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Research on the Kittitas Valley in central Washington State was conducted to establish the

type and areal extent of the native vegetation for the period immediately prior to Euroamerican

settlement in the 1870s. The establishment of an objective ecological baseline from which the

effects of past and proposed rural resource management activities may be measured and

evaluated would provide resource managers the opportunity to more holistically assess full

landscape potential by framing the process within the land's long-term evolutionary potential

rather than upon present conditions currently accepted as "normal."

Past efforts to reconstruct native vegetation landscapes have largely been based on the

documentary record, most notably the field notes of the General Land Office (GLO) surveyors.

Previous reconstructions have been lacking both in terms of spatial resolution and plant

community composition. The research presented here proposes a methodological approach

focused primarily upon the use of soils as indicators of both the extents and types of the pre-

Euroamerican vegetation.
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The physical and biological components, cultural factors, past land uses, and the documentary

record of the vegetation of the study area were examined. Separate reconstructions were

developed using the 1867-72 GLO field notes, 1936 U.S. Department of Agriculture soil

survey, 1996 Natural Resources Conservation Service soil survey, and the investigator's own

1998 Road Survey of remnant patches of native vegetation. Comparisons were made

between various landscape reconstructions.

The reconstruction based on the 1996 NRCS soil survey provides the most accurate and

detailed iteration. Comparison of the 1998 Road Survey data to the 1996 N RCS data indicated

very good correspondence (0.447 Kw5_ 0.525) indicating that, where remnant native

vegetation can yet be found in the study area, it provides a fairly accurate indicator of the pre-

Euroamerican vegetation landscape as hypothesized by the 1996 NRCS soils data.

Comparison of the 1998 Road Survey data to the 1936 USDA data indicated only marginal

agreement (0.330 Kw 5.. 0.416). This study's findings suggest the use of soils as indicators of

the type and spatial extent of the pre-Euroamerican settlement vegetation is a valid and

appropriate methodology.
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The Expected Potential Native Vegetation
of the

Kittitas Valley, Central Washington:
A Soils Based Approach

to the
Reconstruction of Vegetation Landscapes

CHAPTER 1 - INTRODUCTION

This dissertation proposes a new methodological approach to the reconstruction of past

vegetation landscapes. While primarily a methodological study, this work is also a regional

study set within the context of the historical geography of central Washington State. Previous

works have been based largely upon the use of historic records, whether written,

photographic, or oral. The historic record is incomplete and, often, fraught with bias. Further,

in many cases profound alteration of the landscape occurred as a direct or indirect result of

Euroamerican activities before any records were made.

Previous reconstruction efforts have focused on the "natural" vegetation; a term which is

imbued with argumentative anthropocentric meaning. The effects of grazing by wildlife, natural

fire, cyclic drought, etc. on native plant communities all tend to make the definition of "natural

vegetation" problematic. When the effects of aboriginal cultural practices (e.g., root digging,

use of fire, livestock grazing), are added to the equation, the results of the vegetation

reconstructions can become mired in a debate over semantics.

This study is set apart from previous efforts aimed at reconstructing past vegetative landscapes

in that the methodological approach pursued in this work focuses primarily on the use of soils

as indicators of both the types and extents of the pre-Euroamerican contact vegetation for a

defined region. Soils can be scientifically evaluated and can offer a record of plant

communities that are not only far older, but more accurate and more complete than information

available only from historic records. Further, because the native soils are still present and,

largely, intact, they afford the opportunity for the verification of conclusions.

By shifting the focus of the principal data source of the reconstruction to soils, the issue of how

to deal with the high variability in the environmental setting is relieved. Soils which exhibit

horizination (zonal soils), are the product of the long-term interaction of parent material, climate,
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and vegetation. Since zonal soils develop over extremely long periods of time, they are largely

unresponsive to episodic and short-term fluctuations in the environment. In the absence of

any fundamental alterations to the parent material or changes in climate, the presence of

identifiably different soils may be inferred to reflect the presence of different plant

communities. The identification of the various soils in the study area and the mapping of the

areal extent of each soil type (soil surveying), coupled with the assessment of the

characteristics of each soil type and the habitat requirements of the various plant communities

found in the area (plant ecology), can be used to develop a map of the former vegetative

landscape.

Soils, therefore, can serve as long-term recorders of the natural environment. By using the

edaphic climax plant community as the vegetation key, once the soil type has been identified,

the plant community expected to be found growing in it can be inferred. By mapping the areal

extent of the various soil polygons, a total coverage map of the pre-contact vegetation of an

area can be achieved.

Agriculture has been the dominant land use witnessed in the rural areas of the Kittitas Valley

over the past 100 years. Cultivated crops and pasture is the only vegetative landscape known

by the residents living in the area. Agriculture, with its attendant tillage, irrigation, soil

amendments, and mono-culture plantings, functions to produce a homogeneous vegetative

cover across large expanses. This is the landscape perceived as "normal" by the vast majority

of the local residents, including the rural land resource policy-makers and managers. However,

this perception of normality is erroneous. The surficial homogeneity of today belies the natural

diversity of both soils and vegetation that did, and likely could, exist.

Within the Kittitas Valley of central Washington State is a microcosm of many of the cultural and

natural resource conflicts experienced by political entities throughout the Pacific Northwest.

Today, the landscape of the Kittitas Valley, dominated by irrigated agriculture, is being

encroached upon by residential development. Currently, due to its proximity to the greater

Seattle metropolitan area and the ease of access to this area, the population of the valley has

been increasing rapidly. Subdivision of farms into high density residential developments or

three-acre "ranchettes" has fueled a continuing debate between property rights advocates,

planners, conservationists, preservationists, long-term residents, and new-comers over the

"wise" use of land in the valley. Land use regulations and zoning requirements designed to

protect rural resource lands have not proven sufficient to prevent the conversion of these

lands into residential uses. As development continues, land use decisions appear to be

based in a mentality of accepting current landscape conditions as the baseline from which to
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guide future growth. The purpose of this thesis is to offer a rational evaluation of rural land use

decisions, an alternative methodology that empirically reconstructs the vegetation landscape

potential for an appropriate time and place.

As human population of the Kittitas Valley continues to grow, the necessity to accommodate

both land development and natural/cultural resource preservation will become ever more

critical. In evaluating resource management proposals, a baseline from which to measure is

necessary. To this end, there is the need to incorporate historical perspective in natural and

cultural resource management. Vegetation constitutes an integral component upon which

ecosystems are classified. Natural vegetation, then, presents an absolute baseline from which

landscape change can be measured and evaluated. This research on the Kittitas Valley in

central Washington State is conducted for the purpose of establishing the type, location, and

areal extent of the native vegetation of the valley for the period immediately prior to

Euroamerican settlement.

Surficially, the cultural and vegetational landscape of the Kittitas Valley has undergone great

alteration since its settlement by Euroamericans in the mid 19th and early 20th centuries. Today,

only slight vestiges remain of the native vegetation of the valley and these are generally found

in scattered and isolated patches. Few areas of any large extent can be found today where the

native vegetation, as observed by the earliest Euroamerican explorers, predominates. It is

impossible to state categorically the exact composition, extent, and boundaries of the potential

natural vegetation of the Kittitas Valley. However, if land use decisions today are to be based

on the full rationality of landscape values, an approach must be developed that provides

information regarding the pre-settlement vegetation baseline. The development of this

baseline must be based on documented sources of historical information, the collection of

field data, and their analysis and interpretation to develop a reasoned, logical assessment of

the historic vegetative expression in the valley.

Resource policy is constantly undergoing modification. However, the development of

resource policy does not occur in a vacuum. It is fundamentally constrained by history and

limited by what is physically possible. What is economically, institutionally, and technologically

possible must fit within the realm of physical possibility. Like circles in a Venn diagram, these

realms overlap. Only that portion of mutual overlap that is currently considered culturally

acceptable is available for consideration when establishing resource policy. Clearly, attitudes

and opinions, available knowledge and technology, economic and political conditions, and

even physical conditions constantly change. Changing conditions frequently allow, or require,

changes in resource policy. Yet, while resource policy does undergo modification, it almost



always reflects the past. The present-day management of the lands and resources in the

Kittitas Valley exemplifies the role of historical legacy on current resource policy.

Most current land management policies and practices strongly reflect decisions made decades

ago. Today, however, land managers are more ready to acknowledge the need to administer

lands more holistically: either in terms of multiple-use agendas, or based more on potential

than on presently observed conditions. Nevertheless, policy and practice almost always utilize

existing conditions as a baseline and give a favored status to existing land uses, often ignoring

the fact that past land uses may have substantially altered or degraded the landscape. This

inertia determines that the lands of the Kittitas Valley are most often managed with a bias

towards present perceptions of resource values. In consequence, whether consciously or

subconsciously, the long-term outlook has been one of ever decreasing landscape potential

and thus the abandonment of natural resource values in favor of residential development.

Decisions based on increasingly degraded conditions reduce the perceived land use options.

Inescapably, a higher potential for productivity, diversity, and stability in the landscape is

denied. In failing to acknowledge that altered or degraded lands hold the potential for far more

diversity than is evident today, and that greater diversity is desirable, traditional management of

the lands in the Kittitas Valley is falling short.

In order for resource management decision-making to be truly holistic, that is, premised upon

the incorporation of the land's potential, it is necessary to conduct an environmental

reconstruction and consider the conditions that existed before the landscape became altered

or degraded. Not a person alive today knew the land in anything like its pre-settlement state.

Any attempt to appreciate the changes in the land must rely on recorded early observations,

some difficult to interpret, and more recent study. To be most effective, the environmental

reconstruction should be as detailed as possible while remaining logically, rationally, and

scientifically defensible.

Utility of the Study

This study suggests an objective land resource baseline from which the effects of past and

proposed rural land management activities may be measured and evaluated. The

development of the pre-Euroamerican settlement vegetation baseline will provide the

opportunity and ability for the more holistic assessment of true landscape potentials based, not

upon the current perceived conditions, but upon the long-term evolutionary potential inherent
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in the "undisturbed" scene. The baseline data will provide decision-makers with landscape

resource values should they wish to include them in land use policy guidelines.

Habitat Assessments

The vegetation baseline is fundamental to an understanding of the degree and extent of

habitat loss associated with the conversion of virgin lands into agricultural production.

Knowledge of the pre-settlement vegetation would facilitate the assessment of former wildlife

habitats, thereby permitting the quantification of impacts on these species' numbers.

Additionally, as the opportunity to "lease" irrigation waters increases in central Washington

State, a knowledge of the pre-settlement vegetation will provide private landowners and

governmental agencies the ability to ascertain with a degree of certainty the plant communities

that a parcel of land could support without supplemental irrigation. This will enable potential

water leasers (generally private landowners) to project the utility of their lands for other uses in

the absence of irrigation waters. Water leasors (generally corporate entities and governmental

agencies) will have the information necessary to determine the habitat potential of "dried"

lands prior to making leasing arrangements.

Ecosystem Restoration Efforts

The concept of "ecosystem restoration" has been increasing in popularity recently. As land

managers attempt to incorporate ecosystem restoration into their management practices, a

frequently encountered conundrum is that no-one has an clear and supportable idea of to

what the landscape should be restored. While the habitat requirements of threatened species

are often well understood, an understanding of the habitat potential of a particular tract of land

is frequently not understood. The development of a model of the pre-Euroamerican

settlement vegetation landscape will give land managers a clear and supportable articulation of

landscape potentials. Such a development constitutes a major component of the goal of

ecosystem restoration efforts.

Cultural Resource Utilization Models

A portion of the lives of the people indigenous to an area was inextricably tied to the availability

of specific plant resources. The habitats of wildlife species utilized by indigenous peoples
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were also intrinsically tied to certain plant species. The development of the pre-Euroamerican

settlement vegetation baseline by identifying specific areas likely to have supported specific

plants, will enhance the utility and accuracy of cultural resource utilization models.

Conceptual Model of the Study

Data Sources

Of all the branches into which geography is divided, historical geography is, perhaps, one of

the most difficult, time-consuming, and taxing of one's patience (Friis 1975:139) The range of

data sources available to the historical geographer is extensive (Hamshere 1986:46, Butlin

1993:75). Although there are numerous data sets available, each has its own inherent

problems and possibilities.

Availability, accuracy, and interpretation are three key aspects of data use (Butlin 1993:75).

The farther back in time the study is projected, the more difficult it is not only to find sources,

but also to accurately and objectively appraise the sources for use (Friss 1975:139). As one

approaches the present, the amount of documentation produced and preserved increases

(Hamshere 1986:46). The establishment of the relative accuracy and reliability of data and

information sources, in addition to the meaning of the data, is an important process for the

historical geographer (Butlin 1993:75) Clearly understanding the code of the source is

necessary to its successful exploitation (Hamshere 1986:48).

Records, like the little children of long ago, only speak when they are spoken
to, and they will not talk to strangers.

(Cheney 1973, in Hamshere 1986:48)

The extension of the types of evidence used in relation to the reconstruction of the past has

been increasing significantly recently (Butlin 1993:97).

Evidence from newspapers, personal diaries, travel accounts, . land] oral
evidence indicate interesting possibilities for further research and study, both
from a qualitative and a quantitative perspective.

(Butlin 1993:97)
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Techniques of Data Analysis

Geographical Information Systems (GIS) offer major enhanced possibilities for historical

geographers. Until relatively recently, this field of computer application had received little use

by researchers engaged in historical reconstructions. This may be a reflection of the difficulties

involved in converting much of the historical information that is available into a form which can

be input to the GIS programs. Much of the information found in documentary sources is

general in either spatial content, attribute coding, or both. These shortcomings, plus the

inability to clearly identify the methodologies utilized and/or biases expressed by the original

data collectors, tend to greatly restrict the utility of GIS approaches. Similarly, these

shortcomings in the data sets restrict the statistical analysis of historical data.

Advancement Beyond Current Knowledge

To address the problems noted above, the research, while drawing upon previous works, will

include the investigation and assessment of information from a wide range of potential data

sources. Additionally, a breadth of disciplines will be called upon to provide insight into the

investigation. While primarily a methodological work in historical geography, as discussed

earlier, perhaps no other discipline in geography is so broadly applicable across the other

branches.

To address the issues of data availability and accuracy, the research will involve the review and

evaluation of numerous potential data sources. Both documentary historical materials and the

unwritten historical evidence contained in relict natural history elements will be utilized.

Documentary evidence from a variety of sources and of a variety of forms will be reviewed and

appraised. To complement the archival component of the research, field work will be

conducted to identify and assess relict landscape features within the study area.

In keeping with the broad-spectrum nature of historical geography, a range of academic

disciplines and sub-disciplines will be drawn upon to complement the investigation. Major

among these will be the geographic disciplines of physical geography (climatology,

geomorphology, soils), cultural geography (sequent occupancy, cultural land use),

biogeography (plant geography), resource management, and land use planning. Other

intertwined disciplines include anthropology and plant ecology. The research will also rely

heavily upon field surveys, the use of geographical information systems, and the application of

statistical analysis.
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The study will include the development and application of a new methodology for determining

the historic vegetation landscape of a place. The proposed methodology will allow the

reconstruction of past vegetation landscapes at a`much higher detail both in terms of spatial

resolution and in terms of plant community composition. Through the use of geographical

information systems, and by basing the assessment of the historical vegetation on a variety of

combined attributes, a final map of the expected potential natural vegetation of the study area

will be constructed at a much higher resolution (25 meter), than previous methodologies have

permitted. This study will utilize previous ecological studies of native plant communities to

differentiate subset communities of shrub-steppe vegetation. Based on the identification of

subset communities, detailed descriptions of the composition of each community can then be

extrapolated.

Research Discourse

The body of this dissertation is presented in the form of a chapter by chapter discussion. A

flow diagram of the organization is provided in Figure 1.1: Flow Diagram of Research Model.

This chapter presents the justification and philosophical basis of the research and the

methodological approach. A review of the literature is provided to establish the past and

current mainstream thought and research threads related to this type of study. Chapter 1 also

provides an indication of the applicability of the research to other geographic areas as well as a

presentation of a range of possible uses of the research findings, both as stand-alone

conclusions and as the basis for further research in a variety of academic fields.

The next two chapters establish the physical and cultural setting within which the research is

conducted. An understanding of both the physical and cultural components of the landscape

is critical to the research. The research presented here is designed to permit a theoretical

reconstruction of the former vegetative landscape of the study area. The logical approach to

this endeavor first requires a fundamental understanding of the forces of landscape creation,

evolution, and alteration which are at work, as well as the degree of stability within the system.

In Chapter 2, the evolution of the physical geography of the study area is traced through time.

This examination includes a review of the geology, geomorphology, soils, climate, flora, and

fauna. Chapter 3 examines the cultural geography of the study area, examining both the

development and duration of cultural phases. The degree or intensity and longevity of

landscape altering activities within each phase is also included. The materials reviewed for
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information was, indeed, found. The information was in a variety of forms and in varying

degrees of detail, accuracy, and areal resolution. Information contained in the natural record,

photographic record, and written record was reviewed and assessed.

The natural record consists of those components in the natural environment which are

persistent and which may provide a record or have recorded within them information regarding

past vegetation conditions. A review of the natural record provided information regarding the

paleo-environmental conditions of the region within which the study area is found. This review

also supported the appropriateness of a more intensive review of the soils within the study

area as indicators of the pre-Euroamerican contact vegetation. Further, the examination of the

remnant patches of native vegetation that remain in the study area was indicated. The

photographic record was investigated, but was found lacking in both resolution and

comprehensiveness to offer support in the research endeavor.

The written record was reviewed and assessed. The evidence available in the written historic

record comes from a variety of sources and consists of the recollections and notations of

individuals who witnessed the pre-settlement or early-settlement period landscape. One

category of this record consists of anecdotal, non-contemporaneous recollections in memoirs

and biographies and of the clearly biased, and often second-hand, accounts published in

literature designed to promote land sales or immigration to the territory. The descriptions of

the vegetation of the study area made in these sources are broad scale and general in nature;

often relating a single vegetation type to the entirety of the valley. No specific locational

identification is provided in these unsystematic accounts.

A second category of written record consists of the journals and records of early exploring

parties, military expeditions, and land surveyors. Records of the vegetation included in the

records of the exploring parties often included the specific epithets of the plants collected

and, often, the general location or environment in which the plant was witnessed. The

accounts of the native vegetation included in the written record provided data sufficient only to

develop a very general description of the vegetative landscape. The records of the land

surveyors provide the first systematic evaluation of the vegetation throughout the entire study

area, but are quite general in terms of the plants encountered. Nevertheless, the early land

survey records were subjected to intensive examination as a separate component of the

overall research.
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A secondary use of the written record was in establishing the timing, form, extent, and duration

of cultural activities which altered the landscape. Particular emphasis was given to the post-

Euroamerican impacts on the vegetative component.

The next four chapters of this dissertation present the development of four different

reconstructions of the native vegetation landscape of the study area. These four

reconstructions were based on data sources suggested from the dissertation research

conducted earlier. Each reconstruction is based on the information contained within a

separate data source and was developed independently of the others. The efforts of each

reconstruction were focused on the two-fold purpose of identifying, for the time of data

collection, the native plants present and the location and areal extent of these plants. In

temporal order the data sources are: General Land Office survey records (1867-1872); U.S.

Department of Agricultural soil survey (1936); Natural Resources Conservation Service soil

survey (1996); and Road Survey of Remnant Patches of Native Vegetation (1998).

Chapter 5 presents the analysis and evaluation of the General Land Office land survey records.

These records constitute the earliest systematic assessment of the pre-settlement vegetation

of the study area. The data in these records is largely complete and is comprehensive,

covering the entirety of the Kittitas Valley. The surveys were conducted by professional land

surveyors and were performed in an orderly fashion following a prescribed methodology. A

map of the pre-settlement vegetation was generated based on the survey records. The

vegetation descriptions are general and the surveyors only noted the vegetation encountered

along Section lines. In general, the spatial resolution of the vegetation map is one square-mile.

An examination of the information contained in the 1936 U.S. Department of Agriculture

(USDA), soil survey is set forth in Chapter 6. This soil survey provides a record of the first

comprehensive scientific survey of an environmental component of the study area landscape.

While the focus of the survey was the detailed identification, description, and mapping of the

soils within the Kittitas Valley, information was also included regarding the native vegetation

supported by many of the soil types. The native vegetation expected to have been supported

on the remaining soil types was developed through the examination of soil characteristics and

topographic location. A map was produced to illustrate the pre-Euroamerican contact

vegetation as derived from the 1936 USDA soil survey data. The soils of the entirety of the

study area were identified and mapped. The soil polygons described on the original soils map

were used to map the areal extents of the various native plant communities. The nominal

spatial resolution of the final vegetation map is 10 acres.
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Chapter 7 provides the results of the investigation of the data contained in the highly detailed

1996 Natural Resources Conservation Service (NIRCS) soil survey. The entire study area was

included in the soil survey. The native vegetation expected to have been supported by each

soil type identified in the 1996 NCR'S soil survey was derived through comparisons of range

site data for adjacent areas. A map was produced which illustrates the expected potential

native vegetation as derived from the soil survey data. The soil polygons described on the

original soils map were used to map the extents of the various plant communities. The nominal

spatial resolution of the final vegetation map is 2.5 acres.

The results of the 1998 survey of remnant patches of native vegetation is presented in

Chapter 8. The sides of roads throughout the study area were examined. Sites exhibiting

remnant patches of native vegetation were mapped and a record was made of the specie(s) of

vegetation found at each site. The majority of the roads in the study area were surveyed. A

map of the native vegetation and its location as currently found in the study area was created.

The spatial resolution of the final vegetation map is 50 feet, however, coverage is limited to

those areas adjacent to roads which were surveyed which exhibited remnant patches of native

vegetation.

Chapter 9 presents the analysis of the various native vegetation scenarios derived in the

preceding four chapters. A statistical test was applied to the vegetation maps generated from

the data in the 1936 USDA and 1996 NCRS soil surveys. The test could not be used to

evaluate the correctness of the hypothesized vegetative landscapes, but was able to assess

the degree of agreement between the site-by-site vegetation described in both maps. The

map of the current distribution of native vegetation derived from the 1998 road survey was

used to support the cases of agreement between the two soil survey maps. Due to the nature

of the data in the General Land Office survey notes, the vegetation map derived from this data

was not appropriate for use in the statistical evaluation of the research.

The conclusions of the research conducted in this dissertation are presented in Chapter 10. A

critique of the methodology and recommendations are also included in this chapter.

Conformance with the Discipline

Landscape geographers are, by nature, spatial historians, fundamentally interested in changes

to the physical and cultural world in which the human species lives. In order to study change,

whether it be in the physical or cultural landscape, geographers are constantly establishing
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baselines from which the subsequent evolution of phenomena can be measured, evaluated,

and understood. The study conducted here is an attempt to define one such temporal

landscape benchmark; that of the native vegetation of an area for the period immediately prior

to direct Euroamerican influence.

Scope of the Study

The scope of historical geography was described by A.H. Clark as:

Any study of past geography or geographical change through time is historical
geography, whether the study be involved with cultural, physical, or biotic
phenomena and however limited it may be in topic or area. Historical
geography, therefore, is like regional geography in that is concepts and
methods are applicable to all branches of the subject.

(Clark 1954:71)

Need for a Baseline

Without first having an understanding of and appreciation of the physical environment existing

at the time which is the focus of interest, a meaningful inquiry into historical geography or its

numerous associated disciplines is impossible. Historical geography cannot function without a

baseline, and the further back (temporally) that baseline can be established, the more

complete and the more accurate can be the geographical understanding of a place.

This interpretation of the functions of historical geography, which has long
been defined but rarely exemplified as simply "the geography of the past",
depends on original, eyewitness accounts and contemporary maps. The
availability of such material has mainly prescribed the space and time limits of
this regional study. In general, regions are considered at the earliest period for
which there is reliable and adequate source material. .

(Brown 1948, in Butlin 1993:37)

For [A.H.] Clark there was no logical distinction between natural history and
human history, and a historical geographer had licence 'to go back in time as
far as he has interest and competence'.

(Guelke 1982:11)



Incorporation of Landscape Element

The incorporation of the landscape element into studies in historical geography has been a

strong element since the inception of historical geography (Butlin 1993:132). The role of

vegetation reconstructions has also played a key role in both landscape geography and

cultural geography. The early work of the German geographer Gradmann (1865-1950), gave

us the term "urlandschaften" (primitive or prehistoric landscape). Gradmann's earliest major

study was his work on the original plant geography of the Swabian Alps in southern Germany,

from which he developed a theory about the relationships between vegetation types and

Neolithic colonization (Butlin 1993:99). Throughout the work of Carl Sauer, an admirer or

Gradmann, are to be found similar works with a particular cultural perspective of the geography

of early habitation (Butlin 1993:99).

[Sauer] saw what he described as the cultural landscape as having been
constructed from the natural landscape, and it was the early interlace between
human habitation and natural landscapes, particularly vegetation, that was of
continuing interest. (emphasis added)

(Butlin 1993:99)

The historical geographer must therefore be a regional specialist, for he must
not only know the region as it appears today; he must know its lineaments so
well that he can find in it the traces of the past, and he must know its qualities
so well that he can see it as it was under past situations ....

(Sauer 1941:10)

Links to Other Disciplines

The links between historical geography and economic and social history have, traditionally,

been very close (Baker 1972:14). Similarly, the tie between historical geography and

anthropology and archaeology are also strong, particularly as it concerns the reconstruction of

past landscapes.

The reconstruction of primitive conditions of vegetation is a need which
constantly confronts workers in the field of historical and regional geography
and indeed of archaeology .. . .

(Roxby 1933, in Butlin 1993:99)

The reconstruction of the physical and ecological environment within which
successive phases of human occupance took place, and which were subject
to major phases of modification ... is a long tradition in the field of historical
geography. [ ] [The] tradition of reconstruction of early environments has
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continued, and is closely linked with the scientific expertise in both
archaeology and anthropology and various aspects of physical geography and
environmental science.

(Butlin 1993:98)

Without first having an understanding and appreciation of the physical environment existing at

the time which is the focus of inquiry, a meaningful inquiry into historical geography or its

numerous associated disciplines is impossible. Historical geography cannot function without a

baseline ... and the further back (temporally) that baseline can be established, the more

complete and the more accurate can be the geographical understanding of a place.

This interpretation of the functions of historical geography, which has long
been defined but rarely exemplified as simply "the geography of the past",
depends on original, eyewitness accounts and contemporary maps. The
availability of such material has mainly prescribed the space and time limits of
this regional study. In general, regions are considered at the earliest period for
which there is reliable and adequate source material. . . .

(Brown 1948, in Butlin 1993:37)

For [A.K] Clark there was no logical distinction between natural history and human history, and

a historical geographer had license 'to go back in time as far as he has interest and

competence'. (Guelke 1982:11) The scope of historical geography was described by A.H.

Clark as:

Any study of past geography or geographical change through time is historical
geography, whether the study be involved with cultural, physical, or biotic
phenomena and however limited it may be in topic or area. Historical
geography, therefore, is like regional geography in that its concepts and
methods are applicable to all branches of the subject.

(Clark 1954:71)

Role of Historical Legacy

The role of historical legacy in the examination of landscapes has been well-recognized by

geographers. Most, if not all, of the lands of the United States have been altered, directly or

indirectly, by humankind at some time. Not only have natural environments been modified

through human activity, but it is clear that perceptions of environment have, and continue, to

condition human behavior (Butlin 1993:98). To understand the implications of the landscape

of today, one must understand the cultural context of the past. Pierce Lewis notes the cultural

landscape that remains:
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... has a great deal to say about the United States as a country and Americans
as people. [ ] . . . human landscape has cultural meaning, no matter how
ordinary that landscape may be." (italics in original)

(Lewis 1979:12)

Perceptions on Landscape

Lewis, in his "Historic Axiom" of landscape suggests that ". .. we do what we do and make what

we make because our doings and makings are inherited from the past" (Lewis 1979:22).

Further, Lewis points out, when reading the landscape of today, it is necessary to realize that a

"large part of the common American landscape was built by people in the past, whose tastes,

habits, technology, wealth, and ambitions were different than ours today" (Lewis 1979:23).

The temporal nature of landscape change, both in terms of the longevity of the perturbation

and the length of the recovery period (or possibility of recovery), upon cessation of the

perturbation, is also critical to an understanding of landscape. Lewis' "Axiom of Environmental

Control" holds that "most cultural landscapes are intimately related to physical environment"

(Lewis 1979:25). One is cautioned to remember that our cultural attitude of being able to

"conquer nature" is illusionary and is sustained only at great expense. The currently verdant

landscape of the study area would certainly undergo dramatic transformation should either the

supply or the means of conveyance of irrigation water be diminished or disrupted.

Need for Historical Perspective

The need, or at least desirability, of historical perspective has also been recognized by

geographers. While Lewis holds that, for most Americans, "landscape is something to be

looked at, but seldom thought about" (Lewis 1979:11), D.W. Meinig and Yi-Fu Tuan, in listing

and describing the numerous and varied ways in which a common scene can be interpreted by

multiple viewers, passively imply that Americans do think about landscape, but that the thought

process is largely subconscious (Meinig 1979:33-47, Tuan 1979:89-101). Among the various

views upon which Meinig elaborates is that of "Landscape as History." In this view, the current

landscape provides a "cumulative record of the work of nature and man in this particular place"

(Meinig 1979:43). Using chronology as its principal organizing system, this view sees

landscape as process, and:

. . implies a belief that the past has fundamental significance, one aspect of
which is ... the powerful fact that life must be lived amid that which was made



before. [ ] [T]he landscape is a great exhibit of consequences, although
the links between specific attitudes, decisions, actions, and specific results
may be difficult to trace with assurance.

(Meinig 1979:44-45)

[H]istorical geographers have tended to employ historical explanation for the
purposes of elucidating modern problems.

(Claval 1984 and Jager 1972, in Hamshere 1986:48)

David Lowenthal succinctly states the need for historical perspective:

Awareness of the past is essential to the maintenance of purpose in life.
Without it we would lack all sense of continuity, all apprehension of causality,
all knowledge of our own identity.

(Lowenthal 1979:103)

Lowenthal also addressed the difficulty encountered when attempting to reconstruct past

settings. The form of landscapes encountered in the past reside within the mind and become

increasingly difficult, if not impossible, to accurately reconstruct with detail. The conditions that

existed prior to an individuals cognizant life become unknown. The earliest conditions which

can be clearly remembered come to be viewed and accepted as the idea of normalcy.

Yet the past is not a fixed or immutable series of events; our interpretations of
it are in constant flux. (Lowenthal 1979:103) Such total recall is rare, most of
us can no longer retrieve past scenes after we have outgrown the way we
originally experienced them. (Lowenthal 1979:104-105) Memory and artifacts
provide complimentary but differing routes to the past. [Whereas,
theoretically] what we can remember potentially includes everything that has
happened, .. . what we can see of the past in physical relics is highly selective,
because materials decay and because later structures on a site necessarily
displace earlier ones" (Lowenthal 1979:106). However, memory is fragile and,
most often, highly selective. While we can use a wide variety of aides to
supplement or enhance our recall, memory "is fallible, however, and
constantly altered by revision, conflation, and invention."

(Lowenthal 1979:107)

We perceive the past through artifacts, physical traces, and objects in the
landscape that we believe endured from earlier times. [ ] [M]any physical
remains do survive into the present, relics that make the remembered past
tangible today. [ ] As the past decays, both on the ground and in our
memories, we must make the most of those relics that survive.

(Lowenthal 1979:108)
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Limitations

Any attempt at the reconstruction of native landscapes such as might have existed in the study

area hundreds of years ago must rely on the best evidence currently available. The data simply

are not available to the degree, extent, or detail which would permit the researcher to develop

a completely scientifically supportable study. However, it is well within the reach of a well-

developed protocol to develop a reconstruction which would be statistically supportable.

[The tradition of historical analysis] does, however, pose some difficulties to
those who seek a broader, more consciously theoretical engagement with the
past, for it does not seem to reflect or epitomize a seemingly neutral, objective
approach, generally free from explicit theoretical statements and formulations
and free from value judgments: the evidence of the landscape is allowed to
speak to its skilled interpreters as hard or factual evidence.

(Butlin 1993:136)

Literature Review

Several areas of study will need to be consulted in the attempt to construct an accurate native

vegetation map. Fire history (Native American, natural), vegetation community characteristics

(desert, shrub-steppe, and prairie), grazing history (type and duration), previous native

vegetation reconstruction studies, use and interpretation of GLO surveys and field notes

(methodology and lexicon), soils of the Kittitas valley (soil surveys), documented records of

native vegetation (explorers/formal survey parties, pioneer anecdotal records).

Use of General Land Office Field Notes

The General Land Office records have been used to map presettlement vegetation and to

relate it to a variety of environmental and cultural patterns (Hewes 1950; Shanks 1953: Howell

and Kucera 1956; Crankshaw, Qadir, and Lindsey 1965). The GLO records have also been

used to document successional patterns following settlement (Cottam 1949; Wuenscher and

Valiunas 1967; De!court and Delcourt 1974). Presettlement vegetation has also been

compared with vegetation currently present in an area (McIntosh 1962, Burgess 1964;

Siccama 1971; Auclair 1976; Delcourt and De!court 1977; and Dorney 1981). Numerous

studies have been conducted regarding the nature and extent of presettlement forests

(Sears, 1925; Aikman 1926; Lutz 1930; Gordon 1940; Bourdo 1956; Potzger, Potzger, and

McCormack 1956; Bonnicksen and Stone 1982). Bromley's 1935 study made use of metes
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and bounds survey records. Grassland communities have also been reconstructed using GLO

field notes (Sears 1926; Habeck 1961; Johannessen, et al. 1971; Rodgers and Anderson

1979; Towle 1979; and Buckley 1993).

Use of Photographs

Evaluations of past and present vegetation has also been done through photographic

comparisons. Rogers (1982) examined changes in the Central Great Basin Desert, Humphrey

(1987), and Bahre and Bradbury (1978) examined changes in the Sonoran Desert, and

Hastings and Turner (1965) examined changes occurring over an elevational gradient in an arid

and semiarid region. Lemkuhl and Everett (1992), estimated the extent of forests from aerial

photographs. Vegetation reconstructions have also been accomplished solely through the

use of historical written records (Leopold 1951).

Plant Community Studies

Plant growth is largely determined by climate (temperature, precipitation), and soils. Due to the

wide diversity of plant growth conditions encountered in the Kittitas Valley, a range of

vegetation community types (prairie/grassland, shrub-steppe, semi-arid desert), need to be

investigated. Broad scale studies relating the distribution of vegetation to climate have been

conducted by Livingston and Shreve (1921), Daubenmire (1942), Clements and Shelford

(1939), Aldous and Shantz (1924), and McArdle and Costello (1936). The ecology of

vegetation in North American grasslands is the topic of studies by Nicholson and Hulett (1969),

Sims (1988), Malin (1947), and Shelford (1963). The ecology of prairie vegetation in California,

Washington, and Nebraska is discussed by Stoddart (1941), Heady (1977), Weaver (1917),

Gates (1926), Frolik and Kiem (1933), Weaver and Fitzpatrick (1934), and Van Dyne (1958).

Young, Evans, and Major (1977), West (1988), and Weaver (1917), have investigated grass

ecology and vegetation in the shrub-steppe region of North America. Desert vegetation

ecology has been described by Shmida (1985), Shantz and Piemeisel (1924), MacMahon

(1988), and West (1988).



Climate Studies

A general understanding of climate conditions for the period preceding the time focus of this

study is desirable. Changes in climate can have rapid and profound effects on vegetation.

Potzger (1956), Barnosky (1983), and Whitlock (1992), have reconstructed the vegetation

and climatic history of the Pacific Northwest through the use of pollen profiles. A record of past

precipitation patterns has been constructed from tree-ring data by Hansen (1941), and

Graumlich (1987).

Human Effects on Vegetation

The effects on plant communities produced as a result of periodic fire can be pronounced.

Fire is a natural component of semi-arid grassland and shrub-steppe ecosystems. Further, the

burning of landscapes by humans, whether intentional or unintentional, is documented. The

intentional burning of lands by Native Americans is discussed by Stewart (1951), Buechner

(1953), Daubenmire (1970), Humphrey (1974), Towle (1979), Dorney (1981), Branson (1985),

and Whitlock (1992). Pickford (1932) and Branson (1985), discuss the intentional use of fire

by European settlers. Miller and Wigand (1994), Miller and Rose (1995), and Baker (1992,

1994) discuss the effects of fire suppression on western landscapes.

Grazing has also had profound impacts on the floristics of western rangelands. The

introduction of the horse to the Pacific Northwest was followed by the introduction of cattle

and, later, sheep grazing to these lands. The development of the livestock industry in the

Pacific Northwest and in Central Washington State is discussed by Potter (1917), Oliphant

(1932, 1947), Selby and Griffith (1946), and Sheller (1959). The development of the livestock

industry and the effect of overstocking of rangelands leading to their resultant depletion are

treated by Cotton (1904), Barnes (1913), The Western Range (1936), McArdle, et al. (1936),

Cottam and Stewart (1940), Some Typical Examples of Depleted Range Lands (1942). The

ecological effects of overgrazing on arid rangelands is the focus of studies by Pickford (1932),

Daubenmire and Colwell (1942), and Miller and Rose (1995). The history and development of

the forest reserves and grazing within the forest reserves is covered in Forest Reserve Manual

(1902) and The National Forest Reservation Commission (1961). Grazing management on arid

rangelands is the subject of studies by Sampson (1923) and Briggs (1964). Weaver and Flory

(1934), discuss the ecological effects of plowing upon grasslands and shrub-steppe

vegetation.
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Scientific Surveys

Explorations undertaken by the federal government (Wilkes Expedition, Pacific Railroad

Surveys), contain some mention of the vegetation found in the Kittitas Valley as well as

adjacent areas (Wilkes 1845, Reports on the Explorations and Surveys 1855, 1860, Cooper

and Suckley 1859). The earliest systematic records of vegetation are those of the General

Land Office surveyors. These records provide a crude assessment relying, primarily, on

vegetation life forms (Survey Maps and Field Notes). The Sandberg and Leiberg Expedition of

1893 provides botanical information on an adjacent area (Mack 1988). The 1936 soil survey

provides an indication regarding the natural vegetation expected to be found on certain soils

(Smith, Dwyer, and Schafer 1945). Settlers records and early books provide some anecdotal

indication of early vegetation conditions.

Investigations undertaken as part of federal reclamation projects may also provide information

regarding the types and conditions of vegetation in the project area Fund for Reclamation of

Arid Lands (1911), Davis (1917), James (1917), Federal Irrigation Projects (1930), Information

Concerning the Kittitas Division (1929), and Davis (1917), are some of the reclamation studies

and reports for the study area.

Soil Surveys

Plant life is intimately bound to soil. The relationship is such that vegetation and soils can be

viewed as mutualistic, with each affecting the development of the other. Soils evolve over

eons and will retain a record of the climate and vegetation under which they were formed even

after undergoing severe surficial disruption. The earliest systematic records of soil conditions

are those of the General Land Office surveyors. These records rate soil conditions on a scale

of 1 to 4 and were made on a one- mile scale. Irrigation districts generally evaluated soil

conditions for the lands to be irrigated by their waters for the purpose of assessments. The

lands which would be served by the Kittitas Reclamation District were reviewed by the Bureau

of Reclamation. The Bureau ranked soils from 1 to 6 based on their assessed potential to

respond to irrigation (Bureau of Reclamation, 1925). The Soil Conservation Service performed

a detailed soil survey for the entire Kittitas Valley in 1936 (Smith, Dwyer, and Schafer 1945).

Most recently, the soil identification and mapping portions of a detailed soil survey was

completed by the Natural Resources Conservation Service in 1996 (NRCS 1996).
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Kittitas County is located in central Washington State and extends from the crest of the

Cascade Mountains eastward to the Columbia River. The county lies partly within the Cascade

Range and partly within the borderland between the mountains and the Columbia plain. It

embraces a wide range in climatic conditions and physiographic features, including the

mountainous region embracing the headwaters of the upper Yakima River and its tributaries,

the rugged plateau extending eastward to the Columbia River, and the basin of the Kittitas

Valley. Over one-half of the county consists of timbered mountainous land, and one-third is

steep broken land and scabland. The rest of the county consists of agricultural lands lying

principally in the basin of the Kittitas Valley and the valley of the upper Yakima river (Smith,

Dwyer, and Schafer, 1945:1-2).

Specific Location

The Kittitas Valley is a downfolded mountain basin lying in the east-central part of the county,

roughly oval in shape, about 25 miles long from northwest to southeast, and 14 miles wide. It

slopes southward from the foothills of the Wenatchee Mountains toward the Manastash Ridge

and its eastward extension, the Saddle Mountains. The eastern end of this basin is divided by

a low ridge into a fishtail, the northern extension called The Park and the southern extension

the Badger Pocket. The Kittitas Valley is separated from the valleys of the upper Yakima and

Teanaway Rivers by a broken, dissected plateau formed by an upturned block forming

Lookout Mountain and the terminal moraine of a Pleistocene Cascade glacier. The Yakima

River flows in a canyon through this plateau and after crossing the southwest margin of the

CHAPTER 2 - PHYSICAL SETTING

This chapter sets forth the location and the physical environment of the area which is the focus

of this research effort. The evolution of the physical geography of the study area is traced

through time. This examination includes a review of the geology, geomorphology, soils,

climate, flora, and fauna. The interconnections between these various environmental

components, especially between soils and vegetation, is presented.

Location

General Location
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Kittitas Valley, turns southward, cutting across the Manastash and Umtanum Ridges through a

deep, tortuous canyon (Smith, Dwyer, and Schafer, 1945:3-4, Whitely 1950:3).

Study Area

The purpose of this study is to attempt a determination of the type, location, and areal extent of

the potential natural vegetation in the Kittitas Valley. The "valley," for the purposes of this

study, is defined as those lands lying within a boundary formed by the highest elevation

irrigation canals. In certain areas, the use of canals was either inappropriate or not possible. In

these situations, Section lines were used to complete the study area boundary (see Figure

2.1: Map of Study Area Location).

Geology and Geomorphology

The area examined in this thesis lies within the larger geographic region of central Washington

State known variously as the Columbia Basin, Columbia Plateau, and the Great Plain of the

Columbia (Campbell 1989:210, Smith 1977:3, Meinig 1968). The general boundaries of the

sub-region are the terminal moraines to the west, the Naneum-Hog Ranch anticline to the

north and east, thence west to the headwaters of the several drainages that flow east and

northeastward and empty into the Yakima River.

This area has been subject to three major geologic processes that have built the present day

landscape. The vulcanism and uplift that formed the Western Cascade Range (39-9 million

years ago), created the western boundary of the region as a whole and limited the western

extension of the second major geologic process, a series of large scale lava flows (Hammond

n.d.:6,10-11).

Occurring periodically over 9 million years (17-6 m.y.a.), massive flows of lava issued forth from

fissures to the east and laid down a series of originally flat-lying basalt layers over the Columbia

Basin region (Carson 1987:357). Collectively referred to as the Columbia River Basalt Group

(CRBG), deposits 5,000- 12,000 feet in depth underlie the sub-region (Campbell 1989:210).

Conformably interbedded and interfingered within the CRBG is the Ellensburg Formation,

consisting of sedimentary rocks composed of erosional material from the Western Cascade

Range (Tabor 1982:3, Whitely 1950:4).
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Growth of the Western Cascade Range uplifted the western margin of the earliest Columbia

Basin basalts. During this uplift, major rivers and their tributaries in the region incised and from

this time on maintained their courses in much the same location (Tabor 1982:3).

Occurring with, and continuing after, deposition of the CRBG, tectonic forces acted upon the

region to produce the Yakima Fold Belt. The Yakima Fold Belt resulted from north-south

compressional and wrench forces along the Olympic-Wallowa Lineament to produce a series of

generally east-west trending, narrow anticlinal ridges separated by often broad, flat, synclinal

valleys. Although these east-west trending structures extend into and through the Cascade

Range, the Naneum-Hog Ranch anticline, a north-south trending structure, determines

watersheds (east into the Columbia River, west into the Yakima River), and so delineates the

eastern boundary of the study area (Campbell 1989:216-218, Carson 1987:357-359).

Concomitant with the uplifting of the various ridges, the Kittitas Valley was down-dropped. The

gradual formation of anticlines permitted existing rivers to erode at the same pace as uplift and

thereby generally maintain their established courses.

The third major geologic event which functioned to shape the study area was glaciation.

Although the Kittitas Valley did not suffer the direct effects of glacial activity, the indirect effects

were profound. The leading edge of an alpine glacier descended from the Cascade

Mountains following the Yakima River Canyon. This glacier, at its furthest extent, reached just

to the western margin of the valley. The terminal moraine deposited as the glacier stalled and

retreated forms a high, steep bluff that defines, in part, the western extent of the valley proper.

Outwash from the glacier and from extensive snowpacks along the Naneum Ridge to the north

of the valley filled the valley alluvium to depths exceeding 6000 feet in places. Alluvial

deposits were subsequently re-eroded as tectonic forces and rivers established new

equilibriums (Whitely 1950:4).

Although there are many streams in the area, the alluvial bottom lands of the stream valleys are

narrow and of small extent. Most of the arable land is on terraces, old alluvial fans, and the

slopes of valley basins. Glacial terraces of several levels occur in the Kittitas Valley. The glacial

age was a time of heavy precipitation, intense erosion, and canyon cutting. During more

recent geologic times, loessal deposits of wind-borne dust have been laid down, particularly in

protected situations on the north slopes of the ridges and adjacent basin lowlands.

Subsequent erosion has partially removed this mantle of loess (Whitely 1950:5).



Climate

Current Climate

Weather data from United States Weather Bureau stations are available for the Ellensburg area

dating back to 1892. The climate of Kittitas County is essentially continental in character.

Although the tempering effects of the prevailing westerly winds from the ocean are not entirely

shut off by the Cascade Mountains, extremes of both heat and cold are in marked contrast with

the equable temperatures of the region west of the mountains. Temperatures of 110°F and -

31°F have been recorded at Ellensburg, but these extremes are exceptional. The cold of the

winter is usually broken by mild west winds, often melting the snow in midwinter. Hot spells

during the summer are of short duration, and the heat seldom oppressive (Smith, Dwyer, and

Schafer, 1945:8, Whitely 1950:5). The region currently falls within the steppe climate category

using the Koeppen climate classification system (Strahler and Strahler 1989:164).

In summers, the area is under the influence of the subtropical high pressure system, while in

winter the weather is predominantly influenced by the west to east cyclonic storm track that

brings highly variable conditions. Weather diversity within the region is maximized during the

months of winter and early spring. In the winter the foothills may be hidden under a thick drift of

snow, while the central plains lie bare. In another year, late westerly storms may move in rapid

succession across the entire region bringing snow or cold rain. Sudden warm and dry

"Chinook" winds often occur, bringing an unseasonably early thaw. Thus, while late winter

produces maximum regional variation, late winter and early spring are marked by maximum

inconsistency from year to year (Meinig 1968:18, Rice 1983:5, Smith 1977:4,5).

The Kittitas Valley lies distinctly in the rainshadow of the Cascade Mountains. As the air moves

eastward over the mountains and descends, it becomes warmer and its capacity to hold and

take up moisture increases. Thus, while the precipitation is high over the mountains (90"+ at

Snoqualmie Pass), the lower valley is very dry (9" at Ellensburg) (Smith, Dwyer, and Schafer,

1945:8). Precipitation in the valley proper varies, with the northwestern extent receiving more

(14-20") and the eastern and southeastern regions receiving the least (6-10"). The

surrounding hills receive increased precipitation due to their elevation, but even here the

amount received varies greatly. The higher hills to the north of the valley receive more

precipitation than the hills to the south, and the ridge to the east receives the least.

26

Winters can be described as generally mild with punctuated episodes of extreme cold. Winter

temperatures trend around freezing and commonly drop to the minus teens. It is not
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uncommon for temperatures to drop as low as -30°F for periods. About 75 percent of the

precipitation occurs during the late fall (rain) and winter (snow), as the region falls under the

influence of the cyclonic storm track (Smith, Dwyer, and Schafer, 1945:9). Snowpacks rarely

accumulate greater than 2 feet in depth. Typically, a snowfall of 4-8" will remain on the ground

for one or two days to a week and will then melt. Winters can exhibit numerous clear days, or,

due to the nature of the valley basin, the valley may fill with fog which can remain for weeks on

end.

Summers are hot and dry. The average maximum and minimum temperatures in July are 92°F

and 61°F while average maximum and minimum January temperatures are 37°F and 22°F The

daily temperature range is about 30°F in July and about 17°F in January. Thunderstorms are a

common occurrence in spring through summer and are often accompanied by hail, but it is not

uncommon for no rain to fall for 4-6 weeks during July and August. The ground dries out

during the summer and early fall, and irrigation is necessary for most crops.

A dominant aspect of the climate of the Kittitas Valley is wind. Moderately strong westerly

winds prevail throughout the spring and summer, but high winds are uncommon during the

rest of the year (Smith, Dwyer, and Schafer, 1945:9). From spring through fall, the valley is

subjected to almost daily winds. Convective uplift off the valley floor provides for the initiation

of the winds and catabatic breezes from the mountain canyons promotes their continuation

into the late evenings. Winter sees the cessation of the winds as cold air settles into the basin

and snowcover ameliorates albedo differences. Winter winds tend to be slight, or non-

existent, to the degree that the valley often fills with fog for weeks on end periodically during

this season.

While uplands and ridgetops are exposed to moderately strong winds, the channeling effect of

the bluffs on either side of the river, the development of catabatic winds off the Cascade

Mountains, and convective uplift from the valley floor combine to create a situation where wind

velocities are often far greater along the river and on the valley floor.

Microclimates

Based upon the localized variation from the overall regional climate, the study area can be seen

to contain three distinct microenvironments. The riverine zone consists of the margins along

the river, the upland riparian zone includes the springs, seeps, and streamsides removed from

the river, and the valley zone encompasses the remaining slopes and alluvial fans (Benson



1989:2-3). Distinct differences occur over short distances resulting from variations in slope

and aspect in regards to both solar and wind exposure.

Paleoclimate

Determination of the paleoenvironment of the study area relies upon studies in

geomorphology and palynology (study of spores and pollen). Geomorphological data are

available from two sites immediately adjacent to the study area (Johnson Creek, Ryegrass

Coulee), and are supported by other alluvial chronologies developed for other sites along the

Columbia and Snake rivers. Scant palynological data from the study area proper have been

retrieved, but are available from several sites in the Columbia Basin. While the accuracy of

reconstructions based on pollen profiles diminish as a function of distance, it has been argued

and largely accepted that Basin site data are directly applicable to the study area (Benson,

Jermann, and Lewarch 1989:2-5,2-6).

With the retreat of the Okanogan lobe of the Cordillean Ice Sheet approximately 14,000 years

ago, the climatic conditions throughout the Columbia Basin began to ameliorate. The earliest

paleo-alluvial information that can be applied to the study area is the result of the catastrophic

flood events at the end of the last glacial period. The presence of a layer of Mt. St. Helens ash

found associated with rythmically bedded deposits attributed to the last of the Missoula floods

dates the occurrence to about 13,000 BP (Carson 1987:359, Tabor 1982:20-21). This ash

layer has been traced to both fluvial and alluvial deposits in the study area.

The next evidence of major fluvial events is found about 8400 BP. This earliest alluvium is

capped by a paleosol that was formed under stable, moist conditions. The next episodes of

alluviation occurred shortly before and shortly after the deposition of Mazama ash dated at

6700 BP. In each case, the alluvium is overlain by developed soils, indicating lengthy periods

of stability followed by episodes of high runoff (Pavish 1973:29-30).

Fluvial deposition began anew around 4200 BP and again about 2000 BP. No dates are

available for the end of the first period, but the latter appears to have continued until 400 BP

when soil formation is evident. Smaller streams may have aggraded throughout this entire

span (Cochran in Benson, Jermann, and Lewarch 1989:2-6).
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Little consensus exists concerning when alluviation and degradation occur in relation to the

maxima and minima of climatic cycles. Arguments can be found for attributing sedimentation of
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periods of either increased or decreased effective moisture, indeed, several studies show that

streams can erode and aggrade simultaneously. Another body of work exists which suggests

that short-term major flood events may be responsible for most fluvial deposits. Other studies

indicate that significantly different geomorphic patterns occur as a result of flood events in

small streams as compared to larger master streams (Pavish 1973:25-26, Benson, Jermann,

and Lewarch 1989:2-7,2-8).

Support for the paleoenvironmental reconstruction derived from alluvial chronologies comes

from pollen sequences obtained at sites in the Columbia Basin. These pollen counts indicate

the region was subject to a cool, moist early-Holocene followed by a xeric period, and a later

return to cool, moist conditions (Barnosky 1985, Whitlock 1992).

While the early Holocene (anathermal), conditions in place by 10,000 BP were probably

significantly colder than today, the study area was still quite arid. A warming trend (altithermal),

around 7000 BP, with conditions becoming cooler and less arid over the next 3000 years. It is

likely that the riverine microclimates were not severely affected by the warming trend but that

the already limited upland riparian zones probably experienced a reduction in variety and depth

and that many of the intermittent streams may have run dry (Chatters 1986:6).

Both the geomorphic and palynological records indicate a fairly slow but marked increase in

effective moisture and a general cooling in the region (medithermal) approximately 4000 years

ago. Upland riparian zones along perennial streams increased in depth and variety and some

previously dry canyon bottoms began to support riparian vegetation. Some investigators see a

later moist episode after 2000 BP (Benson, Jermann, and Lewarch 1989:2-7).

With the exception of minor climatic fluctuations, the microclimates in the study area have

remained fairly similar to those of the present for the past 3500 years. Currently, the study area

is under a climatic regime that is as moist as it has been in the past 8000 years.

Hydrology

The dominant hydrologic feature of the Kittitas Valley is the Yakima River which flows from the

northwest to the southeast across the southwestern portion of the valley. The Yakima River

exhibits a highly sinuous course and, until recently contained within dikes and levies, would

frequently adjust its course, creating sloughs and oxbows. Numerous tributary streams cross

the valley. Those issuing from the canyons to the north and east traverse the broader extent



of the valley individually before coalescing into a few main channels just prior to entering the

Yakima River near where it exits the valley. Those tributaries issuing from the canyons to the

west flow relatively directly from the mouths of their respective canyons to the Yakima River.

The canyon-cutting power of the Yakima River has been so effective that its present channel

and bordering floodplain within the valley are entrenched many feet below the basin floor.

Directly across from Ellensburg, the river flows under a 30-foot escarpment it has cut into the

alluvial fan of Manastash Creek. South of Thorp, three escarpments and three terrace levels

record the progress of the river in cutting and lowering its valley. The smaller drainageways of

the valley converge at the southern side of the basin, where the river flows into its canyon.

These drainageways have greatly complicated the surface of the basin by local erosion and

redeposition of material (Smith, Dwyer, and Schafer, 1945:5).

The small streams that flow from surrounding uplifted areas have shifted their courses widely

while spreading detritus over the valley. Near the northern and western margins of the basin, a

deposit of coarse rubble of angular basalt fragments overlaps the old basin surface, and farther

out toward the river bottom, the streams have dissected and eroded away parts of the older

land surface, leaving isolated tongue-shaped remnants above the present influence of these

streams. The long, low hill east of Thrall, Craigs Hill at Ellensburg, the wide tongue of gravel

scabland that extends out into the valley between Reeser and Wilson Creeks, and the high

bench west of Dry Creek are remnants of the old basin floor (Smith, Dwyer, and Schafer,

1945:5).

Fauna

Differences in topography, elevation, and vegetation, in conjunction with the abundance or

near absence of moisture results in the presence of a wide variety of habitat types within the

study area. Ranging from the deep waters of the Yakima River to the shallow and often

ephemeral streams of side drainages, from a wide range of riparian types to the diverse

vegetative associations of the shrub-steppe, and from the open talus slopes and basalt cliffs to

the shaded confines of upland coniferous forests, the study area supports dynamic

populations of wildlife. While many species of fauna can be found in the area throughout the

year, several species of aquatic, terrestial, and avian fauna exhibit distinct patterns of seasonal

occupation.
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Fish

The major species of anadromous fish found in the Yakima River system, in order of relative

abundance, include the Chinook, Steelhead, Sockeye salmon. The Chinook salmon

exhibited spring, summer, and fall runs and were present in the area from April through

November. Steelhead salmon were present from May through October, Coho from August

through October, and Sockeye from May through August. Lamprey, squawfish, sucker, and

sculpin, along with chub, dace, burbot, and whitefish were resident in the mainstem Yakima or

its tributaries.

Mammals

In all, some 54 taxa of mammals (the majority of which are small bodied), occurred in the larger

Columbia Basin before the coming of Euroamericans. The largest mammals, the ungulates,

included elk, mule and white-tail deer, mountain goat, mountain sheep, pronghorn antelope,

and the bison. Predators included the coyote, grey wolf, domestic dog, red fox, black bear,

skunk, badger, raccoon, cougar, bobcat, wolverine, mink, and weasel. Smaller prey mammals

included several species of shrew, mice, rats, gophers, chipmunks, squirrels, marmots, and

rabbits: Several species of bats could be found as could the porcupine and the riparian

associated beaver, muskrat, and river otter (Boyce 1937:23, Thomson 1962, Larrison 1976,

Harkins 1978, Christensen 1982).

Birds

The environment in and around the study area was, and remains, very diverse in avifauna.

Over 150 species of birds are known to have successfully nested in the area and the region, in

addition to supporting resident species of waterfowl, is visited by flocks of several species of

waterfowl using the Columbia valley flyway on their annual migrations. Birds of prey are

represented by goshawks, hawks, kestrels, osprey, gyrfalcons, falcons, eagles, owls, vultures,

and condors. Waterfowl species include the goose, duck, teal, and merganser. Shorebird and

wading bird representatives include the heron, crane, snipe, plover, sandpiper, curlew, gull,

kingfisher, and tern. Grouse, flickers, magpies, ravens, and crows complete a general listing of

the larger avian species (Larrison and Sonnenberg 1968).
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Reptiles and Amphibians

Nine taxa of amphibians and seven taxa of reptiles occur in the region. These include the

salamander, toad, frog and turtle along with the skink, rubber boa, whipsnake, garter snake,

racer, gopher snake, and the rattlesnake (Stebbins 1966).

Soils

The substrate of the valley is complex. The basin has been filled to great depth with alluvial

materials washed down from the immediately adjacent side hills as well as with material eroded

from the ancient Cascade Mountains. Additionally, materials have been transported to the

valley through glacial action. Portions of the valley exhibit mudflow (lahars), which are thought

to have sourced from volcanoes of the ancient Cascade Range. The materials of the valley

have been worked, and reworked at times, by the actions of the Yakima River, Manastash

Creek, Naneum Creek, and numerous other tributaries to the Yakima River which issue from

the side hills. These drainageways have greatly complicated the surface of the basin by local

erosion and redeposition of material. The valley has received volcanic ejecta (most recently

from Mt. St. Helens). Large deposits of loess (from glacial and volcanic sources) have collected

in parts of the Valley (Smith, Dwyer, and Schafer, 1945:).

While virtually all soils in the region have been formed under grassland or shrub-grassland

vegetation, a wide variety of soil types is present. Most of the broad soil differences correlate

with annual precipitation which, in general, is heaviest at the western and northern margins and

decreases to the east (Franklin and Dyrness 1973:31,32).

The zonal sequence from the hottest, driest sites to the wettest of the steppe habitats runs

through Camborthids (Sierozems under the old classification system), Haploxerolls (Chestnut

and Brown soils), and Argixerolls (Chernozem and Prairie soils). Camborthids are varieties of

Aridisols low in organic matter that are never moist for as long as three consecutive months.

Haploxerolls and Argixerolls are varieties of Mollisols formed in climates with rainy winters and

dry summers, and are continuously dry for a long period during the summer. (Franklin and

Dyrness 1973:32,210).

In the most arid locations receiving only 10 to 23 centimeters of precipitation annually,

Camborthids predominate. These soils have thin, light-colored A horizons over B horizons

which may be darker than the A and usually contain larger amounts of clay. A carbonate-
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enriched caliche layer, which may be cemented, occurs in the lower part of the B horizon.

Other soils present may include Haploxerolls, Xerorthents (shallow; Lithosols), Haplargids

(Sierozem and Desert soils), Haplaquolls (Humic Gley soils), Torripsamments (Regosols), and

Rockland (Franklin and Dyrness 1973:32, Key to Soil Taxonomy 1987:104-106).

Haploxerolls are found in areas receiving 23 to 40 centimeters of precipitation. Well developed

examples derived from loess exhibit a moderately thick, brown silt loam A horizon over a light-

brown B horizon. A zone of calcium carbonate accumulation commonly is present in the lower

B horizon. Less well developed Haploxerolls (Brown soils), derived principally from loess and

sandier windblown parent materials, possess a moderately thick, dark grayish-brown, loam-

textured A horizon which is low in organic content. B horizons show little clay accumulation.

Other soils commonly found in association include Camborthids, Argixerolls, Haplargids,

Haploquolls, Durixerolls (Prairie soils with hardpan), Xerothents, and Rockland (Franklin and

Dyrness 1973:32, Key to Soil Taxonomy 1987:198-200).

Only in the moistest locales receiving 40 to 60 centimeters of effective precipitation annually

are the Argixerolls located. These soils are derived from loess deposits and exhibit maximum

profile development. In these soils, a thick, dark-colored A horizon of silt-loam texture overlies

a clay-loam or silty-clay-loam B horizon. Typically, calcium carbonate has been leached to levels

well below the base of the solum. In less well-developed soils on loess, profiles are generally

shallower, there is less clay accumulation, and a zone of calcium carbonate is usually found

within 1 meter of the surface. Other soils found in association include Haploxerolls, Albaqualfs

(Planosols), Haploxeralfs (Noncalcic Brown soils), and Xerothents (Franklin and Dyrness

1973:33, Key to Soil Taxonomy 1987:196-197).

Natural Vegetation

The greater Columbia Basin contains 24,000 square miles of steppe and shrub-steppe,

primarily vegetated by sagebrush and bunchgrass communities, on land that is too arid to

support natural forests on the uplands. The study area falls entirely within Daubenmire's

(1970) arid Artemisia tridentata/Agropyron spicatum vegetation zone. Variation in topography,

microclimate, and soil conditions, as well as other factors within the study area, are reflected in

the presence of edaphic, topographic, and zootic climax communities which may be

representative of the climatic climax associations of neighboring zones. On a spatial basis,

changes in plant communities can occur frequently, often within a very limited distance, may

exhibit distinct boundaries, or may occur over broad transitional areas.
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Temperature and precipitation patterns in the region are such that the soils are deficient in

water during most of the summer and fall months. Vegetation in the area has evolved so that

growth and reproductive seasons are timed to correspond to the cool/moist late September to

October and warm/moist February to June periods. Seasonally, mosses, small perennials, and

annuals develop earliest, with larger grasses and forbs flowering in June. Shrubs can remain

active all summer by tapping permanent moisture supplies in the subsoil. The flowering of the

dominant shrub type, big sagebrush, occurs from late June to October.

The description of the vegetation of the valley given by the 1936 USDA soil survey provides

the earliest complete account (field work for the soil survey was conducted in 1936, however,

the report was not published until 1945).

The vegetation shows striking variation in different parts of the valley, owing to
differences in elevation, temperature, precipitation, and exposure to sunlight
and winds. Sagebrush is the dominant plant over the arid ranges. It is said that
at the time of settlement a good stand of bunchgrass covered the uplands,
and tall ryegrass in the valleys furnished winter feed for herds of cattle. Since
then, however, these grasses have been depleted by overgrazing, and good
stands of bunchgrass now grow only in places far removed from water and at
higher elevations. Cheat grass, an introduced drought-resistant annual grass,
has spread over the overgrazed arid ranges and is the dominant grass
associated with the sagebrush. Open stands of pine extend through the
narrow transitional zone adjoining the sagebrush areas and individual pine
trees are found along the Yakima River and its tributaries. The banks of the
streams are fringed with deciduous trees, including cottonwood, willow, and
aspen. Dense thickets of willow, hawthorn, and small dogwood are common
on wet slopes and stream bottoms. Presently, the vegetation of the valley is
dominated by cultivated plants and managed pastures.

The higher foothills and mountains are covered with coniferous forests. Open
stands of pine extend through the narrow transitional zone adjoining the
sagebrush area. Thickets of Douglas-fir, here and there enclosing small open
meadows, grow on north and east exposures. Up the mountain slopes and to
the westward, almost unbroken forests of mixed conifers extend to the
timberline on the highest peaks. Douglas-fir is the dominant tree throughout
most of this area, and there are some white firs (Abies spp.), western white
pine, and western larch (locally called tamarack) trees. Englemann spruce,
western red cedar (giant arborvitae), and lodgepole pine grow on the moist
lower slopes of the higher mountains; whereas alpine fir, whitebark pine,
Alaska cedar, and mountain hemlock (locally called black hemlock) occupy the
higher altitudes and exposed positions near the timberline. The fine stands of
merchantable timber that once covered the foothills and upper valleys have
now been almost entirely logged off except in areas within national forests. An
almost impenetrable growth of young trees and brush now covers the greater
part of the cut-over lands that have not been cleared for farming.

(Smith, Dwyer, and Schafer, 1945:5-6)



Soils and Vegetation

The formation of soils is the largely the result of the interaction of climate (temperature,

precipitation), topography (relief, aspect, elevation), organic inputs (floral, faunal), and parent

material over time (degree of development). Given stable conditions over a long period of

time, well-developed soils exhibiting distinct horizination can develop. These well-developed

soils are known as zonal soils. Young soils, or soils found in locals which exhibit highly variable

conditions over time, frequently do not achieve anywhere near the degree of development or

horizination. These soils are known as azonal soils.

The type of vegetation which is found growing naturally in an area is largely determined by the

interaction of climate (temperature, precipitation), topography (relief, elevation), and soil

(composition, depth), over time (degree of development). Given stable conditions over a long

period of time, stable, climax, plant communities can develop. Plant communities found in

locals which exhibit highly variable conditions or which suffer episodic disturbance are typically

referred to as successional communities.

Of those characteristics responsible, in large part, for determining both the soil and vegetation

in a locale, three are shared in common: climate (temperature, precipitation); topography

(relief, aspect, elevation); and time (degree of development). Of the remaining factors, two are

seen to be mutually influential: soils are determined, in part, by floral organics (and vegetation

plays a strong role in an area's faunal representation); vegetation is determined, in part, by

soils. Clearly, the relationship between soils and vegetation is close.

The ecosystem concept implies a degree of interdependence among climate,
soil, plant life, and animal life such that any alteration of one component of the
system sooner or later requires readjustments in the others. Logic might
therefore lead one to expect that climatic climaxes would correlate with zonal
soils, whereas edaphic climaxes would occupy azonal and intrazonal soils, and
that each distinctive type of vegetation would be associated with a distinctive
type of soil. Vegetation and soil classifications should, thus, harmonize within
a transcending ecosystem classification.

(Daubenmire, 1970:84-85)

However, Daubenmire (1970), found that in the steppe region of Washington there was no

useful degree of correlation between vegetation classification and soil classification in their

present states of development. He did note that there were ". . . reports of good correlations

in. . . other areas." Daubenmire did not discount the possibility of a correlation between soils

and vegetation, noting that the focus of his study had not been to uncover a soil-vegetation

correlation. He expressed optimism that an intensive synecologic study focused on examining
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just such a question would uncover "critical aspects of soil that are consistently correlated with

each ecotone except those where one climax gives way to another" and that "there is no

universally acceptable conclusion, except that the situation must be worked out

independently in each area" (Daubenmire, 1970:84-85).

Those soil properties suspected of playing important roles in vegetation differentiation are

frequently not among the characteristics emphasized in soil classification. Characteristics such

as annual cycles of soil moisture, aeration, temperature, and solute balances, are extremely

important for vegetation, but often are not included in the more general soil surveys

(Daubenmire 1970:85). Another soil factor which appears to play a determining role in

vegetation is that of soil depth, or depth to a layer which restricts vertical root extension

(Eddleman 1999).

Insofar as interrelations within one ecosystem type are concerned, the
evidence is incontrovertible that each plant association has a rather broad
ecological amplitude regarding many soil properties with a narrower amplitude
of tolerance for others. We must conclude that either the structure of
vegetation is insensitive to many soil properties, or that different combinations
of soil properties add up to the same ecological sum.

(Daubenmire, 1970:85)

The temporal nature of a landscape disturbance must not be overlooked. Disturbances which

occur at regular or short-cycle intervals (wet/dry seasonal, El Nino, 2-5 year flood), can be

viewed as constituting a part of the natural environmental conditions to which climax

vegetation has the ability to adapt. These disturbances will typically affect the stature of the

vegetation and/or the productivity of the site and may produce significant alterations to the

plant species composition comprising the minor vegetation component. Non-regular,

episodic disturbances (fire, 25-100 year flood), have the effect of reinitiating the successional

clock to an earlier stage. A disturbance of this nature will often result in a change in the plant

community but, over time, the pre-disturbance climax vegetation is expected to return.

Catastrophic landscape altering disturbances (land slide, climate change), have the effect of

reinitializing the successional clock entirely.

At the start of disturbance in a pristine landscape, different levels of
disturbance within the same habitat type increase the number of community
types apparent in the landscape. But as the same type of disturbance
approaches a high level of intensity everywhere, a reverse trend sets in.
Habitat types that originally supported different kinds of primary climaxes come
to foster the same type of disclimax. Thus, early in landscape retrogression,
soils with equivalent potentialities may support a variety of communities,
whereas late in retrogression, soils with different potentialities may support
essentially the same vegetation type. The situation is so complex that



vegetation, climate, and soil must all be considered in evaluating a badly
disturbed landscape.

(Daubenmire, 1970:85)

In developing the potential natural plant community-to-soil correlations, the concepts of

"habitat types" and "range sites" were utilized. Dyksterhuis (1949), introduced the range site

concept, based on the climax vegetation, to the classification of land. This classification

scheme was used exclusively by the Soil Conservation Service (NRCS), for many years before

it was adopted by the Bureau of Land Management (Hironoka, Fosberg, Winward, 1983:1).

Habitat Types

Classification by "habitat type" is a more recent system than range site classification. Though

based on climax vegetation, the habitat type system is a land classification, defined as "the

aggregate area of land that supports, or until recent times supported a particular climax plant

community." (Hironoka, Fosberg, and Winward 1983:1)

A problematic feature of habitat type classification, which it shares with range site classification,

is the amount of variability within a classified unit. The difficulty encountered in locating sites of

undisturbed vegetation requires that this classification be based on the interpretation of

available information. Habitat classification, therefore, is tentative (Hironoka, Fosberg, and

Winward 1983:1).

Though similar, habitat types and range sites do differ. The habitat type is a more inclusive

classification than the range site, encompassing a greater degree of variability of soils and

vegetation than the range site (Hironoka, Fosberg, and Winward 1983:2). For example, the

entirety of the study area falls within the single "Artemesia tridentata - Agropyron spicatum"

habitat type.

In theory, a single soil type would support only a single climax community. However, because

plants can adapt to a range of environmental conditions (ecological amplitude), the same climax

vegetation may be found growing on a variety of different soils. Therefore, it is possible to

have several different soils within the same habitat type. From a management viewpoint, the

various soils may vary in sensitivity to management practice and land treatment. The various

soils found in a habitat type may support the same basic climax plant community, but have

varying influences on the productivity level of the community. For a given habitat type, the
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different levels of productivity with the same climax community would be identified as "range

sites" (Hironoka, Fosberg, and Winward 1983:2).

Range Sites

The natural plant community that is (or would be), found on an intact and undisturbed site is

referred to as the climax plant community (MLRA 28A, 1987). The inferred climax vegetation

for a site that has suffered abnormal disturbance and/or physical site deterioration is known as

the potential natural plant community. The climax (or potential natural), plant communities

represent the total plant community best adapted to the set of environmental factors present at

an intact, undisturbed site (MLRA 28A, 1987).

In areas where intact and undisturbed plant communities exist, climax plant communities can

be identified. If a sufficient number of intact, undisturbed sites can be identified across a broad

area, it may be possible to distinguish a series of climax plant communities. Ecological

subdivisions of rangelands that are differentiated in terms of the climax (potential or natural

potential), plant community they are capable of supporting are known as "range sites" (MLRA

28A, 1987).

A range site is the product of all environmental factors responsible for its
development including soils, topography, climate, and fire. Each site supports
a native plant community typified by an association of species that differs from
that of other range sites in the kind or proportion of species or in total
production.

(MLRA 28A, 1987)

As a degree of variability is to be expected within natural systems from year to year, so the

species composition and proportion within a range site are not constants. Nevertheless,

boundaries of plant communities can be recognized by characteristic patterns of species

associations and community structure. Generally, a few relatively stable species will dominate a

site and can be used not only to identify sites, but also to differentiate between sites (MLRA

28A, 1987).

Identification of range sites and the development of range site descriptions can be difficult.

Climax plant communities change along environmental gradients. Where
changes in soil, topography, or moisture conditions are abrupt, plant
community boundaries are distinct, boundaries are broader and less distinct
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where plant communities change gradually along wide environmental
gradients of relatively uniform soils and topography.

(MLRA 28A, 1987)

Where distinctive plant communities occur with predictable regularity and are associated with

concurrent differences in soil, topography, or climate, a range site can be identified and a site

description developed. Boundaries between range sites along a continuum of closely related

soils are somewhat arbitrary (MLRA 28A, 1987). Development of range site descriptions has

been defined as, "A continuing process of approximation." (Burkhardt quoted in MLRA 28A,

1987).

Range sites differ from one another in one or more ways that have significant
influence on vegetative communities and management implications. Different
range sites have significantly different: 1) kinds of original vegetation; 2) yield
potentials; and/or 3) factors of conservation management. Range sites in
advanced stages of deterioration are difficult to identify by use of plants alone.
Site factors that are more stable than the plant community, such as topography
and soil provide reliable identification of range sites under these conditions.

(MLRA 28A, 1987)

The results obtained in succeeding phases of this study may be viewed as micro-scale habitat

types or crude range sites. The author has chosen to refer to the results as range sites.

Development of correlations between potential natural plant communities and the soils

identified in the 1936 Soil survey and the 1996 NRCS soil survey proved somewhat

problematic. At the time of writing, the task of developing these correlations was still under

consideration by the NRCS for the 1996 soil survey and the degree of desired detail of the

product was still under question. While some preliminary information was available, it was

clearly not as complete as was desired. Further compounding the problem was the lack of

intact, undisturbed sites within the study area from which to measure climax communities.

Evaluation of the Physical Setting

Previous research indicates that the last of the major land-shaping events in the study area was

marked by the retreat of glaciers at the end of the last ice-age. Since that time, the geologic

features of the landscape have been sculpted by geomorphic processes.
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The study area has experienced an arid climate since the end of the last ice-age. Since that

time, three or possibly four variations of the arid climate are identifiable in the geomorphic and



palynological record. The latest climatic regime has been in place for approximately 3500

years.

The majority of the soils of the study area formed on transported materials. The soil types

present in the study area are indicative of arid to semi-arid (wet winter/dry summer) conditions.

The soils are typical of those found associated with grassland or shrub-grassland vegetation.
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CHAPTER 3 - CULTURAL SETTING

This chapter examines the cultural geography of the study area. This examination includes the

review of the development, duration, and utilization of the lands and resources of the study

area during the different phases of human occupance. The degree/intensity and longevity of

the landscape altering activities within each phase of occupance is noted.

Prehistoric Land Use

The earliest archaeological evidence of human habitation in the Columbia Basin dates to

10,000 BP. The earliest recorded site within the study region is from 7000 BP.

Use of the land by its earliest human occupants was dictated by their needs, desires, abilities,

and knowledge within the regime of resources and opportunities supplied them by the

environment. Cultural patterns evolved over time, reacting to the changing internal

(technological), and external (natural), environment. Changes in the pattern of human

existence are recognizable through examination of cultural artifacts (e.g., projectile points,

food utilization, habitation forms and location, burial patterns, and land use).

It is impossible to know if such changes occurred rapidly or over several hundred years, but the

presence of distinct differences in artifacts within the time continuum has led to a division of

the human record into several, broad periods. Though many different chronological timelines

have been constructed by regional archaeological investigators, only one is presented here,

giving a generalized summary of what is currently perceived as the ethnographic history. The

available data indicate a generalized, broad spectrum adaptation over the last 10,000 years

(Hunn 1990:21).

The following chronology draws upon numerous investigations including those of Nelson

(1969), Dancey (1973), Smith (1977), Greengo (1982), Chatters (1984, 1986, 1987), Rice

(1983), Uebelacker (1986), Hunn (1990), and Benson et al. (1989).
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Windust Phase (10.500 - 8000 BP)

The few archaeological sites from early in this period are small and contain a low density of

durable items. The scarcity of artifacts makes an earliest ethnographic reconstruction difficult.

By 9000 BP, however, rich archaeological deposits occurred throughout the Columbia Plateau

from The DaIles, east to the Snake river, north to Kettle Falls, and west to the Fraser river

canyon. The evidence suggests, however, that the inhabitants of this period lived in small,

dispersed, highly mobile bands of foragers/collectors that exploited the riverine and grassland

habitats. These groups maintained a pattern of seasonal settlements, each located to facilitate

the procurement, processing, and use of a variety of large and small game, fish, and edible

plants. The diagnostic feature of this phase are the relatively large, shouldered or basally-

notched lanceolate projectile points. Some evidence exists to indicate cremation of human

remains.

Vantage Phase (8000-4500 BR)

Archaeological sites from this period are arranged linearly along the river and stream banks and

indicate the use of semi-subterranean houses. The largest such sites are thought to

represent recurrent use. The inhabitants consisted of highly mobile, opportunistic foragers

primarily adapted to the riverine and riparian habitats. Fishing was an increasingly important

subsistence pursuit and, while upland resources were utilized, exploitation of this habitat was

confined to short-term hunting and gathering excursions up stream drainages. The presence

of coastal-area items and obsidian among the artifact assemblage indicates trade with distant

peoples. This period offers the first evidence of human internment in the form of flexed

burials. Distinctive lanceolate projectile points, ovate knives, and edge battered cobbles

provide further diagnostic aid.

Frenchman Springs Phase (4500 - 2500 BP)

Sites of this period are found throughout the study area in virtually every microenvironmental

setting. In riverine areas, the settlement pattern consisted initially of isolated pithouses with

associated camps and, eventually, winter pithouse villages. Non-pithouse sites in the canyons

and uplands indicate their use as specialized procurement and processing camps. While

subsistence continued to focus on large and small mammals, fish, and seasonal root crops, the

intensive use of upland environments for plant gathering and hunting were key elements in
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the changing settlement pattern. Trade continues but is not as evident as previously. Several

different projectile point styles characterized by contracting stemmed forms, hopper mortar

bases and pestles, and a variety of knife, scraper, and graver types are found among the

artifact assemblage. It is argued that the Plateau Culture had emerged by the end of this

phase.

Quilomene Bar/Cayuse Phase (2500 - 200 BP)

Few consider the Quilomene Bar as a distinct chronological unit. The primary stylistic division is

the absence of robust, basal-notched points and the proliferation of several small projectile

point types thought to be associated with development or introduction of the bow and arrow

around 1000 BP.

The settlement pattern discloses habitation in a true, nucleated winter pithouse village

followed by dispersal in the spring to root gathering camps. In late summer to early winter, task

groups specialized, some hunting in remote areas, others moving to fishing camps. Food was

processed and stored on site for later conveyance to the winter village. Caches left in the

distant uplands were utilized by unsuccessful winter hunting parties and also provided

emergency stores in the spring. Trade with coastal areas was extensive during this period.

There would appear to be a rough, but distinct, correlation between the temporal division of

cultural phases into the Windust (10,500 - 8000 BP), Vantage (8000 -4500 BP), Frenchman

Springs (4500 - 2500), and Quilomene Bar/Cayuse (2500 - 200 BP), and the division of the

paleoenvironmental record into the cool, moist Anathermal regime (13,000 - 8400 BP),

warmer, drier Altithermal regime (8400 - 4200 BP), and the return to cooler, moister

Medithermal conditions (4200 - 2000 BP), with a possible second moist period (2000 - 0 BP).

Whether this correlation is one of cause and effect or only coincidence is unknown, although

the effect of climatic change on resource availability as a forcing function for innovation and

change among a people intimately bound to the earth should not be ignored out of hand.

Modern Land Use - Native

The Kittitas Valley was utilized by Native Americans, and several settlement sites have been

identified as being in use in the 1850s. The Yakima River and its larger tributaries were a

source of salmon, the marshes attracted waterfowl, the grasslands provided habitat for rodents



A trilogy of events occurred in the relatively short timespan from the mid-1700's to 1810 that

would ultimately lead to the drastic reduction of native populations and a subsequent renting
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and sagehens, and the uplands along with the valley bottoms produced forage for larger

herbivores such as deer and antelope. Further, the varied moist swales of the valley provided

extensive zones where edible roots could be found. Of the seven permanent village sites,

three were apparently seasonal, resource-procurement sites associated with fisheries or root

grounds, while the other four were occupied year-round. In total, the villages were thought to

have held 1600 - 1700 residents (Ray 1936:99-152).

The valley is in close proximity to the Columbia River (10-15 miles overland to the east).

Immediately to the east of the valley was a "zone of tension:" a fluid demarcation between the

native cultural groups of the Salish peoples to the north and the Sahaptin peoples to the

south. While the generally accepted territorial division between the two groups is the Saddle

Mountain ridge and Sentinal Gap on the Columbia river, this boundary should not be viewed as

having been static or permanent, nor as an absolute demarcation of a barrier to cultural

interchange.

Numerous Indian trails crossed the valley, heading to the Puget Sound area to the west, the

fisheries at The DaIles to the south, the fisheries of the Wenatchee to the north, and the

fisheries of the Columbia River to the east. It is noted that the valley was host to regular

meetings of large numbers of Indians, during which trading occurred.

Though the spoken languages of the peoples differed, their lifestyles and landuse activities

were very similar. The cultural differences that did exist have led some investigators to term the

lands on which interaction occurred as a tension zone, indicating the flux of technology,

beliefs, and dominance that may have taken place.

The indigenous peoples of the region did not adhere to the concept of land ownership, but

were well versed in the value of control over an area of land and, thereby, the resources within

its bounds. Conflicts of varying intensities periodically erupted between rival bands (both inter-

and intra-linguistic groups) over resource grounds. However, the inability to wage violence on

a large scale over vast distances on foot led to the maintenance of predominately peaceful

intervillage relationships through trade and intermarriage. Under this scenario, the control of

access to certain, specific, resource grounds was governed through familial legacy while other

resource rich areas were held as commons, open to all (Anastasio 1972:125,191, Rice

1983:17, Hunn 1990:23).



of the social and spiritual fabric of the Plateau culture. In 1855, a fourth and almost final blow

occurred.

Horses

Following an Indian revolt in 1689, thousands of horses spread up both sides of the Rocky

mountains from Spanish settlements in what is now New Mexico. Sometime in the mid-1700's,

the Nez Perce and Cayuse obtained specimens and by the time Lewis and Clark passed

through in 1805, horses were to be found all along the Snake and Columbia rivers.

The Indians quickly adopted the horse. Always a mobile people, the horse did not radically

change the Plateau way of life so much as it accelerated existing patterns by enhancing this

mobility. Competition between groups probably intensified as a result of the horse and was a

second factor behind their rapid adoption. Mounted horsemen were clearly more capable of

exerting pressure on "un-horsed" groups as a means of gaining access to mates and useful

materials and of extending political influence. Horses soon became accepted standards of

wealth, and such wealth gave impetus to ambition which, in most hunting-gathering societies,

is severely restrained in the interests of band harmony (Anastasio 1972:127-130,141-146,

Beck 1989:9, Hunn 1990:23,24).

Fur Trade

Soon after horses enlarged the scope of intergroup raiding and trade activities, European fur

traders appeared in the peripheral lands of the Columbia Basin, both along the Pacific coast

and along the western margins of the Rocky mountains. Before long, the fur interests had

initiated contact with most native groups, established permanent trading posts, and developed

extensive trade routes throughout the inland regions (Anastasio 1972:114, Hunn 1990:25).

The study area proper suffered little direct effect from the fur trade. The Plateau people were

largely uninterested in trapping furs for trade. The greatest degree of direct interaction came

through the provision of horses to the fur traders, for use initially as transport, then venison.

The fur trade introduced the gun and disease to the Plateau peoples (Hunn 1990:25,36-37).

Just as they had perceived the value of the horse to their way of life, so too did the Indians

appreciate the superiority of the gun to their own hunting and fighting arsenal. Horses and
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guns, once available, spread inevitably, the desire for them feeding on the consequences of

their possession. The new pattern of warfare that emerged, though dramatic, probably had

little effect on the basic ecological relationship between the people and resources (Anastasio

1972:204-208, Hunn 1990:25-26).

Disease

The ravages of disease presaged the appearance of the white man. Though removed from

immediate proximity to either white settlements or trade routes, trade was an intrinsic aspect of

the Plateau culture. It was, therefore, inevitable that the diseases of the white man would be

encountered and transmitted to far removed resident populations (Wilkes 1958:30-31).

Two epidemics of smallpox, thought to have been transmitted through contact with ships

exploring the Pacific coast for furs, decimated successive generations of natives in the mid-

1770's and 1801, reducing their populations by fifty percent by the time Lewis and Clark

encountered them in 1805. Two later smallpox epidemics struck in 1824 and 1853. A host of

other diseases for which the natives had no resistance, including cholera, scarlet fever,

whooping cough, and measles, were brought by immigrants traveling the Oregon Trail. Each

new outbreak reduced the native populations (Burns 1966:12-13, Anastasio 1972:202,

Glauert and Kunz 1972:2-3, Hunn 1990:27-31).

Treating and Reservation

As an ever increasing number of emigrants moved into the territory, it was deemed necessary

by the newly appointed Territorial Governor lssac Stevens, under the guidance of his own

ambitions and instructions of his D.C. superiors, to free up the territory to white settlement. To

this end, Stevens convened the Walla Walla Council in 1855 and entered into a series of

treaties with various Indian groups east of the Cascades, the ultimate aim of which was to

extinguish the Indian claims to the land (Hunn 1990:45, Re!ander 1955:8).

Stevens, who had previously traversed the territory as he conducted an exploration for a

railway route, had already designated the land to become the Yakama reservation, finding it

suitable as it was "off from the wagon route to the Sound over the Cascades" (Re!ander in

Hunn 1990:45).
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At the time of the treating, the Indian population of the territory east of the Cascades was

estimated by Stevens to be 12,000. At this same time, the white population was about 4000

with most living west of the Cascades. The balance of power existing between Indians and

whites was reflected in the treaty. Lands were ceded by the Indians in exchange for a

guarantee of exclusive use of a reservation and its resources and of use in common with the

settlers of traditional resources at "usual and accustomed" places, plus grants of technical and

economic support (Stevens 1900:503, The Yakama Treaty, Article II-IV).

The reservations east of the Cascades were so large and the white population so small that the

Indians continued to live much as they had for the past fifty years. As the number of settlers

increased, so did the pressures upon the Indians. Soon after negotiations of the Yakama

Treaty were concluded settlers began taking lands within the reservation boundaries, and

miners rushing to the newly discovered gold fields near Colville crossed Yakama lands. Both

incursions were in clear violation of the terms of a treaty that had, at best, mixed support among

the chiefs of the Yakamas. Feeling betrayed by the government's failure to protect them, the

only recourse left the Indian was to turn to the teachings of their prophets or the leadership of

the rebellious warriors (Johansen 1967:273-275).

Followers of the latter group rose up in armed conflict that lead to a three-year period of unrest

known as the Yakama Indian War. In 1858, following a series of battles, the last leaders of the

Indian rebellion were captured and killed, resistance ceased, and the survivors returned to the

reservation (Johansen 1967:273-275, Meinig 1968:224, Glauert and Kunz 1972:82-88, The

Yakama Treaty:Article II).

The basic social unit of the Plateau culture was the village or band. There were

"confederations" between bands that were unified through consensual agreement and

reciprocal interaction between the groups' chiefs. There might or might not be an overall

headman. Starting in 1853, Ka-mi-akin attempted to unite the various Yakama and Kittitas

bands under his chieftanship in preparation for a confrontation with the whites. In this he was

unsuccessful so that when the Yakamas and Kittitas were settled on the reservations in 1859,

they had lost their leaders. In the years to come, no other individual gained enough stature to

replace them and political unity disintegrated to the band level (Anastasio 1972:183-189).

The cumulative effects of massive population decline, rapid technological change,

displacement by foreigners, and loss of a cohesive, unifying political structure precipitated the

almost utter disenfranchisement of the native peoples from the new society and their near

annihilation both culturally and existentially.



Modern Land Use - Euroamerican

Though the Lewis and Clark party traveled up the Columbia to the mouth of the Yakima river

and described the Sokulk and Chimnapum (Yakama and Wanapum) peoples, the first evidence

of actual Euroamerican presence in the study area comes from the accounts of the Alexander

Ross party. In 1814, Ross journeyed south from Fort Okanogan to the Kittitas valley in search

of horses. He had made the journey once before and likely crossed into the valley over what

we know as Colockum Pass. After spending several days in an encampment of thousands of

Indians, he made a hasty exit from the valley (Glauert and Kunz 1976:20).

In discussing the influences of Euroamericans upon the natives of the region and upon the

landscape, a problem of semantics is encountered. The question can be interpreted in

different ways depending on whether only direct influences are considered or if those

influences of indirect nature are also included. Clearly, the heavy bootprint of Europeans was

present long before any white man set foot in the study area.

Both the followers of Smo-hal-la (Sentinel Gap to Priest Rapids), and Chief Moses (Wenatchee

to Sentinel Gap), maintained large camps along the Columbia river. Large bands of these

isolationists utilized the resources of the study area and would congregate each June at Che-

loh-an, the great camp at the mouth of Caribou canyon mentioned in Ross' journal.

The study area was one of the last places off the reservation to be occupied by a large number

of natives and their presence, along with the abundance of prime land in the lower Yakima

Valley and the ongoing Indian War, appears to have discouraged white settlement in the study

area.

Although several whites had been living in the Yakima Valley for several years during this time,

few white settlers had ventured into the Kittitas Valley and none had established permanent

residence. The earliest white settlement in the valley of record was a Catholic Mission. The

Mission was abandoned during the Yakama Indian War (uprising) of 1855. it wasn't until several

years after peace had been established and the native population largely removed that

settlers, in ever increasing numbers, began to move into the Kittitas Valley.

The first white settlers came to the Kittitas Valley in 1867. The valley was settled late for a

variety of reasons: the valley was isolated, off the main route of travel, and would become

snowbound for months during winter; the white population for the eastern portion of the

territory as a whole was low and good agricultural lands were available closer to established
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outposts; and there was a degree of active discouragement on the part of the military and

established ranchers.

Cattlemen, Sheepmen, and Farmers

Among the first to come to the valley were the cattle ranchers. The Kittitas Indians had long

held cattle in the valley, and white ranchers continued this practice, driving herds of cattle into

the Kittitas valley for summer range before driving them over the mountains to Seattle. Later,

herds were held in the valley throughout the year and Kittitas valley beef was to find its way

north to the gold fields of Canada and Alaska and east to Montana and Wyoming. Confronted

with increased settlement in both the Yakima and Kittitas valleys and the need for increased

range land for larger herds, the ranchers were forced to look elsewhere for range land and for

the first time the hillsides and canyons of the study area were exposed to concerted grazing

impacts (Boyce 1937:33, Sheller 1959:164-177, Splawn 1980:269-272).

Over-production of cattle throughout the Columbia Basin and competition from Montana and

Wyoming cattlemen depressed prices for several years. The overcrowded ranges were

severely depleted and cattle went into the severe winter of 1880-81 underfed. By spring, fifty-

percent of the cattle in eastern Washington had died (Oliphant 1947:193-213, Meinig

1968:284-290,376-379, Splawn 1980:286-292).

The sheep industry was another competitor of the cattleman. As cattle prices fell and range

conditions become more and more overgrazed, sheep were at a definite advantage. Before

the killing winter of 1880-81 and especially after, vast tracts of former cattle range became

dotted with sheep. Tempers flared as some cattlemen were forced out, most likely due to

overgrazing and harsh winters than direct competition by sheepmen, and the region

experienced its own version of a cattle v. sheep war. Despite all, the cattle business began to

contract rapidly in 1887 (Ross 1941:66-67, Shaw 1942:153-170, Wentworth 1948:216-

217,411,597, Meinig 1968:291-294, The Night the Mountain Fell 1973:28).

The invention of barbed wire in 1873 sounded the death knell of open range. Prior to its

widespread use in the 1880's, there was no realistic method of fencing off large tracts of land in

arid, treeless regions. Barbed wire provided a cheap, economical means whereby the farmer

could exclude the stockman, or one stockman exclude another.
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A new force, railroads, began to menace the stockman. The rails brought farmers, and the

farmers brought the plow and barbed wire. Farmers took advantage of preemption, various

homestead, desert land, and grazing land law provisions, and railroad lieu lands to gain title to

land, typically occupying the best range country, fencing the land and the watering places.

Often, land was taken up as a speculative venture, the farmer knowing the stockman would pay

well for rights to land containing water. The stockman, too, took advantage of the situation by

filing farming claims in order to expand his range holdings (Fuller 1928:221-222, Boyce

1937:42-44, Ross 1941:64, Meinig 1968:294-297, Splawn 1980:296).

Though not legally in possession of title to the range land, cattlemen of the lower Yakima Valley

had in the 1860s come to rely on the Kittitas Valley for summer grazing. The Yakima cattlemen

usually drove their stock north in late April and early May. About 12,000 head of cattle were

driven north to the Kittitas in 1872. These cattlemen discouraged settlement, but were unable

to stop both the influx of settlers and the use of what they had come to regard as their range

(Eckert 1976:113).

As a result of this practice, the relationship between the Yakima cattlemen and the Kittitas

settlers became strained. A typical settler complaint centered on the opinion that the Yakima

stock was getting the best pasturage to the detriment of the resident (settler's) stock. When

the range around the Kittitas Valley began to show exhaustion in 1874, relations further

deteriorated. Settlers threatened to drive their stock onto the winter ranges of the lower

Yakima Valley in retaliation. By 1875, the Kittitas Valley settlers had won the competition for

the range lands as none of the lower Yakima Valley "cattle kings" drove their herds north for

summer pasturage (Eckert 1976:113-114).

Both the farmers and nature worked against the open-range stockman. In 1889-90, while on

retreat from barbed wire and hostile farmers, the cattleman was once again struck with a severe

winter and suffered great losses. Public outcry over the need to provide care for stock in

winter, along with the myriad of other encroachments on past practices, led many cattlemen to

engage in diversified farming. By providing winter feed and shelter and investing in improved

stock, greater returns could be had with smaller herds. Passage of "herd law" legislation that

restricted the ability of a stockman to freely range his stock marked the end of the open range

(Laws of Washington Territory 1883:Sections 1-4, Boyce 1937:42-46).

The availability of range land became ever more scarce. Though great acreages still remained

in the public domain, most of this land could be used only under federal regulations set up to

prevent overgrazing. The public domain of the study area is what remains after careful culling
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by many agencies. The homestead, desert homestead, and grazing homestead laws

eliminated much of the best of the natural range area. Federal, State, railroad, and other land

grants, with their provision for lieu selection of indemnity land, each have absorbed grazing

land better than that which remained. By 1904, that range land that remained was in a

depleted condition, unable to support cattle and barely capable of sustaining horses or sheep

(Hall 1929:379,380, Boyce 1937:61-62,69).

Early maps and land records indicate several families residing in the study area. Some of these

settlers were farmers, others were stockmen, and several were Indians (General Land Office,

Schnebley 1981, Hoffman 1991:31, Personal Observations).

Mining

One of major inducements for westward migration to the lands of the far west was the discovery

of gold in California which set off the gold rush of 1849. Before long, the major lodes had been

claimed and placer workings exhausted. Searching for new opportunities to strike it rich,

miners moved from northern California to the Rogue River country where, by 1851, a modest

gold rush was underway (History of Central Washington 1929:265-67).

From the Rogue river, the symphony of gold discoveries and rush of miners saw movement to

the Santiam and John Day rivers in 1854, to the Colville mines in 1855, to the Fraser river in

1858, the Clearwater river in 1860, to the Caribou gold fields in 1862, the Ruby mines from the

1880's into early 1900's, and to the Blewett mines and placer activities in 1900.

McClellan mentions gold-bearing streams in his report on the survey of the Snoqualmie route

for the railroad and early GLO surveyors also comment on a paucity of available labor resulting

from gold strikes in the Blewett Pass and Roslyn areas. From at least 1866 to 1900, placer

mining occurred along the Columbia river. Primarily performed by Chinese laborers, thousands

would work the gravel deposits as they reappeared with the receding of the spring flood

waters. Often years would pass before the river level dropped in late summer to afford access

to certain gravel bars, at which time the area would swarm with activity until winter or rising water

forced an end to the placering (Hall 1929: 265-67, The Night the Mountain Fell 1973:58,81).

The discovery of gold and silver deposits in far flung places worked to facilitate the

development of transportation routes throughout the region. Riverboat and freight wagon



traffic increased as miners and supplies were transported to the mines. The demands of the

miners also helped fuel the growth of the cattle industry.

Irrigation

The early settlers conducted both farming and grazing to the extent that the earliest agriculture

of Kittitas County was centered on the raising of livestock. The first settlers in the Kittitas

Valley, in 1867, found good range lands for grazing herds of cattle. At that time, an abundant

growth of bunchgrass covered the arid uplands, and wild hay was cut for winter feed in the

valleys. It was early recognized that there was a need for irrigation if farming was to be

successful on all but the moist floodplains. As farms were established along the stream

bottoms, fields of grain and hay were irrigated by turning the water from the creeks into small,

short ditches. Settlement and farming increased rapidly under the stimulus of ready markets

furnished by mining camps in the mountains, the growing towns on Puget Sound, and later,

the miners of Yukon Gold rush (Smith, Dwyer, and Schafer 1945:11).

In meeting the need for adequate irrigation, small community ditches were constructed to take

water from the streams and convey it over longer distances. The completion of the Northern

Pacific Railway in 1866 and the opening of the coal mines in Roslyn further stimulated

agriculture. Thereafter larger ditches were built to take water from the Yakima River. The

Cascade Canal was completed in 1904, bringing the total area of irrigated land to more than

60,000 acres (Smith, Dwyer, and Schafer 1945:11).

As settlement continued to increase, more extensive irrigation systems were built to the extent

that the valley is now ringed by concentric circles of irrigation delivery canals which place the

larger part of the valley under irrigation. The acreage of cropland was greatly increased with the

construction of the Highline Canal by the United States Bureau of Reclamation. This canal

diverts water from the Yakima River and is designed to furnish irrigation water to about 70,000

acres of land. Of this, 35,000 was new land lying principally in the eastern part of the Kittitas

Valley. The remaining 35,000 acres consists of lands that were sometimes inadequately

irrigated from the creeks. An uninterrupted flow of irrigation water has been delivered through

the Highline Canal since 1932 (Smith, Dwyer, and Schafer 1945:11).
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Evaluation of the Cultural Setting

Evidence of human presence in the study area dates to 7000 BP. Changes in the pattern of

human existence are recognizable through the artifact record. The record indicates a

generalized, broad-spectrum adaptation. There appears to be a rough correlation between

the identified cultural phases and the climatic variation indicated by the paleoenvironmental

record.

Several permanent village sites have been identified as being in use in the 1850s. Of these,

four were occupied year-round. Best estimates place the resident aboriginal population at

1600-1700 for the pre-European period.

The use of the land and its resources by aboriginal inhabitants was dictated by their numbers,

needs, desires, abilities, technology, and knowledge. With the exception of the debatable

use of fire as a tool of landscape modification, the earliest potential cultural force of landscape

modification would appear to be the introduction of the horse (ca. 1740). It would seem

unlikely, given the timespan between the introduction of the horse and the arrival of

Euroamericans, the lack of any records recounting vast numbers of horses in the area, and the

plentiful grasses noted by early stockmen, that native-kept horses had more than a highly

localized impact on the landscape.

Introduction of large numbers of cattle and, later, sheep to the study area wrought intensive

and extensive changes to the vegetation landscape. Reduction in native grasses, increases in

native shrubs, introduction of highly competitive alien taxa, and the termination of rangeland

fires individually and combined, produced dramatic, long-term, and on-going changes to the

floristics of the study area.

In the last 150 years, settlement, cultivation, and irrigation have functioned to produce, in the

study area, an artificial vegetation landscape that reflects little of that which had formerly

occupied this space.
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CHAPTER 4 - REVIEW OF THE EVIDENCE

This chapter presents a review of the available prehistoric and historic evidence which is

available to support a vegetation landscape reconstruction. Several sources relating to the

pre-Euroamerican vegetation of the study area was available. The information was in a variety

of forms and in varying degrees of detail, accuracy, and areal resolution. Information contained

in the natural record, photographic record, and written record was reviewed and assessed.

The natural record consists of those components in the natural environment which are

persistent and which may provide a record or have recorded within them information regarding

past vegetation conditions within the study area. A review of the natural record provided

information regarding the paleo-environmental conditions of the region within which the study

area is found. This review supported the appropriateness of a more intensive review of the

soils within the study area as indicators of the pre-Euroamerican contact vegetation. Further,

the examination of the remnant patches of native vegetation that yet remain in the study area

was indicated.

Part I: The Natural Record

Climate Studies

A general understanding of climate conditions for the period preceding the time focus of this

study is desirable. Changes in climate can have rapid and profound effects on vegetation.

Potzger (1956), Barnosky (1983), and Whitlock (1992), have reconstructed the vegetation

and climatic history of the Pacific Northwest through the use of pollen profiles. A record of past

precipitation patterns has been constructed from tree-ring data by Graumlich (1987).

Palynology

The use of paleoecological methods which permit the reconstruction of past environments

through the use of fossil organisms includes the techniques of palynology (pollen grain

analysis) (Roberts 1989, in Butlin 1993:104). Pollen is obtained from core samples from field

sites which exhibit continuous records of pollen accumulation and in which the pollen has

been well preserved. After processing, the pollen grains are classified and counted and
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diagrams constructed which show the change in both pollen type and frequency through time

(Butlin 1993:105). By evaluating the type and frequency of the various component pollens,

an assessment can be made of the dominant vegetation types which occurred at a place over

time. Relating habitat requirements of those plants allows the reconstruction of past

environmental conditions.

Unfortunately, the Kittitas Valley contains no bogs, lakes, or wetlands suitable for

paleoecological study. The nearest sites which have been sampled and studied are Carp Lake

which lies approximately 75 miles to the south and Creston Fen which lies approximately 110

miles to the northeast (Barnosky 1985, Whitlock 1992).

Since the two nearest sample sites are a substantial distance from the study area and are found

in environmental situations which are, currently, distinctly different from that of the Kittitas

Valley, the principal utility of these studies was to establish that generally uniform and stable

climatic conditions had existed in the greater central Washington State area for the past four to

five thousand years. At best, what can be drawn fro the palynological studies is that central

Washington has exhibited steppe vegetation for an extensive period of time (Barnosky 1985,

Whitlock 1992).

Dendrochronolooy

Long-term records of precipitation have been reconstructed from tree-ring data. Simplistically,

the greater the precipitation for a given year the wider the corresponding annual growth ring

will be. By obtaining cores from both living and dead trees, a "recording" of the past

precipitation can be unveiled. Reconstructions of past precipitation records can be extended

back in time to the extent that tree remains are available from which usable cores can be

obtained.

The most applicable of these studies is that of Graumlich (1987), which focused on the Pacific

Northwest and reconstructed the precipitation record back 300 years. Graumlich's work

examined the incidence of drought within the precipitation record. As it pertains to the study

area, the conclusions of Graumlich's research indicate that droughts similar in duration and

magnitude to those experienced in the 1920s and 1930s have occurred at least once per

century in the past. During the first half of the 19th century, precipitation was above average in

Washington state. During the second half of the 19th century, Washington state experienced



repeated droughts. Severe, single-year drought events (1973, 1929, 1899, 1839, 1739,

1721, 1717), have affected the Pacific Northwest as a whole (Graumlich 1987).

Based on the extensive palynological record, it would appear that the climate of the study area

had remained relatively stable for an extensive period of time. It is clear from the more-detailed

but less extensive dendrochronological record that the study area is affected by periodic,

severe droughts.

Relict Features

A great deal of emphasis has been, and continues to be, placed on material remains from the

past as historical evidence (Butlin 1993:132). Extensive relict features of the past remain

imbedded in the landscapes of many locales. The use of relict features has been a central

theme in historical geography, but has been predominantly the focus of those attempting to

reconstruct past cultural geographies (Hamshere 1986:73). The use of relict features could,

nonetheless, be extended to remnant physical features for the purpose of reconstructing past

physical geographies.

While much of the research undertaken by historical geographers has its roots in libraries and

archives, the discovery of field evidence in the area being studied, especially when linked to

documentary evidence, can assist in the substantiation of the accuracy of the documentary

record and may provide key insights (Butlin 1993:89). Butlin (1993:89-90) provides a succinct

summary regarding the value of field evidence:

Relict features, when mapped and analyzed with painstaking care and
appropriate degree of reservation about the explanatory potential of the
evidence available, can shed much light on the dynamics of change in the
past, or on stability.

Hamshere (1986:73), states:

The evidence of relict features of the past is also extensive, and a central
theme of historical geography in its more modern form has been the
investigation and analysis of surviving relics of past societies and economies.
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Although the previous comment was directed more towards past human geographies, the use

of relict features could, nonetheless, be extended to remnant physical features for the
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purpose of reconstructing past physical geographies. This study incorporates both the

examination of soils and the occurrence of remnant patches of native vegetation as relict

features. Chapter 6 and Chapter 7 investigate the use of soils data collected in 1936 and 1996

respectively. Chapter 8 examines the potential for the use of remnant patches of vegetation in

the reconstruction of past physical geographies.

Soil Surveys

Plant life is intimately bound to soil. The relationship is such that vegetation and soils can be

viewed as mutualistic, with each affecting the development of the other. Soils evolve over

eons and will retain a record of the climate and vegetation under which they were formed even

after undergoing severe surficial disruption. The earliest systematic records of soil conditions

in the Kittitas Valley are those of the General Land Office surveyors (1868-1873). These

records rate soil conditions on a scale of 1 to 4 and were made on a one-mile scale. Irrigation

districts generally evaluated soil conditions for the lands to be irrigated by their waters for the

purpose of assessments. In 1925, the Kittitas Reclamation District ranked a portion of the soils

in the Kittitas Valley from 1 to 5 based on their assessed potential to respond to irrigation

(Kittitas Reclamation District 1925). The Soil Conservation Service performed a detailed soil

survey for the entire Kittitas Valley in 1936 (Smith, Dwyer, and Schafer 1945). Most recently,

the soil identification and mapping portions of a detailed soil survey was completed by the

Natural Resources Conservation Service in 1996 (NRCS 1996).

Plant Surveys

Research aimed at establishing the former vegetation of an area must often rely on the

existence of remnant patches of native vegetation. Probably the most intensive study

regarding the native vegetation communities of the steppe region of Washington State is that

of Daubenmire (1970). As Daubenmire stated in his introduction:

The study here reported attempts to determine the character of the
vegetation mosaic as it was when white man appeared on the scene.....

Owing to the pervasiveness of white man's influences, very few fragments of
primeval vegetation are left upon which to base such a study. Nearly all land
has been either cultivated or grazed heavily by domestic livestock. I ] [I]t has
been possible through diligent search spanning three decades to find scraps



of apparently virgin vegetation in fence-corners, road rights-of-way, old
cemeteries, and in places simply too remote from water to be grazed.

(Daubenmire 1970:1)

Whereas Daubenmire was looking for somewhat extensive patches of undisturbed native

vegetation for his study, the research conducted here will survey the study area of any

remnant patches of vegetation, whether occurring in extensive areas, or as an single specimen

in isolation.

Part II: The Photographic Record

The photographic record was investigated. A review of photographs of the study area from

several sources was made. The photographic record was found lacking in both resolution and

comprehensiveness to offer support in the research endeavor.

Evaluations of past and present vegetation have been done through photographic

comparisons. Rogers (1982) examined changes in the Central Great Basin Desert, Humphrey

(1987), and Bahre and Bradbury (1978) examined changes in the Sonoran Desert, and

Hastings and Turner (1965) examined changes occurring over an elevational gradient in an arid

and semiarid region. Lemkuhl and Everett (1992), estimated the extent of forests from aerial

photographs.

Attempts were made to utilize photographs to assist in the discernment, identification, and

location of various plant communities within the study area. Several potential sources for

historic photographs of the study area were identified. The photographic collections of the

private Pautzke Collection, the Ellensburg City Library, Kittitas County Museum, Thorp Mill

Preservation Society, Washington State Archives, Ellensburg office of the Natural Resources

Conservation Service, Ellensburg office of the Kittitas Reclamation District, and the Yakima

District office of the Bureau of Reclamation were reviewed. Additionally, several photographs

held by local residents with long family ties to the valley were examined. Unfortunately, in part

and in whole, the use of the photographic record had to be discarded from incorporation into

the study.

The first problem encountered in attempting to use the photographic record was the timing of

the photographs. The earliest of the photos reviewed dated to the 1880s. At this time, the

Kittitas Valley had been subjected to continued, heavy grazing for over 30 years. Finding
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photos which showed untrammeled native vegetation was immediately recognized as

problematic.

The collections of the Ellensburg City Library, Kittitas County Museum, and Washington State

Archives were extremely limited in terms of the number of photographs dealing with rural areas.

Of those photos which did show rural settings, the subject of most pertained to Euroamerican

cultural structures or to the raising of crops or livestock. These photos generally consisted of

family members posed in front of their cabin or in their garden or farmyard. Many showed row

crops under irrigation. What little "unbroken" land existed in the photos was in the background

and was, in most cases out of focus. Often, the photo quality was too grainy to enable the

discernment of vegetation types. A problem identified here which occurred frequently in other

portions of the photographic record review was the inability to establish the exact location

where the photograph was taken and, thus, the inability to establish the location of what little

native vegetation could be identified in the picture.

The Pautzke Collection, consisting of numerous early day photos taken by a local Kittitas

Valley photographer, similarly did not focus on untrammeled, unbroken lands. The majority of

the rural photos in the Pautzke Collection again showed Euroamerican cultural structures,

fields, and livestock. Additionally, many of these photos related to hunting and fishing.

The Kittitas Reclamation District, Natural Resources Conservation Service (formerly Soil

Conservation Service), and Bureau of Reclamation collections were problematic in two senses.

First, the photos taken by these agencies were taken in the late 1920s through the early

1940s. By this time, the Kittitas Valley had become well-populated, much of the land had been

put under the plow, and what land hadn't been broken had been heavily grazed for well over

50 years. Secondly, both the purpose and the subject of the photos was biased. These three

agencies were all involved in promoting, building, and managing irrigation systems. The need

for an irrigation system prompted many photos to be taken of clearly abused lands which were,

even then, dominated by sagebrush. Later, to illustrate the benefits of the irrigation systems,

photos were taken showing the plowing, planting, cultivation, and harvesting of the, formerly,

"wasted" lands.

Very little in the way of useful information was available from the photographic record. Further,

the photographic record did not provide anywhere near the degree of detail or coverage

needed to improve or expand upon the study.
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Part Ill: The Written Record

The written record was reviewed and assessed. The evidence available in the written historic

record comes from a variety of sources and consists of the recollections and notations of

individuals who witnessed the pre-settlement or early-settlement period landscape. One

category of this record consists of anecdotal, non-contemporaneous recollections in memoirs

and biographies and of the clearly biased, and often second-hand, accounts published in

literature designed to promote land sales or immigration to the territory. The descriptions of

the vegetation of the study area made in these sources are broad scale and general in nature;

often relating a single vegetation type to the entirety of the valley. No specific locational

identification is provided in these unsystematic accounts.

A second category of written record consists of the journals and records of early exploring

parties, military expeditions, and land surveyors. Records of the vegetation included in the

records of the exploring parties often included the specific epithets of the plants collected

and, often, the general location or environment in which the plant was witnessed. The

accounts of the native vegetation included in the written record provided data sufficient only to

develop a very general description of the vegetative landscape. The records of the land

surveyors provide the first systematic evaluation of the vegetation throughout the entire study

area, but are quite general in terms of the plants encountered. Nevertheless, the early land

survey records were subjected to intensive examination as a separate component of the

overall research.

A secondary use of the written record was in establishing the timing, form, extent, and duration

of cultural activities which altered the landscape. Particular emphasis was given to the post-

Euroamerican impacts on the vegetative component.

Botanical Surveys

The first period of botanical work in what is now Washington State consists of the work done

before 1860. This stage is largely represented by the specimens collected by several

botanists, most of whom accompanied exploring expeditions: Dr. Archibald Menzies, a

naturalist with the Vancouver Expedition, collected in 1790-1795; Merriweather Lewis of the

Lewis and Clark Expedition collected specimens on the return trip in 1806; David Douglas, a

Scotch botanist sent out by the London Horticultural Society, collected on two trips, 1824-

1827 and 1830-1833; Dr. Meredith Gairdner, with the Hudson's Bay Company, collected prior
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to 1840; Nathaniel Wyeth, an American traveler and trader collected in 1833; Thomas Nuttall,

an American botanist, collected in 1834, 1835, and 1836; Dr. Charles Pickering and Mr. W.D.

Brackennridge accompanied the Wilkes Exploring Expedition of 1841 as botanists; Charles A.

Geyer, a German botanist, collected specimens in 1843 and 1844; the Reverend Henry

Spaulding collected in the mid- to late-1840s; Dr. David Lyall, botanist with the International

Boundary Survey, collected from 1858 to 1860; John Jeffrey, a Scotch botanist sent by

patrons, collected in 1851; and Dr. J.G. Cooper, with the Pacific Railroad Survey, did botanical

work from 1853 to 1855 (Rigg 1929:163). Of the expeditions noted above, only two, the

Wilkes Exploring Expedition and the Survey of the Pacific Railroad Route, made direct contact

with the study area.

U.S. Exploring Expedition

In 1841, the U.S. Exploring Expedition arrived at Fort Nisqually. Charles Wilkes, Commander

of the Expedition sent Lieutenant Johnson and a small party inland to investigate the

navigability of the upper Columbia River. The party, which included both the botanists in the

Expedition (William Brackenridge and Charles Pickering), passed through the Kittitas Valley.

Traveling north, the party descended from Umtanum Ridge on June 1, 1841 and entered the

valley. They camped for one night along the Yakima River and then, the following day,

proceeded almost directly across the valley and over Naneum Ridge to the Wenatchee and

Columbia Rivers. The chief botanists and naturalist accompanied the party of the Expedition

recorded the events and findings of the trek in his journal. The following are relevant excerpts

from these journal entries.

June 1st. [ ] The party then struck off from the River [Naches] in a
north direction [likely along the Eel's Trail], where we had a range of Mts.
[Clemans Mountain] to cross. We had not got up more than 600 ft. when the
vegetation as[s]umed quite a different aspect: on the top of a bare ridge
[Umtanum Ridge] we fell in with a number of Spipen Indians, collecting
Cammass and other roots. From them we bought a small quantity of Cakes
made from the roots of the last mentioned plant, and another umbelliferous
plant with a small oblong tuberous root [Lomatium cous] with a short neck at
the top -- its taste resembles that of a Parsnip.

The whole distance traveled today was about 13 miles, and I had the
misfortune this day to loose my Note Book, so that what I have said of our
route from Nesqually to this place is mostly from memory and partly from some
of those who were in the party, but I believe it to be correct. --

2nd. [ ] [A]rrived during the day at the Eyakema River [likely at the
Indian village Ketatas, at the Manastash ford of the Yakima], where we fell in
with a party of Indians encamped on its banks to the number of 30 or 40.
Procured a few fresh salmon.... The character of the country between the



Spipe and the Eyakema River is mountainous very tAinly wooded with about
equal proportions of Spruce and Pine. [ ] The soil is a poor obstinate yellow
Loam producing very indifferent feed for Cattle -- in the plant way it is rich. I

mention a few of the finest -- Lupinaster sp: with flesh colour'd flos:, Viola flos:
white and purple, Parnassia [Pamassia fimbriata - Grass-of-Parnassus], a very
dwf. sp:, Dodecatheon like intergrifolia, Trollius sp. [Trollius laxus - spreading
Globeflower]: Sisyrinchium sp; the five last in marshy grounds. A sp: of
Balsamoriza different from the one on Nesqually plains. --

3rd. [ ] The breadth of the Eyakema may be about 100 yards,
and along on both sides of it are large tracks of flat land of apparently good
quality though rather of a sandy nature having evidently been overflowed by
the river. In the early part of the forenoon a sandy prairie with a number of small
shrubs on it was passed over [the party headed north following the trail up
Wilson Creek and Naneum Creek]. And immediately a group of Mts. [Naneum
Ridge] set in by degrees upon us. We found these similar to those we had left
yesterday.

(Wilkes 1845)

Pacific Railroad Survey

In 1853, Congress directed the War Department to make preliminary surveys for a rail system

linking the Pacific Coast with the Mississippi Valley. The expedition was well-staffed and

collected vast quantities of information regarding the natural history of the regions traversed by

the survey. This information was later published in a multi-volume report.

The survey of the northern regions was assigned to lssac I. Stevens, who had just been

appointed Governor of Washington Territory. Having identified a likely crossing point of the

Columbia River near its juncture of the Snake River, Stevens directed George B. McClellan to

seek a feasible route over the Cascade Mountains. McClellan surveyed a route along the

Yakima River and into the Kittitas Valley, where he spent several days.

Information relating to the vegetation of the Kittitas Valley is found scattered throughout two

volumes of the multi-volume report. At the time of the survey, it is apparent that all of the

valleys through which the Yakima River flowed were known collectively as the 'Yakima Valley.'

Only later, with settlement, does one find reference to the Kittitas Valley as a distinct

geographic region.
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McClellan Records

McClellan, as he moved his base of operations from the Wenas Valley to the Kittitas Valley,

followed the same trail as did the Wilkes Expedition some twelve years earlier. McClellan's

encampment on the Yakima River at the Indian village of Ketatas, is, also, likely the same camp

site used by the Wilkes party. Captain McClellan, along with the junior officers Gibbs and Minter

and six men left the encampment to explore the passes at the headwaters of the Yakima River.

Meanwhile, Lieutenant Duncan was left in charge to examine the surrounding countryside.

From the Journal of George B. McClellan:

Saturday, Sept. 3 Camp No. 29 Yakima River

The entrance into valley of Yakima is then a long ravine, with a gentle
descent --- no water in it.

The Yakima valley is here some 2 miles broad --- the stream is fringed with
pines in places, & a good deal of small brush --- such as cottonwood, willow,
etc. The soil seems to be poor & light. The river is clear & rapid some 40 to 50
yds., broad & deep between the fords. Opposite camp a pretty little cascade
breaks over the sharp bank of the stream --- the W. Bank is here the highest.

Sunday, Sept. 4. Camp No 30. Yakima River

Crossed the river at yesterday's crossing & moved up the valley. Struck
the trail at about lm from crossing & kept it thereafter. For the first 6 miles the
valley wide & level --- crosses 2 small brooks --- road good. Grass in sufficient
quantities, not much sage, no timber off the edge of the river, soil light & poor.
[ ] At 6m from camp crossed a very pretty creek with much brush --- good
sized cottonwoods --- willows etc. on the banks.

Monday Sept. 12 - 18th Camp No. 37 Ketitas

[The group stayed in camp Ketitas for several days exploring the surroundings
. . no mention of vegetation in journal]

Monday, Sept. 19th Camp 38 Ach-nem

A march of 8 1/4 miles across the valley brought us to the hills, when we
encamped in a ravine, thro' which a fine cold stream runs into the main valley.
The valley of the Yakama is generally very poor --- the formation being
throughout of drift, often coming to the surface as bare stones over larger
tracts, sometime overlaid by a shallow stratum of soil , which is always more or
less sandy, but occasionally of a decaying nature. The portions of the valley
within a mile or two of the main stream are evidently a great deal under water in
the wet season; but small portions of the whole valley will ever be available for
cultivation, & these would require irrigation.

(Kittitas Frontiersmen 1976b)
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McClellan in the Reports of the Survey:

I determined to move forward to the Wenass, a more central position, and
affording abundant grass, there to make the new arrangements now become
necessary. [W]e started on the 20th August [1853], and reached the Wenass
on the same day.

Lieutenant Duncan was directed to leave Wenass on the 24th, with a party of
three men, to cross to the main Yakima, examine the upper part of that valley,
and obtain all possible information in relation to the surrounding country,
especially to the north.

Lieutenant Duncan returned about noon of this day 31st, from the upper
Yakima ....

On the 3d of September the depot camp was moved from the Wenass to
Ketetas, on the main Yakima. On the morning of the 4th I left camp to examine
the pass at the head of the main Yakima, with Mr. Gibbs, Mr. Minter, and six
men. The camp was left under the care of Lieutenant Duncan, with direction
to employ his available time in examining the country in the vicinity. I reached
and encamped upon the divide late on the 6th. Although a somewhat
detailed description of the valley of the Yakima is given in my railroad report,
dated February 8, and it is described for a portion of its length in Lieutenant
Duncan's report, I will here describe the nature of the line.

The valley of the Yakima soon becomes more contracted by low hills, which
gradually close upon it, and soon increase in height as the stream is
ascended. To the commencement of the pine timber, a distance of nearly one
hundred miles from the mouth, the average width of the valley is about six
miles, occasionally reduced to four or five hundred yards by spurs closing in
on both sides, and sometimes widening out to ten miles. Cotton-wood and
willow fringe the stream; grass is generally confined to the water's edge, but is
not in sufficient quantity to adapt the valley to grazing purposes on a large
scale. In some of the small lateral valleys good bunch-grass is found, as well as
on the summits of the highest ridges and hills. But the winters are too severe
for cattle to thrive in the open air, the whole country being covered with snow;
and, in addition, the bunch-grass is of too scanty a growth to be cut for hay.
During the winter the Indians drive their horses and cattle to the most
sheltered spots, where they feed on wild sage and willow.

As far up as Ketetas the wild sage covers the valley in all parts a little back from
the water. The general character of the soil is sandiness, or exceeding
lightness; occasionally gravely, or covered with loose stones.

On the 19th September. .. the main party moved to Nahnum, at the northern
edge of Ketetas valley.

The Ketatas plain is a high, rolling, basin-shaped plateau, lying mostly on the
northern side of the Yakima. It is surrounded by high mountains on the north
and south, the northern chain being about eight miles from the river, and the
southern range being the one crossed between the Emptenum and the
Yakima. These chains unite fifteen miles below the ford, and terminate the
plain in that direction. After uniting, they run to the east, towards the Columbia
river, in a high range. To the westward the valley extends about six miles, and
then ceases. The Nahnum, a bold mountain stream, comes from a gorge in
the northern range nearly north of the ford, and bending to the east, crosses
the Ketetas plain and unites with the Yakima near the point where the latter
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river pierces the southern spur. A second stream, a rivulet four feet wide,
comes from this same northern range farther to the east, and, running through
the plain, unites with the Nahnum near its mouth. There is a stream also from
the southwest, heading in the southern range, and empties into the Yakima by
its several mouths just above and below the ford. A small strip of this plain
along the river is low, and produces good grass; the other portions are either
basaltic plateau, covered with lose lava, or they are sandy, barren, sage
deserts, cut up with arroyos, and unfit for cultivation.

The Yakima river has a narrow valley for about ten miles of its course on the
southern bank, opposite Ketatas plain. Six miles of this narrow valley extend
westward from Ketatas to the mouth of the Ptehnum, a stream on the right
bank from the southwest. Above the mouth of this river there is no open
valley.

(McClellan 1853:190-195, 210)

Minter's Records

September 3.---To camp at Ketatas. [ ] Pass over a high, rolling country, and
descend into the valley of Ketatas by a long ravine; no water in this ravine;
then follows the valley of the Yakima; crosses a small and pretty stream just
before reaching camp at the crossing, with good grass and wood. Abundant
grazing for many animals.

September 4.---To Camp Tsai-it. Crossed the river at camp; crossed three
small rivulets soon after; pass along the level valley, with good bunch-grass all
the distance and reach the Tehnam, a small but fine stream.

September 12.---To Depot camp at Ketetas; return by our trail of the 4th.

September 19.---To camp Nahnum. Move to the northern edge of Ketetas
valley; trail good, sometimes stony; grass good in places; crossed the Nahnum
twice. Encamped where it issues from the hills. Grass not very good.

(Minter 1854)

Tinkham's Records

Rough estimates put the Kittitas Valley approximately 70 miles by way of trail from the mouth of

the Yakima River.

Crossing the Columbia, the line enters the valley of the Yakima. This river, in
the lower part of its valley, has a width of some one hundred yards; flows with a
steady current; is rarely fordable; for about forty miles from its mouth has no
wood on its banks, other than the small willow and occasional poplar; and is
bordered on either side by high rounded hills destitute of woods, apparently
dry, and scantily covered with grass, and on whose slopes the underlying trap-
rock is frequently exposed. These hills, at several intervals, touch upon the
river for a short distance only, and again retire frequently several miles from the
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river, thus dividing the river-bottom into several separate and prairie-like
portions, to some or all of which the Indians have given names. The artemisia,
in the part of the valley near the Columbia, is abundant on the more elevated
positions of the bottom lands, growing less as we ascend the valley, and
finally disappearing altogether. After ascending some forty miles up the river,
portions of the bottom lands of considerable extent are noticed, so little raised
above the level of the river as to be frequently overflowed and marshy; are
marked by a stout, lofty swamp grass, and are cut with occasional slough-like
channels, which are perhaps dry and hard in summer, but in winter were wet
and miry, and were avoided by the Indians with me.

After the distance of forty miles spoken of as destitute of wood, the river is
generally lined with cotton-wood, the pine occasionally mingling with the latter
wood, and becoming more numerous up the valley. (p. 184)

I found no snow in Yakima valley until, on January 13th, about seventy miles
from its mouth, the snow was from two to three inches deep. To this point I
found the Indians, in large and small camps, scattered along the banks of the
river . ... These Indians had grazing with them large bands of horses and
some cattle.

Ninety miles from the mouth of the river, January 16, the snow was three or
four inches deep; the grass was good, and the small number of Indians here
had a few horses grazing near this camp. (p. 185)

(Tinkham 1854:184-185)

Cooper's Reports

J.G. Cooper, in the portion of the final volumes entitled "Report on the Botany of the Route,"

makes only the merest of mention of the vegetation of the Kittitas Valley (p. 15). The majority

of his report, as it deals with the vegetation east of the Cascade Mountains, is focused on the

Columbia Plain. Cooper also presented a "Catalogue of Plants Collected in Washington

Territory" in which he intentionally listed the plants collected on the east side of the Cascades

separately from those collected on the west side. Unfortunately, no precise locational data

accompanies the lists of collected plants. All of the following notes were selected from the

west side plant list with particular attention given those notations which included spatial

references to having been collected along the Yakima River, on prairies, and/or on plains.

Delphinium simplex, Dougl. Common in prairies; from Vancouver eastward;
August 12

Sidalcea malvaeflora, Gray. Small form. (S. Oregona,) Nutt. in Fl. of N.A.)
Common along both sides from the height of 4,000 feet downwards; August
12; 2 feet, purple.

Vicia americana, Muhl. (V. Oregana, Nutt.) Common in damp places.
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Lathyrus palustris, Linn., var. Several varieties common with the preceding,
but in damper soil.

Hosackia purshiana, Benth. and varieties. Common, but out of flower except
in shady and damp spots.

Potentilla gracilis, Doug!. Abundant on the prairies; mostly east of the range

Epilobium paniculatum, Nutt. Common along streams. August; 4 feet high.

Mentzelia (Bartonia) laevicaulis, Torr. & Gray. Found in flower on the plains
from the Wenass river north, to 49th°; August; 2 feet; yellow.

Galium rubioides, Linn. Common in damp soil, flowering in August.

Machaeranthera conescens, Gray, var. (Dierteria divaricata, Nutt.) Common on
gravelly shores of the Yakima and other rivers; flowering in August.

Aster salsuginous, Rich. (var.) Rare on banks of Yakima river. Flowering in
September; a foot hight; flowers purple.

A. multiflorus, Willd. Two varieties collected on the plains in October. Two feet
high; flowers white.

Aster multiflorus, Willd. Two varieties collected on the plains in October. Two
feet high; flowers white.

Soldigado gigantea, Aiton. Common along streams on east side; growing six
feet high.

Linosyris albicaulis, Torr & Gray. Near Yakima and its branches, flowering in
September, when this and a few other compositae were the only plants
showing signs of life; five feet high and very ornamental

Chrysopsis villosa, Nutt. Yakima valley, August 15.

Xanthium strumarium, Var. Canadense, Torr. & Gray. Yakima valley, August
20; common; two feet high.

Gaillardia aristata, Pursh. Abundant on prairies from Vancouver eastward;
June to October.

Artemesia tridentata, Nutt. A shrub 3 to 7 feet in height, with stems six inches
in diameter at the base. Commonly called "Wild Sage," but with more of the
flavor of turpentine, combined with intense bitterness, which it imparts to the
flesh of the "Sagefowl" feeding on its leaves, as well as to meat laid on it for a
short time. common on the sandy plains of the interior, commencing to flower
in October.

Artemesia douglasiana, Nutt. Common in the valley of the Yakima river.
Herbaceous 2 - 3 feet high, flowering August 20.

Mulgedium pulchellum, Nutt. In Yakima valley, flowering August 20; common.

Campanula linifolia, Lam. Collected near summit of Cascade range, but
common in prairies from Vancouver eastward.
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Penstemon procurus, Dougl. Common along the banks of the Yakima and its
branches; flowering in August, purple; a foot high.

P. richardsonii, Doug. On the higher parts of the Cascade range eastward;
August; purple.

Mimulus luteus, Linn. Common along banks of streams.

Mimulus moschatus, Dougl. Collected August 9 on a branch of the Yakima
river, but also found in damp shady places on both sides of the mountains.

Orthocarpus bra cteosus, Benth. On the low prairie near the Yakima. August;
flower purple.

Mentha borealis, Linn. Common on the Yakima and branches, as well as west
of the Cascade range. August.

Stachys ciliata, Dougl. With the preceding and more common.

Collomia linearis, Nutt. Not uncommon on prairies of the Yakima in July, but
mostly out of flower.

Gilia pulchella, Doug!. Common on eastern side of Cascade mountains, but
rarely found in flower after June.

G. inconspicua, Dougl. With the preceeding, and also westward.

Apocynum androsaemifolium, Linn. Common east of the Cascade range, and
also along the Columbia to Vancouver, more rarely.

Asclepias speiosa, Torr. Found flowering in Yakima valley in August. Plant 4
feet high, flowers yellowish white.

Erigonumlmicrothecum, Nutt. Common in the Yakima valley, flowering in
August. Flowers small, and very caducous; not ornamental.

(Cooper 1860)

Reports of the Explorations

Great injustice has been done this country by a want of patience and
consideration on the part of gentlemen who have gone over it rapidly in the
summer, and who have been over it but once; it is impossible to speak
understandingly of a country unless one has had experience and
opportunities of observation in countries somewhat similar. Now, the most
intelligent voyageurs and best practical farmers in that country agree in opinion
that there is a large quantity of arable land throughout this country, and very
superior grazing.

On the several tributaries of the Yakima, particularly towards their upper waters,
the land is rich and adapted to most of the crops, and so in the valley of the
main Yakima itself. This valley has been denominated by some a desert and
sage plain; sage does not occur in spots and small quantities, but much of the
country is cultivable and productive.

(Reports on the Explorations 1860 Vol. 111:256)
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Military Records

Governor Issac Stevens, in his role as Governor of Washington Territory and in his charge of

the Railroad Survey, sought to negotiate treaties for land transfer and the settlement of the

various Indian nations onto reservations. In 1855, less than a month after the successful treaty

negotiations, miners rushing to the newly discovered Colville gold fields trespassed on

Yakama lands. The Indians killed several of the miners and the Indian Agent. With the

prospect of a full-fledged Indian war looming, the military was dispatched to maintain order.

Colonel George B. Wright, commander of the 9th Infantry Regiment, led an expedition through

central Washington in the hopes of persuading the Indians to return peaceably to the

reservations. When the Indians failed to appear for peace negotiations, Colonel Wright

ordered a detachment of cavalry under the command of Major Granville 0. Haller to make an

encampment in the Kittitas Valley.

From the Diary of Major Granville 0. Haller:

Thursday, June 19th
The Kittitas valley is about 15 miles wide and more than double as long,

and well watered. The streams are covered with thick undergrowth and tall
heavy cottonwood in many places with pines, the hills appear to be more
sloped than generally in this country.

Friday, June 27th
Had a fine view of the country to the east of us which appears to be very

inviting. There is considerable prairie or bottom land in this direction, then
gently swelling hills well wooded.

Friday, July 11th
Our camp is on a branch of the Yakima called the Nan-nm and at the foot of

the mountains in the Kittitas valley. The Indians today kept before us and their
animals were very numerous and could be seen feeding in the prairie as they
encamped first.

(Kittitas Frontiersmen 1976b)

From the letters of Captain James J. Archer who was in the Kittitas detachment with Major

Granville 0. Haller:

Camp on the Yakima River, W.T.
16th August, 1856

Dear Mother,
I have now been here over two weeks. It is much more pleasant than the

camp on the Nachess where every wind filled the air with clouds of dust. Here
the view is more beautiful, extending for many miles in every direction over a
level valley enclosed within high mountains. The winds, which here as at
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Nachess blow almost constantly and with great force from the direction of the
snow covered ridge of the Cascade Range come to us fresh over miles of
grassy plain without a particle of dust. The soil of the valley is very rich but only
affords moderately luxuriant vegetation owing to the dryness of the climate.

(Kittitas Frontiersmen 1976c)

Memoirs, Histories, Regional Boosterism

Much anecdotal material regarding the native vegetation of central Washington is available from

a wide variety of sources. The recountings of the vegetation were made some time, often

many years, after the actual witnessing, and the reasons behind the recountings are varied.

Sources from which the following information was obtained includes memoirs of early settlers

and travelers, the common practice in the early 1900s of publishing of County or multi-county

histories, later day biographies of well-known local individuals, and the booster reports which

were often published by governmental offices and the railroads in the hopes of attracting

settlers and, in the case of the arid lands of the west, by individuals seeking the development

of irrigation systems. The excerpts provided below are intended to provide the reader with a

general "feel" for the vegetative landscape at various times throughout the last 100 years.

Memoirs

Alexander Ross, on entering the Kittitas Valley in search of horses in 1814:

On reaching Okanogan everything was at a dead stand for want of pack-
horses to transport the goods inland, and as no horses were to be got nearer
than the Eyakema Valley, some 200 miles southwest, it was resolved to
proceed thither in quest of a supply: at that place all the Indians were rich in
horses. The Cayouses, the Nez-Perces, and other warlike tribes, assemble
every spring in the Eyakemas to lay in a stock of the favourite Kamass and
Pelua, or sweet potatoes, held in high estimation as articles of food among the
natives. There also the Indians hold their councils, and settle the affairs of
peace or war for the year; it is, therefore, the great national rendezvous, where
thousands meet, and on such occasions, horses can be got in almost any
number. . . .

[VV]e entered the Eyakema Valley --- "The beautiful Eyakema Valley" --- so
called by the whites. But, on the present occasion, there was nothing either
beautiful or interesting to us; for we scarcely advanced three miles when a
camp in the true Mameluke style presented itself; a camp, of which we could
see the beginning but not the end! It could not have contained less than
3000 men, exclusive of women and children, and treble that number of
horses. It was a grand and imposing sight in the wilderness, covering more
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than six miles in every direction. Councils, root-gathering, hunting, horse-
racing, foot-racing, gambling, ..

(Ross 1855:19-31)

Boosterism

The flora of the great plateau presents a strange appearance to the traveler.
The vegetation is short and scanty, the chief growth being the "sage-brush," a
dwarfish, dead-looking shrub, with a hard, crooked stem, of no value as
forage, but which is sometimes used for fuel when nothing else is to be had.
There are said to be some medicinal, and also some edible, plants; but the
only thing of any value is the dry, thin, short, bunch grass which furnishes a
fattening food for horses and cattle; though many acres are required to
support an animal, and close grazing is rapidly destroying this resource.

There is natural pasturage similar to that of the plateau country, coming up to the
timber line, the lower edge of which is high on the mountain. Much of this
mountain land, through covered scantily with sage brush and bunch grass. .

(Ruffner 1889:69, 75)

The principal prairies are in Eastern Washington, and they are undoubtedly
the best grazing land in the world, being covered with the large and abundant
bunch grass, which retains its nutrition the year round. These prairies are
traversed by thousands of domestic animals, who roam at large, with little or no
care from their owners.

(Stuart 1875:34)

East [of the Cascade Mountains] and in the foothills of the less elevated
portions of the eastern slope, is a strip of rough, rugged land, fairly well
watered from winter snows and by mountain rains, which affords good grazing
for cattle and sheep.

The arid belt extends from the eastern foothills of the Cascade Mountains to
some distance east of the Columbia and Okanogan rivers, where the great
wheat-producing belt commences, and extends to the Idaho line. This wheat
land was originally covered with bunch grass, and, in its native condition,
afforded most excellent range for cattle and horses.

The area included in what is known as the arid region has much the same soil
as that which has proven so productive in the wheat belt, but owing to its
location with reference to the Cascade Mountains, receives but little rainfall
during the growing season, and unless artificially watered is practically
valueless except for sheep range.

(James 1917:335)
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Area Histories

State Senator A.J. Splawn, in describing a trip with cattle to the British Columbia mines, made

by himself and others in August, 1861, says:

"It was the fourth day out that we came to the beautiful Kittitas valley. This
valley as it looked that day to me, a boy of sixteen, was the loveliest spot I had
ever seen. To the west stood the great Cascade range; to the north rose the
snow capped peaks of the Peshastin, standing as mighty sentinels to guard
the beautiful valley below, where the Yakima river wound its way full length,
while from the mountains on the north flowed numerous small streams, and
the whole plain was covered with a thick coat of grass. Sage hens and prairie
chickens and jack rabbits were on all sides. The song birds were singing a
sweet lullaby to the departing day and the howl of the coyote was borne on
the evening breeze. As we gazed on this lovely sight, I wondered how long it
would be before the smoke would be curling from pioneer homes; for there
the settler would find a paradise."

Mr. Splawn tells us that he visited the valley again in May, 1863, with a pack
train of forty horses, enroute to the Caribou mines, and that he found the
whole flat covered with Indian lodges. The red men were there that their
women might gather the kous for winter provision, while the warriors of the
different tribes should hold councils, and engage in sports of all kinds,
gambling, dancing, horse racing, etc. It was a grand gala occasion, and the
savage shouts, the barking of dogs, the neighing of horses, the noise of the
drums and the dance produced a medley of sound such as not many that the
present time are privileged to hear.

The first actual settler in the valley was a Swiss named Frederick Ludi, who ...
came in from Montana in the summer of 1867. [ ] When Ludi got his first
view of the country to the northward of the Umptanum divide, the beautiful
valley, with its tree-bordered streams, appealed to him so powerfully that he
resolved to go no further .. . .

There were two principal bands of red men in the valley, one under
Shushuskin and one under Alex, the latter occupying territory near where
Thorp now is. Besides these there were numerous parties passing through,
berry picking and hunting and fishing at certain seasons of the year, or
gathering kous and camas.

But the Kittitas pioneers were fortunate in that they were working out their
destiny in a land well favored by Nature. In every direction was an abundance
of succulent bunch grass for the sustenance of flocks and herds, while the tall
rye grass along the streams furnished food for them during the winter months.

(Splawn in An Illustrated History of Klickitat, etc. 1904:236-237, 241)

The settlements thus formed gradually spread northward, even to the
extensive sagebrush plains of Kittitas Valley ..

(A History of Central Washington 1929:25)
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Biographies and Local Histories

Ben Snipes, cattle baron, on a scouting trip through Klickitat, Yakima, and Kittitas valleys.

The route traversed territory perhaps as diversified as any to be found in the
west for a like distance. From the Columbia river at The DaIles, the road
ascended the bald spaces of the Columbia Hills, then dropped into the bunch
grass swale lands of the Klickitat valley, from Goldendale it ran through and
across the Simcoe mountain range. From the summit of the Simcoes it
crossed the Yakima Indian reservation. More than 40 miles of this stretch were
through a sage brush desert.

With an Indian guide, Ben Snipes crossed the Columbia river at The DaIles, to
explore the region recommended. The tall waving bunchgrass on flats and
undulating terrene in the Klickitat valley looked good to him.

When he [Ben Snipes - in 1858] had crossed another mountain ridge and
arrived in the Kitittas valley, he beheld upland meadows, covered with thick
grass.

It was here he found a large valley flanked by forest covered slopes of the
Cascade mountains and surrounded by tributary mountain spurs. Adjoining
the main part of this nature pasture were smaller meadows. All was sub-
irrigated by a net work of streams with clear rippling waters provided with
everlasting flow from perpetual snowbanks in higher altitudes and
underground glacial formation. It was here great herds of his big red steers
were to graze contentedly and wax fat, to provide beef for hungry argonauts.
It was here carefree cowboys ... rode about amidst grazing herds, or lolled on
greensward from vantage points .. . . Moisture gave grasses vitality sufficient
to withstand the most scorching summer heat.

(Ballou 1938:27, 181-182)

Many years ago, when hunters, miners and soldiers passed over and through
the Yakima country, the almost universal opinion prevailed that the vast extent
of territory was nothing more or less than a barren waste; at least that its
pastures were only adapted to grazing purposes, and its level valleys to the
burrowing propensities of the ground squirrel.

Experience finally demonstrated that fact that the rich sage brush lands were
very productive, with a warm soil that would encourage a quick growth and
most excellent flavor.

The entire Yakima country---except that portion skirting the foothills of the
Cascade mountains---is devoid of timber, with perhaps now and then a few
acres of cottonwood along the banks of the Yakima river or its tributaries.

Standing on the summit of one of those narrow mountain chains [Manastash
Ridge], the view presented pleases the eye, delights the mind, and causes
one to love this great country better than ever before. Luxuriant bunch grass
shines ireath (beneath) the genial rays of the sun, as it gently bows before the
refreshing breeze. Cattle and horses and sheep are grazing on the hills and in
the valleys, or are lazily reclining upon the green sward, and contentedly
awaiting returning hunger.
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But the most pleasing sight lies at our feet. At the foot of the gradual incline
upon which we stand, there is a level tract of valley land that is but a
counterpart of several similar tracts that now come under our observation.
Winding its way down through the valley is a mountain stream, which has its
beginning among the foothills along the Cascades. Skirting this stream, and
bordering on its banks, is a narrow strip of timber, from which source rails and
fire wood are obtained.

Cook 1925:28-31)

Range Surveys

There is much more information garnered from the range surveys in the "Cultural Impacts"

section of this chapter. The excerpts included here contain accounts of the native vegetation

of central Washington. The following comments were made in reference to the Columbia

Basin. However, as noted towards the end, the vegetation of the Kittitas Valley is similar to that

of the Columbia Basin.

Wherever. ... ranches have been under private ownership for a number of
years there a good bunch grass pastures on the hills, while in the valleys and
creek bottoms there are excellent irrigated and sub-irrigated meadows where
alfalfa and native hay are raised for winter feeding. On the hills there is an
abundance of bunch grass (Agropyron spicatum) and Sandberg's blue grass
(Poa sandbergii). Interspersed with these are sheeps' fescue (Festuca ovine),
bunch blue grass (Poa iaevigata), Nevada blue grass (Poa navariensis),
together with various other perennials and annuals. In the swales and gulches
and more favored places giant rye grass (Elymus condensatus), short awned
brome grass (Bromus marginatus), wood grass (Carex filifolia), wild currants
(Ribes aureum, R. cereum), willows, service trees, and numerous other plants
are found.

In the dryer portions of the meadows, which are usually more or less alkaline,
giant rye grass, salt grass (Distichilis spicata), and blue flag (Iris missouriensis),
are abundant. Wild wheat grass (Elymus triticoides), bunch blue grass (Poa
laevigata) are also frequently met with. In the copses tufted hair grass
(Deschampsia caespitosa), rough bent (Agrostis hyemallis), white top
(Agrostis exarata), and wild vetches (Vicia americana, Lathyrus coriaceus, and
L. pauciflorus) are common. Cottonwoods, alders, willows and rosebushes
also thrive in these places. In the creek bottoms and more moist places
various sedges (Carex species), triangular stemmed rush (Scirpus
americanus), creeping spike rush (Eleocharis plaustris) and numerous other
rushes (Juncus balticus, J. tenuis, etc.) are abundant. Wood meadow grass
(Poa nemoiralis), reed canarygrass (Phalaris arundinacea), water foxtail
(Alopecarus geniculatus), early bunch grass (Eatonia obtunata), and (Spartina
grad/is) are also frequently found. Where there is standing water tule (Scirpus
occidentalis), cat tails (Typha latifolia), and tall reed grass (Phragmites
phragmites) are the prevailing vegetation. Kentucky bluegrass (Poa pratensis)
and red top (Agrostis alba) are beginning to work their way into many of these
meadows, the blue grass taking the outer an dryer portions of the meadows,
while red top chooses the more moist areas.
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In the lower places where giant rye grass and salt grass naturally thrive, the
stock also find grazing, but in the majority of these the rye grass has also
become nearly extinct. In many of these pastures salt grass, which is a very
valuable grass, furnishes about all the feed that there is left after the
Sandberg's blue grass goes by. In the meadows many of the valuable forage
plants have also been destroyed and Iris missouriensis, which is of no value, is
the prevailing vegetation.

In the true arid region where the characteristic vegetation is black sage
(Artemisia tridentata) the range is, with very few exceptions in a very bad state
of depletion, and will no longer support cattle. Sheep get a few weeks good
grazing in the late fall and early spring, while range horses still manage to get
enough to carry them through the winter although a large number of them die
annually of starvation. On the gravely soiled areas small topped fescue
(Festuca microstachys) and slender fescue (Festuca octoflora) furnish a
considerable quantity of feed. In addition there are occasional clumps of
Prairie june grass (Koeleria cristata) needle grass (Stipa comata and Stipa
thurberiana), Indian millet (Eriocoma cuspidata) and orchard barley (Sitanion
hysterix). The stock also get considerable feed from various eriogonums and
tough rooted phloxes. In the more alkaline places greasewood (Sarcobatus
vermiculatus) and hop sage (Grayia spinosa) are found and each furnishes a
considerable amount of browse.

In a few cases ... there is still an abundance of feed. This is because water is
very scarce and the stock are obliged to travel long distances to get it.
Consequently these areas can only be grazed in the winter time when the
weather is cold enough so that the stock can go several days at a time without
water. Here there is an abundance of Eroicoma cuspidata, and needle grass
(Stipa comata),. Buck brush (Purshia tridentata) and Prairie sun flower
(Balsamorrhiza careyana) are also very common and furnish a considerable
amount of feed.

West of the Columbia River the plateau rises very rapidly until the foothills of
the Cascade mountains are reached. It is broken by numerous parallel ridges.
. All of the smoother land of these ridges has within the last five years been
taken up for wheat growing; while in the valleys along the streams, irrigation
has changed large areas of the sage brush land into fertile alfalfa fields and
orchards.

The vegetation of this area is similar to that on the east side of the river.

[lit has been shown that at the present time (1904) nearly all of the lowland or
so called winter range is confined to the broken lands too rough for cultivation
and too the arid land that are

(Cotton 1904:19-23)

Vegetation of the untimbered plateau [southeastern Kittitas County] exhibits
characteristics of the so-called "sagebrush-bunchgrass" type. It originally was
principally bluebunch wheatgrass, Idaho fescue, bluegrasses, Indian
ricegrass, and needlegrass, with a small but important mix of weeds, growing
under and between open stands of sagebrush, bitterbrush, and rabbitbrush.

(An Analysis of Range Problems in Kittitas County 1938)

The floral zone of least precipitation (less than ten inches annually) and lowest
elevation (500 to 1600 feet above sea level) is the Upper Sonoran. It is
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dominated by sagebrush and occupies ... originally most of that part of Kittitas
Valley that is now irrigated. Bordering this zone are higher lands (1600 to
3500 feet) occupied by bunch grass and sagebrush. Above this prairie is an
open forest of yellow pine.

In these three zones some of the common associated species. . . are
balsamroot (sunflower), lupine, eriogonum, bluebell (Mertensia), carrot-leaf,
wheatgrass, Sandberg bluegrass, bitter brush, serviceberry, and ocean spray.

(Shaw 1942:155)

General Land Office Field Notes

A valuable source of information are the extensive federal records deriving from surveys and

reports relating to the settlement of the public domain. The General Land Office records

include field notes and plans of the surveys and can provide information on land ownership,

land use, and agricultural potential (Butlin 1993:83, 86). The use of General Land Office

(GLO), field notes for the purpose of constructing maps of past vegetation landscapes is not a

new concept. The value of these early records was recognized over thirty-five years ago by

Sauer in a statement on historical geography (Rhoads 1975:6-7).

The first step in the reconstruction of past stages of a cultural area is the
mastery of its written documents. [ ] We have, however, scarcely exploited
the documentary possibilities in the United States of old land surveys as to
notations on the character of vegetation .. . early in the period of settlement.
There is a fair amount of valuable material in the Land Office plats. .. that give
glimpses of the pioneer landscape. Factual data, precisely localized. . . lie
neglected in various archives to await exploitation.

(Sauer 1963)

Perhaps the most advanced reconstructions of native vegetation of an area have been based

on the field notes and plats of the General Land Office surveys. Maps based upon such

records have been constructed at scales dictated by the survey records. Nominal scales of

previous studies range from 6-mile (Township) resolution, to 1-mile (Section) resolution, to

sub-1-mile resolution. A notable characteristic of all surveys based on GLO records is that the

vegetation of areas interior to survey lines has been directly interpolated from adjacent survey

lines. Past studies based on GLO field notes have also been quite gross in terms of the

resolution regarding plant communities. Generally, previous studies have related native

vegetation in terms of "forest", "grassland", or "parkland."

The land survey and layout system was initiated under the Ordinance for Ascertaining the

Mode of Disposal of the Lands in the Western Territory in 1785 and the Act Providing for the

Sale of the Lands of the United States in the Territory Northwest of the River Ohio in 1796.
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These Acts established the Township and Range survey system which provided for the

orderly subdivision of the public domain into Townships, Section, and aliquot parts. In order to

better understand the methodologies and terminology used by the surveyors, the works of

Graves (1917), Lappala (1974), White (1983), and Cazier (ND), were consulted as well as the

Manual of Instruction of the Survey of Public Lands (1947).

The General Land Office records have been used to map presettlement vegetation and to

relate it to a variety of environmental and cultural patterns (Hewes 1950; Shanks 1953: Howell

and Kucera 1956; Crankshaw, Qadir, and Lindsey 1965). The GLO records have also been

used to document successional patterns following settlement (Cottam 1949; Wuenscher and

Valiunas 1967; Delcourt and Delcourt 1974). Presettlement vegetation has also been

compared with vegetation currently present in an area (McIntosh 1962, Burgess 1964;

Siccama 1971; Auclair 1976; Delcourt and Delcourt 1977). Numerous studies have been

conducted regarding the nature and extent of presettlement forests (Sears, 1925; Aikman

1926; Lutz 1930; Gordon 1940; Bourdo 1956; Potzger, Potzger, and McCormack 1956;

Bonnicksen and Stone 1982). Bromley's 1935 study made use of metes and bounds survey

records. Grassland communities have also been reconstructed using GLO field notes (Sears

1926; Habeck 1961; Johannessen, et al. 1971; Rodgers and Anderson 1979; and Buckley

1993). Evaluations of past and present vegetation has also been done through photographic

comparisons. Rogers (1982) examined changes in the Central Great Basin Desert, Humphrey

(1987), and Bahre and Bradbury (1978) examined changes in the Sonoran Desert, and

Hastings and Turner (1965) examined changes occurring over an elevational gradient in an arid

and semiarid region. Lemkuhl and Everett (1992), estimated the extent of forests from aerial

photographs. Vegetation reconstructions have also been accomplished solely through the

use of historical written records (Leopold 1951).

The following are paraphrases of the comments made by the GLO surveyors in the "General

Description" of each Township.

T16N R19E (1910)
There is no timber in the Township to speak of. The only timber is a few narrow
patches of pine along the river. The land in the Township with the exception
of a few small patches along the Yakima river and Umtanum Creek may all be
classed as arid land. With [exceptions], the soil is too poor and too rough and
steep for agricultural purpose, and with the exception of a few small tracts is fit
for nothing but grazing.

T16N R2OE (1867)
The whole of this Township would answer well for grazing purposes; but it is
unfit for other agricultural purposes. The land is too high and cold for any
other use to be made of it than for grazing.



T17N R17E (1871)
There is but little land in this Township fit for cultivation. There is considerable
pine along the Manashtash Creek of first rate quality.

T17N R18E (1871)
A large portion of the land in this Township is 2d and 3d rate soil. Upland
valuable only for grazing. Some first rate land along the Ma Nashtash.

T17N R19E (1868)
This Township contains about 15,000 acres of first class wheat land. The
remainder, with a small outlay can be irrigated then it would be equally
productive but at present it is only suitable for stock.

T17N R2OE (1868)
This Township contains about 10,000 acres of 1st class agricultural lands. The
remainder is covered with excellent bunch grass and is well adapted for
grazing purposes.

T18N R17E (1873)
The general character of this Township for agricultural purposes is good. The
land bordering the Yakima River on its right bank is 1st to 2nd rate, and has a
rich growth of bunch grass. The timber lies along the banks of the Yakima
River is small but useful for improvements; this mostly medium size pine and fir
with considerable cottonwood, willow, and alder. The brush is very dense
directly on river shore. Thorn willow, thimbleberry, alder and fir thickets
predominate. There is also fair quality of fir and pine timber in the south and
especially southwest part of the Township; scattering, but useful. The grass
there is poor, mostly pine grass.

T18N R18E (1872)
The soil on the south side of the Yakima River is generally 1st rate, well-
watered and susceptible of thorough irrigation at small expense. There is
much good bottomland on the north side of the river. Back from the
bottomland, the land rises gradually towards the mountains on the north side
of the valley. It is slightly broken by ridges extending southwest from the
mountains. Between the ridges the soil is generally 1st rate, producing rich
bunchgrass and ryegrass and watered by mountain streams the greater
portion of the year. The soil on the ridges is inferior having more or less gravel
and rocky. They are covered with sagebrush. There is little timber growing in
the Township. Along the river on the lowland, cottonwood. Alder, willow, and
quaking aspen grow in abundance. A few pine trees from 1-3 feet through are
occasionally to be found along the riverbanks.

T18N R19E (1867, 1868)
(From survey of eastern boundary - 1867) About a third of this Township is
good agricultural land. The balance is rather poor for even grazing purposes.
(From survey of subdivisional lines - 1868) This Township contains about
18,000 acres of 1st class land for agricultural purposes. The remainder is well
adapted for grass and furnishes the best pastures for Indian horses during the
winter months.

T18N R2OE (1868)
This Township contains 12,000 acres of 1st class agricultural lands. The
remainder is 1st class grazing land having an abundance of water and grass of
the best quality.
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General Land Office field notes were used as one component of the overall research design in

this study (Chapter 5). This chapter provides a more detailed examination of the records of the

General Land Office field notes.

Evaluation of the Written Record

The written record, with the exception of the General Land Office survey notes, lacks spatial

attribution. A few, basic terms were used to describe the vegetation of the entire valley.

Combined, the comments from the various sources tend to paint a picture which compares

favorably to the plant community descriptions developed by Daubenmire (1970) for shrub-

steppe rangelands. The generalized descriptions also correspond to those current rangeland

sites which have recently been burned and protected from grazing.

The general picture is that of a landscape covered with bunchgrass and sagebrush, with

streams lined with cottonwood, willow, and pine trees and a dense brushy understory.

Ryegrass would be found in swales and gulches and in the floodplains of the Yakima River and

larger streams. The most complete description of the vegetation landscape is that provided by

Cotton (1904) in the above titled section "Range Surveys."

Part IV: Record of Cultural Disturbance

Introduction of Livestock

Grazing has had profound impacts on the floristics of western rangelands. The introduction of

the horse to the Pacific Northwest was followed by the introduction of cattle and, later, sheep

grazing to these lands. The development of the livestock industry in the Pacific Northwest and

in Central Washington State is discussed by Potter (1917), Oliphant (1932, 1947), Selby and

Griffith (1946), and Sheller (1959).

Horses

But twenty or twenty-five years ago, the arrival of a horse at Fort George, at the
mouth of the Columbia river, attracted thousands of Indians from the
surrounding country, to witness the extraordinary phenomenon. At the



present moment individual Indians possess upwards of 1000, and the vast
prairies in the interior are overrun with horses become perfectly wild.

(Warre 1848)

On reaching Oakanagan everything was at a dead stand for want of pack-
horses to transport the goods inland, and as no horses were to be got nearer
than the Eyakema Valley, some 200 miles southwest, it was resolved to
proceed thither in quest of a supply: at that place all the Indians were rich in
horses. The Cayouses, the Nez-Perces, and other warlike tribes, assemble
every spring in the Eyakemas to lay in a stock of the favourite Kamass and
Pelua, or sweet potatoes, held in high estimation as articles of food among the
natives. There also the Indians hold their councils, and settle the affairs of
peace or war for the year; it is, therefore, the great national rendezvous, where
thousands meet, and on such occasions, horses can be got in almost any
number ..

[W]e entered the Eyakema Valley --- "The beautiful Eyakema Valley" --- so
called by the whites. But, on the present occasion, there was nothing either
beautiful or interesting to us; for we scarcely advanced three miles when a
camp in the true Mameluke style presented itself; a camp, of which we could
see the beginning but not the end! It could not have contained less than
3000 men, exclusive of women and children, and treble that number of
horses. It was a grand and imposing sight in the wilderness, covering more
than six miles in every direction. Councils, root-gathering, hunting, horse-
racing, foot-racing, gambling, . . . .

(Ross 1855:19-31; referring to 1814)

The earliest history of the range horses is unknown. The Indians had large
bands of horses before the advent of the first settlers.

About eight years [after Lewis and Clark - 1805] Alexander Ross, (a member of
the North West Fur Company at Fort Colville) made a trip to the [upper] Yakima
Valley to buy pack horses of the Indians. Bancroft in speaking of this trip says
"This valley at that time was the great aboriginal rendevouz. They" (the
Indians) "were rich and happy there, having food and clothes and multitudes
of horses."

Before the period of "hard times" the horse industry, which had grown side by
side with the cattle industry, had reached considerable proportions.

During the past season (1903) the demand for horses has been very great
throughout the United States. . . . Many of the horsemen of this state have
sold their entire brands .... This has proven a very fortunate thing for the
horsemen as their range had been fenced up with such rapidity during the last
three years that many of them had no place left in which to run their stock.
(Cotton 1904:6-7)

The horse probably reached this territory about 1750 by theft and trade from
the Spanish conquerors of Mexico.

(A History of Central Washington 1929)

About 1730 A.D., the aborigines acquired horses.
(Daubenmire 1970:7)
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Cattle

The chiefs possess a considerable number of cattle, which, in the summer,
find good bunch-grass on the hills. In winter they are driven to great straits for
subsistence, being compelled, when the snow lies deep, as it does in the
valleys, to browse upon the tops of the wild sage, or artemisia. In horses they
are well off, though not rich as compared with adjoining tribes.

(Reports on the Surveys 1860:408)

But there is an open grazing district on the east slope of the mountain, and in
the valley of the upper Columbia within our Territorial limits, of twenty million
acres .... Very few cattle are now raised in all this vast region, but he moment
a good road is opened across the mountains to Puget Sound, men will come a
thousand miles with bellowing herds, and drive them immediately to the
Sound .... Cattle can be grown and made fat at a remarkably low figure, for
the grass in spontaneous, and it does not require the value of the animal to
keep it through the winter.

Columbia Plain (Mercer 1865:21)

The first cattle brought into Yakima Valley by White men was in the fall of 1860
by Ben. E. Snipes, Barton Allen, Dr. D. B. Baker, in charge of a Mr. Green
Noble Saxon. The cattle were brought to this valley for the purpose of
wintering them and were mostly driven in the spring of 1861 the Caribou
mines British Columbia.

The Indians had cattle here for 60 years. This valley was a noted wintering
grounds it being mild climate and at that time the White sage covered much of
the range.

In Yakima Valley from 1870 to 1880 there were two hundred thousand cattle
ranged.

(Splawn 1903:66)

My information regarding the Indians getting cattle from the Hudson Bay
Company's post at Nesqually comes from the Indians themselves. Sougs-hi, a
Yakima Indian who had many cattle in the Yakima Valley when the whites first
settled here in 1860 told me he had, when a boy, went with his father across
the Cascade Mountains via the Natchez Pass with a band of horses that his
father traded with the Hudson Bay Company for cattle and they had driven
them over the mountains to Yakima Valley, their home. Chief Kam-i-akin, who
was by birth a Palouse Indian having married into the Yakima tribe had made
that tribe his people. Together with his two brothers, Skloom and Ice, had also
traded horse for cattle at the Nesqually. In fact, other Indians north of us
among whom was Shu-Shu-Skin of the Kittetas tribe and Sil-i-bo-sest of the
Anteat above the Wenatchee.

(Splawn 1904:65)

The exact date that cattle entered eastern and central Washington is not
known. Mr. Splawn, in the Rural Spirit (1.c. p.8) says "In 1860, when I first
came to Eastern Washington, there were a few settlers in the Klickitat and a
large number in the Walla Walla Valleys who owned many cattle which lived
along the streams, so fat that they had to seek the shady nooks in the early
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morn, where water and grass were side by side so that all the cattle had to do,
was to eat and lie down."

... Mr. Splawn says that cattle were first brought into the Yakima country by
white men in the fall of 1860. In the Spring of 1861 they were driven to the
Caribou mines in British Columbia.

"The Indians had cattle in this [Yakima] valley when the first white men came"
(1859) "it was a favorite wintering ground with them as the climate was mild
and there was plenty of winter feed." "At that time, white sage" (Eurotia lanata)
"was very abundant throughout the region."

"On inquiry I learned that these cattle had been purchased from the Hudson
Bay Companies' post at Nesqually, not far from the present site of Olympia."

In the winter of 1861-62, the severest winter known in the history of the Pacific
North West-- fully 80% of the cattle of Eastern Washington and Oregon
perished.

During the next decade (1870-1880) they increased very rapidly, and
200,000 head of cattle ranged in Yakima county alone.

The winter of 1881-82 was very severe and fully 50% of the remaining cattle
were lost. Again in 1888-89 there was another hard winter when about 40% of
the stock perished. Shortly after this the period of hard times, (1892-4) came
on and a number of the large cattle owner failed. Since that time there have
been no large cattle owners.

(Cotton 1904:3-5)

During the spring of 1869 several bands of cattle from the Yakima country
were driven into Kittitas valley for the summer, giving inception to a custom
which remained in vogue for a few years afterward.

During the earliest years, the pioneers of Kittitas valley had many hardships to
endure. [ Of course beef was plentiful [in 1860-70], that being the chief
product of the valley.

At this time [1880-81] there were but few large bands of cattle in the valley, but
many had from ten or fifteen to two hundred head.

P. Henry Schnebly [was] a pioneer of 1872, and one of central Washington's
leading cattlemen and wealthiest citizens.

"The cattle industry has maintained an even course for many years," says
Mr. Schnebly, "and there is probably as much invested in it now by Kittitas
citizens as ever before. In early days the cattle were low grade and herded in
great bands; now the majority of the stock is better than the average and
considerable is high grade."

"In early times the Kittitas was the great summer range for Yakima
stockmen and so was occupied almost exclusively by a class of men whose
home was constantly changing. F. Mortimer Thorp was perhaps the first large
cattle owner who made his home in the valley and Benjamin Snipes, the cattle
king, also lived here many years. It is difficult to estimate the largest number of
cattle ever gathered in the county, but it would probably be written in six
figures, as Kittitas was an excellent and popular summer range."

(An Illustrated History 1904:239, 243, 324)
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The winter of 1880 and 1881 was the worst ever experienced in Eastern
Washington Territory and Eastern Oregon since the settlement of the country.
[ All the tall sage brush ... was buried under snow and ice.

I have heard it estimated by well-informed cattlemen that over 100,000 head of
cattle and horses perished by cold and starvation that season in Eastern
Oregon and Washington. Ben Snipes lost immense number in the Yakima
Country.

Columbia Plain (Lewis 1926:14)

When Satus creek was reached, on the Yakima Indian reservation his [Ben
Snipes - in 1858] attention was again aroused by the sight of great herds of
Indian ponies, grazing contentedly.

(Ballou 1938:181)

Sheep

Mr. Splawn in his letter says "The sheep first showed up in numbers in Eastern
Oregon South of The Dalles [i]n about 1882. [T]hey began to move north of
the Columbia into Klickitat County in about 1885 and in 1889 were in full force
in Yakima County.

After the hard winter of 1889, followed closely as it was by the hard times of
1892, the cattle industry began to decline and the sheep which had been
increasing with great rapidity took their place on the range.

(Cotton 1904:10)

The sheep industry, like cattle raising, is an old business in Kittitas county and
one which, in its original form, has seen its best days. It is estimated that the
number of wool bearing quadrupeds owned by Kittitas residents at present is
between 35,000 and 40,000, though there are four or five times as many in
the county during the summer seasons. .

According to the county assessor, Kittitas has 4,584 horses and mules,. . .

16,000 cattle, .. . 59,000 sheep, . . . [and] 2000 hogs.
(An Illustrated History 1904:325)

Effects of Overgrazing

The development of the livestock industry and the effect of overstocking of rangelands

leading to their resultant depletion are treated by Cotton (1904), Barnes (1913), The Western

Range (1936), McArdle, et al. (1936), Cottam and Stewart (1940), Some Typical Examples of

Depleted Range Lands (1942). The ecological effects of overgrazing on arid rangelands is the

focus of studies by Pickford (1932), Daubenmire and Colwell (1942), and Miller and Rose

(1995). The history and development of the forest reserves and grazing within the forest

reserves is covered in Forest Reserve Manual (1902) and The National Forest Reservation
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Commission (1961). Grazing management on arid rangelands is the subject of studies by

Sampson (1923) and Briggs (1964). Weaver and Flory (1934), discuss the ecological effects

of plowing upon grasslands and shrub-steppe vegetation.

Upland Grazing

The effects of grazing on shrub-steppe vegetation are primarily those produced by introduced

livestock. The post-Pleistocene population of native ungulates was limited and the total

wildlife grazing pressure appears to have been comparatively light. The sagebrush region is

not adapted for concentrations of large herbivores such as occurred with European settlement

(Tisdale and Hironoka 1981:19).

Following an initial period of cattle domination, sheep became more common than cattle on the

range. For several decades, until the time the Kittitas Valley became settled, these lands were

utilized as open rangelands. Livestock stocking rates were too heavy and use, year after year,

occurred during periods when desirable forage species were most easily damaged (Blaisdell

and Holmgren 1984:37). By 1893, it was recognized that the combined effects of livestock

grazing, farming, and the importation of alien plants were causing extensive alteration of the

steppe (Daubenmire 1970:7, Mack 1988).

Plant species can be classified as either "increasers" or "decreasers" in their response to an

environmental factor. Decreasers are ill-adapted to a given pressure while increasers are either

unaffected by, or relatively tolerant of, the pressure. Over time a landscape subjected to the

continued influence of a given pressure will witness a reduction in the decreasers and a

concomitant expansion in representation of increaser species.

The response of any particular area of steppe range to grazing will vary with a number of

factors, including intensity and season of use, livestock forage and browse preferences, and

type of vegetation. Regardless of the plant species present, the palatable plants were

damaged most by overgrazing. Since most of the herbaceous species are more palatable than

sagebrush, especially during the growing season, the former were reduced while the shrubs

flourished. The result was a dense and vigorous stand of sagebrush with a relatively sparse

understory of annuals and unpalatable forbs. Historically, this condition was reached fairly

soon following introduction of European grazing on the landscape (Tisdale and Hironoka

1981:19).
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The reaction of grass species to grazing recognizes the climax grasses, bluebunch wheatgrass

(Agropyron spicatum), Idaho fescue (Festuca idahoensis), Thurber's need legrass (Stipa

thurburina), and often Needle and thread (Stipa comata), as decreasers. Sandberg's

bluegrass (Poa sandbergii), and Bottlebrush squirrel tail (Sitanon hysterix), initially act as

increasers but also decline with prolonged overuse (Tisdale and Hironoka 1981:21).

Recovery from a depleted condition can occur, but tends to be a very slow when a dense

cover of sagebrush is present. Wildlife use, especially by rodents and rabbits may be sufficient

to prevent recovery of perennial grasses and palatable forbs even when livestock grazing is

excluded. Consumption of herbaceous species by native ungulates, especially in the spring,

can also be an inhibiting factor on range recovery (Tisdale and Hironoka 1981:21).

Riparian Grazing

The detrimental effects of overgrazing on riparian plant communities and the subsequent

impacts on stream systems have received considerable research attention and have been well

documented.

Riparian areas are lands adjacent to creeks, streams, and rivers where vegetation is strongly

influenced by the presence of water. Riparian areas may comprise less than 1% of the area in

the western United States, but are among the most productive and valuable of all lands.

Riparian zones in the arid west contain disproportionately greater concentrations and varieties

of wildlife species and populations than do adjacent uplands (Chaney 1991:2, Crumpacker

1984:413).

Removal of Beaver

A discussion of the impacts of livestock grazing on the riparian ecosystem in the arid west

invariably involves a separate but necessary discussion of the impacts Europeans have had on

the abundance and range of beaver. One of the first influences of white man in the Inland

Pacific Northwest was manifest by the influx of fur trappers in the late 1700's and early 1800's

(Meinig 1968). At that time, in comparison to the present, many more stream banks were lined

with woody vegetation, such as aspen, willow, alder, and cottonwood (Elmore and Beschta

1987:260). While pelts were purchased at several established locations scattered throughout

the region, it was the policy of the fur companies not to engage in trapping so as not to alienate
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the indigenous peoples. Thus, while detailed records of pelt purchases exist, they provide no

clues as to the exact locations of trapping (Chance 1992). However, Alexander Ross, who had

been with the Hudson's Bay Company before shifting his allegiance to The North West

Company, describes sending a trapping party into the "E'yak-im-a," and, as early as 1833,

"Yackamaw" Indians traded furs at Fort Nisqually (Glauert and Kunz 1976:25-35).

The widespread removal of beavers initiated changes in the hydrological functioning of riparian

areas and streams. Beaver ponds, which had effectively expanded floodplains, dissipated

erosive power of floods, acted as deposition areas for sediments and nutrient rich organic

matter, and allowed time for surface waters to penetrate into fluvial deposits were not

maintained and eventually were breached. As dams gave way, stream energy became

confined to discrete channels, causing erosion and downcutting (Elmore and Beschta

1987:260, DeBano and Schmidt 1989:16). With insufficient time to seep into sedimentary

materials, surface runoff was rapid and of short duration. Without the gradual release of waters

from saturated deposits, streams that had once flowed largely or throughout the entire year,

became fleetingly ephemeral.

Livestock Impacts

Stockmen and farmers followed the trappers. No commonly used livestock grazing strategy

was capable of maintaining high levels of forage use while rehabilitating damaged streams and

riparian zones. Grazing areas were utilized on a year-long or season-long basis and range

management practices combined different vegetative habitats, including the riparian, into one

management unit (Crouse 1989:179, Elmore and Beschta 1987:260, Goodman et al.

1989:95, Meinig 1968, Platts 1989:108,109).

Cattle often exhibit a strong preference for riparian habitats. The main attributes of riparian

areas believed to attract and hold cattle include the availability of water, shade, and the quality

and variety of forage. Typically, cattle demonstrate a disproportionately heavy use on riparian

areas. This preference increases as summer progresses and the adjacent upland vegetation

becomes depleted or desiccated (Goodman et al. 1989:95-96, Crumpacker 1981:414).

Potential effects of livestock grazing on riparian habitats can be divided into impacts on

streamside vegetation, on stream banks, and on the stream channel (Clifton 1989:121, Platts

1989:104). Vegetation is altered by soil compaction, selective herbage removal, and physical

damage by trampling and rubbing. Impacts on riparian vegetation take the form of changes in
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plant species composition (e.g., brush to grass to forbs), reduction in stream-bank vegetation

including vegetation hanging over or into the water column, decreased plant vigor, changes in

timing and amounts of organic energy leaving the riparian zone, and elimination of riparian plant

communities (i.e., lowering of the water table allowing xeric plants to replace riparian plants).

Stream banks suffer under heavy grazing regimes due to sheer or sloughing of stream-bank

soils by hoof or head action. Water, ice, and wind erode stream-banks and channel soils that

become exposed following the elimination or loss of stream-bank vegetation. The reduction in

the quality and quantity of stream-bank undercuts and decreasing stream-bank angle result in

increased water width and decreased water depth. The physical channel of the stream may

exhibit changes in morphology and an altered sediment transport process.

The following excerpts are provided to indicate the timing and rapidity with which the

bunchgrass rangelands were transformed.

The flora of the great plateau presents a strange appearance to the traveler.
The vegetation is short and scanty, the chief growth being the "sage-brush," a
dwarfish, dead-looking shrub, with a hard, crooked stem, of no value as
forage, but which is sometimes used for fuel when nothing else is to be had.
There are said to be some medicinal, and also some edible, plants; but the
only thing of any value is the dry, thin, short, bunch grass which furnishes a
fattening food for horses and cattle; though many acres are required to
support an animal, and close grazing is rapidly destroying this resource.

(Ruffner 1889:69)

Although this region was once dismissed as the "Great Columbia Desert," a
land rush was sparked by the discovery in the late 1870's that much of these
grasslands was eminently suitable for growing winter wheat.

These grasslands display low resiliency to disturbance and the introduction of
wheat agriculture, livestock and alien plants transformed the region by 1920
into arable fields and rangelands dominated by alien species such as Bromus
tectorum [cheatgrass], Poa pratensis [Kentucky bluegrass], and SaIsola kali
[Russian thistle - tumbleweed].

This level of destruction is particulary unfortunate because the record of the
natural vegetation compiled before 1940 is almost entirely anecdotal.

Even by 1893, the combined effects of livestock, cereal agriculture and the
importation of alien plants were causing extensive alteration of the steppe.

In Leiberg's opinion, few native species even tolerated grazing; fewer still
persisted on a site after it was plowed even once. Lacking thorns or other
protective structures, many plants were destroyed through grazing and
trampling. Still others, such as Lomatium spp. and Camassia quamash were
rooted up and eaten by hogs. Exceptions were Geranium viscosissimum,
because of the viscous trichomes that cover the plant, and Balsamorhiza
sagittata with its coarse leaves. Other species he considered able to resist



grazing were Chtysothamnus nauseosus and Chtysothamnus viscidiflorus;
both are still prominent members of frequently grazed rangelands.

(Mack 1988:118-25)

Mr. Splawn in his letter says that the range began to deteriorate when the
sheep entered the country (about 1885). [ ] Nearly all of the old settlers that
the writer has had the occasion to interview make the same statement.

The combination of all of these [sheep, cayuses, cattle] or especially of the
first two on a range can have but one result: overstocking and a consequent
deterioration.

Where the range has been more recently bought up an as a consequence has
been subject to heavy over grazing they have a very low carrying capacity. On
the hill areas the bunch grass and nearly all of the native grasses except
Sandbergs's blue grass (Poa sandbergit) have been nearly (in some cases
absolutely) destroyed. Here the principal grazing consists of Sandberg's blue
grass and wood grass (Carex filifolia). These soon go by and the picking is
then confined to various weeds such as Plantago purshii.

(Cotton 1904:11,20)

Like most ranges the Big Bend became overstocked in the late [18]70s and
early '80s. In the spring when the bunch grass came up the cattle, horses and
sheep ate it off so that within a few years all this high bunch grass, which
formerly covered good-sized patches all over this country, had largely
disappeared.

(Lewis 1926:9-10)

It is little wonder, therefore, that cattle instead of grass came to be regarded as
the raw resource and that the neglected forages began to give way before the
heavy and unmanaged use to which they were subjected.

Sagebrush-grass range has expanded at the expense of the [semi-desert and
Pacific bunchgrass] types.

By far the most significant departure from virgin range conditions is the change
in plant cover.

Many of the valuable plants of [the Pacific bunchgrass] type have
disappeared, notably the immensely valuable bluebunch wheatgrass.

Downy chess, locally called "cheatgrass", an inferior forage plant that came to
this country from abroad, is but of moderate forage value for only a few weeks
during the year but is now dominating large areas formerly occupied by
bunchgrass. Even casual observers note the astonishingly wide distribution
of Russian-thistle on the bunchgrass range.

The outstanding feature of the change in character of the plant cover is the
shift from perennial grasses to annual grasses.

With the exception of the true grass areas, the sagebrush-grass ranges are
potentially the most productive of any of the range vegetation types.
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The [acreage] now in this type include an increase of about 6.5 million acres
beyond the area occupied under virgin conditions. This increase in area has
been at the expense of bunchgrass in the Pacific Northwest and short grass in
Wyoming. Locally many grass meadows also have been invaded by
sagebrush.

In its original condition the sagebrush range consisted of a rather sparse cover
of sagebrush beneath which was a rich stand of palatable perennial grasses
and weeds.

Today the sagebrush has thickened greatly .. . . The palatable perennial
grasses and weeds, however, have almost entirely disappeared.

The rangelands surrounding the study area exhibited severe (51-75%) to
extreme (>75%) depletion.

[Even more striking are] the changes that have occurred in the forage
resource itself. . .. These have involved striking adjustments in the
composition of the vegetation cover. Valuable forage plants, such as
bluebunch wheatgrass, giant wild-rye, and ricegrass have entirely
disappeared, or almost so, from several range types; palatable plants, such as
"little bluestem", buffalo grass, grama, wild-rye, and winterfat have been
replaced by such unpalatable plants as snakeweed, cactus, greasewood,
shadscale, and rabbitbrush; perennial grasses have given way to much less
nutritious annual grasses.... Foreign plants, many of them nearly worthless
or even poisonous, have appeared in large numbers. The forage resource of
the present range also differs from that of the virgin range in that the whole
plant cover is much thinner; in many instances the present cover is less than
half as thick as it was a few decades ago.

Many forces and movements. .. long since combined to create serious
maladjustments in the use of millions of acres of western lands. Reviewed
briefly, these forces include (1) the tremendous westward surges of
agricultural occupation with multitudes of individuals frantically seeking out and
competing for every acre of land that conceivably might produce a crop of
grain; (2) the comparable mushroom growth of the range livestock industry,
with each owner fighting desperately for grass, lest someone else should
obtain it first; (3) the spirit of the pioneer (expressed accurately in public-land
laws) to gamble with nature, with economic forces, with competitors, to make a
quick killing by raiding the stored accumulation of resources; (4) the belief in
bigger and better as an end worthy in itself; and (5) the lack of understanding
of true public values involved, such as those represented by watershed
protection and wildlife range.

The buffalo, deer, elk, mountain sheep, antelope, and other forms of wildlife,
large and small, that were the first users of the range had little or no discernible
effect upon it in terms of depletion. [ ] Yet in every instance seasonal
migrations of the herds permitted recovery of the vegetation between grazing
periods.

In all other instances of temporary exhaustion of the range resource, such as
overuse by huge colonies of prairie dogs, or utter destruction of forage by
locusts or crickets, sufficient periods of recuperation occurred to maintain the
productive power of the original range. No evidence remains to us from those
times of such persistent overuse as came when the white man began to
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pasture his cattle year after year on the same range, without affording any
opportunity for restoring plant vigor.

(The Western Range 1936:82-83, 90, 94,109-110, 120, 122, 421)

Vegetation of the untimbered plateau [southeastern Kittitas County] exhibits
characteristics of the so-called "sagebrush-bunchgrass" type. It originally was
principally bluebunch wheatgrass, Idaho fescue, bluegrasses, Indian
ricegrass, and needlegrass, with a small but important mix of weeds, growing
under and between open stands of sagebrush, bitterbrush, and rabbitbrush.

That the vegetation of the untimbered plateau has not changed outwardly
from the original condition is evidenced by the fact that ... only 7 percent. . .

has retrogressed to annuals, chiefly to cheatgrass (downy chess), the
remaining 93 percent being still well supplied with bunchgrass. However,
Sandberg bluegrass, a low-growing, early maturing bunchgrass, now is the
chief species on 207,919 acres, evidently having replaced the taller
bunchgrasses such as bluebunch wheatgrass.... Sagebrush, more or less
dense on 81 percent of the area (285,224 acres), has probably increased in
quantity from the original conditions.

(An Analysis of Range Problems in Kittitas County 1938)

The most conspicuous effect of overgrazing in the Agropyron-Poa association
is the elimination of the dominant Agropyron bunches and their replacement
by annuals.

(Daubenmire and Colwell 1942:33)

At the turn of the century two reports on range conditions in eastern
Washington furnish us with a fairly accurate picture of what things were like
then. [ ] "A Report on the Range Conditions of Central Washington: by J. S.
Cotton was published in 1904. These two men seemed to be endowed with
enough scientific objectiveness to make their reports and observations
credible and valid.

Cotton's discussion of range condition in [the Eastern Cascade Watershed]
grazing region was confined to the low lying winter range and the mountain or
summer ranges.

"The winter range," wrote Cotton, "is at the present time in a very bad state of
depletion. Nearly all of the better portions are now under fence and being
cultivated, while the poorer parts have been grazed to a point where it is
almost impossible for cattle to make a living, and sheep can find but a few
weeks of good grazing."

[O]n the 125,000 acre artillery range now used by the U.S. Army, the
percentages ran 19 percent excellent, 45 percent good, 26 percent fair, and
10 percent poor.

On the 85,000 acre High Valley ranch near Ellensburg, Washington, right in
the heart of the Cascade area, were found the following conditions: 12
percent excellent, 38 percent good, 36 percent fair, and 14 percent poor.

(Cholis 1952:129-131)
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Ranges--already over-stocked even for a normal growth of grass--suffered
badly as livestock ate the little dry stems left from the previous year, and bit
deep in to crowns. Permanent damage resulted. Some of those crowns
would never again produce. Others might recover somewhat, but the grass
they would send out would never be as thick or as tall. [in reference to
summer of 18801

"None of them have more than two or three hundred. The ones who kept
them in the river bottoms and along streams--where they had trees and brush
for protection and leaves and twigs to eat--saved half of their herds, some
more, some less.

Many of the bared crowns of bunchgrass could not survive the last summer's
parching sun. More of them, with all protection eaten away, perished in the
same cold and ice that destroyed livestock. By the Spring of 1881,
bunchgrass had thinned alarmingly. Dead crows were much in evidence.
Sagebrush that grew so profusely on surrounding hillsides sent its
reproductive seed on Spring winds to the fertile beds of dead grass and
decaying carcasses.

(Sheller 1959:164-168)

[F]or many centuries before the arrival of white man, ungulate pressure played
no significant part in the evolution of ectoypes of the steppe plants of
Washington. East of the Rockies, where large herds of native ungulates have
roamed un-interruptedly from Oligocene time to the present, rangelands
recover quite rapidly when given respite from excessive animal use, but in no
part of the Washington steppe has a restoration of density been documented.
Each period of overuse by domestic animals simply reduces the density of the
large perennial grasses to a lower level than the preceding, and highly
adapted alien species claim the relinquished territory.

The striking inability of these native species to endure heavy use, or to regain
population densities later, must reflect their long history of freedom from
grazing pressure, at least in part.

(Daubenmire 1970:7)

When the first whites of record arrived in Eastern Washington almost 200 years
ago, they found a vegetative mosaic that had been only marginally impacted by
people and animals. Unlike farther east in the Great Plains where millions of
buffalo grazed and trampled the grassland, and where native inhabitants
greatly altered the vegetative component by repeated burning, these major
elements of change largely were absent in most of the Columbia Basin.

Since it had not been subjected to large herds of native ungulates, the steppe
of Eastern Washington had not adapted to heavy grazing pressure.

The native range already showed signs of deterioration by the late 1860s.

Eastern Washington's range cattle industry reached its zenith in the 1870s
and faded the next decade, replaced by smaller-scale ranching.

Combined, the grazing pressure of cattle, feral horses, and sheep did more to
modify Eastern Washington's vegetative mosaic in a few decades than nature
had in preceding centuries.

(Alwin 1984:49-52)
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Effects of Fire

Fire is a highly selective agent in the shrub-steppe vegetation ecosystem. Most species of

sagebrush are long-lived, but readily killed by fire. Most of the understory species are short-

lived and, along with some associated shrubs, are relatively resistant to fire. The result of

burning a sagebrush/grass community in good range condition is to greatly decrease the

amount of sagebrush and to increase most of the understory species plus rabbitbrush and a

few other shrubs. The effect on understory species is not uniform with Agropyron spicatum

and other coarse grasses left relatively unharmed by burning while finer species including

Festuca idahoensis and some Poa species are severely reduced. Following an extended

period of recovery (30+ years), the relative abundances of both shrubs and understory

species return to pre-burn levels (Tisdale and Hironoka 1981:19).

The above case illustrates the results of fire on a relatively pristine stand which was grazed

carefully after fire. Similar results probably followed from fires in pre-settlement days. The fact

that most sagebrush species are sensitive to fire and that the early explorers found sagebrush

abundant in the region suggests that fire was infrequent. It is likely that fire was uncommon in

the drier sagebrush types but more frequent in the more mesic communities where the fuel

supply would be greater (Tisdale and Hironoka 1981:19).

The effects of fire since white settlement must be considered along with those of heavy

grazing and the introduction of alien plant species. Overgrazing set the stage for the rapid

establishment of alien species over a wide expanse, the end result being an overall decrease

in the populations of both sagebrush and the understory species of grasses and more

palatable forbs. The affected areas were thus opened to invasion by various aggressive, less

palatable species, especially the non-native cheatgrass (Bromus tectorum). This annual grass

is frequently ungrazed and, in its dried state, is highly flammable. The presence of large

patches of dried cheatgrass provides fuel for range fires and has greatly increased the

incidence of wildfire in the sagebrush region. Since cheatgrass carpets the ground, it can carry

fire from sagebrush to sagebrush, unlike the dispersed native bunch grasses. This self-

perpetuating process leads to ever greater replacement of natural vegetation with non-native

species and has largely been checked only by active fire suppression (Tisdale and Hironoka

1981:19).

The effects on plant communities produced as a result of periodic fire can be pronounced.

Fire is a natural component of semi-arid grassland and shrub-steppe ecosystems. Further, the

burning of landscapes by humans, whether intentional or unintentional, is documented. The
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intentional burning of lands by Native Americans is discussed by Stewart (1951), Buechner

(1953), Daubenmire (1970), Humphrey (1974), Towle (1979), Dorney (1981), Branson (1985),

and Whitlock (1992). Pickford (1932) and Branson (1985), discuss the intentional use of fire

by European settlers. Miller and Wigand (1994), Miller and Rose (1995), and Baker (1992,

1994) discuss the effects of fire suppression on western landscapes.

The following excerpts are included to provide a sense, not only of the temporality of

knowledge concerning the intentional use of fire as a landscape altering mechanism, but also

to provide a sense of the degree of uncertainty and ambivalence regarding the knowledge that

all regions were subjected to the intentional use of fire. Where noted following the excerpt,

the passage refers an area adjacent to, and not specifically to, the study area.

Mr. F. V. Coville, in his report on Sheep grazing in Oregon says, "Historically
considered we must look to the Indians as the earliest manipulators of forest
fires in this region. It is a clearly established fact based on observation that the
Indians of the Willamette Valley were accustomed before the advent of the
white men in that region to set fire to the grass to burn it off." The writer
[Cotton] has also seen numerous glades that must have antedated the
settlers of this region.

(Cotton 1904:43)

Game was abundant on the plain at this time, though shy, the result, no doubt,
of much persecution.

Columbia Plain (Fountain 1905:107)

The country had also been timbered to some extent, but a practice adopted
by the Indians to make easy hunting, by setting fire to large areas and burning
them over, so that the game would be driven off and would congregate in
greater numbers on the unburnt sections, in time killed the timber and drove
off most of the big game. This practice of burning off the grass was also
followed to improve the range for the next season---the bunch grass growing
much more luxuriantly after the burning off of the old growth. Columbia Plain

(Lewis 1926)

The accounts of early white explorers tell of as much Artemisia spp. and
Purshia in the Washington steppe as today. Inasmuch as fire readily kills both
Artemisia tridentata and Purshia tridentata, their early widespread distribution
disproves any opinion as to the omnipresence of fire. Since there were no
game animals to be harvested by the use of fire, and fire is of little use in
warfare when villages are along rivers, the aborigines had little incentive to
burn steppe.

[T]he sagebrush Artemisia tridentata is an integral part of the native vegetation
in a well-defined sector of the steppe region of Washington and here it will
reinvade after each fire, but soil and climate (not fire!) prevent it from invading
any of the other types of steppe community.



Thus, there is no evidence that the distribution of vegetation types or species
in eastern Washington is related to the past use of fire. The types of stable
vegetation that characterize the landscape mosaic can be quantitatively
related to climate and soil in a way that provides an ecologically rational
interpretation of the pattern.

Daubenmire 1970:7-8)

Fires were probably more frequent in the Pacific Northwest during the early
Holocene warm/dry period than they are today, and as a result early-
successional species and forest openings would have been more abundant
than today. The possibility that Native Americans deliberately set fire to
maintain prairie and open areas for hunting and berry gathering has been
suggested by historical documents (see Johannessen 1971; Towle 1982;
Leopold 1987) but whether Paleoindians and early Archaic people used fire to
alter early-Holocene landscapes needs to be explored further. Unfortunately,
Holocene fire history is based on only a few charcoal records; more information
is needed to assess the long-term fire frequency and its controls.

(Whitlock 1992:20)

Evaluation of the Record of Cultural Disturbance

Horses were introduced upon the landscape of the study area perhaps as early as 1730.

Cattle were introduced in the 1840s. There is no indication of vast numbers of horses or cattle

until after the development of the Euroamerican livestock industry. The first "killing winter" of

the cattle industry occurred in 1861-62 when 80% of the cattle died. The herds replenished

until, in the late 1870s - early 1880s, 200,000 head of cattle roamed the rangelands. The

second killing winter of 1881-82 witnessed the loss of 50% of the cattle, and a third in 1889-90

saw the remaining herds reduced by 40%. The sheep industry survived the large cattle herds

to become the dominant livestock industry during the 1890s.

The effects of overgrazing by livestock were well-noted by 1893. It is clear from the

documentary record that within its first 40-50 years, the Euroamerican livestock industry

dramatically altered the vegetation landscape of the study region from its original condition of a

sparse cover of sagebrush beneath which grew a rich stand of bunchgrass. After a few

decades of intensive grazing, the rangelands exhibited a reduction in palatable species, an

increase in sagebrush cover (both in terms of density and areal coverage), the virtual

elimination of fire from the ecological regime, the lowering of water tables, leading to the

desiccation of bottomlands, through stream entrenchment, and the widespread occurrence of

noxious alien plant species.
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CHAPTER 5 - GENERAL LAND OFFICE SURVEY

The use of General Land Office (GLO) field notes for the purpose of constructing maps of past

vegetation landscapes is not a new concept. The General Land Office records have been

used to map presettlement vegetation and to relate it to a variety of environmental and cultural

patterns (Hewes 1950; Shanks 1953: Howell and Kucera 1956; Crankshaw, Qadir, and

Lindsey 1965). The GLO records have also been used to document successional patterns

following settlement (Cottam 1949; Wuenscher and Valiunas 1967; Delcourt and Delcourt

1974). Presettlement vegetation has also been compared with vegetation currently present in

an area (McIntosh 1962, Burgess 1964; Siccama 1971; Auclair 1976; Delcourt and Delcourt

1977; and Dorney 1981). Numerous studies have been conducted regarding the nature and

extent of presettlement forests (Sears, 1925; Aikman 1926; Lutz 1930; Gordon 1940;

Bourdo 1956; Potzger, Potzger, and McCormack 1956; Bonnicksen and Stone 1982).

Bromley's 1935 study made use of metes and bounds survey records. Grassland communities

have also been reconstructed using GLO field notes (Sears 1926; Habeck 1961;

Johannessen, et al. 1971; Rodgers and Anderson 1979; Towle 1979; and Buckley 1993).

The value of the early GLO records was recognized over thirty-five years ago by Sauer in a

statement on historical geography.

The first step in the reconstruction of past stages of a cultural area is the
mastery of its written documents. [ ] We have, however, scarcely exploited
the documentary possibilities in the United States of old land surveys as to
notations on the character of vegetation . . . early in the period of settlement.
There is a fair amount of valuable material in the Land Office plats. .. that give
glimpses of the pioneer landscape. Factual data, precisely localized . . . lie
neglected in various archives to await exploitation.

(Sauer 1963:366)

The land survey and layout system, initiated by the Ordinance for Ascertaining the Mode of

Disposal of the Lands of the Western Territory in 1785 and the Act Providing for the Sale of the

Lands of the United States in the Territory Northwest of the River Ohio in 1796, introduced the

Township and Range system of land partitioning (Butlin 1993:86). In order to better

understand the methodologies and terminologies used by the surveyors, the works of Graves

(1917), Lappala (1974), White (1983), and Cazier (ND) were consulted as well as the manual of

Instruction of the Survey of Public Lands (1947).
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Table 5.1: General Land Office Survey of the Kittitas Valley

Native grasses, by contrast, would have been at their most visually distinctive expression

during the autumn of the year. Not only would the grasses have attained their greatest stature

by this time, but their coloration (golden-yellow), along with the absence of the competing forb

layer, would make their contrast even greater. It would be expected that the grasses would be

noted in surveyor reports both due to their being visually obvious, and also due to the

economic nature of these grasses to prospective settlers.
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The first systematic survey of the lands of the study area was that performed by the General

Land Office (GLO). Surveyors under contract to the GLO surveyed the lands encompassed by

the study area between 1867 and 1872. At this time, the valley had only just begun to be

settled (the first permanent settlers arrived in 1867). The valley had, however, been utilized for

pasturage of cattle for several years (Eckert 1976: vi, 111-114).

With the exception of two Townships (T16N R19E and T18N R17E), which were surveyed in

June and July, the remainder of the study area was surveyed in the early to late autumn (see

Table 5.1: General Land Office Survey of the Kittitas Valley). At this time of the year, the vast

majority of the herbaceous plants, particularly the forbs, would have been visually absent from

the landscape, having blossomed, fruited, and desiccated months earlier. These plants would

not be expected to appear in surveyor descriptions. Exceptions would be those forbs whose

structures are both large and durable and, thus, which should remain visibly obvious long after

the fruiting season. An example of this situation can be seen in the survey of Ti 9N R1 8E,

where both "parsnip" (umbelifera) and "sunflower" (balsamorhizae) are noted in the surveys of

several Section lines.

Township Surveyor Date of Survey
T16N R19E
T16N R2OE
T17N R17E
T17N R18E
T17N R19E
T17N R2OE
Ti 8N R1 7E
T18N R18E
T18N R19E
T18N R2OE
T19N R18E

Franc. J. Brown
Edwin Richardson
Levi Farnsworth
Levi Farnsworth
L.P. Beach
L.P. Beach
Ezra Smith
Rollin Reeves
L.P. Beach
L.P. Beach
Rollin Reeves

June 6 - July 7, 1910
Aug. 28 - Sept. 3, 1867
Oct. 26 - Nov. 3, 1871
Oct. 16- 25, 1871
Oct. 8- 14, 1868
Oct. 22-30, 1868
July 15 - 25, 1873
Oct. 20 - Nov. 3, 1872
Oct. 16 -22, 1868
Nov. 2- 10, 1868
Nov. 10 - 23, 1872
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The diagram below is useful in the description of the surveying protocol (see Figure 5.1:

Diagram of a Township with Numbered Sections and Survey Order). The Sections of a

Township are numbered from one to thirty-six. At the time of survey, the methodology for the

numbering of Sections within a Township commenced with the top right-hand

(northeasternmost), Section. The numbering pattern proceeds from right to left across the

uppermost (northernmost) tier, then from left to right across the second tier, and so on. The

thirty-six Sections can also be viewed as residing in six columns. The convention used here is

to refer to the columns by numerical order based on the Section number in the upper

(northernmost) positions. Thus, the right-most column is Column #1 and the left-most column

is Column #6.

Figure 5.1: Diagram of a Township with Numbered Sections and Survey Order
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Data Format

At the time the study area was surveyed by the GLO, the mandated protocol for the survey of

the interior (or subdivisional), lines of a Township called for the survey to commence on the

southern boundary line of the Township at the intersection of Sections 35 and 36. This

Section line was surveyed north to the intersection of Sections 25, 26, 35 and 36. The survey

then marked the line running eastward between Sections 25 and 36. The surveyors then

returned to the intersection of Sections 25, 26, 35 and 36 and surveyed the line running north

between Sections 25 and 26. This pattern was repeated until the northern Township

boundary was encountered. The surveyors then returned to the southern boundary and

recommenced by surveying the line northward between Sections 34 and 35.

The Section line surveys for the second column of Sections proceeded identically as with the

first column. The process was repeated for the third and fourth columns as well. The fifth and

sixth columns were surveyed together, with the only alteration of the pattern being the survey

of the line eastward between the sixth column Sections before proceeding with the northward

survey of the lines between the fifth and sixth columns.

In their surveying of the Public Domain, the surveyors contracted by the General Land Office

were charged with a variety of tasks in addition to the actual surveying of Township and Section

lines and the erection of monuments to mark their surveys. Of particular utility for the purposes

of this study, the surveyors were instructed to note the following in their field book:

The courses of all navigable rivers .. . and their width taken at those points
where they may be intersected by township or sectional lines; . . . you will
likewise not fail to make special notice of all streams of water which fall in your
way with their width and course from whence they appear to come or run.

You will be careful to note ... the names and estimated diameters of all corner
or bearing trees, and those trees which fall in you line. . . , together with the
courses and distances of the bearing trees from their respective corners. .

[A]ll rivers, creeks, springs and smaller streams of water, with their width, and
the course they run in crossing the lines of survey, and whether navigable,
rapid or mountainous;

[T]he kinds of timber and undergrowth with which the land may be covered[.]

[T]he quality of the soil and the true situation of all. . . salt licks [and] salt springs
. . . which may come to your knowledge are particularly to be regarded ..

Instructions for Deputy Surveyors by E. Tiffin
Surveyor General of the United States, 1815

(Stewart 1935:146)
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[T]he name, size and precise distance to the line trees; the distance to and
where you leave all lakes, streams, swamps, fields, prairies, traveled roads and
tracks .. . , creek and river bottoms, mountains, hills, bluffs, and other natural
objects ... ; the distance to all mines, salt and other mineral springs, salt licks ..
. and. .. houses.

The location of other objects that are not on your lines which may come to you
knowledge. . . .

At the end of every mile in running either exterior or sub-divisional lines.
you will give a particular description of the face of the country, whether level,
hilly or mountainous; of the quality or rate of the soil, whether 1st, 2nd, or 3rd
rate, or unfit for cultivation, and if liable to inundation state to what depth; of
the kinds and quality of the timber and undergrowth. The description of each
mile, must be for that particular mile, and not refer to any previous description.

Your books into which your original notes are to be taken in the field will be of a
size prescribed by this office. . . and the entries must be made in the plainest
and fairest hand-writing, so plain and intelligible that a letter or figure cannot by
possibility be taken for anything else that what is intended, or your meaning in
any way whatever misconstrued.

General Instructions to Deputy Surveyors
from the Surveyors Office at Little Rock, Ark. (1843?)

(Stewart 1935:166-167)

The surveyors recorded the ancillary data in a standardized format. The features encountered

throughout the traverse of a Section line were recorded sequentially throughout the traverse.

The distance from the origin of the Section line to the feature (in chains and links), type of

feature (e.g., trail, gully, stream, spring, etc.), and, often, a brief description of the feature (e.g.,

width of stream and direction of flow), were included in the record.

Following the culmination of each Section line traverse, a very brief description of topography,

soil rating, and vegetation were made. It should be noted, however, that for reasons unknown,

the vegetation description was sometimes omitted.

Microfiche copies of the original cursive transcriptions of the surveyors' field notes were

obtained and transcribed. The transcriptions for each Township were reviewed and the

ancillary data were extracted and recorded on data forms. This information was then entered

into computer spreadsheets. From these spreadsheets, the "end of line" summary of

vegetation was reviewed. The accompanying CD-ROM contains files of the GLO field note

transcriptions and the summary data sheets of the end-of-line information.



Development of Vegetative Description

For the purpose of simplifying the display of this information, the myriad of vegetation

descriptors used by the GLO surveyors were combined into simplified categories in the

following manner:

4) RYE AND GRASS
fine rye and grass
good rye and grass
fine grass and rye
good grass and rye

5) RYE AND BUNCHGRASS
bunchgrass and some rye
good bunchgrass and rye
bunchgrass and rye

6) GRASS AND SAGE 7) BUNCHGRASS AND SAGE 8) RYE AND SAGE
good grass and sage bunchgrass and sage rye and sage
fair grass and sage
fine grass and fair sage
some sage and fair grass

9) PRAIRIE 10) SAGE
prairie some sage

11) MOIST WOODLANDS 12) DRY WOODLAND
cottonwood pine
aspen fir
alder
willow

Although clearly not intended as such, the GLO surveys can be viewed as a de facto form of

systematic vegetation sampling. The surveyor's efforts were systematic insofar as the sampled

transects followed a predetermined layout which was not biased in origin, were uniformly

spaced on a one-mile square grid, and were sampled in the same manner for each Township.

Additionally, the same information (topography, soil rating, vegetation), was collected for each

transect.
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1) GRASS 2) BUNCHGRASS 3) RYE
fine grass fine bunchgrass fine rye
good grass good bunchgrass
fair grass fair bunchgrass

bunchgrass



Assessment of the General Land Office Data

Unfortunately, when taken in part or as a whole, the use of the ancillary data collected by GLO

surveyors is not without its problems. The study area was surveyed after it had been exposed

to the effects of heavy livestock grazing for some time (approximately 10 years at the time of

the earliest survey). No comments were included in the GLO surveyors' notes regarding the

impacts of grazing on the vegetation. The study area was not sampled at one time, but rather

intermittently over a period of six years. This leads to the distinct possibility of problems of

comparability when one considers the effects of environmental variability (e.g., precipitation,

fire frequency), on the vegetation of a semi-arid to arid environment. Further complicating the

comparability of data collected over the six-year span are the effects of continued livestock

grazing and, perhaps, fire. That the study area was surveyed by numerous (5), individuals,

begs the critique of interobserver biases. Third, there does not appear to have been a

standardized method for succinctly assessing the vegetation or soils over an entire one-mile

transect. It does not appear, from the record, that changes in vegetation that may have

occurred throughout a one-mile transect were uniformly noted. Fourth, there was no

uniformity of terminology used to describe vegetation between surveyors (e.g., grass,

bunchgrass, prairie, etc.). This makes it difficult to draw comparisons between various sub-

areas of the study area. Fifth, there is a lack of specificity as to what any given vegetation

descriptor actually meant by any individual surveyor (fine, good, fair, etc.). The resultant map

of the vegetation of the study area was clearly not as detailed nor definitive as was desired.

The above shortcomings greatly restrict the utility of the data collected in the earliest

systematic survey of the study area from being utilized in a reconstruction of the former

landscape. Despite these shortcomings, the GLO dataset was incorporated into this study.

Mapping of the General Land Office Data

A map was created based on the simplified vegetation descriptions derived from the Section-

by-Section summary information. The map was created using the ArcView® geographic

information system software package. As the initial step of the mapping process, the individual

Section lines for the Kittitas Valley were digitized. Each Section line was attributed with a

numerical code corresponding to the simplified vegetation category to which they belonged.

The legend was then modified such that each vegetation category would be displayed in a

unique color.
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The narrowness of the lines coupled with the large areas of no data between lines made both

the analytical and visual assessment of the GLO era vegetation difficult. To increase the

effectiveness of this initial version of the GLO survey vegetation map, the digitized Section

lines were "spread." The lines were spread to 25 feet (50 feet total line width). This width does

not seem inappropriate considering that the GLO surveyors were, most likely, assessing the

vegetation they were seeing adjacent to the Section line being surveyed as opposed to only

the vegetation directly under the line. While effective in rationally increasing the analytical

utility of the mapped data, the visual utility was still impaired. Even with the line widths

increased to 50 feet, the color differences on the map were still not visibly apparent (see

Figure 5.2: General Land Office Survey Vegetation Map).

Attempts to increase the visual presentation of the data by increasing the distance the lines

were spread encountered some minor problems related to the manner in which the software

"spread" command functioned. The lines would spread both in width and in length. As the

spread width was increased, the lines began to run into and overlap each other at the ends.

One line would overlay and obscure the others.

To address this problem, a second approach was taken which involved the manual, onscreen

digitizing of expanded vegetation polygons. The following example is provided to illustrate the

process which was undertaken. Assuming the situation in which each of the four Section lines

bounding a given Section were attributed with unique values (sage, rye, prairie, and grass).

Each line would spread both outward and inward, but not lengthwise, until it encountered its

adjacent neighbors. Following this progression to completion would see each Section line

spreading to the center of its adjacent Sections, creating a diamond-shaped polygon (Figure

5.3: Illustration of Section Line-to-Polygon Digitizing Procedure).

A copy of the original "Section line" map was created. Diagonal lines were drawn from corner

to corner in each Section for use as guides when digitizing the vegetation polygons. This

layer, consisting of Section lines with internal diagonals was then overlain with the original GLO

survey vegetation map (Fig. 5.2). Both of these layers were then overlain with a new data

theme layer onto which the expanded vegetation polygons were digitized, using the diagonal

lines as guides.

A diamond-shaped polygon extending from the ends of each Section line and extending to

the centers of the two adjacent Sections was digitized over each Section line for which a

vegetative description had been made in the GLO field notes (Fig. 5.2). The polygon was then

attributed with the appropriate numeric code of the vegetation it represented.
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Figure 5.3: Illustration of Section Line-to-Polygon Digitizing Procedure.

When all of the polygons had been digitized and attributed, the data layer was "dissolved"

based on the numeric code of the vegetation This process simplified the visual display of the

information. Finally, the theme was "clipped" using the study area boundary to create the

visually useful map of vegetation based on the GLO surveyor notes (Figure 5.4: General Land

Office Survey Visual Presentation Vegetation Map).
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Critique of the GLO Survey Vegetation Map

In addition to the critiques and limitations regarding the GLO data provided earlier, the

vegetation maps based upon the GLO data exhibit limitations of their own. The resolution of

the resultant maps was expectedly gross given the one-mile resolution of the data. Further,

the numerous Section lines for which no data was provided created large gaps in the final

vegetation maps.

A cautionary note is inserted here against any tendency to interpret the "visual" GLO survey

vegetation map (Fig. 5.4), as representing the vegetation of the study area at the time of

survey. The vegetation of the interior portions of Sections was simply extrapolated based on

the GLO surveyors' vegetation descriptions for Section lines (which themselves are subject to

critique). This process represents the accepted practice among the early efforts in utilizing the

GLO field notes for reconstructing former vegetation landscapes.

The final GLO survey vegetation maps should be interpreted as being most accurate along

Section lines (with the cautions previously noted), and becoming increasing less accurate with

distance from the Section lines. For this reason, the original GLO vegetation map (Fig. 5.2),

was used during the analytical phase of the research.
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CHAPTER 6 - 1936 USDA SOIL SURVEY

Soils are the evolutionary product of the long-term interactions between parent material,

climate, and vegetation and tend to change slowly in response to environmental change

(Bunting, 1965:15-25). Thus, even though the natural vegetative cover may be dramatically

altered, in the absence of deep tillage, irrigation and drainage, and soil amendments, the soil

should continue to provide a record of the natural vegetative cover.

The earliest soil map generated from systematic, scientific examination of the Kittitas Valley was

produced from field work conducted in 1936-37 (Smith, Dwyer, and Schafer, 1945). By this

time, the valley was well populated and almost all arable land had been put to agricultural

pursuits. The last of the large-scale irrigation systems had been completed in 1932 so that the

majority of the valley lands could be placed under irrigation. Water deliveries commenced

through the system in 1933. The detailed survey of the valley soils, then, occurred at a time

when most of the lands had been under irrigation for only a short time, if at all, and had been

subjected to the relatively minor disturbances permitted by the technology of agriculture at the

time. In the report of the 1936-37 soil survey, issued in 1945, the authors included a few

remarks as to the natural vegetative cover found on some of the soil types.

It was recognized that this early soil survey could be utilized in the process of reconstructing

the native vegetative landscape, but that a finely grained reconstruction would not be

possible. Rather, this data source was viewed as permitting the researcher to discern often

large areas of soils which exhibited similar characteristics. Small inclusions of divergent soil

types would be expected to occur within these larger areas but were dropped from this phase

of the project rather than allow it to imply a greater degree of accuracy than was, in truth,

possible.

Soil Survey Methods and Definitions

Although the report for the USDA Soil Survey of Kittitas County was published in 1945, it

would appear that the field work for the survey was performed in 1936-37 (Smith, Dwyer, and

Schafer, 1945). For this reason, it is referred to herein as the "1936 USDA soil survey." The

survey was conducted by the Division of Soil Survey of the U.S. Department of Agriculture in

cooperation with the Washington Agricultural Experiment Station. The survey consisted of the

examination, classification, and mapping of soils in the field. The following description of the
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methodology, content, and results of the USDA soil survey is largely excerpted from the

original document.

The soils were examined systematically in many locations through the use of test pits, borings,

and exposures. At each excavation or exposure, each horizon of the soil was studied in detail.

The color, structure, porosity, consistency, texture, pH, and lime and alkali content

determined. Both the internal and external drainage and the relief were taken into

consideration, and the interrelation of the soil and vegetation was studied (Smith, Dwyer, and

Schafer, 1945:16-17).

The soils identified in the survey were classified according to their characteristics with special

emphasis upon the features influencing the adaptation of the land for the growing of crop

plants, grasses, and trees. On the basis of these characteristics, the soils were grouped into

classification units. The three principal classification units were: 1) series; 2) type; and 3)

phase. The most important of these groups is the series, which includes soils having the same

genetic horizons, similar in their important characteristics and arrangement in the soil profile,

and developed from one type of parent material (Smith, Dwyer, and Schafer, 1945:17). Soil

types are variations within a series, defined according to the texture of the upper part of the

soil. The class name of the soil texture, such as sand, loamy sand, sandy loam, loam, was

added to the series name to give the complete name of the soil type. The soil type was the

principal unit of mapping (Smith, Dwyer, and Schafer, 1945:17). A phase of a soil type is a

variation within the type. Even though no important differences exist in its capability for the

growth of native vegetation, important differences are observed between phases in the

growth of cultivated crops (Smith, Dwyer, and Schafer, 1945:17-18).

The soil surveyors mapped the soils of the valley showing the location of each of the soil types,

phases, and complexes in relation to roads, houses, streams, lakes, Section and Township

(Smith, Dwyer, and Schafer, 1945:18).

The Kittitas Valley lies in a region of striking contrasts in climatic conditions, vegetation, and

physiographic features. The soils were correspondingly varied, and their pattern of distribution

was complex. No one soil was dominant or characteristic of the valley. For the purposes of

discussion, the soils of Kittitas County were placed in the following groups: 1) soils of the

semiarid uplands and terraces; 2) soils of the semiarid lowlands and stream bottoms; 3) soils of

the humid and subhumid upland and stream valleys; 4) organic soils; and 5) miscellaneous

soils and land types (Smith, Dwyer, and Schafer, 1945:18). The following pages consist of

excerpts from the Soil Survey of Kittitas County (pp. 20-55), and are included to provide a
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description of the various soil types. References to native vegetation or to distinctive soil

characteristics have been emphasized through the use of italics.

Soils of the Semiarid Uplands and Terraces

Owing to relief, the soils of the semiarid uplands and terraces have, under natural conditions,

generally adequate to excessive surface drainage. Internal drainage, however, is retarded in

some of the soils. The soils of the semiarid uplands and terraces exhibiting free subdrainage

are represented by the Renslow loam; those exhibiting impaired subdrainage include the soils

of the Selah, Manastash, Reeser, Taneum, Simcoe, and Waha series.

Soils with Free Subdrainage

Renslow loam is developed on deposits of wind-laid loess which are exceedingly variable in

depth. The relief of Renslow loam comprises gently sloping or undulating to steep hill slopes.

There is no seepage or accumulation of alkali. It occurs mainly along the slopes of the eastern

margin in the Edgemont district and in the Badger Pocket.

Soils with Impaired Subdrainage

Selah loam developed beneath a thin desert mulch and exhibits an extensive limestone

caliche layer. The relief of Selah loam ranges from gently sloping and undulating to moderately

hilly. There is a low content of organic matter and nitrogen in the virgin soil. Certain areas are

too arid for farming and are used only for the scant grazing afforded by the vegetation

dominated by sagebrush. It occurs mainly in the Park district. Selah loam-terrace phase differs

from typical Selah loam in having a smoother surface, more uniform depth, and more uniform

development. Owing to slow underdrainage, the surface soil can become waterlogged. This

soil occupies a low, undulating, terrace-like bench 2 miles south of the town of Kittitas.

Manastash loam occurs on gently sloping or nearly flat land. This soil reaches to a depth of 36

inches and rests on a bed of imperious cemented gravel. The entire soil is non-calcareous.

Underdrainage is arrested in the typical soil, and in the flat areas the soil can become

waterlogged. This soil occurs primarily in the Manastash and Reeser districts. Manastash fine

sandy loam, in contrast to Manastash loam, is well-drained. The relief is nearly level. This soil
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occurs on the outer margins of high terraces (terminal moraines), south and northwest of

Thorp.

Reeser loam is similar to Manastash loam. It occurs on gentle south slopes and in depressions.

The moderately sloping areas have adequate surface drainage, but in the nearly flat

depressions it can become waterlogged. This soil is found on the Green Canyon and Reeser

alluvial fans.

Taneum clay loam is a fertile, well-drained soil developed under an abundant cover of grass.

The relief ranges from gently undulating to moderately hilly, and in a few places, the hill slopes

are steep. This soil occurs on the foot of the hills around the southwestern and western

margins of the Kittitas Valley. Taneum clay loam eroded phase comprises areas of Taneum clay

loam that have a very thin surface soil owing to geologic erosion or to lack of favorable moisture

conditions and a consequent sparse cover of vegetation. This soil exhibits a deficiency in

organic material. This soil occurs in small, widely scattered areas in the western part of the

Kittitas Valley. Taneum silty clay loam is a fertile, productive soil. Although underdrainage is

slow, surface drainage is generally adequate. This soil is found on gently sloping or nearly flat

land, but several small areas on moderately steep hillsides are included. This soil is found on a

terrace-like bench west of the town of Thorp.

Simcoe clay exhibits impaired underdrainage owing to the impervious nature of the clay

subsoil. Generally, no lime has accumulated. In the Kittitas Valley, this soil is primarily found on

the Naneum alluvial fan.

Waha clay is a fertile soil which occupies nearly flat areas where surface drainage is retarded

and rather moist conditions prevail. It is found in the Naneum district.

Soils of the Semiarid Lowlands and Stream Bottoms

A number of widely different soils having the ground water table at comparatively shallow depth

have developed on the semiarid lowlands and stream bottoms. These soils occur at different

levels and have a variable degree of slope. They lie in the path of movement of underground

water supplied by streams.
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Well-Drained Soils

The sub-group of well-drained soils includes members of the Onyx series, which consist of

recent alluvial-fan material, and members of the Yakima series, which consist of recent alluvial

soils of the major stream bottoms. Both the Onyx and Yakima soils occur in areas of low rainfall

and desert shrub and grass vegetation. They are not confined to the semiarid valley, but

extend well up the valleys of the larger streams, where they support a vegetation of

cottonwood, pine, and brush.

Onyx loams are found on gently to moderately sloping gravely alluvial fans, widely scattered

near the margin of the basin of Kittitas Valley. Onyx fine sandy loams are found on gently to

moderately sloping alluvial fans. The underlying substratum of this soil consists of gravely

outwash or older buried soils. Due to excessive underdrainage, this soil has a droughty

character. The largest of the widely scattered areas of this soil occurs in the Manastash district.

Yakima loam is an alluvial soil of recent deposition and occupies the alluvial bottoms of the

Yakima River and its tributaries. The depth of the soil material ranges from a few inches to

several feet within short distances. In most places the water table is low enough to allow free

internal drainage, and a large part of the soil is droughty. This soil is almost entirely free from

accumulations of alkali. Many areas of this soil are subject to inundation during periods of high

water and are interrupted by stream channels, sloughs, and swampy areas. This soil supports a

thick growth of timber and brush. Yakima fine sandy loam is, in most places, well-drained and

droughty. The surface layers are underlain by stream-laid gravel. There are many gravel bars,

sloughs, and abandoned stream channels within the soil areas. Yakima very gravely sandy

loam is an alluvial soil of recent deposition. This soil differs very little from riverwash, except that

it lies higher and is above the present overflow of the streams. Its extremely gravely nature

results in it being quickly affected by drought. This soil is of little value for either crops or

grazing, but it produces timber along the upper Yakima River.

Well-Drained Soils with Imperfectly-Drained Inclusions

The soils of this group are represented by two members of the Naches series. Although the

lighter textured member is typically underlain by readily permeable gravel and finer materials,

small and intimately associated areas occur in which the subsoil materials include lenses and

layers of much less permeable sandy clay and clay. These areas, in general, are too small to be

accurately shown on the soil map. Some of the lower lying areas are subject to a high water

111



112

table during wet periods in spring and early summer. The lighter textured soil having the more

permeable subsoil does not retain moisture well in the late summer while waterlogging can

occur in the lower lying areas of the heavier subsoil.

Naches fine sandy loam occurs on gently sloping surfaces. The bodies of this soil type

generally lie slightly above the surrounding soils. This soil is found in the central and

northeastern parts of the Kittitas Valley. Naches clay loam occurs on gently sloping and

undulating surfaces, and the general surface layer is slightly higher than that of the

surrounding soils. Surface drainage is adequate except in small scattered depressions and in

shallow drainageways. In the more nearly flat areas the surface soil has a tendency to become

waterlogged.

Imperfectly-Drained Soils

The soils in which inadequate drainage conditions are often present include members of the

Esquatzel, Kittitas, Ahtanum, Woldale, Naneum, and Wenas series. The Esquatzel and Kittitas

soils, in general, exhibit adequate surface drainage in most places. Movement of water

through the subsoils, however, is somewhat retarded by the fine-textured soil materials, and in

places the soils have been subject to accumulated seepage waters and alkali salts. The soils of

this group having more impermeable subsoils and substrata include the Ahtanum, Woldale,

Naneum, and Wenas, soils.

Esquatzel very fine sandy loam occupies gently sloping or nearly flat areas on the intermittent

stream bottoms and basin lowlands. In most places, surface drainage and underdrainage is

sufficient to prevent an accumulation of excess ground water under natural conditions.

However, this soil shows a marked tendency to accumulate alkali salts in the surface soil

wherever the ground water table is high. This soil occurs in the eastern and central parts of the

Kittitas Valley along Parke, Johnson, and Badger Creeks and below the hillslopes of the

Edgemont district.

Kittitas silt loam is very similar to the Esquatzel soil. This soil occupies lowland valleys in which

the relief is gently sloping. In places, this soil layer is streaked and blotched with dark stains

owing to the presence of sodium carbonate, commonly called 'black alkali,' although some

areas are comparatively free from alkali. This soil is found in the eastern part of the Kittitas

Valley along Caribou and Parke Creeks.
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Ahtanum loam exhibits a hardpan that is intermittent and occurs in about one-half of the area of

the soil. The hardpan probably prohibits the downward movement of water in only a few small

areas where it is especially thick and continuous. This soil lies on the gently sloping,

comparatively flat, valley floors. It developed under the influence of a stagnant ground water

table, which favors the accumulation of alkali salts. In about a third of the area of this land, the

salts are in such high concentration that the land provides only saltgrass pasture. This soil is

found in south-central portion of the Kittitas Valley, southeast of Ellensburg and southwest of

Kittitas.

Woldale clay loam is a fairly extensive soil. The typical areas are gently sloping or nearly flat.

Surface drainage and internal drainage are impaired. Alkali salts are present in slight to

moderate concentration in a few places. A number of small, low-lying wet marshy areas are

included. In some places, the ground is marshy throughout the year and is covered with

willows, dogwood, and other shrubs. Elsewhere in these areas, the soil remains wet and

waterlogged until late spring. The surface soil here, being very high in organic matter, is black.

This land is used for pasture or for wild hay. This soil is found in the lower-lying part of the

Kittitas Valley between Ellensburg, Kittitas, and Thrall. Woldale clay is an inextensive soil

occupying nearly flat, poorly-drained areas containing some alkali spots. The largest body is

found 2.5 miles north of Kittitas.

Naneum loam is imperfectly drained. Surface drainage is slow and the underdrainage is

impaired by the clay subsoil and by the high water table in the underlying gravel. Subirrigation

occurs in portions of this soil. Areas of this soil are gently sloping or nearly flat and generally lie

slightly lower than the surrounding land. This soil is found in the northeastern part of the

Kittitas Valley, with several small bodies occurring in the Manastash district.

Wenas loam was the first land to be taken up and farmed by early settlers because it was

subirrigated and would produce crops with little or no surface irrigation. The wetter areas are

valuable for pasture and wild hay. This soil occurs in small stream valleys and on river bottoms.

The water table is high in this soil due to its low position. Accumulations of alkali salts are rare.

In many places the surface is interrupted by winding stream channels and low marshy patches,

and many small bodies of stream-wash are included. Other inclusions, lying principally along

Naneum Creek include marshy areas of black muck, and shallow accumulations of peat. This

soil is found along the margins of streams flowing into the Kittitas Valley and, in patches, along

the Yakima River. Wenas gravely loam is an inextensive soil that occurs mainly in narrow belts

and strips along the streams entering the valley.



Soils of the Humid and Subhumid Uplands and Stream Valleys

Soils of the humid and subhumid uplands and stream valleys include those of the timbered

and prairie areas. In this comparatively small area there are a number of soils that do not occur

in the semiarid part of the county. These soils developed under a humid climate and forest

cover and are leached of their lime, are low in organic matter, and are less fertile than the soils

of the semiarid and subhumid grasslands. Soils of the prairie occupy either open, treeless,

prairielike and meadowlike areas or open woodland.

Well-Drained Soils of the Prairie

The well-drained soils of the prairie developed under a natural vegetation of grasses and

herbaceous plants together with a few shrubs. This group is represented by the soils of the

Swauk and Garrison series. The Swauk soil developed on glacial till materials whereas the

Garrison soil developed on porous gravely glacial outwash materials.

Swauk loam is a fertile soil developed under a heavy cover of prairie grass and herb cover. The

surface is gently rolling. This soil exhibits good surface drainage, but subsurface drainage is

low. A few erratic glacial boulders lie on the surface, gravely patches occur, and shallow spots

of soil are found on the higher ground where the surface soil has been washed away.

Garrison fine sandy loam is found in prairie and park areas and developed under grass and

brush cover. The surface is nearly flat. This soil exhibits poor surface drainage, but

underdrainage is adequate except in depressions.

Imperfectly-Drained Soils of the Prairie

The imperfectly-drained soils of the prairie or open woodland and brush-covered and marshy

areas are represented by the Latah and the Peoh soils. The Latah soils occupy local flats and

drainage depressions, in association with the lighter colored Swauk soils, and the Peoh soils

have developed under half-bog conditions.
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Latah clay loam is an inextensive soil found on lower slopes and depressions. Underdrainage

is greatly impaired and the land remains wet for some time in the spring.
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Peoh loam is a fertile soil which developed under marshy and half-bog conditions. The original

cover was brush and small deciduous and cedar trees. Water stands on the surface in the

spring, and the soil becomes baked and hard in the summer. When used for agriculture, this

soil requires no irrigation until late summer. This soil is found between Ole Elum and Peterson

Creek. Peoh clay is a fertile soil which developed under half-bog conditions in slowly drained

or undrained depressions and in seepy areas on slopes in the uplands. Outlying bodies of this

soil remain under a cover of brush and deciduous trees together with small open grassland

areas. This soil is found in the Peoh Point district.

Peoh silty clay loam is very similar to Peoh clay. It is very inextensive, occupying only a small

area in the Peoh Point district and eastward to Indian John Hill.

Miscellaneous Soils and Land Types

A group of miscellaneous soils and land types included a variety of materials that were not

mapped in detail with respect to soil series and types or did not conform to the classification of

soil series and types described in the foregoing pages.

Stony and Shallow Soils

Although these soil materials have a rather wide range in profile character, most of them

represent shallow, stony phases of the soils with which they are associated. These areas,

known locally as "scabland" are found on surfaces that range from gently sloping to steep and

hilly. Extensive areas, associated with areas of the Manastash soils, occur in the northern and

western parts of the Kittitas Valley. Other extensive areas occupy the slopes of Badger

Pocket, and numerous areas in the Park district where they represent the shallow and stony

soils of the Selah series. Less extensive areas occupy narrow strips along breaks of coulees,

eroded spots, and areas on the land margin of the Kittitas Valley.

Riverwash

Riverwash consists of gravel bars and sandy and excessively gravely and cobbly materials

bordering the larger streams and occupying dry beds of coulees and other drainage channels.

In many places these materials are imperfectly sorted and are traversed by overflow stream



channels. They are subject to overflow during periods of flood or freshets, and are coarse-

textured, loose, and unstable. They have little value for grazing except for incidental

association with shade and streams or water holes in connection with the maintenance of

livestock. Numerous small strips consisting of old stream-laid gravel bars occur along many

spreading channels of Wilson and Naneum Creeks, in association with Wenas and Naches

soils.

Scabland

The type commonly called scabland consists of very shallow and stony areas occupying

eroded hilltops and slopes of ridges in the timberless eastern part of the county. The soil

material, mainly of the Simcoe series, is thin and stony. Scabland is used only for grazing. The

vegetation on scabland consists of a sparse growth of grasses, scattered sagebrush, and low-

growing arid-land shrubs.

Steep Broken Land

This land type includes areas of steep and rough broken relief. It is mainly treeless, however,

groves of scattered yellow pines occur on protected north and east slopes. This land includes

a number of types of soil material, and the sagebrush and grass cover varies according to

exposure, elevation, and depth of the soil.

Comments on Native Vegetation Included in the 1936 Soil Survey Report

Comments regarding the native vegetation were also found scattered throughout the text of

the soil survey report. The excerpts below have been included since the provide insight into

the types and extents of native plant communities in the valley at the time of the survey.

The sparse grass cover of the semiarid ranges has been depleted by
overgrazing. The native bunchgrass and several small native grasses persist at
higher elevations and on north slopes, but, owing to overgrazing, the small
annual introduced cheat grass, is dominant. The grazing value of the sparse
grass is good, but the carrying capacity is very low. The range lands are owned
or leased in large areas and are used mainly for grazing bands of sheep in the
spring when the cheat grass is green and in late fall after the sharp rough seed

have fallen out.
(Smith, Dwyer, and Schafer, 1945:55, 60)
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Grasses and other forage are more abundant in the open timber and park lands,
but little forage for livestock is afforded in the thick coniferous forests of the
humid mountain slopes. The best grazing lands are in the subhumid zone
along the margin of the timber.

(Smith, Dwyer, and Schafer, 1945:60)

Native grasses apparently grow equally well on all soils and land types except
the very shallow scabland. Their growth and distribution is controlled mainly by

temperature and supply of moisture. The grasses on the neutral or basic soils
of the subhumid and semi-arid zones are the most nutritious.

(Smith, Dwyer, and Schafer, 1945:60)

Soil is the product of the forces of weathering and development acting on
parent soil materials deposited or accumulated by geologic agencies. The
characteristics of soil at any given point depend on: 1) the physical and
mineralogical composition of the parent material; 2) the climate under which
the soil material has accumulated and has existed since accumulation; 3) the
plant and animal life in and on the soil; 4) the relief; and 5) the length of time
the forces of soil development have acted on the material.

(Smith, Dwyer, and Schafer, 1945:64)

The soils of the Kittitas County have developed in several climatic and
environmental zones and belts. Shantz and Raphael (1924), have recognized
and defined seven general types of vegetation or broad plant associations in
the Pacific Northwest, of which two are prominent in the Kittitas Valley. These
two are sagebrush (northern desert shrub), and bunchgrass (Pacific grassland).
These associations are not distinct, but grade into one another, and , although
each may be considered to occupy a zone, the zones are not definite.

(Smith, Dwyer, and Schafer, 1945:64)

The northern desert shrub association occupies the lower and drier eastern
part of the county. This zone may be subdivided on the basis of climate into a
narrow belt along the Columbia River and a somewhat higher belt that
occupies most of the southeastern third of the county, including the greater
part of the Kittitas Valley. Some bunchgrass occurs in this belt. The zone
dominated by bunchgrass and practically without sagebrush is narrow and
irregular, and it blends with the lower part of the Ponderosa pine and Douglas-
fir zone. It skirts the northern and western margins of the Kittitas Valley.

(Smith, Dwyer, and Schafer, 1945:64)

The grayish-brown soils of the eastern part of the Kittitas Valley and other
places in the semiarid sagebrush and bunchgrass areas are developed on
loess and old valley-fill deposits.

(Smith, Dwyer, and Schafer, 1945:65)

The Kittitas Valley is mostly open, except for a fringe of deciduous timber
along the stream bottoms and sloughs.

(Smith, Dwyer, and Schafer, 1945:68)
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Further information may be included in another soil survey for an area adjacent to the Kittitas

Valley. The Soil Survey of Yakima County, Washington was conducted under the supervision

of the same principal investigator (L.H. Smith), as that of the Kittitas Valley (Smith, et al. 1958).

The field work for the Yakima soil survey was conducted in 1942, soon after that of the Kittitas

soil survey (1936). Many of the soil names used in the 1942 Yakima soil survey are identical to



Ahtanum fine sandy loam

Esquatzel silt loam

Kittitas silt loam

Simcoe clay loam

Taneum loam

Wenas loam

Only small tracts of this sol have been
reclaimed: the greater part of it is unimproved
saltgrass pasture (p.31).

The natural vegetation consisted chiefly of
sagebrush, some grasses, and associated
plants (p.44). In virgin areas the sagebrush is
usually large and abundant (p.49).

Where the soil is moist and only slightly or
moderately saline or alkaline, a mixed plant
cover of both salt-tolerant species and plants
that are not salt tolerant will grow. Giant wild
ryegrass, sagebrush, wild rose, lupines and
wild flags typical of the plants growing on
virgin areas of the soil (p52).

Naches loam The natural vegetation consisted principally
of big sagebrush and grass (p.54).

Onyx loam The natural vegetation on Onyx loam
consisted mainly of sagebrush and grass
(P.58).

Renslow silt loam The natural vegetation was mainly big
sagebrush and some grasses (p.64).
Practically all of these soils occur in the
upland range areas covered by sagebrush
and grass (p.68).

Selah loam The natural vegetation consisted primarily of
big sagebrush and grasses (p.82).

Bunchgrasses once a considerable part of
the natural cover, have been thinned or
destroyed by overgrazing. They have been
replaced largely by big sagebrush,
cheatgrass, and other semiarid herbs and
shrubs. Bitterbrush grows in places (p.83).

The natural vegetation consisted mainly of
grasses, bitterbrush, sagebrush and
rabbitbrush (p.84).

The original plant cover on Wenas loam
consisted of abundant grass and herbaceous
growth and clumps of deciduous brush
(P.93).
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those of the 1936 Kittitas soil survey. The following excerpts from the 1942 Yakima soil survey

are presented below.

Ahtanum loam . saltgrass, greasewood, and other plants
tolerant of alkali (p.29).



Yakima loam Unplowed areas are usually covered by big
sagebrush and cheatgrass, as the native
grasses have been destroyed by
overgrazing. Cottonwood, willows, and
deciduous shrubs fringe many of the
abandoned stream channels and grow on
narrow strips along the main streams (p.96)

A degree of caution was employed regarding the use of the 1942 Yakima County soil survey

information in the development of range sites for the Kittitas Valley. First, no clear evidence

was found that the use of similar soil names between the 1942 Yakima soil survey and the

1936 Kittitas survey are indicative of similar soils. Second, if the soils were assumed to be

similar between the two locales, there is some question as to whether the vegetative

communities found on a given soil in the Yakima Valley would be identical to that found on the

same soil in the Kittitas valley. Third, although all of the Yakima soils listed above share an

identical soil series name with those found in the Kittitas soil survey, not all of the soil type

names are identical. Nevertheless, the information garnered from theYakima soil survey

tended to support the plant communities identified in the Kittitas soil survey.

A summary of the information provided in the soil survey report regarding the relief, soil

conditions, and native vegetation associated with each of the soils is provided in Table 6.1:

Summary of 1936 USDA Soil Types and Phases.

Range Sites for the 1936 USDA Soil Survey

The first task in the development of range sites for the soils of the 1936 USDA survey was to

identify those soils sufficiently similar in character to develop similar vegetative covers. In a few

instances, the soil survey report noted the native plant cover, but in most cases the plant

communities were inferred. Inferences of native plant communities were made following an

examination and review of relief, drainage, and the widest variety of available soil characteristics

(composition, presence of moisture, caliche, salts), as well as associated information related to

the environmental setting in which the soil was located (floodplain, alluvial fan, valley bottom,

etc.).

Using the Summary of 1936 USDA Soil Types and Phases table (Table 6.1), as a foundation,

additional information was added. Where noted in the text of the soil survey, the dominant

location of the soil was included. For those soils for which the survey report had not identified

the topography/relief, this information was developed following an examination of the soils
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map, identification of the dominant soil location(s), and field verification of the existing

topography/relief of those sites. A range site name was then developed to reflect the various

unique groupings of soil composition, topographic location, and soil characteristics (see Table

6.2: Preliminary 1936 Range Sites).

ive Vegetation

Table 6.1: Summary of 1936 USDA Soil Types and Phases

Based on the totality of the information described above, the major vegetative expression of

the potential natural vegetation for each soil type was inferred. Three principal shortcomings

were noted in this endeavor: 1) the paucity of the information provided in the report regarding

the native vegetation (i.e., not all soil types had references to native vegetation); 2) the lack of

specificity regarding the vegetation described in the report (i.e., bunchgrass could be

Agropyron spicatum, Poa sandbergii, Festuca idahoensis, etc.); and 3) references to the

N/rn001 0011 illeillie
Sells with Free Subdrainage

....,..
RI Renslow loam north and east slopes

Soils with Imps red Subdrainage
Sm Selah loam-terrace phase cemented caliche layer thin desert mulch

Smt Selah loam-terrace phase low, undulating, terrace-like bench

MI Manastash loam gently sloping or nearly flat non-calcareous

Ml Manastash fine sandy loam margins of high terraces (moraines) well-drained
Re Reeser loam gentle S. slopes and depressions
Tc Taneum clay loam gently undulating to moderate hilly abundant cover of grass

Tcr Tan clay loam-eroded phase very thin surface soil sparse cover of vegetation

Ts Taneum silty clay loam gently sloping or nearly flat

Sc Simcoe clay no lime accumulations

So Simcoe stony clay boulders and cobbles on surface

Wc Waha clay nearly flat areas

Well-Drained Soils
01 Onyx loam gentle to moderate slopes gravelly alluvial fans desert shrub and grass

Of Onyx One sandy loam gentle to moderate slopes alluvial fans desert shrub and grass

Y1 Yakima loam alluvial deps./droughty/sub. to innundation desert shrub and grass - thick timber

Yf Yakima fine sandy loam gravel bars, sloughs, dry stream channels desert shrub and grass

Yv Yak, very gravelly sandy loam very droughty desert shrub and grass - timber
desert shrub and grass

Well-Drained Soils with Imperfectly-Drained Inclusions
NI Neches fine sandy loam gently sloping scattered poorly drained depressions

Nc Neches clay loam gently sloping and undulating scattered poorly drained depressions

Imperfectly-Drained Soils
Ev Esguatzel fine sandy loam gently sloping or nearly flat stream bottoms - basin lowlands

Ks Kittitas silt loam gently sloping or nearly flat lowland valleys - black alkali patches

Al Atttanum loam hardpan in places - saline saltgrass

IM Woldale day loam gently sloping to flat marshyto moist - saline in places haywillow, dogwood, shrubs - wild

Wo Woldale day nearly fiat saline in areas

NI Naneum loam gently sloping to nearly flat

Wn Wanes loam stream valleys and river bottoms - irrigated wild hay

Wg Wanes gravelly loam

Well-Drained So Is of the Prairie herb
SI Swauk loam gently rolling heavy cover of praise grass and

Gf Garrison fine sandy loam flat grass and brush cover - open parklike

Imperfectly-Drained Soils of the Prairie
Lc
PI

Latah day loam lower slopes and depressions
Pooh loam scattered depressions

wet in spnng
standing water in spring brush and small decid. and cedar trees

Pc Peoh clay upland slopes and depressions undrained and seepy areas - wet in spring brush and decid. trees - open grassland

Ps Peoh silty day loam upland slopes and depressions undrained and soapy areas - wet in spring brush and decid. trees - open grassland

Miscellaneous Soil Types
Fim Rough Mountainous hills bordering valley steeply sloping

Re Riverwash river and stream bottoms bottoms

S Scabland margins of valley/valley interior gently-steeply sloping sparse grass, scat, sage, and low shrubs

Ss Shallow stony margins of valley/valley interior gently-steeply sloping

St Steep broken margins of valley/valley interior steeply sloping



Sm
Smt
MI
Mt
Re
Tc
Tcr
Is
Sc
So
Wc

Soil
Soils with Free Subdrainage

RI Renslow loam

Soils with Impaired Subdrainage
Selah loam
Selah loam, terrace phase
Manastash loam
Manastash fine sandy loam
Reeser loam
Taneum clay loam
Tan, clay loam, eroded phase
Taneum silty clay loam
Simcoe clay
Simcoe stony clay
Waha clay

Well-Drained Soils
01 Onyx loam
Of Onyx fine sandy loam
VI Yakima loam
Yt Yakima tine sandy loam
Yv Yak. very gravelly sandy loam

Well-Drained Soils with Imperfectly-Drained Inclusions
Nf Naches fine sandy loam Central and NE portion of Valley

Nc Naches clay loam

Imperfectly-Drained Soils
Ev Esguatel sandy loam
Ks Kittitas silt loam
Al Ahtanum loam
WI Woldale clay loam
Wo Woldale clay
NI Naneum loam

Wn Wenas loam
Wg Wenas gravelly loam

Well-Drained Soils of the Prairie
SI Swauk loam
Of Garrison fine sandy loam

Location

Park district/Badger Pocket
South of Kittitas
Manastash & Reeser
South and Norhtwest of Thorp
Green Canyon & Reeser fans
SW & W margins of Valley
West portion of Valley
West of Thorp
Margins of Valley/Swauk Prairie
Margins of Valley/Swauk Prairie
Naneum district

Margins of Valley
Manastash district
Valley wide
Valley wide
Valley wide

East and Central Valley
East portion of Valley
South Central Valley
South Central Valley

NE portion of Valley/Manastash

Swauk Prairie/Horse Canyon
Nelson - Easton

Imperfectly-Drained Soils of the Prairie
Lc Latah clay loam Outside of Valley

PI Peoh loam Outside of Valley

Pc Peoh clay Outside of Valley

Ps Peoh silty clay loam Outside of Valley

Miscellaneous Soil Types
Am Rough Mountainous
Re Riverwash
S Scabland
Ss Shallow stony
St Steep broken

Outside of Valley
River and Stream bottoms
Margins of ValleyNalley Interior
Margins of Valley/ Valley Interior
Margins of Valley/Valley Interior

Relief

gentle-moderate slopes
gentle-moderate slopes
fiat - gently sloping
flat
gently sloping - depressions
gently - moderately sloping
gently - moderately sloping
nearly Oat - gently sloping
flat - gently sloping
flat - gently sloping
nearly fiat

gentle - moderate slopes
gentle - moderate slopes
relatively flat
relatively flat
relatively flat

gently sloping
gently sloping - rolling

nearly flat - gently sloping
nearly flat - gently sloping
gently sloping - flat
nearly flat
gently sloping - nearly flat
flat - gently sloping
relatively flat - gently sloping
relatively flat

gently rolling
flat

gently - moderately sloping
relatively flat
moderately sloping
moderately sloping

steeply sloping
relatively flat
gently-steeply sloping
gently-steeply sloping
steeply sloping, broken

undulating hills
undulating hills
level lowlands
level lowlands
alluvial fans
basest hills
base of hills
floodplain terrace
alluvial fans
alluvial tans
lowlands

alluvial fans
alluvial fans
alluvial bottoms
alluvial bottoms
alluvial bottoms

lowlands w/ shallow drainageways
lowlands w/ shallow drainageways

stream bottoms and lowlands
lowland valleys
valley floor
valley floor
valley floor
valley floor
stream valleys and river bottoms
bottoms

glacial till
glacial outwash

Landform

flats, depressions
lowlands
hilly
hilly

hilly
floodplains and coulee bosoms
hilltops and breaks
hilltops and breaks
hilly, escarpments

droughty in summer
waterlogging in spring

Soil Conditions

cemented caliche layer
waterlogging
non-calcareous, waterlogging
well-drained
waterlogging in depressions
well-drained
very thin surface soil
slow underdrainage
no lime accumulations, impaired underdrainage
boulders and cobbles on surface
Impaired surface drainage, moist

excessive underdrainage
excessive underdrainage
droughty, no alkali, subject to innundation
well-drained, droughty
very droughty

tendency to accumulate alkali salts
lowland valleys - black alkali patches
hardpan in places' saline
surface/internal drainage impaired - saline in places

saline in areas
imperfectly drained - subirrigated
subirrigated

impaired underdrainage, gravelly patches
poor surface drainage

impaired underdralnage - wet in spring
impaired drainage - standing water in spring
undrained and soapy areas - wet in spring
undrained and seepy areas - wet in spring

excessively gravelly and cobbly
very shallow, stony
shallow. stony
shallow, rock outcrops

sagebrush

abundant cover of grass
sparse cover of vegetation

desert shrub and grass
desert shrub and grass
desert shrub and grass - thick timber
desert shrub and grass
desert shrub and grass - timber

saltgrass
willow, dogwood, shrubs - wild hay

wild hay

heavy cover of prairie grass and herb
grass and brush cover - open parklike

Native Vegetation

brush and small decid. and cedar trees
brush and decid, trees - open grassland
brush and decid. trees - open grassland

grass, sagebrush, scat. groves of trees

Range Site Name

Shrubby Prairie
Shrubby Prairie
Prairie
Shrubby Prairie
Riparian Woodland

Moist Loamy Bettors
Moist Loamy Bottom

Dry, Moderately Alkali Bottom
Moist, Strongly Alkali Bottom
Moist, Moderately Alkali Bottom
Moist Meadow - Loamy Bottom
Moist Meadow - Loamy Bottom
Moist Meadow - Loamy Bottom
Moist Meadow
Moist Meadow

Loamy North Exposure
Shrubby Prairie

Seasonal Wetland
Seasonal Wetland
Prairie Woodland
Prairie Woodland

Dry Upland
Riparian Woodland
Dry, Shallow Upland
Dry, Shallow Upland
Dry Upland

Table 6.2: Preliminary 1936 Range Sites

Edgemont district/Badger Pocket north and east slopes undulating hills
Prairie

Shrubby Prairie
Shrubby Prairie
Prairie
Prairie
Dry Lowland
Loamy North Exposure
Loamy North Exposure
Loamy North Exposure
Dry Lowland
Dry Lowland
Loamy North Exposure



122

vegetation may have failed to account for cultural disturbances to the environment over the

years preceding the soil survey (e.g., overgrazing, burning, brush removal). To facilitate the

development of vegetative descriptions the general vegetative patterns identified in the

preceding General Land Office chapter were utilized to some extent in addition to the

information provided throughout the 1936 soil survey report.

Once developed, the vegetative expression for each range site, along with the plant species

and the code identifying the species for the included vegetation, were added to the table. Soil

types which were found not to occur within the study area were deleted from the table (Latah

clay loam, Peoh loam, Peoh clay, and Peoh silty clay loam). The remaining soils were sorted by.

range site and then arranged in a progression using the "Moist Loamy Bottom" range site as

the origin. This range site was felt to reflect the highest degree of "normality" among all the

range sites. The soils of this site are found on gently sloping terrain, exhibit neither excessive

drainage nor retention of surface or subsurface water, exhibit no excessive accumulation of

alkali or salts, nor do they exhibit a hardpan or caliche layer. The other range sites were

arranged around this site in a manner to reflect the influences of various soil factors on the

potential natural vegetation. This information is presented in Figure 6.1: Preliminary 1936

Range Site Tree and in Table 6.3: Final 1936 Range Sites.

With the range sites identified, the task then became one of converting the 1936 USDA soils

map to one which reflected vegetation. The Kittitas Valley portion of the detailed soil survey

map accompanying the soil survey report was digitized. Each soil polygon was identified with

both a numeric code and a text code. The text code consisted of the soil type name

abbreviation (as used in the soil survey report and on the soil map). The numeric code was

determined the numerical position of the soil type following their alphabetic ordering. The map

was then "clipped" to the extent of the study area boundary. The attribute table for the study

area soils was edited by the addition of an new data column. The range site corresponding to

the soil type of each polygon (as illustrated in Table 6.3), was entered into the new data field.

The soils map was then "dissolved" using the range site attribute as the key. By doing this, all

soil polygons belonging to a given range site were joined into a single polygon. This

completed the initial transformation of the 1936 soils map into a vegetation map.

At this point, it was possible to adjust the vegetation map to reflect the influences of soil gravel

content, soil salinity, and presence of excessive soil moisture (marshiness). Three separate

GIS layers were digitized for areas on the 1936 soils map identified as being: 1) excessively

gravely; 2) moderately and strongly saline; and 3) marshy. The presence of these soil

attributes were identified through the use of symbols or text on the original soils map. Gravely
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areas were identified by groupings of small, unfilled circles, saline areas by the red, capital letter

'M' for moderately saline sites and '5' for strongly saline sites, and marshy areas were identified

by the standard US Geologic Survey "tussock" mapping symbol.

Loamy North Exposure

(Range
Site #7

AGSP/FEID

Effect of
Aspect

Decreasing
4

Soil Depth

Riparian Woodland

POTR/PIPO/ARTR/PUTR)
Range Site #11

Moist Meadow

(Range

Site #6's
DECA

Moist Meadow - Loamy Bottom

( Range Site #3
DECA - ELCI

Moist Loamy Bottom
Range Site #1

ELCI

Prairie

( Range Site #8
AGSP/artr/FORE3

Shrubby Prairie

(Range
Site #9

AGSP/ARTR

N
D Lowland Hills

Increasing
Moisture

Moist Mod. Alkali Bottom Moist, Strongly Alkali Bottom

C Range Site #4
DIST

( Range Site #5
01ST/SAVE

Dry, Mod. Alkali Bottom
Range Site #2 Increasing)

ELCl/DIST Salinity

Range Site #10
AGSP/POSA/ARTR/PUTR

(lowland)

Dry, Shallow Uplands
/Range Site

AGSP/ARRI

Range Site #13
AGSP/POSA/ARTR/PUTR

(upland)

U land Hills

Decreasing
Moisture

Figure 6.1: Preliminary 1936 Range Site Tree

For each of these soil characteristics, a transparent sheet was placed over the original map and

referencing tick marks transferred. On the overlay, circles were traced around isolated

symbols/letters on the original map. In areas where multiple symbols were closely drawn, a

polygon was traced around the entire grouping with care taken to follow the outline of the

group as it was described on the original map.

Due to software constraints, it was necessary to conduct the adjustment process in raster

mode. All map layers were converted from ArcViewe shapefiles to ArcView® gridfiles. The

1936 soils-to-vegetation shapefile was converted to a gridfile with a 15-meter pixel size. The



Ranno Sitp NAMP Species S ecies Code

*basin wildrye if dry, tufted hairgrass it mots
Range Site #10 (Dry Lowland) and Range Site #13 (Dry Upland), have he same vegetative description.

It is the expression of the various components that differentiates the two. Uplands exhibit a greater degree of differences (e.g.,north slopes,

ridge tops, west slopes, etc.), and changes occur over short distances. Lowlands tend to be mom uniform over larger areas.
***Plant symbol for Anemisia tridentate CARTS), is shown in tower-case to reflect minimal occurrence in plant community.

Table 6.3: Final 1936 Range Sites

AS #1 Nf

VW..
Naches fine sandy loam

.. ..
Moist Loamy Bottom

. _ _ . _

basin wildrye Elymus cinereus ELCl2
ELCl2

AS #1 Nc Naches clay loam Moist Loamy Bottom basin wildrye Elymus cinereus

AS #2 Ev Esquatzel fine sandy loam Dry, Moderately Alkali Bottom basin wildrye, saltgrass Elymus cinereus/Distichilis stricta ELCl2/DIST

AS #3 WI Woldale clay loam Moist Meadow - Loamy Bottom basin wildrye/tufted hairgrass* Elymus cinereus/Deschampsia caespitosa ELCl2 - DECA
ELCl2 - DECA

AS #3 Wo Woldale clay Moist Meadow - Loamy Bottom basin wildrye/tufted hairgrass* Elymus cinereus/Deschampsia caespitosa
DECAELCl2 -

AS #3 NI Naneum loam Moist Meadow - Loamy Bottom basin wildrye/tufted hairgrass* Elymus cinereus/Deschampsia caespitosa

AS #4 Al Ahtanum loam Moist, Moderately Alkali Bottom saltgrass Distichilis stricta DIST

AS #5 Ks Kittitas silt loam Moist, Strongly Alkali Bottom saltgrass, greasewood Distichilis stricta/Sarcobatus yermiculatus DIST/SAVE

AS #6 Wn Wenas loam Moist Meadow tufted hairgrass Deschampsia caespitosa DECA
DECA

AS #6 Wg Wenas gravelly loam Moist Meadow tufted hairgrass Deschampsia caespitosa

AS #7 Tc Taneum clay loam Loamy North Exposure bunchgrass Agropyron spicatum/Festuca idahoensis AGSP/FEID
AGSP/FEID

AS #7 Ter Taneum clay loam, eroded phase Loamy North Exposure bunchgrass Agropyron spicatum/Festuca idahoensis
AGSP/FEID

AS #7 Ts Taneum silty clay loam Loamy North Exposure bunchgrass Agropyron spicatum/Festuca idahoensis
AGSP/FEID

AS #7 Wc Waha clay Loamy North Exposure bunchgrass Agropyron spicatum/Festuca idahoensis
AGSP/FEID

AS #7 SI Swauk loam Loamy North Exposure bunchgrass Agropyron spicatum/Festuca idahoensis

AS #8
AS #8
AS #8
AS #8

RI

MI

Mt
YI

Renslow loam
Manastash loam
Manastash fine sandy loam
Yakima loam

Prairie
Prairie
Prairie
Prairie

bunchgrass w/ occasional sage
bunchgrass w/ occasional sage
bunchgrass w/ occasional sage
bunchgrass w/ occasional sage

Agropyron spicatum/Artemesia tridentata/forbs

Agropyron spicatuni/Artemesia tridentata/forbs

Agropyron spicatum/Artemesia tridentata/forbs

Agropyron spfcatum/Artemesia tridentatalforbs

AGSP/aM/FORB***
AGSP/artr/FORB--
AGSP/5rtr/FORI3*
AGSP/artr/FORI3*

AS #9 Sm Selah loam Shrubby Prairie bunchgrass and sage Agropyron spicatum/Artemesia tridentata AGSP/ARTR
AGSP/ARTR

AS #9 Smt Selah loam, terrace phase Shrubby Prairie bunchgrass and sage Agropyron spicatum/Artemesia tridentata
AGSP/ARTR

AS #9 01 Onyx loam Shrubby Prairie bunchgrass and sage Agrvpyron spicaturn/Arternesia tridentata
AGSP/ARTR

AS #9 Of Onyx fine sandy loam Shrubby Prairie bunchgrass and sage Agropyron spicatum/Artemesia trio'entata
AGSP/ARTR

AS #9 GI Garrison fine sandy loam Shrubby Prairie bunchgrass and sage Agropyron spicatum/Artemesia tridentata
AGSP/ARTR

AS #9 VI Yakima fine sandy loam Shrubby Prairie bunchgrass and sage Agropyron spicatum/Artemesia tridentata

AS #10 Re Reeser loam Dry Lowland bunchgrass, sage, bitterbrush A. spicatum-Poa sandbergii/A. tridentate-P. tridentata AGSP/POSA/ARTR/PUTA
AGSP/POSA/ARTR/PUTR

AS #10 Sc Simcoe clay Dry Lowland bunchgrass, sage, bitterbrush A. spicatum-Poa sandbergii/A. tridentate-P. tridentata
AGSP/POSA/ARTR/PUTR

AS #10 So Simcoe stony clay Dry Lowland bunchgrass, sage, Ntterbrush A. spicatum-Poa sandbergii/A. tridentata-P. tridentate

AS #11 Ye Yakima very gravelly sandy loam Riparian Woodland cottonwood, pine, sage, bitterbrush Populous trichocarpa-Pinus ponderosa/A. tridentata-P. tridentata POTR/PIPO/ARTR/PUTR
POTR/PIPO/ARTR/PUTR

AS #11 Rv Rivetwash Riparian Woodland cottonwood, pine, sage, bitterbrush

AS #12 S Scabland Dry, Shallow Upland sparse bunchgrass and rigid sage Poe sandbergii/Artemesia rigida POSA/ARR1
POSA/ARRI

AS #12 Ss Shallow stony Dry, Shallow Upland sparse bunchgrass and rigid sage Poe sandbergii/Artemesia rigida

AS #13 Rm Rough Mountainous Dry Upland bunchgrass, sage, bitterbrush A. spicatum-Poa sandbergiYA. tridentata-P. tridentata AGSP/POSA/ARTR/PUTR
AGSP/POSA/ARTR/PUTR

RS #13 St Steep broken Dry Upland bunchnrass, sane, bitterbrush A. spicatum-Poa sandbereli/A. tridentate-P. tn'dentata
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three ancillary data layers were converted to gridfiles with 50-meter pixel size. The difference

in pixel sizes was intentional so as to permit those areas which had been "adjusted" to be

distinguished on the output map. The blocky nature of adjusted polygons is clearly evident.

The size of the 'blocks' was intended to provide visual acknowledgment of the degree of

generalization which was inherent in the delineation of the attribute sites.

Adjustment of 1936 Vegetation Map for Gravels

The modification process commenced with adjustments in vegetation for excessively gravely

soils. This adjustment was made on the assumption that the presence of a high gravel content

would increase the internal drainage of the soil, making it more droughty. Areas on the 1936

soils-to-vegetation map which corresponded to gravely areas were adjusted one range site in a

drier direction (as illustrated in Figure 6.1). The initial adjustment process was a straightforward

ArcView() "MapCalc" operation wherein the values of the two separate layers (1936 soils-to-

vegetation + gravel), were added. Values on the 1936 soils-to-vegetation map ranged from 1-

13 and 40. All gravely areas on the gravel layer were given the value 1000. Resultant values

on the output map ranged from 1-13 and 40, and 1001-1013 and 1040. Interpretation of

these results was as follows:

1 001 = RS#1 and gravely = RS#8
(ELCI + drier = AGSP/artr/FORB)

1 002 = RS#2 and gravely = RS#2
(no change alkali dominant control)

1003 = RS#3 and gravely = RS#1
(DECA-ELCI + drier = ELCI)

1004 = RS#4 and gravely = RS#4
(no change alkali dominant control)

1005 = RS#5 and gravely = RS#5
(no change alkali dominant control)

1006 = RS#6 and gravely = RS#6
(no change by definition a hydric site)

1007 = RS#7 and gravely = RS#8
(AGSP/FEID + drier = AGSP/artr/FORB)

1008 = RS#8 and gravely = RS#9
(AGSP/artr/FORB + drier = AGSP/ARTR)

1 009 = RS#9 and gravely RS#9
(no change driest site for soil conditions)



1010 = RS#10 and gravely = RS#10
(no change driest site for soil conditions)

1011 = RS#11 and gravely = RS#11
(no change by definition a hydric site)

1012 = RS#12 and gravely = RS#12
(no change soil depth dominant control)

1013 = RS#13 and gravely = RS#13
(no change driest site for soil conditions)

1040 = RS#40 and gravely = RS#40
(no change by definition a river)

The above interpretations made, the output map was "reclassed" to illustrate the results.

Areas on the output map with values of 1-13 and 40 were assigned their same values. Areas

exhibiting gravel were reclassed as listed above (1001 8, 1002 2, 1003 1, 1004 4,

1005 5, 1006-6, 1007-8, 1008-9, 1009-9, 1010-10, 1011-11,1012-12,1013-
13, 1040 40). The output map from this reclass was then adjusted for soil salinity.

Adjustment of 1936 Vegetation Map for Salinity

Areas on the 1936 soils-to-vegetation map which corresponded to saline areas were generally

adjusted one range site in a saline direction (as illustrated in Figure 6.1). However, the

presence of hydric conditions and the influence of topography required adjustments to the

adjustment protocol. Areas on the salinity layer which were identified as being moderately

saline were given the value 1000 and areas identified as being strongly saline were given the

value 2000. The initial adjustment process was, again, a straightforward ArcView® "MapCalc"

operation wherein the values of the two separate layers (1936 soils-to-vegetation + salinity),

were added. Resultant values on the output map ranged from 1-13 and 40, 1001-1013 and

1040, and 2001-2013 and 2040. Interpretation of these results was as follows:

1 001 = RS#1 and moderately saline = RS#2
(ELCI + moderately saline = ELCl/DIST)

1002 = RS#2 and moderately saline = RS#2
(no change already shown as moderately alkali)

1003 = RS#3 and moderately saline = RS#1
(DECA-ELCI + moderately saline = ELCI*)

1004 = RS#4 and moderately saline = RS#5
(DIST + moderately saline = DIST/SAVE)
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1005 = RS#5 and moderately saline = RS#5
(no change most alkali site possible)

1006 = RS#6 and moderately saline = RS#6
(no change by definition a hydric site**)

1007 = RS#7 and moderately saline = RS#7
(no change emphasis on topographic position)

1008 = RS#8 and moderately saline = RS#8
(no change emphasis on topographic position)

1009 = RS#9 and moderately saline = RS#1
(AGSP/ARTR + moderately saline = ELcr)

1010 = Rsiti 0 and moderately saline = RS#10
(no change emphasis on topographic position)

1011 = RS#11 and moderately saline = RS#11
(no change - by definition a hydric site)

1012 = RS#12 and moderately saline = RS#12
(no change soil depth dominant control)

1013 = RS#13 and moderately saline = RS#13
(no change emphasis on topographic position)

1040 = RS#40 and moderately saline = no occurrences

*ELCI is a facultative halophyte
**emphasis on hydric nature of site

2001 = RS#1 and strongly saline = RS#4
(ELCI + strongly saline = DIST)

2002 = RS#2 and strongly saline = RS#2
(no change initially shown as moderately alkali)

2003 = RS#3 and strongly saline = RS#2
(DECA-ELCI + strongly saline = ELCI*)

2004 = RS#4 and strongly saline = RS#5
(DIST + strongly saline = DIST/SAVE)

2005 = RS#5 and strongly saline = RS#5
(no change most alkali site possible)

2006 = RS#6 and strongly saline = RS#1
(DECA = strongly saline = ELcr)

2007 = RS#7 and strongly saline no occurrences

2008 = RS#8 and strongly saline RS#8
(no change emphasis on topographic position)

127



2009 = RS#9 and strongly saline RS#2
(AGSP/ARTR + moderately saline = ELCl/DIST)

2010 = RS#10 and strongly saline RS#10
(no change emphasis on topographic position)

2011 = RS#11 and strongly saline = no occurrences

2012 = RS#12 and strongly saline = RS#12
(no change soil depth dominant control)

2013 = RS#13 and strongly saline = RS#13
(no change emphasis on topographic position)

2040 = RS#40 and strongly saline = no occurrences

*ELCI is a facultative halophyte,
balance between hydric and saline
nature of site

The above interpretations made, the output map was reclassed to illustrate the results. Areas

on the output map with values of 1-13 and 40 were assigned their same values. Areas

exhibiting moderate salinity were reclassed as listed above (1001 2, 1002 2, 1003 1,

1004 5, 1005 5, 1006 6, 1007 7, 1008 8, 1009 1, 1010 10, 1011 11, 1012

12, 1013). Areas exhibiting strong salinity were reclassed as listed above (2001 4, 2002 2,

2003 2, 2004 5, 2005 5, 2006 1, 2008 8, 2009 2, 2010 10, 2012 12, 2013

13). The output map from this reclass was then adjusted for soil marshiness.

Adjustment of 1936 Vegetation Map for Marshiness

Areas on the 1936 soils-to-vegetation map which corresponded to marshy areas were

adjusted one range site in a moister direction (as illustrated in Figure 6.1). All marshy areas on

the marsh layer were given the value 1000. Once again, the initial adjustment process was a

straightforward ArcViewO "MapCalc" operation wherein the values of the two separate layers

(1936 soils-to-vegetation + marshiness), were added. Resultant values on the output map

ranged from 1-13 and 40, and 1001-1013 and 1040. Interpretation of these results was as

follows:

1001 = RS#1 and marshy RS#3
(ELCI + moist = DECA-ELCI)

1 002 = RS#2 and marshy RS#2
(no change alkali dominant control*)
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1003 = RS#3 and marshy = RS#6
(DECA-ELCI + moist = DECA)

1004 = RS#4 and marshy = RS#5
(DIST + moist = DIST/SAVE)

1005 = RS#5 and marshy = RS#5
(no change already indicated as moist)

1006 = RS#6 and marshy = RS#14**
(creation of new range site)

1007 = RS#7 and marshy = RS#7
(no change emphasis on topographic position)

1008 = RS#8 and marshy = RS#3
(AGSP/artr/FORB + moist = DECA-ELCI)

1 009 = RS#9 and marshy = RS#3
(AGSP/ARTR + moist = DECA-ELCI)

1010 = RS#10 and marshy = RS#3
(AGSP/POSA/ARTR/PUTR + moist = DECA-ELCI)

1011 = RS#11 and marshy = RS#11
(no change by definition a hydric site)

1012 = RS#12 and marshy = RS#12
(no change soil depth dominant control)

1013 = RS#13 and marshy = RS#13
(no change emphasis on topographic position)

1040 = RS#40 and marshy = RS#40
(no change by definition a river)

*both ELCI and DIST exhibit a degree of
facultativeness to moist conditions

**creation of a new "Wetland" range site

The above interpretations made, the output map was reclassed to illustrate the results. Areas

on the output map with values of 1-13 and 40 were assigned their same values. Areas

exhibiting gravel were reclassed as listed above (1001 3, 1002 2, 1003 6, 1004 5,

1005 5, 1006 14, 1007 7, 1008 3, 1009 3, 1010 3, 1011 11, 1012 12, 1013

13, 1040 40). The output map from this reclass was then converted from the raster gridfile to

the vector shapefile. The resultant map comprised the initial 1936 USDA soils-to-vegetation

map.

The three-step process of adjusting the 1936 soils-to-vegetation map for the influences of

gravel, salinity, and marshiness generated numerous "sliver-polygon artifacts. These slivers

were generally quite small, geometric shapes resulting the inexact correspondence of polygon

129



130

boundaries between layers as adjustments were made due to slight differences in base map

registration between digitizing sessions. Slivers would not have been created had all map

layers been exactly rectified when originally digitized and when converted from vector

shapefiles to raster gridfiles.

The slivers were eliminated to "clean" the map. This was accomplished by selecting a sliver

polygon, identifying its polygon identification number, and editing the attribute table for that

polygon to match the attribute code of the surrounding background matrix. This process was

repeated for each of the over 1200 sliver polygons.

Once the map was "cleaned," the initial 1936 soils-to-vegetation map was "dissolved," again

using the range site code as the key. This process re-unified unmodified polygons with

polygons which had been created through the adjustment process (either through the

modification of portions of polygons due to ancillary conditions, or through the associated

creation of "sliver"-polygons). As was noted in the adjustment process of the base map for the

effects of "marshy" conditions, a new range site was added. The addition of the Wetland site is

acknowledged in Figure 6.2: Final 1936 Range Site Tree.

This map constitutes the final version of the process of converting the 1936 USDA soils

information to a map of the potential natural vegetation of the study area. This map is

presented in Figure 6.3: 1936 USDA Soils-to-Vegetation Map.



131

Loamy North Exposure
Range Site #7
AGSP/FEID

Riparian Woodland Wetland

Range Site #11 Range Site #1.4)

CPOTR/PIPO/ARTR/PUTR) SCAC

t
Moist Meadow Increasing

(Range Site #6

I

Moisture

DECA)
I

Moist Meadow - Loamy Bottom Moist, Mod. Alkali Bottom Moist, Strongly Alkali Bottom

Range Site #3 Range Site #4 Range Site #5

DECA - ELCI DISTDIST/SAVE
I

/
Moist Loam Bottom Dry, Mod. Alkali Bottom

1
Range Site 1 Range Site #2

ELCI ELCUDIST

CRange

Site #8
AGSP/artr/FORB)

Range Site #10
AGSP/POSA/ARTR/PUTR

(lowland)

Range Site #13
AGSP/POSA/ARTR/PUTR

(upland)

Dry, Shallow Uplands

(Range Site #12
POSA/ARRI

Decreasing
Soil Depth

Shrubby Prairie

(Range
Site #9

AGSP/ARTR

N
Lowland Hills D U land Hills

Decreasing
Moisture

Increasing
Salinity

Figure 6.2: Final 1936 Range Site Tree

Effect of
Aspect

Prairie



-,1j -
M 2 ',,

V
0'p ' Li. 1 1

A . .
1 if

,
11).#

-.X 4

1936 USDA Soils-to-Vegetation Map

at. Vegetation Classification
ELCI
ELCl/DIST

1111 DECA
ELCl/DIST/SAVE
AGSP/FEID
AGSP/artr/FORB
AGSP/ARTR
AGSP/POSA/ARTR/PUTR

1111 POTR/PIPO/ARTR/PLITR
POSA/ARRI
AGSP/POSA/ARTR/PUTR

FA WETLAND
IN WATER

6, 1

Figure 6.3: 1936 USDA Soils-to-Vegetation Map

2 4 6 8 10 Miles

I



CHAPTER 7 - 1996 NRCS SOIL SURVEY

Development of Kittitas Valley Range Sites

In 1975, the Kittitas office of the Natural Resources Conservation Service began a detailed soil

survey of Kittitas County. The survey was a high-end Level 2 soil survey as defined by the

criteria for identifying kinds of soil surveys under the procedures of the National Cooperative

Soil Survey. The various phases of each soil series constituted the degree of detail of the

survey and the mapping unit extended to reflect consociations, associations, and complexes.

The minimal mapping unit for a Level 2 soil survey ranges from 1.5 to 10 acres, and the

appropriate mapping scale for such a survey is 1:12000 1:31680. Under the guidelines for a

Level 2 survey, the soil in each delineation is identified by a systematic procedure of

transecting or traversing, and soil boundaries are plotted by field observations and

interpretation of aerial photographs.

The soil survey of the irrigated croplands of the Kittitas Valley, which comprised the majority of

the study area, was completed in 1989. The field work for the survey of the remainder of the

study area, consisting of the irrigated pasturelands of the valley, was completed in 1990. The

initial mapping work was completed in 1996. A digitized version of the surveyed area was

completed in 1998. By the Fall of 1998, the focus of the soil survey, as it related to the study

area, had shifted to the development of habitat types and range sites. For the purposes of this

study, this soil survey will be referred to as the "1996 NRCS soil survey."

The Soil Survey Project Leader and the Range Conservationist from the Kittitas County NIRCS

office were consulted and developed the following list of fourteen site classes for the study

area:

Dry Loamy, 9-12" precipitation

Loamy, 12-15"

Loamy North, 9-15"

Dry Stony, 9-15"

Very Shallow, 9-15"

Dry Clay Pan

Clay Pan

Moist Meadow

Loamy Bottom, ARTR/ELCl2/AGSP
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Loamy Bottom, ARTR/ELC12/ROWO

Alkali Bottom

Cottonwood

Loamy, 15-18"

Stony Bottom

Very Shallow, 15-18"

The Kittitas Valley has been extensively irrigated and intensively farmed for over a century.

The vast majority of arable lands have been extremely modified through grazing and/or

plowing. No data existed concerning the potential climax plant communities which could be

expected to correspond to the various range sites. The task, then, became one of developing

the plant community and composition characteristics for each of the range sites. With the

paucity of undisturbed plots in the study area, development of range site descriptions had to

rely upon judgment bolstered by extrapolation from range site data for adjacent areas. Due to

the nature of this process, no attempt was made to create artificially detailed descriptions.

Rather, each site was described by a few 5), species which include the dominant grasses

and shrubs.

The goal of this phase was to achieve a series of range site descriptions which, when viewed

as a whole, would present a vegetative gradient and which, when viewed individually, would

perhaps exhibit subtle, yet distinctive, differences from one another reflecting the variety of

growing conditions established by the climatic, edaphic, and topographic factors present in the

study area.

Due to its proximity to the Kittitas Valley, the range site data which had been compiled for the

Yakima Training Center (YTC), were relied upon heavily and formed the basis from which to

begin the development of range site descriptions for the study area. These precursory range

site descriptions were then compared to range site descriptions for the reservation lands of the

Yakama Nation (Tart, Kelley, and Schlafly 1987), the adjacent Grant (Gentry 1984) and Yakima

(Lenfesty and Reedy 1985) counties, and the Columbia Basin (Anderson 1958a) and John

Day (Anderson 1958b) regions of Oregon. A summary of the range site data for each of these

areas is presented in Appendix 7.1: Summaries of Range Site Data from Adjacent Areas. A

new version of range site descriptions was developed incorporating the modifications

suggested by the above comparisons. This preliminary set of range site descriptions was then

reviewed by Dr. Lee Eddleman of the Department of Rangeland Resources, Oregon State
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University. The preliminary range site classes and the generalized plant community and

composition for each is presented below in Table 7.1: Preliminary Kittitas Valley Range Site

Descriptions.

Site Site Name ite Veaetation DescriDti

Table 7.1: Preliminary Kittitas Valley Range Site Descriptions

Note that in this listing, range sites #1 - #9 are organized in a manner which shows the

influences of increasing soil depth and increasing moisture. Range site #10 illustrates the

topographic influence of exposure/aspect. Range sites #11 and #12 reflect the topographic

influence of elevation within drainage ways. The remaining three range sites (RS#13, RS#14,

RS#16), reflect the edaphic influences of soil salinity, perennial moisture, and riparian

conditions, respectively. This relationship is presented graphically in Figure 7.1: Preliminary

NRCS Range Site Tree.

1st Generation NRCS - (NRCSv.1)

A digitized map of the 1996 Soil Survey of the Kittitas Valley was obtained from the Natural

Resources Conservation Service. Using ArcViewe, this map was clipped using the boundary

of the study area. A list of all soil polygons within the study area was then generated. Two

types of polygons were found in this list: polygons which contained only a single soil type; and

polygons which contained two or three individual soil types intermingled to such a degree that,

although they could be distinguished in the field, could not be mapped individually at the scale

of the survey. The former group will be referred to as "single-descriptor" polygons, and the

latter as "complex-descriptor" polygons.

RS#1 Very Shallow, 9-15" POSA4° SIHY? ERTHe HAS-111/ PHLOXI° 'no shrub POSA/ERTH
RS#2 Very Shallow, 15-18" POSA3° SIHY°"5 ARR14° POSA/ARRI
RS#3 Thin Shallow, 9-12" AGSP4° POSAl° ERTHe ERSP3I° ARRI's AGSP/ARRI
RS#4 Thin Shallow, 12-15" AGSP55 POSAI° ERSP3I° ARTRe5 AGSP55/ARTR°.5
RS#5 Stony Clay Loam, 9-15" AGSP55 POSAl° ERSP35 ARTRWs AGSP65/ARTR5
RS#6 Clay, 9-12" AGS134° POSAs POCUs ERSP35 ARTRWI° AGSP40/ARTRI°
RS#7 Stony Loam, 9-12" AGSP6° POSAs ARTRWI° AGSP6°/ARTIRI°
RS#8 Loamy, 9-15" AGSP6° POSA5 POCUs ARTRW 15 AGSP60/ARTRI5
RS#9 Loamy, 15-18" AGSP6° POSA5 POCU5 FEIDI° ARTR25 PUTR5 AGSP/FEID/ARTR/PUTR

RS#10 Loamy North, 12-15" AGSP25 POSA5 FEID45 ARTR45 FEID/AGSP/ARTR/PUTR
RS#11 Stony Bottom, 6-12" AGS134° POSA5 ELCl22° ARTRTI° PUTR5 AGSP/ELCVARTR/PUTR
RS#12 Loamy Bottom, 6-12" AGSP2° POSAs ELCl26° ARTRT5 PUTRs ELCl/AGSP/AF1TR/PUTR
RS#13 Alkali Bottom, 6-12° DIST2° ELCl25° SAVE20 ELCl/DIST/SAVE
RS#14 Moist Meadow DECA4° PONEI° JUNCO Carex, Juncus, Guise ROWO/CRCO°.5 DECA/PONE
RS#15 Cottonwood Riparian DECA3° PONE's JUNCUI° Carex, Juncus, Grass2° POTR/ROWO/SYAL POTR/DECA/ROWO/SYAL
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Loamy North Exposure, 12-15"

(FRange
Site #10

EID/AGSP/ARTR/PUTR

(Range
Site #9

AGSP/FEID/ARTFt/PUTR

Effect of
Aspect

Loamy, 15-18"

z

Riparian Woodland

,:OTFVDECA/ROWO/SYAL)
Range Site #15

Moist Meadow

(Range

Site #14)
A/DECPONE

Loamy Bottom, 6-12"

( Range Site #12
ELCl/AGSP/ARTR/PUTR

)

Thin Shallow, 12-16"

Range Site #4
(AGSP55/ARTR0-5)

Decreasing
Soil Depth Thin Shallow, 9-12"

Range Site #3
AGSP/ARRI

Very Shallow, 15-18"

a\Range

Site #2)
POSA/ARRI

Very Shallow, 9-15"

(Range

Site #1.\

POSA/ERTH./

Stony Bottom, 6-12"
Range Site #11

AGSP/ELCl/ARTR/PUTR

Loamy, 9-15"

Range Site #8 )
AGSP60/ARTR15

(Range
Site #7 ) Decreasing

AGSP60/ARTR10 Moisture

Clay, 9-12"

(Range
Site #6

AGSP46/ARTR101

Stony Clay Loam, 9-15"

( Range Site #5 )
AGSP65/ARTR5

Stony Loam, 9-12"

Increasing
Moisture

Figure 7.1: Preliminary NRCS Range Site Tree

A list of all the individual soil types encountered in the study area was prepared. The Soil

Survey Project Leader in charge of the NRCS soil survey then compared the list of soils to the

list of range sites which had been developed and assigned each soil to a range site to one of

Alkali Bottom, 6-12"

Range Site #13
ELCl/DIST/SAVE

Increasing
Salinity
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the range site categories. During this assignment, polygons of Weirman soil were assigned to

two different range sites (RS#11 and RS#15) (see Table 7.2: NRCS Soils with Range Site

Descriptions). A list of all soil polygons in the study area was generated and each of the single-

descriptor polygons was assigned to a range site based on the assignments described above.

The soil survey Project Leader was consulted in the cases involving Weirman soils.

Polygons containing multiple soil types were assigned to range sites as follows. The

Argixerrol-Durixeroll complex polygons were reviewed by the soil survey Project Leader and

the various polygons of this complex were placed into two different range sites (RS#3, RS#8).

For the remainder of the complex-descriptor polygons, each soil in the complex was assigned

its individual range site number. If all soils for a given complex-descriptor polygon were,

individually, assigned to the same range site, then the polygon, as a whole, was assigned to

that range site (e.g., Polygon 631 Meloza-Roza: Meloza = RS#6, Roza = RS#6 - polygon

placed into Range Site #6).

If the range sites of the individual soils differed, a new "complex" range site was developed

(e.g., Polygon 682 Benwy-Argabak-Vantage: Benwy = RS#1, Argabak = RS#3, Vantage =

RS#8 - polygon placed into new category "Complex: Range Sites #1, #3, and #8").

Subsequent polygons found to have the same combination of elements were added to the

category.

It was noted following this sort that no soil polygons were listed for which either Range Site #2

or Range Site #4 was a sole descriptor. Only three polygons included Range Site #2 as part of

a complex descriptor (a soil polygon in which two or more soils are found closely interspersed),

and these fell into two categories: RS#2/RS#3/RS#8 (1) and RS#2/RS#8 (2). Few (9), soil

polygons included Range Site #4 as part of a complex descriptor, and these fell into only two

categories: RS#4/RS#6 (8) and RS#4/RS#8 (1).

Adjustments were made to the preliminary range site list in the following manner. Due to its

infrequent occurrence, Range Site #2 was deleted and the soil polygons assigned to it were

placed in Range Site #1. Due to its infrequent occurrence and similarity to Range Site #5,

Range Site #4 was deleted and the soils assigned to it were placed in Range Site #5.

Adjustments were made to the site descriptions of Range Site #1 and Range Site #5 at this

time to reflect the inclusion of the former Range Site #2 soils (precipitation bands were

widened).
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Table 7.3: Final Kittitas Valley Range Site Descriptions

Using ArcView®, the digital map of the soil polygons within the study area was reclassed to

reflect the hypothesized potential native vegetation of the study area (see Figure 7.3: 1st

Generation 1996 NRCS Soils-to-Vegetation Map).

Critique of NRCSv.1 Vegetation Map

Following an examination of the resultant "1st Generation NRCS Vegetation" map (NRCSv.1),

several shortcomings were noted. There was a distinctly little correlation between the

NIRCSv.1 vegetation map and the previously constructed 1936 vegetation map. While it was

expected that the NRCSv.1 vegetation map would differ to some degree from the 1936

139

The single-descriptor and complex descriptor range sites were then resequenced to reflect

the deletions of the two range sites. The results of these changes to the range site classes are

presented in Table 7.3: Final Kittitas Valley Range Site Descriptions.

The complex range sites were also adjusted to reflect the changes noted above. Further, in

order to reduce the complexity of the map, the number of categories of "complex" range sites

was abbreviated. Complexes were grouped based on a combination of distinctiveness

between the vegetation communities of the range sites attributed to the individual included

soils as well as on the areal extent of the complex on the landscape. The final assignment of all

NRCS soil polygons found in the study area to range sites is presented in Appendix 7.2: Final

Assignment of NRCS Soil Polygons to Range Sites. This results of these changes are

presented graphically in Figure 7.2: Final NRCS Range Site Tree.

Site Site Name ite Veaet
RS#1 Very Shallow, 9-18" P OSA ss SIHYs "5 ARRI4 POSA/ARRI
RS#2 Thin Shallow, 9-15" AGSP4s POSA15 ERTH45 ERSP3 Is ARRI is AGSP/ARRI
RS#3 Stony Clay Loam, 9-15" AGSPss POSA's ERSP35 ARTRW5 AGSP55/ARTR5
RS#4 Clay, 9-12" AGSP's POSA5 POCU5 ERSP35 ARTRW's AGSP4s/ARTR's
RS#5 Stony Loam, 9-12" AGSP5s POSA5 ARTRWs AGSP50/ARTRIs
RS#6 Loamy, 9-15" AGSPes POSA5 POCU5 ARTRW," AGSP60/ARTRth
RS#7 Loamy, 15-18" AGSP6s POSAs POCUs FEID's ARTR25 PUTRs AGSP/FEID/ARTR/PUTR
RS#8 Loamy North, 12-15" AGSP25 POSA5 FEIDa5 ARTR45 FEID/AGSP/ARTR/PUTR
RS#9 Stony Bottom, 6-12" AGSP4° POSA5 ELCl22° ARTRT15 PUTR5 AGSP/ELCVARTR/PUTR

RS#10 Loamy Bottom, 6-12" AGSP2s POSA5 ELCl25° ARTRT5 PUTR5 ELCl/AGSP/ARTR/PUTR
RS#11 Alkali Bottom, 6-12" DIST2s ELC125° SAVE20 ELC1/DIST/SAVE
RS#12 Moist Meadow DECA4s PONE 1° JUNCO' Carex, Juncus, Gras?' ROWO/CRCO5'5 DECA/PONE
RS#13 Cottonwood Riparian DECA3° PONE15 JUNCU's Carex, Juncus, Grass2s POTR/ROWO/SYAL POTFVDECA/ROWO/SYAL
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Loamy North Exposure, 12-15"
Range Site #8

(FEID/AGSP/ARTR/PUTR
Loamy, 15-18"

Riparian Woodland

(30TR/DECA/ROWO/SYAI)

Range Site #13

Moist Meadow

(Range Site 4t1
DECA/PONE

Loamy Bottom, 6-12"

(Range
Site #10

ELCl/AGSP/ARTR/PUTRi

Range Site #7
\.AGSP/FEID/ARTR/PUTR Stony Bottom, 6-12" Alkali Bottom, 6-12"

Range Site #9
AGSP/ELCl/ARTR/PUTR

(Range Site #11
ELCl/DIST/SAVE

Loamy, 9-15"

(Range
Site #6

AGSP60/ARTR15)

Stony Loam, 9-12"

Range Site #5
AGSP60/ARTR10

Clay, 9-12"

Range Site #4
AGSP40/ARTR10

Stony Clay Loam, 9-15"

( Range Site #3
AGSP65/ARTR5

Thin Shallow, 9-15"

(Range

Site #2)
AGSP/ARRI

crVe Shallow, 9-18"

Range Site #1)
POSA/ARRI

Figure 7.2: Final NRCS Range Site Tree

vegetation map, it was anticipated that there would be a fair degree of correlation across broad

areas of the study area.

The NRCSv.1 vegetation map was rather monolithic, revealing little in the way of a vegetative

mosaic. The vast majority of the valley fell into only a few of the range site categories; primarily

those of the AGSP/ARTR sequence, ELCl/DIST/SAVE, AGSP/ELCl/ARTR/PUTR sequence,
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Figure 7.3: 1st Generation 1996 NRCS Soils-to-Vegetation Map
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and Riparian. Much more in the way of a mosaic was expected given the wide range of climatic,

edaphic and topographic conditions present in the valley.

A third shortcoming of the NIRCSv.1 map was the lack of vegetative gradation within the saline

soils. All saline soils were treated the same (assigned to the ELCl/DIST/SAVE range site). In

reviewing the range site descriptions for the Yakama Nation reservation, an intermediate saline

range site was listed (ELCl/DIST), in addition to the strongly saline (ELCl/DIST/SAVE). Since

the 1936 soil survey clearly differentiated between moderately and strongly saline soils, it was

felt desirable to carry this distinction over into the NRCS soil-to-vegetation analysis.

In the end, given the only slight degree of correlation between the NRCSv.1 vegetation map

and the 1936 vegetation map, it was concluded that the initial NRCS soil-to-vegetation effort

was lacking and did not provide an accurate assessment of either the extent or distribution of

the potential native vegetation of the valley.

A potential source for the lack of correlation had been identified early in the effort. The soil

survey Project Leader was better-versed in soil taxonomy than in native plant communities. He

had based his assignments of soils to the various range sites on his understanding of native

plant communities bolstered by comments from the Range Conservationist. The Range

Conservationist was better-versed in plant communities than in soils. His interpretation and

identification of range sites which may have occurred in the valley prior to settlement and

irrigation were based on his experiences in surrounding regions, none of which included a

large valley landscape such as was the focus of this examination. A second iteration of

potential vegetation based on the NIRCS soil survey was deemed desirable.

2nd Generation NRCS - (NRCSv.2)

Since the 1936 soils-to-vegetation map was based, at least in part, on recorded observations

of native plant communities, the 1936 vegetation map was used as the basis for a re-evaluation

of the NRCS soils-to-vegetation map. Two approaches were taken in this re-evaluation: a

"similar polygons" approach and a "map overlay" approach.



Similar Polygons Approach

A third shortcoming of the NRCSv.1 map was the lack of vegetative gradation within the saline

soils. All saline soils were treated the same (assigned to the ELCl/DIST/SAVE range site).

During the examination for correlations between the 1936 and NRCS vegetation maps it was

noted that there were several soil polygons or portions of polygons that were largely identical

in shape and location between the two maps. Note that the soils were mapped completely

independently by parties unknown to each other and over 50 years apart. To facilitate the

identification of these "similar polygons," the following technique was used.

It was felt that the soils within these similar polygons were concordant soils (i.e., soils whose

characteristics matched). Continuing the logic of this approach, if the soils were the same,

then they should support the same plant communities. Therefore, the soils should fall into the

same range sites. Since the range sites for the 1936 vegetation map were constructed based,

in part, on references to which had been made to native plant communities, this approach

would assign soils in the NRCS layer to the corresponding range site in the 1936 layer.

In ArcVievv0, both the 1936 and NRCS soils maps were placed in the view, with the 1996 map

overlying the 1936 map. Both maps were placed into a uniform color by adjusting the legend

(single value). The 1936 map was then made the active map, so that when a soil polygon was

queried (clicked on), in the NRCS layer, the underlying polygon in the 1936 layer would

"flash." A visual assessment of symmetry between individual polygons in both the 1936 and

NRCS maps was, thus, permitted. The majority of soil polygons (including all of the major

polygons), in the NRCS layer were tested using the "query" method. In those cases where

similarity existed, a record of the NRCS soil polygon ID number and soil name, and the 1936

soil type and range site were recorded. A list of those polygons of similar shape and location

identified between the two maps was made The NRCS soils were then placed into range site

groups which correspond to the 1936 range sites based solely on the information provided in

this table (see Appendix 7.3: Similar Polygons).

Map Overlay Approach

This technique is largely similar to the technique used in the similar polygons approach, the

principal difference being, in this approach, that the sum of all polygons of a particular soil in the

NRCS map was compared to corresponding soils in the 1936 soil map.

143
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As before, both maps were placed into a uniform color by adjusting the legend. The NRCS

soils map was made the active theme and its table accessed. Within the table, all records for a

given soil type were selected simultaneously. When the table was closed, the polygons which

corresponded to the selected records in the table would then appear in a distinctive yellow

color. The 1936 map was then made the active layer. Numerous queries were then made

throughout the highlighted area on the NRCS layer. A record was made of the soil type and

range site of the polygons on the 1936 map intersected with each query. It was possible, with

this approach, to intersect the same 1936 soil polygon multiple times while sampling

throughout the NRCS highlighted region. This was deemed appropriate since the number of

intersections was reflective of the degree of overlap between soils of the two layers (i.e., the

greater the degree of overlap, the more likely it would be sampled). This process was repeated

until all of the various individual soils of the NRCS soil map had been queried. This approach

could be formalized by generating a map of random points and using the random points to

direct the sampling between the map layers. However, since the approach used here

engenders a directed query from the outset, and since the necessary information was

obtainable via the method described, a formalized application of the approach was not used.

To address a noted shortcoming in both the 1936 soils-to-vegetation map and the initial NRCS

soils-to-vegetation map, an effort was made to identify those soils which corresponded to

patterned ground. Patterned ground is a relatively fine-grained surficial phenomena

characterized by alternating areas of shallow, stony soils and mounds of loam. Known locally as

Manastash mounds, the exact origin of these landscape features is not known. The dominant

theories suggest freeze/thaw cycles associated with periglacial environments or the vegetative

colonization and stabilization of wind-blown materials. Large areas within the valley which still

exhibit patterned ground were queried and the NRCS soils which corresponded these sites

were recorded.

A record of the NRCS soil polygon ID number and soil name, and the corresponding 1936 soil

types, including the occurrence of repeat samples, were recorded. Additionally, notations

were made in those cases where the areal extent of a particular soil within the study area was

extremely minor and, therefore, was deemed marginal in supplying adequate information for

assigning the soil to a range site. Another situation was encountered when examining both

the Naneum and Weirman soils. In both cases, a check of concordances revealed a distinctive

duality in the attempt to assign the soil to a range site. These soils were examined on a

polygon-by-polygon basis. Differences in the physical setting and composition/structure of
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the individual polygons within each of the two soils was deemed sufficient such that it was

reasonable to expect them to support different plant communities. For this reason, these two

soils were split into separate groups (Naneum = Naneum (dry) and Naneum (wet), Weirman =

Weirman (sandy) and Weirman (stony)). The newly defined soil subsets were then placed into

a range site.

A list of the corresponding NRCS and 1936 soils developed using this approach was made.

The NRCS soils were then placed into range site groups which correspond to the 1936 range

sites based solely on the information provided in this table (see Appendix 7.7: Map Overlay II

and Appendix 7.4: Map Overlay).

Correlation of Similar Polygons v. Map Overlay v. 1st Generation Assignments

A comparison was made between the soil-to-range site assignments between the similar

polygon approach, the map overlay approach, and the original NIRCS assignments. The soils-

to-range sites concordances developed through the similar polygons and map overlay

approaches were then compared to derive a "best approximation" for the final assignments. Of

the fifty-four different soils listed as "single" soil descriptors in the NRCS soil survey that are

found in the study area, each was sampled in the map overlay approach. However, only 20 of

these soils were found to have concordant polygons and were sampled in the similar polygon

approach. While several of the "complex descriptor" soils were noted in the similar polygon

approach, none were examined in the map overlay approach. Due to the high degree of

omission, the original NRCSv.1 range site assignments were included in this evaluation.

Two separate components were involved in deriving the final NRCSv.2 soil-to-range site

assignments. An initial assessment examined only the similar polygon and map overlay results.

This portion of the assessment looked only at the twenty single-descriptor soils that appear in

the results of both approaches. In those cases where the soil-to-range site assignments

matched between the two approaches, that assignment was accepted. In cases of no match,

the entirety of the 1936 soils intersected in the map overlay queries was compared to the 1936

soil indicated via the similar polygon approach and to the original NRCS assignment. Based on

this comparison, a judgment was made regarding which range site the soil should be assigned.

In the special cases of the Naneum and Weirman soils, the separation of these soils into

subsets in the IV* Overlay approach was retained.
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There were numerous polygons which remained to be assigned to a range site. These soils

fell into two categories: the polygons of the thirty-two single-descriptor soils which were

sampled in the map overlay approach but not in the similar polygon approach; and the

polygons of the complex-descriptor soils. With the exception of the patterned ground

complexes, which received special attention, polygons with complex-descriptors were not

sampled in the map overlay approach.

To complete the assignment of the single-descriptor polygons to range sites, a comparison

was made between the initial concordances derived in the map overlay approach and the

original NRCS assignments. The decision as to which range site to assign the soil was biased

in favor of the initial concordances. In some cases, this approach proved problematic,

particularly in those cases where the areal extent of the soil was limited. These soils each

received individual inspection prior to being placed into a final range site.

The assignment of the complex-descriptor polygons to range sites was a multi-step process.

As noted earlier, the development of the new "patterned ground" range site removed several

of these polygons from further consideration. An assessment was made of the remaining

polygons to determine, given the new range site assignments of individual component soils to

the complex, whether or not these polygons still constituted a "complex." This eliminated

several polygons from the pool. Further efforts in this endeavor required the development of

an interim NRCS soils-to-vegetation map based on the new assignments of soils to range sites.

The polygons that remained in the "unassigned" pool were each evaluated individually. In

ArcView®, each of the remaining complex-descriptor polygons was selected and compared to

surrounding soil range sites within a newly created, interim NRCS soils-to-vegetation map.

This provided sufficient information to place several of the unidentified polygons into a range

site. In some cases, due to the extremely limited areal extent of the polygon, they were simply

assigned to the range site of the predominant surrounding range site on the interim NIRCS

map. It was felt that the extremely small area encompassed by these few polygons was

insufficient to warrant inclusion of a separate "complex" range site in the final product. In some

cases where the difference between the range sites of the individual soils of the complex was

not large, the polygon was assigned to the range site which most closely corresponded to the

concordant 1936 site description. In a few instances, it was determined that a new "complex"

range site was required. In most cases, these polygons fell into clearly transitional or variable

environments (e.g., riparian/swale). The results of the above effort are presented in Appendix

7.5: Initial 2nd Generation Assignment of NRCS Soil Polygons to Range Sites.
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In the course of re-evaluating the NRCSv.1 soils-to-range site assignments, some new range

sites were added. The major differences between the NRCSv.1 range sites and the new

NRCSv.2 range sites are summarized as follows. The range sites were "reconstructed" in part

to reflect the 1936 range sites and in part to reflect a broadening of each category, thereby

creating more distinctive differences between the categories. This latter attribute was

desirable, in part, due to the overly subtle differences engendered in the NRCSv.1 range sites

(particulary the AGSP/ARTR series).

To permit a distinction between the dry and moist alkali sites, both a dry alkali (ELCl/DIST) and a

moist alkali (ELCl/DIST/SAVE) range site are included. A newly created "patterned ground"

range site was added, and the DECA-ELCI range site from the 1936 range sites was retained.

The impetus behind the creation of the "moderately saline" dry alkali and "strongly saline"

moist alkali range sites was discussed earlier, as was the need for a "patterned ground" range

site.

The DECA-ELCI range site was retained as the result of an inability to firmly place certain soils

into either of the separate plant communities. In some ways, this broadly inclusive category is

desirable since it tends to reflect the reality of topographic influences encountered in the areas

where these soils are found. The Deschampsia caespitosa community is found in areas which

are moist for the majority of the year while the Elymus cinerus community is found in drier areas.

The influence of very little change in local relief is sufficient to result in a separation of these

two communities. The topography of the study area in the areas of these soils is such that it

can be described as consisting of broad, relatively flat swales separated by wide, low-lying

ridges. The Deschampsia caespitosa communities would be found in close proximity to the

lowest areas of each swale, where streams and shallow underground water would flow. Only

slightly removed from the swale bottoms which remain moist for the majority of the growing

season, the soils would dry sufficiently to preclude Deschampsia caespitosa , but would favor

Elymus cinerus . The results of these changes are presented graphically in Figure 7.4: Initial

2nd Generation NRCS Range Site Tree.

As a final evaluation, the degree of difference between the NIRCSv.1 and the initial NRCSv.2

soils-to-range site assignments was made. This involved an examination of the final NRCSv.1

and initial NRCSv.2 range site "trees" (see Figure 7.2 and Figure 7.4). Remember, here, that

the new (initial), NRCSv.2 range sites, to a large extent, mirror the 1936 range sites. The final

NRCSv.1 range site tree was modified to facilitate a comparison of the 1st generation NRCS
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Figure 7.4: Initial 2nd Generation NRCS Range Site Tree

In comparing the range site assignments of the fifty-four single-descriptor soils, 42.6%

remained in the same range site. Of the remaining, most moved only one or two positions

(33.3% and 11.1% respectively). Relatively few sites were adjusted by as much as three or
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range sites to those of the 2nd generation NRCS range sites (see Figure 7.5: Comparison of

the Final NRCSv.1 and Initial NRCSv.2 Range Site Trees).

The original range site assignments of the fifty-four single-descriptor soils were then compared

to the new assignments and a record made of the number of "steps" required to move from the

old range site to the new (see Table 7.4: Degree of Difference between Final NRCSv.1 and

Initial NRCS v.2 Range Sites).
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Figure 7.5: Comparison of the Final NRCSv.1 and Initial NRCSv.2 Range Site Trees

four positions (6% each), and only one soil was adjusted by five positions (1.9% of total). For

those soils with changes to their range site assignments (31 out of 54), the majority were

moved towards a more arid range site (61.3%). Of the remainder, 29.0% were moved towards

a moister range site, and 9.7% exhibited lateral movement. The latter category is indicative of
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Table 7.4: Degree of Difference between Final NRCSv.1 and Initial NRCS v.2 Range Sites

Final NRCSv.1
Soil RS # Range Site Description

Initial NRCSv.2
RS # Range Site Description

Movement
Degree - Direction

Ackna AGSPw/ARTR" AGSP/artr/FORB o
Argabak POSA/ARRI 13 POSA/ARRI o
Benwy AGSP'/ARTR" 10 AGSP/ARTR 14'
Bocker AGSP'/ARTR" 13 POSA/ARRI 34'
Brickmill AGSP'/ARTR" 2 DECA-ELCI 2

Brysill AGSP"/ARTR" 1 ELCI T
Caliralls AGSPw/ARTRi 9 AGSP/artr/FORB o

Camaspatch AGSP/ARRI 13 POSA/ARRI o
Cheviot AGSP/ARRI 10 AGSP/ARTR 21'
Cleman ELCl/AGSP 6 ELCl/DIST 1

Clerf AGSPes/ARTIR' 12 AGSP/POSA/ARTR/PUTR o
Clint AGSP/FEID/ARTR/PUTR 12 AGSP/POSA/ARTR/PUTR 4

Deedale ELCl/AGSP 2 DECA-ELCI T

Durtash AGSP./ARTR5 13 POSA/ARRI 1
Elkheights AGSP"/ARTR" 10 AGSP/ARTR 1 1

Gorskel AGSP'/ARTR" 10 AGSP/ARTR 0
Horseflat AGSP'/ARTR'° 12 AGSP/POSAJARTR/PUTR 1

Kayak DECA/POTR/ROWO/SYAL 1 ELCI 24'
Laric POSA/ARRI 13 POSA/ARRI o

Manastash AGSP'/ARTIT5 9 AGSP/artr/FORB o

Maxhill AGSP"/ARTR" 9 AGSP/artr/FORB o
McDaniel AGSP'/ARTR" 8 AGSP/FEID 21'
Metmill ELCl/AGSP 16 ELCI-POTR/PIPO/ARTR/PUTR 0-2 1'
Metser ELCl/AGSP 11 AGSP/POSA/ARTR/PUTR 34'

Millhouse AGSP"/ARTR'° 13 POSA/ARRI 11.
Mippon AGSP"/ARTR6 13 POSA/ARRI 1

Mitta ELCl/DIST/SAVE 6 ELCl/DIST 0-1 *-)
Modsel ELC1/AGSP 11 AGSP/POSA/ARTR/PUTR 3

Nack ELCl/DIST/SAVE 10 AGSP/ARTR 41.
Naneum(dry) DECA 1 ELCI o
Naneum(wet) DECA 2 DECA-ELCI o

Nitcha ELCl/AGSP 1 ELCI o
Nitzel ELCl/AGSP 6 ELCl/DIST 4---)

Nosal ELCl/AGSP 1 ELCI o
Opnish ELC1/DIST/SAVE 1 ELCI 2-

Pachneum AGSP/FEID/ARTR/PUTR 8 AGSP/FEID 00
Patron FEID/AGSP/ARTR/PUTR 12 AGSP/POSA/ARTR/PUTR 44'
Reelow AGSP0/ARTR,, 13 POSA/ARRI 1 1
Reeser AGSP°0/ARTRI° 11 AGSP/POSA/ARTFt/PUTR o

Rollinger AGSP'/ARTR" 9 AGSP/artr/FORB o
Rubbleland POSA/ARRI 13 POSA/ARRI 0

Selah AGSP'/ARTR" 9 AGSP/artr/FORB o
Tanaha ELCl/DIST/SAVE 7 ELCl/DIST/SAVE 0
TerIan AGSP,'/ARTF1,0 11 AGSP/POSA/ARTR/PUTR 14'

Umptanum ELCl/AGSP 1 ELCI o
Vanderbilt ELCl/AGSP 2 DECA-ELCI T

Vantage AGSP/ARRI 13 POSNARRI o
Varodale ELCl/AGSP 2 DECA-ELCI 11'
Wanapum AGSP'/ARTR" 11 AGSP/POSA/ARTR/PUTR 11.

Weirman(sandy) AGSP/ELCl/ARTR/PUTR 1 ELCI o
Weirman(stony) DECA/POTR/ROWO/SYAL 5 DECA/POTR/ROWO/SYAL o

WhiskeyDick AGSP'/ARTRs 13 POSA/ARRI 11.
Wipple AGSP"/ARTR" 10 AGSP/ARTR 14.

Woldale ELCl/AGSP 2 DECA-ELCI it
Zen AGSP"/ARTR's 3 DECA 2
Zillah DECA/POTR/ROWO/SYAL 11 AGSP/POSA/ARTR/PUTR 51.



"Naneunn and Weirman are each counted as a single soil/range site
*"soils with a range of movement (i.e., 0-1, 0-2), counted as 0 change

Table 7.5: Analysis of Degree of Movement in Range Site Assignments

Movement to Drier Site Movement to Moister Site Movement to Lateral Site
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the influence of aspect or salinity as opposed to moisture. A summary of the results of this

comparison are presented in Table 7.5: Analysis of Degree of Movement in Range Site

Assignments and Table 7.6: Analysis of Direction of Movement in Range Site Assignments.

Degree of Number of Percent of
Movement Soils Soils

Table 7.6: Analysis of Direction of Movement in Range Site Assignments

That few soils were moved to a range site that varied greatly from their original assignment,

coupled with the presence of trends in the direction of movement (i.e., movement is strongly

correlated to soil moisture differences rather than topographic/edaphic variations), tended to

provide support for the appropriateness of the new soils-to-range site assignments. The new

assignments of NRCS soils-to-range sites was deemed complete at this point.

Examination of the initial NRCSv.2 soils-to-range sites assignments revealed that no

assignments had been made to Range Site #4 (Tule Wetland). Though unforeseen, this was

not surprising upon closer inspection. The fact that the Tule Wetland range site was included

Number of Percent of

Soils Total

Number of Percent of

Soils Total

Number of Percent of

Soils Total
11 35.5% 5 16.1% 2 6.5%
1 03.2% 4 12.9% 1 3.2%
3 09.7%
3 09.7%
1 03.2%

19 61.3% 9 29.0% 3 9.7%

0* ** 23 42.6%
1 18 33.3%
2 6 11.1%
3 3 5.6%
4 3 5.6%
5 1 1.9%

Total 54 100.1%
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in the initial NIRCSv.2 range site tree was an artifact carried over from the 1936 range site tree.

The 'Tule Wetland site was inferred to exist following manipulation of the 1936 soils map. The

necessity for the site arose following the appearance of "wet" areas after the 1936 soils were

adjusted to take into account areas identified as marshy by the surveyors. While a few of these

marshy areas were interpreted to exist based on the 1936 soils-to-range sites extrapolations,

none were identified in the NIRCS soil survey. Hence, they could not be expected to appear

in the NRCS soils-to-range sites assignments. The 'Tule Wetland' range site was deleted from

the NRCSv.2 range site tree, and all subsequent range sites adjusted (see Figure 7.6: Final

2nd Generation NRCS Range Site Tree and Appendix 7.10: Final 2nd Generation

Assignment of NRCS Soil Polygons to Range Sites).
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With the re-evaluation of the NRCS soils-to-range sites complete, a new version of the NRCS

soils-to-vegetation map was generated. Using ArcView®, the individual polygons were

assigned to the latest range sites, and the legend adjusted to match the previous maps

created in this project (see Figure 7.8: 2nd Generation 1996 NRCS Soils-to-Vegetation Map).
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CHAPTER 8 - 1998 ROAD SURVEY

It was recognized that remnants of the native vegetation could yet be found in the study area.

It was felt that this remnant vegetation could provide supportive information useful in the

determination of the reconstruction of the native landscape. Use of remnant native vegetation

is not without its problems, which will be described shortly. Shortcoming notwithstanding, it

was deemed desirable to incorporate these available data into the project.

Aldo Leopold, in his essay "Great Expectations" offered a succinct overview of where to locate

remnant patches of native vegetation. In this essay, Leopold suggested looking along

roadsides and railroads, in cemeteries and the corners of fields, and along fencelines (Leopold

1949). Daubenmire(1970), noted the difficulty of finding relatively intact and undisturbed sites

in his landmark study of the steppe vegetation of Washington State. Daubenmire found

vestigial patches of native vegetation in many of the same places described by Leopold

(Daubenmire 1970:1).

During the summer of 1997 and, to a much lesser extent, the summer of 1998, a road survey

of the study area was conducted. The majority of the roads within the study area were driven

and a frontal traverse made of both sides of the roadway. The occurrences of native

vegetation were noted, and their locations mapped. The timing of the road survey was

selected such that those plants most often described in the GLO survey notes would be most

visible. The bunchgrasses, by mid-summer, had reached their greatest growth and had dried,

turning a light golden-yellow.

The dominant focus of the survey was on the zone extending from the edge of pavement

outward from the roadway to the interior lines of property fences. In the Kittitas Valley, due to

the widespread use of open irrigation systems, this zone typically included a roadside ditch

and an intervening ridge which formed one bank of a delivery canal. Centered on the ridge

would run a property line fence. The ridge, then, provided an area of land which was most

often isolated from the effects of road runoff and from irrigation waters and protected from

continual grazing (on the roadway side). Recently, in the Kittitas Valley, more and more farmers

are removing fences and extending their cropped lands to the maximum extent. Road sides

are also being heavily herbicided to the extent that the only vegetation which can currently be

found growing in these areas are species of Equisetum.
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Notations were made regarding whether the native vegetation occurred as a singular specimen

(S - single), as multiple specimens within a definable area (P - patch), exceptionally large areas

were listed as extensive patches (EP), or as multiple specimens occurring sporadically

throughout some portion of a linear transect (T - throughout). To differentiate between linear

expression of native vegetation as opposed to a series of singular expressions, the following

criteria were used. If the recurrence interval was less than 0.05 mile (± 250 ft.), the vegetation

was recorded and mapped as occurring throughout (T), the given transect portion. Notes were

also made regarding the density of the vegetation expressions. The occurrences were

recorded as being sparse (S), few (F), intermittent (I), good (G), or robust (R).

In cases where clearly different communities of native vegetation occurred in close proximity or

intermingled, the vegetation was recorded as a "complex". In these cases, it is understood

that each vegetation type occurred throughout an area, rather than as a single specimen or

along a linear track.

The data collected were organized by Township which were arranged in numerical order (as

opposed to the chronological order of survey). Each vegetation site was given a numeric code

which ran sequentially throughout the entire survey. The data were combined into one

dataset consisting of two parts. Part A of the identified the site, described the site location,

indicated the site attributes, and provided the common names for the plants noted at each site.

Part B identified the site and indicated the site attributes, and also provided the abbreviated

species code for each of the noted species at the site. The accompanying CD-ROM contains

the full, two-part dataset of the 1998 Road Survey.

Development of the 1998 Road Survey Range Sites

Initial Sort

From the entire 1998 Road Survey, Part B was extracted and condensed to exhibit all of the

vegetation sites in numerical order. To begin the process of developing range sites, key plant

species were identified which were known to represent unique habitats. The key specie(s)

and their unique habitats identified for the earliest range site categorization sorts, in order of

application, were:
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Common and Scientific Name Species Code Habitat Type

iris/tufted hairgrass IRMI/DECA moist soils
(Iris missouriensis/Deschampsia caespitosa)

rigid sage ARRI shallow soils
(Artemisia rigida)

saltgrass DIST saline soils
(Distichilis stricta)

aspen, cottonwood, willow POTR/POTR2/SALIX riparian
(Populus tremuloides, P. trichocarpa, Sal& spp.)

Ponderosa pine PIPO dry woodland
(Pinus ponderosa)

giant wildrye ELCI loamy soils
(Elymus cinereus)

Idaho fescue FEID loamy north exposure
(Festuca idahoensis)

The road survey data were sorted using the key specie(s) identified above. This sort was

progressive, commencing with those species which were clearly most indicative of unique

habitats. With this type of sort, once a category specie(s) has been sorted for, those records

are removed from subsequent sorts. Thus, an earlier sort may contain site descriptions which

contain species which are the subject of a later sort, but not vice versa.

While later sorts continued to be focused on species thought to be reflective of certain

edaphic conditions, the identification of key species which would enable the description of

range sites became increasingly problematic. A flow chart of the sorting process is presented

in Figure 8.1: Sorting Procedure for Road Survey Data.

Two broad categories could be recognized with the sites remaining to be sorted. The first of
the broad categories consisted of drier sites exhibiting bluebunch wheatgrass (Agropyron
spicatum - AGSP), sagebrush (Artemisia tridentata - ARTR), and bitterbrush (Purshia tridentata

- PUTR). Within this grouping, a subset of squirreltail bottlebrush (Sitanion hysterix- SIHY) was

noted, and a sort was performed using this species as the key, thereby establishing a category
of the driest upland sites. The remaining AGSP/ARTR/PUTR sites remained as a category of

dry upland sites. The second of the broad categories consisted of moister sites exhibiting
hawthorne (Crataegus columbiana - CRCO) and/or wild rose (Rosa spp.). Those sites which

remained to be sorted were sorted using the CRCO/ROSA key.
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The various categories of sites which had been sorted were rearranged into a new table to

reflect a soil moisture continuum ranging from the moistest sites to the driest sites. The

shallow soil and saline soil categories followed the moisture series. The reorganization was

completed with the addition of the moist (riparian) woodland, dry woodland, and miscellaneous

site categories.

Detailed Sort

Within the soil moisture series, certain categories were re-examined to fine-tune the

continuum. In the case of the loamy soil (ELCI), category, an additional sort was performed to

differentiate the "loamy moist" sites from within the loamy category. To identify the loamy moist

sites, the ELCI category was sorted using both hawthorne (CRCO), and rose (ROSA) (i.e., for

ELCI sites which also contained CRCO and/or ROSA).

At this point, a decision was needed regarding the sites in the CRCO/ROSA category. Both

species were commonly found associated with giant wildrye (ELCI). Hawthorne (CRCO) was

recognized as a 'moister soil' species and sites within the CRCO/ROSA category containing

CRCO were included in the "moist loamy" range site. Wild rose (ROSA) is a species tolerant of

a wide range of edaphic conditions. In the absence of any indication provided by consociate

species, it was arbitrarily decided to place the sites in the CRCO/ROSA category which

contained wild rose as the only vegetation into a drier range site.

With the "loamy moist" range site established, the remaining sites in the original loamy soil

(ELCI), category were again sorted to differentiate the "loamy dry" sites from the "loamy" sites.

This sort was accomplished by isolating the sites for which only giant wildrye (ELCI) appeared

as the vegetation description (one additional site which also contained Clematis columbiana -

CLCO, was added). To this list were added the wild rose (ROSA) sites remaining in the

CRCO/ROSA category of the initial sort (see preceding paragraph). These ELCI and ROSA

sites were used to define the "loamy" range site.

The sites which remained in the initial loamy soil (ELCI) category contained, among other

species, sagebrush (Artemisia tridentata - ARTR) and/or bitterbrush (Purshia tridentata -

PUTR). Both of these species may be considered as indicators of more arid conditions. These

remaining ELCl/ARTR/PUTR sites were used to identify the "dry loamy" range site.
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The sites in the initial sort AGSP/ARTR/PUTR category were used to identify the "dry upland"

range site. Those sites which were originally categorized based on bottlebrush squirreltail

(SIHY) remained in the "driest upland" range site, although the distinction between the "dry

upland" and "driest upland" range sites is arguably tenuous. The sites in the initial rigid sage

(ARRI) category were used to identify the "shallow soil" range site.

The saline soil category which was initially separated based on the presence of Distichilis stricta

(DIST) was re-examined and separated into the "moderately saline" and "strongly saline" range

sites. Since giant wildrye (ELCI) is recognized as a facultative halophyte, sites containing both

DIST and ELCI were deemed to be only moderately saline whereas those exhibiting only DIST

as a grass species were judged to be strongly saline.

The sites originally separated using the POTR/POTR2/SALIX key were listed under the "moist

woodland" range site. Sites separated using Ponderosa pine (PIP0), were placed into the

"dry woodland" range site.

Of the few (15) range sites which remained uncategorized in the initial sort, all but one was

described by a single plant species. Two sites were described by tule (Scirpus acutus -

SCAC), a plant which is only found in wetland habitats. These two sites, plus one site from the

moist woodland range site which also contained tule, were placed into a new "tule wetland"

range site. Due to the inability to make a rational argument regarding placement of each of the

remaining thirteen sites into a range site, they were dropped from further consideration and

deleted from the table. The range sites developed consisted of:

those constituting the soil moisture continuum;

tule wetland (SCAC)
moist swale (IRMI/DECA)
loamy moist (ELCl/CRCO/ROSA, CRCO, CRCO/ROSA)
loamy (ELCI, ROSA)
loamy dry (ELC1/ARTR/PUTR)
dry upland (AGSP/ARTR/PUTR)
driest upland (SIHY)

the range sites developed to reflect unique edaphic and environmental conditions;

loamy northern exposure (FEID)
shallow soil (ARR I)
moderately saline (DIST/ELCI)
strongly saline (DIST)

and the range sites containing tree species:

moist woodland (POTR/POTR2/SALIX)
dry woodland (PIPO)
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This latest organization of the sites of the 1998 Road Survey into range sites is presented in

Appendix 8.1: Detailed Sort of the 1998 Road Survey Data. Note that in this table, the sites

are ordered within each range site based on visual appeal, and not necessarily in numerical

order. A visual representation of the relationships among the 1998 Road Survey range sites is

presented in Figure 8.2: 1998 Road Survey Range Site Tree).

Moist Woodland Tule Wetland( Range Site #12 (Range Site #1
POTR/POTR2/SALIX

)
SCAC

Moist Swale

Range Site #2
\ I RMI/DECA

Loamy Moist
( Range Site #3

Loamy North Exposure ELCl/CRCO/ROSA

Range Site #8
FEID Loamy Moderately Saline Strongly Saline

Range Site #4\ Range Site #10 Range Site #11
ELCI + ROSA DIST/ELCI DIST

Loamy Dry

(Range
Site #5

ELCl/ARTFt/PUTE

Dry Upland Dry Woodland\ f \Range Site #6 Range Site #13
GSP/ARTR/PUT5 PIPO

I

Shallow Lithosols Driest U and
(Range Site #9 Range Site #7)

ARRI SIHY

Figure 82: 1998 Road Survey Range Site Tree



Final Organization of the 1998 Road Survey Range Sites

The complex-habitat sites identified in the road survey (those sites for which two or more

distinctive plant communities were found closely intermingled), were extracted from the sorted

sites (Appendix 8.1), and were subjected to an additional examination. This was done to

identify general patterns which could, potentially, be used to simplify and reduce the overall

number of 'complex' range sites.

Appendix 8.2: Sorted Complex Range Sites of the 1998 Road Survey presents all of the

complex sites along with the individual range sites for each of the component sites of the

complex. Complex sites which exhibited the same combination of component sites were

grouped together. Next, complex sites which exhibited similar combinations of component

sites were grouped. In this way, the majority of the complex-habitat sites were grouped into

four "complex" range sites.

Five complex-habitat sites, each representing the sole example of a particular combination of

range sites, remained. These five sites were revisited in the field. Following a review of each

site, and in order to reduce the potential to introduce unnecessary complexity and confusion

into the vegetation map through the inclusion of five additional legend categories, these sites

were assigned to a single-habitat range site (as noted in Appendix 8.2).

The final list of range sites was assigned identifying numbers. In the process of digitizing the

1998 Road Survey vegetation map, these numbers were used to attribute the points, lines,

and polygons (Appendix 8.3: Final Organization of the 1998 Road Survey Data into Range

Sites). The final list of 1998 Road Survey range sites, in numerical order, are:

1 tule wetland (SCAC)
2 moist swale (IRMI/DECA)
3 loamy moist (ELCl/CRCO/ROSA, CRCO, CRCO/ROSA)
4 loamy (ELCI, ROSA)
5 loamy dry (ELCl/ARTR/PUTR)
6 dry upland (AGSP/ARTR/PUTR)
7 driest upland (SIHY)
8 loamy northern exposure (FEID)
9 shallow soil (ARRI)
1 0 moderately saline (DIST/ELCI)
11 strongly saline (DIST)
1 2 moist woodland (POTR/POTR2/SALIX)
1 3 dry woodland (PIPO)
14 moist swale/loamy moist
1 5 moist swale/loamy moist/dry upland
1 6 moist swale/loamy moist/shallow soil
1 7 loamy/dry upland
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Creation of the 1998 Road Survey Vegetation Map

The data collected in the road survey were digitized into a data layer using the ARCViewe GIS

software. Three separate layers were created: one layer consisted of the single, or point,

distribution sites; a second layer consisted of the transect, or line, distribution sites; and the

third layer consisted of the polygon distribution sites.

To improve the utility of the final 1998 Road Survey vegetation map for subsequent analysis, a

'buffer operation was performed on both the point and line data layers. The features on these

themes were spread to 25 feet (50 feet total width). Note, previous discussion regarding this

process in the text of the chapter on development of the General Land Office Survey Map

(Chapter 5, pp. 115-116 of this work). All three data layers were then combined into a single

theme.

The legend for the vegetation map was then created. The various range sites were color-

coded to mimic, as closely as possible, the colors used to identify specific range sites in the

1936 Soils- and 1996 Soils-to-vegetation maps (see Figure 8.3: 1998 Road Survey Remnant

Vegetation Map). Note, for visual purposes only, the Road Survey Remnant Vegetation Map

exhibits points and polygons buffered to 250 feet total width. All analysis of the Road Survey

data utilized the 50-foot buffer map.

Critique of the 1998 Road Survey

While the road survey focused on the type and distribution of native vegetation, it was

recognized that such a survey exhibited shortcomings; some of which could, potentially, be

remedied by adjustment to methodology. Other shortcomings were due to inherent factors

and, thus, did not offer an opportunity for redress.

By performing the survey largely from within a moving vehicle, it was impossible to discern

occurrences of the smaller bunchgrasses which may well have been present but hidden from

view by taller, intervening vegetation or which were simply overlooked. Due to the season of

survey, most of the forbs were no longer in evidence. These shortcomings could be remedied

by adjusting the timing of the survey (or surveying over multiple time periods), and by

conducting the survey on foot with each side of the road being examined more slowly, more

methodically, and separately.
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Due the extensive history of livestock grazing in the Kittitas Valley, a comment is warranted

regarding the possible effects of selective foraging on the remnant occurrences of native

vegetation. Giant wildrye, with the exception of the early spring growing season, is considered

a less-palatable plant, and will be largely ignored if other, more palatable plants are available. Iris

is non-palatable (largely due to chemical irritants in the flower and foliage), as is wild rose

(thorns), and hawthorne (thorns). Saltgrass is, likely, a plant which is adapted to harsher

edaphic conditions than many of the other shrub-steppe plants, especially the grasses. The

fact that it was frequently noted growing on roadsides immediately adjacent to the pavement

may indicate that it is better able to survive conditions of road salting and herbicide application

than other species. That the incidence of less-palatable plants was quite high in the road

survey may, largely, be the result of past grazing pressures.

It should be noted that roadsides in the Kittitas Valley were frequently burned in the past. The

practice of burning roadside ditches was conducted on an almost annual basis for over two

decades during the 1950s, '60s, and early '70s. Repeated burning would have the effect of

eliminating non-fire tolerant species from these locales. Those species which were fire

tolerant, or which were able to resprout from the roots or crown, would be expected to occur

more frequently. Again, the high incidence of the more fire-tolerant species in the road survey

may be a reflection of the practice of burning the roadside ditches.

The inherent problems associated with the native plant road survey are such that the survey

must not be construed as necessarily reflecting the distribution of these plants in a pre-

settlement context. Clearly, the multiple effects on roadside vegetation of grazing, burning,

herbicide applications, road salt applications, soil disturbance (construction of roadways,

ditches, canals, and fences), and irrigation all have the potential, individually and in

combination, to shift distributional patterns as well as absence/presence patterns.



CHAPTER 9 - STATISTICAL ANALYSIS

The incorporation of the landscape element into studies in historical geography has been a

strong and favored activity since the inception of classical historical geography in the 1920s

and 1930s. One aspect of this type of approach was, and is, the emphasis placed on material

remains from the past as historical evidence. The problem continues to lie in the interpretation

of these remains. Carl Sauer, in his essay "The Morphology of Landscape," stressed the

generic basis of studies of the component parts of landscape, involving strong elements of

personal judgment and historical sensitivity. It has been suggested that perhaps one of the

most important elements of his essay was set forth in the following passage:

Through what might be termed the mysticism of observation and
contemplation in the field the problems of objects and behaviour were
revealed and some of the answers given. This demanded " Verstehen", the
empathetic understanding and intuitive insight of object or behaviour from
within, as opposed to knowledge from without.

(Williams 1983, in Butlin 1993:131-132).

Any attempt at the reconstruction of vegetation landscapes such as they existed hundreds of

years ago must rely on a modicum of educated and intuitive supposition. The data simply are

not available to the degree, extent, or detail which would permit the researcher to develop a

completely, scientifically supportable study. However, it is well within the reach of the protocol

proposed and utilized in this study to obtain a reconstruction which is arguably defensible.

[The tradition of historical landscape analysis] does, however, pose some
difficulties to those who seek a broader, more consciously theoretical
engagement with the past, for it does not seem to reflect or epitomize a
seemingly neutral, objective approach, generally free from explicit theoretical
statements and formulations and free from value judgments: the evidence of
the landscape is allowed to speak to its skilled interpreters as hard or factual
evidence.

(Butlin 1993:136)

The goal of this research is to investigate the use of a new, soils-based, methodological

approach to the reconstruction of prehistoric vegetation landscapes. There are four data

sources involved in this study, each with varying degrees of accuracy and completeness.

166



Data Sources

General Land Office Field Notes

The survey of the lands of the study area by the General Land Office (GLO) was conducted

over a ten-year period from 1867-1878. The survey followed the Township and Range

protocol. Initially, the boundaries of each Township were surveyed and later, the interior

Section lines were surveyed. The maximum resolution permitted through use of the GLO

survey notes is one mile. The survey was subjective in that the land was classified with respect

to its perceived potential for human settlement. Soils were rated from 1 (pasture) to 4

(unplowable), and the vegetation information is in the form of comments from multiple

surveyors and often includes the use of non-scientific adjectives. The survey is incomplete in

that data were not recorded for every Section line within the study area.

1936 United States Department of Agriculture Soil Survey

A survey of the soils of the entire study area was conducted by soil scientists of the United

States Department of Agriculture (USDA). The field component of the study was completed in

1936. The data are recorded in the form of polygons with one observation representing a

contiguous area of one soil type. Sample sites and mapping protocol permitted the mapping
of the soils at a spatial resolution of 5 - 25 acres. A vegetation map was created that associates

potential native vegetation to each of the various soil types recorded in the soil survey.

1996 Natural Resources Conservation Service Soil Survey

The field component of an, as yet unpublished, soil survey of the entire study area was

completed by a team of soil scientists of the Natural Resources Conservation Service (NRCS)

in 1996. The data are recorded in the form of soil polygons with one observation representing

a contiguous area of one soil type. Sample sites and mapping protocol permitted the mapping
of the soils at a spatial resolution of 1.5 - 10 acres. The degree of detail of the 1996 NRCS soil

survey is much higher than that of the 1936 USDA soil survey. A vegetation map was created

that corresponds potential native vegetation to each of the various soil types recorded in the
soil survey.
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1998 Road Survey of Remnant Native Vegetation

The majority of the roadsides of the study area were surveyed by the author in 1998. Those

occurrences of what was perceived to be native vegetation were identified and mapped. The

areal coverage is incomplete, consisting of principally of those areas immediately adjacent to

the surveyed roadways. A vegetation map was created which depicts the native vegetation

recorded in the road survey.

Comparison of Data Layers

A validation between any two map layers will be able to assess agreement, but not correctness.

There is no way to positively know what vegetation type was present before Euroamerican

settlement and, so, there is no way to validate the final map of the vegetation reconstruction. A

comparison between data layers should start with the two most complete layers (1936 USDA

and 1996 NRCS), and examine whether the two soil-to-vegetation maps agree.

An ArcInfo® GIS grid data layer of a region encompassing the study area was created. The grid

size of this layer was set at 30 meters. Each grid cell was randomly assigned a value between 1

and 100, inclusive. Using a random number table, the value "20" was obtained. The grid cells

with the assigned value of 20 were extracted and their data converted into point data. This

ArcInfo® point data layer was then imported into ArcView® for further use.

The file imported into ArcView® contained 117,871 sequentially numbered random points

throughout a region containing the study area. This data layer was "clipped" using the study

area boundary. The resultant data layer consisted of 55,328 random points, each entirely

within the study area. Each point was uniquely identified by its original sequence number. To

reduce the sample size, a new "random number" attribute field was added to the attribute

table. Each point was randomly assigned a value between 1 and 25, inclusive. The attribute

table was then sorted based on the values found in the random number attribute field. Using a

random number table, the value "14 was obtained. All points except those having the value

"14" in the random number field were deleted. The resultant "sample point" map exhibited

2275 random points throughout the study area. Each point retained its unique original

sequence number.

The attribute table of the sample point map was "spatially joined" to the attribute table of the

1996 NRCS Soils-to-Vegetation map. The resultant table exhibited each of the random
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sample points associated with its spatially identical vegetation component. The joined attribute

table was saved. This process was repeated to sample the 1936 USDA Soils-to-Vegetation

map and the 1998 Road Survey map. It is noted that, due to the extremely limited areal

coverage of features in the 1998 Road Survey map, that few of the 2275 sample points

intersected a mapped vegetation feature.

The table of the spatially joined attributes of the NRCS map was imported into an Excel®

spreadsheet. The table was then sorted based on the random number field. All rows which

did not contain a number in the random number field were deleted. The remaining data

consisted of those vegetation sites corresponding (spatially), to the randomly sampled points.

This process was repeated for the USDA map data and the Road Survey map data. With the

Road Survey data, an additional step was required to delete all rows for which the sample point

did not intersect a vegetation polygon. The "sample point data only" tables were each sorted

in ascending order based on the original sequence number of the sample point.

The edited and sorted attribute tables for the 1996 NRCS data and the 1936 USDA data were

combined. The data from the 1936 USDA table were copied and pasted adjacent to the 1996

NRCS data. This produced a single table in which each row exhibited, for each of the sample

points, the vegetation encountered in each map. The table was sorted based on the range

site number of the NRCS data. The sorted data were then broken out into groups based on all

unique joint assignments (e.g., NRCS 1 x USDA 1, 1 x 2, 1 x 3 .. . , 2 x 1, 2 x 2, 2 x 3, .... ). A

count was made of the number of samples falling into each category. This process was

repeated for the 1996 NRCS x 1998 Road Survey data and the 1936 USDA x 1998 Road

Survey data.

Summary tables of the data analysis process are provided in Appendix 9: Analysis of

Agreement between Data Layers. This appendix is subdivided into individual sections for

each pairwise comparison of data layers (Appendix 9.1: Analysis of Agreement between the

1996 NRCS Data and the 1936 USDA Data; Appendix 9.2: Analysis of Agreement between

the 1996 NRCS Data and the 1998 Road Survey Data; Appendix 9.3: Analysis of Agreement

between the 1936 USDA Data and the 1998 Road Survey Data).

Subsequent discussion of the process of data analysis will focus on the 1996 NRCS x 1936

USDA comparison. Unless otherwise noted, all processes and procedures undertaken in the

analysis of the comparison between these two data layers is repeated identically in all other

comparisons. Further, all tables included in the appendix for the 1996 NRCS x 1936 USDA

comparison (Appendix 9.1) are provided for other comparisons in their respective appendices.



Part I: Analysis of the Soil Survey Data

Analysis of Agreement between 1996 NRCS Data and 1936 USDA Data

A matrix table of joint assignments was created. Each cell of the matrix represents the pairwise

occurrence(s) of sampled data between two data layers. The count data for each comparison is

presented in Appendix 9.1 (Table 9.1.1: Count of Joint Assignments between the 1996

NRCS Data and the 1936 USDA Data.)

Following a review of the count table of the 1996 NRCS x 1936 USDA matrix, it was decided to

drop all samples exhibiting a "water" or "Yakima River" range site, respectively. It was

recognized that the Yakima River is a meandering waterway which has, and continues, to shift

its course. There would be no useful comparison between sites which were listed as being

'river' in one map and 'vegetation' in the other. This reduced the total sample points by 20 in

the case of the 1996 NIRCS x 1936 USDA comparison (from 2275 to 2255).

A second matrix table constructed illustrating the proportions of total samples falling into each

cell of the matrix is provided in Appendix 9.1 (Table 9.1.2: Observed Proportions of Joint

Assignments between the 1996 NRCS Data and the 1936 USDA Data.).

Proportion of Agreement

A crude determination of agreement between any two map sources can be obtained by

summing the proportions of cells in which the vegetation categories match between the two

layers. Determination of agreement cells was performed by superimposing the 1936 USDA

range site tree (Figure 6.2), over the 1996 NRCS range site tree (Figure 7.4), (see Figure 9.1:

Overlay of the 1936 USDA and 1996 NRCS Range Site Trees). Note that this comparison

utilizes a modified version of Figure 6.2 resulting from review of the Map of 1936 USDA Soils-

to-Vegetation. Range Site #4 (DIST) and Range Site #5 (DIST/SAVE) were combined to

create Range Site #4 (ELCl/DIST/SAVE). The former Range Site #5 was deleted. Range Site

#3 (DECA - ELCI) was deleted due to its extremely low occurrence and extremely limited areal

coverage. The few DECA - ELCI sites were subsumed into Range Site #1 (ELCI). Range Site

#6 (DECA) was renamed to Range Site #3.
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Figure 9.1: Overlay of the 1936 USDA and 1996 NIRCS Range Site Trees

All joint assignment range sites were evaluated between the two data layers. Those deemed

to represent similar vegetation were designated by shading their cells in the matrix table



(Appendix 9.1 - Table 9.1.2). The sum of the observed proportions in the agreement cells

(EPo(agreement), equaled 0.362. This indicates that the two data layers are in complete

agreement 36% of the time or, conversely, in disagreement 64% of the time. A problem

encountered with the "proportion of agreement" assessment is that it includes agreement

which can be accounted for by chance.

kappa Statistic

The kappa statistic (lc) is an index of agreement for use with nominal scales. lc provides a

conceptually simple measure of reliability for nominal scales: the proportion of agreement after

agreement which can be attributed to chance has been removed both from the base and the

numerator. It quite reasonably yields negative values when there is less observed agreement

than is expected by chance, zero when observed agreement can be strictly accounted for by

chance, and unity when there is complete agreement (Cohen 1968:213-215).

Calculation of the kappa Statistic

The kappa statistic is calculated:

PoK =
1- pc

where pc is the observed proportion of agreement, and pc is the proportion of agreement

expected by chance. The proportion of agreement pc, is found by summing the observed

proportions in agreement cells (shaded cells in Table 9.1.2). The proportion of agreement

expected by chance for any given pairwise assignment is the product of the total proportions

found in each row and column (marginal table values in Table 9.1.2). A table illustrating the

values of the proportion of agreement expected by chance for each cell in the matrix is

presented in Appendix 9.1, Table 9.1.3: Chance Expected Proportions of Joint Assignment

between the 1996 NRCS Data and the 1936 USDA Data. The proportion of agreement

expected by chance pc, is found by summing the chance expected proportions in agreement

cells (shaded cells in Table 9.1.3).

[1]
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Substituting values into Formula 1:

0.346 - 0.163
K =

1- 0.163

0.183-
0.837

K = 0.219

Evaluation of the kappa Statistic

The resultant value (0.219), indicates that, after chance agreement is excluded, about 22% of

the vegetation samples are in agreement between the two sampled data layers.

A problem encountered with the kappa statistic assessment of agreement is that it treats all

cases of disagreement equally (Cohen 1968:215). In the case of the vegetation communities

being investigated, it is clear that some categories are more closely related ecologically than

others. Further, given the degree of ecological amplitude exhibited by plants and given the

degree of uncertainty inherent in the process of assigning plant communities to specific soils,

it would be desirable to be able to incorporate a degree of latitude in the assessment of

agreement between data layers.

Weighted kappa Statistic

The development of the weighted kappa statistic (icw) was motivated by studies in which it was

the sense of the investigator that some disagreements in assignments are of greater gravity

than others. The makes no such distinction, implicitly treating all disagreement equally. The

xw gives the proportion of weighted agreement corrected for chance, to be used when

different kinds of disagreement are to be differentially weighted in the agreement index

(Cohen 1968:215).
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Development of the Weighting Factor

To use the Kw, it is necessary to ascribe a weighting factor to each cell of the joint assignment

matrix. This was accomplished by superimposing the 1936 USDA range site tree (Figure 6.2),

over the 1996 NRCS range site tree (Figure 7.4) (see Figure 9.1), and then evaluating the

degree of "ecological" difference between the habitats of the range sites between the two

layers. The degree of difference was calculated by noting the number of steps required to get

from a given range site in the 1996 NRCS range site tree to each of the range sites in the 1936

USDA range site tree. The results for this evaluation are presented in Appendix 9.1, Table

9.1.4: Relative Degree of Difference between 1996 NRCS Range Sites and 1936 USDA

Range Sites.

Each level of difference was then given a weighting factor to denote the degree of

disagreement between the two vegetation types. These (positive) weights can be assigned

by means of any judgment procedure established to yield a ratio scale. In many instances, they

may be the result of a consensus of a committee of substantive experts, or even, the

investigator's own judgment (Cohen 1968:215). In the case of this research, the weighting

factors were developed by the author with consultation provided by Dr. Lee Eddleman of the

Department of Rangeland Resources, Oregon State University.

In this schema, those cells exhibiting total agreement were assigned a weighting factor of zero

(0), indicating that they are in total agreement. A weighting factor of unity (1), would indicate

total disagreement between the two data layers. The results of the above described weighting

process are presented below in Table 9.1: Assessment of Degrees of Difference and

Assignment of Weighting Factors.

A table illustrating the weighting factor applied to all cells in the comparison matrix is presented

in Appendix 9.1, Table 9.1.5: Weighting Factor of Degree of Difference between 1996 N RCS

Range Sites and 1936 USDA Range Sites.

Calculation of the Weighted kappa Statistic

The weighted kappa statistic is calculated:

1 74

K =1 /fP°
w fPc

[ 2 ]



Table 9.1: Assessment of Degrees of Difference and Assignment of Weighting Factors

where fp, is the weighted observed proportion of agreement of each cell in the matrix and fp,

is the weighted chance expected proportion of agreement of each cell of the matrix. The sum

of the weighted observed proportion and weighted chance expected proportion of agreement

is found by summing the values in all cells in their respective matrix tables. A table illustrating

the values of the weighted observed proportion of agreement is presented in Appendix 9.1,

Table 9.1.6: Products of the Observed Proportions of Joint Assignments and Weighting

Factor for the Comparison of the 1996 NRCS Data and the 1936 USDA Data. A table

illustrating the values of the weighted chance expected proportion of agreement is presented

in Appendix 9.1, Table 9.1.7: Products of the Chance Expected Proportions of Joint

Assignments and Weighting Factor for the Comparison of the 1996 NRCS Data and the 1936

USDA Data.

Substituting values into Formula 2:

0.218
K-,, =1

- 0.410

Kw =1 0.532

=0.468
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Steps
Different

Weighting
Factor

0 0.00
0.5 0.05

1 0.10
1.5 0.25
2 0.40

2.5 0.50
3 0.75

3.5 0.80
4 0.85

4.5 0.90
>5 0.95



Calculation of the Standard Error of the Weighted kappa Statistic

The standard error of Kw is calculated using the formula:

Ef2P0 -(fP0)2
N(1fPc)2

[ 3 ]
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Table 9.1.8: Products of the Observed Proportions of Joint Assignments and the Square of

the Weighting Factor for the Comparison of the 1996 NRCS Data and the 1936 USDA Data,

and Table 9.1.9: Products of the Chance Expected Proportions of Joint Assignments and the

Square of the Weighting Factor for the Comparison of the 1996 NRCS Data and the 1936

USDA Data in Appendix 9.1 present the calculations for both f2p0 and I f2p, . The sample

size (N), is 2255.

Substituting values into Formula 3:

0.131- (0.218)2

2255(0..410)2

Since the sampling distribution of Kw is approximately normal for large samples, can be used

for setting confidence limits on a sample x, together with the appropriate unit normal curve

0.083
CIKw

378.840

= V0.0002

o-K, = 0.014

Calculation of the Confidence Limits of the Weighted kappa Statistic

0.131- 0.048
CrKw

2255 0.168
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deviate (Cohen 1968:216-217). For 95% confidence limits (z = ±1.96), the following formula

may be used for the calculation

± 1.96ox, [ 4 ]

Substituting values into Formula 4:

0.468 ± 1.96(0.014)

0.468 ± 0.027

0.4415 Kw 0.495

Evaluation of the Weighted kappa Statistic

The weighted kappa statistic (Kw), like the kappa statistic (x), is fully chance corrected. The

principal difference lies in the ability to award partial value in cases of less than absolute

agreement between data layers when using the weighted kappa. Both statistics will yield

negative values when there is less observed agreement than is expected by chance, zero

when observed agreement can be strictly accounted for by chance, and unity when there is

complete agreement. Values greater than zero, then, indicate levels of agreement greater

than that which would be expected based on chance alone.

The results of the analysis of the 1996 NIRCS Soils-to-Vegetation map compared to the 1936

USDA Soils-to-Vegetation map yielded: 0.4415 lc 0.495. Interpretation of this result

indicates that the two maps exhibit a degree of agreement that is 44% - 50% greater than that

which would be expected based on chance alone. When interpreting the results of a kappa

analysis, the following guidelines can be used:

Kw > .75 denotes excellent agreement

0.4 < Kw < .75 denotes good agreement

0.0 5 tc, _5 0.4 denotes marginal agreement
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Part II: Analysis of the Road Survey Data

Analysis of Agreement between 1996 NRCS Data and 1998 Road Survey Data

Sampling Protocol

The initial sampling of the 1996 NRCS and 1998 Road Survey data was conducted using the

same sampling points as were used in the sampling for the comparison of the 1996 NRCS and

1936 USDA data. However, due to the extreme limits of the areal coverage of the 1998 Road

Survey data, this proved inadequate. The mapped point and linear features of the Road

Survey were buffered to 25 feet (total diameter/width = 50 ft.). The results of the sampling

using the 2275 random points resulted in only 39 mutual samples of vegetation. The sampling

was repeated using the full complement of 55,328 random points originally developed for the

study area (see previous section of this chapter 'Sampling Protocol'). The results of this

iteration of sampling produced 921 mutual samples of vegetation.

The data were sorted and organized into a matrix table of joint assignments as described earlier

(see Appendix 9.2, Table 9.2.1: Count of Joint Assignments between the 1996 N RCS Data

and the 1998 Road Survey Data. Note, that as with the 1996 NRCS x 1936 USDA comparison,

those samples which recorded "water" in either data layer have been excluded. Subsequent

statistical analysis proceeded identically to that performed in the analysis of the 1996 NRCS x

1936 USDA data. A second table of the proportions of total samples falling into each cell of the

matrix table is provided in Appendix 9.2: Observed Proportions of Joint Assignments

between the 1996 NRCS Data and the 1998 Road Survey Data)

Proportion of Agreement

A crude determination of agreement between any two map sources can be obtained by

summing the proportions of cells in which the vegetation categories match between the two

layers. Determination of agreement cells was performed by superimposing the 1998 Road

Survey range site tree (Figure 8.2), over the 1996 NRCS range site tree (Figure 7.4) (see

Figure 9.2: Overlay of the 1998 Road Survey and 1996 NAGS Range Site Trees). All joint

assignment range sites were evaluated between the two data layers. Those deemed to

represent similar vegetation were designated by shading their cells in the matrix table

(Appendix 9.2 - Table 9.2.2). The sum of the observed proportions in the agreement cells



(EPo(agreement)), equaled 0.312. This indicates that the two data layers are in complete

agreement 31% of the time or, conversely, in disagreement 69% of the time.
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kappa Statistic

The values necessary for calculation of the kappa statistic are found in Appendix 9.2, Table

9.2.2 and Table 9.2.3: Chance Expected Proportions of Joint Assignment between the 1996

NRCS Data and the 1998 Road Survey Data. Substituting these values into the formula for

calculation of the kappa statistic (Formula 1), the kappa statistic is calculated:

0.312 - 0.607)
K

( 1-0.607 )

-0.295
K

0.393

K = -0.751

Weighted kappa Statistic

Development of the Weighting Factor

The development of the weighting factor used in calculation of the weighted kappa statistic

proceeded similarly to that of the 1996 NRCS x 1936 USDA comparison. The degree of

ecological difference between the 1996 NRCS habitats and the 1998 Road Survey habitats

was calculated by noting the number of steps required to get from a given range site in the

1996 NRCS range site tree to each of the range sites in the 1998 Road Survey range site tree

(Figure 9.2) (see Appendix 9.2, Table 9.2.4: Relative Degree of Difference between 1996

NRCS Range Sites and 1998 Road Survey Range Sites).

The level of ecological difference between any pairwise comparison of range sites (degree of

disagreement between the two vegetation types), was then given a weighting factor to denote

the degree of disagreement between the two vegetation types. The weighting factors for

each level of difference are presented in Table 9.1. A table illustrating the weighting factor

applied to all cells in the comparison matrix is presented in Appendix 9.2, Table 9.2.5:

Weighting Factor of Degree of Difference between 1996 NIRCS Range Sites and 1998 Road

Survey Range Sites.
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Calculation of the Weighted kappa Statistic

The values necessary for calculation of the weighted kappa statistic are found in Appendix 9.2,

Table 9.2.6: Products of the Observed Proportions of Joint Assignments and Weighting

Factor for the Comparison of the 1996 NRCS Data and the 1998 Road Survey Data, and Table

9.2.7: Products of the Chance Expected Proportions of Joint Assignments and Weighting

Factor for the Comparison of the 1996 NRCS Data and the 1998 Road Survey Data.

Substituting these values into the formula for calculation of the weighted kappa statistic

(Formula 2), the weighted kappa statistic is calculated:

0.264
K, =1
- 0.514

Kw = 1- 0.514

Kw=0.486

Calculation of the Standard Error of the Weighted kappa Statistic

The values necessary for calculation of the standard error of the weighted kappa statistic are

found in Appendix 9.2, Table 9.2.8: Products of the Observed Proportions of Joint

Assignments and Square of the Weighting Factor for the Comparison of the 1996 NRCS Data

and the 1998 Road Survey Data, and Table 9.2.9: Products of the Chance Expected

Proportions of Joint Assignments and the Square of the Weighting Factor for the Comparison

of the 1996 NRCS Data and the 1998 Road Survey Data. Substituting these values into the

formula for calculation of the weighted kappa statistic (Formula 3), the standard error of the

weighted kappa statistic is calculated:

aK-w
0.174 - (0.264)2

921 (0.514)2

0.174 - 0.070
aK

w 921. 0.264
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0.104
CYK,,

)1243.144

= V0.0004

o-Kw = 0.020

Calculation of the Confidence Limits of the Weighted kappa Statistic

Substituting previously derived values into the formula for determining confidence limits

(Formula 4), the 95% confidence limits (z= ±1.96), are calculated:

Kw ± 1. 96(0.020)

±0.039

0.447 Kw 0.525

Evaluation of the Weighted kappa Statistic

The results of the analysis of the 1996 NRCS Soils-to-Vegetation map compared to the Map of

the Natural Vegetation Noted in the 1998 Road Survey yielded: 0.447 5_ Kw 5. 0.525.

Interpretation of this results indicates that the two maps exhibit a degree of agreement that is

45% - 53% greater than that which would be expected based on chance alone. This indicates

that, where natural vegetation can yet be found in the study area, it provides a "good"

indication of the presettlement vegetation hypothesized to have existed based on the NRCS

data.
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Analysis of Agreement between 1936 USDA Data and 1998 Road Survey Data

Sampling Protocol

The initial sampling of the 1936 USDA and 1998 Road Survey data was conducted using the

same sampling points as were used in the sampling for the comparison of the 1996 NRCS and

1936 USDA data. However, as described in the preceding section, due to the extreme limits

of the areal coverage of the 1998 Road Survey data, the sampling was repeated using the full

complement of 55,328 random points originally developed for the study area. The results of

this iteration of sampling produced 925 mutual samples of vegetation.

The data were sorted and organized into a matrix table of joint assignments as described earlier

(see Appendix 9.3, Table 9.3.1: Count of Joint Assignments between the 1936 USDA Data

and the 1998 Road Survey Data). Note, that as with the 1996 N RCS x 1936 USDA

comparison, those samples which recorded "water'' in either data layer have been excluded.

Subsequent statistical analysis proceeded identically to that performed in the analysis of the

1996 NRCS x 1936 USDA data. A second table of the proportions of total samples falling into

each cell of the matrix table is provided in Appendix 9.3: Observed Proportions of Joint

Assignments between the 1936 USDA Data and the 1998 Road Survey Data.

Proportion of Agreement

A crude determination of agreement between any two map sources can be obtained by

summing the proportions of cells in which the vegetation categories match between the two

layers. Determination of agreement cells was performed by superimposing the 1998 Road

Survey range site tree (Figure 8.2), over the 1936 USDA range site tree (Figure 6.2) (see

Figure 9.3: Overlay of the 1998 Road Survey and 1936 USDA Range Site Trees). Note,

previous discussion of changes made to the original Figure 6.2.

All joint assignment range sites were evaluated between the two data layers. Those deemed

to represent similar vegetation were designated by shading their cells in the matrix table

(Appendix 9.3 - Table 9.3.2). The sum of the observed proportions in the agreement cells

(E Po(agreement), equaled 0.192. This indicates that the two data layers are in complete

agreement 19% of the time or, conversely, in disagreement 81% of the time.
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Figure 9.3: Overlay of the 1998 Road Survey and 1936 USDA Range Site Trees

kappa Statistic

The values necessary for calculation of the kappa statistic are found in Appendix 9.2, Table

9.3.2 and Table 9.3.3: Chance Expected Proportions of Joint Assignment between the 1936

USDA Data and the 1998 Road Survey Data. Substituting these values into the formula for

calculation of the kappa statistic (Formula 1), the kappa statistic is calculated:



K
0.192 - 0.128)

1-0.128 )

0.064
K =

0.872

= 0.073

Weighted kappa Statistic

Development of the Weighting Factor

The development of the weighting factor used in calculation of the weighted kappa statistic

proceeded similarly to that of the 1996 NRCS x 1936 USDA comparison. The degree of

ecological difference between the 1936 USDA habitats and the 1998 Road Survey habitats

was calculated by noting the number of steps required to get from a given range site in the

1936 USDA range site tree to each of the range sites in the 1998 Road Survey range site tree

(Figure 9.3) (see Appendix 9.3, Table 9.3.4: Relative Degree of Difference between 1936

USDA Range Sites and 1998 Road Survey Range Sites).

The level of ecological difference between any pairwise comparison of range sites (degree of

disagreement between the two vegetation types) was then given a weighting factor to denote

the degree of disagreement between the two vegetation types. The weighting factors for

each level of difference are presented in Table 9.1. A table illustrating the weighting factor

applied to all cells in the comparison matrix is presented in Appendix 9.3, Table 9.3.5:

Weighting Factor of Degree of Difference between 1936 USDA Range Sites and 1998 Road

Survey Range Sites.

Calculation of the Weighted kappa Statistic

The values necessary for calculation of the weighted kappa statistic are found in Appendix 9.3,

Table 9.3.6: Products of the Observed Proportions of Joint Assignments and Weighting

Factor for the Comparison of the 1936 USDA Data and the 1998 Road Survey Data, and Table

9.3.7: Products of the Chance Expected Proportions of Joint Assignments and Weighting

Factor for the Comparison of the 1936 USDA Data and the 1998 Road Survey Data.
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Substituting these values into the formula for calculation of the weighted kappa statistic

(Formula 2), the weighted kappa statistic is calculated:

0.284K =1
w 0.453

Kw= 1- 0.627

Kw = 0 373

Calculation of the Standard Error of the Weighted kappa Statistic

The values necessary for calculation of the standard error of the weighted kappa statistic are

found in Appendix 9.3, Table 9.3.8: Products of the Observed Proportions of Joint

Assignments and Square of the Weighting Factor for the Comparison of the 1936 USDA Data

and the 1998 Road Survey Data, and Table 9.3.9: Products of the Chance Expected

Proportions of Joint Assignments and the Square of the Weighting Factor for the Comparison

of the 1936 USDA Data and the 1998 Road Survey Data. Substituting these values into the

formula for calculation of the weighted kappa statistic (Formula 3), the standard error of the

weighted kappa statistic is calculated:

OW,
0.176 - (0.284)2

925 (0.453)2
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0.095
C7Kw =

189.625

CYKw =110.0005

CTKw = 0.022

0.176 - 0.081
CrKw =

925 0.205



Calculation of the Confidence Limits of the Weighted kappa Statistic

Substituting previously derived values into the formula for determining confidence limits

(Formula 4), the 95% confidence limits (z = ±1.96), are calculated:

Kw ± 1. 96(0.022)

Kw ±0.043

0.330.5 Kw 5. 0.416

Evaluation of the Weighted kappa Statistic

The results of the analysis of the 1936 USDA Soils-to-Vegetation map compared to the Map of

the Natural Vegetation Noted in the 1998 Road Survey yielded: O.3305 Kw 50.416.

Interpretation of this result indicates that the two maps exhibit a degree of agreement that is

33% - 42% greater than that which would be expected based on chance alone. This indicates

that, where natural vegetation can yet be found in the study area, it provides a "marginal"

indication of the presettlement vegetation hypothesized to have existed based on the USDA

data.

Part Ill: Analysis of the GLO Data

Analysis of Agreement between 1996 NRCS Data and GLO Data

Sampling Protocol

As with the Road Survey data, the GLO data layer exhibited extremely limited areal coverage.

The sampling between the GLO data layer and the NRCS data layer utilized the full

complement of 55,328 random sample points originally developed for the study area. The

results of this sampling produced 795 mutual samples of vegetation.

The data were sorted and organized into a matrix table of joint assignments as described earlier

(see Appendix 9.4, Table 9.4.1: Observed Proportions of Joint Assignments between the

GLO Data and the 1996 NIRCS Data). Although not an issue with this sampling since none of
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the samples were assigned to a "water category in either data layer, the "water" category has

been excluded.

Normal Approximation of the Binomial Distribution

Since the categories of GLO data could not be placed into any meaningful ecological context

relative to one another, the use of the weighted kappa statistic could not be used. Instead, the

comparison of the GLO data to the 1996 NRCS data was made in an effort to determine if any

statistically valid correlations existed between the data layers. What was sought was whether or

not the terms used by the GLO surveyors in their end-of-Section-line references to vegetation

tended to correspond with the vegetation map developed from the 1996 soils data. The

statistical tool employed in this effort was the "Normal Approximation of the Binomial

Distribution."

Analysis of the Binomial Distribution

The distribution of a binomial setting [ B(n,p) 1, is described by n (number of observations), and

p (probability of each n). In the case of the GLO data, each vegetation category in the GLO

data set was examined individually against the vegetation categories of the N RCS data. There

are sixteen separate categories within the NRCS data set, giving each cell a p of 1/16 = 0.063.

The mean (p.) of the binomial setting, B(n,p) equals np. The standard deviation (a) of the

binomial setting is calculated I np(1 - p) . In order to apply the rules of the standard normal

distribution to binomial settings, the following tests be met:

np10 and n (1 - 10

The number of observations for each GLO category can be found along the margin of Table

9.4.1 in Appendix 9.4. The validity tests for use of the rules of the standard normal distribution

indicate that only one category (RS#1) of GLO data warrants statistical review (np = 23.3 and n

(1 - = 348.8). One other category (RS#9) exhibited values approaching the limits (np = 9.4

and n (1 - p) =140.6) and was also included for further analysis.



Probability within the Binomial Distribution

The probability (P) of the observations (f0) for each NRCS category was calculated for each of

the two GLO categories. Each probability is initially given in terms of a z-score which indicates

the number of standard deviations away from the mean. The z-score is calculated using the

formula:

P [z > f
np(1- p)

The results of calculations of z-scores is presented in Appendix 9.4, Table 9.4.2: z-score

Values for the Analysis of Correspondence between the 1996 NRCS Data and the GLO Data.

Significance of Probability Values

The probability of obtaining a z-score was determined using a table of z-score values. Cells in

which the number of observations was significantly greater than the mean (positive z-score

values), would be indicative that the term used by the GLO surveyors in their end-of-Section-

line references to vegetation corresponded with a vegetation category in the 1996 NRCS data

set. For the purposes of this analysis, the degree of confidence considered to be indicative of

correspondence utilized was 0.025 (97.5%). The 0.025 degree of confidence in a one-tail

test corresponds to a z-score of 1.96. The shaded cells in Table 9.4.2 show those instances

evaluated to represent correspondence between the GLO and 1996 NIRCS data.

Evaluation of the Binomial Probabilities

There are several instances of statistically significant correspondence between the GLO

Range Site #1 vegetation category (GRASS) and 1996 NRCS vegetation categories (ELCI,

DECA-ELCI, ELCl/DIST/SAVE, and POSA/ARRI). The strongest of these correspondences

was between GLO (GRASS) and 1996 NRCS (ELCl/DIST/SAVE). The ecological breadth of

correspondence ranges from moist swale sites to moist alkali sites to shallow soil sites.
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There are six instances of statistically significant correspondence between the GLO Range

Site #9 vegetation category (PRAIRIE) and 1996 NRCS vegetation categories (ELCI, DECA-



ELCI, ELCl/DIST, AGSP/artr/FORB, and AGSP/ARTR). The strongest of these

correspondences was between the GLO (PRAIRIE) and 1996 NRCS (DECA-ELCI). The

ecological breadth of correspondence ranges from moist swale sites to dry alkali sites to dry
loamy upland sites.

The fact that there are multiple statistically significant correspondences is not surprising. They

may be a reflection of the time span over which the surveys occurred, the time of year in which

the surveys were conducted, or the effects of climatic factors or fire upon the vegetation.

Additionally, the multiple correspondences may be the result of the multiple GLO surveyors

employed in conducting the survey each using a different "pet" term to denote a particular
vegetation type.

Analysis of Agreement between 1936 USDA Data and GLO Data

Sampling Protocol

As with the Road Survey data, the GLO data layer exhibited extremely limited areal coverage.

The sampling between the GLO data layer and the USDA data layer utilized the full

complement of 55,328 random sample points originally developed for the study area. The

results of this sampling produced 813 mutual samples of vegetation.

The data were sorted and organized into a matrix table of joint assignments as described earlier

(see Appendix 9.5, Table 9.5.1: Observed Proportions of Joint Assignments between the

GLO Data and the 1936 USDA Data). Although not an issue with this sampling since none of

the samples were assigned to a "water" category in either data layer, the "water" category has
been excluded.

Analysis of the Binomial Distribution

The distribution of a binomial setting f B(n,p)], is described by n (number of observations), and

p (probability of each n). There are twelve separate categories within the USDA data set, giving

each cell a p of 1/12 = 0.063. The mean (j1) of the binomial setting, B(n,p) equals np. The

standard deviation (cy) of the binomial setting is calculated Vnp(1 p).
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The number of observations for each GLO category can be found along the margin of Table

9.5.1 in Appendix 9.5. The validity tests for use of the rules of the standard normal distribution

indicate that two categories (RS#1) of GLO data warrant statistical review: RS#1 - [np= 32.1

and n (1 - p) = 352.9] and RS#9 - [np = 12.6 and n (1 - p) =138.4].

Probability within the Binomial Distribution

The probability (P) of the observations (f0) for each USDA category was calculated for each of

the two GLO categories. Each probability is initially given in terms of a z-score which indicates

the number of standard deviations away from the mean. The results of calculations of z-scores

is presented in Appendix 9.5, Table 9.5.2: z-score Values for the Analysis of Correspondence

between the 1936 USDA Data and the GLO Data.

Significance of Probability Values

The probability of obtaining a z-score was determined using a table of z-score values. Cells in

which the number of observations was significantly greater than the mean (positive z-score

values), would be indicative that the term used by the GLO surveyors in their end-of-Section-

line references to vegetation corresponded with a vegetation category in the 1936 USDA data

set. For the purposes of this analysis, the degree of confidence considered to be indicative of

correspondence utilized was 0.025 (97.5%). The 0.025 degree of confidence in a one-tail

test corresponds to a z-score of 1.96. The shaded cells in Table 9.5.2 show those instances

evaluated to represent correspondence between the GLO and 1936 USDA data.

Evaluation of the Binomial Probabilities

There are several instances of statistically significant correspondence between the GLO

Range Site #1 vegetation category (GRASS) and 1936 USDA vegetation categories (DECA-

ELCI, AGSP/artr/FORB, AGSP/ARTR, and POSA/ARRI). The strongest of these

correspondences was between GLO (GRASS) and 1936 USDA (DECA-ELCI). The ecological

breadth of correspondence ranges from moist meadow sites to shrubby prairie sites to shallow

soil sites.
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There are four instances of statistically significant correspondence between the GLO Range

Site #9 vegetation category (PRAIRIE) and 1936 USDA vegetation categories (DECA-ELCI,

DIST, AGSP/ARTR, and POSA/ARRI). The strongest of these correspondences was

between GLO (GRASS) and 1936 USDA (AGSP/ARTR). The ecological breadth of

correspondence ranges from moist meadow sites to moist moderately alkali sites to shrubby

prairie sites to shallow soil sites.

The fact that there are multiple statistically significant correspondences is not surprising. They

may be a reflection of the time span over which the surveys occurred, the time of year in which

the surveys were conducted, or the effects of climatic factors or fire upon the vegetation.

Additionally, the multiple correspondences may be the result of the multiple GLO surveyors

employed in conducting the survey each using a different "pet" term to denote a particular

vegetation type.

Evaluation of the Statistical Analysis

Disagreement between the various data layers was both a given and an expectation. Within

individual data layer comparisons, a degree of disagreement was a given in that no two data

layers shared identical legends. Both the number of categories and the names (contents) of

categories vary with each data layer.

Some disagreement between data layers was expected due to each of the following: the data

were collected in widely different temporal periods (i.e., expectation of environmental

variability); the data were collected by different individuals (i.e., expectation of interobserver

bias); the data were collected for different purposes (i.e., expectation of varying degrees of

interest/utility); the data were collected in different forms (i.e., expectation of imperfect

concordance); the data were collected in different spatial scales (i.e., expectation of varying

levels of resolution); the data were collected using varying methodologies (i.e., expectation of

technological change); and the data were collected by different professionals (i.e., expectation

of differing outlooks, knowledge, skills, and abilities).

All of the above need to be considered when evaluating the significance of the between-data-

layer statistical analyses. A critical reveiew of the significance between each data layer

comparison has been provided at the end of each separate analysis section.



CHAPTER 10 - CONCLUSIONS AND RECOMMENDATIONS

Summary

The research presented here isa new methodological approach to the reconstruction of past

vegetaton landscapes. This approach is focussed on the use of soils as indicatiors of both the

types and extents of the pre-Euroamerican contact vegetation.

Based on the ecosystem theory of interdependence, an alteration of one environmental

component of the system will produce readjustments in the others. Of those environmental

characteristic responsible for determining the soils and vegetation in a locale, three are shared:

climate, topography, and time. Of the remaining factors, the two most dominant are mutually

interactive: soils are influenced by vegetation, and vegetation is influenced by soils.

The study area has experienced conditions of geologic and climatic stability for the past several

millenia. During that time, well-developed zonal soils have formed throughout most of the

study area. The majority of these soils are typical of those found associated with grassland or

shrub-grassland vegetation. In the absence of any fundamental alteration of the soil parent-

material or changes in climate, the presence of identifiably different soils may be indicative of

the presence of different plant communities. Once the soil type and characteristics have been

identified, the edaphic plant community it once supported can be inferred. Previous research

indicates that a correlation can be developed between soil classification and vegetation

classification for a given area.

Although humans have been present in the study area for at least 8000 years, there is no

evidence to suggest that cultural activities in the pre-Euroamerican period produced more than

highly localized, short-term disruptions of the floristics of any locale within the study area. The

advent of the Euroamerican livestock industry in the 1850s, followed closely by settlement,

agriculture, and irrigation wrought dramatic, widespread, and long-term perturbation to the

natural floristics of the study area.

The early documentary evidence provided an indication of the study area as having been

vegetated by arid, shrub-steppe taxa. The description is that of a mosaic of distinctive plant

communities reflecting variations in available moisture, slope, aspect, soil depth, soil

constituents, and micro-climate. The documentary evidence provided extremely little spatial

correlation of the location and bounds of the various plant communities.
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The earliest systematic and spatially attributed survey of the vegetation of the study area is the

by-product of the survey of the lands of the study area by the General Land Office. These

lands were surveyed over a six-year period commencing in 1867. Using notations made by the

surveyors, it was possible to generate a map of the vegetation of the study area as it existed

very early in the Euroamerican settlement phase. This data layer is reflective of the majority of

previous efforts aimed at reconstructing past vegetation landscapes. Numerous problems

were associated with the development of a vegeation map based on the data contained in

GLO field notes, none more notable than that of missing data. The resultant map illustrated the

recorded vegeaton only along Section lines. The vegetation descriptions provided only a

limited indication of the potential native plant community types which had been present at the

time of survey. The vegetation reconstruction obtained was not as detailed or as definitive as

was desired.

The report and accompanying map for a soil survey conducted by the U.S. Department of

Agriculture in 1936 formed the basis for the first of two iterations using soils data to determine

the pre-Euroamerican period vegetation of the study area. The 1936 USDA soil survey report

contained several references to the native vegetation supported by many of the soils

identified in the survey. The plant communities expected to be supported by the remaining

soils were inferred based on soil characteristics, topographic position, and mico-environmental

setting. The accompanying map was digitized and, using GIS software, the soils were

reclassed to reflect the appropriate plant community. The result was a map illustrating the

expected potential native vegetation across the entirety of the study area. This map illustrated

not only the bounds of each plant community, but also provided a clearly distinctive description

of the individual plant communities. The principal advantage to the use of the 1936 USDA data

in the development of the map of expected potential native vegetation is the inclusion of

references to native plant communities associated with specific soil types by the surveyors.

The principal disadvantage encountered was the limited degree of spatial resolution of the soil

survey map.

The records and accompanying map for a soil survey conducted by the Natural Resources

Conservation Service formed the basis for the second of the two iterations using soils data to

determine the pre-Euroamerican period vegetation of the study area. A digital version of the

soil survey map was obtained from the NRCS office. Due to the almost total disturbance of the

study area landscape over the last 100 years, it was necessary to develop descriptions of the

expected potential plant communities based on range site data available for adjacent areas.

Once the plant community descriptions were developed, the soil polygons of the

accompanying map were reclassed using GIS software, to reflect the appropriate plant
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community. As with the use of the previous (1936) soils survey, the resultant map provided

total coverage of the study area and illustrated not only the bounds of each community, but

also provided a clearly distinctive description of the individual plant communities. The principal

advantage derived from the 1996 NRCS soil survey lay in the high degree of spatial resolution

of the mapping of soil polygons and the high level of soil analysis. The principal disadvantage

encountered was the necessity of deriving plant community (range sites) descriptions for the

expected potential plant communities and then correlating these to the individual soil types.

To provide an additional potential source of verification of the soils-to-vegetation maps created

earlier, a survey of the remnant patches of native vegetation in the study area was conducted.

This survey examined those areas immediately adjacent to the majority of the public roadways

in the study area. The type and location of remnant patches of native vegetation was recorded

and mapped. The sites were sorted into distinctive plant community classes. The resultant

map of remnant patches of native vegetation provided extremely limited areal coverage.

Additionally, the descriptions of vegetation communities was somewhat limited.

The various map layers were statisticaly compared to one another. The first analysis examined

the comparison between the 1996 NRCS and 1936 USDA soils-to-vegetation maps. Both of

these maps provided total coverage of the study area but, as the most spatially detailed, the

1996 N RCS soils-to-vegetation map was selected as the basis for the comparison. These two

maps compared quite favorably to one another, indicating high overall agreement (0.441 _5 Kw

_5 0.495). This indicates that the two separate processes of inferring vegetation based on soils

were in substantial agreement.

Comparison of the 1998 Road Survey map of remnant vegetation to the 1996 NRCS soils-to-

vegetation map indicated very good correspondence (0.447 514.5 0.525). This indicates

that, where remnant native vegetation can yet be found in the study area, it proves a fairly

accurate indicator of the pre-Euroamerican vegetation landscape as hypothesized by the 1996

NRCS soils data. A comparison of the 1998 Road Survey map of remnant vegetation to the

1936 USDA soils-to-vegetation map indicated only marginal agreement between these two

data sources. This suggests that if remnant native vegetation does provide an indication of the

pre-Euroamerican vegetation, the 1996 NRCS soils-to-vegetation is the more accurate

representation.

Comparisons were also made between the 1996 NRCS and 1936 USDA data sets and the

GLO data set. The results of these comparisons were inconclusive, reflecting perhaps the

numerous problems associated with the interpretation and use of GLO data. At the very least,
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this phase of analysis indicates that, for the study conducted here, there was no useable

degree of continuity between the map based on GLO vegetation descriptions and the maps

created using the soils based approach.

Conclusions

For reconstructing past vegetation landscapes, there are far more data available from "natural"

sources such as soils and remnant vegetation than from documentary sources. Additionally,

the data available from natural sources appear to be far more detailed, accurate, and spatially

linked than data available in the documentary sources.

The use of soils as indicators of past vegetation communities enables the researcher to utilize

a scientific approach to the problem of vegetation landscape reconstruction. By focussing on

soils, the research is freed from the biases and ambiguities frequently encountered in the

historical record.

The use of soils as indicators of past vegetation communities enables the researcher to

develop a map of the former vegetation of an area which is highly detailed both in terms of

spatial bounds and plant community composition. The information available in the field notes

of the General Land Office surveys is limited in both of these areas. The information contained

in GLO field notes is also fraught with numerous sources of error affecting its use in

reconstructing past vegetation landscapes. The research conducted here clearly indicates

that GLO field notes are unable to provide sufficient qualitative, quantitative, and spatial

information to generate more than a gross map of the pre-Euroamerican vegetation landscape.

The use of soils as an indicator of past vegetation communities allows the development of

maps of pre-Euroamerican vegetation landscapes which incorporate the variability inherent in

the natural setting. The soils based method, then, avoids having the map become the

reflection of any extreme within the natural range of environmental conditions. Further, it

allows the researcher to avoid becoming embroiled in quibbling over what constitutes "natural"

by utilizing the long-term developement of the soil to establish the criteria.

The use of soils as an indicator of past vegetation communities permits the researcher to push

back the temporal limits imposed by the availability of data in the documentary record. In so

doing, the ecological baseline is also pushed back, allowing for the more holistic assessment

of natural resource issues.



Recommendations for further Study

To further validate the accuracy of the 1996 NRCS soils-to-vegetation map, a comparison

could be made between the range site descriptions developed and assigned to the soils to

the U.S. Department of Agriculture's "VegSpec" database. This database includes a list of

potential plant species indicated as being suitable for native plant community restoration for

each of the soils listed in the 1996 NRCS soil survey of Kittitas County.

To assess the potential utility of the information in the GLO field notes, further analysis could

be made regarding the degree of correspondence between the GLO vegetation descriptions

and the 1996 NRCS soils-to-vegetation map. The Townships suveyed by each of the

individual GLO surveyors could be isolated and a comparison made between each surveyor's

vegetation descriptions against the 1996 NIRCS soils-to-vegetation map to see if any

meaningful correspondence exists.

To further develop the the compostition of each plant community identified in the 1996 N RCS

soils-to-vegetation map, these communities could be compared to the habitat types

developed by Daubenmire (1970).

To develop a three-dimensional illustration of the pre-Euroamerican landscape, a digital

elevation model (DEM), of the study area could be developed. The 1996 NRCS soils-to-

vegetation map could then be draped over the DEM.

A three-dimensional "walk-through" model of the pre-Euroamerican landscape could be

developed by replacing the color representation of vegetation types in the 1996 NRCS soils-

to-vegetation map with 3-D iconography using landscaping software.
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APPENDIX 7.1 - SUMMARIES OF RANGE SITE DATA FROM ADJACENT

AREAS



Table 7.1.1: Range Site Summary for the Columbia Basin Region

Table 7.1.2: Range Site Summary for Grant County
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Site Name Site Vegetation Description
Very Shallow, 6-9"
Very Shallow, 9-12"

AGSP 10 POSA 50

POSA 50

ER1OG 5

ERIOG 5

ARRI 25

ARRI 30

Thin Shallow, 9-12" AGSP POSA 1° STTH 5 ARTR 5

Loamy, 6-9" AGSP 8° POSA i° STTH 5 ARTR 5
Loamy, 9-12" AGSP 55 POSA ARTR 5
Loamy, 12-15" AGSP 50 POSA 510 FEID 15 BALSA 5 ARTR4 5

Loamy Upland, 9-12" AGSP POSA 5" FEID 10-1 CAFI 5 5ARTR

Sandy Loam, 6-9" AGSP POSA 5 STCO 20 ORHY 5 ARTR 5

Sandy, 6-9" AGSP 5-10 POSA 5 STCO 65 ORHY 5 ARTR 5

Loamy North, 9-12" AGSP 20-45 30-50FEID ARTR4 5

Loamy Bottom AGSP 45 POSA 5 STTH 10 ELCl2 10 ARTR °-5 PUTR 6.5

Alkali ELCl2 80 DIST 20 SAVE 5 Alk CDGRS

Site Name Site Vegetation Description
Scabland AGSP 6-5 POSA 85 ERIOG 5 PHLOX 5 ARRI

Droughty Rolling Hills AGSP POSA 3°

Rolling Hills AGSP 6° POSA 15 FEID 15

Sand Loam Terrace AGSP 35 POSA 30 STTH 15

Light Loamy Terrace AGSP 15 POSA 20 STCO 35 ORHY 10



Table 7.1.3: Range Site Summary for the John Day Region

Table 7.1.4: Range Site Summary for the Lands of the Yakama Reservation
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Site Name Site Vegetation Description

Very Shallow, 12-17"
Very Shallow, 14-18"

POSA 4°
POSA 5°

ERTH4 1°

ERDO 3°

ARRI 5
ARRI 5

HAST 20 PHLOX 1°

20 15 5 40 5
Loamy, 8-9" AGSP POSA STTH ARTR GASP

60 10 5 10

Loamy, 9-12" AGSP POSA STTH ARTR2
60 10 5 5

Loamy, 12-15" AGSP POSA STTH ARTR

60 10 5 5 5

Loamy North, 9-12" AGSP POSA POCU ARTR2 PHLO2

Riparian Woodland, 8-15" No Description Provided

Moist Meadow, 9-15"" popR 10 ELCl2 65 CAREX 1° JNCUS 3 ARTR2 1 ROWO 1

Stony Bottom,11-15" No Description Provided

Stony Clay Loam, 9-12" AGSP 50 POSA 10 STTH 5 ARTR2 10 GRSP 5
Stony Clay Loam, 12-18" AGSP POSA 10 STTH 13-5 ARTR2 5

Clay, 9-12" AGSP 4° POSA 5 POCU 5 ARTRW 10 ERSP3 5

Loamy Bottom, 6-15" No Description Provided

Dry Alkali, 9-13" POSA 2 ELCl2 70 DIST 20
Moist Alkali, 8-12" ELCl2 30 DIST 30 SAVE 40

Site Name Site Vegetation Description

Scabland

Droughty Rolling Hills

Rolling Hills, 15+"

Droughty Terrace, <15"

Moist Bottom

Well-drained Semi-wet Bottom'
"open stand of cottonwood & shrubs
Dry Mountain Meadow

Semi-wet Meadow

Wet Meadow

Moist Alkali Bottom

5
AGSP

65
AGSP

AGSP 10

AGSP 60

AGSP 20

DECA 30

DECA 4°

DECA 4°

AGSP 25

65
POSA

20
POSA

POSA 10

POSA 10

ELCI 50

FESC 10

POAM 10

AGTR 10

PONE 10

ELCl2 70

5 10
FEID ARRI

10 5 5
FEID ERIOG PUTR

FEID 65

FEID 5 ERIOG 5 PUTR 5

FEID 1° POAM 5 PUTR 0-5

BLGRS 15 JNCUS 5

FEID 60

BLGRS 10 CAREX 10

JNCUS 10 0TH. CAREX, JUNCUS, GRASSES 3°



Table 7.1.5: Range Site Summary for Yakima County

Table 7.1.6: Range Site Summary for the Yakima Training Center
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Site Name Site Vegetation Description

Very Shallow, 6-9" POSA 30 S1HY 5 ERTH4 15 ARR1 20

Very Shallow, 9-15" POSA 40 SIHY 5 ERTH4 30 NAST 10 PHLOX 10

Very Shallow, 15-18" POSA 30 SIHY (3-5 ARRI 40

Very Shallow, 18+" POSA 25 SIHY °-5 ERTH4 5 ARRI 20 ERSP3 35

40 10 5 15 10

Thin Shallow, 9-12" AGSP POSA ERTH4 ARRI ERSP3

Thin Shallow, 12-15" AGSP 55 POSA 10 ARTR4 0-5 ERSP3 10

Shallow, 6-9' AGSP POSA 10 5STTH ARTR 5

Shallow, 6-9" AGSP POSA 10 STTH 5 ARTR 5

Loamy, 9-12" AGSP 6° POSA 5 POCU 5 ARTRW 15
Loamy, 12-15" AGSP 6° POSA 5 POCU 5 ARTRW 15

Loamy, 15-18" AGSP 6° POSA 5 POCU 5 FEID 1° ARTR 5 ARTRW 5 PUTR 5

Loamy North, 9-12' AGSP POSA 5 POCU 1° ARTRW 10 ARTR4
Loamy North, 12-15" AGSP 25 POSA 5 FEID 45 ARTR4 5

Stony Loam, 9-12" 6°AGSP POSA 5 ARTRW 10

Stony Bottom, 6-12" AGSP POSA 5 ELCI 2° ARTRT 1° 5PUTR

Stony Clay Loam, 9-12" AGSP 65 10POSA ARTRW 2 EFiSP3 5

Stony Clay Loam, 12-15" 65AGSP POSA 10 ARTRW 2 ERSP3 5

Clay, 9-12" AGSP 40 POSA 5 POCU 5 ARTRW 1° ERSP3 5

Loamy Bottom, 6-12° AGSP 20 POSA 5 ELCl2 60 ARTRT 5 PUTR 5

Alkali, 6-12" DIST 20 ELCl2 4° SAVE 20

Site Name Site Vegetation Description

45 7 35
Very Shallow, 9-12" POSA ERTH4 ARRI

40 10 40
Very Shallow, 12-18" POSA ERTH4 ARRI

50 30
Very Shallow, 18" POSA ERTH4

Shallow, 6-9" AGSP POSA 1° STTH 5 ARTR 5
Shallow, 9-12" AGSP 6° POSA 1° STTH 5 ARIA 5 PUTR 0-5

Shallow, 15-18" AGSP 45 POSA 1° FEID 15 ARTR4 5 PUTR 5

Loamy, 6-9" AGSP 60 POSA 1° STTH 10 ARTR 5
Loamy, 9-12' AGSP 55 POSA 5 POCU 5 FEID 5 ARTR 5 PUTR 13-5

Loamy, 15-18" AGSP 45 POSA 5 POCU 5 FEID 15 ARIA 5 PUTR 5
Loamy, 18' AGSP POCU 1° FEID 40 PUTR 5

Loamy Upland, 9-12" AGSP 5° POSA 5 FEID 15
Loamy Upland, 12-15" AGSP POSA 5 POCU 5 FEID 15 ARTR 5 PUTR 5

Sandy Loam, 6-9" AGSP 40 POSA 5 ORHY 0-5 STCO 25 ARTR 5'10

Sandy, 6-9" AGSP 5 POSA 5 ORHY 5 STCO ARIA 5

Loamy Bottom (riparian) AGSP 40 POSA 5 ELCl2 25 ARIA 5

Alkali ELCl2 60 DIST 20 Alk CRDGF 5 SAVE 5-10



APPENDIX 7.2 - FINAL ASSIGNMENT OF NRCS SOIL POLYGONS TO

RANGE SITES
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NRCS
Polygon # Soil Name Site Vegetation

Range Site #0 - No Vegetation
138 Mines, Pits

1532 Water

Range Site #1 - Very Shallow 9-18"
40 Rubbleland

411 Argabak
414 Argabak

687 Laric

769 Argabak
770 Argabak

Range Site #2 - Thin Shallow 9-15"
437 Argabak Vantage
457 Cheviot

497 Camaspatch
500 Vantage
501 Vantage

502 Vantage

508 Vantage
591 Vantage

615 Camaspatch
814 Argixerolls Complex

815 Argixeroll Durixerott

Range Site #3 - Stony Clay Loam, 9-15"
148 Mippon
423 Clerf
427 Clerf
441 WhiskeyDick
442 WhiskeyDick

674 Durtash
842 Durtash
852 Durtash

856 Durtash

Range Site #6 - Loamy, 9-15"
7 Bocker

415 Benwy
417 Benwy

450 Argixeroll Durixeroll
466 Benwy
467 Benwy

468 Benwy

AGSP 65 POSA ERSP3 5 ARTRW 5
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AGSP 60 POSA 5 POCU 5 ARTRW 1

Range Site #4 - Clay, 9-12" AGSP 40 POSA POC U 5 ERSP3 ARTRW 10

513 Meloza Roza
603 Reeser
604 Reeser
631 Melaza Roza
819 Millhouse

823 Millhouse
848 Reelow Reeser
849 Reelow Sketter
850 Reelow
857 Reelow Reeser
861 Realow Sketter
862 Millhouse

864 Reelow

Range Site 5 - Stony Loam, 9-12" AGSP POSA ARTRW 10

70 McDaniel
429 Grinrod Horseflat
431 Grinrod Horseflat
451 Gorskel
465 Horseflat
523 TerIan

524 Terlan

525 TerIan

784 Wanapum



469 Benwy
482 Rollinger
483 Rollinger
485 Rollinger
487 Rollinger

488 Rollinger
489 Rollinger
490 Rollinger
491 Rollinger
492 Rolfinger
493 Rollinger
494 Caliralls
516 Selah
517 Selah
518 Selah
519 Selah
533 Selah
538 Zen
540 Zen
543 Zen
558 Argixeroll Durixeroll
563 Boylston Mendina

570 Wipple
571 Wipple
572 Wipple
573 Wipple
587 Argixeroll Durixeroll
600 Brickmill
601 Brickmill
602 Brickmill
609 Ackna
610 Ackna
611 Brickmill
617 Brickmill
622 Manastash
623 Manastash
624 Manastash
632 Manastash
640 Elkheights
663 Ralock Palerf
792 Brickmill
797 Brysill
799 Brysill
800 Brysill
801 Brysill
802 Brysill
803 Brysill
804 Benwy
807 Brysill Ackna
808 Brysill Ackna
817 Manastash
877 Maxhill
884 Maxhill

Range Site #7 - Loamy, 15-18" AGSP POSA POCU FEID 1 ARTR2 5 PUTR
62 Pachneum

434 Clint
554 Pachneum
557 Pachneum
667 Clint
824 Pachneum
825 Pachneum
830 Swauk
835 Swauk
863 Pachneum
899 Clint

QuaIla
QuaIla

Shushuskin
Bedron

Range Site #8 - Loamy North, 12-15" AGSP 2 POSA 5 FEID 4 ARTR4
816 Patron
879 Patron
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Range Site #11 - Alkali Bottom, 6-12" DIST 20 ELCI SAVE 20

410 Tanaha
621 Mitts
633 Mack

635 Opnish
790 Mitta
791 Mitta
795 Nack Opnish

Range Site #12 - Moist Meadow
480 Naneum
481 Naneum
588 Naneum
720 Naneum
897 Naneum

Range Site #13 - Cottonwood Riparian
598 Zillah
706 Kayak
715 Weirman
793 Zillah Kayak
794 Kayak Weirman
806 Weirman
809 Weirman
882 Weirman

Complex Range Sites

Complex #1: Range Sites #1, #2, and #6
682 Benwy Argabak Vantage
771 Argabak Windry

Complex #2: Range Sites #1 and #6
854 Rubbleland Shushuskin Shinn

Complex#3: Range Sites #1, #5 and #6
685 Zen Marlic Laric
903 Zen Manic Laric

Complex #4: Range Sites #1 and #7
668 Rubbleland Clint
858 Pachneum Clint Shinn
859 Shushuskin Clint Shinn

Complex #5: Range Sites #10 and #13
684 Nitzel Weirman

Complex #6: Range Sites #2 and 418
694 Tanksel Wockum Camaspatch

DECA PONE 1 Juncus 10 0th. Crex, Jncs, Grass ROSA/CRCCP"5

DECA 30 PONE 15 Juncus 0th. Crex, Jncs, Grass 20 POTR/ROSA/SYAL
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Range Site #9 - Stony Bottom, 6-12" AGSP POSA 5 ELCI 20 ARTRT 10 PUTR 5
470 Weirman
869 Weirman

Range Site #10 - Loamy Bottom, 6-12" AGSP 20 POSA ELC1 60 ARTRT PUTR
424 Cleman
440 Nitzel
580 Woldale
584 Varodale
585 Varodale
586 Vanderbilt
592 Umtanum
612 Nitcha
618 Nitzel
789 Deedale
818 Umtanum
820 Modsel
838 Nosal
839 Vanderbilt
841 Metser
844 Methill
845 Modsel Metser
900 Deedale



Complex #7: Range Sites #2 and #3
496 Glen f Camaspatch
511 Clerf Vantage

512 Clerf Vantage
597 WhiskeyDick Camaspatch
670 Argabak WhiskeyDick
751 Vantage Clerf Ralock

Complex #8: Range Sites #2, #3, and #5
458 Cheviot Clerf Vantage
459 Cheviot Clerf Vantage

Complex #9: Range Sites #2, #3, and #6
640 Camaspatch WhiskeyDick Tronsen

651 Camaspatch WhiskeyDick Tronsen
739 Camaspatch WhiskeyDick Tronsen

Complex #10: Range Sites #2 and #6
460 Neviot Palerf Vantage
885 Paled Ralock Vantage
901 Benwy Vantage

Complex #11: Range Sites #3 and #4

Complex #14: Range Sites #4 and #10
870 Millhouse Metser

Complex 15: Range Sites #4 and #13
875 Reeser Sketter Weirman

Complex #16: Range Sites 4 and #6
812 Rollinger Reeser

Complex #17: Range Sites #5 and #6

Complex #18: Range Sites #6 and #11
589 Brickmill Nack
796 Brickmill Nack

Complex #19: Range Sites #6 and #12
590 Brickmill Naneum
867 Brickmill Naneum
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810 Lablue Reeser
811 Lablue Reeser Sketter
822 Reelow Reeser Sketter
843 Reelow Reeser Sketter
851 Reelow Lablue Sketter
868 Reelow Lablue
871 Lai:due Millhouse Sketter

Complex #12: Range Sites #3,
503 Selah

#5, and #6
Terlan Durtash

787 Selah Terlan Durtash

Complex #13: Range Sites #3 and #6
625 Manastash Durtash
626 Manastash Selah Durtash
627 Manastash Selah Durtash
724 Manastash Durtash
855 Lablue Elkheights

452 Zen Grinrod

476 Ralock Horseflat
520 Selah Terlan
528 Selah Terlan

532 Selah Terlan
881 Zen Mantic



APPENDIX 7.3 - SIMILAR POLYGONS
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Poly ID
1996 NRCS

Area Soil Soil
1936 USDA

Range Site

157 2470 Brickmill YI AGSP/ARTR
165 2679 Manastash Sm AGSP/ARTR
84 1174 Rollinger Sm AGSP/ARTR

92 1243 Rollinger Sm AGSP/ARTR
113 1572 Selah Sin AGSP/ARTR

74 997 Benwy RI AGSP/artr/FORB
129 1863 Boylston-Mendian MI AGSP/artr/FORB
165 2657 Manastash MI AGSP/artr/FORB
167 2714 Manastash-Durtash MI AGSP/artr/FORB
205 3216 Naneum MI AGSP/artr/FORB
205 3233 Naneum MI AGSP/artr/FORB
205 3216 Naneum MI AGSP/artr/FORS
205 3216 Naneum MI AGSP/adr/FORB
153 2359 Reeser MI AGSP/artr/FORB
85 1185 Rollinger RI AGSP/artr/FORB
87 1213 Rollinger RI AGSP/artr/FORB
92 1263 Rollinger RI AGSP/artr/FORB
110 1461 Selah RI AGSP/artr/FORB
254 4040 Vanderbilt MI AGSP/artr/FORB

173 2740 Manastash Tcr AGSP/FEID
125 1813 Pachneum Tc AGSP/FEID

240 3807 Argixeroll Rm AGSP/POSA/ARTR/PUTR
65 904 Argixeroll-Durixeroll St AGSP/POSA/ARTFVPUTR
65 880 Argixeroll-Durixeroll St AGSP/POSA/ARTR/PUTR
65 900 Argixeroll-Durixeroll St AGSP/POSA/ARTFVPUTR
65 911 Argixeroll-Durixeroll St AGSP/POSA/ARTR/PUTR
65 867 Argixeroll-Durixeroll St AGSP/POSA/ARTR/PUTR

127 1856 Argixeroll-Durixeroll St AGSP/POSA/ARTR/PUTR
127 1848 Argixeroll-Durixeroll St AGSP/POSA/ARTR/PUTR
241 3827 Argixeroll-Durixeroll St AGSP/POSA/ARTR/PUTR
74 999 Benwy St AGSP/POSA/ARTR/PUTR
139 2041 Brickmill St AGSP/POSA/ARTR/PUTR
173 2742 Manastash St AGSP/POSA/ARTR/PUTR
286 4406 Maxhill So AGSP/POSNARTR/PUTR
286 4406 Maxhill So AGSP/POSA/ARTR/PUTR
288 4431 Patron St AGSP/POSA/ARTR/PUTR
153 2359 Reeser Re AGSP/POSA/ARTR/PUTR
153 2359 Reeser Re AGSP/POSA/ARTFt/PUTR
285 4377 Reeser-Sketter-Weirman St AGSP/POSA/ARTR/PUTR
88 1225 Rollinger St AGSP/POSA/ARTR/PUTR
93 1278 Rollinger St AGSP/POSA/ARTR/PUTR
93 1281 Rollinger St AGSP/POSA/ARTR/PUTR
93 1283 Rollinger St AGSP/POSA/ARTR/PUTR
115 1677 TerIan St AGSP/POSA/ARTR/PUTR
139 2018 Vanderbilt St AGSP/POSA/ARTR/PUTR
132 1888 Wipple St AGSP/POSA/ARTR/PUTR
132 1884 Wipple St AGSP/POSA/ARTR/PUTR

223 3536 Kayak-Weirman Wm DECA
78 1029 Weirman Wg DECA
78 1029 Weirman Wg DECA

82 1098 Naneum NI DECA-ELCI
154 2377 Reeser WI DECA-ELCI
138 1978 Vanderbilt WI DECA-ELCI
137 1958 Varodale WI DECA-ELCI
137 1951 Varodale WI DECA-ELCI

151 2257 Brickmill Nf ELCI
286 4394 Maxhill Nc ELCI
224 3593 Nack-Opnish Nc ELCI

82 1079 Nanum Nc ELCI
257 4072 Reelow-Reeser-Sketter Nf ELCI
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41 648 Tanaha Nc ELCI

163 2602 Mitta Ev ELCl/DIST

41 647 Tanaha Al ELCl/DIST/SAVE

66 927 Gorskel Ss POSA/ARRI

66 934 Gorskel Ss POSA/ARRI
165 2683 Manastash Ss POSA/ARRI
174 2793 Nack POSA/ARRI
174 2793 Nack POSA/ARRI
154 2373 Reeser Ss POSA/ARRI
237 3789 Reeser-Lablue Ss POSA/ARRI
115 1677 TerIan Ss POSA/ARRI
115 1648 TerIan Ss POSA/ARRI
117 1755 TerIan Ss POSA/ARRI
117 1757 TerIan Ss POSA/ARRI
217 3380 Terlan-Selah-Durtash Ss POSA/ARRI
204 3203 Weirman Ss POSA/ARRI

65 878 Argixeroll-Durixeroll Rv POTFVPIPO/ARTR/PUTR
37 615 Pits, Mine By POTFVPIPO/ARTR/PUTR
151 2291 Reeser By POTR/PIPO/ARTR/PUTR
78 1029 Weirman Rv POTR/PIPO/ARTR/PUTR
204 3213 Weirman Rv POTRIPIPO/ARTR/PUTR
233 3709 Weirman Rv POTR/PIPO/ARTFVPUTR
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1996 NRCS 1936 USDA
Poly ID Area Soil

44 415
46 417
74 466
75 467
76 468
77 469
232 804
69 457
179 640

66 451

110 516
111 517
112 518
113 519
120 533

115 523
116 524
117 525
131 570
132 571

133 572
134 573

282 871

238 811

264 851

261 848
270 857

247 822

257 843
262 849

255 841

84 482
85 483

86 485
87 487
88 488
89 489
90 490
91 491

92 492
93 493

94 494
36 70

158 612
32 62

125 554
126 557
249 824

250 825
153 603
154 604
144 592
244 818

49 423
52 427

73 465
203 706
38 148

20 40
78 470

204 715
236 809

Benwy
Benwy
Benwy

Benwy
Benwy
Benwy

Benwy
Cheviot*
Elkheights

Gorskel
Selah

Selah
Selah
Selah
Selah
Terlan
TerIan
TerIan
Wipple*
Wipple"
Wipple"
Wipple*

Lablue-Millhouse-Sketter
Lablue-Reeser-Sketter
Reelow-Lablue-Sketter
Reelow-Reeser
Reelow-Reeser
Reelow-Reeser-Sketter
Reelow-Reeser-Sketter
Reelow-Sketter

Metser
Rollinger
Ro!linger
Rollinger
Rollinger
Rollinger

Rollinger
Rollinger
Ro{linger
Rollinger
Ro[linger

CakW's**
McDaniel
Nitcha
Pachneum
Pachneum
Pachneum
Pachneum

Pachneum
Reeser
Reeser

Umptanum
Umptanum

Clerf
Clerf
Horseflar
Kayak

Mippon**
Rubbleland
Weirman (sandy)
Weirman (sandy)

Weirman (sandy)

Soil

Of/01

Of/01

Of/01

Of/01

Of/01

Of/01

Of/01

01

01

Sm

Sm/Smt
Sm/Smt
Sm/Smt

Sm/Smt
Sm/Smt
Sm/Smt
Sm/Smt
Sm/Smt

Sm
Sm

Sm
Sm

MI

RI

RI

RI

RI

RI

RI

RI

RI

RI

RI

Tc

Tc
Ts
Tc
Tc

Tc
Tc
Tc

Tc
Tc
Ts
Ts

St

St
St
Yf

Yf
St

YfNI
YVYI

YfNI

AGSP/ARTR
AGSP/ARTR
AGSP/ARTR
AGSP/ARTR
AGSP/ARTR
AGSP/ARTR
AGSP/ARTR
AGSP/ARTR
AGSP/ARTR
AGSP/ARTR
AGSP/ARTR
AGSP/ARTR
AGSP/ARTR
AGSP/ARTR
AGSP/ARTR
AGSP/ARTR
AGSP/ARTR
AGSP/ARTR
AGSP/ARTR
AGSP/ARTR
AGSP/ARTR
AGSP/ARTR

AGSP/ARTR - POSA/ARRI
AGSP/ARTR - POSA/ARRI
AGSP/ARTR - POSA/ARRI
AGSP/ARTR - POSA/ARRI
AGSP/ARTR - POSA/ARRI
AGSP/ARTR - POSNARF-11

AGSP/AFITR - POSA/ARRI

AGSP/ARTR - POSA/ARRI

AGSP/artr/FORB
AGSP/artr/FORB
AGSP/artr/FORB
AGSP/artr/FORB

AGSP/artr/FORB
AGSP/artr/FORB
AGSP/artr/FORB
AGSP/artr/FORB
AGSP/aTir/FORB
AGSP/artr/FORB
AGSP/artr/FORB

AGSP/FEID
AGSP/FEID
AGSP/FEID
AGSP/FEID
AGSP/FEID
AGSP/FEID
AGSP/FEID
AGSP/FEID
AGSP/FEID
AGSP/FEID
AGSP/FEID
AGSP/FEID

AGSP/POSA/ARTR/PUTR
AGSP/POSA/ARTR/PUTR
AGSP/POSA/ARTR/PUTR
AGSP/POSA/ARTR/PUTR
AGSP/POSA/ARTR/PUTR
AGSP/POSA/ARTR/PUTR
AGSP/POSA/ARTIR/PUTR
AGSP/POSA/ARTR/PUTR
AGSP/POSA/ARTR/PUTR

Range Site
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280 869 Weirman (sandy) YfNI AGSP/POSA/ARTR/PUTR
149 598 Zillah YfNI AGSP/POSNARTNPUTR

246 820 Modser" Wm DECA
140 566 Nam:rum (wet) Wm/Wg DECA
303 897 Naneum (wet) WmNVg DECA
121 538 Zen*** Wm DECA
123 540 Zen*** Wm DECA
124 543 Zen*** Wm DECA

226 797 Brysill NUNc DECA - ELCI
227 799 Brysill NVNc DECA - ELCI
228 800 Brysill NVNc DECA - ELCI
229 801 Brysill NUNc DECA - ELCI
230 802 Brysill NVNc DECA - ELCI
231 803 Brysill NVNc DECA - ELCI
218 789 Deedale WI DECA-ELCI
305 900 Deedale WI DECA-ELCI
163 621 Mitta WI DECA-ELCI
219 790 Mitta WI DECA-ELCI
220 791 Mitta WI DECA-ELCI
82 480 Naneum (dry) Nc/VVI DECA-ELCI
83 481 Naneum (dry) NcNVI DECA-ELCI

205 720 Naneum (dry) Nc/WI DECA-ELCI
60 440 Nitzel NVWI DECA-ELCI

162 618 Nitzel NI/WI DECA-ELCI
253 838 Nosal WI DECA-ELCI

176 635 Opnish NI/WI DECA-ELCI
138 586 Vanderbilt WI/NI DECA-ELCI
254 839 Vanderbilt WI/NI DECA-ELCI

136 584 Varodale WI DECA-ELCI
137 585 Varodale WI DECA-ELCI
135 580 Woldale WI/NI DECA-ELCI

155 609 Ackna Nc ELCI

156 610 Ackna Nc ELCI
150 600 Brickmill Nf/Nc ELCI

151 601 Brickmill Nf/Nc ELCI

152 602 Brickmill Nf/Nc ELCI
157 611 Brickmill Nf/Nc ELCI
161 617 Brickmill Nf/Nc ELCI
221 792 Brickmill Nf/Nc ELCI

56 434 Clint* Ni ELCI

186 667 Clint* Ni ELCI
164 622 Manastash Nf ELCI
165 623 Manastash Nf ELCI
166 624 Manastash Ni ELCI

173 632 Manastash Ni ELCI
243 817 Manastash Ni ELCI
174 633 Nack Nc/Nf ELCI

41 410 Tanaha Al ELCl/DIST/SAVE

42 411 Argabak S POSA/ARRI
43 414 Argabak S POSA/ARRI
212 769 Argabak S POSA/ARRI
213 770 Argabak S POSA/ARRI

1 7 Bocker Ss POSA/ARRI

97 497 Camaspatch** S POSA/ARRI
160 615 Camaspatch** S POSA/ARRI
191 674 Durtash Ss POSA/ARRI
256 842 Durtash Ss POSA/ARRI
265 852 Durtash Ss POSA/ARRI
269 856 Durtash Ss POSA/ARRI
197 687 Laric S/Ss POSA/ARRI
286 877 Maxhil1*** Ss POSA/ARRI
292 884 Maxhill*** Ss POSA/ARRI
258 844 Metmill** Ss POSA/ARRI
245 819 Millhouse* S POSA/ARRI
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248 823 Mil!house* S POSA/ARRI
275 862 Millhouse* S POSA/ARRI

263 850 Reelow*** Ss POSA/ARRI
277 864 Reelow*** Ss POSA/ARRI
100 500 Vantage S/Ss POSA/ARRI

101 502 Vantage S/Ss POSA/ARRI
104 508 Vantage S/Ss POSA/ARRI
143 591 Vantage S/Ss POSA/ARRI
61 441 WhiskeyDick" S POSA/ARRI
62 442 WhiskeyDick* S POSA/ARRI

216 784 Wanapurn*** Rv POTR/PIPO/ARTR/PUTR

233 806 Weirman (stony) RvNt POTR/PIPO/ARTFVPUTF1- AGSP/POSA/ARTR/PUTR

*inextensive

very nextensive
**extremely nextensive
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APPENDIX 7.5 - INITIAL 2ND GENERATION ASSIGNMENT OF NRCS SOIL

POLYGONS TO RANGE SITES



NRCS
Polygon # Soil Name Evaluation

Range Site #0 - No Vegetation
138 Mines, Pits
1532 Water

Range Site 1 - Loamy Bottom (ELCI)
470 Weirman

480 Naneum

481 Naneum

592 Umptanum
612 Nitcha
635 Opnish
706 Kayak
720 Naneum
797 131)(01

799 Brysill
800 Brysill
801 Brysill

802 Brysill
803 Brysill
807 Brysill (1) Ackna (9)
808 Brysill (1) Ackna (9)
838 Nosal
869 Weirman

Range Site #2 Moist Swale-Loamy Bottom (DECA-ELCI)
437 Argabak (2) Vantage (13)
580 Woldale
584 Varodale
585 Varodale
586 Vanderbilt

588 Naneum

590 Brickmill (2) Naneum (2)

600 Brickmill

601 Brickmill

602 Brickmill

611 Brickmill

617 Brickmill

789 Deedale
792 Brickmill
812 Rollinger (9) Reeser (11)
830 Swauk Qualla
835 Swauk Qualla
839 Vanderbilt
867 Brickmill (2) Naneum (2)
897 Naneum
900 Deedale

Range Site #3 - Moist Swale (DECA)
538 Zen
540 Zen
543 Zen

Range Site #4 - Tule Wetland (SCAC)

Range Site #5 - Riparian Woodland (POTR/PIPO/ARTR/PUTR)
715 Weirman

806 Weirman

Range Site #6 - Dry Alkali Bottom (ELCl/DIST)
424 Cleman

440 Nitzel

618 Nitzel
621 Mitta
790 Mitta
791 Mitta

Range Site #7 - Moist Alkali Bottom (ELCVDIST/SAVE)
410 Tanaha

Range Site #8 - Loamy North Exposure (AGSP/FEID))

62 Pachneum
70 McDaniel

554 Pachneum
557 Pachneum
824 Pachneum
825 Pachneum
863 Pachneum (8) Shushuskin

Range Site #9 - Prairie (AGSP/artr/FORB)
482 Rollinger
483 Rollinger
485 Rollinger
487 Rollinger
488 Rollinger

489 Rollinger
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evaluated in light of terrain, soil description, and adjacent polygons

compared to adjacent polygons and correlated 10 1936
compared to adjacent polygons and correlated to 1936

evaluated in light of terrain, soil description, and adjacent polygons

compared to adjacent polygons and correlated to 1936

no longer a complex

small...placed into adjacent RS2
compared to adjacent polygons and correlated to 1936
compared to adjacent polygons and correlated to 1936

no longer a complex

evaluated in light of position in terrain, soil description, and surrounding polygons

evaluated in light of position in terrain and compared to adjacent polygons



490 Rollinger

491 Rollinger
492 Rollinger
493 Ro!linger

494 Caliralls

516 Selah
517 Selah
518 Selah
519 Selah
533 Selah
563 Boylston Mendina compared to adjacent polygons and correlated to 1936
609 Ackna
610 Ackna
622 Manastash
623 Manastash

624 Manastash

625 Manastash (9) Durtash (13) evaluated in light of position in terrain and correlated to 1936
626 Manastash (9) Selah (9) Durtash (13) evaluated in light of position in terrain and correlated to 1936
627 Manastash (9) Sefah (9) Durtash (13) evaluated in light of position in terrain and correlated 10 1936
632 Manastash

817 Manastash
877 Maxhill
884 Maxhill

Range Site #10 - Dry Loamy Upland (AGSP/ARTR)
415 Benwy
417 Benwy
451 Gorskel
457 Cheviot

466 Benwy

467 Benwy
468 Benwy
469 Benwy
503 Selah (9) Tartan (10) Durtash (13) evaluated in light of position in terrain and correlated to 1936
520 Selah (9) Tartan (10) evaluated in light of position in terrain and correlated to 1936
528 Selah (9) Tartan (10) evaluated in light of position in terrain and correlated to 1936
532 Setah (9) Tartan (10) evaluated in light of position in terrain and correlated to 1936
570 Wipple

571 Wipple
572 Wipple
573 Wipple
633 Nack

640 Elkheights
682 Benwy (10) Argabak (2) Vantage (13) very small...added to adjacent RS10
804 Benwy
818 Umptanum

. .

Range Site #11 - Arid Lowland Hills (AGSP/POSA/ARTR/PUTR)
523 Tartan
524 Milan
525 Terlan
598 Zillah
603 Reeser
604 Reeser
784 Wanapum
820 Modsel
841 Metser
845 Modsel (11) Metser (11) no longer a complex
870 Millhouse (13) Metser (11) Compared to adjacent polygons and correlated to 1936

Range Site #12 - Arid Upland Hills (AGSP/POSA/ARTR/PUTR)
423 Clerf
427 Clad
429 Grinrod (12) Horseflat (12) no longer a complex
431 Grinrod (12) Horseflat (12) no longer a complex
434 Clint
450 Argixeroll (12) Durixeroll (12) no longer a complex
452 Zen (3) Grinrod (12) compared to adjacent RS's and correlated to 1936
458 Cheviot (10) Clad (12) Vantage (13) compared to adjacent polygons and correlated to 1936
459 Cheviot (10) Clad (12) Vantage (13) compared to adjacent polygons and correlated to 1936
460 Neviot Paled Vantage (13) compared to adjacent polygons and correlated to 1936
465 Horseflat
476 Ralock Hotseflat (12) compared to adjacent polygons and correlated to 1936
496 Clad (12) Camaspatch (12) no longer a complex
511 Clerf (12) Vantage (13) small...evaluated in light of position in terrain and compared to adjacent polygons
512 Clert (12) Vantage (13) small...evaluated in light of position in terrain and compared to adjacent polygons
513 Meloza Roza compared to adjacent polygons and correlated 10 1936
558 Argixeroll (12) Dutixeroll (12) no longer a complex
587 Argixeroll (12) Durixeroll (12) no longer a complex
631 Meloza Roza compared to adjacent polygons and correlated to 1936
663 Ralock Paled compared to adjacent polygons and correlated to 1936
667 Clint
668 Rubbleland (13) Clint (12) compared to adjacent polygons and correlated to 1936

694 Tanksel WOckum Camaspatch (13) evaluated in light of position in terrain and compared to adjacent polygons
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evaluated in light of position in terrain and correlated to 1936
sliver...placed into adjacent RS12
evaluated in light of position in terrain and correlated to 1936
no longer a complex
no longer a complex

sliver. added to adjacent RS12
evaluated in light of position in terrain
evaluated in light of position in terrain

compared to adjacent RS's and correlated to 1936
compared to adjacent polygons and correlated to 1936

compared to adjacent polygons and correlated to 1936
small...added to adjacent RS14

very small...added to adjacent RS13

no longer a complex

no longer a complex

no longer a complex

sliver placed into adjacent RS13
sliver...added to adjacent RS13

sliver...placed into adjacent RS13

compared to adjacent polygons and correlated to 1936

sliver...added to adjacent RS13

compared to adjacent RS's and correlated to 1936
very small...added to adjacent RS14
placed into a new complex range site (patterned ground)
placed into a new complex range site (patterned ground)
placed into a new complex range site (patterned ground)
placed into a new complex range site (patterned ground)
placed into a new complex range site (patterned ground)
placed into a new complex range site (patterned ground)
placed into a new complex range site (patterned ground)
placed into a new complex range site (patterned ground)
placed into a new complex range site (patterned ground)
placed into a new complex range site (patterned ground)
placed into a new complex range site (patterned ground)

placed into a new complex range site (ELCl/DIST - POTR/PIPO/ARTR/PUTR)

evaluated in light of terrain, soil description, and adjacent polygons

placed into a new complex range site (ELCI - POTR/PIPO/ARTR/PUTR)
placed into a new complex range site (ELCI - POTR/PIPO/ARTR/PUTR)
single polygon with a diverse concordance to 1936...placed in new complex range site RS1
placed into a new complex range site (ELCI - POTR/PIPO/ARTR/PUTR)
placed into a new complex range site (ELCI - POTR/PIPO/ARTR/PUTR)

placed into a new complex range site (ELCI - AGSP/ARTR)

placed in to a new complex range site (AGSP/ARTR - DECA-ELCI)
placed in to a new complex range site (AGSP/ARTR - DECA-ELCI)
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724 Manastash (9) Durtash (13)
751 Vantage (13) Clerf (12) Retook
787 Selah (9) TerIan (10) Durtash (13)
814 Argixerolls Complex (12)
815 Argixeroll (12) Durixeroll (12)
816 Patron
854 Rubbleland (13) Shushuskin Shinn
858 Pachneum (8) Clint (12) Shinn
859 Shushuskin Clint (12) Shinn
879 Patron
881 Zen (3) Medic
885 Palerf Retook Vantage (13)

899 Clint (12) Bedron
903 Zen (3) Marlie Ledo (13)

Range Site #13 - Shallow Lithos°Is (POSA/ARRE
7 Booker
40 Rubbleland
148 Mippon
411 Argabak
414 Argabak
441 WhiskeyDick
442 WhiskeyDick
497 Camaspatch
500 Vantage

501 Vantage

508 Vantage

591 Vantage

593 WhiskeyDick (13) Camaspatch (13)

595 WhiskeyDick (13) Camaspatch (13)

597 VVhiskeyDick (13) Camaspatch (13)

615 Camaspatch
651 Camaspatch (13) VVhiskeyDick (13) Tronsen
670 Argabak (2) WhiskeyDick (13)
674 Durtash
687 Land
739 Camaspatch (13) VVhiskeyDick (13) Tronsen
769 Argabak
770 Argabak
810 Lablue Reeser (11)
819 Millhouse

823 Mil!house

842 Durtash
850 Reelow

852 Durtash

856 Durtash
862 Mil!house
864 Reelow

901 Benwy (10) Vantage (13)
502 Vantage

Range Site #14 - Patterned Ground (AGSP/ARTR-POSA/ARRI)
685 Zen (3) Medic Laric (13)
771 Argabak (2) VVindry

811 Lablue Reeser (11) Sketter
822 Fleelow Reeser (11) Sketter
843 Reelow Reeser (11) Sketter
848 Reelow Reeser (11)
849 Reelow Sketter
851 Reelow Lablue Sketter
855 Lablue Elkheights
857 Reelow Reeser (11)
861 Reelow Sketter
868 Reelow Lablue
871 Lablue Millhouse (13) Sketter

Complex Range Sites

Range Site #15 - Complex (ELCl/DIST - POTR/PIPO/ARTR/PUTR)
684 Nitzel (6) Weirman (5)

Range Site #16 - Complex (ELCI - POTR/PIPO/ARTR/PUTR)
793 Zillah (11) Kayak (1)

794 Weirman (5) Kayak (1)
809 Weirman (5)
844 Methill
875 Reeser (11) Sketter Weirman (5)
882 Kayak Weirman (5)

Range Site #17 - Complex (ELCI - AGSP/ARTR)
795 Neck (10) Opnish (1)

Range Site #18 - Complex (AGSP/ARTR - DECA-ELCI)
589 Brickmill (2) Nack (10)
796 Brickmill (2) Nack (10)
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APPENDIX 7.6 - FINAL 2ND GENERATION ASSIGNMENT OF NRCS SOIL

POLYGONS TO RANGE SITES



NRCS
Polygon ID Area Soil Name

234

Range Site #2 Moist Swale-Loamy Bottom (DECA-ELCI)
57 437 Argabak (2) Vantage (13)
135 580 Woldale
136 584 Varodale
137 585 Varodale
138 586 Vanderbilt

140 588 Naneum

142 590 Brickmill (2) Naneum (2)

150 600 Brickmill

151 601 Brickmill

152 602 Brickmill

157 611 Brickmill

161 617 Brickmill

218 789 Deedale
221 792 Brickmill
239 812 Rollinger (9) Reeser (11)
251 830 Swauk Qualia
252 835 Swauk QuaIla
254 839 Vanderbilt
278 867 Brickmill (2) Naneum (2)
303 897 Naneum
305 900 Deedale

Range Site #0 -
37

320

Range Site #1 -

No Vegetation
138 Mines, Pits
1532 Water

Loamy Bottom (ELCI)
78 470 Weirman

82 480 Naneum

83 481 Naneum

144 592 Umptanum
158 612 Nitcha
176 635 Opnish
203 706 Kayak
205 720 Naneum
226 797 Brysill
227 799 Brysill
228 800 Brysill

229 801 Brysill
230 802 Brysill
231 803 Brysill
234 807 Brysill (1) Ackna (9)
235 808 Brysill (1) Ackna (9)
253 838 Nosal
280 869 Weirman

Range Site #3 Moist Swale (DECA)
121 538 Zen
123 540 Zen
124 543 Zen

Range Site #4 Riparian Woodland (POTFVPIPO/ARTR/PUTR)
204 715 Weirman

233 806 Weirman

Range Site #5 Dry Alkali Bottom (ELCl/DIST)
50 424 Cleman

60 440 Nitzel

162 618 Nitzel
163 621 M itta

219 790 Mitta
220 791 Mitta

Range Site #6 Moist Alkali Bottom (ELCVDIST/SAVE)
41 410 Tanaha



Range Site #10 - Arid Lowland Hills (AGSP/POSA/ARTR/PUTR)
115 523 TerIan
116 524 Terlan
117 525 TerIan
149 598 Zillah

235

Range Site #8 Prairie (AGSP/artr/FORB)
84 482 Rollinger
85 483 Rollinger
86 485 Rollinger
87 487 Rollinger
88 488 Rollinger

89 489 Rollinger

90 490 Rollinger

91 491 Rollinger
92 492 Rollinger
93 493 Rollinger

94 494 Caliralls

110 516 Selah
111 517 Selah
112 518 Selah
113 519 Selah
120 533 Selah

129 563 Boylston Mendina
155 609 Ackna
156 610 Ackna
164 622 Manastash
165 623 Manastash

166 624 Manastash

167 625 Manastash (9) Durtash (13)
168 626 Manastash (9) Selah (9) Durtash (13)
169 627 Manastash (9) Selah (9) Durtash (13)
173 632 Manastash

243 817 Manastash
286 877 Maxhill
292 884 Maxhill

Range Site #9 Dry Loamy Upland (AGSP/ARTR)
44 415 Benwy
46 417 Benwy
66 451 Gorskel
69 457 Cheviot
74 466 Benwy

75 467 Benwy
76 468 Benwy
77 469 Benwy
102 503 Selah (9) TerIan (10) Durtash (13)
114 520 Selah (9) Terlan (10)
118 528 Selah (9) TerIan (10)
119 532 Selah (9) TerIan (10)
131 570 Wipple

132 571 Wipple
133 572 Wipple
134 573 Wipple
174 633 Nack

179 640 Elkheights
192 682 Benwy (10) Argabak (2) Vantage (13)
232 804 Benwy
244 818 Umptanum

Range Site #7 - Loamy North Exposure (AGSP/FEID))
32 62 Pachneum
36 70 McDaniel
125 554 Pachneum
126 557 Pachneum
249 824 Pachneum
250 825 Pachneum
276 863 Pachneum (8) Shushuskin



236

Range Site #11
49
52

Arid Upland Hills (AGSP/POSA/ARTFt/PUTR)
423 Clerf
427 Clerf

54 429 Grinrod (12) Horseflat (12)
55 431 Grinrod (12) Horseflat (12)
56 434 Clint
65 450 Argixeroll (12) Durixeroll (12)
67 452 Zen (3) Grinrod (12)
70 458 Cheviot (10) Clerf (12) Vantage (13)
71 459 Cheviot (10) Clerf (12) Vantage (13)
72 460 Neviot Palerf Vantage (13)
73 465 Morsel tat
80 476 Ralock Horseflat (12)
96 496 Clerf (12) Camaspatch (12)
106 511 Clerf (12) Vantage (13)
107 512 Clerf (12) Vantage (13)
108 513 Meloza Roza

127 558 Argixeroll (12) Durixeroll (12)
139 587 Argixeroll (12) Durixeroll (12)
172 631 Meloza Roza

185 663 Ralock Palerf
186 667 Clint
187 668 Rubbleland (13) Clint (12)
200 694 Tanksel Wockum Camaspatch (13)
206 724 Manastash (9) Durtash (13)
211 751 Vantage (13) Clerf (12) Ralock
217 787 Selah (9) TerIan (10) Durtash (13)
240 814 Argixerolls Complex (12)
241 815 Argixeroll (12) Durixeroll (12)
242 816 Patron
267 854 Rubbleland (13) Shushuskin Shinn
271 858 Pachneum (8) Clint (12) Shinn
272 859 Shushuskin Clint (12) Shinn
288 879 Patron
289 881 Zen (3) Marlic
293 885 Palerf Ralock Vantage (13)
304 899 Clint (12) Bedron
308 903 Zen (3) Manic Laric (13)

Range Site #12 - Shallow Lithosols (POSA/AR RI)
1 7 Booker

20 40 Rubbleland
38 148 Mippon
42 411 Argabak
43 414 Argabak
61 441 WhiskeyDick
62 442 WhiskeyDick
97 497 Camaspatch
100 500 Vantage

101 501 Vantage
104 508 Vantage

143 591 Vantage

145 593 WhiskeyDick (13) Camaspatch (13)
147 595 WhiskeyDick (13) Camaspatch (13)

148 597 WhiskeyDick (13) Camaspatch (13)

160 615 Camaspatch

181 651 Camaspatch (13) WhiskeyDick (13) Tronsen
189 670 Argabak (2) WhiskeyDick (13)
191 674 Durtash
197 687 Laric

153 603 Reeser
154 604 Reeser
216 784 Wanapum
246 820 Modsel
255 841 Metser
259 845 Modsel (11) Metser (11)
281 870 Millhouse (13) Metser (11)



Complex Range Sites

237

Range Site #13 Patterned Ground (AGSP/ARTR-POSA/ARRI)
195 685 Zen (3) Manic Laric (13)
214 771 Argabak (2) Windry
238 811 Lablue Reeser (11) Sketter
247 822 Reelow Reeser (11) Sketter
257 843 Reelow Reeser (11) Sketter
261 848 Reelow Reeser (11)
262 849 Reelow Sketter
264 851 Reebw Lablue Sketter
268 855 Lablue Elkheights
270 857 Reelow Reeser (11)
274 861 Reelow Sketter
279 868 Reelow Lablue
282 871 Lablue Millhouse (13) Sketter

209 739 Camaspatch (13) WhiskeyDick (13) Tronsen
212 769 Argabak
213 770 Argabak
237 810 Lablue Reeser (11)
245 819 MiMouse

248 823 Mil!house

256 842 Durtash
263 850 Reelow

265 852 Durtash

269 856 Durtash
275 862 Mi!house
277 864 Reelow

306 901 Benwy (10) Vantage (13)
502 Vantage

Range Site #14 Complex (ELCUDIST - POTFUPIPO/ARTR/PUTR)
194 684 Nitzel (6) Weirman (5)

Range Site #15 Complex (ELCI - POTR/PIPO/ARTFUPUTR)
222 793 Zillah (11) Kayak (1)
223 794 Weirman (5) Kayak (1)
236 809 Weirman (5)
258 844 Methill
285 875 Reeser (11) Sketter Weirman (5)
290 882 Kayak Weirman (5)

Range SIte #16 Complex (ELCI - AGSP/ARTR)
224 795 Nack (10) Opnish (1)

Range Site #17 Complex (AGSP/ARTR - DECA-ELCI)
141 589 Brickmill (2) Nack (10)
225 796 Brickmill (2) Nack (10)
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APPENDIX 9.1 - ANALYSIS OF AGREEMENT BETWEEN THE 1996 NRCS

DATA AND THE 1936 USDA DATA



Rstti

RS#2

Rs#3

Rs#4

Asia
Rs#8

RS#9

RS#/ 0

RS#11

RS#12

RS#13

RS#14

RS#40

RS#1

RS#2

RS#3

RS#4

F1S#7

F1S#8

RS#9

Cl) RS#10

RS#11

RS#12

RS#13

RS#14

RS#40

RS#1

RS#2

RS#3

RS*4

RS#7

RS#8

RS#9

Cn RS#10

RS#11

RS#12

RS#13

RS#14

RS#40

NR CS
RS#0 03#1 RS#2 RS#4 RS#5 RS#6 RS#7 RS#8 RS#9 RS#/ 0 RS#11 RS#12 FIS#13 RS#14 RS#15 RS#16 F15817

Table 9.1.1: Count of Joint Assignments between the 1996 N RCS Data and the
1936 USDA Data.

NR CS
Rs#o RS*1 RS#2 Fists4 Rs#5 Rs#6 Rs:a Rs#8 Rs#9 Rsttio Ratii Rs#12 ris#18 RS#14 RS#15 R5816 *56 17

249

273

47

458

117

72

285

362

93

84

370

104

10

0

0.121

0.021

0.203

0.052

0.032

0118

0.161

0.041

0.037

0.164

0.046

0.004

0.121

0.021

0.203

0.052

0.032

0.118

0.161

0.041

0037

a164

0.046

0.004

78 84 1 8 3 2 26 15 3 1/ 4 0 1 18 13

5 7 0 22 0 0 7 2 2 1 0 0 0 0 1 0

101 143 5 58 1 0 14 12 24 9 13 5 1 32 28 12

29 6 0 55 9 0 6 5 1 3 0 0 0 0 2 1

5 14 0 4 0 5 5 9 11 8 4 6 0 0 0 1

40 40 1 6 0 2 82 10 19 22 11 13 0 5 8 6

27 19 a 17 3 0 .136 44 50 at 2 0 4 12 2 0

11 3 5 1 1 4 2 1 24 1 4 25 1 9 I 0

13 20 24 0 0 1 0 4 1 8 o o 12 1 0

15 13 9 2 1 2 25 14 49 40 70 109 0 19 1

0 1 3 1 0 0 10 6 4 60 10 8 0 1 0 0

2 7 0 0 0 0 0 0 0 0 0 0 1 0 0

0.035 0.037 0 000 0.004 0.001 0.001 0.012 0.007 0 003 0.001 0.005 0 002 0.000 0,000 0.008 0.006

0002 0.003 0000 0.010 0000 0000 0.003 0001 0001 0000 0000 a000 a000 a000 a000 0000

0.045 0.063 0.002 0.026 0.000 0.000 0.006 0.005 0.011 0.004 0.006 0.002 0.000 0 014 0.012 0.005

0.013 0.003 0.000 0.024 0.004 0.000 0.003 0.002 0.000 0.001 0.000 0.000 0.000 0.000 0 001 0.000

0.002 0 006 0.000 0.002 0.000 0.002 0.002 0.004 0.005 0.004 0.002 0.003 0.000 0.000 0 000 0.000

0.018 0.018 0.000 0.003 0.000 0.001 0.036 0.004 0.008 0.010 0.005 0.006 0.000 0.002 0.004 0.003

0012 0.008 0.004 0.008 0001 0000 0.060 0.020 0022 0.017 0.001 0000 0002 0005 aoot 0000
0.005 0.001 0.002 0.000 0.000 0.002 0.001 0.000 0.011 0.000 0.002 0.011 0.000 0.004 0.000 0.000

0.006 0,009 0.011 0.000 0.000 0.000 0.000 0.000 0.002 0.000 0.004 0.000 0.000 0.005 0.000 0.000

0.007 0.006 0.004 0.001 0.000 0.001 0.011 0.006 0.022 0.018 0 031 0 048 0.000 0.008 0.000 0.000

0.000 0.000 0.001 0.000 0.000 0.000 0.004 0.003 0.002 0.027 0 004 0 004 0.000 0.000 0.000 0.000

0.001 0.003 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

0.018 0.019 0.003 0.009 0.001 0.001 0.017 0.006 0.010 0.010 0.007 0.009 0.000 0.005 0.003 0.002

0.003 0.003 0.001 0.002 0.000 0.000 0.003 0.001 0.002 0.002 0.001 0.002 0.000 0.001 0.001 0.000

0.029 0.032 0.005 0.016 0.002 0.001 0.028 0.011 0.017 0.017 0.012 0.015 0.001 0.008 0.006 0.003

0.008 0.008 0.001 0.004 0.000 0.000 0.007 0.003 0.004 0.004 0.003 0.004 0.000 0.002 0.001 0.001

0.005 0.005 0.001 0.002 0.000 0.000 0.004 0.002 0.003 0.003 0.002 0.002 0.000 0.001 0.001 0.000

0.017 0.019 0.003 0.009 0.001 0.001 0.016 0.006 0.010 0.010 0.007 0.009 0.000 0.005 0.003 0.002

0.023 0.025 0.004 0.012 0.001 0.001 0.022 0 008 0.014 0.013 0.009 0.012 0.000 0.007 aoott 0.002

0.006 0.007 0.001 0.003 0.000 0.000 0.006 0.002 0.004 ' 0.003 0.002 0.003 0.000 0.002 0.001 0.001

0.005 0.006 0.001 0.003 0.000 0.000 0.005 0.002 0.003 0.003 0.002 0.003 0.000 0.002 0.001 0.001

0.024 0.026 0.004 0.013 0.001 0.001 0.023 0.009 0.014 0.014 0.010 0.012 0.000 0.007 0.005 0.002

0.007 0.007 0.001 0.004 0.000 0.000 0.006 0.002 0.004 0,004 0.003 0.003 0.000 0.002 0.001 0.001

0.001 0.001 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

0.145 0.158 0.025 0.077 0.008 0.007 0.139 0.052 0.086 0.082 0.059 0.075 0.003 0.041 0.027 0.015 1.000

0.346

Table 9.1.2: Observed Proportions of Joint Assignments between the 1996 N RCS
Data and the 1936 USDA Data.

NR CS
RS#0 RS#1 RS#2 RS#4 RS#5 R5#6 RS#7 R5#8 RS#9 RS#10 R5#11 RS#12 RS#13 RS#14 RS#15 RS#16 RS#17

0.145 0.158 0.025 0.077 0.008 0.007 0.139 0.052 0.086 0.082 0.059 0.075 0.003 0.041 0.027 0.015 1.000

0./63

Table 9.1.3: Chance Expected Proportions of Joint Assignments between the 1996
NRCS Data and the 1936 USDA Data.

0 326 357 56 174 18 15 314 118 194 186 133 170 6 92 62 34 22551



RS#1

RS#2

RS#3

RS#4

RS#7

RS#8

RS#9

RS#10

RS#11

RS#12

RS#13

RS#14

RS#40

NR CS
RS#0 RS#1 8592 8284 8595

Table 9.1.4: Relative Degree of Difference between 1996 NRCS Range Sites and
1936 USDA Range Sites.

NR CS
RS#0 RS#1 8292 8594 RS#5

Table 9.1.5: Weighting Factor of Degree of Difference between 1996 NAGS
Range Sites and 1936 USDA Range Sites.

NR CS
RS#0 RS#1 RS#2 8294 RS#5 RS#

Table 9.1.6: Products of the Observed Proportions of Joint Assignments and
Weighting Factor for the Comparison of the 1996 NRCS Data and the
1936 USDA Data.
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2 1 2 1 1 2 3 -3 4 3

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

1 1 3 2 3 0 2 3 4 4 5 4 2 1 I I
1 1 3 2 3 2 0 1 2 2 3 2 2 1

2 2 4 3 4 3 1 0 1 I 2 0 3 2 0 0

3 3 5 4 5 4 2 1 0 0 1 2 4 3 I 1

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

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

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

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

0.00 0.00 0.40 0.10 0.40 0,10 0.10 0.40 0.75 0.75 0.85 0.75 0.10 0.00 0.00 0.00
0.10 0.10 0.75 0.00 0.10 0.40 0.40 0.75 0.85 0.85 0.95 0.85 0.00 0.10 0.10 0.10

0.10 0.00 0.10 0.40 0,75 0.40 0.40 0.75 0.85 0.85 0.95 0.85 0.10 0.10 0.10 0.00
0.40 0.40 0.85 0.10 0.00 0.75 0.75 0.85 0.95 0.95 0.95 0.95 0.10 0.40 0.40 0.40
0.10 0.10 0.75 0.40 0.75 0.00 0.40 0.75 0.85 0.85 0.95 0.85 0.40 0.10 0.10 0.10

0.10 0.10 0.75 0.40 0.75 0.40 0.00 0.10 0.40 0.40 0.75 0.40 0.40 0.10 0.10 0.10
0.40 0.40 0.85 0.75 0.85 0.75 0.10 0 00 0.10 0.10 0.40 0.00 0.75 0.40 0.00 0.00
0.75 0.75 0.95 0.85 0.95 0.85 0.40 0.10 0.00 0.00 0.10 0.40 0.85 0.75 0.10 010
0.40 0.10 0.00 0.75 0.85 0.75 0.75 0.85 0.95 0.95 0.95 0.95 0.00 0.00 0.40 0.10

0.85 0.85 0.95 0.95 0.95 0.95 0.75 0.40 0.10 0.10 0.00 0.00 0.95 0.95 0.40 0.40
0.75 0.75 0.95 0.85 0.95 0.85 0.40 0.10 0.00 0.00 0.10 0.40 0.85 0.75 0.10 0.10

0.75 0.10 0.10 0.40 0.10 0.75 0.75 0.85 0.95 0.95 0.95 0.05 0.40 0.10 0.40 0.10

0.000 0.000 0.000 0.000 0.001 0.000 0.001 0.003 0.002 0.001 0.004 0.001 0.000 0.000 0.000 0.000

0.000 0.000 0.000 0,000 a000 0,000 0.001 0.001 0001 0000 a000 0000 0,000 0.000 0.000 oaoo
0.004 0.000 0.000 0010 0.000 0.000 0.002 0.004 0.009 0.003 0.005 0.002 0.000 0.001 0.001 0.000
0.005 000/ 0.000 0.002 0.000 0.000 0.002 0.002 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000

0.000 0.001 0.000 0.001 0.000 0.000 am 0.003 0.004 0.003 0.002 0.002 0.000 0.000 0.000 0.000

0.002 0.002 0.000 0.001 0.000 0.000 0.000 0.000 0.003 0.004 0.004 0.002 0.000 0.000 0.000 0.000

0.005 0.003 0.003 0.006 0.001 0.000 0.006 0.000 0.002 0.002 0.000 0.000 0.001 0.002 0.000 0.000

0.004 0.001 0.002 0.000 0.000 0.002 0.000 0.000 0.000 0.000 0.000 0.004 0.000 0.003 0.000 0.000
0.002 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.000 0.003 0.000 0.000 0.000 0.000 0.000

0.006 0.005 0.004 0.001 0.000 0.001 0.008 0.002 0.002 0.002 0.000 0.000 0.000 0.008 0.000 0.000

0.000 0.000 0.001 0.000 0.000 0.000 0.002 0.000 0.000 0.000 0.000 0.001 0,000 0.000 0.000 0.000
0.001 0.000 0.000 0.000 0.000 0.000 0.000 0,000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

EfPa = 0.2181

RS# /

RS#2

RS#3

RS#4

RS#7

RS#8

RS#9

RS#10

R$#11

RS#12

RS#13

RS#14

RS#40

RS#1

RS#2

RS#3

RS#4

RS#7

RS#8

RS#9

ns#10

Rs#11

RS#12

RS#13

RS#14

RS#40



RS#1

RS#2

RS#3

RS#4

RS#7

RS#8

CI RS*9

(i) RS#10

RS#11

RS#12

RS#13

RS#14

RS#40

RS#1

RS#2

RS#3

RS#4

RS#7

RS#8

RS#9

CI AS#10

RS#11

RS*12

RS#13

RS# I 4

RS#40

RS#1

RS#2

RS#3

RS#4

RS#7

RS#8

RS#9

(/) RS#10

RS#11

RS#12

RS#13

RS#14

RS#40

NR CS
Fistm 8681 Rs#2 Rs84 Rs#5 RS#6 8987 RS# S#9

Table 9.1.7: Products of the Chance Expected Proportions of Joint Assignments
and Weighting Factor for the Comparison of the 1996 NRCS Data
and the 1936 USDA Data.

NR CS
800#0 RS#1 RS#2 10084 8985 RS#6 RS#7 RS#8 8S#9 RS910 RS#11 86812 RS#1 RS#14 89815 85816 869 17

fpc=I 0.410
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Ef2p0 = 0.131

Table 9.1.8: Products of the Observed Proportions of Joint Assignments and the
Square of the Weighting Factor for the Comparison of the 1996 NRCS
Data and the 1936 USDA Data.

NR CS
RS#0 RS#/ RS#2 RS#4 RS#5 RS#6 RS#7 RS*8 RS#9 RS#10 89811 #12 R I

yl2pc= 0.284

Table 9.1.9: Products of the Chance Expected Proportions of Joint Assignments
and the Square of the Weighting Factor for the Comparison of
the 1996 NRCS Data and the 1936 USDA Data.

0.000 0.000 0.001 0.001 0.000 0.000 0.002 0.003 0.008 0.007 0.006 0.007 0.000 0.000 0.000 a000

0.000 0.000 0.000 0.000 0.000 0.000 0.001 0,001 0.002 0.001 0.001 0.001 0.000 0.000 0.000 0.000

0.003 0.000 0.001 0.006 0.001 0.001 0.011 0.008 0.015 0.014 0.011 0.013 0.000 0.001 0.001 0.000

0.003 0.003 0.001 0.000 0.000 0.000 0.005 0.002 0,004 0.004 0.003 0.004 0.000 0,001 0.001 0.000

0.000 0.001 0.001 0.001 0.000 0.000 0.002 0.001 0.002 0.002 0.002 0.002 0.000 0.000 0.000 a000
0.002 0.002 0.002 0.004 0.001 0,000 0.000 0001 0.004 0.004 0.005 0.004 0.000 0.000 0000 a000
aoos 0.010 0.003 0.009 0.001 0.001 0.002 0.000 0.001 0.001 0.004 0.000 0.000 0.003 0.000 0.000

0.004 0.005 0.001 0.003 0.000 0.000 0.002 0.000 0.000 0.000 0.000 0.001 0.000 0.001 0.000 0.000

0.002 0.001 0.000 0.002 0.000 a000 0.004 0,002 0.003 0.003 0.002 0.003 0.000 0.000 0.000 0.000

0.020 0.022 0.004 0.012 0.001 0.001 0.017 0.003 0.001 0.001 0.000 0.000 0.000 0.006 0.002 0.001

0.005 0.005 0.001 0.003 0.000 0.000 0.003 0,000 0.000 0.000 0.000 0.001 0.000 0.001 0.000 0.000

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0,000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.001 0.004 0.001 0.000 0.000 0.000 0,000

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 a000

0.000 0.000 0.000 0.004 0.000 0.000 0.001 0.003 0.008 0.003 0.005 0.002 0,000 0.000 0.000 0.000

0.002 0.000 0.000 0.000 0.000 0.000 0.001 0.002 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000 0,000 0.000 0.000 0.002 0.004 0.003 0.002 0.002 0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.002 0.003 0.001 0,000 0.000 0.000 0.000

0.002 0.001 0.003 0.004 0.001 0.000 0.001 0.000 0.000 a000 0.000 0.000 0.001 cool 0.000 0000

0.003 0.001 0.002 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0,000 0.002 0.000 0.002 0.000 0.000

0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.000 0.003 0.000 0.000 0.000 0.000 0.000

0.005 0.004 0.004 0.001 0.000 0.001 0.006 0.001 0.000 0.000 0.000 0.000 0.000 0.008 0.000 0.000

0.000 0.000 0.001 0.000 0.000 0.000 0.001 0.000 0.000 0,000 0.000 0.001 0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000 0,000 0.000 0.000 0.000 0,000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.006 0.006 0.005 0.005 0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.001 0.001 0.001 0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.003 0.001 0.000 0.005 0.006 0.013 0012 0.0 1 1 0.011 0.000 0.000 0.000 0.000

0.001 0.001 0.001 0.000 0.000 0.000 0.004 0.002 0.004 0004 0.003 0.004 0.000 0.000 0.000 0.000

0.000 0,000 0.000 0.000 0.000 0.000 0.001 0.001 0.002 0.002 0.002 0.002 0.000 0.000 0.000 0.000

0.000 0.000 0.002 0.001 0.001 0.000 0.000 0.000 0.002 0.002 0.004 0.001 a000 0.000 0.000 0.000

0.004 0.004 0.003 0.007 0.001 0.001 0.000 0.000 0.000 0.000 0.002 0.000 0.000 0.001 0.000 0.000

0.003 0,004 0.001 0.002 0.000 a000 0.001 0,000 0,000 0000 0.000 0.000 0,000 0.001 0,000 0000
0.001 0,000 0.000 0.002 0.000 0.000 0.003 0.001 0.003 0.003 0.002 0.003 a000 0,000 0.000 o.000

0.017 0.019 0.004 0.011 0.001 0.001 0.013 0.001 0.000 0.000 0.000 0.000 0.000 0.006 0.001 0.000

0.004 0.004 0.001 0.003 0.000 0.000 0,001 0.000 0.000 0.000 0.000 0.001 0.000 0.001 0,000 0.000

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
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APPENDIX 9.2 - ANALYSIS OF AGREEMENT BETWEEN THE 1996 NRCS

DATA AND THE 1998 ROAD SURVEY DATA



RS#1

RS#2

RS#3

RS#4

RS#5

85#6

RS#7

RS#8

RS#9

RS#10

CC RS#11

RS#12

RS#13

RS#14

RS#15

RS#16

RS#17

RS#1

RS#2

RStt3

RS#4

910315

RS#6

FiS#7

RS#8

*1( RS#9

Rsitio
CC 91s#11

RS#12

RS#13

9191114

RS#15

RS/116

RS#17

NR CS
R3#0 919111 RS#2 RS#4 RS#5 919116 RS#7 913118 RS#9 9191110 RS#11 RS#12 RS*13 RS#14 IRS#15 RS#16 9041117

Table 9.2.1: Count of Joint Assignments between the 1996 NRCS Data and the
1998 Road Survey Data.

NR CS
RS#0 RS#1 RS#2 RS#4 91585 RS#6 RS#7 91898 91869 RS#10 FiS#11 RS# 12 RS# 13 RS#14 9134115 RS#16 RS917
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2

58

238

104

49

199

22

26

16

18

35

18

21

36

44

26

9.002

0.063

0.256

0.113

0.053

0.216

0.024

0.028

0.017

0.020

0.038

0.020

0.012

0.023

0 039

0.048

0.028

2

3 18 4 7 2 9 5 8 2

53 47 3 29 1 2 15 10 5 11 15 4 15 11 15

30 9 23 3 10 11 5 5 2 3 3

3 as 2 7 1

14 7 I 1 7 16 3 49 34 62 4 1

1 2 1 18

16 10

2 4 3 7

4 3 1 2

4 4 4 1 9 6 2 2 3

1 2 1 1 2 1 2

3 3 3 2

2 4 1 4 1 2 2 3 2

3 15 4 6 1 7

1 4 15 1 3 1 15 4

11 4 4 4 2 1

0.000 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

0.003 0.020 0.000 0.004 0.000 0.000 0.008 0.002 0.010 0.000 0.000 0.005 0.000 0.009 0.002 0.000

0.058 0.051 0.003 0.031 0.001 0.002 0.016 0.011 0.005 0.012 0.016 0.004 0.000 0.016 0.012 0.016

0.033 0.010 0.000 0.025 0.000 0.003 0.011 0.012 0.005 0.005 0.002 0.000 0.000 0.000 0.003 0.003

0.000 0.000 0.000 0.003 0.000 0.000 0.039 0.002 0.000 0.000 0.008 0.000 0.000 0.001 0.000 0.000

0.015 0.008 0.001 0.001 0.000 0.000 0.008 0.017 0.003 0.053 0.037 0.067 0.000 0.004 0.001 0.000

0.000 0.001 0.002 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0020 a 000 0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000 0.000 0.000 0.017 0.000 0.000 0.011 0.000 0.000 0.000 0.000 0.000 0.000

0.002 0.004 0.000 0.000 0.000 0.000 0.003 0.000 0.000 0.000 0.000 0.008 0.000 0.000 0.000 0.000

0.004 0.003 0.000 0.009 0.000 0.000 0.000 0.000 0.001 0.000 0.002 0000 0.000 0.000 0.000 0.000

0.004 0.004 0.000 0.004 0.001 0.000 0.010 0.007 0.002 0.002 0.000 0.000 0.000 0.000 0.003 0.000

0.001 0.002 0.000 0.000 0.000- 0.001 0.000 0.001 0.000 0.002 0.001 0.002 0.000 0.009 0.000 0.000

0.003 0.003 0.000 0.000 0.000 0.000 0.000 0.000 0.003 0.000 0.000 0.000 0.000 0.002 0030 0.000

0.002 0 004 0.000 0.001 0.004 0.000 0.001 0.002 0.000 0.000 0.000 0.002 0.000 0.003 0.002 0.000

0003 0 016 0.004 0.000 0.000 0.000 0.000 0.000 0.007 0.000 0.001 0.008 0.000 0.000 0.000 0.000

0.001 0 004 0.016 0.001 0.000 0.000 0.000 0.000 0.000 0.003 0.001 0.016 0.000 0.004 0.000 0.000

0.012 0.004 0.004 0.000 0.004 0.000 0.002 0.000 0.000 0.001 0.000 0.000 0.000 0000 0.000 0.000

ri5,1-71 0.312

Table 9.2.2: Observed Proportions of Joint Assignments between the 1996 NRCS
Data and the 1998 Road Survey Data.

0.142 0.138 0.031 0.080 0.011 0.007 0.116 0.054 0.037 0.090 0.088 0.113 0.000 0.049 0,024 0.020 1.000

131 127 29 74 10 6 107 50 34 83 81 104 45 22 18 921



RS#1

RS#2

RS#3

RS#4

RS#5

RS#6

RS#7

RS#8

RS#9

RS#10

CC RS#11

ASS 12

lis#13

Rs#14

Rs#15

ASS 16

RS#/ 7

RS#1

RS#2

RS#3

RS#4

RS#5

510316

FIS#7

RS#8

RS#9

RS#10

CC RS#11

RS#12

RS#13

ASS 14

RS#15

ASS 16

RS#17

NR CS
10080 RS#1 RS#2 510314 RS#5 51556 RS#7 RS# S#

Table 9.2.3: Chance Expected Proportions of Joint Assignments between the 1996
NRCS Data and the 1998 Road Survey Data.

NR CS
RS#0 RS#1 51582 R5#4 RS#5 RS#6 RS#7 RS#8 RS#9 RS#/ 0 5103111 515512 515513 5154114 5154115 5103416 R # 7

Table 9.2.4: Relative Degree of Difference between 1996 NRCS Range Sites and
1998 Road Survey Range Sites.
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0.002

0.063

0.256

0.113

0.053

0.216

0.024

0.028

0.017

0020

0038

0.020

0.012

0.023

0.039

0.048

0.028

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.000

0.009 0.009 0.002 0.005 0.001 0.000 0.007 0.003 0.002 0.006 0.006 0.007 0.000 0.003 0.063 0.009

0.036 0.035 0.008 0.021 0.003 0.002 0.030 0.014 0.009 0.023 0.023 0.029 0.000 0.013 0.256 0 036

0.016 0.016 0.004 0.009 0.001 0.001 0.013 0.006 0.004 0.010 0.010 0.013 0.000 0.006 0.113 0.016

0.008 0.007 0.002 0.004 0.001 0.000 0.006 0.003 0.002 0.005 0.005 0.006 0.000 0.003 0.053 0.008

0.031 0.030 0002 0.017 0.002 0.001 0.025 0.012 aooe 0019 0.019 0024 a000 0011 0.216 0.031

0.003 0.003 0.001 0.002 0.000 0.000 0.003 0.001 0.001 0.002 0.002 0.003 0.000 0.001 0.024 0.003

0.004 0.004 0.001 0.002 0.000 0.000 0.003 0.002 0.001 0.003 0.002 0.003 0.000 0.001 0.028 0.004

0 002 0.002 0.001 0.001 0.000 0.000 0.002 0.001 0.001 0.002 0.002 0.002 0.000 0.001 0.017 0.002

0.003 0.003 0.001 0.002 0.000 0.000 0.002 0.001 0 001 0.002 0.002 0.002 0.000 0.001 0.020 0.003

0.005 0.005 0 001 0 003 0.000 0.000 0 004 0.002 0.001 0.003 0.003 0.004 0 000 0 002 0 038 0 005

0.003 0.003 0.001 0.002 0.000 0.000 0.002 0.001 0.001 0.002 0.002 0.002 0.000 0.001 0.020 0.003

0 002 0002 0000 aool a000 oaoo 0001 0.001 oaoo 0001 awl oaal oaoo 0001 0.012 0.002

0.003 0.003 0.001 0.002 0.000 0.000 0.003 0.001 0.001 0.002 0.002 0.003 0.000 0 001 0.023 0.003

0.006 0 005 0.001 0.003 0.000 0.000 0.005 0.002 0.001 0.004 0.003 0.004 0.000 0.002 0.039 0.006

0.007 0 007 0.002 0.004 0.001 0.000 0.006 0.003 0.002 0.004 0.004 0.005 0.000 0.002 0.048 0.007

0.004 0.004 0.001 0.002 0.000 0.000 0.003 0.002 0.001 0.003 0.002 0.003 0.000 0.001 0.028 0.004

3.0 2.0 2.0 2.0 1.0 4.0 4.0 5.0 6.0 6.0 7.0 5.0 1.0 1.0 3.0 2.0

2.0 1.0 1.0 3.0 4.0 3.0 3.0 4.0 5.0 5.0 6.0 4.0 1.0 1.0 1.0 1.0

1.0 2.0 2.0 3.0 2.0 2.0 3.0 4.0 4.0 5.0 3.0 2.0 1.0 1.0 0.0

0.0 1.0 3.0 1.0 2.0 1.0 1.0 2.0 3.0 3.0 4.0 2.0 1.0 0.0 00 1.0

0.5 1.5 3.5 1.5 2.5 1.5 0.5 1.5 2.5 2.5 3.5 1.5 1.5 0.5 0.5 1.5

2.0 3.0 5.0 3.0 4.0 3.0 1.0 0.0 0.0 0.0 1.0 0.0 3.0 2.0 0.0 0.0

3.5 4.5 6.5 4.5 5.5 4.5 2.5 1.5 0.5 0.5 0.5 0.5 4.5 3.5 1.5 15

1.0 2.0 4.0 2.0 3.0 0.0 2.0 3.0 4.0 4.0 5.0 3.0 2.0 1.0 1.0 2.0

4.0 50 7.0 5.0 6.0 5.0 3.0 2.0 1.0 1.0 0,0 0.0 5.0 4.0 2.0 20
1.0 2.0 4.0 0.0 1.0 2.0 2.0 3.0 4.0 4.0 5.0 3.0 0.0 1.0 1.0 2.0

2.0 3.0 5.0 1.0 0.0 3.0 3.0 4.0 5.0 5.0 6.0 4.0 1.0 2.0 2.0 3.0

30 2.0 00 4.0 20 40 40 5.0 00 6.0 7.0 SO 00 00 3.0 2.0

1.0 2.0 SO 20 3.0 20 0.0 ao ao ao la oo 2.0 1.0 00 00
1.0 0.0 1.0 2.0 2.0 2.0 2.0 3.0 4.0 4.0 5.0 3.0 1.0 1.0 1.0

1.0 0.0 1.0 2.0 2.0 2.0 2.0 3.0 4.0 4.0 5.0 3.0 1.0 1.0 1.0 0.0

1.0 0.0 1.0 2.0 2.0 2.0 2.0 3.0 4.0 4.0 5.0 3.0 1.0 1.0 1.0 0.0

1.0 3.0 1.0 2.0 1.0 1.0 2.0 3.0 3.0 4.0 2.0 1.0 0.0 0.0 1.0

Lp= 0.607

0.142 0.138 0.031 0.080 0.011 0.007 0.116 0.054 0.037 0.090 0.088 0.113 0.000 0.049 0.024 0.020 1.000



RS#1

RS#2

RS#3

RS#4

RS#5

RS#6

RS#7

RS#8

RS#9

Rsitio

cc 95611

Rs#12

Rs#13

Rs#14

RS#15

RS#16

RS#17

RS#1

RS#2

RS#3

RS#4

RS#5

RS#6

RS#7

RS#8

RS#3

RS*10

CC RS#11

RS#12

8S#13

RS#14

RS#15

RS#/6

RS#17

NR CS
RS#0 RS#1 19542 15044 RS# R R

Table 9.2.5: Weighting Factor of Degree of Difference between 1996 N RCS
Range Sites and 1998 Road Survey Range Sites.

NR CS
RS#0 RS#1 150#2 RS#4 RS#5 RS#6 RS#7 RS#8 118#9 RS#10 RS#11 RS#12 RS#13 RS#14 RS#15 118916 RS#17

255

I fp0 = 0.264

Table 9.2.6: Products of the Observed Proportions of Joint Assignments and
Weighting Factor for the Comparison of the 1996 N RCS Data and the
1998 Road Survey Data.

0.75 0.40 0.40 0.40 0.10 0.85 0.85 0.95 0.95 0.95 0.95 0.95 0.10 0.10 0.75 0.40

0.40 0.10 0.10 0.75 0.85 0.75 0.75 0.85 0.95 0.95 0.95 0.85 0.10 0.10 0.10 0.10

0.10 0.00 0.40 0.40 0.75 0.40 0.40 0.75 0.85 0.85 0.95 0.75 0.40 0.10 0.10 0.00

0.00 0.10 0.75 0.10 0.40 0.10 0.10 0.40 0.75 0.75 0.85 0.40 0.10 0.00 0.00 0.10

0.05 0.25 0.80 0.25 0.50 0.25 0.05 0.25 0.50 0.50 0.80 0.25 0.25 0.05 0.05 0.25

0.40 0.75 0.95 0.75 0.85 0.75 0.10 0.00 0.00 0.00 a 10 0,00 0.75 0.40 0.00 0.00

0.80 0.90 0.95 0.90 0.95 0.90 0.50 0.25 0.05 0.05 0.05 0.05 0.90 0.80 0.25 0.25

0.10 0.40 0.85 0.40 0.75 0.00 040 0.75 0.85 0.95 0.95 0.75 0.40 0.10 0.10 0.40

0.85 0.95 0.95 0.95 0.95 0.95 0.75 0.40 0.10 0.10 0.00 0.00 0.95 0.85 0.40 0.40

0.10 0.40 0.85 0.00 1 0.10 0.40 0.40 0.75 0.85 0.85 0.95 0.75 0.00 0.10 0.10 0.40

0.40 0.75 0.95 0.10 0.00 0.75 0.75 0.85 0.95 0.95 0.95 0.85 0.10 0.40 0.40 0.75

0.75 0.40 .0.00 0.85 0.40 0.85 0.85 0.95 0,95 0.95 0.95 0.95 0.00 0:00 0.75 0.40

0.10 0.40 0.75 0.40 0.75 0.40 0.00 0.00 0.00 0.00. 0.10 0.00 0.40 0.10 000 000
0.10 000 0.10 0.40 0.40 0.40 0.40 0.75 0.85 0.85 0.95 0.75 0.10 0.10 010 000
0.10 000 0.10 0.40 0.40 0.40 0.40 0.75 0,85 0.85 0.95 0.75 0.10 0.10 010 000
0.10 000 0.10 0.40 0.40 0.40 0.40 0.75 0.85 0.85 0.95 0.75 0.10 0.10 0.10 10.00

0.00 0.10 0.75 0.10 0.40 0.10 0.10 0.40 0.75 0.75 0.85 0.40 0.10 . 0.00 0.00 0.10

0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

0.001 0.002 0.000 0.003 0.000 0.000 0.006 0.002 0.009 0.000 0.000 0.005 0.000 0.001 0.000 0.000

0.006 0.000 0.001 0.013 0.001 0.001 0.007 0.008 0.005 0.010 0.015 0.003 0.000 0.002 0.001 0.000

0.000 0.001 0.000 0.002 0.000 0.000 0.001 0.005 0.004 5,004 0.002 0.000 0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.001 0.000 0.000 0.002 0.001 0.000 0000 0.006 0.000 0.000 0000 0.000 0.000

0.006 0.006 0.001 0.001 0.000 0.000 0.001 0.000 0.000 0.000 0.004 0.000 0.000 0.002 0.000 0.000

0.000 0.001 0.002 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0000

0.000 0.000 0.000 0.000 0.000 0.000 0007 oaoo a000 0,009 0.000 0.000 0.000 0.000 0000 0.000

0.002 0.004 0.000 0.000 0.000 0.000 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.002 0.000 0.000 0.000 0.000 0.000

0.002 0.003 0.000 0.000 0.000 0.000 0.007 0.006 0.002 0.002 0.000 0.000 0.000 0.000 0.001 0.000

0.001 0.001 0.000 0.000 0.000 0.001 0.000 0.001 0.000 0.002 0.001 0.002 0.000 0.000 0.000 0.000

0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000 0.002 0.000 0.000 0.002 0.000 0.000 0.000 0.002 0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.006 0.000 0.001 0.006 0.000 0.000 0.000 0.000

0.000 0.000 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.003 0.001 0.012 0.000 0.000 0.000 0,000

0.000 0.000 0.003 0.000 0.002 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000



RS#1

1982

RS#3

RS#4

RS#5

RS#6

RS#7

RS#8

RS#9

Rs#io

Rscii
RS#12

ASS 13

RS#14

ASS 15

ASS 16

RS# / 7

RS#1

RS#2

RS#3

RS#4

RS#5

RS#6

RS#7

RS#8

RS#9

RS#10

RS#11

ASS 12

RS#13

RS#14

FIS#15

RS#16

RS#17

NR CS
RS#0 RS#1 RS#2 RS#4 11555 RS# RS# RS S#

Table 9.2.7: Products of the Chance Expected Proportions of Joint Assignments
and Weighting Factor for the Comparison of the 1996 N RCS Data
and the 1998 Road Survey Data.

NR CS
ASS() RS81 RS#2 RS64 RS#5 RS96 RS#7 ROSS RS#9 RS610 RS#11 RS812 RS#13 RS#14 RS515 RS#16 FIS#17

256

iPc 0.514

If2p0= 0.17

Table 9.2.8: Products of the Observed Proportions of Joint Assignments and the
Square of the Weighting Factor for the Comparison of the 1996 NRCS
Data and the 1998 Road Survey Data.

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.000

0.004 0.001 0.000 0.004 0.001 0.000 0.005 0,003 0.002 5.005 0.005 0.006 0.000 0.000 0.006 0.001

0.004 0.000 0,003 0.008 0.002 0.001 0,012 0.010 0.008 0.020 0.021 0.022 0.000 0.001 0.026 0.000

0.000 0.002 0.003 0,001 0.000 0.000 0.001 0.002 0.003 0.008 0.008 0.005 0.000 0.000 0.000 0.002

0.000 0.002 0.001 0.001 0.000 0.000 0.000 0.001 0.001 0.002 0.004 0.002 0.000 0.000 0.003 0.002

0.012 0.022 0.006 0.013 0.002 0.001 0.003 0.000 0.000 0.000 0.002 0.000 a000 0.004 0,000 0.000

0.003 0,003 0.001 0.002 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0,006 0.001

0.000 0.002 0.001 0.001 0.000 0.000 0.001 0.001 0.001 0.002 0.002 0.002 0.000 0.000 0.003 0.002

0.002 0.002 0.001 0.001 0.000 0.000 0.002 0,000 0.000 0.000 0.000 0,000 0.000 0.001 0.007 0.001

0.000 0.001 0.001 0.000 0.000 0.000 0.001 0,001 0.001 0.001 0.002 0.002 0.000 0.000 0.002 0.001

0.002 0.004 0.001 0.000 0.000 0.000 0.003 0.002 0.001 0.003 0.003 0.004 0.000 0.001 0.015 0.004

0,002 0.001 0.000 0.001 0.000 0.000 0.002 0.001 0.001 0.002 0.002 0.002 0.000 0.000 0.015 0.001

0,000 awl 0,000 0.000 a000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0000 0.000 0.000 0.000

0.000 0000 (Low 0.001 0.000 0.000 0.001 000l 0.001 0.002 0.002 0.002 0.000 0.000 0,002 0.000

0.001 0.000 0.000 0.001 0.000 0.000 0.002 0.002 0.001 0.003 0.003 0.003 0.000 0.000 0.004 0.000

0.001 0.000 0.000 0.002 0.000 0.000 0.002 0.002 0.001 0.004 0.004 0.004 0.000 0.000 0.005 0.000

0,000 0.000 0.001 0.000 0.000 0.000 0.000 0.001 0.001 0.002 0.002 0.001 0.000 a000 0.000 0.000

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

0.001 0.000 0.000 0.002 0.000 0.000 0.004 0.002 0.009 0.000 0.000 0.004 0.000 0.000 0.000 0.000

0.001 0.000 0.001 0.005 0.001 0.000 0.003 0.008 0.004 0.009 0.015 0.002 0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.003 0.003 0.002 0.000 0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.005 0.000 0.000 0.000 0.000 0.000

0.002 0.004 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000

0.000 0.001 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000 0.000 0.000 0.003 0.000 0.000 0.008 0.000 0.000 0.000 0.000 0.000 0.000

0.002 0.004 0.000 0.000 0.000 0.000 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.002 0.000 0.000 0.000 0.000 0.000

0.001 0.002 0.000 0.000 0.000 0.000 0.005 0.005 0.002 0.002 0.000 0.000 0.000 0.000 0.001 0.000

0.001 0.000 0.000 0.000 0.000 0.001 0.000 0.001 0.000 0.002 0.001 0.002 0.000 0.000 0.000 0.000

0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.001 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000 0000 0.000 0.000 0.000 0.005 0.000 0.001 0.004 0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.001 0.009 0.000 0.000 0.000 0.000

0.000 0,000 0.002 0.000 0.001 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000



FIS#1

RS#2

RS#3

RS#4

RS#5

RS#6

RS#7

RS#8

4:C RS#9

RS#10

RS#11

RS#12

11S#13

RS#14

RS#15

ASS 18

ASS 17

NR CS
RS#0 RS#1 RS#2 RS#4 1.15#5 RS#6 RS#7 RS#8 RS#9 RS#10 RS#11 RS# 12 Rs#13 Rs#14 Rs#15 RS#16 R #17

Table 9.2.9: Products of the Chance Expected Proportions of Joint Assignments
and the Square of the Weighting Factor for the Comparison of
the 1996 NRCS Data and the 1998 Road Survey Data.
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0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000

0.001 0.000 0.000 0.003 0.000 0.000 0.004 0.002 0.002 0.005 0.005 0.005 0.000 0.000 0.001 0.000

0.000 0.000 0.001 0.003 0.002 0.000 0.005 0.008 0.007 0.017 0.020 0.016 0.000 0.000 0.003 0.000

0.000 0.000 0.002 0.000 0.000 0.000 0.000 0.001 0.002 0.006 0.007 0.002 0.000 0.000 0.000 0.000

0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.003 0.000 0.000 0.000 0.000 0.000

0.005 0.017 0.006 0.010 0.002 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.000 0.000

0.002 0.003 0.001 0.002 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.000

0.000 0.001 0.001 0.000 0.000 0.000 0.001 0.001 0.001 0.002 0.002 0.002 0.000 0.000 0.000 0.001

0.002 0.002 0.000 0.001 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.003 0.000

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.001 0.002 0.001 0.000 0.000 0.000 0.000

0.001 0.003 0.001 0.000 0.000 0.000 0.002 0.001 0.001 0.003 0.003 0.003 0.000 0.000 0.006 0.003

0.002 0.000 0.000 0.001 0.000 0.000 0.002 0.001 0.001 0.002 0.002 0.002 0.000 0.000 0.011 0.000

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.001 0.002 0.001 0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.001 0.000 0.000 0.001 0.001 0.001 0.003 0.003 0002 0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.001 0.000 0.000 0.001 0.001 0.001 0.003 0.004 0.003 0.000 0.000 0.000 0.000

0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.002 0.001 0.000 0.000 0.000 0.000
Ef2pc

0.3171
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APPENDIX 9.3 - ANALYSIS OF AGREEMENT BETWEEN THE 1936 USDA

DATA AND THE 1998 ROAD SURVEY DATA



RS#1

RS#2

RS#3

RS#4

RS#5

RS*6

RS#7

RS#8

ett RS#9

RS#10

CC RS#11

RS#12

RS#13

RS#14

RS#15

RS#16

RS#17

Rs#1

Rs#2

Rs#3

Rs#4

Rs#5

Rs#6

Rs#7

RS#8

Rs#9

RS#10

CC RS#11

RS#12

RS#13

RS#14

RS#15

RS#16

RS#17

US DA
RS#40 RS#1 RS#2 RS#3 RS#4 RS#7 RS#8 RS#9 R0#10 RS#11 RS#12 RS#13 RS#14

0.078 0.024 0.192 0.067 0.013 0.154 0,103 0.050 0.018 0.254 0.042 0.005

=

0.002

0.063

0.255

0.112

0.053

0.219

0.024

0.028

0.017

0.019

0.038

0.019

0.012

0.023

0.039

0.048

0.028

Table 9.3.2: Observed Proportions of Joint Assignments between
the 1936 USDA Data and the 1998 Road Survey Data.
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1

5 24 2 10 3 2 12

27 2 65 21 5 59 23 10 5 16 1 2

8 7 17 18 2 20 19 6 7

5 3 22 a 5 6

2 1 12 2 3 4 11 20 136 12

/ 12 4 5

13 6 3 4

2 3 3 a

2 11 3 1 1

6 18 7

1 7 3 2 1 1 1 2

1 5 1 3 1

2 1 6 5 3 4

16 3 4 3 7 2

3 2 2 2 31 4

10 9 2 1 1 3

0.000 0.000 0.001 0.000 0.000 0.000 0,000 0.000 0.001 0.000 0.000 0.000

0.005 0.000 0.026 0.000 0.000 0.002 0.011 0.003 0.002 0.013 0.000 0.000

0.029 0 002 0.070 0.023 0.005 0.064 0.025 0.011 0.005 0.017 0.001 0.002

0.009 0 008 0.018 0.019 0.002 0.022 0.021 0.000 0.000 0.006 0.008 0.000

0.005 0.000 0.003 0.000 0.000 0.024 0.009 0.000 0.000 0.005 0.006 0.000

0.002 0.001 0.013 0.002 0.003 0.004 0.012 0.022 0.000 0.147 0.013 0.000

0.001 0.000 0.000 0.000 0.000 0.013 0.000 0.000 0.004 0.005 0.000 0.000

0.000 0.000 0.000 0.000 0.000 0.014 0.006 0.000 0.000 0.003 0.004 0.000

0.002 0.000 0.003 0.000 0.000 0.000 0.003 0.000 0.000 0.009 0.000 0.000

0.000 0.002 0.012 0.003 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.001

0.004 0.000 0.006 0.019 0.000 0.000 0.008 0.000 0.000 0.000 0.000 0.000

0.001 0.000 0.008 0.000 0.000 0.003 0.002 0.001 0.001 0.001 0.002 0.000

0.001 0.000 0.005 0.000 0.000 0.000 0.001 0.003 0.001 0.000 0.000 0.000

0.002 0.001 0 006 0.000 0.000 0.000 0.005 0.003 0.000 0.004 0.000 0.000

0.001 0.000 0 017 0.000 0.000 0.003 0.000 0.004 0.003 0.008 0.000 0.002

0.003 0.000 0 002 0.000 0.000 0.002 0.000 0.002 0.000 0.034 0.004 0.000

0.011 0.010 0.000 0.000 0.002 0.001 0.000 0.000 0.000 0.001 0.003 0.000

72 22 178 62 12 142 95 46 17 235 39 9251

Table 9.3.1: Count of Joint Assignments between the 1936 USDA
Data and the 1998 Road Survey Data.

US DA
Rs#40 Rs#1 Rs#2 Rs#3 Rs#4 Rs#2 Rs#a Rs#9 Rs#io Rs#11 from Rs#13 Rs#14

2

58

236

104

49

203

22

26

16

18

35

18

11

21

36

44

26

1.000

0.192



RS#1

RS#2

RS#3

RS*4

RS#5

RS#6

RS#7

RS#8

.4t RS#9

RS#10

CC RS#11

ASS 12

RS#13

RS#14

RS#15

RS*16

ASS 17

RS#1

RS#2

RS#3

RS#4

RS#5

RS#6

RS#7

RS#8

.4C RS#9

RS#10

CC RS#11

ASS 12

RS#13

RS#14

RS#15

ASS 16

RS#17

US DA
Rs#40 RS*1 RS#2 RS#3 RS#4 RS#7 RS#8 RS#9 RS#10 RS#11 RS#/ 2 RS#13 RS#14

0.002

0.063

0.255

0.112

0.053

0.219

0.024

0.028

0.017

0.019

0.039

0.019

0.012

0.023

0.039

0.048

0.028

10.078 0.024 0.192 0.067 0.013 0.154 0.103 0.050 0.018 0.254 0.042 0.005 1.000

ipo = 0.128

Table 9.3.3: Chance Expected Proportions of Joint Assignments
between the 1936 USDA Data and the 1998 Road
Survey Data.

US DA
FIS#40 RS#1 FiS#2 R543 RS#4 11587 RS#8 FIS#9 115810 RS#11 115912 R5#13 119514

Table 9.3.4: Relative Degree of Difference between 1936
USDA Range Sites and the 1998 Road Survey
Range Sites.
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0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000

0.005 0.001 0.012 0.004 0.001 0.010 0.006 0.003 0.001 0.016 0.003 0.005

0 020 0 006 0.049 0.017 0.003 0.039 0.026 0.013 0.005 0.065 0.011 0.020

0 009 0 003 0.022 0.008 0.001 0.017 0.012 0.006 0.002 0.029 0.005 0.009

0.004 0.001 0.010 0.004 0.001 0.008 0.005 0.003 0.001 0.013 0.002 0.004

0.017 0.005 0.042 0.015 0.003 0.034 0.023 0.011 0.004 0.056 0:009 0.017

0.002 0.001 0.005 0.002 0.000 0.004 0.002 0.001 0.000 0.006 0.001 0.002

0.002 0.001 0.005 0.002 0.000 0.004 0.003 0.001 0.001 0.007 0.001 0,002

0.001 0.000 0.003 0.001 0.000 0.003 0.002 0.001 0.000 0.004 0.001 0.001

0.002 0.000 0.004 0.001 0.000 0.003 0.002 0.001 0.000 0.005 0.001 0.002

0.003 0.001 0.007 0.003 0.000 0.006 0.004 0.002 0.001 0.010 0.002 0.003

0.002 0.000 0.004 0.001 0.000 0.003 0.002 0.001 0 000 0.005 0.001 0.002

0.001 0.000 0.002 0.001 0.000 0.002 0.001 0.001 0.000 0.003 0.001 0.001

0.002 0.001 0 004 0.002 0.000 0.003 0.002 0.001 0.000 0.006 0.001 0.002

0.003 0.001 0 007 0.003 0.001 0.006 0.004 0.002 0.001 0.010 0.002 0.003

0.004 0.001 9 009 0.003 0.001 0.007 0.005 0.002 0.001 0.012 0.002 0,004

.0.002. 0.001 0.005 0.002 0.000 0.004 0.003 0.001 0.001 0.007 0.001 0.002

2.0 3.0 1.0 1.0 3.0 3.0 4.0 5.0 2.0 6.0 5.0

1.0 2.0 09 3.0 2.0 2.0 3.0 4.0 1.0 5.0 4.0 1.0

00 00 1.0 2.0 1.0 1.0 2.0 3.0 2.0 4.0 3.0 2.0

00 00 1.0 2.0 1.0 1.0 2.0 3.0 2.0 4.0 3.0 2.0

0.5 0.5 1.5 2.5 1.5 0.5 1.5 2.5 2.5 3.5 2.5 2.5

2.0 3.0 3.0 4.0 3.0 1.0 0.0 0.0 4.0 1.0 0.0 4.0

3.5 4.5 4.5 5.5 4.5 2.5 1.5 0.5 4.5 0.5 0.5 5.5

1.0 2.0 2.0 3.0 0.0 2.0 3.0 4.0 3.0 5.0 4.0 3.0

4.0 5.0 5.0 6.0 5.0 3.0 2.0 1.0 6.0 0.0 1.0 6.0

1.0 0.0 2.0 1.0 2.0 2.0 3.0 4.0 3.0 5.0 4.0 3.0

2.0 1.0 3.0 0.0 3.0 3.0 4.0 5.0 4.0 6.0 5.0 1.0

2.0 3.0 1.0 4.0 3.0 3.0 4.0 5.0 0.0 6.0 5.0 2.0

1.0 2.0 2.0 3.0 2.0 3.0 1.0 0.0 3.0

1.0 2.0 00 2.0 1.0 1.0 2.0 3.0 1.0 4.0 3.0 1.0

1.0 2.0 00 , 2.0 1.0 1.0 2.0 3.0 1.0 4.0 3.0 1.0

1.0 2.0 00 2.0 1.0 1.0 2.0 3.0 1.0 4.0 3.0 1.0

0.0 1.0 1.0 2.0 1.0 1.0 2.0 3.0 2.0 4.0 3.0 2.0



RS#1

RSN2

RS#3

RSO4

RS#5

13556

RS#7

ASK!

RS#9

Rssio
cc RS#11

Ass 12

ASS 13

RS*14

ASS 15

ASS 16

RS017

*1551

RS#2

RS#3

51554

RS#5

RS#8

RS#7

RS#8

FIS#9

RS#10

RS#11

ASS 12

RS#13

RS#14

ASS 15

ASS 16

RS#17

US DA
RS#40 RS#1 14082 R

Table 9.3.5: Weighting Factor of Degree of Difference between
1936 USDA Range Sites and 1998 Road Surve
Range Sites.

US DA
RS#40 RS#1 51592 RS#3 RS#4 RS#7 #8 ASS

fpo = 0.2841
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0.40 0.75 0.10 0.10 0.75 0.75 0.85 0.95
- ..
0.40

..-....
0.95

..-- -
0.95

. -.-
0.00

0.10 0.40 0.00 0.75 0.40 0.40 0.75 0.85 0.10 0.95 0.85 0.10
000 000 0.10 0.40 0.10 0.10 0.40 0.75 0.40 0.85 0.75 0.40
000 000 0.10 0.40 0.10 0.10 0.40 0.75 0.40 0.85 0.75 0.40

0.05 0.05 0.25 0.50 0.25 0.05 0.25 0.50 0.50 0.80 0.50 0.50
0.40 0.75 0.75 0,85 0.75 0.10 0.00 0.00 0.85 0.10 0.00 0.85

0.80 0.90 0.90 0.95 0.90 0.50 0.25 0.05 0.90 0.05 0.05 0.95

0.10 0.40 0.40 0.75 0,00 0.40 0.75 0.85 0.75 0.95 0.85 0.75

0.85 0.95 0.95 0.95 0.95 0.75 0.40 0.10 0.95 0.00 0.10 0.95
0.10 0.00 0.40 0.10 0.40 0.40 0.75 0.85 0.75 0.95 0.85 0.75

0.40 0.10 0.75 0.00 0.75 0.75 0.85 0.95 0.85 0.95 0.95 0.10

0.40 0.75 0.10 0.85 0.75 0.75 0.85 0.95 0.00 0.95 0.95 0.40

0.10 0.40 0.40 0.75 0.40 0.00 0.00 0.00 0.75 0.10 0.00 0.75
0.10 0.40 0.00 0.40 0.10 0.10 0.40 0.75 0.10 0.85 0.75 0.10

0.10 0.40 000 0.40 0.10 0.10 0.40 0.75 0.10 0.85 0.75 0.10

0.10 0.40 0.00 0.40 0.10 0.10 0.40 0.75 0.10 0.85 0.75 0.10

0.00 0.10 0.10 0.40 0.10 0.10 0.40 0.75 0.40 0.85 0.75 0.40

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 a000
0.001 0.000 0.000 0.000 0.000 0.001 0.008 0.003 0.000 0.012 0.000 0.000

0.000 0.000 0.007 0.009 0.001 0.008 0.010 0.008 0.002 0.015 0.001 0.001

0.000 0.000 0.002 0.008 0.000 0.002 0.008 0.000 0.000 0.006 0.006 0.000

0.000 0.000 0.001 0.000 0.000 0.001 0.002 0.000 0.000 0.004 0.003 0.000

0.001 0.001 0.010 0.002 0.002 0.000 0.000 0.000 0.000 0.015 0.000 0.000

0.001 0.000 0.000 0.000 0.000 0.006 0.000 0.000 0.004 0.000 0.000 0.000

0.000 0.000 0.000 0.000 0.000 0.008 0.005 0.000 0.000 0.003 0.004 0.000

0.002 0.000 0.003 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000

0.000 0.000 0.005 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001

0.002 0.000 0.005 0.000 0.000 0.000 0.006 0.000 0.000 0.000 0.000 0.000

0.000 0.000 0.001 0.000 0.000 0.002 0.002 0.001 0.000 0.001 0.002 0.000

0.000 0.000 0.002 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000

0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.002 0.000 0.004 0.000 0.000

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.003 0.000 0.006 0.000 0.000

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.000 0.028 0.003 0.000

0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.002 0.000

Table 9.3.6: Products of the Observed Proportions of Joint
Assignments and Weighting Factor for the
Comparison of the 1936 USDA Data and the 1998
Road Survey Data.



RS#1

RS#2

RS#3

RS#4

RS#5

RS#6

RS#7

RS#8

RS#9

Rs#io

cc RS#11

RS#12

RS#13

RS#14

RS#15

RS#16

RS#17

RS#1

RS#2

RS#3

RS#4

RS#5

RS#6

RS#7

FIS#8

RS#9

RS*10

CC RS#11

RS#12

RS#13

RS#14

RS# 15

RS#/ 6

RS#17

US DA
103640 RS#1 RS#2 RS#3 #4

fPc =

Table 9.3.7: Products of the Chance Expected Proportions of
Joint Assignments and Weighting Factor for the
Comparison of the 1936 USDA Data and the 1998
Road Survey Data.

US DA
RS#40 RS#1 RS#2 RS#3 RS#4 RS#7 RS#8 S#9 S#10 S# / 1 S# RS#

= 0.176

262

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000
0.000 0.001 0.000 0.003 0.000 0.004 0.005 0.003 0.000 0.015 0.002 0.000

0.000 0.000 0.005 0.007 0,000 0.004 0.010 0.010 0.002 0.055 0.008 0.008

0.000 0.000 0.002 0.003 0.000 0.002 0.005 0.004 0.001 0.024 0.004 0.004

0.000 0.000 0.003 0.002 0.000 0.000 0.001 0.001 0.000 0.011 0.001 0.002
0.007 0.004 0.032 0.013 0.002 0.003 0.000 0.000 0.003 0.006 0.000 0.015
0.001 0.001 0.004 0.002 0.000 0.002 0.001 0.000 0.000 0.000 0.000 0.002

0.000 0.000 0.002 0.001 0.000 0.002 0.002 0.001 0.000 0.007 0.001 0.002

0.001 0.000 0.003 0.001 0.000 0.002 0.001 0.000 0.000 0.000 0.000 0.001

0.000 0.000 0.001 0.000 0.000 0.001 0.001 0.001 0.000 0.005 0.001 0.001

0.001 0.000 0.005 0.000 0.000 0.004 0.003 0.002 0.001 0.009 0.002 0.000

0.001 0.000 0.000 0.001 0.000 0.002 0.002 0.001 0.000 0.005 0.001 0.001

0.000 0.000 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001

0.000 0.000 0.000 0.001 0.000 0,000 0.001 0.001 0.000 0.005 0.001 0.000

0.000 0.000 0.000 0.001 0.000 0,001 0.002 0.001 0.000 0.008 0.001 0.000

0.000 0.000 0.000 0.001 0.000 0,001 0.002 0.002 0.000 0.010 0.002 0.000

0.000 0.000 0.001 0.001 0.000 0.000 0.001 0.001 0.000 0.006 0.001 0.001

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000 0.000 0.000 0.006 0.002 0.000 0.012 0.000 0.000

0.000 0.000 0.001 0.004 0.000 0.001 0.004 0.006 0.001 0.012 0.001 0.000

0.000 0.000 0.000 0.003 0.000 0.000 0,003 0.000 0.000 0.005 0.004 0.000

0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.003 0.002 0.000

0.000 0.001 0.007 0.002 0.002 0.000 0.000 0.000 0.000 0.001 0.000 0.000

0.001 0.000 0.000 0.000 0.000 0.003 0.000 0.000 0.004 0.000 0.000 0.000

0.000 0.000 0.000 0.000 0.000 0.002 0.004 0.000 0.000 0.003 0.003 0.000

0.002 0.000 0.003 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000

0.000 0.000 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001

0.001 0.000 0.004 0.000 0.000 0.000 0.005 0.000 0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000 0.000 0.002 0.002 0.001 0.000 0.001 0.002 0.000

0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000

0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.002 0.000 0.003 0.000 0.000

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.000 0.005 0.000 0.000

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.024 0.002 0.000

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 a000 0.001 0.002 0.000

Table 9.3.8: Products of the Observed Proportions of Joint
Assignments and the Square of the Weighting
Factor for the Comparison of the 1936 USDA Data
and the 1998 Road Survey Data.



RS#1

RS#2

RS#3

RS#4

RS#5

RS#6

RS#7

RS#8

RS#9

Rsco
cc Rs:m.1

RS#12

RS#13

Asci4

Asxis

ss#17

US DA
RS#40 RS#1 RS#2 RS#3 RS#4 R

If2P = 0.318

Table 9.3.9: Products of the Chance Expected Proportions of
Joint Assignments and the Square of the Weighting
Factor for the Comparsion of the 1936 USDA Data.
and the 1998 Road Survey Data.

263

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.002 0.000 0,002 0.004 0.002 0.000 0.014 0.002 0.000

0.000 0.000 0.000 0.003 0.000 0.000 0.004 0.007 0.001 0.047 0.006 0.003

0.000 0.000 0.000 0.001 0.000 0.000 0.002 0.003 0.000 0.021 0.003 0.001

0.000 0.000 0.001 0.001 0.000 0.000 0.000 0.001 0.000 0.000 0S01 0.001

0.003 0.003 0.024 0.011 0.002 0.000 0.000 0.000 0.003 0001 0.000 0.012

0.001 0.000 0.004 0,001 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.002

0.000 0.000 0.001 0.001 0.000 0.001 0.002 0.001 0.000 0.006 0.001 0.001

0.001 0,000 0.003 0.001 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.001

0,000 0.000 0.001 0.000 0.000 0.000 0.001 0.001 0.000 0.004 0.0101 0.001

0.0100 0.000 0.004 0.000 0.000 0.003 0.003 0.002 0.001 0.009 0.001 0.000

0.000 0.000 0.000 0.001 0.000 aou 0.001 0.001 0.000 0.004 0.001 0.000

OXWO 0.000 0.000 0.000 0,000 0.000 0,000 0.000 0.000 0.000 0.000 0.001

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.004 0.001 0.000

0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.000 0.007 0.001 0.000

0.000 0.000 0.000 0.001 0.000 0.000 0.001 0.001 0.000 0.009 0.001 0.000

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.005 0.001 0.000
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APPENDIX 9.4 - ANALYSIS OF AGREEMENT BETWEEN THE 1996 NRCS

DATA AND THE GLO DATA



RS#1

RS#2

RS#3

RS#4

RS#5

RS#6

RS#7

RS#8

RS#9

RS010

RS#11

RS#12

Rs#1

RS#9

NR CS
RS*1 RS*2 RS*4 RS*5 R596 R597 R5408 R51P9 RS#10 RS#11 RS#12 RS#13 RS#14 RS#15 RS#18 RS#17 Total mean no n 1-

Table 9.4.1: Count of Joint Assignments between the 1996 NRCS Data and the
GLO Survey Data.

NR CS
RS*1 RS*2 RS#4 11595 R586 RS*7 RS#8 RS#9 RS#10 115911 RS#12 RS#13 RS#14 RS#15 RS#16 RS#17

continuity correction was employed in determination of z-scores

Table 9.4.2: z -score Values of the Analysis of Correspondence between the
1996 N RCS Data and the GLO Data.
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51 57 7 19 3 2 71 9 30 30 32 30 17 9 5 an 23.250
5.875

0.500

2.313

0.188

2.663

0.438

0.313

9.375

0.750

2.625

1.500

23.3

5.9

0.5

2.3

0.2

2.6

0.4

0.3

9.4

0.8

2.6

1.5

348.8

88.1

7.5

347

2.8'

38.4

6.6

4.7

140.6

11.3

39.4

22.5

15 14 2 4 2 11 5 16 10 8 4 2 1 94

5 8
1 4 1 / 2 2 4 e 1 12 3 37

1 2 3
6 7 7 7 1 7 3 1 41

3 1 1 1 7

1 2 2 5

19 26 19 2 22 15 7 15 7 5 5 5 150
4 1 5 2 12

6 11 1 2 3 1 6 2 4 / 3 2 42
5 1 2 1 3 4 4 1 3 24

6.03 731 .3.36 -0.80 -4.22 -4.43 1030. -2.93 1.55 1.55 . 1.97 1.55 -4.86 -1.23 -2.93 -3.79

340 576 -2.98 3.40 -2.31 -2.98 4.41 2.06 -0.63 2.06 1 -0.63 -0.29 -2.98 -1.30 -1.30 -2.98



APPENDIX 9.5 ANALYSIS OF AGREEMENT BETWEEN THE 1936 USDA

DATA AND THE GLO DATA
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RS#1

RS#2

RS#3

RS#4

RS#5

RS#6

RS#7

o RS#8

RS#9

RS#10

RS#11

RS#12

RS#1

-J
RS#9

US DA
RS#1 RS#2 RS#3 FtS#4 RS67 RS#8 RS#9 RS#10 RS#11 RS#12 RS#13 RS#14 Total mean ny n 1-

Table 9.5.1: Count of Joint Assignments between the 1936 USDA
Data and the GLO Data.

US DA
RS#1 RS#2 RS#3 FIS#4 FIS#7 RS88 RS#9 RS#10 RS#11 RS#12 RS#13 RS#14
1.56 1 -3.81 9.32 -3.81 1 -2.33

1.16 _1 -2.09 -3.27 -0.32

continuity correction was employed in determination of z-scores

Table 9.5.2: z -score Values of the Analysis of Correspondence
between the 1936 USDA Data and the GLO Data.
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40 11 82 II 19 56 63 13 13 60 14 3 385 32.08

8.250

0.667

3.083

0.250

3.333

0.583

0.417

12.583

1.000

3.500

2.000

32.1

8.2

0.7

3.1

0.2

3.3

0.6

0.4

12.6

1.0

3.5

2.0

352.9

90.8

7.3

33.9

2.8

36.7

6.4

4.6

138.4

11.0

38.5

22.01

7 1 17 2 7 7 25 3 4 20 6 99

3 2 3 8

2 4 3 6 2 1 2 14 3 37

1

2

3

1 14 1 6 8 1 5 4 40

2 3 1 1 7

2 3 5

16 5 28 26 1 11 34 1 2 21 6 151

2 2 6 2 12

a 9 4 3 2 8 2
-

1 5 42

1 2 6 5 1 2 3 4 24

5.81 -3.44 5.25 -3.25 1 -5.28

-3.271 -2.98 -3.57




