Pine 
Valley requires estimation of the distribution, abundance, and caloric return rate (Ei/hz> of 
food items available within the study area. Based on range type descriptions that 
quantitatively estimate the distribution and abundance of plant species by soil map units, 
the 87 habitats defined for the Pine Valley study area directly measure plant food 
distributions and abundance. Thirty-five categories of edible plant can be identified from 
the 114 plant species and classifications individually tallied in range type descriptions 
pertaining to the Pine Valley study area. Table 6.1 lists these plant food items known 
from ethnographic records to have been eaten by ethnographic Great Basin hunter- 
gatherers (Fowler 1986), which occur in Pine Valley habitats. Adding the nine categories 
of game considered in Chapter 5, the distribution and abundance of 44 food items can be 
directly mapped in the Pine Valley habitat landscape. 

Principles of the DBM can predict which resources should harvest in each habitat in order 
to maximize their overall foraging return rate ( E m  and estimate the foraging return rate 
obtainable from the optimal diet within each habitat type. To do so, the net return rates 
(Ei/hi) of food items in Pine Valley must be estimated to rank the resources. Fortunately, 
a growing body of replicative and ethnographic studies provide a body of caloric return 
rates for many of these resources (Barlow 1995; Bullock 1994; Couture 1986; Hooper 
1994; Jones and Madsen 1991; Larralde and C h d l e r  1981; Madsen et al. 1997; Shuns 
1987; Smith and Martin 2001; Todt and Hannon 1998). Table 6.2 lists game and plant 
resources for which experimentally derived caloric return rates are available. 

Critics sometimes question the reliability of rankings derived from experimental data, 
such as those presented in Table 6.2, because today's experimenters cannot precisely 
replicate past foraging returns (Bettinger 1991:103). However, independent experiments 
have replicated many of the return rate estimates, and the range of return rates by 
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resource class (i-e., seeds, tubers, nuts, small game, large game) is similar to those 
ethnographically observed among modem hunter-gatherers who pursue similar array of 
prey (Cane 1987; O'Comell and Hawkes 1981). These facts offer reassurance as to the 
rough accu~~cy of the experhental data. 

Table 6.1 Ethnographically recorded food items monitored in Pine Valley Habitats. 
Resource Scientifk Name Category Edible Poaion 

Indian ricegrass 
wheatgrass 
Columbia onion 
servicebemy 
saltbush 
balsamroot 
sedge 
hawlabeard 
inland s a l t p s  
wildrye 
jointfir 
barley 
rush 
biscuitroot 
mat muhly 
evening primrose 

limber pine 
singleleaf pinyon 
bluegrass 
sego pondweed 
chokecherry 
goosebeny 
rose 
dock 
commonarrowhead 
bulrush 
SqUilTeltail 
globemallow 
allrali sacaton 
princesplume 
needlegrass 
seepweed 
clover 
cattail 

PnCklypear 

Achnathmm hymmoides 
Agrowron 
Allium columbianum 
Amelanchier 
Aaiplex 
Balsamorhiza 
Carex 
crepis 
Distichlis spicatu 
Elymus 
Ephedra 
Hordeum 
Juncus 
Lomatium 
Muhlenbergia richardsonis 
Oenthera spp. 

Pinusjlexilis 
Pinus monphylla 
POa 
potamogeton 
PnnarS 
Ribes 
R0.W 
Rumex 
SaginQla latifoolia 
Scirpus 
Sitmrion 
SpkZWQlCC%l 
sporObolous airoidas 
Stanlqa 
sripa 
SU& 
Tnyolium 
l)lPha 

opuntia 

Grass 
Grass 
Forb 
Shrub 
Shrub 
Forb 
Grass 
Forb 
C h S S  
Grass 
Shrub 
Grass 
Grass 
Forb 
Grass 
Forb 
Forb 
Tree 
Tree 
Grass 
Forb 
Shrub 
Shrub 
shmb 
Forb 
Forb 
cinrss 
Grass 
Forb 
Grass 
Forb 
Grass 
Forb 
Forb 
Grass 

seeds 
seeds 
bulbs 
berries 
seeds 
root 
seeds 
leaves 
seeds 
seeds 
seeds 
seeds 
seeds 
roots 
Seeds 
stems, roots 
stems, tillits 
seeds 
seeds 
seeds 
seeds, roots, stallcs 
fillits 
berries 
f i t s  
seeds, stems, leaves 
seeds 
eeeds, roots 
Seeds 
seeds 
seeds 
leaves, stems, seeds 
Beeds 
Seeds 
seeds, leaves 

roots, Pollen, 
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Table 6.2. Experimentally derived return rates for resources monitored in Pine Valley 
study area habitats. 
ResourCe Edible Portion Caloric R e m  Rate source 

(koal/hr) 

bighorn sheep 
b idma  
bluegrass 
Bottlebrush s ~ l t a i l  
bulrush 
bulrush 
Canail 
cattail 

cattail 
cattail 
chokecherry 
cottomail rabbit 
duck 

Indian rice- 

inlandsaltgrass 
jackrabbit 

muhlyl dropseed 
mule deer 
Nunal d o w e r  
pickleweed 
pinyon 
pronghorn antelope 
sage gmm 
sedge 
SeMceberry 
shadscale 

plincesplume 

largegmdsquirrel 

270-490 
18.OW3 1500 
1220-3800 
420-490 
90 
300-1700 
160-160 
2750-9350 
40-3%6 

260 
432-846 
250 
9Wo-9800 
3975-2700 
150 
300-400 

140-160 
13500-15,500 
5400-6300 
160-300 
18.00-50000 
470-510 
90-270 
1000-1700 
16,MH)-31500 
1200-1800 
200 
250 

Simms 1987; Bullock 1994 
shnms I987 
Chuture et al. 1986 
Simms I987 
Simms 1987 

simms 1987 
Simms 1987 
Sitrrms 1987;lonesandMadsen 1991,Mndm 
etal. 1997 
Madsenetal. 1997 
hhdsmetal. 1997 
Todt and Hanmm 1998 
Simms 1987; Wimerhaldu 1981 
simms 1981 
Hoopa 1994 
simms 1987; Jones and Madsen 1991; 
Lawlde andchandlm 1981 
Simms 1987 
S h  1987; Wimerhalda 1981 
Simms 1987 

Simms 1987:ZeimahetaL 1595 
Simms 1987 
Simms 1987: M o w  and Mdoalfe 1995 

simms 1987 

simms 1987 

Simms 1987iBarlcnvandMetcalfe 1995 
Simms 1987 
WintahaldeI 1981 
simms 1987 
Todt and Harmon 1998 
simms 1987 

Nevertheless, given the experimental nature of the return rates, predicting foraging 
decisions based on deceptive precision of return rates should be avoided. For example, it 
would be spurious to predict that hunter-gatherers should prefer wildrye seeds over 
ricegrass seeds because the former return a few more calories per hour than the latter. 
This minor difference between return rates is too small for predictive purposes, given the 
limited number of experiments conducted thus far. For this reason, the resource are 
grouped into rank classes defined by gross ranges of similar return rates, allowing 
comparison of potential return rates available from foraging in different habitats without 
eliciting predictions based on miniscule differences in return rates. This approach also 
allows return rates to be estimated for those resources lacking experimental data, based 
on similarities in package size (i.e., seed size, caloric contents, etc.) and handling 
methods (Le., snares, seed beaters) with resources of experimentally known return rates. 
Table 6.3 presents the array of rank classes. Notice that Ranks 1 through 3 have equal 
intervals of 300 kcal/hr (up to 900 kcal/hr). In contrast, Rank 4 contains resources 
yielding from 900 to 1,499 kcal/hr, Rank 5 resources provide between 1,500 and 3,499 
kcal/hr, Rank 6 contains resources producing between 3,500 and 8,999 kcal/hr, Rank 7 
resources provide more than 9,000 kcal/hr, and Rank 8 resources yield 20,000 or more 
kcal/hr. 
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Note in Table 6.2 that caloric return rates (E&) are known for only a portion of food 
items listed in Table 6.1. This means that caloric return rates must be estimated for the 
remaining resources. Estimating return rates for resources lacking experimental data is a 
valid approach for ranking resources so long as the estimates are based on similarities in 
package size (i.e., seed size, caloric content, etc.) and handling methods (is., snares, seed 
beaters) with resources of experimentally known return rates. Using return rate rank 
classes simplifies this task because unknown resources need only be assigned to a return 
rate interval rather than to a specific return rate estimate. Table 6.3 lists the remaining 
food items in the Pine Valley habitat database, assigning each a retum rate class and a net 
return rate (E&) representing the mid-point of the return rate interval. 

DIET AND SEXUAL DIVISIONS OF LABOR 
Sexual division of labor is a fimdamental aspect of the organization of hunter-gatherer 
subsistence strategies (Bird 1999; Hawkes 1996) that ethnographic Great Basin groups 
shared (Kelly 1932:79; Steward 1938:44, 1941:253; Stewart 1941:406). Males and 
females procured different assortments of resources: males typically hunted whereas 
females emphasized gathering. Sexual division of labor complicates the task of modeling 
hunter-gatherer foraging strategies because men and women simultaneously procured 
different prey, sometimes in different places, returning to a common hearth to share food. 
However, evolutionary ecologists working among modem hunter-gatherers warn that 
sexual division of labor cannot be overlooked when applying optimal foraging models to 
humans because men and women have different motives for seeking different sets of prey 
under different constraints (Hill et al. 1987; Simms 1987:36; Hawkes 1996). Thus, this 
model evaluates men's and women's foraging strategies separately. 

Table 6.4 indicates whether men or women foraged for particular food resources. 
Ethnographic descriptions of Shoshone (Steward 1941:312-313) are specific that women 
accomplished most seed gathering, whereas men usually harvested no seeds except 
pinyon nuts FOF this reason, Table 6.4 lists all seeds as women's resources, and lists only 
pinyon nuts as a men's resource. The preeminence of women's labor in seed procurement 
justifies an assumption that women also harvested pollen, roots, bulbs, leaves, stems, and 
fruits, whereas men usually gathered none. 

Ethnographers note that women often participated in communal antelope and jackrabbit 
drives (Fowler 1989 78; Kelly 193279). Antelope drives took place in Diamond Valley, 
outside of the study area (Steward 1938: 142), allowing the stalking of individual 
antelope to be left as an exclusively male activity within this model, but communal rabbit 
drives were a regular autumn event within Pine Valley (Steward 1938:119-120). For this 
reason a role is assigned for both men and women in driving rabbits. Women are also 
noted as being skilled in snaring small rodents (Fowler 198923; Kelly 193279). 
Therefore, Table 6.4 assigns small mammals to both men and women. 

6-10 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



W 
W 
W 
W 
W 
W 

W 
W 

W 
W 
w 

W 

W 
W 
W 
W 
W 
W 
W 
H 
H 

W 
W 
W 

W 

W 

Table 6.3 Resource ranking by return rate class. 

ReSourCe Edible Portion Class Range of Caloric 
Rank Retum(kdhr) 

bighorn sheep large game 8 > 20,000 
mile deer 
pronghorn antelope 
cottontail rabbit 
jackrabbit 
cattail 
Cattail 
large ground squirrel 
biscuitroot 
bulrush 
sage grouse 
small ground squirrel 
waterfowl 
balsamroot 
onion 
pinyon 
limberpine 
shadscale 
cattail 
jointfir 
prickly pear 
saltbush 
seepweed 
basin wildrye 
bluegrass 
Indianri-s 
wheatgrass 
alkali sactam 
barley 
bottlebrush squirreltail 
bulrush 
cattail 
chokecherry 
clover 
dock 
evening primrose 
galleta 
globemallow 
golden princesplume 
p e n  moUy 
hawksbeard 
inland saltgrass 
mublyl dropseed 
needlegmss 
rush 
sedse 
sego pondweed 
gooseberry 
serviceberry 

_ _  
large game 
large game 
medium game 
medium game 
pollen 
rhizome 
medium game 
roots 
Seeds 
small game 
small game 
small game 
root 
bulbs 
seeds 
seeds 
seeds 
shoots 
seeds 
stems, h i t s  
seeds 
seeds 
seeds 
seeds 
seeds 
seeds 
seeds 
seeds 
seeds 
mots 
seeds 
tillits 
seeds, leaves 
seeds, stems, leaves 
stems, mots 
Seeds 
seeds 
leaves, stems, seeds 
seeds 
leaves 
seeds 
seeds 
seeds 
S e e d s  
seeds 
seeds, roots, stalks 
bemes 
bemes 

8 
8 
7 9,000-20,000 
7 
6 3,500-9,000 
6 
6 
5 1,500-3,500 
5 
5 
5 
5 
4 900-3,500 
4 
4 
4 
4 
3 
3 
3 
3 
3 
2 
2 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

600-900 

300-600 

-= 300 
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Table 6.4 S e d  division of labor and seasonality for food items monitored in Pine 
Valley habitat landscape. 

mot 4 
seed 2 
m e  8 
mot 5 
seed 2 
Seed 1 
seed 3 
root 1 
pollen 6 
mscsd 1 
seed,leaf 1 
mot 1 
m e  7 
seed 1 
stem,mot 1 
seed 1 
seed 2 
seed 1 
seed 1 
beny 
seed 2 
seed I 
gDme 6 
nut 4 
seed 1 
$ams 8 
seed 2 
seed 3 
fruit 3 
mot 4 
h i t  3 
w, aEm, 1 
seed 
gans 8 
a d  1 
gsme 5 
roob,stelk 1 
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Table 6.4 cont. 

Plant Fzsource FWd Rebm Rate Men'spny Women'spraY Spnng Summer Fall Wmta 
categmy Class 

slhrer buffaloberry h l t  3 X X 
smgleleaf pmyon Seed 4 XZ X X 
small mammals game 5 X X X x x  

tufted h a r m  seed 1 X X X 
waterfowl game 5 X X x x  

wheatgrass seed 2 X X X 
wdd rose mut 3 X X 
wldtns root 1 X X X 
wolrneny fmt 3 X X 
Woodrateharmot m e  I X X X X 

hawksbeard leaf 1 X X 

dock X X X 
leaf 

Notes 
1- in cooperation with meo 00 drives 
2- in cqmatioo with women 
3- drives 

The greatest difference between men's and women's prey lies in resource rank; men do 
not procure most of the relatively low ranked resources, whereas women do not procure 
most higher ranked resources. This reflects the different investment in search and 
handling time required to gather plant resources as opposed to that required to hunt prey. 
Men's prey are mobile and unpredictable, requiring considerable investment of search 
time to k d .  As discussed previously under the patch choice model, this means that an 
increase in the abundance of men's resources may cause men's patch (habitat) selection to 
broaden, whereas diminished abundance may cause patch selection to narrow. In 
contrast, women's resources are relatively stationary and predictable, and entail higher 
investment in handling time than in search time. Therefore, women's patch selection may 
narrow as gatherd resource abundance increases and expand as gathered abundance 
declines. 

SEASONAL VARIATION IN FORAGING OPPORTUNITIES 
Technically, diet breadth and patch models can predict forager choice only among 
resources that are available simultaneously (that a forager encounters sequentially), and 
thus incur an opportunity cost when a forager forsakes one resource in favor of another. 
So far, all Pine Valley resources have been considered collectively without regard to 
synchronicity, but now patterns in the temporal availability of resources must be 
controlled to predict diet breadth and patch returns accurately. For example, that bulrush 
seeds provide higher caloric returns than Indian ricegrass is not informative about the 
preference of gatherers for either resource, because seeds of the two ripen in different 
seasons. By procuring one, a gatherer does not forfeit her opportunity to harvest the 
other; she can take each in season. Whether either or both appear in the diet is not a 
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function of their rank and abundance relative to one another, but of the abundance of 
concurrently available higher ranked resources. 

Since the set of available resources changes seasonally, optimal diet should vary 
seasonally as well. Consequently, Table 6.4 divides resources into seasonal sets 
according to seasonal availability. "Seasons" are defined according to annual shifts in 
resource availability in Pine Valley. Spring begins in late February or early March, as 
forbs appear and ground squirrels and small mammals come out of hibernation. Summer, 
beginning in June, offers cattail pollen, grass seed, and berries. Fall begins in late August 
or early September when pinyon pine nuts, and the seeds of bulrush, shadscale, and 
saltbush are available. Winter begins with the first significant snow, usually middle 
November, leaving only a few plant and animal resources available for foraging. Note 
that all seasons offer pronghorn antelope, mule deer, and bighorn sheep. However, the 
habitat distribution of these resources changes seasonally. All three species are assumed 
to range in upper elevation habitats during summer and lower elevation habitats during 
winter. 

ESTIMATING RESOURCE ENCOUNTER RATES IN PINE VALLEY 
HABITATS 

Preceding discussions have organized food resources according to caloric return rates, 
seasonal availability, and the gender of the forager who acquires them. Now, data on the 
density of food items in Pine Valley serve to estimate the rates at which hunter-gatherers 
should encounter resources within habitats. Given an estimate of the density of resource 
items per square kilometer, the following equation calculates an encounter rate in 
kilograms per hour (Winterhalder et al. 1989:325): 

(equation 9) 

where, 

Ri = weight of resource i encountered per unit of time (kgihr), 
di =number of resource i per km2, 
wti = edible weight (kg) per resource i, 

S, = forager search radius (Ian). 
Sv forager Search speed (km/hr), and 

By estimating the density of food items per square kilometer in the habitat landscape, it is 
possible to calculate an encounter rate for randomly searching for those food items within 
that habitat. Estimation of resource density differs for plant foods and game, so the two 
categories are considered separately. For both categories, forager search speed (SV) is 
assumed to be 1.5 lnn/hr. Search radius (S,) is 10 m for all plant resources, and 20 m for 
game. 

6-14 



I 
I 

I 
I 
I 
I 

I 

I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 

Plants 
The range type descriptions that define habitats offer precise estimates of the quantity of 
herbage in kilograms per hectare. However, it is unclear how raw herbage rate tcanslates 
to what the forager actually encounters (i.e., stands or individual plants). Simms 
(198T48-53) and Zeanah (1996295-299) estimated encounter rates with plants by 
calculating the percentage ground coverage of those plants. Range type d e s c n ~ o m  
approximate the percentage plant cover of vegetation communities associated with each 
range type, and these can be extrapolated to each habitat. Furthermore, percentage cover 
and total herbage weight are significantly correlated among the habitats (r=.82, p=.OOOl), 
allowing the percentage cover of each plant resource within each habitat type to be 
gauged from the percentage weight of that species. 

Following Simms (198749), all plants are assumed to occur in stands of 10 m2. 
Therefore, every square kilometer within a habitat contains 10,000 plots that may contain 
a stand of any particular plant resource indigenous to that habitat. The percentage cover 
estimated for each plant resource calculates how many stands of that resource occur per 
square kilometer of any habitat. For example, if a particular plant resource comprises 2% 
of total herbage weight within a habitat with 40% plant cover, then it is presupposed that 
80, 10 m2 stands of that resource occur randomly dispersed within each square kilometer 
of that habitat. This value determines the number of items (10 m2 stands) of each plant 
resource per square kilometer (dj), in each habitat. 

Modeling edible weight in kilograms obtainable m each stand (wti) is also problematic 
because total herbage weight is not equivalent to the quantity of edible seed, root, f i t ,  OT 

green harvested by a forager. An extensive literature review revealed no consistent way 
to estimate the quantity of edible tissue that a given quantity of herbage biomass might 
produce. Too, the MVT consideration of diminishing returns shows that it is unrealistic to 
assume that a forager would exhaust all edible resource in a particular stand @e., a small 
patch) before finding it more productive to move on to the next stand. A simplifying 
assumption is to hold constant the time that a forager can harvest any stand, and use 
experimentally derived harvest rates to calculate the amount of resource procured in that 
span. In his collection experiments, Simms (1987:50) set the time for collection of a stand 
at half an hour, the time he found reasonable for harvesting a 10m2 stand of most plant 
resources. This time limit also serves here. 

Game 
Unlike flora, the habitat database offers no direct measure of faunal abundance within 
each habitat type. However, in Chapter 5 the biotic and physical characteristics of the 
habitat type landscape served to rank the probability that habitats contain particular game 
animals. Using these data, the rates at which hunter-gatherers should encounter different 
game can be inferred for specific habitats. To do this, the habitat suitability scores 
presented in Table 5.10 are standardized so that the habitat with highest suitability is 
ranked 1 and all other habitats ranked proportionally thereof. 
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Translating these probabilities into encounter rates in kilograms per hour (Ri ) depends 
on whether the procurement strategy involves stalking, driving, or trapping. For trapping 
strategies, we follow the simulation of Zeanah (1996:300-303), which assumes that the 
searching forager comes across procurement locations (Le., nests, burrows, and leks) 
rather than individual animals. Under this assumption, estimates of the density of small 
animal populations in similar geographic areas approximate the number of items 
encountered per square kilometer (dz] in each habitat. The maximum expected densities 
of waterfowl nests, sage grouse leks, and the burrows of small mammals, large ground 
squirrels, marmotdwoodrats, and rabbitslhares have been estimated elsewhere (Zeanah 
1996:300-303). These densities are assumed to occur in the best habitats for each game 

proportionally to relative habitat suitability score for all other habitats. For example, 
jackrabbit burrows can occur in densities of 1.5 per Ianz of prime rabbit habitat (Masser 
et al. 1984534). If the relative suitability score for rabbits for a particular Pine Valley 
habitat is .02, then the expected density of rabbit burrows in that habitat is .03 burrows 
per square kilometer. 

The edible weight in kilograms (wtj) obtainable at each trapping point is the amount that 
a hypothetical trapper who sets a line of 20 snares or deadfall traps at each trapping spot 
can harvest. After 24 hours, four traps (20%) successfully capture an animal. These 
estimates are consistent with the size of ethnographic trap lines (Fowler 1989:23; Kelly 
193288), and the successful trapping rate of modern wildlife biologists in the Great 
Basin (Brown 1973:777; Clary and Medin 1992:106; Feldhammer 1979:210; Jenkins 
1979:24; McAdoo et al. 1983:52; Oldemeyer and Allen-Johnson 1989393). These simple 
assumptions allow calculation of an encounter rate (Ri ) for each habitat in the Pine 
Valley study area using equation 5. 

The procedure for estimating encounter rates (Ri ) for game procured by stalking or 
driving techniques differs ftom those for plants and trapped animals for two reasons. First 
the units encountered per kilometer are individual animals rather than plant stands or 
burrows, requiring estimates of the number of individuals per square kilometer that are 
difficult to derive. Second, it is unrealistic to assume that pedestrian hunters armed with 
bow and arrow could successfully detect, pursue, and dispatch every elusive quarry they 
come across, simply because many mobile animals will escape. Therefore, an encounter 
rate estimate based simply on animal densities will overestimate the successful encounter 
rates feasible for stalking or driving game. For these reasons, we follow Simms' 
(198755-72) encounter rate estimates for stalking and driving game animals. Simms' 
estimates derive h m  historical, ethnographic, and wildlife conservation literature 
regarding documented success rates of hunts and drives in the Great Basin. They are 
applied to the Pine Valley habitat landscape simply by assuming that these rates are 
feasible in the most sensitive habitat for each game category (relative habitat suitability 
score = 1). For all other habitats, encounter rates diminish proportionally to relative 
habitat suitability score. For example, Simms estimates that bighorn can be successfully 
encountered at a rate of 0.15 k g h  in good sheep habitat. If the relative suitability score 
for sheep for a Pine Valley habitat is .5, then the encounter rate for hunting sheep in that 
habitat is .075 kg/hr. 

. . .  . 
category in Pine Valley (relative habitat suitability score = l), with densities dnnmshm g 
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Modeling Seasonal Foraghg Opportunities for Men and Women Based on the Pine 
Valley Habitat Landscape 
Using equations 5 and 6, and estimates of caloric return and encounter rates for each 
resource, an optimal overall foraging return rate (Em was calculated for each habitat, by 
season and gender. Table 6.5 presents the resulting overall returns rates for men and 
women. 

ARCHAEOLOGICAL. PREDICTIONS 
How prudent hunter-gatherers should have organized their foraging activities in Pine 
VaIley is inferred by estimating the distribution of resources in each habitat, subdividing 
these resources by season and sex, and modeling their available caloric returns. These 
expectations now serve to predict how the distribution and composition of the 
archaeological record will vary according to habitat. Specifically, the relative 
composition, function, size, and diversity of archaeological assemblages likely to occur in 
each habitat are forecast based on the productivity of foraging and on the likelihood that 
hunter-gatherers lived there. From these inferences, habitat types are scaled into predicted 
archaeological complexity scores. 

Assumptions about Archaeological Site Formation Processes 
If the archaeological record directly reflected foraging activity, then predicting the 
archaeology of habitats would be simple; archaeological remains should be most dense, 
diverse, and complex in habitats yielding highest overall foraging returns. However, 
hunter-gatherer foraging behavior does not translate directly into the archaeological 
record; deviations between the two reflect effects on site formation processes of central 
place foraging, mobility strategy, sexual division of labor, food sharing, food storage, 
tool manufacture, tool curation, and refuse disposal (Binford 1979, 1980). Consequently, 
four current understandings of how hunter-gatherer subsistence-settlement systems affect 
archaeological site formation processes temper expectations about the archaeological 
record of habitats. 

First, residential bases that serve as the hub of hunter-gatherer settlement bias the 
archaeological record, inasmuch as base camps are the central places where foragers 
prepare, share, store, and c0-e food; manufacture, repair, and discard tools; and 
construct, maintain, and cache facilities for human habitation (Thomas 1983a). Therefore, 
base camps contribute disproportionately to archaeological formation processes. 

Although other site types exist and habitats that are residentially unoccupied may contain 
complex archaeological sites, the archaeological remains of foraging activity represent, 
for the most part, field processing and hunting loss. Only in situations where resources 
are abundant or recurrent in the same location over long periods of time should non- 
habitation sites produce archaeological manifestations comparable to those of base 
camps. 

Second, constellations of environmental characteristics other than simple foraging 
productivity strongly influence residential base locations. For example, proximity to 
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Table 6.5 Men's and women's overall foraging returns @caw) by habitat and season. 

Habitat Ana Women's Women's Womm'a Womm-s Men's Men's Men's Mm's 
(hn3 Winter Spring Summer Avhmm Wintn Spring Sumwr  Avhmm 

Rctum Rctum Rctum Rccurn R Q l m R Q o n R Q o n R c M n  
h4N-ARARWSWS43 9 I35 434 439 944 594 594 594 1280 
MN-ARVAUACTX7-76 
MN-ARVA2FEE-27 
MN-ARVA2PSSPS-77 ....... -. .... 
MN-ARVAZIPSSPS-78 
MN-ARvA2PssPS-79 
MN-ARvAZIPSsPs-80 
MN-ARVAZPSSPS-82 
MN-ARvA2PssPs-83 
MN-SYMPWAGTR-56 
PJ-ARARS/ACTH7-60 
PJ-ARARWACTU7-81 
PI-ARAR8/AHCT-16 
PI-ARAR8RSSPS-17 
PI-ARARWSSPS-75 
PI-ARTRTRSSPS-55 
PI-ARVAUACLE9-71 
PI-ARVAUACTK7-13 
PJ-ARVAUACTH7-59 
PJ-ARVA2IAlTH7-9 ........ -. ...... 
PJ-ARVAZIPSSPSIO 
PJ-ARVAZIPSSPS-I I 
PJ-ARVAZIPSSPS- I 2  
PJ-ARVA2PSSPS-14 
PI-ARvA2PssPs-2 I 
PJ-ARVA2PSSPS-73 
PJ-ARVAZ/pSSPS-74 
SG-ARARWACTH7-8 
SG-ARAR8lAHCT-63 
SGARARWAHCT-64 
SGARAR81AHCT-65 
SG-ARAR8/AHCT-56 
SG-ARARSlAHCT-67 
SO-ARARSlAHCT-68 
SG-ARARSDEID-38 
So-ARARSEEID42 
SG-ARARWSSPS-26 
SGARAR8/psSPS-31 
SO-ARARWSSPS-39 
SGARARWSSPWO 
SGARARWSSPS-41 
SO-ARARSmSSps-47 ~~ ~~~~ ~~ ~ 

SG-ARARWSSW 
SO-ARCAI 3IDECE-20 
SG-ARTRTIACTH7-I 
SGARTRT/Ac1717-5 
SGARTRTlACTH7-6 
So-ARTRTlAHcT-61 

SGARTRTLEC14-7 
SGARTRT/PSSPS30 
SG-ARTKTlPSSpS-32 ................. 
SG-ARTRTPSSPS-34 
SG-ARTRTPSSPS-36 
SG-ARTRT/PSSPMS 
SGARTRTRSSPS4 
SGARTRTlPSSPS49 

1 
4 
3 
I 
7 
IO 
79 
14 
5 
4 
1 
25 
6 
18 
103 
I2 
96 
7 
1 26 
4 
6 
2 
54 
24 
63 
1 
14 
3 
I5 
4 
14 
4 
8 
38 
16 
6 
19 
18 
48 
3 
4 
7 
2 
8 
13 
50 
34 
IO 
a 
6 
6 
4 
8 
29 
5 
2 
6 
17 
369 

120 
141 
137 
140 
139 
146 
140 
138 
141 
709 
610 
797 
668 
142 
142 
145 
143 
141 
144 
I45 
145 
145 
144 
142 
132 
141 
683 
885 
927 
1084 
984 
698 
806 
1 42 
142 
141 
143 
142 
141 
142 
142 
I 42 
148 
1113 
1110 
I 4 6  
401 
579 
142 
141 
974 
248 
278 
140 
140 
143 
142 
447 

352 
569 
467 
441 
442 
323 
158 
237 
393 
206 
220 
121 
112 
139 
29 
113 
345 
352 
367 
425 
313 
427 
374 
28 1 
140 
204 
132 
I OB 
I08 
110 
I12 
39 
0 
449 
413 
372 
306 
427 
438 
381 
4001 
218 
148 
29 
30 
28 
0 
24 
169 
133 
60 
357 
278 
221 
1 27 
265 
I98 
58 
RI 

436 
443 
444 
443 
442 
444 
442 
436 
438 
441 
440 
436 
430 
441 
443 
441 
443 
444 
440 
444 
441 
443 
443 
446 
434 
442 
442 
430 
427 
426 
43 I 
400 
365 
440 
439 
444 
444 
443 
443 
443 
442 
443 
667 
43 8 
440 
444 
43 1 
426 
449 
448 
447 
445 
443 
444 
446 
445 
445 
441 

837 
79 I 
1090 
1113 
1oc4 
956 
1150 
536 
555 
1011 
1127 
1155 
1144 
953 
448 
83 I 
1150 
1049 
I164 
1 I76 
I168 
1166 
I165 
I 1 4 6  
567 
966 
831 
976 
lW5 
1117 
I W3 
784 
833 
509 
447 
509 
509 
75 1 
75 1 
509 
509 
448 
830 
1138 
1 I36 
770 
636 
693 
1892 
1045 
IO73 
664 
607 
509 
751 
509 
509 

545 
497 
502 
606 
736 
656 
216 
289 
437 
243 
123 
I26 
259 
324 
I 92 
390 
202 
357 
307 
252 
23 I 
335 
321 
238 
241 
324 
146 
170 
150 
I87 
I28 
I56 
119 
342 
317 
255 
311 
288 
285 
319 
345 
275 
489 
172 
168 
256 
191 
I 4 0  
765 
459 
375 
228 
191 
239 
268 
315 
320 
152 

545 
704 
502 
995 
736 
656 
216 
289 
543 
576 
123 
299 
259 
325 
411 
391 
203 
780 
307 
252 
231 
335 
321 
238 
241 
325 
285 
401 
347 
414 
128 
156 
120 
342 
317 
255 
31 I 
288 
286 
319 
345 
276 
490 
396 
507 
568 
192 
420 
I198 
675 
480 
529 
436 
240 
269 
316 
321 
456 

545 
425 
502 
538 
736 
590 
216 
289 
361 
243 
123 
1 26 
259 
246 
192 
312 
203 
358 
307 
252 
231 
254 
242 
238 
I 59 
243 
146 
171 
I51  
187 
128 
I56 
I20 
262 
236 
255 
230 
288 
286 
238 
264 
1% 
258 
173 
169 
257 
192 
141 
649 
356 
218 
229 
191 
240 
269 
234 
239 
153 

1099 

. ~. 651 . .~  .~ 
... &%ARTRT&SPSJO 391 -. 442 632 172 388 . ~~ 

So-ARTRTPSSPS-51 212 143 28 444 449 168 487 169 502 

1 I73 
1435 
1484 
1405 
1317 
1162 
715 
898 
982 
1130 
1155 
1153 
1053 
525 
1016 
1161 
1 I34 
1174 
1184 
1176 
1180 
1176 
I I63 
692 
Io60 
482 
504 
485 
519 
466 
456 
206 
817 
638 
750 

1016 
1013 
795 
819 
598 
1205 
505 
501 
979 
689 
475 
2290 
1326 
824 
720 
685 
735 
998 
791 
7% 
487 

787 

~~~ 

I72 so5 
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Table 6.5 (continued) 
Habltlt Arra WOndS W m * s  Wmen's Women's Men's Men\ Men's Men's 

I@') Winter SpMg Summer Autumn WinW Spring Summa Almmu, 
Rdum Rdum Return ReMn Rdum Rdum Reha! Rdum 

SG-ARTRTE'SSPS-52 18 142 236 441 448 167 167 167 504 

SG-ARVAZPSSPS-24 
W - A R V N  PSSPS-25 
SG-ARVA2PSSPS-28 
SG-ARVA2mSSPS-29 
SG-ARVA2JPSSPS-35 
SG-ARVAZiFSSPS-44 
SG-PUTWPSSPS-33 
ST-ATCO/AHCT-l 
ST-ATCO/AHCT-2 
ST-ATCO/AHCT-69 
ST-ATM/SlTiY4 .. . 
ST.SAWLECI4-3 
STSAVE4.1.IiClQ-58 
WI-ARCA 13IDECE-88 
wr-sALWcAREx47 
WT-SALIXIDECE-86 
WT-SALlxiLEcI4-18 
WT-SALuyLEcI485 
M e w R e m k c a l h r ~  

~~ 

20 
2 
7 15 

60 
59 
20 
7 
I 
1 
16 
23 
49 
4 
5 
I 
78 15 

1 
16 
15 13 

6 

~~ 

145 
143 
146 
140 
1 42 
I42 
141 
143 
143 
142 
I 42 
144 
1152 
1158 
1157 
1164 
1085 
945 
143 
2759 
3182 
147 
3265 
359 
458 

. .. . .. ~~ ~ 

92 440 448 
526 443 75 1 
107 449 1576 
460 445 509 
478 445 751 
380 443 448 
403 444 75 1 
430 446 75 1 
486 445 75 1 
349 446 75 1 
347 446 75 1 
442 446 75 1 
28 414 1166 
31 377 1164 
30 374 1161 
122 327 1170 
109 432 1102 
89 445 1163 
149 407 1946 
149 5462 2561 
149 5600 899 
148 44% 19221 
187 5623 1639 
195 528 807 
159 664 329 

~. 
424 
443 
612 
269 
433 
291 
2% 
396 
468 
404 
341 
271 
156 
151 
96 
234 
266 
455 
1083 
1063 
674 
742 
1011 
259 
137 

425 
444 
614 
269 
433 
297 
297 
397 
468 
401 
341 
278 
372 
390 
330 
346 
375 
558 
1196 
1356 

143 
1203 
379 
159 

758 

348 
366 
469 
269 
358 
221 
297 
318 
393 
326 
26 1 
278 
157 
152 
97 
150 
99 
306 
863 
77 1 
37 1 
482 
604 
227 
98 

738 
1136 
1997 
763 
1128 
620 
1024 
1093 
1160 
1100 
1042 
1006 
490 
320 
181 
396 
423 
1311 
2508 
3065 
1324 
2323 
2089 
82 1 
389 
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potable water is a prerequisite of hunter-gatherer base camps (Steward 1970120-121; 
Taylor 1964), so that habitat types adjacent water sources will be more appropriate for 
habitation than habitat types with similar foraging potential but lacking water sources. 
Well drained but level terrain is also a requirement for human residence (Peterson 1973), 
so that those with inun&ted or steep terrain will be less likely to contain residential bases 
than equally productive but level and dry habitat types. 

Third, removed from residential base camps, men’s hunting activities are more 
archaeologically visible than those of women’s gathering (Thomas 1983b:439) because 
men emphasize a reductive lithic technology, field maintenance of which leaves 
abundant, archaeologically visible residues (i.e., debitage and discarded tools) on the 
landscape. In contrast, women generally employ technologies (i.e., ceramics, ground 
stone, baskets, digging sticks) that do not as often leave archaeologically preserved 
detritus on the foraging landscape. Too, since men must hunt game and transport kills 
over large distances from base camps, they frequently construct hunting facilities, field 
process resources, and prepare overnight field camps. Women, as a rule, forage within a 
few hours walk of base camp and are less likely to field process food or construct field 
camps and facilities. Consequently, men’s subsistence activities are more likely to leave 
enduring archaeological signatures on the landscape (Le., faunal remains, debitage, 
processing tools, hearths, hunting blinds) than are those of women @e., isolated ground 
stone or ceramic fragments). However, residential base camp assemblages should 
strongly represent women’s subsistence activities and residential locations should reflect 
primarily women’s foraging concerns. 

Finally, the ubiquity of lithic material in the archaeological record generally will bias the 
record toward sites where the procurement of toolstone and initial manufacture of lithic 
tools occurred (Elston 1988). Since toolstone sources most frequently occur in upland 
terrain, sites in upland habitats fresuently host lithic debris from toolstone processing. 
Sites nearest toolstone sources possess assemblages rich in lithic material reflecting early 
stage tool mufacture (hammerstones, cores, early stage bifaces, and associated 
debitage). Materials representing middle stage manufacture (middle stage bifaces, heat- 
treated bifaces, and associated debitage) are abundant in field camps convenient to 
toolstone sources. Finished and discarded tools, as well as evidence of late stage 
manufacture are most prevalent in areas remote from toolstone sources. 

Working from these four basic assumptions, the preceding ranking of habitat foraging 
potential can be used to scale expectations about the archaeological record of habitats. 
Presumably, habitats providing highest foraging returns for women are most likely to 
contain frequently reused, archaeologically visible residential base camp locations, a 
potential that is enhanced by proximity to water or toolstone but diminished by excessive 
aridity. High foraging returns for men further improve the potential for base camps. 
Habitats rich in men’s resources, but not women’s, should be relatively rich in 
archaeological remains, residential base camps are unlikely, but logistic field camps and 
hunting locations will be common. Habitats beanng women’s foraging resources, but not 
men’s, should have low archaeological visibility, but their archaeological record should 
bear a unique signature of women’s foraging activities. Proximity to toolstone sources 
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will complicate this order of habitat archaeological visibility; those habitats near 
toolstone will exhiit more extensive archaeological records than habitats of similar 
foraging or habitation utility but lacking toolstone. 

ASSESSING THE ARCHAEOLOGICAL SENSITIVITY OF HABITATS 
The foraging return rates obtainable in each of 87 habitats were calculated for each 
season for each gender. This yields a complicated matrix of rankings that must be 
simplified to generate straightforward predictions about the archaeological record 

The first step toward simplification refers to principles of the PCM and MVT. prehistoric 
hunter-gatherers are assumed to have preferred to forage in the habitats yielding the 
highest foraging returns in each season, while avoiding lower return habitats. This 
expectation can be systematically quantified by calculating an adjusted average and 
standard deviation foraging retum in kilocalories per hour per square kilometer for the 
enthe Pine Valley habitat landscape (Table 6.5). Based on the MVT, a forager travelling 
through Pine Valley can be expected to bypass habitats yielding returns lower than the 
average rate while preferring to forage in habitats offering higher than average returns. 
Foragers should linger longest in the highest return habitats. These simplistic 
expectations can be quantified into the seven-point, gender score presented below, and 
summarized in Table 6.6. 

1 - Habitats offering returns more than two standard deviations below the mean 
retum for foraging in all Pine Valley habitats during one season, by one gender. 
2 - Habitats offering returns more than one standard deviation below the Pine 
Valley seasonal mean. 
3 - Habitats offering returns less than one standard deviation below the Pine 
Valley seasonal mean. 
4 - Habitats offering returns less than one standard deviation above the Pine 
Valley seasonal mean. 
5 - Habitats offering returns more than one standard deviation above the Pine 
Valley seascmal mean. 
6 - Habitats offering returns more than two standard deviations above the Pine 
Valley seasonal mean. 
7 - Habitats offering returns more than three standard deviations above the Pine 
Valley seasonal mean. 

The second step toward simplification compares men’s and women’s scores in each 
season to derive a combined seasonal score (Table 6.6). The seven combined seasonal 
score categories are characterized thus: 

1- Poor (gender score 1,2, or 3) for both men and women. 
2- Good for women (gender score 4, 5, 6, or 7), and bad for men (gender score 1, 
2, or 3). 
3- Good for men (gender score 4,5,6, or 7), bad for women (gender score 1,2, or 

4- Good (gender score 4 or 5) for both men and women. 
3) 
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5- Best for men (gender score 6 or 7), and good for women (gender score 4 or 5). 
6- Best for women (gender score 6 or 7), good for men (gender score 4 or 5). 
7- Best (gender score 6 or 7) for both men and women 

Note that these scores are consistent with expectations about the effects of sexual division 
of labor and central place foraging on archaeological site formation processes. Habitats 
scoring 4 through 7 have foraging value simultaneously for both men and women, but 
women's foraging utility takes precedence. Men's and women's subsistence sites should 
occur in all four categories, but generally diminish from score 7 to score 4, although 
score 5 habitats may have more men's sites than score 6 habitats. What is more important, 
score 7 should be most likely and score 4 least likely to contain residential base camps, 
which are possible in all four categories. In contrast, combined score 3 habitats should 
lack residential bases and women's subsistence sites, but contain men's subsistence sites. 
Score 2 habitats may contain women's subsistence sites, but lack residential bases and 
men's subsistence sites. Score 3 habitats rank higher than score 2 because of the expected 
higher archaeological visibility of men's activities than women's activities. Finally, score 
1 habitats have little or no foraging utility for men or women and, therefore, should have 
the most scant archaeological records. 

The next step toward simplification distills combined gender scores for each habitat 
in each season into combined foraging score for each habitat (Table 6.7). Criteria for 
assigning scores are these: 

1 - Habitats with seasonal scores of 1 in all four seasons. 
2 - Habitats with seasonal scores of 2 in at least one season, and 1 in all remaining 
seasons. 
3- Habitats with seasonal scores of 3 in at least one season, and 1 in all remaining 
seasons. 
4- Habitats with seasonal scores of 4 in at least one season, or 2 and 3 in at least two 
seasons, and 1 in all remaining seasons. 
5- Habitats with seasonal scores of 5 in at least one season, and 1,2,3, or 4 in all 

6- Habitats with seasonal scores of 5 in at least one season, and 1,2,3,4 or 5 in all 
remaining seasons. 
7- Habitats with seasonal scores of 7 in at least one season. 

The final step cross-stratifies the combined foraging scores according to water and 
toolstone source (Table 6.7). A value of 1 is added to the combined foraging score of all 
portions of habitats lying within 1 km of a perennial water source. This djustment tracks 
the importance of potable water in determining central place locations and hunter- 
gatherer foraging activity. All areas of habitat lying on a landform geologically likely to 
contain usable toolstone have one point added to their combined foraging score to adjust 
for effects of a nearby toolstone source on the archaeological record. Conversely, all 
areas of habitat lying on geologic landforms that are unlikely to yield toolstone have 1 
point subtracted from their combined foraging score 

remaining seasons. 
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Table 6.6. Gender and combined seasonal foraging scores for Pine Valley habitats. 

Habitat Women's Men's Cmnbined Women's Men's Combined Women's Men's Combined Women's Men's Combined 
Winter Winter Winter Spnng spMg spring S m r  Summer Summer Autumn Autumn Autumn 

M N - m P w  3 5 3 5 5 4 3 6 3 3 4 3 
MN-ARVAZlACTl37-76 3 5 3 4 5 4 3 6 3 3 3 1 
MN-ARVAZIFEID-27 3 4 3 6 6 7 3 5 3 2 3 1 
MN-ARVAUPSSl'S-77 3 4 3 5 4 4 3 5 3 3 4 3 
MN-ARVA2tPSSl'S-78 
MN-ARVAYPSSPS-79 
MN-ARVAUPSSPS-80 
MN-ARVNIPSSPS-92 
MN -ARVA2IPSSPS-83 
MNSYMPRIACTR-56 
PJ-ARARWACTH7Ul 
PJ-ARAWACTH7-81 
PI-ARAWAHCT-16 
PJ-ARARIYPSSPS-I7 
PJ-ARARWPSSPS75 
PI-ARTRTIpsSPS-55 
PI-ARVAZlACl59-71 
PJ-ARVA2IACTH7-I3 
PJ-ARVAZACTH7-59 
PJ-ARVNIACTH7-9 
PJ-ARVA2IPSSPSIO 
PJ-ARVAUPSSPS-I I 
PJ-ARVAYPSSPS-12 
PJ-ARVAWPSSPEI4 
PJ-ARVAUPSSPS-21 
PJ-ARVAUPSSPS-73 
PI-ARVA2/pssPS-74 
SGARAR8IACTH7-8 
sc-ARAR81AHCT4 
SGARAWAHCT44 
SGARARsIAH6345 
SGARARB/AtlCT-66 
SGARARWAHCT47 
SGARARBIAHCT48 
SGARAR8/FEIDJ8 
SGARAR8/FEIw2 
SC-ARAlWFSPS-26 

3 5 3 
3 6 
3 5 
3 2 
3 3 
3 4 3 
4 2 2 
4 2 2 
4 2 2 
4 3 2 
3 3 I 
3 2 ~ 

3 3 
3 2 
3 3 
3 3 
3 2 
3 2 
3 3 
3 3 
3 2 
3 4 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
3 

3 3 1 
4 2 2 
5 2 1 
5 2 2 
5 2 2 
5 2 2 
4 2 2 
4 1 2 
3 3 1 
3 3 
3 2 

1 
1 

3 3 1 
3 3 1 
3 3 1 

5 
5 
4 
3 
4 
5 
4 
4 
3 
3 
3 
2 
3 
5 
4 
5 
5 
4 
5 
5 
4 
4 
4 
3 
3 
3 
3 
3 
3 
2 
5 
5 
5 
4 
5 
5 

7 5 
6 5 
5 4 
2 1 
3 2 
5 4 
5 4 
2 2 
3 1 
3 1 
3 1 
4 3 
4 3 
4 4 
6 5 
3 2 
3 2 
3 2 
3 2 
3 2 
3 2 
4 4 
3 2 
3 1 
4 3 
3 1 
4 3 
2 1 - 
2 1 
2 1 
3 2 
3 2 
3 2 
3 2 
3 2 
3 2 

3 6 3 
3 7 
3 6 
3 2 
3 3 
3 4 
3 3 
3 1 
3 1 
3 3 
3 3 
3 2 
3 3 
3 2 
3 3 
3 3 
3 3 
3 3 
3 3 
3 3 
3 3 
3 4 
3 3 
3 1 
3 2 
3 2 
3 2 
3 1 
3 2 
3 1 
3 3 
3 3 
3 3 

3 
3 
1 
1 
3 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I 
1 
1 
3 
1 
1 
1 
1 
1 
I 
I 
1 
1 
1 
1 

3 3 1 
3 3 1 
3 3 1 

3 
3 
4 
4 
3 
1 
3 
4 
3 
4 
4 
4 
4 
4 
4 
3 
3 
3 
3 
3 
3 
3 
2 
2 
2 
1 

4 3 
4 3 
4 3 
3 2 
2 1 
3 1 
3 1 
3 1 
3 2 
3 2 
3 1 
2 1 ~ 

3 1 
3 2 
3 1 
3 2 
3 2 
3 2 
3 2 
3 2 
3 2 
3 1 
3 1 
2 1 
2 1 
2 1 

SGARAR81psSPS-31 
SGARAR8IpsspsJ9 
SGARARWK%PMO 
SGARARBIpssPS-41 3 3 I 5 3 2 3 3 1 2 2 1 
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Table 6.6. (continued) 
Witat Women's Mcn's Combined Women's Mcn's Combined Women's Men's Combined Women's Men's Combired 

SGARCA13RIECEZQ 
%-ARTRT/ACTE7-I 
SGARTRT/ACTH7-5 
SGARTRTiLECl4-57 
SGARTRTILECl4-7 
ScARTRTMSp630 
SGARTRTMSP5-32 
SGARTRT/FSSP5-34 
SGARTRT/l'SSPS-36 
SGARTRT/PSSPH5 
SGARTRT/FSSPS4 
SGARTRTPSSPM9 
SGARTRT/PS?SSO 
SGARTRT/PSSPMI 
SG-ARTRT/PSSPS-S2 
SGARVAZ/ACLE9-72 
SGARVA2lFEUl-37 
SGARVAZ/FEmd3 
SGARVAWFEIDU 
SGARvA2nEc14-70 
SGARVAZPSPS-22 
SGARVAlRSPS-23 
SGARVA2FSPS-24 
SGARVA2lPSSPS-25 
SGARVA%PSSPSUl 
SGARvAmPaws-29 
SGARVAlRSPW5 
SGARVAZlPSSPS-44 
SGPuTR2IpsSPS J 3  
ST-ATcoIAAcT-1 
ST-ATCoIABcF-1 
ST-ATCO/AHCX49 
ST-ATCOMEY-4 
sT-sAvFAfLECI4-3 
ST-SAVFNLEXI4-9 
WT-ARCAUmECEd8 
WT-sALwcARExd7 
WT-SALWDECE-96 

3 
3 
5 
5 
3 
5 
3 
3 
3 
3 
3 
3 
4 
4 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
5 
5 
5 
5 
5 
5 
3 
7 
7 
3 

3 
4 
2 
2 
4 
3 
2 
2 
2 
3 
3 
3 
2 
2 
2 
2 
5 
4 
3 
3 
5 
3 
4 
4 
3 
4 
4 
4 
3 
3 
2 
2 
1 
2 
3 
4 
7 
7 
5 
6 

1 
3 
2 
2 
3 
2 
1 
1 
1 
I 
1 
I 
2 
2 
I 
1 
3 
3 
1 
1 
3 
I 
3 
3 
1 
3 
3 
3 
1 
1 
2 
2 
2 
2 
2 
4 
3 
7 
6 
3 - 

5 
4 
3 
2 
2 
3 
3 
5 
4 
4 
3 
4 
4 
3 
3 
2 
4 
3 
6 
5 
6 
3 
5 
5 
5 
5 
5 
5 
4 
4 
5 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 

3 
4 
4 
4 
5 
4 
4 
4 
3 
3 
3 
3 
4 
4 
5 
2 
5 
4 
3 
3 
5 
3 
4 
4 
3 
4 
4 
4 
3 
3 
3 
4 
3 
3 
3 
5 
7 
7 
6 
6 - 

Winter Winter Winter Spring Spring Spring Summer Summer Swnmer Autumn Autumn Autumn 
S G m s P s - 4 7  3 3 1 3 2 3 3 1 2 2 1 

SGARARE$PSSPS4 2 

WT-SALWLECI4-I8 . 
WT-SALWLECI4-85 7 I I 3 I 3 I 6 I 5 6 5 

2 
3 
3 
3 
3 
3 
4 
4 
2 
1 
2 
2 
3 
3 
3 
2 
3 
6 
2 
2 
3 
2 
4 
4 
2 
4 
4 
4 
2 
2 
1 
3 
1 
1 
1 
3 
3 
3 
3 
3 

3 
4 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
7 
7 
3 - 

2 
3 
2 
2 
4 
2 
3 
2 
3 
3 
3 
3 
2 
2 
3 
2 
5 
4 
3 
3 
5 
3 
4 
4 
3 
3 
4 
4 
3 
3 
2 
2 
1 
2 
I 
3 
7 
7 
4 
5 

1 
2 
1 
1 
3 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
3 
3 
1 
1 
3 
1 
3 
3 
I 
1 
3 
3 
1 
1 
1 
1 
1 
1 
1 
1 
3 
7 
6 
3 - 

1 
3 
4 
4 
3 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
1 
2 
2 
1 
2 
5 
2 
2 
2 
2 
2 
2 
2 
2 
2 
4 
4 
4 
4 
3 
4 
6 
I 
3 
6 

3 
2 
2 
4 
3 
2 
2 
2 
3 
2 
2 
2 
2 
2 
2 
4 
3 
2 
3 
6 
2 
3 
3 
3 
3 
3 
3 
3 
3 
2 
1 
1 
I 
I 
4 
7 
7 
4 
6 

1 
i 
2 
2 
3 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
3 
1 
1 
1 
5 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
1 
4 
7 
7 
3 
7 



Table 6.7 Combined seasonal and total foraging scores and toolstone/water cross-stratification for Pine Valley habitats. 

Habitat Combined Combined Combined Combined Combined Twlstone Toolstwe Water 
Winter Spring Summer Autumn Foraging Sovrces Savrces Sourccs 

S C O E  Unlikely Likclv Present 

MN-ARvmssPs-77 
MN-ARVmSPS-78 
MN-ARVAWSSPS-79 
MN-ARvmsps-80 

MN-ARvmsps-83 
MN-SYMPWAGTR-56 
PI-ARARWACTH7-60 
PI-ARARWACTH7-81 
PI-ARARWAHCT-I6 
Pl-ARAR8h%SPs-l7 
PI-ARAWSSPS-75 
PI-ARTRTmSSPS-55 
PI-ARVAWACLE9-71 
PI-ARVAZACTH7-13 
PI-ARVWACTH7-59 
PI-ARVAUACTH7-9 
PJ-ARVAWSSPS-IO 
PJ-ARVAWSSPS-I I 
PI-ARvAWssPs-I2 
PI-ARVAUPSSPS-14 
PJ-ARVWSSPS-21 
PI-ARVAUPSSPS-73 
PI-ARvAWssPs-74 
SG-ARARSlACTH7-8 
SG-ARARWAHU-63 
SG-ARARWAHCT-64 
SG-ARARWAHCT-65 
SG-ARARWAHU-66 
SG-ARARWAHCT-67 
SGARAR8lAHCT-68 
SO-ARAR8ff E D 3 8  

M N - A R V ~ S P S - S ~  

3 
3 
3 
3 
3 
3 
1 
1 
3 
2 
2 
2 
2 
1 
1 
1 
1 
1 
1 
1 
I 
1 
1 
1 
3 
1 
2 
2 
2 
2 
2 
2 
2 
1 

(-I) (+I) (+I) 
MN-ARAR8mSSPS-43 3 4 3 3 4 X X x 
MN-ARVAZAUH7-76 
MN-ARVMEID-27 

4 
7 
4 
5 
5 
4 
I 
2 
4 
4 
2 
I 
I 
1 
3 
3 
4 
5 
2 
2 
2 
2 
1 
2 
4 
2 
I 
3 
1 
3 
1 
1 
1 
2 
2 
2 
2 

3 
3 
3 
3 
3 
3 
1 
I 
3 
1 
I 
I 
1 
I 
I 
1 
1 
3 
1 
1 
1 
1 
1 
I 
3 
1 
I 
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
3 
3 
3 
3 
2 
1 
1 
1 
1 
2 
2 
1 
1 
1 
2 
1 
2 
2 
2 
2 
2 
2 
1 
1 
I 
I 
I 
I 
I 
I 
1 
1 
1 
1 
1 

4 
7 
4 
5 
5 
4 
2 
2 
4 
4 
2 
2 
2 
1 
3 
3 
4 
5 
2 
2 
2 
2 
2 
2 
4 
2 
2 
4 
2 
4 
2 
2 
2 
2 
2 
2 
2 

X 
x 

X 

X 
x 
x 
X 
X 

X 
x 
X 

X 
x 
I 
X 
X 

X 

x 

x 
x 
X 
x 

x 
x 
X 
X 
x 
x 
X 

X 
X 
x 

x 
X 

X 
X 
x 
X 
X 
x 
x 
X 
X 

X 
x 
x 
x 
X 

x 
x 

x 
X 
x 

X 

X 

x 

x 
X 
x 

x 
x 
x 

x 
x 
1 
X 

X 
x 

X 

X 

X 
x 
x 
X 

X 
X 
x 
X 

X 
x 
X 
x 
X 

X 

X 

X 
x 

X 
X 

X 
x 

SG-ARARWFEID-42 
SG-ARARSmSSPS-26 
SG-ARARrnSPS-31 
SG-ARARSh%SPS-39 1 2 I 1 2 x x 
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Ttable 6.7 (continued) 

Habiw 

ST-ATco18Iw4 

1 
1 
1 
3 
2 
2 
1 
2 
2 
3 
3 
2 
1 
1 
I 
I 
1 
1 
2 
2 
1 
I 
3 
3 
I 
I 
3 
1 
3 
3 
1 
3 
3 
3 
1 
1 
2 
2 
2 
2 

Sprins 

2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
2 
1 
2 
2 
3 
3 
3 
2 
3 
6 
2 
2 
3 
2 
4 
4 
2 
4 
4 
4 
2 
2 
1 
3 
1 
1 

slrmmrr 

I 
I 
1 
2 
1 
1 
1 
I 
I 
3 
3 
I 
1 
I 
I 
I 
1 
1 
1 
1 
1 
1 
3 
3 
I 
I 
3 
I 
3 
3 
1 
I 
3 
3 
1 
1 
1 
I 
1 
1 

hutumn 

1 
1 
1 
1 
2 
2 
1 
1 
1 
7 
3 
I 
1 
I 
1 
1 
1 
1 
1 
I 
1 
1 
3 
1 
1 
1 
5 
1 
1 
1 
I 
1 
1 
1 
1 
I 
2 
2 
2 
2 

ponginp 
Soom 

2 
2 
2 
4 
4 
4 
3 
4 
4 
7 
3 
4 
4 
4 
2 
I 
2 
2 
4 
4 
3 
2 
3 
6 
2 
2 
5 
2 
4 
4 
2 
4 
4 
4 
2 
2 
2 
4 
2 
2 

swrcaa 
U*@ 
(-1) 

X 
X 

X 
X 

X 
X 
x 
I 
X 

X 
X 

X 
X 

X 
x 
X 
X 
a 
X 

X 

X 
X 

X 
I 
X 
x 
x 
X 
X 
X 

X 
X 
X 

x 
x 

sarmas 
M Y  
(+I) 

X 

X 

x. 
X 

X 

X 
X 

X 
X 

X 

X 
X 
X 
X 
X 
X 

X 
X 
X 
X 

X 
X 

X 
X 

X 

sarmas 
PlcsQlt 
(+I) 
X 
X 

X 

X 
X 
X 

X 
X 

X 
x 
X 

X 
X 
X 
X 

X 
X 
X 
X 

X 

X 
X 
x 
X 

X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
x 
X 
X 

8T-SAvlWLECl4-3 2 1 1 1 2 X X X 



Table 6.7 continued 
Habitat Combined Combined Combined Combined Combined Twlstone Twlstonc Watcr 

Winter Spring Summer Autumn Foraging Sources Sources Sources 
SCOm UnWrely Likely present 

(+I) 
x X 
(-1) (+I) 

STSAVv1ILIIc14-58 4 3 I 4 4 
W-ARCA13/DXWS 3 3 3 7 7 x X X 
WT-sALwcAREx-87 7 3 7 7 7 X x x 
WT-SAUXIDBCE-86 6 3 6 3 6 X x x 
WT-SALWLECI4-18 3 3 3 7 7 x x X 
WT-SALIXiLEC1&85 7 3 7 5 7 x X 



The resulting scale ranges from scores 0 to 9. However, it seems unlilcely that habitats 
already predicted to have a meager archaeological record based on foraging potential, 
could have a measurably lower archaeological signature because of the lack of toolstone. 
Similarly, it seems unlikely that habitats already scored as high as 6 and 7 based on 
foraging potential (already closely tied to water distributions) could have significantly 
enhanced archaeological records based on the proximity of water andor toolstone. For 
these reasons, final archaeological complexity score is simplified to a six-point scale, 
combining scores 0-3 and 7 -9 into single categories. This final step yields a final 
archaeological complexity score ranging from 1 to 6. The prehistoric archlogical  
record should correlate strongly with the ranking: habitat types scoring 6 should bear the 
most sites, with the largest and most diverse assemblages, whereas habitat types scoring 
1 should yield the fewest sites, with the smallest and most homogeneous assemblages. 
These archaeological sensitivity scores are linked in a GIS database to each soil map unit 
in the Pine Valley Study area. 

Moreover, predictions are made about constituent site types in each soil map unit in the 
database, based on the various ranking scales. The relative probabilities of men's or 
women's foraging sites are ranked as unlikely, likely, or very likely based on the gender 
scores for each habitat. The relative likelihood of residential bases and logistic camps is 
ranked into a similar scale of unlikely, possible, likely, or very likely based on the 
combined foraging score and cross-stratification of habitats by water source. Finally, the 
potential for lithic reduction and quarrying sites is predicted by a similar gradation of 
unlikely, possible, likely, or very likely based on the cross-stratification of habitats by 
toolstone source. 
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CHAPTER 7 - ARCHAEOLOGICAL ASSESSMENT OF THE PINE 
VALLEY PREDICTIVE MODEL 

In Chapter 6, habitat types were ranked on a four-point archaeological sensitivity scale, 
anticipating that rank would correlate with the prehistoric archaeological record. In this 
chapter, survey data are used to assess how well this mkmg forecasts archaeological 
findmgs. Survey data collected by numerous archaeological inventories comlucted in 
Pine Valley over the last two decades serve as the yardstick for testing model predictions. 
However, the reader is forewarned of limitations in the suitability of extant survey data 
for model testing purposes. Inventory data were collected on behalf of undertakings that 
collectively do not represent a statistically valid sample of Pine Vdey habitats. 
Moreover, variation among inventory methods and site recording standards further biases 
the database. Notwithstanding, the current inventory sample is suitable for a p r e l d m y  
evaluation of how well Pine Valley archaeology corresponds to expectations generated 
by the habitat model; adequate testing of the model must remain an ongoing process until 
inventories achieve representative sampling of all habitats. 

A set of 524 prehistoric sites and 335 isolates are recorded in the archaeological database 
for the Pine Valley study area, of which 689 spatially intersect with mapped inventory 
areas (Figure 7.1 .). For testing purposes, only those sites that overlap a mapped inventory 
area are considered so that the density of sites and isolates per inventory hectare can be 
considered for each sensitivity swre. 

The variable quality of data recorded in the Pine Valley site sample presents one dilemma 
for model testing. For example, 206 of the 689 prehistoric archaeological sites lack 
artifact counts and record only the presence or absence of artifact and feature types. In the 
remaining sample of sites and isolates, differences in recording intensity, observer bias, 
and data collection shtegy make it unlikely that differences in artifkt frequencies can be 
regarded as reliable. For these reasons, the presence or absence of artifact and feature 
categories on archaeological sites and isolates is used for analysis rather than artifact or 
feature counts. From a management perspective, this approach is preferable to nonsite 
approaches (Le., Thomas 1988), because the units of analysis are sites bearing particular 
artifacts rather than the distribution of artifacts themselves. Therefore, subsequent tests 
consider the number of sites bearing particular artifact categories by archaeological 
sensitivity rank. In cases where individual sites are sufficiently large to occur on more 
than one sensitiviw rank, the higher ranked habitat is taken as the appropriate score. 

EVALUATION OF CONSTITUENT MODEL PREDICTIONS 
Sensitivity score predictions were derived fiom more specific expectations about the 
distribution of lithic toolstone sources, and theoretical predictions about the relative 
probability of men’s and women’ foraging activities, and habitation. Therefore model 
testing begins with individual assessments of how well these constituent predictions Edse 
against the archaeological database. This task requires linkage of behavioral expectations 
with their most likely archaeological expressions. To do so, we turn to traditional 
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conventions of archaeological assemblage variability often used in Great Basin settlement 
pattern studies (Bettinger 1977, Thomas 1973). Ground stone tools and ceramic sherds 
are assumed to reflect women’s foraging activities, whereas projectile points, bifaces, and 
unifacial flake tools (utilized flakes, unifaces, and scrapers) are taken to be more reliable 
indicators of men’s foraging. Fabrication tools (burins, drills, gravers, choppers, knives, 
shaft-straighteners), and features (bone scatters, fire affected rock, charcoal stains, and 
stone circles) are manifestations of residential and logistic occupation, Cores, bifaces, and 
lithic quarries are signs of lithic toolstone procurement and reduction. Although these 
linkages undoubtedly oversimplify the complexities of archaeological site formation 
processes, and the techno-economic aspects of traditional Shoshone society, they are 
derived fbm traditional ethnography, and shown by achaeological settlement pattern 
studies to reflect assemblage variability in the Great Basin (Thomas 1972; 1983a). 

Lithic Toolstone and Reduction Activities 
In Chapter 6, the distribution of raw material for chipped stone tools was recognized as 
significantly influencing the distribution of prehistoric archaeological sites irrespective of 
other biotic factors, simply because of the quantity of debris generated by the 
procurement and reduction of toolstone. For this reason, the distribution of known and 
likely lithic toolstone sources was used to adjust the predicted archaeological sensitivity 
of habitats. Lithic quarrying and reduction sites were predicted to be highly probable in 
areas known to contain toolstone sources, moderately probable on geological &posits 
likely to yield usable toolstone, possible on geological deposits with unknown likelihood 
of usable toolstone, and unlikely in geological deposits thought to lack toolstone deposits. 

Table 7.1 lists inventory coverage in hectares, site counts, and site densities for sites 
bearing lithic sources, cores, and bifaces in each of these relative categories. The tables 
show that habitats predicted as very likely to contain toolstone have the highest densities 
of sites in all three categories. Densities generally diminish with predicted rank with 
exception of the density of sites with recorded sources in unlikely areas (0.6 sites per 
1000 hectares), and sites with cores in areas with possible sources (13.4 sites per 1000 
hectares). These minor discrepancies illustrate the utility of the model in pinpointing sites 
associated with lithic guarrYing activities that cannot be predicted h m  the extant 
database, 

Table 7.1. Sites per 1000 hectares by predicted probability of lithic source availability. 
Rank hventorv Sites with Densitv Sites with Densitv Sites with Densitv 

Area Lithic (per 1000 cores (per 1000 Bikes (per -1000 
(hectares) sources hectares) h-) hectares) 

Vewlikely 375 4 10.7 10 26.7 18 48.0 
Likely - 4090 11 2.1 40 9.8 70 17.1 
Possible 2245 0 0.0 30 13.4 32 14.3 
Unlikely 12916 8 0.6 42 3.3 105 8.1 
Total 19625 23 1 .2 122 6.2 225 11.5 
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Women's Foraging Activities 
The likelihood of women's foraging activities was predicted from the simulated overall 
foraging return rate in each habitat compared with the mean foraging return rate per 
square kilometer obtainable ftom all Pine Valley habitats in each season. The resulting 
sevmpoint gender scale for each season was simplified to a single three-point scale for 
model testing based on the following criteria Evidence of women's foraging was judged 
to be very Zikely if a habitat offered foraging returns higher than one standard deviation 
above the Pine Valley seasonal mean in at least one season; likely if a habitat offered 
foraging returns within one standard deviation of the Pine Valley seasonal mean in at 
least one season; and unlikely or lemr likely if a habitat yielded foraging returns lower 
than one standard deviation above the Pine Valley seasonal mean in at least one season. 

Table 7.2 lists inventory coverage in hectares for each of these three categories, as well as 
the counts and densities of sites bearing ground stone tools and ceramics. The table 
shows that habitats pred~cted to be very likely to contain evidence of women's foraging 
activity have the highest densities of sites with groundstone and ceramics (40.5 and 14.1 
sites per 1000 hectares respectively), whereas habitats predicted least Zikly to host 
women's foraging bore the lowest densities of the same two categories (4.9 and 1.1 sites 
per 1000 hectares respectively). 

Table 7.2. Sites per 1000 hectares by predicted probability of women's foraging activity. 
Rank Inventory Sites with Denstty of Sites with Density of 

Area Groundstone sites with Ceramics sites with cn-) Tools Groundston Ceramics 
e (per 1000 (per 
hestnres) h m )  

VeryLikely 568 23 40.5 8 14.1 
Likely 14548 58 4.0 1 1  0.8 
Unlikely 4510 16 3.5 3 0.7 
Total 1%25 97 4.9 22 1.1 

Men's Foraging Activities 
The probability of men's foraging activity was ranked according to the same procedures 
used for women's foragiq and simplified into a three-point scale accordmg to the same 
criteria. Table 7.3 lists inventory areas, and the numbers and densities of sites with 
projectile points, bifaces, and unifacial tools in each rank. Habitats ranked as very likely 
to contain evidence of men's subsistence activities have the highest densities of sites with 
points (76.7 sites per 1000 hectares), bifaces (86.9 sites per 1000 hectares), and unifacial 
tools (46 sites per lo00 hectares). Densities of sites with unifaces diminish with rank as 
expected, but sites with points and bifaces occur in unexpectedly high densities (1 1.4 and 
14.3 sites per 1000 hectares respectively) on habitats judged unlikely to host men's 
foraging activities. Review of the locations of the anomalous sites reveals that most occur 
in two clusters in the extreme western and southern portions of the study area. Both 
occupy similar physiographic circumstances at the headwaters of large drainage basins 
closely associated with passes into neighboring Grass and Monitor Valleys, and both are 
closely associated with areas known to contain lithic toolstone sources (Figure 2.5). This 
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suggests that the discrepancies result either from men’s lithic quanyinK activity or 
aspects of male hunting behavior that were not adequately incorporated into the 
ethnographically based model. Antelope drives that Steward (1938:119-120) records as 
taking place outside of the study area in Diamond Valley (and thus not considered in tk 
Pine Valley model) seem a plausible candidate. In any case, the minor divergence of 
model predictions from empirical reality illustrates how the model can pinpoint sites that 
represent anomalous cases and serve as a context for evaluating site signifiame and 
develop research designs. 

Table 7.3. Sites per 1000 hectares by predicted probability of men’s foraging activity. 
Rank Inveniorv Sites with Densitv of Sites with Densitv of Sites with Densitv of 

Area Points sites -with  ifa aces sites -with uni~aci sites -with 
(hectares) Points @ex Bifaces Tools Unifacial 

loo0 @er Tools @er 

h-) 
hectares) hectares) 1000 

46.0 
11.3 

VeryLikely 391 30 16.7 34 86.9 18 
Likely 9675 74 7.6 54 5.6 109 
Unlikely 9559 109 11.4 137 14.3 70 7.3 
Total 19625 213 10.9 225 11.5 197 10.0 

Evidence of Residential and Logistic Occupation 
Expectations regarding habitability were derived comparing men’s and women’s seasonal 
returns in each habitat. Habitats with high predicted probabilities of containing both 
men’s and women’s foraging activity in the same season were predicted to be v q  likely 
locations of residential base camps. Habitats predicted to attract foraging attention of 
only one gender in a season were judged to be very likely locations of logisticfield 
camps. Following this logic for all habitats in all season resulted in a four-point ranking 
of the likelihood of a habitat containing logistic or base camps. Evidence of features and 
fabrication tools are regarded as evidence of both logistic camps and residential bases; 
the two site categories should differ in the relative association of artifacts associated with 
men’s and women’s foraging activities. Since men are more likely to be occupants of 
logistic camps, whereas both men and women should occupy residential bases, we expect 
that the ranking of logistic camps will more closely correlate with projectile points than 
ceramics while the ranking for resi&ntial bases will correlate with both. 

Table 7.4 presents the densities of sites with features, fabrication bok, ceramics, and 
points by rank sensitivity for residential occupation. In all four instances, site densities 
are highest in habitats judged most likely to contain residential base camps and diminish 
progressively by rank as expected. 
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Table 7.4. Sitesper 1000 hectares by predicted probability of residential occupation. 
Rank lnvmto Sites Density of Sites with Density Siteswith Density Sites Density 

ryArea with Sites with Fabrication of Sites caamies of Sites with of Sites 
@ec- Features Features Tools with with Points with 
tares) @er loo0 Fabri- Ceramics Points 

@a hectares) cation @er 
loo0 Tools hectares) 

@er 1000 hectares) 
hectares) 

Vety 292 5 17.1 I I  37.6 7 23.9 23 78.7 
Likely 
Likely 140 2 14.2 3 21.4 I 7.1 8 57.0 
Possible I685 7 4.2 17 10.1 4 2.4 25 14.8 
Unlikely 17508 21 1.2 51 2.9 IO 0.6 157 9.0 
Total 19625 35 1.8 82 4.2 22 1.1 213 10.9 

Table 7.5 presents densities of sites bearing the same four attributes by rank sensitivity 
for logistic occupation. In all four cases densities are highest in habitats predicted very 
likely to contain logistic camps and lowest in habitats unlikely to contain camps. 
However, sites with features, and fabrication tools occur in slightly higher densities in 
habitats where camps are possible than in habitats where they are likely. We suspect this 
reflects the overlap of these same attributes with residential bases and the association of 
women’s activities with residential bases and men’s activities with logistic camps. This 
suspicion is supported by the densities of sites with ceramics, which exhibit the same 
trends as sites with features and fabrication tools, versus sites with points, which correlate 
perfectly with logistic occupation sensitivity rank. 

Table 7.5. Sites per 1000 hectares by predicted probability of logistic occupation. 
Rank Invm- S a S  Llensitv of Sites with Densitv Sites with Densitv Sites Densitvof 

tory with Sites. with Fabrication of sites Crramics of sit& with Sites kith 
Area Feature F e a m  Tools with with Points P&ts@er 
(hs- s @a loo0 Fabri- ceramic loa0 

cation s(pa h-1 
TOOIS 1000 
@er 1000 hectaras 
hectares) ) 

-1 

VeY 43 1 7 16.2 14 32.4 8 18.5 31 71.84 

Likely 4841 12 2.5 23 5.2 5 1.0 61 12.60 
Possible 2040 6 2.9 17 8.3 4 2.0 24 11.76 
Unlikely 12313 10 0.8 26 2.1 5 0.4 97 7.88 
Total 19625 35 1.8 82 4.2 22 1.1 213 10.85 

Likely 

Overall Site Densities by Predicted Sensitivity Score 
Constituent expectations about the likelihood of lithic reduction, men’s and women’s 
foraging, and residential activities fared well when compared against the Pine Valley 
archaeological database. In all c w s ,  the model accurately predicted habitats most and 
least likely to cmtain evidence of such behaviors. Discrepancies between predictions and 
empirical data concerned middling ”possible” and “likely” ranlcings that probably do not 
result from flaws in model formulations. Instead, they are likely consequences of 1) 

logistic from residential ambiguities in archeological testing c r i ~ a  (i.e., . .  . .  
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camps and lithic redwtion from men’s foraging sites), or 2) aspects of the prehistoric 
aborigml ecology of Pine Valley that have not previously been recognized in extant 
environmental, ethnographic, or archaeological databases (i.e., undocumented lithic 
toolstone sources, and hunting strategies not recorded ethnographically). In the latter case 
it has been pointed how such discrepancies serve to pinpoint sites where information 
about poorly understood aspects of Pine Valley prehistory may be obtained. Thus, the 
model’s utilay as context for evaluating site significance and developing research 
designs, in addition to its value as a planning tool, has been illustrated. 

Now, the success of the combined four-point archaeological sensitivity ranking in 
predicting the prehistoric archaeological record of Pine Valley is evaluated. Table 7.6 
presents inventory area, site numbels, and site densities by predicted archaeological 
sensitivity rank. As the model predicts, site densities are greatest in Rank 4 habitats 
(21 1.1 sites per 1000 hectares) and least in Rank 1 habitats (25.8 sites per 1000 hectares). 

Table 7.6 Sites per inventoried hectares by predicted archaeological sensitivity rank. 
Sensitwity Irivenmy AURehistoric Density @ex significant Density @a 
Rank Area SltES 1OOOhectares) Sites 1000 hectares) 

4 332 70 211.1 14 42.2 
3 451 45 99.7 5 11.1 
2 4899 214 43.7 34 6.9 
1 13944 360 25.8 24 1.7 

@-I 

Figure 7.2 depicts archaeological sensitivity within the project area. High and very high 
sensitivity occur consistently along watercourses, in the pinon zone and near lithic 
sources. Allowing for scale discrepancies, high and very high sensitivity areas correlate 
well with the ethnographic model presented by Steward (1938). 

ASSESSMENT OF THE ARCJUEOLOGICAL BURIAL MODEL 
The archaeological burial sensitivity model forecasts where one is likely to find 
archaeological materials buried in low-energy sediments. Note that the model does not 
forecast that t h m  should actually be archaeological materials in those Settings. Rather, 
sediments of an appropriate age (younger than about 10,000 years) and of low energy 
(roughly sand-sized particle deposition) should be present. Testing this model does not 
actually require archaeological materials. A mdel test requires only that one determine 
the age and energetic regime of sediments. In practice, archaeological materials are 
probably the least expensive age indicator. 

Assessment of this model is difficult at present. Little systematic subsurface observation 
has been done in Pine Valley. Site excavations show that there are, indeed, sites with 
buried materials in useful depositional contexts. It is a large step h m  these scattered 
occurrences to a systematic asmment of the model itself. 
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Figure 7.3. Correlation of high and very high sensitivitg with Steward's edmopphic map (1938). 
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One can outline procedures for continuing the assessment of the buried archaeology 
model. Negative evidence is of importance in this model too (as it is in the 
anthropological model). That is, excavation and examination of subsurke deposits has 
to include areas of high and low burial probability. If one consistently finds buried 
archaeological material in the low probability area, then the model is probably faulty. The 
converse is not true: a lack of archaeology in a high potential area could be due to a lack 
of archaeology overall. So, assessing the model requires systematic testing outside of 
known (i.e., surface) archaeological sites and datmg of sediments that contain no 
archaeology. From a practical viewpoint, the knowledge needed to assess the burial 
model will have to accumulate over time as trenches, site test excavations, and other 
ground disturbances occur. 

ASSESSMENT OF THE HISTORIC RESOURCES SENSITIVITY MODEL 
The goal of the historic resomces overlay for Pine Valley is quite Werent fiom the 
prehistoric foraghg and archaeological models. Historic settlement patterns resulted eom 
very different factors than those used to model prehistoric settlement and subsistence. To 
evaluate for historic resource potential, GLO plats for the project mea were assessed for 
the presence of transportation, communication settlement and agiculturallindustrial 
features within mapped sections. 

Figure 7.5 depicts correlation between each of the feature types across the Pine Valley 
landscape. The presence of historic GLO features correlate well with the valley's historic 
use. Transportation features dominate the landscape. Settlement features logically fall 
abng the cluster along Pine Creek where agriculture is dominant and are also associated 
with mining within surrounding ranges. 

The composite feature classes provide the best approximation for historic resource 
sensitivity. As the number of composite classes increases, the likelihood of encountering 
historic resources should also increase. 
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CHAPTER 8 - THE PINE VALLEY MODELS AS TOOLS 

The Pine Valley study uses an anthropological and geomorphic research approach to 
create management tools. Basically, three tools were created a landscape model of the 
likelihood of different parts of Pine Valley containing surface or subsurface archaeology; 
a landscape model of whether archaeology is likely to be buried; a map that summarizes 
19* and 20* century cultural features h m  the historic General Land Office plats. 

This chapter explores the use of the models as management tools. The benefits and the 
shortcomings are considered Some of the benefits acme  immediately as agencies 
manage with these tools. Other benefits will take longer to be realized. Similarly, the 
models certainly have shortcomings. These limit their wise use in some important ways. 

Ultimately, how 01 whether these tools get used is beyond the scope of this project. The 
one certainty is that effective use of a model-based tool requires the model itself to 
change. In this sense, the historic GLO summary is not so much a model as it is a 
statement of historical fact (granted, the facts are all h m  a single source). Both of the 
prehistoric models are open to revision and refinement. Models die from disw because 
no new information is gathered to evolve the model. The chapter closes with a 
consideration of this problem. 

THE GLO COMPILATION 
The GLO plat compilation is a summary of historical documents far more than it is a 
model per se. Nevertheless it has management utility in that one can immediately teII 
whether settlements, roads, telegraph or telephone lines, fanns, ranches, or mines were 
present at some time in the past. 

The compilation works best as a screening tool with which to eliminate or flag areas 
where activities or features were present historically. One cannot rely wholly upon the 
GLO maps though, for they have their biases too. So, areas where no features are shown 
on the GLO maps may contain interesting historical resources. 

The GLO compilation can be maintained by adding new historical data, adding categories 
to the map overlay (e.g., one might add a categov of historic range improvements), or 
adding wholly new kinds of information as new map units (e.g., parcel shapes, ages, and 
conveyance purposes of land entries). 

THE PREHISTORIC MODELS 
The two prehistoric models (the foraginghbitat sensitivity model and the burial 
potential model) are complementary tools intended to address two aspects of the 
archaeological record: the aggregation of "things" that make up archaeological sites and 
the disappearance of such things through burial or erosion. 
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Sensitivity Scores and National Register Status 
Table 7.6 presents the densities of sites within the different habitat sensitivity ranks. The 
table also includes the densities of sites judged potentially eligible to the National 
Register of Historic Places by field recorders and/or evaluated by agency staff as eligible 
for NationaI Register of Historic Places. National Register eligible or potentially eligible 
sites in this status are also predicted by sensitivity rank, significant sites are most dense in 
Rank 4 habitats (42.2 sites per 1000 hectares), and least dense in Rank 1 habitats (1.7 
sites per 1000 hectares. 

The Pine Valley archaeological site sensitivity model was not explicitly devised to 
predict the occurrence of National Register Eligible sites; its’ success in doing so is most 
likely a consequence of its prediction of all site densities in general. Certainly, the model 
considers data relevant only to Criterion D of the National Register (National Park 
Service 1991). 

The Correlation of significant sites with archaeological site sensitivity rank highlights the 
utility of the model as a project planning tool. The site sensitivity rank of a landscape cell 
allows managers to anticipate the likelihood that an undertaking will affect properties 
eligible for the NRHP. Moreover, agency archaeologist may want to consider the 
correlation between significant sites and sensitivity rank when evaluating the National 
Register eligibility of sites discovered in future inventories. One might wish to give 
special consideration to the “rare” sites: sites meeting the significance and integrity 
standards for inclusion on the National Register and in habitats deemed unlikely to 
contain such sites. The presence of such anomalies highlights their potential for yielding 
significant information about Pine Valley prehistory. 

Refining the Management Utility of the Model 
Archaeological sites are field-mapped at large map scales. Boundaries are often 
determined to be zones a few meters in width. While there is debate about the reality of 
such edge-deteminations for something as messy as human debris, the resulting site 
boundaries are the units land managers must work with on a daily basis. Site boundaries 
become more abstracted as an individual site gets plotted on smaller scale maps (typically 
1:24,000 scale). Nevertheless, the spatial extent of prehistoric archaeological sites may 
exceed the accuracy of the data used to construct the model. Indeed, this is why we chose 
to count sites that lie in more than one sensitivity rank as lying on the most sensitive rank 
unit. 

There is a spatial incongruity between mapped site boundaries and the soil, dramage, and 
slope units on which the predictive model is based. For example, 171 of the 689 
prehistoric archaeological sites and isolates occur on more than one sensitivity rank. This 
problem is particularly prevalent among sites associated with relatively small springs and 
drainages where site boundaries extend onto adjacent soils of lower expected sensitivily 
for prehistoric resource. In the preceding tests, the highest rank was taken as the 
appropriate score for sites associated with more than one rank, and associations with the 
lower sensitivity rank units were excluded from subsequent comparisons. While we are 
confident that this convention monitors the predictive capability of the model, it does so 
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at the cost of some of its management utility, because portions of some sites occur on soil 
map units whose sensitivity score do not predict the presence of such sites. Using 
irregular polygons derived h m  the model factors results in a high number of very small 
“sensitive” areas. These are difficult to utilize in land management. 

To make the model usable for managers requires its transfornation from a set of irregular 
polygons to a raster matrix of grid cells weighted by the sensitivity value of the highest 
ranked habitat in the cell. This transformation is described below. 

The landscape sensitivityhbitat complexity scores were recalculated using a grid of 
50Om cells (Figure 8.1). Each cell was given a score based upon the area within it taken 
up by a given rank value. Higher rank values (more sensitive) were given more weight in 
the average calculations, in order to avoid having a cell with a small but highly sensitive 
island surrounded by low sensitivity habitats appear to be a low sensitivity cell. In short, 
the assumptions are conservative: high ranks should always be considered sensitive areas 
even if they are a small proportion of a cell. The 50Om grid of weighted averages was 
then classified into four ranks (low, moderate, hi& very high). This avoided narrow bigh 
sensitivity corridors, like stream corridors, disappearing into a sea of moderate sensitivity 
broad flood plain. 

The GIs layer for this model can be used as a screening tool for the likelihood of 
encountering sites that are likely to be judged eligible to the National Register. Note that 
the model does not really explain why such sites are judged eligible, simply that they are 
more likely to occur in particular habitats. Because the model predicts areas of higher site 
densities overall, it is also a useful tool to forecast the sheer number of sites one will 
encounter in a given unit of inventory. 

The archaeological deposition model crosscuts the habitat model, literally. The 
geomorphic model adds the perpendicular dimension of sediment covering 
archaeological materials. In many ways, the two are independent of each other and their 
interaction contains some interesting possibilities for the occurrence of prehistoric 
archaeology (Table 8.1). 
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As Table 8.1 makes clear, one can find nothing on the surface during an archaeological 
inventory and yet still be in an area rich in archaeology. This situation results in 
“discoveries” - unexpected subsurface findings. These usually occur in the middle of 
large-scale construction and have a major economic impact when work is stopped by 
them. The depositional model can be used to forecast the likelihood of discoveries and 
even to schedule ground disturbance before a construction project is in fbll swing. 

An even more effective use is as a planning tool prior to opening an area for a specific 
land use (or conversely to determine areas that should be closed to specific uses). One 
way in which to make such a use is shown in Figure 8.2, in which lease packages for 
minerals are formulated using a model as input to the process. So, before leases are 
marketed they are screened and appropriate caveat emptor statements have been made 
about them. 

Maintenance 
Any tool needs maintenance. Throughout this volume the tools being created are termed 
”models”. Alternate terms are equally valid: “hypothesis” or (redundantly) ‘‘working 
hypothesis”. Semantics aside, the models must be considered hypotheses needing further 
evaluation and elaboration. Here, we explore the process of further development. 

One of the most obvious shortcomings of the prehistoric models is the data used to test 
them. The pool of cultural resource inventories can in no way be considered a random 
sample of the model space. Fieldwork standards have differed over the years. Site records 
vary in quality (see discussion in Chapter 7) usell  for analysis. 

Current BLM fieldwork standards specify how new fieldwork will be done. Site 
recording follows a standad format. Nevertheless, one encounters significant variation in 
adherence to these standards, even in recent fieldwork. Above, (Chapter 3), reference was 
made to the problem of incomplete, halted, inventories on public lands. This generates 
partial records that cannot be considered as meeting contemporary standards. In short, the 
existing standards are adequate but need consistent application. 

Additional recording and some other observations taken in the field during cultural 
resource inventories are important new standards to put in place. Nor are these tedious or 
time-consuming. Each inventory area should have additional data collected for it by the 
archaeologists in the field. The following are minimal survey unit attributes that should 
be collected systematically: 

dominant vegetation percentages (vegetation cornunities should be sketched on to a 
1:24,000 map if the survey covers areas greater than 40 acres) 
general surface texture (fine sediments, desert pavement, gravelly-sandy, etc.) 
distance to perennial and predictable natural water sources 

On large linear inventories, one might record these attributes in mappable segments. 
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Lease package ' 
formulation 

bidders In lease 
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Figure 8.2. Proactive uses of cultural resomes sensitivity models. 
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Similar information should be recorded for all archaeological sites encountered. 
Additionally, projectile points should be keyed using a standard method so that 
descriptions are consistent regardless of the meaning one may ascribe to projectile point 
types. A separate site data sheet or an explicit section of the site recording form should 
record at least thq presence/absence (or better yet, counts) of key indicators used in the 
site discussion: 

projectile points 
hearths 
groundstone 
ceramics 
fabricating tools 

greatest depth to buried materials if test excavations were undertaken 
processingtools 

In the Railroad Valley study (Zeanah et al. 1999), inventory requirements for particular 
habitat rankings were eased. The very low percentage of inventory in Pine Valley overall 
makes such a recommendation hazardous. However, systematic collection of new 
observations might have delineation of areas where reduced surface inventory is possible 
as the goal. This gives a focus to continued testing of the models. Indeed, one might 
consider whether there are other models that need to be developed too, perhaps including 
more spatially extensive considerations of National Register eligibility determinations. 

In Chapter 7, we discussed the importance of seeking anomalies to the expectations of the 
model. Tracking such anomalies is part of hypothesis-testing and reformulation. 
However, one must be well aware of whether one is fmdmg anomalies to “National 
Register-ness” as sites are found that are clearly of interest and novel or if one is finding 
sites in unexpected places or containing unexpected materials. 

The subsurface archaeological model requires additional testing in different ways. As 
mentioned above (Chapter 7), testing this model requires dating of sediments. The only 
way to do this cost-effectively is by systematic monitoring and examination of subsurface 
exposures. Backhoe trenches are the most effective tool for this. One of course depends 
upon fmding archaeological materials that will be visible in roughly dug trenches 
(hearths, most commonly). More subtle archaeological manifestations may remain 
invisible. So, in areas of logistical use and high deposition, one may never see the buried 
archaeology at all in trenches. Monitoring of subsurface exposures needs to be recorded 
like any other form of inventory so that it becomes part of the Pine Valley cultural 
resource database. 

SUMMARY AND CONSIDERATION 
Managing the cultural resources in Pine Valley necessitates a shift in perspective from 
anthropology to conservation. The anthropological and archaeological constituent 
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predictions of the model me borne out quite well. Indeed, the tools of management start 
from these constituent predictions, for most prehistoric archaeological sites are managed 
to conserve their value in research. However, the multiple use goals of public land 
management necessarily force one to rank cultural resources in terms of their importance. 
Federal land policy relies heavily upon the criteria for the National Register of Historic 
Places (National Park Service 1991) in, giving priorities to the protection of particular 
archaeological sites. 

Sensitivity 
High 
Moderate 

Table 8.2 summarizes the rankings and proportions of the Pine Valley study area that fall 
within different categories of sensitivity or risk. A fairly small portion of the valley is 
expected to fall in the high surface sensitivity category. This lies mostly along 
watercourses and in particularly favorable settings (see Chapter 7). The point was made 
above that having a model need not preclude or foreclose finther investigation; Table 8.2 
suggests this is particularly true in Pine Valley for one would be “held back” by very 
little high sensitivity ground. 

It is important to realize that the tools created by this study are not the only tools. For 
instance, the information content of different sorts of sites remains completely 
unexamined by this study. A single component, perhaps single event, site may have much 
greater research value than an extensive lithic scatter with dozens of formed tools. No 
judgement is ma& about this category of information. 

Surface Subsurface 
14% 41% 
46% 32% 

Criterion D of the National Register is the most hquently utilized reason for giving 
priori@, or significance, to a particular prehistoric archaeological site. Criterion D 
emphasizes the scientific research importance of a resource (deemed “a property” in 
National Register terminology). One of the attractions of an explicitly formulated 
anthropological model is that it offers an explanation of the archaeological record - the 
model attempt to answer the question “why are sites located where they are found?” 
Insofar as one accepts the explanation the model offers, this question ceases to be a 
research issue and thus also ceases to be an argument for a site’s importance under 
Criterion D of the National Register. Nevertheless, there may still be other reasons to 
consider a site worthy of protection under Criterion D. 

The most common criticism of cultural resource models, especially those created for 
prehistoric archaeology, is that they preclude gathering new knowledge because no new 
observations are collected. In short, since there seems nothing left to explain, no new data 
are sought. So, the model can never be falsified. The tool can never be improved. This is 
a problem in how such models are used, not in a model or hypothesis itself. 
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None of the authors of this report are cultural resou~ces specialists in land managing 
agencies. Yet extensive discussion with colleagues who work for land managing agencies 
convinces us that the working hypotheses - the models - presented here can be improved 
inside of day to day cultural resources management. To do so requires a shift in 
management mode away from project-based management toward plan-based 
management. Our understanding of cultural resources management and land management 
suggests this will not be an easy transition, for it requires a change in approach above the 
cultural resources specialist role. 

However, as managerial modes change to area-based hypotheses (and we are hopeful that 
the change will happen), the importance of --based models will grow. Someday, 
perhaps a decade from now, the current generation of pine Valley models will appear 
crude. We look forward to that day. 
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