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Abstract approved:

The objectives of this research were to 1) evaluate the establishment and peak

standing crop of Berber Orchardgrass (Dactylis glomerata var. "Berber"), Palestine

Orchardgrass (Dactylis glomerata var. "Palestine"), and Sheep Fescue (Festuca ovina

var. "Covar") ; 2) to assess establishment and production changes resulting from

environmental gradients (elevation, slope, aspect, soil texture, precipitation, and

resident annual community) across the foothill landscape; 3) develop a mathematical

model that predicts site potential for restoration; and 4) evaluate the utility of

Geographic Information Systems for creation and analysis of spatial data which

identify site production potential.

Sixteen sites were chosen which reflect the general character of the foothill

rangelands in southwestern Oregon. A Randomized Complete Block design was used

to select treatment arrangement on each site. Seeded treatments received both

chemical (Glyphosate, Hoelon, and 2,4-D) and mechanical (residue removal)

disturbance. Test species were seeded into three replications at each site. Each

replication also included a non-treatment control. Standing crop data for test species

and resident exotics were collected after three growing seasons.
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Berber orchardgrass did not establish at most sites and where establishment did 

take place production was less than 132 kgDM/ha. Palestine orchardgrass established 

on on a majority of the study sites and produced most aboveground phytomass at mid-

elevations where coarser soil textures and deeper soil depths were common. Sheep 

fescue was the most successful of the three test species and did best on low elevation 

high clay sites. There was significantly (P=0.001) more phytomass produced by 

annual exotics on seeded plots than on undisturbed controls at most sites. Both 

Palestine orchardgrass and sheep fescue treatments significantly suppressed the annual 

exotics when compared to the Berber treatments. Generally, "Covar" sheep fescue can 

establish and successfully compete with exotics on heavier textured soils at low 

elevations. "Palestine orchardgrass is adapted to mid-elevation coarser soils. 
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This thesis is dedicated to all who love Rangelands and who strive for the proper 

care of these special places. 
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IDENTIFICATION OF RESTORATION POTENTIAL
 
SOUTHWESTERN OREGON RANGELANDS
 

CHAPTER 1 

INTRODUCTION 

THE SITE 

The Influence of History 

Historically, the rangelands of southwestern Oregon have provided for 

livestock forage, home sites, recreation, and water to residents as well as habitat for 

wildlife. Unfortunately, major changes occurred on these lands during the later part of 

the last century. Many of the original native perennial grasses have been replaced by 

exotic weedy annual plants mostly of Eurasian origin. By the turn of this century, the 

foothills of southwest Oregon were already dominated by introduced grasses including 

medusahead rye (Taeniatherum caput-medusae (L.) Nevski), hedgehog dogtail 

(Cynosurus echinatus L.), ripgut brome (Bromus diandrus Roth), soft chess (Bromus 

mollis L.), and wild oat (Avena spp.). These annual grasses are generally less 

desirable than the perennials they replaced because they have shorter growing periods, 

are less nutritious for livestock and wildlife. In addition, native perennials are 

believed to be more efficient users of site resources such as nitrogen and soil moisture 

than are the introduced annuals (Jackson et al., 1988; Joffre, 1990). Many annual grass 

species have sharp awns that can cause physical injury to livestock and wildlife. 
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Species like medusahead rye have high silica content which reduces its acceptability as 

food for grazers. Importantly, medusahead usually matures from two to four weeks 

later than other annual grasses (Young, 1992). 

Areas that had been invaded by annual grasses in the ninteenth century in 

Jackson County, Oregon were in turn invaded by yellow starthistle (Centaurea 

solstitialis L.) beginning in the 1920's. Yellow starthistle is a winter broadleaf annual 

which has spiny flowering heads and is toxic to equines. These qualities make yellow 

starthistle even less desirable than annual grasses. 

Today, annual grasses and yellow starthistle dominate the herbaceous 

vegetational layer from the valley floor to over 1200 meters throughout the county. 

These observations apply to other areas of the Rogue Valley, as well as adjacent areas 

of California. 

The Influence of Ecophysiology 

Plants grow, and reproduce on a variety of sites. This range of acceptable 

habitats is known as ecological amplitude. Interactions between plants and their 

environment over long periods of time may produce either ecotypes or plants which 

may be quite uniform genetically yet adaptable to many environments. There may be 

observable differences between ecotypes of the same species in terms of physiological 

characteristics as well as physical appearance. 

Physiological traits that determine ecological amplitude include photosynthetic 

pathway, photosynthetic rate, stomatal conductance, resource allocation patterns, as 
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well as phenological patterns which determine the ability to capture resources. Traits 

interact to produce an integrated response to the environment (Chapin et al., 1987; 

Chapin, 1991). Response characteristics vary between genera, species, cultivars, 

ecotypes and individual plants. Thus each assemblage of plants is dynamic (at many 

scales) in time and space. 

Characteristics Of Annual Plant Systems 

The most apparent feature of an annual dominated system is inherent 

variability and temporal fluctuations in biomass production and species composition. 

Depending on local climatic patterns this variation can be extreme. The pattern of 

resource use exhibited by plants is correspondingly dynamic. Generally, annual 

grasses extract moisture from upper layers of the soil profile from early spring to early 

summer. In contrast, yellow starthistle produces a taproot and uses soil moisture from 

deeper layers. Starthistle is able to exploit resources later in the spring and summer. 

Plasticity in all annual species allows them to capitalize on resource 

availability. Controlling one plant strategy group (such as yellow starthistle) likely 

favors the another strategy group (annual grasses). Therefore, both groups must be 

dealt with simultaneously. Reestablishing perennial dominated grasslands has been 

unsuccessful because of the competiveness of annual grasses and starthistle. 
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Weeds And Weed Ecology 

Why have exotic annual grasses and yellow starthistle been so successful as 

invaders? Roy (1990) suggests "physiological attributes that are expected to 

characterize successful invaders relate to 1) biomass production, 2) homeostasis 

(plasticity) and 3) phenology". Broad ecological tolerance based on physiological 

homeostasis especially in germination and growth over environmental gradients 

increases the probability of finding a suitable habitat upon arrival in a new region 

(Roy, 1990). Recruitment of new individuals into the population is dependent upon 

the availability of "safe sites" within the micro-environment (Harper, 1977). Safe sites 

are microsites which provide the conditions for germination, establishment, and growth 

of parent plant offspring. Introduced annual weeds can quickly capitalize on 

disturbances or available resources. 

Resident weedy annuals found on southwestern Oregon foothill rangelands 

exhibit most of the characteristics outlined by Baker (1974) as prerequisite for success 

such as: 1) germination requirements fulfilled in many environments, 2) discontinuous 

germination (internally controlled) and great longevity of seeds, 3) rapid growth 

through vegetative phase to flowering, 4) continuous seed production for as long as 

growing conditions permit, 5) self-compatible but not completely autogamous or 

apomictic, 6) unspecialized visitors or wind used when cross-pollinated, 7) very high 

seed output in favorable environmental circumstances, 8) seed production across a 

wide range of conditions (tolerant and plastic), 9) adaptations for short and long 
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distance propagule dispersal, and 10) ability to compete interspecifically by special 

means (rosette, choking growth, allelochemics). 

Many introduced weedy annuals originated in the Mediterranean Basin where 

climatic patterns and anthropogenic influences are similar to southwestern Oregon 

foothill rangelands. Therefore, these annual species have been preadapted to succeed 

in the foothill environment. Some smaller annual species compete with the larger 

species by having a faster relative growth rate (Hull and Mooney, 1990) while others 

produce heavier seeds which in turn produce more vigorous seedlings (Leishman and 

Westoby, 1994). 

Success of the annuals is partly due to the way resources are partitioned by 

species and by groups of annual species. Gordon and Rice, (1992) noted that Erodium 

bottys and Bromus diandrus have similar phenologies but different rooting 

morphologies. They have different behaviors when grown in monoculture than when 

grown in mixtures. Erodium had greater total and individual productivity when grow 

in mixtures than when grown in monoculture. The authors indicate that mixtures of 

Erodium and Bromus usually favor Erodium. Much of the observed difference in such 

situations has to do with the site microclimate. For example, Avena barbata has very 

restrictive germination requirements and is thus found more on warm south slopes than 

many other annual species (Evans and Young, 1989). Factors that control species 

dominance are temperature patterns coupled with autumn precipitation (Espigares and 

Peco, 1993). Litter cover on these sites tends to perpetuate annual grass cover while 
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bare sites are usually dominated by forbs with self-burial mechanisms such Erodium 

spp. (Young et al., 1981). 

Annual/Perennial Relationships 

Since the 1930's, there has been increasing awareness regarding the condition 

of foothill rangelands and attempts have been made to improve them by reseeding with 

perennial grasses. Ranchers and farmers have tried many species, but, replacement of 

the weedy annual grasses and forbs has proven difficult. 

Perennial seedlings that survive competition with aggressive resident annuals 

must contend with low soil moisture availability, large variations in soil temperature, 

and elevated evaporative demand. 

Low elevation foothill sites are capable of supporting healthy populations of 

perennial species as indicated by scattered remnant populations of native perennials. 

The key to initiating and maintaining stands of perennials is the establishment phase. 

Perennial seedlings can establish if competition from resident annuals is reduced and 

favorable conditions for germination and emergence exist (Borman, 1990). 

Disturbance 

Turner and Dale (1991) cite White and Pickett (1985) who define disturbance 

as "any relatively discrete event in time that disrupts ecosystem, community, or 

population structure and changes resources, substrate availability, or the physical 
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environment". The sources of disturbance can be fire, drought, insect or disease 

outbreaks, overgrazing, anthropogenic factors, and others. 

The mechanisms by which disturbance patterns on the foothill rangelands 

facilitate species invasion is not well understood but the consequences are readily 

apparent in most areas. Mechanical disturbance by animals and humans is observable 

in many areas. Significant portions of this disturbance have been localized at the 

rural/urban interface where residential development has recently accelerated. 

Much of the foothill area is dominated by clay soils. These clays shrink and 

swell which churns and tills the soil. Bouma and Dekker (1978) noted that in these 

soils water can move past (short circuit) the active rooting zone of plants through 

vertical cracks. Stress on plant seedlings is intensified by this process. The shrinkage 

part of the cycle (summer in southwest Oregon) may be the most critical time period. 

Once soil moisture recharge takes place in the fall, variations in the winter soil 

moisture regime may be low (Reid and Parkinson, 1987). 

Seeds And Seedbed Ecology 

Most of the sites within the foothill area present difficult environments for the 

growth of perennial seedlings. Seedling establishment within these sites is therefore 

the critical step in the life cycle. Establishment is dependent upon seed physiology, 

seed size, seedling size and seedling vigor (Baker, 1972; Leishman and Westoby, 

1994). A seedling is usually considered established when it is completely autotrophic 

or is not utilizing seed reserves to maintain itself (Ries and Svej car, 1991). The 
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establishment phase is recognized as an important factor in influencing the botanical 

composition and plant density in annual grasslands (Bartolome, 1979). 

Most resident annuals found in the foothills also have seed dormancy (Gill and 

Carstairs, 1988). This trait is particularly well developed in yellow starthistle whose 

seeds can persist in the seed bank for 10 years (Callihan, et al. 1993). Most of these 

seed bank seeds are the plumeless type which are dispersed near the parent plant in the 

fall and winter (She ley and Larson, 1992). 

In contrast to a yellow starthistle plant which typically produces several 

thousand seeds, a medusahead rye plant will produce relatively few seeds but they will 

exhibit complex dormancy patterns (Bartolome, 1979). Germination occurs when 

adequate soil moisture is available and soil temperature is optimal at the soil depth 

where the seed is located. 

Soil microsite conditions also include mycorrhizal relationships which have the 

potential to influence the balance between plant species and groups of species 

(Eissenstat and Newman, 1990; Archer and Pyke, 1991). Many perennials have well 

developed mycorrhizae while many of the annuals have few. 

Plant Assemblages 

Functional interactions within plant communities have been debated for at least 

a century. During this time many theories have been proposed to explain or describe 

spatial and temporal patterns of plant communities and why certain species are found 

together. Reoccurring groups of these plant species are often termed as plant 
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communities or plant assemblages. Theories used to describe these phenomena have 

ranged from ones which viewed plant associations as a collective organism or the 

discrete view (Clements, 1916 as cited by Barbour et al., 1980) to ones which viewed 

these associations as individualistic (unique) or the continuum view (Gleason, 1953 as 

cited by Barbour et al. 1953). If there are discrete communities which can be spatially 

and temporally delineated then boundaries which separate these types in space and 

time will likely be indistinct (Roberts, 1989). 

The physical laws that govern interactions within plant communities and 

landscapes are constant forces. For example, movement of water through a plant is 

governed by factors such as adhesion of water molecules to cellular structures, the 

cohesion of water molecules to each other, and atmospheric moisture conditions. Plant 

processes such as growth and nutrient assimilation are regulated by a suite of physical 

laws. The ways in which these laws are expressed in landscape settings changes based 

on inputs from the environment. Interaction of these physical and biological 

constraints produce dynamics in the system that are not always predictable or easily 

understood. These dynamics produce uncertainty regarding the placement of 

boundaries between spatial and temporal features. 
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THE LANDSCAPE 

Landscapes and Ecosystems 

Call and Roundy (1991) observed that revegetation processes in rangeland 

communities are regulated by episodic rather than average conditions. Episodic 

conditions may include factors such seasonal temperature extremes or precipitation 

events. Timing and intensity of these events also determines the degree to which 

individual species are able to express their traits in the environment. Annual 

communities in southwestern Oregon are particularly sensitive to these episodic events 

as reflected by their compositional and production changes from year to year. 

Precipitation patterns, growing season temperature patterns, and seed bank dynamics 

vary from year to year (George et al. 1992; Standiford and Howitt, 1993). 

Additionally, topographic and edaphic heterogeneity temper these dynamics and 

determine the productivity and composition of landscapes (Pyke and Archer, 1991). 

Observed vegetation pattern may result from the frequency of soil disturbance (Hobbs 

and Hobbs, 1987). 

Site integrity is a good indicator of the restoration potential of a site. System 

stability can be a reflection of this site integrity. If a system is able to maintain its 

organization under changing environmental conditions then it has integrity (Kay, 

1991). Since annual dominated communities fluctuate in species composition from 

year to year, they have lower integrity than do perennial communities. 
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Structure (Pattern) 

The distribution of materials on the landscape produces structure. Forman and 

Godron (1986) define structure as "the distribution of energy, materials, and species in 

relation to the sizes, shapes, numbers, kinds, and configurations of the ecosystems". 

Landscapes are composed of interacting spatially and temporally scalable ecosystems 

(Forman and Godron, 1986) forming a heterogeneous complex composed of patches 

nested within a matrix of uniformity. Structure usually implies an observable set of 

site conditions which may or may not indicate site processes. 

Function (Processes) 

Related to landscape structure is the idea of process or function. Function is 

reflected in structure and is usually determined by investigating individual sites. 

Forman and Godron (1986) define function as "the interaction among the spatial 

elements, that is, the flows of energy, materials, and species among the component 

ecosystems". According to Getis and Boots (1978), processes include the time element 

which although continuous can often be segmented into distinct points. Processes on 

the foothills would include germination, establishment, nutrient cycling, disturbance, 

and soil formation among others. Processes may moderate each other or may interact 

in a cumulative way. The way in which these processes operate is complex and not 

easily conceptualized. 
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Much of the variation in structure and function is a result of microclimate. 

Microclimate varies considerably from site to site. This variation is observable within 

the vegetation layer during plant development stages and among different canopy types 

(Avissar and Muhrur, 1988). The microclimate of "safe sites" varies with the presence 

of thatch, amounts of solar radiation, presence of soil moisture, and soil temperature. 

Microsite factors are also moderated by processes which occur at broader spatial and 

temporal scales such as wind patterns and surface temperature patterns which in turn 

may be influenced by topographic variation (Porch and Rodriguez, 1987). 

Microclimate influences the dispersal patterns of plant species as well as the available 

sites for establishment. Precipitation patterns are also influenced by terrain. 

Topographic changes often produce pronounced rainfall gradients and influence the 

effectiveness of the rainfall (Coughenour et al., 1989). These authors note that 

gradients need to be quantified in order to understand spatio-temporal patterns of 

forage. 

Structure / Process Linkages 

Linking observable structure with unobservable (directly) processes allows 

quantification of landscape change over time. The tool most often used to link 

structure and process is the map. Maps are used to represent the spatial nature of 

landscape structure. Recently, spatial data have been managed within geographic 

information systems (GIS). To be able to infer from GIS databases or remotely sensed 

data one needs to know how that structure relates to functional properties of the 
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landscape. Observable features within aerial photos, processed imagery, or plot data 

can also indicate the presence or configuration certain processes. 

Visual cues found on images allow generalities to be formulated about site 

processes. For example, an aerial photo of the foothill area of southwestern Oregon 

shows tone and texture patterns which might indicate changes in landscape character 

such as elevation, slope, aspect, plant communities, and soil categories. When 

equipped with ancillary knowledge about plant species, topography, soil types, and 

land uses then one can make certain inferences regarding site processes such plant 

phenological patterns, plant - soil moisture relationships, relative stress intensity, and 

stressor type. Quantitative data can be used to model these processes on site and 

expand knowledge to similar areas. If one had access to historical data then certain 

inferences could be made concerning the dynamics of these processes over time. 

Using the preceding example as our model, studies should quantify the spatial 

relationships of structure and interpolate processes from point data. Variation in site 

data is a major consideration when shifting between scales. The variability in 

landscape features can be large even within small areas. For example, variation in soil 

texture can be observed at the field plot level and also at the landscape level (Munoz-

Pardo et al., 1990). Shifts between these scales produces difficulty for classical 

statistics. Application of spatial statistics to these situations has proven to be useful 

(Burrough et al., 1994). This methodology provides a way to factor in spatial 

proximity. It is instructive to know how variation in data is related to the spatial 

proximity of sample points (Rossi et al., 1992). 
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Dimension: Spatial, Temporal, And Change 

Spatial and temporal arrangement and relationships of landscape components is 

important to managers. Spatial pattern of the landscape not only indicates the 

interaction of plant species but also the degree to which herbivores interact with 

landscape elements. The need for this knowledge becomes more critical if long term 

system integrity is an objective. According to Burrough (1988), we need to be able to 

answer questions like: where is object A?, where is A in relation to B?, how many 

occurrences are there of type A within distance D of type B?, how large is type B?. 

In addition to these questions we might also need to know about the coincidence of 

types A and B and how this relationship changes dimensionally. 

These questions are composed of sub-questions concerning structural and 

functional components and can best be described at different spatial and temporal 

scales. A landscape may appear heterogeneous at one scale and homogeneous at 

another scale (Meentemeyer and Box, 1987). Apparent interactions between landscape 

elements can also vary with the scale under which they are viewed. Our perception of 

boundaries (ecotones) between these types of phenomena also vary at different scales 

(Gosz, 1993). 

Development of an understanding regarding the linkages between scales is 

important in determining the extent to which observable structural relationships can be 

correlated with functional properties of the landscape. Practical application of 

understanding developed at the landscape level needs to be registered to some spatial 

and temporal scale used by the manager. 
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The change dimension is perhaps the more difficult to describe and quantify 

than are spatial and temporal qualities. Importantly, change must be documented to 

assess the impacts of management decisions or correlate the influences of 

environmental fluctuations on landscape components. Changes are seldom linear and 

most often include interacting factors. Sklar and Costanza (1991) made three 

observations regarding landscape change. "Changes are not strictly Markovian; that is, 

the change of state of a cell is not independent but is influenced by surrounding cells 

and other factors. Second, the rates of transition are not constant through time. Third, 

causation of land-use transition may be largely economic rather than natural." 

THE TECHNOLOGY 

Maps And Dimension 

Features which have spatial and temporal dimension can be analyzed in a 

spatial data base such as a map. Effective use of these data bases relates to the degree 

to which they clearly represent reality. Information input needs to be spatially 

accurate, scientifically based, temporally keyed, and scale responsive. 

Knowledge regarding the spatial arrangement of the earth's features has always 

been important in human activity (Burrough, 1988). The distribution of vegetation has 

been particularly important and has been described by plant geographers through the 

use of manual cartographic methodology (Kuchler, 1984). Corespondingly, soil 
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surveys have been augmented with maps to depict the spatial relationships of soil types 

(Reybold and TeSelle, 1986; Bliss and Reybold, 1989). 

Spatial data have been used for many years to aid in the management of 

rangelands. Maps and map overlays are extensively utilized in decision making 

regarding allotment planning, watershed management, wildlife distribution, climate 

monitoring, and others. Maps play a major role in monitoring changes occurring on 

these lands including vegetation, grazing, and climate changes. Spatial relationships 

(proximity and coincidence) have been documented with a combination of maps and 

map overlays (mylar). This overlay process has been used to approximate the spatial 

extent of areas where conflict or special need may arise. Manual overlay consists of 

physically arranging mylar maps on a base map of the same scale (McHarg, 1969). 

Geographic Information Systems 

Geographic Information Systems (GIS) are simply computerized maps attached 

to a data base management system. Spatial data are captured or encoded (machine 

scanned or manually digitized) into a GIS by converting the linear, point and areal 

features on a paper map to a series of XY coordinate pairs (x and y values). In vector 

based GIS systems map features, such as streams, are represented as a continuous 

series of line segments, while features such as sample sites or weather stations are 

represented by a digitized point. Features with area (vegetation types, soil types, etc.) 

are represented by polygons which are defined by their attendent arcs. In raster based 

systems, these features are represented by cells or pixels. 
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The dynamics within systems can be monitored using GIS. Changes in 

ecosystems are multidimensional in space, time, and the intensity with which they 

change is also dynamic. For example, phenological changes in plants species occur 

continuously throughout the year, but can be incremented into phases such as 

germination, seedling establishment, seedling growth, flowering, and maturity or 

senescence. GIS technology enables us to document and compare these dimensional 

changes. Any comparisons are however contingent upon the availability of accurate 

temporal data. 

Berry (1987) points out that manual cartographic techniques allow 

manipulation of spatial data but are fundamentally limited by their non-quantitative 

nature. The GIS environment extends these capabilities to the analysis level making 

spatial data more usable. Integration of statistical analysis (conventional and spatial) 

can aid in filtering data bases to provide understanding of complex landscape 

interactions. 

The foothill rangelands of southwestern Oregon offer ideal opportunity to 

apply geographic analysis techniques since spatial and temporal variation in site factors 

are common. Site variation permits establishment of annual exotic species such as 

medusahead rye, ripgut brome and yellow starthistle. Annual grasses are 

phenologically (temporally) able to capitalize on the winter and early spring soil 

moisture, by maturing in mid June and thereby avoiding summer drought. 
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We know that yellow starthistle most readily invades rangelands which are 

primarily south facing, on loamy textured soils, which receive between 12 and 25 

inches of precipitation in a winter pattern (winter/spring) (Larson et al. 1994). 

We also know that these physical factors can be spatially described and referenced 

using either existing data or manually digitized information. 

Remote Sensing 

Application of remote sensing technologies to landscape questions has great 

utility. Remote sensing includes low level (large scale) aerial photography, moderate 

and high altitude aerial photography and videography (moderate and small scale), 

Landsat MSS and Thematic Mapper data, SPOT data among others. The data types 

can represent only small portions of the electromagnetic spectrum (spectral resolution) 

such as color infrared photography or Landsat TM data which covers visible through 

thermal portions of the spectrum (Jensen, 1986). Some data have a spatial resolution 

of centimeters such as large scale aerial photography while other data are coarser such 

as Landsat TM data (30 meter pixel size). 

Processing of remotely sensed data can take many forms. Typically processing 

is done in three general ways. The unsupervised method uses the computer and 

specialized software to select and cluster spectral response patterns in the data based 

on a similarity/dissimilarity model. The degree of similarity or dissimilarity is 

specified by the image processing analyst. The second general approach (supervised) 

uses data from ground points to "train" the computer software to recognize and group 
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like categories. Another general type of processing is index formation such as the 

Normalized Vegetation Index derived from AVHRR data. 

Data Accuracy 

It is important to evaluate the accuracy of data and the results of analyses. 

Some digital data such as USGS DMA 1:250,000 DEMs are relatively error prone 

while other data such as manually collected Geographic Positioning System (GPS) data 

may have relatively low error rates. The degree to which error is tolerated determines 

the data type used. All map layers should be spot checked on the ground in order to 

evaluate the acceptable error rate. For spatial data, a GPS unit set to the appropriate 

datum and coordinate system should be used to accurately locate ground truth points. 

Normally, the National Cartographic Standards (USGS, 1983) is consulted when 

evaluating the magnitude of resulting errors. Non-spatial data from other sources also 

need to be evaluated if they are to be part of any spatial modeling and analysis work. 

Data Uncertainty 

Data uncertainty addresses a different set of issues than does data accuracy. 

Depiction of natural phenomena has many "shades of gray" zones or "fuzzy" areas 

where our knowledge is limited or where system components interact in varied ways. 

In many cases, uncertainty is an indication of system unpredictability. Our depiction 

of these uncertainties on a map are in fact also an uncertainty. 
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Within the GIS, structure, processes, and change will most often be 

represented by polygons which have a core area or prototype area surrounded by 

aggregate material associated on the basis of similarity (Usery, 1993). The analog for 

this model is the type specimen for plant or animal species. The type specimen is 

used to document the phenotypic and genotypic characters or each species. However, 

we intuitively know that considerable phenotypic and genotypic dissimilarity may exist 

between the type specimen and each instance of the species. 

Much of the time the boundaries between types are blurred, uncertain, or fuzzy 

(Leung, 1987). This is particularly true for such landscape features as soil types or 

plant assemblages (Burrough, et al., 1992; Roberts, 1989). This uncertainty is found 

in all dimensions including spatial, temporal, change, and processes which operate in 

these dimensions. Uncertainty can be observed at all scales from the molecular to 

global levels. According to Altman (1994), there two major issues concerning the 

fuzziness which characterizes geographic features. These are the representation issue 

and the analysis issue. In the former case, the database needs to hold information 

about features whose location is not precisely known. In the analysis case, the 

observer may take either an imprecise or precise approach. 

Remotely sensed imagery covering landscapes is likewise uncertain (Wang, 

1990). Classifications made on groups of dissimilar objects or entities such as 

ecosystems can be enhanced by using fuzzy set concepts (Bosserman and Ragade, 

1982). These authors note that fuzzy set theory provides a bridge to which subjective 

human judgement can be made compatible with rigorous scientific methods. The 
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theoretical framework is based on degree of group membership which is represented 

by variations between zero and one. Zero denotes no group membership and one 

denotes full group membership. 

There is continuing debate regarding plant communities or plant assemblages 

and their description. The sub-concepts of individualism and sameness are central to 

this debate. Fuzzy set theory permits us to incorporate uncertainty into our 

interpretation of these phenomena and quantify relationships between categories. 

Further, the fuzzy set approach is easily integrated into other analytical frameworks 

such as object-oriented environments where it's usefulness can be extended to depict 

the dynamics found within ecosystems. Within an object-oriented model, prototype 

landscape features can be grouped by object classes and by instances of class thereby 

facilitating a more complete description of components and component interaction 

(Nyerges, 1991; Gunther and Lamberts, 1994). This model allows for the 

representation of nestedness of scale within the processes taking place in the system. 

Combining fuzzy set theory and object-oriented analysis should provide better insights 

into landscape processes. 

Data Relatedness 

Spatial and temporal continuity is characteristic of most natural phenomena 

which can be indirectly measured using classical techniques like regression analysis 

(Isaaks and Srivastava, 1989). What happens on the landscape is largely contextual, 

meaning that processes at one location in space or time may influence or be influenced 
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by adjacent processes. Additionally, structure and function are likely to be influenced 

by localized variation in the suite of continuously varying environmental factors. 

Occurrence of safe sites and the expression of plant dispersal mechanisms 

would be expected to respond to localized variations in the environment. Likewise, 

physiological traits of individual plants and plant species would be expected to respond 

to the same variations. Further, the interaction of plant groups would be expected to 

be influenced by these variations. Finally, degree of relatedness in intrasite processes 

is expected to be influenced by spatial proximity. 

The use of classical statistical analysis assumes that the data are normally 

distributed, uncorrelated or independent, and exhibiting constant variance. In 

landscape studies, these assumptions may become indistinct since landscape elements 

may be autocorrelated in both space and time. Rossi et al. (1992) suggest that an 

assumption of spatial dependence may be more appropriate than an assumption of 

independence. These authors further suggest using geostatistical (autocorrelation 

methods) techniques to measure the effects of spatial or temporal proximity. 

Geostatistical analysis usually involves two general techniques; Variography and spatial 

interpolation or Kriging. Variography is used to model the degree of spatial 

dependence while Kriging is used to estimate data values at unrecorded locations. 

These techniques are used because they are spatially explicit and they provide a 

statistical framework in which to place spatial data (G. Bradshaw, USFS PNW FSL, 

personal communication). A precursor to geostatistical methodology would include 

exploratory techniques using classical statistics (univariate, bivariate, and regression) or 
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descriptive techniques or nonparametrics including cluster analysis or principle 

components analysis (Rossi et al., 1992. 

THE CONNECTION 

Expanding Knowledge To The Landscape 

Often we need to apply findings to larger areas or use them for predictive 

purposes. The most common mechanism to use here is the model. Moran (1982) 

states "models facilitate comprehension of complex ecosystems and simplify reality 

and are created by speculating on what processes might be involved in producing the 

observed facts". Sklar and Costanza (1991) add "spatial modeling, or any modeling, is 

as much art as science". Of course, we are interested in models which not only 

address substantive issues but also spatial issues as well. 

Most useful annual grassland model includes seasonal dynamics (Pendleton et 

al. 1983). Annual systems are intimately related to seasonal climatic patterns and 

differential response patterns of each species present (George, et al., 1992). In both 

cases, variation is high due to the transient nature of annual systems. 

Scale effects application of these models to the landscape and must also be 

considered particularly if one is using microplot data. King (1991) lists two challenges 

to scaling up plot information; 1) correctly defining the spatial and temporal 

heterogeneity of the fine-scale information, and 2) correctly integrating or aggregating 

this heterogeneity. 
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Much of the observable landscape heterogeneity results from disturbance 

patterns. Disturbance patterns due to their spatial and temporal complexities are 

difficult factors to quantify and even more difficult to model. Turner and Dale (1991) 

suggest two approaches to modeling landscape disturbances, spatially aggregated and 

spatially explicit. The spatially aggregated approach uses landscape information which 

has been divided into homogenous categories such precipitation zones or elevation 

zones. The spatially explicit method uses geographic location and attribute change at 

each location as the basis for analysis. The authors note the strength of the spatially 

explicit approach is that the juxtaposition of the sites and cover types can be 

considered. 

Linking Study Sites With The Landscape 

In order to use information gained from sites at the landscape level, we 

employed numerous plots. Plot locations were selected to represent the general 

landscape. Our assumption was that responses of plant species could be correlated 

with changes in landscape characters and that these characters were gradational. The 

environmental gradient model (Kessell, 1979; Ludwig and Cornelius, 1987; Whittaker, 

1960), was a logical choice to study pattern in test species responses. Various 

combinations of topography, soil types, weather patterns, and plant associations are 

common in the Bear Creek watershed which provide ample opportunity to study 

landscape interaction. 



25 

Previous research in the Bear Creek valley (Borman 1989, Johnson et al. 1990) 

has indicated several perennial plant species which have shown considerable promise 

with regard to their ability to compete with the introduced exotic species found on the 

foothill rangelands of southwestern Oregon. We have observed these competitive 

interactions changing as a result of change in geographic position. 

We studied three perennial grasses, Berber orchardgrass, Palestine 

orchardgrass, and Covar sheep fescue. Orchardgrass is a perennial and predominantly 

out-crossing species with origin in Europe and the Mediterranean Basin (Lumaret et al. 

1989). Within those environments, orchardgrass is often a first phase pioneer species 

on disturbed or harsh sites (Nahal, 1981). Diploids of this species are restricted to 

moist shaded habitats in forest communities while polyploids occupy varied habitats, 

particularly disturbed anthropic sites (Lumaret, 1987). Lumaret et al. (1987) also 

report that polyploids exhibit early abbreviated flowering which occurs before the local 

dry season. 

These characteristics have enabled orchardgrass to expand its range and to 

form new races (Carrol and Borrill, 1965). Several of these races have high grazing 

tolerance. Maintenance of genetic material through self-incompatibility has further 

benefitted this species (Stebbins, 1950). Viability of orchardgrass seeds is strongly 

influenced by climatic factors and successional status of the collection site (Probert et 

al. 1985). 

Sheep fescue was chosen on the recommendation of the Soil Conservation 

Service. This plant has performed well in trials completed in several areas of Jackson 
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County. Sheep fescue is a tufted perennial usually found on poor sites. In many of 

the open grasslands it is a dominant or co-dominant species (Grime et al. 1987). 

Sheep fescue is also known to form mycorrhizal relationships in those habitats 

(Atkinson, 1986 ; Grime et al. 1987) which can influence it's interaction within the 

plant communities. Mycorrhizal relationships have been reported as interaction 

determinants in many environments (Eissenstat and Newman, 1990; Archer and Pyke, 

1991). 

Sheep fescue grows slowly even at the seedling stage. Atkinson and Farrar 

(1983) attribute the slow growth rate to slow net photosynthesis, high resistance to 

CO2 uptake by stomata and impervious cuticle. Slow growth however indicates low 

maintenance costs. This is critical for plants growing in unproductive environments 

(Atkinson and Farrar, 1983). The foothills of southwest Oregon have sites which are 

often resource limited. These sites offer ample opportunity to document the response 

of this species to integrated landscape situations. 

Sheep fescue partitions a large proportion of new phytomass to roots. 

Campbell and Grime (1989) found that as the length of nutrient (nitrogen) pulse was 

reduced, sheep fescue was much more efficient at nitrogen capture at low availability 

levels. This trait may be highly effective in dealing with the sporadic nutrient pulses 

found in the harsh systems similar to those on southwest Oregon foothill rangelands. 

Sheep fescue is found as a component of many community types in southwest 

Oregon and is a common associate of Oregon white oak Quercus garryanna and 
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Douglas fir Pseudotsuga menziesii types particularly at elevations below 1000 meters 

(Riegel et al. 1992). 

In our study, a series of 16 experimental sites were chosen within the foothill 

area which represented common ranges of landscape characters. Test species were 

seeded into a Randomized Complete Block design at each site. Data were collected 

for two years on standing crop of seeded plants, major annual species, and total 

annuals. 

The objectives for this research were to: 

1) to evaluate establishment and peak standing crop of sheep fescue (Festuca 

ovina (L.) Koch. var. "Covar", Palestine orchardgrass (Dactylis 

glomerata L. var. "Palestine"), and Berber orchardgrass (Dactylis 

glomerata L. var "Berber"). 

2) to assess changes in establishment and production resulting from 

environmental gradients (elevation, slope, aspect, soil texture, soil 

depth, and plant association) across the foothill landscape. 

3) to develop a mathematical model that predicts site potential for restoration 

with the tested species and tracks the production of resident annual 

species. 

4) to use Geographic Information Systems techniques to create and analyze 

maps of the test area that identify production potential for test plants 

and resident annuals. 
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CHAPTER 2 

EVALUATION OF RESTORATION POTENTIAL OF FOOTHILL
 
RANGELANDS OF SOUTHERN OREGON
 

ABSTRACT 

This study was designed to investigate establishment and above ground 

phytomass production of three perennial grasses on the foothills of southwestern 

Oregon. The effect of site characteristics such as elevation, slope, aspect, soil texture, 

and competing vegetation on production were also examined. A series of sixteen plots 

were constructed in two watersheds in southwest Oregon that represent variation in site 

characteristics listed above. At each site test species were seeded into three blocks 

consisting of four randomly assigned experimental units (three treatments and a 

control). Residual standing dead vegetation was removed, weeds were controlled with 

herbicides, and perennial grasses seeded. After three growing seasons sheep fescue 

(Festuca ovina (L) Koch. var. "Covar") had established at 15 of 16 sites. It had 

highest density and production (407 kgDM/ha) across all sites. Establishment was 

best on plots with lower soil clay content and those with shallow or moderate soil 

depths. Palestine orchardgrass (Dactylis glomerata L. var. "Palestine") established 

only on 8 of the 16 sites and produced an average of 219 kgDM/ha across all plots. 

As with sheep fescue it grew best on soils with lower clay content and moderate depth. 
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Berber orchardgrass (Dactylis glomerata L. var "Berber") was present at 7 sites and 

only in small amounts (x = 26 kgDM/ha). In plots where perennial grasses established 

weeds were suppressed by both sheep fescue (P=0.0268) and Palestine orchardgrass 

(P=0.0019). Palestine orchardgrass reduced the production of yellow starthistle 

(P=0.0905), medusahead rye (P=0.0336), and total weeds (P=0.0080). Sheep fescue 

reduced production of yellow starthistle (P=0.1033) and total weeds (P=0.0040). 

Key Words: restoration ecology, orchardgrass, sheep fescue, gradient, annual grassland. 
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Introduction 

Foothill rangelands of the interior valleys of southwestern Oregon have been 

severely impacted by exotic annual weeds. On most lower elevation sites, Eurasian 

annual grasses have replaced the native vegetation. Common grass invaders are 

medusahead rye (Taeniatherum caput-medusae (L.) Nevski), hedgehog dogtail 

(Cynosurus echinatus L.), ripgut brome (Bromus diandrus Roth), soft chess (Bromus 

mollis L.), and wild oat (Avena spp.). Communities dominated by these grasses were 

in turn invaded by yellow starthistle (Centaurea solstitialis L.) beginning in the 

1920's. Yellow starthistle is even less desirable than the annual grasses. 

Seedlings of native perennial species generally cannot establish within stands of 

annual grasses and yellow starthistle. This is because perennial seedlings must 

compete with agressive annual grasses which deplete moisture and nutrients in the 

upper soil profile during early spring. Later in the growing season yellow starthistle 

extracts moisture deep in the soil (Borman et al. 1991). Early competition from 

annual grass and late competition from yellow starthistle is too formidable for most 

perennial grass seedlings. 

Mature individuals of several native perennial species are present on some sites. 

These remnant populations seem to be maintaining themselves, however, their 

distribution is limited. It is not known whether native grass populations are expanding 

in the face of competition, maintaining, or contracting. 
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Why do native perennial grasses persist on these sites? Their resilience may 

have to do with soil depth, texture, water holding capacity, nutrients, mycorhizae, 

climatic patterns, temperature, water availability, or other factors. 

The Department of Rangeland Resources at Oregon State University has been 

developing rehabilitation and restoration techniques for foothill rangelands since 1982. 

Studies have identified promising plant species both native and introduced (Borman et 

al. 1989, Johnson et al. 1990). Reseeding results however have been mixed and 

appear to be site and year specific. This project was designed to identify underlying 

environmental factors that lead to success or failure with three of the most promising 

perennial grasses. Objectives for this research was to: 

1) to evaluate establishment of sheep fescue (Festuca ovina (L) Koch. var. 

"Covar", Palestine orchardgrass (Dactylis glomerata L. var. "Palestine"), 

and Berber orchardgrass (Dactylis glomerata L. var "Berber"), across 

the elevational gradient dominated by annual vegetation, 

2) to quantify the yield (peak standing crop) of these species once established, 

3) to determine the effect of sheep fescue, Palestine orchardgrass and Berber 

orchardgrass on weed production, 

4) to determine the production of principle annual species growing on these 

rangelands, 

5) to assess the effects of elevation, slope, aspect, soil texture, and plant 

association on establishment and yield of these species. 
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Materials and Methods 

Plant Materials 

Berber orchardgrass (Dactylis glomerata var. Berber), Palestine orchardgrass 

(D. glomerata var. Palestine), and Covar sheep fescue (Festuca ovina var. Covar) were 

chosen as the test species for this study. All seed used were obtained from 

commercial sources. 

Site Selection 

Two watersheds in the Bear Creek drainage were selected for intensive study 

(Fig. 2.1). Larson Creek is located east of Medford, Oregon and Walker Creek is 

northeast of Ashland, Oregon. Sixteen sites were designated along the elevational 

gradient within these watersheds. Ten study sites are in the Walker Creek drainage 

and six in the Larson Creek area. In order to be included, sites had to be accessible 

throughout the year and available through the cooperation of landowners/managers. 

Both private and public lands were used. Sites spanned the entire elevational range of 

the annual vegetation type. Several aspects and slopes were chosen at a location 

whenever possible to provide information on these factors. 

Site Description 

Physical characteristics of the study sites were measured and are given in Table 
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2.1. Universal Transverse Mercator (UTM) locations were determined from USGS 7.5 

minute quadrangles. All X and Y coordinates will be reported in meters and 

referenced to Oregon UTM zone 10. Elevations were determined from the same 7.5 

minute quads. Slope values were measured with an Abney level and aspects were 

determined with a hand-held compass. Soil type classification for each site was 

obtained from the 1989 USDA Soil Conservation Service Soil Survey for Jackson 

County (Table 2.2). 

Treatments 

Field plots were established and seeded at each study site in the fall of 1990. 

A Randomized Complete Block Design was used to arrange treatments. Each 

treatment was replicated (blocked) three times at each site (Fig 2.3). Each plot was 

divided into three 12 x 4.5 m blocks, which were further subdivided into four 

experimental units (3 x 4.5 m). The following treatments were randomly assigned 

each experimental unit within each block: 

1. Control (no disturbance, herbicide, or seeding) 

2. "Palestine" Orchardgrass 

3. "Berber" Orchardgrass 

4. "Covar" Sheep Fescue 

Treatments to be seeded were mowed with a lawn mower to a 8 cm stubble height. 

Residue was hand raked and removed from the site. Control treatments were left 

undisturbed. 



Figure 2.1. Study Site Locations in Jackson County, Oregon. 

The Foothill Area of the Bear Creek Valley
 

1 km 
# N + Study Sites
 



Table 2.1. Physical site characteristics of study sites with Universal Transverse Mercator coordinates for 
zone 10 (Oregon) and aspect zones (first character 1=east zone, 2=west zone; second character signifies north 
to south (1-6) gradient within zones). 

Site XCoord YCoord USGS 7.5 Quad Sheet Elevation(m) Slope % Aspect Soil Type 

1 517518 4685450 Medford East 568 10 2-2 17c 

2 517612 4685400 Medford East 565 8 1-4 27d 

3 520481 4685475 Medford East 826 10 1-6 29d 

4 520731 4685700 Rio Canyon 853 5 2-4 29d 

5 517375 4682187 Medford East 603 15 2-5 28e 

6 517749 4681826 Medford East 611 10 1-1 27d 

7 530439 4671855 Ashland 613 12 1-6 28e 

8 530350 4671936 Ashland 610 12 2-3 28e 

9 533147 4674512 Emigrant Lake 799 10 2-1 28d 

10 533247 4674338 Emigrant Lake 801 40 2-4 28d 

11 533272 4674325 Emigrant Lake 802 55 2-6 28d 

12 533774 4675088 Emigrant Lake 853 5 2-3 27d 

13 533911 4675087 Emigrant Lake 860 20 2-3 28e 

14 535381 4676412 Emigrant Lake 1030 7 2-6 28d 

15 538706 4675300 Emigrant Lake 1342 10 1-6 20e 

16 538869 4675200 Emigrant Lake 1335 3 2-2 18c 



Table 2.2. Soil type descriptions for the study sites (from USDA/SCS Jackson county soil survey. 

Type Type Texture Clay Shrink Depth Parent
 
Number Name %
 Swell Material 

17c Brader - Debenger loam 20 low 13 Colluvium from 
Sedimentary Rocks 

18c Bybee loam 25 low 60 Colluvium from 
Weathered Volcanics 

20e Bybee - Tatouche loam 25 low 60 Colluvium from 
Weathered Volcanics 

27d Carney Clay clay 55 high 35 Alluvium/Colluvium from 
Weathered Tuffs & Breccias 

28d Carney Cobb ly clay 55 high 35 Alluvium/Colluvium from
Clay Weathered Tuffs & Breccias 

28e Carney Cobb ly clay 55 high 35 Alluvium/Colluvium from
Clay Weathered Tuffs & Breccias 

29d Carney Cobb ly clay 55 high 35 Alluvium/Colluvium from 
Clay Weathered Tuffs & Breccias 



Figure 2.2. Distribution of Annual Grasslands and Hardwood Savanna Grasslands in Jackson County, Oregon. 
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After fall rains induced germination of weeds, experimental units to be seeded 

were sprayed with 1.1 kg ae/ha (1 lb ae per acre) glyphosate (Roundup) and were left 

for one week. Test species were then seeded into appropriate subplots in each 

treatment block using a Planet Jr. hand seeder (Appendix Figures. 3-19). Seeding rate 

was 11 kg PLS/ha. Seeding depth was set to 1 cm and row spacing was 25 cm. 

All seeded subplots (non-control treatments) were treated with 2,4-D (at 1.1 kg 

ae/ha on April 12, 1991 and April 2, 1992) to control annual broadleaf plants. A one 

time application of Hoe lon was made on March 23, 1992 to control the annual grasses 

in the non-control plots. 

A second experiment was initiated at each site. A series of 1m2 microplots 

were established adjacent to drilled plots (Fig. 2.3). These plots received identical 

preparatory treatments as the drilled units but were seeded by broadcasting the species 

tested at 15 kg/ha. All plots were fenced to reduce disturbance by large herbivores. 

Data Collection and Analysis 

Within each experimental unit a buffer zone of 0.5 meters around the perimeter 

was delineated and excluded from sampling to reduce the effect of external plot 

factors. Ten randomly located permanent quarter meter2 sample quadrats were used to 

measure; 1) biomass of seeded species, and 2) biomass of resident annuals by species. 

Biomass was estimated using a modified weight estimate method (Pechanec and 

Pickford, 1937). 



Figure 2.3. Plot Layout of Each Study Site. 

Blocks 14111 am 11114 

1 
Berber Sheep 

Fescue Control Palestine 
up 

slope 

2 Palestine Control Sheep 
Fescue 

Berber 

t 

Quadrat 
Selection 

1 2 S 4 

1 6 7 $ 

0 10 11 11 

12 14 16 16 

17 16 10 20 

21 712 IS 24 

25 2627 SS 

Palestine Control 
Sheep 
Fescue 4.5 m 

1/r 



40 

Trial quadrats within the buffer area provided calibration plots. Calibrations were 

taken before sampling each treatment replication. 

Samples of all species and categories were collected for each sample date and 

site. Samples were oven dried to a constant weight and reweighed to determine dry 

weight conversions. Peak standing crop samples were collected during June of both 

sample years. All peak standing crop values were analyzed and will be reported on a 

dry weight basis. 

Statistical Analysis System (SAS) was use to store, manipulate and analyze data 

(SAS Institute Inc. 1988). All files were kept in a SAS data set format. Mean 

response was determined for each subplot receiving the same treatment at each site. 

The General Linear Models procedure (SAS Institute Inc. 1988) was used for 

the analysis. Dry weights of seeded species, selected resident annuals, and total 

annuals were tested by elevation class using slope, clay content, precipitation for 

September through May (PRCP 1) and March through May (PRCP 2), aspect zone 1 

(east) and aspect zone 2 (west) as covariates in the model. A Fisher's Protected Least 

Significance Difference test was used to test differences among mean values using an 

alpha level of 0.10. Null hypotheses for this experiment were: 

Ho: Peak standing crop of seeded species were similar across all elevations. 

Ho: Total aboveground phytomass was similar across all treatments. 

Ho: Peak standing crop of resident annual species were similar across all elevations 

Ho: Seeded perennial grasses have no effect on the standing crop of weedy annual 

plants. 
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Results and Discussion 

Differences Between Seeded Species 

Berber Orchardgrass 

Berber orchardgrass did not establish well on any plot (Table 2.3) and on nine 

of the sites the seeding completely failed. The failure of Berber to establish and grow 

is somewhat surprising noting its success on other research plots in the foothills 

(Borman, 1989; Johnson et al. 1990). There were no obvious patterns in its failure 

with regard to the physical site factors. On sites where Berber established, highest 

production after three years was only 131 kgDM/ha recorded on site 1. Sites 13 and 

14 produced 86 and 97 kgDMlha respectively. Berber seedlings are weaker than other 

perennial species tested and consequently require better initial growing conditions than 

were present in 1990 and 1991 when precipitation was well below normal. Several 

interacting factors probably contributed to mortality since establishment was also poor 

at higher elevations where precipitation was greater. 

Borman et al (1990) found that mature Berber orchardgrass plants were more 

competitive against annual grasses and yellow starthistle than was Palestine 

orchardgrass, or a local accession of Idaho fescue. It is likely that establishment of 

this variety is sensitive to temperature, moisture, soil texture, and competition. Berber 

seedlings transplanted in the spring of 1990 without competition matured on our sites, 

further indicating that the seedling stage is critical. 



Table 2.3. Mean peak standing crop (kgDM/ha f se) of test grass species and total above ground phytomass for each study site. 

Site Berber Orchardgrass Plots Palestine Orchardgrass Plots Sheep Fescue Plots Control 

Berber Total Palestine Total Sheep Fescue Total Total 
Phytomass Phytomass Phytomass Phytomass Phytomass Phytomass Phytomass 

1 131b* 1 62 2505, ± 670 649, 1 131 2509, 1 820 398,1 79 20186 ± 438 1611b ± 263 

2 46bc ± 30 3018,b ± 873 399, ± 85 2675,,b ± 557 161b ± 50 3231. ± 710 2240b ± 266 

3 6b ± 6 2130. ± 878 336. ± 86 2164, 1 584 500, ± 73 2691, 1 348 2059, 1 283 

4 27b ± 14 3199, ± 353 999, 1 131 28504, 1 414 725, 1 93 2717b ± 253 2497b 1 382 

5 8b ± 0 1899, ± 53 Ob ± 0 2125, ± 463 1137, ± 59 1693, ± 72 1886, ± 983 

6 Ob ± 0 3478, ± 491 29b ± 20 2943. ± 973 1235, ± 15 2780, ± 1025 2809, ± 349 

7 Ob f 0 5793, 1 2478 Ob ± 0 4843, ± 2173 246. ± 29 4112, ± 90 4055, 1 322 

8 Ob ± 0 5658 ± 1285 Ob ± 0 4693,b 1 350 700, ± 85 4659,b ± 521 3611b ± 828 

9 34b ± 18 2796, ± 487 386, 1 73 2437, ± 312 187b ± 28 2434, ± 204 1736,, 1 323 

10 Ob ± 0 3970, 1 918 Ob ± 0 3489.b 1 202 260, ± 42 31641,, 1 250 2632 ± 95 

11 Ob ± 0 2154, ± 415 Ob ± 0 1757, ± 216 258 ± 41 2009, ± 87 2044, ± 335 

12 Ob ± 0 2617b ± 263 Ob f 0 3327, ± 862 155, 1 35 2772, ± 217 1947b ± 214 

13 86b, 1 26 2677. ± 285 388, 1 53 2192,b ± 121 120b ± 18 2298, ± 707 1583b ± 346 

14 976 1 37 3518, ± 569 326, ± 74 3243,b ± 656 324 ± 38 3365, ± 274 2488b ± 458 

15 0, 1 0 2490, 1 298 0, ± 0 3279, 1 1307 0, ± 0 4370, ± 2674 4565, ± 792 

16 Ob ± 0 4067, 1 1169 Ob ± 0 3861, ± 735 130. ± 26 3823, ± 449 2704b ± 255 
. . . . . .. .

*Ro 



43 

We observed that once seedlings germinated and emerged they could persist to 

maturity. No establishment of Berber orchardgrass occurred on broadcast plots. 

Competition from resident annuals and thatch may determine the degree of success in 

such cases. 

Palestine Orchardgrass 

Palestine orchardgrass established on eight sites in the Medford and Ashland 

area (Table 2.3), however stands were more uniform on the elevational gradient east of 

Medford. After three growing seasons, greatest production was 999 kgDM/ha on plot 

4. The Medford line of Palestine plots averaged 402 kgDM/ha with 4 plots producing 

most of the biomass. Establishment and production on the Ashland line was erratic 

where Palestine orchardgrass established on only three plots and produced an average 

of 365 kgDM/ha. It appears that Palestine establishes best at elevations close to 600 

meters however this pattern is not distinct. 

Where Palestine established, Berber also established but in lesser amounts. 

These varieties are apparently sensitive to the same environmental conditions and 

interactions. Similarities such as these can be expected within a species and between 

cultivars. As with Berber orchardgrass, once young Palestine orchardgrass plants 

emerged they persisted indicating that conditions during the early seedling stage are 

critical. 

Palestine established best on soils with moderate clay content and shallow to 

moderate depth. Deeper soils were found only at high elevation where there was more 
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competition from other perennial plants. On sites east of Medford where soil texture 

was coarser and soil depth was shallow, ripgut brome became more prevalent and 

yellow starthistle and medusahead rye were less. This response to soil depth is 

consistent with observations by She ley (1993) and She ley and Larson (1992) who 

reported increased downy brome (Bromus tectorum L.) and decreased yellow starthistle 

on shallow soils. 

Sheep Fescue 

Sheep fescue was the most successful of the three test species. It established at 

all sites except site 16, a loamy site at 1335 m elevation (Table 2.3). This grass 

species appears to be most widely useful for perennial restoration. On the Medford 

line of plots, sheep fescue produced an average of 689 kgDM/ha with a range from 

143 to 1235 kgDM/ha after three years. The Ashland plots average production was 

only 238 kgDM/ha with a maximum of 700 kgDM/ha on plot eight. 

Although it established at all sites but one, it produced the most herbage at the 

lower elevations and was surprisingly successful on the harsher southerly aspects in 

both the east (1 degree to 179 degrees) and the west (360 degrees to 180 degrees) 

zones. Its average production on plots below 900 m elevation was 466 kgDM/ha. 

Sheep fescue didn't show a preference for any one aspect or slope combination at any 

of the elevation zones tested. 
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Total Phytomass on Plots 

There was generally more phytomass on plots that received seeding and 

herbicide treatments than on control plots (P=0.0001) (Table 2.3). This increase in 

total standing crop was likely the result of residual soil moisture from previous years 

when herbicides reduced weed biomass. Highest production was observed on the 

Palestine treatment at site 7 (4565 kgDM/ha) while site 13 control produced the least 

(1583 kgDM/ha). 

Annual Species on Control Plots 

Total Annuals 

Control plots produced from 928 to 4055 kgDM/ha of annual grasses and forbs 

(Table 2.4). Highest production was on plots with the lowest elevation (7 & 8) near 

Ashland, Oregon, lowest were at high elevation sites. 

Yellow Starthistle 

Prior to seeding, yellow starthistle was a dominant plant at all locations except 

two sites at the highest elevation (Table 2.5). All other sites had moderate to heavy 

infestation before treatment, however, standing crop on sites below 900 m tended to be 

greater. Starthistle was positively correlated to clay content before treatments were 

applied. Starthistle was weakly correlated with southerly exposures. 
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Table 2.4. Mean peak standing crop (kgDM/ha ± se) of all annual species within each 
treatment for each study site. 

Site Treatments 

Berber Palestine Sheep 
Orchardgrass Orchardgrass Fescue Control 

1 2374. ± 297 186Q,, ± 364 1621b ± 225 1611b± 78 

2 2972. ± 460 2276. t 342 3070 ± 322 2240, ± 108 

3 1976, ± 368 1828, ± 413 2191, 1 253 2045, ± 102 

4 3167. ± 203 1850 ± 155 1987, ± 150 2483b ± 169 

5 1892. ± 33 2125. ± 267 556b ± 147 18866 ± 225 

6 3478,± 284 2914,± 533 1545b ± 688 2809b± 220 

7 5793,± 1431 4843,± 1255 3867,± 92 4055. ± 178 

8 5658, ± 742 4693.6 ± 202 3960b ± 438 3611b± 196 

9 2760 ± 264 2046b ± 317 2248,, ± 77 17346 ± 105 

10 3970 ± 530 3489,1, ± 116 29046, ± 180 2632, ± 135 

11 2155 ± 240 1757, ± 125 1751, ± 21 2045 ± 92 

12 2617.6 ± 152 3327 ± 498 2618,,,, ± 181 1947b ± 119 

13 2591. ± 120 1804k ± 75 21786 ± 365 1583, ± 79 

14 3421,, ± 261 2917, ± 553 3041,, ± 126 2488b ± 110 

15 1583, ± 258 1315. ± 122 1158. ± 239 1218. ± 140 

16 2347, ± 523 2595, ± 262 2310, ± 333 928h ± 73 

*Row values with the same subscript (between treatment comparison) are not different 
(P<0.10). 
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Table 2.5. Mean peak standing crop (kgDMJha ± se) of Yellow Starthistle within each
treatment for each study site. 

Site Treatments 

Berber Palestine Sheep 
Orchardgrass Orchardgrass Fescue Control 

1 238, 1 41 1006, ± 31 166.6 ± 22 87, ± 21 

2 530. ± 223 359a ± 134 240,6 ± 137 176 1 6 

3 357. ± 53 246,6 ± 85 360. ± 22 1866 ± 38 

4 262 ± 73 956 ± 29 211.6 1 34 1736 ± 19 

2896 1 44 473, ± 68 91, ± 36 398a ± 23 

6 40b ± 12 92b ± 32 27b ± 7 300. ± 47 

7 551a ± 131 4496 ± 302 3526 ± 84 999. ± 113 

8 1342, ± 733 815. ± 114 508. ± 186 663, ± 72 

9 559, ± 84 260b ± 45 437. ± 47 42, ± 10 

10 459. ± 35 208b ± 117 236a ± 125 1046 ± 30 

11 737. ± 299 931, ± 54 584,b 1 181 2526 ± 38 

12 75.f 18 96, ± 69 237,± 171 31. ± 6 

13 237, ± 74 156, ± 39 256, ± 56 164, ± 19 

14 680b ± 138 466b ± 124 4696 1 72 1091. ± 79 

15 0, 6, ± 6 O. 0. 

16 0, 0, 0, 0, 

*Row values with the same subscript (between treatment comparison) are not different
(P<0.10). 
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Medusahead Rve 

Medusahead was also a major component at most sites before treatment (Table 

2.6). It occurred in some quantity at all sites and in 1993 ranged from trace amounts 

at site 16 to over 933 kgDM/ha at site 6. Within sites medusahead exhibited patchy 

occurrence, growing in contiguous areas up to several meters across. Patchy growth is 

characteristic of this species and has been reported by other research (Young, 1992). 

Increases seemed to be most evident on high clay soils where site conditions might 

have been most stressful to other plant species. 

Hedgehog Dogtail 

Of all the resident annual species in the foothill area hedgehog dogtail has the 

most desirable traits and is the least noxious. Foremost, it maintains more active 

photosynthetic tissue for longer periods than do the other annual grasses. 

Dogtail showed a slight positive relationship with higher clay content soils 

(Table 2.7). It also showed a negative relationship with southerly aspects in zone one 

(east) and zone two aspects indicating a tendency for the more moderate north facing 

aspects. There was a slight positive relationship between dogtail standing crop and 

both elevation and slope. 
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Table 2.6. Mean peak standing crop (kgDM/ha ± se) of Medusahead Rye within each 
treatment for each study site. 

Site Treatments 

Berber 
Orchardgrass 

Palestine 
Orchardgrass 

Sheep 
Fescue Control 

1 28. ± 26 179, ± 158 49, ± 26 155, ± 34 

2 1178, ± 325 1170, ± 452 1111,± 109 701, ± 112 

3 4376 ± 149 592,6 ± 201 778. ± 44 3656 1 52 

4 917. ± 8 6046 ± 105 7126 ± 68 173, ± 46 

5 212, ± 130 238, ± 113 12, ± 7 117. ± 28 

6 2126, ± 366 1820,6 ± 466 666, ± 500 933k ± 125 

7 1277. ± 639 780, ± 434 554, ± 40 312. ± 50 

8 2602, ± 1016 1913,± 392 1793a± 180 261b ± 28 

9 413, ± 95 380, ± 72 344, ± 43 22b ± 8 

10 1371. ± 176 1394. ± 62 1132, ± 165 1676 ± 40 

11 168. ± 93 135, ± 115 312. ± 126 153. ± 38 

12 11666 ± 83 1432, ± 109 9636 ± 76 237, ± 35 

13 1027, ± 192 796, ± 88 935 ± 56 1816 ± 16 

14 1920, ± 38 1845, ± 363 1881, ± 181 461b ± 64 

15 626 ± 32 159. ± 28 806 ± 40 866 ± 11 

16 0, 0, 0, 0, 

*Row values with the same subscript (between treatment comparison) are not different
(P<0.10). 
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Table 2.7. Mean peak standing crop (kgDM/ha ± se) of Hedgehog Dogtail within each 
treatment for each study site. 

Site Treatments 

Berber Palestine Sheep 
Orchardgrass Orchardgrass Fescue Control 

0, 0, 0,1 0, 

2 Oa 0, 0, 0, 

3 24 ± 11 23b ± 6 22b ± 8 125. ± 12 

4 246 ± 9 21b ± 8 25b ± 13 57, ± 7 

5 0, 0, 0, 1, ± 1 

6 22b ± 5 4b ± 2 16b ± 7 91 ± 16 

7 2b ± 2 0, 26 ± 2 83, ± 22 

8 34b ± 18 79b ± 36 96b ± 47 521. ± 81 

9 16 ± 1 3,b ± 3 2, ± 2 13 ± 3 

10 29b ± 8 33b± 14 18b ± 9 320. ± 31 

11 15b ± 15 2,b ± 1 0 31 ± 4 

12 946 ± 38 56b ± 18 65b ± 39 418, ± 47 

13 26b ± 22 11b± 4 21b ± 15 73. ± 10 

14 0, 0 0, 0.b 

15 0, 0, 0. 024, 

16 0, 0, 0, 0,,, 

*Row values with the same subscript (between treatment comparison) are not different
(P<0.10). 
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Ripgut Brome 

As discussed earlier, ripgut brome was only observed in the Medford series of 

sites (Table 2.8). The only exceptions were site 10 and 11 in the Ashland area where 

trace amounts were observed after treatment. Similar to medusahead rye, ripgut brome 

has a patchy distribution and is a major influence on sites where it occurs. 

There seemed to be a slight negative relationship between ripgut standing crop 

and increasing soil clay. However, this relationship can be complicated by the 

influence of soil depth on ripgut competitors. Elevation increase also produced a 

decrease in ripgut standing crop. 

Annual Species Within Perennial Grass Plots 

Berber Orchardgrass Treatments 

Berber orchardgrass didn't establish well at any site and as a consequence was 

not able to suppress total annual species growth (Table 2.4) or individual annual 

species (Tables 2.5 to 2.8). Some annual species increased while others decreased in 

the Berber treatments. This is a result of herbicide applications, mowing, and raking 

these plots. Since Berber orchardgrass seedings failed, we will use these plots as a 

nonseeded treatment (disturbance control). Treatment consists of application of 
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Table 2.8. Mean peak standing crop (kgDM/ha ± se) of Ripgut Brome within each 
treatment for each study site. 

Site Treatments 

Berber Palestine Sheep 
Orchardgrass Orchardgrass Fescue Control 

1 1427 ± 270 9336 ± 152 815b ± 231 222, ± 36 

2 4066 ± 327 51b ± 23 801, ± 47 266 i 14 

3 0, Os 0, 0, 

4 80, ± 80 0, Os 31, ± 24 

5 2. ± 2 Os Oa Oa 

6 112,± 95 38,± 38 18.± 15 251,± 148 

7 0, 0, Oa O. 

8 0, Oa Oa 0, 

9 0, O. 0, 0, 

10 O. 5, ± 5 0, o, 

It 6, ± 6 0, 5,f 5 °a 

12 0 Oa 0 0, 

13 Oa 0, 0, 0 
14 0, 0, Os O. 

15 0, 0, 0, 0, 

16 0, 0, 0, 0, 

*Row values with the same subscript (between treatment comparison) are not different 
(P<O. 1 0). 
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Glyphosate (Roundup), mowing, raking, two applications of 2,4-D, and one application 

of Orchardgrass Treatments. Glyphosate and 2,4-D reduced starthistle biomass 

dramatically and tended to release medusahead rye . On Berber orchardgrass 

treatments, starthistle biomass was not significantly affected by increases in the amount 

of Berber that established. 

Hedgehog dogtail decreased in the Berber orchardgrass plots on all sites, 

probably resulting from the application of Hoelon. Dogtail is apparently more 

sensitive to hoelon than is Medusahead rye. Higher application rates or change in date 

of application may be necessary to control other annual grasses. Meadusahead rye 

increased when yellow starthistle was controlled with 2,4-D. No significant responses 

were observed for any other weedy species. 

Palestine Orchardgrass Treatments 

The Palestine plots produced more total phytomass (3024 kgDM/ha) than 

control plots (2529 kmDM/ha), due to the effect of herbicides. Above ground weed 

biomass was also higher on Palestine plots (2609 kgDM/ha) compared to untreated 

control plots (2207 kgDM/ha). If however, we contrast those plots where Palestine 

established with Berber (disturbance control) plots a clearer picture emerges. Palestine 

orchardgrass established on eight sites and suppression of annuals was apparent. Each 

kilogram of Palestine phytomass reduced the phytomass of weeds in these plots by 

1.64 kgDM/ha (P=0.002). 
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Mean production of yellow starthistle was reduced from 397 to 295 kgDM/ha, 

medusahead rye from 931 to 840 kgDM/ha, ripgut brome 127 to 64 kgDM/ha, and 

total weeds from 3047 to 2608 kgDM/ha. On those plots where Palestine failed to 

establish, the increase in weeds was similar to Berber orchardgrass plots. In Palestine 

treatments, starthistle biomass also was significantly (P=0.092) reduced when 

compared to Berber treatments. Differences were observed between treatments and 

starthistle production within site at some sites. None of the perennial test species were 

able to significantly (P<0.01) affect the production of ripgut on sites 1 and 2. 

However, at site 4 Palestine orchardgrass and sheep fescue did significantly reduce the 

ripgut biomass. Site 4 is approximately 300 meters higher in elevation than either site 

2 or 3 and the initial levels of ripgut brome were lower at site 4 than they were at site 

1. 

Sheep Fescue Treatments 

Sheep fescue performed the best of any test species particularly at lower 

elevations. On two sites (5 and 6) there was consistent suppression of all annual 

species. Site 5 produced excellent stands of sheep fescue and the interspaces on these 

sites were noticeably bare with few actively growing annuals. The annual species 

found in the sheep fescue treatments were usually reduced in stature and widely 

spaced. 

Each kilogram of sheep fescue dry matter growing on a plot reduced yellow 

starthistle 0.15 kgDM/ha (P=0.1033) and total weeds by 1.15 kgDM/ha (P=0.0040). 
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Medusahead rye expanded on most sites where the 2,4-D treatment controlled the 

yellow starthistle and where limited establishment of sheep fescue occurred. 

Large variations were observed in annual standing crop between sites in the 

sheep fescue treatments (0 to 1344 kgDM/ha). Since sheep fescue establishment 

varied greatly from no establishment on plot 15 to excellent on plots 5 and 6, there 

was also differences in weed suppression. Reductions in annuals at sites 5 and 6 were 

dramatic and was due to the good establishment of sheep fescue. We are not sure why 

sheep fescue established so well on these sites in contrast to other sites. Campbell and 

Grime (1989) observed that sheep fescue was a marginal competitor but does best 

under infertile conditions. 

Site Differences 

Our hypothesis was that no difference would be observed in standing crop of 

species of interest which could be attributed to changes in topography and soil texture. 

Although differences were observed between sites no clear patterns were discerned in 

the data regarding the interaction of topographic variables coupled with other 

covariates. 

The condition (species composition, etc.) of each site varied widely. For 

instance, yellow starthistle varied from a low value of 0 at sites 15 and 16 (elevation 

over 1300m) to over 800 kg/Ha at site 14 which was located at an elevation of 1036m. 

These sites are separated by only 300 meters elevationally and by a Euclidian distance 
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of approximately 3.5 km. However, soil texture on the two sites where yellow 

starthistle was absent is much more loamy than at site 14 where the clay content is 

approximately 55 percent. 

Much of the higher elevation areas of the foothills are dominated by soils 

which have loamy textures (Figs. 3 and 4). This is particularly true above 1200 

meters (approximately 4,000 ft.). Vigorous perennial herbaceous cover in these areas 

reduce establishment of species like yellow starthistle and medusahead. These species 

can be observed however, at higher elevations, particularly where disturbance has been 

a factor. We don't know how the resident annuals maintain themselves in these areas 

under competition from native/introduced perennials. Since our sites were chosen to 

concentrate on the lower elevation foothills we don't have adequate data to draw any 

conclusions about these higher elevation areas. 

Preliminary analyses indicated site differences attributable to slope and aspect 

were slight. These factors didn't significantly contribute to site status, i.e. species 

composition or biomass production of single or grouped resident annuals. However, 

when grouped with other site factors such as elevation and soil texture, general 

differences were observed in all resident annuals. 

Perhaps the most apparent difference in site condition was with the occurrence 

of ripgut brome. For all practical purposes this species was absent from all sites in the 

Ashland area (7-16) and was a common component in the Medford sites (1-6). The 

reasons for this difference are not readily apparent since site conditions between the 

two study areas are very similar. Small quantities of ripgut were observed in the 
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Ashland sites after site treatment (disturbance) at sites 10 and 11. It is not known if 

ripgut is being suppressed by another resident annual or group of annuals or whether 

subtle site differences are a limitation or lack of adequate seed bank. 

Overall site differences may be determined primarily by elevational differences 

which may indirectly influence other factors. Elevation may be important in 

determining the extent to which the fog zone influences plant growth. Many times 

during the year particularly during the winter months the fog zone is has an observable 

influence on the landscape. Areas of the valley below approximately meters (2500 

ft) are most often affected by these occurrences. Throughout these times areas below 

this elevation are subject to decreased solar input while areas above this elevation often 

benefit from more solar input. 



Figure 2.4. Elevation of the Study Region. Colors represent twenty meter intervals. 
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Figure 2.5. Soil Series of the Study Region. Colors represent soil series present. 
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Figure 2.6. Soil Clay Content of the Study Region. Colors represent percent clay in the surface horizon. 
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Conclusions 

Establishment and annual production of perennial grasses and resident annuals 

varies widely across the southwestern Oregon foothills. Our data indicated the same 

trend between sites. 

Once established individuals of each test species persisted regardless of site 

characteristics. Sheep fescue established at all but one site and produced significantly 

more phytomass than other test species at most sites. Sheep fescue is better adapted to 

establish and survive on the harshest foothill sites and will be able to compete 

successfully with resident annuals on many of these areas. Low elevation southerly 

aspects which might be stressful for other species presented little deterrent to the 

establishment of sheep fescue. In some cases sheep fescue is able to noticeably 

suppress the growth of resident annuals. 

Palestine orchardgrass established well at mid-elevation sites where adequate 

precipitation inputs maintained soil moisture. This cultivar produced significantly 

more phytomass than Berber orchardgrass at all sites and was superior to sheep fescue 

at several sites. Elevation was the major factor in separating the success of sheep 

fescue from that of Palestine orchardgrass. Sheep fescue should be used at low 

elevation sites particularly south aspects and Palestine should be used at mid-elevation 

sites. 

Berber orchardgrass showed the same general response patterns as did Palestine 

but was not nearly as successful in establishing a stand. Similarity between these 
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cultivars is not sunrising since they share common genetic traits and should exhibit 

similar environmental responses. 

Composition and production of the resident annual community varied greatly 

from site to site. Low elevation southerly aspects produced the highest total 

phytomass of annual species. The influence of site characteristics on annual species 

interacts strongly with disturbance history as well as the resident annual species 

composition. In many areas where yellow starthistle has been controlled and the soil 

surface has been disturbed medusahead rye becomes a site dominant and will probably 

persist on the site. 
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CHAPTER 3 

USING GEOGRAPHIC INFORMATION SYSTEMS TO IDENTIFY SITES WITH 
POTENTIAL FOR RESTORATION 

ABSTRACT 

This study was designed to identify foothill areas that have a high potential for 

restoration with perennial grasses. Data were collected on sixteen study sites which 

were established within two watersheds in the Bear Creek valley of southwestern 

Oregon. At each study location a series of treatments were arranged in a Randomized 

Complete Block design with three replications of three seedings and a non-treatment 

control. Seedings were treated with Glyphosate, mowed and residual material 

removed. Berber orchardgrass (Dactylis glomerata var. Berber), Palestine orchardgrass 

(D. glomerata var. Palestine), and Covar sheep fescue (Festuca ovina var. Covar) were 

seeded into individual experimental units within each replication. Peak standing crop 

data were collected on the three test species as on other plots. Regression analysis was 

used to identify landscape characteristics such as elevation, aspect, slope, precipitation, 

soil clay content, and soil depth which were significant predictors of establishment and 

growth of restoration species. The influence of competitive relationships between test 

species and exotics was also explored. Map coverages (overlays) were generated from 

regression equations. Modeled values were compared with observed site data. 

Berber orchardgrass did not establish well on any site and therefore predictive 
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equations for aboveground phytomass were poor. Palestine orchardgrass established on 

more sites but the regression equation was weak (R2=0.198). Palestine above-ground 

phytomass was positively related to elevation, clay content, and precipitation amounts 

between March and May. It was negatively correlated with precipitation amounts 

between September and May, and increases in slope. Sheep fescue had the broadest 

success across plots and produced more above-ground phytomass than either 

orchardgrass species. Peak above-ground phytomass of sheep fescue was positively 

related to soil clay content, fall precipitation, and southwesterly aspects. The 

regression equations accounted for 41.13 percent of observed variability. Control plots 

were dominated by annual plants. Resident annual production was predicted well by 

regression equations (R2=0.596) and was positively correlated spring precipitation and 

southerly aspects. Elevation was the major negative factor for annual species both as a 

group and individually. 

Key Words: geographic information systems, restoration ecology, annual grassland 
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Introduction 

Historically, the spatial distribution of phenomena has been depicted on maps 

(Burrough, 1988). Maps of vegetation pattern have been particularly prevalent since 

the mid 1800's. Mapping the spatial distribution of vegetation is important because 

correlations can be made between environmental factors and vegetation patterns. 

Management activities particularly restoration efforts can best be applied if the spatial 

distribution of structural and resultant functional features of the landscape are known. 

Landscape decisions are more effective if supported by a variety of spatial information 

such as soil maps, precipitation maps and topographic maps. 

Spatial data have been used for many years to aid in the management of 

rangelands. Maps and map overlays have been extensively utilized in decision making 

regarding allotment planning, watershed management, wildlife distribution, climate 

monitoring, and others. Maps play a major role in monitoring changes on these lands 

concerning vegetation, grazing, and climate. Early observations indicated that spatial 

and temporal proximity have significant effects on the degree of interaction between 

landscape components and how change happens on the landscape. These spatial 

relationships have been documented with a combination of maps and map overlays 

(mylar). This overlay yields an approximation of the spatial extent of areas where 

conflict or special need may arise. Overlay consists of physically arranging mylar 

maps on a base map of the same scale (McHarg, 1969). Interactions between 

landscape elements are then visually evaluated. Depiction of the spatial relationships 
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among landscape features is inexact both in terms of our ability to portray these 

relationships and the uncertainty associated with how features interact. 

Since early 1960's maps have been entered into electronic form. Spatial data 

are captured or encoded (machine scanned or manually digitized) into a GIS 

(geographic information system) by converting the linear, point and areal features on a 

paper map to a series of XY coordinate pairs (x and y values). In vector based 

systems map features, such as streams, are represented as a continuous series of line 

segments, while features such as sample sites or weather stations are represented by a 

digitized point. Features with area (vegetation types, soil types, etc.) are represented 

by polygons which are defined by its attendent arcs. In raster based systems, these 

features are represented by cells or pixels. 

Knowledge of system change is important to identify ecological processes and 

effects of management. GIS technology enables us to make this comparison 

contingent upon the availability of accurate temporal data. Ecosystem changes 

including disturbances are multidimensional in space, time, and with regard to their 

intensity and duration. For example, phenological changes in plants species occur 

continuously throughout the year and include distinct phases such as germination, 

seedling establishment, seedling growth, flowering, and maturity or senescence. These 

phases progress across the landscape in different ways depending on physical site 

factors, climate, herbivory, and interaction between plant species. 

GIS and associated technologies form a common thread in managing, analyzing 

and describing these phenomena and their attendant changes over time. Berry (1987) 
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points out that manual cartographic techniques allow manipulation of spatial data but 

are fundamentally limited by their non-quantitative nature. The GIS environment 

extends these capabilities to the analysis level making spatial data more usable. Data 

from statistical analysis (conventional and spatial) can be readily incorporated into GIS 

data bases thereby providing better understanding of complex landscape interactions. 

The foothill rangelands of southwestern Oregon offer ideal opportunity to apply 

spatial techniques since localized spatial and temporal variation in site factors are 

common. Site variation produces patterns of annual exotic species such as 

medusahead rye, ripgut brome and yellow starthistle. These species are able to 

capitalize on the winter and early spring soil moisture recharge, by maturing in mid to 

late June in the case of the annual grasses and therefore avoid stress caused by low 

soil moisture availability. Spatial distribution of these site resources is strongly related 

to physical landscape characters (elevation, slope, aspect, and soil characteristics). 

Seedlings of the native perennials are at a competitive disadvantage in resource 

limited situations brought about by high site stress. Perennial seedlings that survive 

competition with aggressive resident annuals must contend with low soil moisture 

availability, large variations in soil temperature, and elevated evaporative demand. 

Physical site factors coupled with summer drought increases stress on perennial 

seedlings. 

Low elevation foothill sites are capable of supporting healthy populations of 

perennial species as indicated by scattered populations of native perennials. Perennial 

seedlings can establish if competition from resident annuals is reduced and favorable 
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conditions for germination and emergence exist (Borman, 1990). 

Landscape conditions can be documented and quantified by using spatial and 

temporal analysis in a Geographic Information System. Key to the application of 

research plot information at the landscape scale is data accuracy. Information input 

into the GIS needs to be spatially accurate, scientifically based, temporally keyed, and 

scale responsive. 

The objectives of our study were to

1) To test the response (establishment and growth) of three grass species 

(cultivars) to fluctuations in environmental gradients. 

2) To apply knowledge about the ecology of these cultivars to more extensive 

land areas of Jackson County using modelling and Geographic Information Systems 

technology. 
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Materials and Methods 

Plant Materials 

Berber orchardgrass (Dactylis glomerata var. Berber), Palestine orchardgrass 

(D. glomerata var. Palestine), and Covar sheep fescue (Festuca ovina var. Covar) were 

chosen as the test species for this study. Selections were made based on information 

from earlier studies in the Rogue Valley. All seed used in this study were obtained 

from commercial sources. 

Study Region 

Approximately 250,000 acres of foothill rangeland in Jackson County are infested 

with annual exotic plant species (Johnson, unpublished data). The species of major 

importance include yellow starthistle (Centaurea solstitalis L.), ripgut brome (Bromus 

diandrus Roth.), medusahead (Taeniatherum caput-medusae (L.) Nevski.), dogtail 

(Cynosurus echinatus L.) and in certain areas annual oatgrass (Avena fatua L.). These 

species are primarily introductions from the Mediterranean Basin. In some cases these 

were multiple introductions (Young, 1992). Locally common forb species include 

filaree (Erodium cicutarium (L.) L'Her.), and English plantain (Plantago lanceolate 

L.). 

Remnants of native vegetation can be found in some areas of the foothill zone. 

Native perennial grasses include Idaho fescue (Festuca idahoensis Elmer.), bluebunch 
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wheatgrass (Agropyron spicatum (Pursh) Scribn. and Smith) California oatgrass 

(Danthonia californica Boland.), junegrass (Koeleria pyramidata (Lam.) Beauv.), 

lemmon neddlegrass (Stipa lemmonii (Vasey) Scribn.), sheep fescue (Festuca ovina 

L.), blue wildrye (Elymus glaucus Buckl.). Native forb species are infrequent on the 

lower elevation foothill areas but include the bedstraws Galium spp., brodiaea 

Brodiaea spp., collinsia Collinsia spp., fiddleneck Amsinckia spp., and woodlandstar 

Lithophragma spp. 

The climate of the area is dominated by winter precipitation and summers that 

are usually dry and warm. This climatic regime closely approximates climates 

common in the Mediterranean Basin which is where most of the introduced annual 

species found on the foothill rangelands originated. Introduced annual species have 

flourished in most locations throughout the valley because of this similarity. 

Foothill rangelands are dominated by expanding clay soils that undergo severe 

wetting and drying cycles. These shrink/swell cycles may physically damage perennial 

seedlings. Introduced annual species, however, do well on many of these sites. 

Annual vegetation may be more competitive in resource capture than are perennials in 

this climatic regime. 

Topography of the study area varies from relatively level footslopes to high 

elevation steep slopes. This topographic configuration produces varied combinations 

of slopes, elevations and aspects which result in varied environments for plant 

establishment and growth. Stressors and stressor interaction also vary with 

topographic change. Gradients formed by topographic conditions produce plant 
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assemblages which change along the gradients (Fig.3.1). Primary gradient 

determinants are elevation, aspect, slope which modify the influence of temperature 

and precipitation and soil texture. 

Site Selection 

Two watersheds in the Bear Creek drainage were chosen for intensive study 

(Fig.3.2). Larson Creek is located immediately east of Medford, Oregon and Walker 

Creek is immediately northeast of Ashland, Oregon (Fig. 3.3). These areas are 

representative of most foothill types in southwestern Oregon. Study sites were selected 

along the elevational gradient within these watersheds. Ten study sites were selected 

within the Walker Creek drainage and six sites were chosen for the Larson Creek area. 

Sites were selected based on accessibility, ownership, elevation, slope, aspect, soil type 

(texture), and resident vegetation. 

Site Description 

Physical characteristics of the study sites were measured and are given in Table 

3.1. Universal Transverse Mercator (UTM) coordinate locations and elevations were 

determined from USGS 7.5 minute quadrangles. All X coordinates (m) and Y 

coordinates refer to UTM zone 10 for Oregon. Slopes and aspects were determined 

with an Abney level and hand held compass. Soil type for each site was determined 

from the 1989 USDA SCS soil survey for Jackson county (Table 3.2). 



Figure 3.1. Shaded Relief Map Showing the Rogue Watershed in Jackson County, Oregon. 
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Figure 3.2 Shaded Relief Map Showing Study Site Locations in Jackson County, Oregon. 
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Figure 3.3 False Color Composite Image Created from Landsat TM Data overlain on a Digital Elevation Model of the Study Area 
in Jackson County, Oregon. 
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Table 3.1. Physical characteristics of study sites with Universal Transverse Mercator coordinates for Zone 10 (Oregon) and aspect
zones (first character 1=east zone, 2=west zone; second character signifies north to south (1-6) gradient within zone). 

Site XCoord YCoord USGS 7.5 Quad Sheet Elevation(m) Slope % Aspect Soil Type 

1 517518 4685450 Medford East 568 10 2-2 17c 

2 517612 4685400 Medford East 565 8 1-4 27d 

3 520481 4685475 Medford East 826 10 1-6 29d 

4 520731 4685700 Rio Canyon 853 5 2-4 29d 

5 517375 4682187 Medford East 603 15 2-5 28e 

6 517749 4681826 Medford East 611 10 1-1 27d 

7 530439 4671855 Ashland 613 12 1-6 28e 

8 530350 4671936 Ashland 610 12 2-3 28e 

9 533147 4674512 Emigrant Lake 799 10 2-1 28d 

10 533247 4674338 Emigrant Lake 801 40 2-4 28d 

11 533272 4674325 Emigrant Lake 802 55 2-6 28d 

12 533774 4675088 Emigrant Lake 853 5 2-3 27d 

13 533911 4675087 Emigrant Lake 860 20 2-3 28e 

14 535381 4676412 Emigrant Lake 1030 7 2-6 28d 

15 538706 4675300 Emigrant Lake 1342 10 1-6 20e 

16 538869 4675200 Emigrant Lake 1335 3 2-2 18c 

UI 



Table 3.2. Soil type descriptions for the study sites (from USDA/SCS Jackson County Soil Survey). 

Type Type Texture Clay Shrink Depth Parent
 
Number Name % Swell
 Material 

17c Brader - Debenger loam 20 low 13 Colluvium from 
Sedimentary Rocks 

18c Bybee loam 25 low 60 Colluvium from 
Weathered Volcanics 

20e Bybee - Tatouche loam 25 low 60 Colluvium from 
Weathered Volcanics 

27d Carney Clay clay 55 high 35 Alluvium/Colluvium from 
Weathered Tuffs & Breccias 

28d Carney Cobb ly clay 55 high 35 Alluvium/Colluvium from
Clay Weathered Tuffs & Breccias 

28e Carney Cobb ly clay 55 high 35 Alluvium/Colluvium from
Clay Weathered Tuffs & Breccias 

29d Carney Cobb ly clay 55 high 35 Alluvium/Colluvium from
Clay Weathered Tuffs & Breccias 
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Treatments 

Sixteen study sites were established and seeded in the fall of 1990. Each site was 

divided into three 12 x 4.5 m blocks, which were further subdivided into four experimental 

units (3 x 4.5 m) (Fig. 3.4). The following treatments were randomly assigned to each 

experimental unit within each block: 

1. "Berber" Orchardgrass 

2. "Palestine" Orchardgrass 

3. "Covar" Sheep Fescue 

4. Control 

Non control treatments were mowed to a 8 cm stubble height. Residue was hand raked and 

removed from the site Control treatments were left undisturbed. 

Experimental units to be seeded were sprayed with 1.1 kg ae/ha (1 lb ae per acre) 

glyphosate (Roundup) and were left undisturbed for one week. Test species were seeded into 

the appropriate location in each treatment block with a Planet Jr. hand seeder (Appendix 

Figures. 3-19). Additional seed was used in a broadcast plot field trial adjacent to each corner 

of the site. Seeding rate was 11 kg PLS/ha (10 lbs. per acre) which represents that which 

would be used by land owners in typical rangeland situations. Seeding depth averaged 

approximately 1 cm (1/2 inch) and row spacing was approximately 25 cm (10 inches). 



Figure 3.4. Plot Layout of Each Study Site. 
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All seeded subplots (all non-control treatments) were treated with 2,4-D (at 1.1 

kg ae/ha on April 1, and June 1, 1991) to control annual broadleaf plants. 

A one time application of Hoe lon was made to control the annual grasses in the non-

control plots. All plots were fenced to reduce disturbance by large herbivores. 

Data Collection and Analysis 

Within each experimental unit, a buffer zone of 0.5 meters was eliminated from 

the possible sampling area to reduce the effect of external plot factors. Ten randomly 

located permanent quarter meter2 sample quadrats were selected within each 

experimental unit. Biomass of seeded species and biomass of resident annual species 

were estimated within each quadrat. Biomass was estimated using a modified weight 

estimate method (Pechanec and Pickford, 1937). Estimate calibrations were conducted 

trial calibration quadrats within the buffer area. Calibrations were taken before 

sampling each treatment replication. Plant samples of all species categories were 

collected at each sample date/site. Samples were oven dried to a constant weight and 

reweighed to determine sample dry weights. All standing crop values were tested and 

will be reported on a dry weight basis. Peak standing crop samples were collected 

during early summer (June) of 1992 and 1993. 

A Randomized Complete Block Design was used to arrange treatments. Each 

treatment was replicated (blocked) three times at each site. Mean response was 

determined for each set of experimental units receiving the same treatment at each site. 

Regression procedures in SAS were used for analysis. Species response models were 
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developed using the Stepwise selection in SAS (SAS Institute Inc. 1988). Dry 

weights of test species, selected resident annuals, and total annuals were each regressed 

against elevation, slope, clay content, precipitation for September through May (PRCP 

1) and March through May (PRCP 2), aspect zone 1 (east) and aspect zone 2 (west). 

A specified alpha level of 0.1 was used in all tests. 

The GIS Environment 

All data were either imported or developed in a Geographic Information 

System (Idrisi version 4.1). Determinations regarding the spatial extent of the physical 

site factors elevation, slope, aspect, soils, and current vegetation. Most GIS software 

packages offer capabilities that include data manipulation, analysis, and output. Some 

packages such as Idrisi have capabilities in image processing and statistical analysis as 

well. Although Idrisi is a raster based system, vector files can be developed and 

managed in Tosca, a companion product from Idrisi. We used Tosca and a Cal Comp 

digitizing board to capture data layers from paper maps. Vector files produced by this 

process were then converted to raster format before analysis. All analysis was done in 

raster mode at a pixel resolution of 25 meters. 
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Data Layers 

We used the data layer pattern to manage the representation of landscape 

components although there are many other ways of making this representation. New 

data models are being developed which use category and fuzzy set theories to better 

manage diverse data types. These approaches will likely supplement the layer model 

in dealing with the uncertain and continuous nature of landscapes and ecosystems. 

Topography Layers 

Topographic variation for this study was documented with US Geological 

Survey 1 degree Digital Elevation Models. These are cell based (raster) data which 

provide coverage of 1 by 1 degree blocks (latitude/longitude). The more detailed 7.5 

minute DEMs were not available for our area of interest. Manual digitizing of contour 

lines was not practical because the study area included portions of eight 7.5 minute 

quads. 

The DEM covering the study area was imported (file converted) into Idrisi 

format from USGS format. The DEM was georeferenced to the Universal Transverse 

Mercator coordinate system using a cubic convolution resampling routine at a 25 meter 

resolution. The study area (foothill zone) was then subset (windowed) from the 

original file and resampled to a larger scale (1:24,000) base map. The dimensions of 

this window (minimum/maximum X coordinate and minimum/maximum Y coordinate) 

was used for all files developed during this study. Three separate data layers (themes 
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or coverages) were developed from the DEM. Elevation, slope and aspect files 

originated with the original imported DEM. 

Two types of elevation files were maintained (Fig.3.5). For modeling work, 

the original cell values were kept as one file since any model constructed would 

process each pixel individually. A second elevation file was created by reclassifying 

individual pixel values into contour intervals which could be exported as a printer file. 

The interval file provided a digital representation of elevation contours and is much 

easier to interpret than an unclassed pixel map. 

In Idrisi, the DEM can be further processed in the Surface module to yield 

slope and aspect maps. The DEM was processed to provide slope files in percent 

categories. A high pass filter was used to remove any outlier pixel values in the 

resultant file. Two slope files were maintained, one with original pixel values (for the 

model) and one with intervalized values (for output) (Fig.3.6). 

Aspect files were also generated to form maps depicting degrees of azimuth. A 

high pass filter was used to smooth outlier pixel values. Two different files were kept 

in this case also. In addition, aspect files were reclassified into two separate files. 

Aspects which had east values were included in zone 1 (Fig.3.7) while west aspects 

were segregated into zone 2 (Fig.3.8). Within each zone, values were reclassed to 30 

degree subzones from north (1) to south (6). We expected differences in plant 

responses as a result of north to south aspect changes (subzones change). Differences 

could also be expected resulting from easterly and westerly aspect changes (zone 

change). These expected dissimilarities are attributable to the interaction of site 



Figure 3.5. Elevation of the Study Region. Colors represent twenty meter intervals. 
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Figure 3.6. Slope of the Land of the Study Region. Colors Represent Five Percent intervals. 
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Figure 3.7. Aspect of the East Zone (1). Colors represent thirty degree increments with north being one and south being six. 

Aspects
 

of
 
Zone 1 (east)
 

tN 

1 km 



Figure 3.8 Aspect of the West Zone (2). Colors represent thirty degree increments with north being one and south being six. 
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gradients including physical site factors, effective precipitation, and incoming solar 

radiation as well as the resultant interaction between plant species. 

Roads and Streams Layer 

The locations of roads and streams were depicted with USGS Digital Line 

Graph (DLG) files. These files were converted from USGS format and imported into 

Idrisi through the DLG module. These are vector based data covering many types of 

features including roads and streams as well as many other categories which can 

described by point, line or arc/node (polygon) structure. Map features are coded by 

attribute such as stream type (perennial or intermittent) or road type (numbered 

highway or class 4 road). Features were extracted by scanning the file and extracting 

the each feature type of interest into separate files. Sub-features within each data 

category can be extracted based on their sub-codes in Idrisi using a vector editing 

routine. 

Although DLGs were not used in the analysis process they were critical in 

visualization and file output (Fig.3.9). Difficulties are encountered in orienting oneself 

when viewing image based files particularly Landsat imagery. Vector overlays of the 

DLGs for roads and streams were used with the for screen and printer display. This 

approach proved valuable when establishing training sites for the supervised 

classification of TM data. By overlaying or merging the rasterised version of a DLG 

onto a training (copy of image to be classified) image, training sites could 



Figure 3.9 Digital Line Graph files and associated vector files. 
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be accurately located. This is only possible if all files are georeferenced to a common 

base map. In the case of presentation files, it is very helpful to drape reference vector 

files over an image to aid the reader in interpretation and integration of the visual 

information. 

DLGs can be used for a variety of analyses. For example, One could rasterize 

a DLG file for a stream. A buffer area could be constructed at a specified distance 

from the stream then calculations could be done regarding the amounts and distribution 

of entities within this buffered area. 

Vegetation Layer 

Remote sensing technology is often used to delineate landscape components 

particularly vegetation (Tueller, 1989). This technology has been used heavily on 

rangelands where large geographic areas preclude most other vegetation mapping 

methodologies. We were concerned with only documenting the spatial extent of the 

open annual grassland type in the foothill area. Our objective was to simply segregate 

these areas from other types such as mixed conifer, hardwoods and irrigated 

agriculture . 

We chose Land Sat Thematic Mapper imagery to gather vegetation 

characteristics. This imagery was collected during August 1990. Processing was done 

using two general procedures, unsupervised and supervised. 

The unsupervised classification was used to develop the final open annual 

grassland map. The unsupervised classification should be adequate for the delineation 
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of annual dominated communities. Additionally, this technique should be usable by 

the manager. 

Landsat Thematic Mapper data were processed using three methodologies. 

First, a Principle Components Analysis was done on the imagery to discern the band 

combination which would yield the most information regarding the variation in the 

study area. Secondly, an unsupervised classification was done on the three bands 

(2,3,4) which carried the most information. The resultant data file (composite image) 

(Fig.3.10) was reprocessed through a clustering routine to group like categories into a 

fine category delineation. The clustered image values were reclassified on an as needed 

basis after examining orthophtography and aerial photography covering the area . 

Lastly, a supervised classification was accomplished using a more complete set of 

bands (2,3,4,5). Training sites for the supervised classification were established using a 

vector overlay on a working copy of the unsupervised image. Vector files of roads 

and UTM grid lines were rasterized and overlaid onto the unsupervised copy to 

provide a spatial reference in training site selection. The locations of the training sites 

were selected using an orthophotograph of the area and designated with the on screen 

digitizing function in Idrisi. Each training site type i.e. oak, annuals, conifer, etc. was 

maintained as a separate training site file. Signature files were processed from these 

training site files using MakeSig and EditSig routines in Idrisi. These signature files 

were used to classify an image based on the individual band source files. Finally, a 

stratified sample was done in Idrisi using the composite image as a base (Fig.3.11). 

Classified values were extracted at each sample point. 

http:Fig.3.11
http:Fig.3.10


Figure 3.10. False Color Composite Image Created from Landsat TM Data of the Study Area in Jackson County,
 
Oregon.
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Figure 3.11. Locations of Ground Truth Points. 
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An error matrix was calculated using the observed and the predicted values of each 

category. Assessment of classification accuracy is a standard requirement for any 

classification effort. A broad classification was done on the final (unsupervised and 

supervised) Land Sat images to yield a general vegetation type map. 

Soils Layer 

Unfolded copies of the recent soil survey for Jackson county were obtained 

from the USDA Soil Conservation Service (SCS). These map sheets were 

georeferenced to our 1:24,000 base map by means of a set of carefully selected ground 

control points and the Resample module in Idrisi. Each map sheet was digitized and 

topology (spatial relationship between the digitized arcs) was created through the Cycle 

function in Tosca. The US Cartographic standards were used as a guide to acceptable 

error rate in the digitized files. Individual map sheets were converted to raster format 

then joined together using the Concat module. Using SCS soil type descriptions I 

reclassified the soil type map to form two new maps, one covered more general soil 

series (Fig.3.12) and the other contained values for clay content (Fig.3.13). The clay 

content map was used in the modeling work and will be discussed later. The other 

two images were used only as output and relassification base files. 

Once files have been entered and georeferenced then they can be used as keys 

to link with other information. Layers such as soil texture, slopes, and aspect zones 

can be reclassified using ancillary data in the data base to form new layers. 

http:Fig.3.13
http:Fig.3.12


Figure 3.12. Soil Conservation Service Soil Series. Colors represent each series name. 
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Figure 3.13. Clay content of the Study Region. Colors represent percentage of clay in the surface horizon in 
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Precipitation Laver 

Precipitation data collected for each study site were unusable due to human 

interference. On site precipitation measures were therefore unreliable and were not 

used in the analysis. As a substitute, precipitation values for the study period were 

acquired from the Oregon Climate Service (Figure 3.12). These data were from the 

Medford and Ashland National Weather Service sites. Ashland information was used 

for the Walker Creek study sites and the Medford information covered the Larson 

Creek sites. Each of these data sets were grouped into two temporal categories- period 

one (September through May) precipitation and period two (March through May) 

precipitation. 

Georeferencing Layers 

Unquestionably the most critical step in building a GIS is verifying the all files 

are correctly registered to one another and to a spatial constant which is usually a base 

map with known configuration in terms of known coordinates and projection. I used 

the 7.5 minute (1:24,000) USGS quadrangle settings i.e. a Lambert Conformal Conic 

projection, and a Universal Transverse Mercator coordinate system set on a 1927 

datum. Maps already in digital form were resampled to the above configuation by 

locating recognizable features on the image and recording row/column numbers then 

finding the location of corresponding feature on the 7.5 minute quad using an acetate 

overlay to locate the UTM position. A correspondence file is set up which lists the 
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current x/y positions with their correct spatial coordinates. Resample is invoked which 

in turn calls the correspondence file created earlier and depending on the number of 

control points identified undertakes either a linear, cubic or a quadratic resampling of 

the image. We used a quadratic resample routine. 

Boolean Masks and Operations 

One method to simplify data sets for interpretation is to segregate data layers 

(coverages, themes) into categories or intervals with similar qualities. Subset or 

Boolean operations can include membership, nonmembership, joint membership, 

intersection inclusion, and intersection exclusion. In the case of Boolean masks, we 

want to isolate the occurrences of a phenomenon which meets a specified set of 

criteria. Those occurrences or geographic locations which fit the criteria are extracted 

or assigned a one value and those occurrences which do not match the criteria are not 

extracted or given a zero value. Two or more Boolean images or files are combined 

to investigate the spatial or thematic relationships between files. This is particularly 

important when considering the interaction of landscape components such as slope, 

aspect, elevation, soil texture, precipitation, temperature, current vegetation, and 

animals whose characteristics can be intervalized. Idrisi provides for only single pair 

overlay which means that each entity set i.e. slopes between 10 and 15 % or aspects 

between 180 degrees and 200 degrees will need to be segregated into individual files. 

These binary (Boolean) files can then be overlaid to find areas of coincidence or other 

relationship of interest. Binary masks provide only general indications about the 
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interaction of landscape components. The dynamics of these landscape features often 

fluctuate in parallel but are also divergent in many cases. The landscape and attendent 

ecosystems are composed of elements which grade into one another infrequently 

forming discrete boundaries. The interaction of these elements is equally indistinct 

and dynamic. Critical analysis and depiction of these dynamics requires an approach 

which deals with interaction and uncertainty such as a fuzzy set approach or multiple 

regression analysis. 

Multiple Regression Model 

One method to deal with continuous sources of variation is to document how 

they are related to the changes in an entity which is sensitive to variation source. 

Regression equations were developed for each species or species set in SAS. The best 

equation for each species was determined using the Stepwise selection procedure which 

required an alpha level of 0.10 for inclusion in the model. The regression model for 

each species was applied in the multiple overlay routine mentioned above. The overlay 

software wrote the appropriate image files for display and analysis in Idrisi. 

Documentation files for these images were developed in Idrisi. Regression coefficients 

output from SAS were multiplied by the appropriate spatial file and composited as 

usual for regressions operations. 
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Multiple Overlay 

Since Idrisi doesn't presently have multiple overlay capabilities one was 

developed which combined data layer values with SAS output (coefficients) from plot 

analysis described below. Each landscape layer such as slope, elevation, and soil 

texture were overlaid using the strength of their relationship with the dependent 

variable derived in SAS. This software package has capabilities to overlay nine data 

layers with their proper coefficients. 
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Results and Discussion 

Unsupervised Classification 

Our objective in this case was to simply isolate the spatial distribution of open 

annual grassland (Fig.3.14). The unsupervised approach provided adequate separation 

between the annual type and other cover types in the study area (Fig.3.15). 

Classification accuracy was only slightly above the 10 % objective and should classify 

annual dominated types at the 88% level (Table 3.3). Separation of annual 

communities was enhanced by using August imagery since most annual dominated 

sites would have little actively growing herbaceous material. The exception to this 

would be areas dominated by yellow starthistle but in most cases these areas would 

also include high percentages of mature annual herbaceous material. Error of 

commission in the annual herbaceous category was 9.5% while the error omission was 

13.6%. In contrast, isolation of low canopy closure oak woodlands was prone to 

significant error. High error rates have been reported in similar environments 

(Lefebvre, et al., 1991). Jensen (1986) defines commission error as the process of a 

pixel being assigned to a class to which it does not belong and error of ommission as a 

pixel not being included in its appropriate class. 

http:Fig.3.15
http:Fig.3.14


Figure 3.14. Area of open annual grassland on foothills within the study area. 
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Figure 3.15. Unsupervised Land Classification of the Study Region. Colors represent annual grassland, oak/annual grassland, 
mixed conifer forest, and irrigated agriculture. 
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Table 3.3. Assessment of accuracy of unsupervised classification of Landsat Thematic Mapper data. 

Unsuper. Ground Truth Classes Total Commission 

lypes Mixed 
Conifer 

Conifer 
Hardwood 

Hardwood 
Conifer 

Mixed 
Hardwood Oak 

Annual 
Herb. 

Perennial 
Herb. Agric. 

Error 

Mixed 
Conifer 7 6 4 0 0 0 0 0 17 0.5882 

Conifer 
Hardwood 1 0 1 0 2 1 0 0 5 1.0000 

Hardwood 
Conifer 4 2 1 0 1 0 0 0 8 0.8750 

Mixed 
Hardwood 0 0 3 1 5 0 0 0 9 0.8889 

Oak 0 1 1 0 2 1 0 0 5 0.6000 

Annual 
Herb. 0 0 0 0 2 19 0 0 21 0.0952 

Perennial 
Herb. 0 1 1 0 0 1 0 0 4 1.0000 

Agric. 0 0 0 0 0 0 2 1 3 0.6667 

Total 12 10 11 1 12 22 2 2 72 

Omission 
Error 0.4167 1.0000 0.9091 0.0000 0.8333 0.1364 1.0000 0.5000 0.5694 
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Supervised Classification 

When compared with the unsupervised method, the supervised classification 

approach didn't improve the accuracy with which annual types were delineated 

(Fig.3.16). Supervised classification of the annual type produced lower commission 

error (5.3%) but omission error was higher (18.2%) (Table 3.4). Apparently, training 

site signatures for the perennial category shifted some of the reflectance values 

previously clustered as annual herbaceous by the unsupervised procedure. 

Soils Layer 

The soil type map has a thematic consistency similar to the original USDA 

SCS map sheets. However, spatial accuracy of the finished map was lower due to 

difficulty in control point placement. Control point placement error was always near 

the 10% level suggested by the National Mapping Standards guidelines. Resampling 

these files to a base map once they had been concatenated improved accuracy. These 

data were used as representations of surface soil 

Topography Layers 

The topographic data were contained in four layers (elevation, slope, aspect 

zone 1, aspect zone 2). No accuracy assessment was done on this data. I assumed a 

10 percent error rate on this data since they were scanned from a low resolution 

product and sampled at a lower resolution than eventually used in this study. Further 

http:Fig.3.16
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these data were resampled (corrected) to our base map after translation providing 

higher spatial accuracy levels but lower thematic accuracy. 

Precipitation Layers 

The precipitation data consisted of two bi-value maps. One layer contained 

precipitation values from Medford and Ashland covering the fall time period. The 

other layer contained values from the same area but included fall through spring 

values. 



Figure 3.16. Supervised Land Classification of the Study Region. Colors represent annual grassland, oak/annual grassland, mixed 
conifer forest, and irrigated agriculture. 
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Table 3.4. Assessment of accuracy of the supervised classification of Landsat Thematic Mapper data. 

Super. Ground Truth Classes Total Commission 
Types 

Mixed Conifer Hardwood Mixed Annual Perennial Water ErrorConifer Hardwood Conifer Hardwood Oak Herb. Herb. 

Mixed
 
Conifer 5 1 0 0 0 0 0 7
1 0.2857 

Conifer 
Hardwood 3 6 3 0 2 

1 0 2 17 0.6471 

Hardwood
 
Conifer 2 2 3 0 0 0 0
 0 7 0.5714 

Mixed 
Hardwood 0 3 0 3 1 0 0 81 1.0000 

Oak 2 0 11 6 2 0 0 12 0.5000 

Annual 
Herb. 0 0 0 0 I 18 0 0 19 0.0526 

Perennial
 
Herb. 0 0 0 0 0 0
 2 0 2 0.0000 

Water 0 0 0 0 0 0 0 0 0 

Total 12 10 I1 12 22 2 2 721 

Omission 
Error 0.5833 0.4000 0.7273 1.0000 0.5000 0.1818 0.0000 1.0000 0.4444 
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Multiple Overlays and Species Models 

Test Species 

Berber Model 
kgDM/ha = 0.378 - 0.017(slope) + 0.113(zone2) 

Berber Orchardgrass establishment was very sparse on 7 study sites and it 

failed completely on 9. Consequently, the error rate of prediction was high. The 

multiple regression indicated that slope change (-) and southerly aspects (+) in zone 2 

(west) were significant in the establishment of Berber. Even with these factors 

predictive power was low (R2=0.038). In study sites where establishment took place 

the standing crop of Berber was underestimated in all cases (Table 3.5). The map 

produced by this analysis shows a similar trend (Fig.3.17). 

Palestine Orchardgrass Model 

kgDM/ha = -1.834 + 0.001(elevation) - 0.050(slope) + 0.036(clay) -0.083(prcp1) + 0.263(prcp2) 

Palestine Orchardgrass established much more consistently than Berber. Site 

factors selected as significant by the multiple regression included elevation (+), slope 

(-), clay content (+), period 1 precipitation (-), and period 2 precipitation (+). Error 

rates were high (R2=0.198) and produced large discrepancies in predicted standing crop 

of Palestine. The spatial model of these data does create a more discernable pattern of 

expected standing crop for this species (Fig.3.18). Underestimation of Palestine 

standing crop was observed in most cases. 

http:Fig.3.18
http:Fig.3.17


Table 3.5. Predicted and observed mean peak standing crop (kgDM/ha) values for test species. 

Berber Palestine Covar Total 
Orchardgrass Orchardgrass Sheep Fescue Test Species 

Rite Predicted Observed Predicted Observed Predicted Observed Predicted Observed 

1 0 69 17 351 200 227 31 177 

2 0 24 19 258 201 79 32 100 

3 0 3 8 219 106 291 20 139 

4 0 23 3 637 12 426 10 294 

5 0 0 13 0 164 757 27 206 

6 0 0 9 14 87 710 22 196 

7 0 0 17 0 161 159 30 43 

8 0 0 15 0 127 373 27 101 

9 0 19 16 209 98 106 26 93 

10 0 0 14 0 98 152 25 41 

11 0 0 6 0 69 140 21 38 

12 0 0 12 3 53 85 22 24 

13 0 49 11 219 87 72 22 92 

14 2 53 2 177 10 176 7 110 

15 2 1 7 0 3 0 7 T 

16 0 0 8 0 11 65 16 17 



Figure 3.17. Area of Potential Restoration Using "Berber" Orchardgrass. Colors represent bands of potential productivity. 
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Figure 3.18. Area of Potential Restoration Using "Palestine" Orchardgrass. Colors represent bands of potential productivity. 
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Sheep Fescue Model 

kgDM/ha = 0.803 -0.001(elevation) -0.012(slope) +0.041(clay) -0.044(prcp1) +0.158(prcp2) - 0.099(zonel) + 0.175(zone2) 

More accurate predictions were obtained for sheep fescue because of the lower 

error rate in the regression analysis (R2=0.413). Site factors which were selected as 

significant included elevation (-), clay content (+), period 1 precipitation (-), period 2 

precipitation (+), zone 1 aspects (-), and zone 2 aspects (+). The negative relationship 

between sheep fescue standing crop and elevation was surprising since the inverse was 

expected. Native sheep fescue is found at mid elevations throughout the valley. The 

expected distribution of the test cultivar of sheep fescue was similar. 

Predicted standing crop values were essentially the same as observed values. 

Sheep fescue standing crop map is indicative of the observed relationship between 

sheep fescue production and the landscape (Fig.3.19). 

The Resident Annual Species 

Total Annual Standing Crop Model 
kgDM/ha = 5.699 - 0.001(elevation) - 0.007(slope) + 0.017(prcp2) + 0.086(zonel) + 0.048(zone2) 

There have been numerous attempts at predicting standing crop of annual 

grassland types. These studies illustrate the highly variable nature of annual grasslands 

and the high degree of unpredictability of these systems. There are several sources for 

variation which includes the disturbance history and regime of each site. 

http:Fig.3.19


Figure 3.19. Area of Potential Restoration Using "Covar" Sheep Fescue. 
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Disturbance pattern influences seed bank species composition proximity of seed 

sources for these banks. The second major source of variation is microsite which is a 

composite of all physical and biological site factors which include climate variables. 

These microsite differences can produce many types of variations in seedbed and seed 

bank conditions. The other major source of variation is the annual growth form itself. 

Annual species possess the capacity to capitalize on sporadic resource availability to 

germinate, establish, grow, and produce offspring by exploiting limited spatial in 

meager temporal dimensions. The models produced by this study although appearing 

accurate in some cases were subject to the variability mentioned above. 

A Prediction equation was developed for total annual production. As expected 

elevation (-), period 2 precipitation (+), and increasing southerly slopes in zone 1 (+) 

were the most significant site factors for annuals as a group (Fig.3.20). The rate was 

lower for this group than for any other group or species tested (R2.5964). In most 

study sites predicted standing crop was similar to actual observed values (Table 3.6). 

Yellow Starthistle Model 

kgDM/ha = 0.968 - 0.001(elevation) - 0.061(slope) + 0.074(clay) + 0.003(prcpl) + 0.241(zonel) 

The yellow starthistle model is a good example of this variability. Although 

the error rate was moderate (R2=0.425) predicted values were inconsistent some 

observed values. The regression selected elevation (-), slope (-), clay content (+), 

period 1 precipitation (+), aspects in zone 1 (+), aspects in zone 2 (+), as the most 

http:Fig.3.20


Figure 3.20. Estimated Peak Standing Crop For Annual Dominated Rangelands in the Study Area. Colors represent bands of 
predicted productivity. 
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Table 3.6. Predicted and observed mean peak standing crop (kg/ha) values for principle annual species. 

Yellow Hedgehog Ripgut Total
 
Starthistle Medusahead Dogtail Brome Annuals
 

Site 
Predicted Observed Predicted Observed Predicted Observed Predicted Observed Predicted Observed 

1 1019 62 67 113 2 0 2 123 1209 1355 

2 1162 9 68 551 2 0 2 15 1212 1571 

3 74 310 45 242 7 80 1 0 964 1384 

4 2 288 14 112 1 53 10 16 941 1573 

5 114 323 64 75 3 T 7 0 1174 1225 

6 49 405 63 490 22 59 2 128 1166 1907 

7 553 623 63 184 3 42 2 0 1162 2422 

8 196 419 63 142 6 270 2 0 1166 1993 

9 154 49 47 25 6 18 1 0 987 1072 

10 72 64 40 101 6 178 1 0 985 1632 

11 24 141 40 97 5 15 2 0 984 1161 

12 22 46 44 233 33 234 1 0 936 1317 

13 68 174 43 128 9 50 1 0 936 1067 ` 

14 2 809 53 257 3 T 2 0 1042 1555 

15 1 0 32 367 2 0 2 0 844 1329 

16 7 0 8 T 5 0 2 0 613 606 
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important categories. Elevation effects can be observed on the landscape, yellow site 

descriptors for yellow starthistle standing crop. Starthistle is much less common on 

sites above 1200 meters in the Bear Creek Valley. The second set of factors can be 

grouped into site characteristics which include high clay content soils on south facing 

aspects. The spatial model of yellow starthistle appears somewhat conservative 

(Fig.3.21). 

Medusahead Rye Model 

kgDM/ha = 2.415 - 0.001(elevation) - 0.013(slope) + 0.028(clay) + 0.012(prcp2) + 0368(zonel) + 0.164(zone2) 

Prediction of medusahead standing crop didn't produce a high degree of 

accuracy. In many cases, standing crop of medusahead was underestimated. The error 

rate was high (R2=0.254) for the medusahead model. This is, however, consistent with 

the behavior of this species (Young 1992). Medusahead is a sporadic species which 

forms pockets of high production capitalizing on disturbance patterns such as those 

formed by burrowing activity of animals. Elevation (-), clay content (+), period 2 

precipitation (+), and aspects in zone 1 (+) were the most important site factors as 

determined in the Stepwise procedure in SAS (Fig.3.22). 

http:Fig.3.22
http:Fig.3.21


Figure 3.21. Estimated Peak Standing Crop For Yellow Starthistle in the Study Area. Colors represent bands of predicted 
productivity. 

Kilograms / Hectare 
> 3900 
3900 
3300 Yellow2700 
2100 Starthistle 
1500 Model900 
1 - 300 

)
i), 

tN 
1 km 

+	 Study Sites
 
Streams
 



Figure 3.22. Estimated Peak Standing Crop For Medusahead Rye in the Study Area. Colors represent bands of predicted 
productivity. 
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Hedgehog Dogtail Model 

kgDM/ha = -4.988 + 0.001(elevation) + 0.027(slope) + 0.093(clay) + 0.006(prcp1) - 0.348(zonel) 

Hedgehog dogtail is a locally common annual grass however like medusahead 

it is often patchy in occurrence. This species seems to be keyed to many site factors. 

Elevation (+), slope (+), clay content (+), period 1 precipitation (+), aspects in zone 1 

(-), and aspects in zone 2 (-) were all significant to the production of hedgehog 

dogtail. What is most apparent here is that dogtail production is correlated with more 

moderate sites. The harsher south aspects are not sites where dogtail can compete 

successfully with other more aggressive annual species. Error rate for prediction of 

hedgehog dogtail was rather high (R2=0.331) and as a result the spatial model 

underestimated the standing crop of this species (Fig.3.23). 

Ripgut Brome Model 

kgDMAla = 4.842 - 0.001(elevation) - 0.060(clay) - 0.021(prcp1) + 0.068(prcp2) - 0.068(zonel) 

Ripgut brome is a locally important annual species which was chosen because 

of it's aggressive nature and it's localized distribution in the Larson creek watershed. 

It is an uncommon species in the Walker creek watershed. The error rate for 

predicting standing crop for this species was one of the lowest of any species 

(R2=0.421). Elevation (-), clay content (-), period 1 precipitation (-), period 2 

precipitation (+), and aspects in zone 1 (-) were all significant in predicting standing 

crop of ripgut brome (Fig.3.24). 

http:Fig.3.24
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Figure 3.23. Estimated Peak Standing Crop For Hedgehog Dogtail in the Study Area. Colors represent bands of predicted 
productivity. 
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Figure 3.24. Estimated Peak Standing Crop For Ripgut Brome in the Study Area. Colors represent bands of predicted 
productivity. 
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The economics of these types of treatments in real world situations are 

questionable. Site accessibility, slope, and soil surface characteristics limit the seeding 

activities. Further, soil texture, aspect, elevation, soil temperature, soil moisture, 

precipitation, and resident annual composition determine the degree to which these 

seedings produce stands of perennial cover. 

Costs and legal constraints of herbicides also determine the degree to which the 

resident annuals effect the establishment and growth of any restoration effort. 
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Conclusions 

The integration of research data, statistical analysis, remote sensing, and 

geographic information systems provides many benefits to restoration efforts. Data 

regarding species interaction can be documented and quantified as well as spatially 

described. Plant production can be spatially documented. The accuracy with which 

plant responses are spatially modeled is contingent upon the quality of the original data 

and degree of response of the test species. 

Prediction of the occurrence and standing crop of annual species is very 

difficult since these species are often patchy in both abundance and spatial distribution. 

Additionally, the timing and duration of site disturbance also dictates the species found 

on site. Composition of annual systems is variable from year to year. Any models 

constructed to predict the behavior of these systems will need to consider the inherent 

variability. We do not clearly understand the sources of this variability. For example, 

we know that shallow soils favor annual grasses over yellow starthistle, and that high 

clay sites favor medusahead rye. We do not fully understand the mechanisms which 

enable certain species to exploit these environments. Further, we presently can not 

accurately model the interactions of elevation, aspect, and localized temperature 

patterns with species physiology and ecology. 

Plot data indicated strong relationships between the dependent variable and 

several independent variables. However, when compared with actual standing crop 

data, predicted values were prone to error. Standing crop for annuals was predicted 

with much more accuracy when all annual species were grouped into one category. 
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Total standing crop data for annuals was strong and the Stepwise technique indicated 

that approximately 60% of the variability in the data set was explained by independent 

factors listed in the model. 

Sheep fescue established well on most sites and as a result provided a 

regression model which was reasonably accurate in most cases. Sheep fescue seems to 

be a species (cultivar) which could be recommended for seeding in many areas of the 

valley particularly at lower elevations. Harsh southerly aspects with soils dominated 

by clays may be environments where sheep fescue could be expected to do well. 

Palestine orchardgrass established at many of the study sites and at a few sites 

produced standing crops which are significant. Most of these sites were upper 

elevation higher precipitation areas where robust perennials such as orchardgrass would 

be expected to do well. 

The combination of sheep fescue and Palestine orchardgrass should provide the 

manager with options at both low and mid elevation sites within the valley. 

Interaction of data within the GIS provides a significant source of error. This 

error is propagated throughout the data base since each layer of information is used in 

combination with at least one other layer. The accuracy of the original map files can 

not be determined in most cases. These unknown errors propagate and their effect is 

not predictable. 
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Appendix Figure 1. Plot Diagram for Site 1 on the Study Area in Southwestern 
Oregon. 
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Barbed Wire: April 3, 1991 Net Wire: October 28, 1991 
Vispore Plots Established: October 22, 1991 
Broadcast Treatment Over Row Plots: November 5, 1991 
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Appendix Figure 2. Plot Diagram for Site 2 on the Study Area in Southwestern 
Oregon. 
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Appendix Figure 3. Plot Diagram for Site 3 on the Study Area in Southwestern 
Oregon. 

Block 

Tr 
opal .0-3mis 

C 
2 

B 
2 

A 
2 3 

Vispore Plots 

1 Control Berber Palestine Sheep 
Fescue 

up 
slope 

yrl 

yr2 

t 
Broadcast Plots 

A - niml / seeded / r.13.4 

2 Berber Sheep 
Fescue 

Control Palestine C : ...."."" 
1 - MM. Ordriper 
2 - KW. Orebordenrar 
3 Cow, Sloop Yeem 

T 
3 Palestine Berber Sheep 

Fescue 
Control 4.5 

m 
yrl 

c 1 B A 
I yr2 

1 1 1TIC 3 3 I 3 

UTM Location: 
X= 520481 

Y= 4685475 

Elevation: 826 m 
Aspect: 180 degrees 
Slope: 10 % 

Soil Type: 29d Carney cobbly clay 
Date Seeded: November 11, 1990 
Herbicide Treatment: 

Type Date 
Glyphosate November 2, 1990
 

2 , 4 - D April 12, 1991
 
2 , 4 - D April 1, 1992
 
Hoelon March 22, 1992
 

Fenced: 
Barbed Wire: April 4, 1991 Net Wire: October 22, 1991 

Vispore Plots Established: May 23, 1991 

Year Two Seedlings Established: 
Broadcast Treatment Over Row Plots: November 5, 1991 
Site History (disturbance, etc.): 



138 

Appendix Figure 4. Plot Diagram for Site 4 on the Study Area in Southwestern 
Oregon. 
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Appendix Figure 5. Plot Diagram for Site 5 on the Study Area in Southwestern 
Oregon. 
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Appendix Figure 6. Plot Diagram for Site 6 on the Study Area in Southwestern 
Oregon. 
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Appendix Figure 7. Plot Diagram for Site 7 on the Study Area in Southwestern 
Oregon. 
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Appendix Figure 8. Plot Diagram for Site 8 on the Study Area in Southwestern 
Oregon. 
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Appendix Figure 9. Plot Diagram for Site 9 on the Study Area in Southwestern 
Oregon. 
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Palestine Sheep Control	 Berber
3 Fescue 

C 
2 2 2 1 1 1 

A B	 CIBIA 

UTM Location:
 
X= 533147
 

Y= 4674512
 

Elevation: 799 m
 

Aspect: 350 degrees
 
Slope: 10 %
 

Soil Type: 28d Carney cobbly clay
 
Date Seeded: November 11, 1990
 

9 
Vispore Plots 

yrl 
up 

slope 

yr2 

t 
Broadcast Plots 

A - raked / ....11 odd
3 - neer / ...Ic ....... 
i - Md. Or.... 
2 Palmate Ord./. 
1 Cr. Shod taws. 

T 

3 

2 3 

4 5 yrl 3 2 1 

i
m

yr2 1 

Herbicide Treatment: 
Type 

Glyphosate 
2 , 4 - D 

2 , 4 - D 

Hoelon 

Fenced: 

Date 
October 27, 1990 

April 12, 1991 
April 2, 1992 

March 23, 1992 

Barbed Wire: May 15, 1991 Net Wire: October 25, 1991 
Vispore Plots Established: May 25, 1991 

Year Two Seedlings Established: 
Broadcast Treatment Over Row Plots: November 1, 1991 
Site History (disturbance, etc.): 
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Appendix Figure 10. Plot Diagram for Site 10 on the Study Area in Southwestern 
Oregon. 

AIBIC CIBIA Vispore Plots
I I 1 .44-3m-o- 3 3 .1 3 

Block 1 0 
1 Berber Palestine Control Sheep up

Fescue slope 

No 

t Vispore 
Broadcast Plots 

A - Mutt / esobil / nite4 Plots 
2 Sheep Control Palestine Berber IC : ' """ 

Fescue 
t - Mr Orthutignvos 

I
2  ?dot 1 air 
1 - Omer Shoop heat 

Palestine Sheep Berber Control 4 5
3 Fescue m 

1. 1A 'B IC 
1 %Den I2 2 2 

UTM Location: 
X= 533247 

Y= 4674338 

Elevation: 801 m 
Aspect: 260 degrees 
Slope: 40 % 

Soil Type: 28d Carney cobbly clay 
Date Seeded: November 8, 1990 
Herbicide Treatment: 

Type Date 
Glyphosate October 27, 1990
 

2 , 4 - D April 12, 1991
 
2 , 4 - D April 2, 1992
 
Hoelon March 23, 1992
 

Fenced: 
Barbed Wire: May 20, 1991 Net Wire: 

Vispore Plots Established: 

Year Two Seedlings Established: 
Broadcast Treatment Over Row Plots: November 1, 1991 

Site History (disturbance, etc.): 
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Appendix Figure 11. Plot Diagram for Site 11 on the Study Area in Southwestern 
Oregon. 
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I 
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2 Control Palestine Berber Sheep : : ".4.4:=10,, 

Fescue 
I . 

-
Nem OrdIrIgross 
Madre OrebInlgra.
Cow, 534, neer3 -

1 

3 
Palestine Berber Sheep 

Fescue 
Control 

T 
4.5 
m 

yrl 2 

1
I II 
yr2 1

A B C 
I l l I _Pell 

UTM Location: 
X= 533272 

Y= 4674325 

Elevation: 802 m 
Aspect: 190 degrees 
Slope: 55 % 

Soil Type: 28d Carney cobbly clay 
Date Seeded: November 9, 1990 
Herbicide Treatment: 

Type Date 
Glyphosate October 27, 1990 

2 , 4 - D April 12, 1991 
2 , 4 - D April 2, 1992 

Hoelon March 23, 1992 
Fenced: 

Barbed Wire: May 20, 1991 Net Wire: October 30, 1991 
Vispore Plots Established: May 25, 1991 

Year Two Seedlings Established: 
Broadcast Treatment Over Row Plots: November 1, 1991 

Site History (disturbance, etc.): 
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Appendix Figure 12. Plot Diagram for Site 12 on the Study Area in Southwestern 
Oregon. 

B A Visporere ots°en .4-3m-10.- 3C I 3 I 3
 
Block
 

P 

12 
I Berber Sheep Palestine Control up

Fescue slope 

I No 

Broadcast Plots Vispore
A - 313.4 / 33.4.4 /Mud 

Sheep Control Palestine Berber IC : w "'d"2 PlotsFescue 
I - s..«. ord.......
 
2 MenAle Orebordwo. 
3 - Cow Alm, room 

T 
Palestine Berber Control Sheep 4.5 

3 Fescue m 

I
AIBl IC Cl2BIAi 2121 J2 

UTM Location:
 
X= 533774
 

Y= 4675088
 

Elevation: 853 m
 
Aspect: 280 degrees
 
Slope: 5 %
 

Soil Type: 27d Carney clay
 
Date Seeded: November 10, 1990
 
Herbicide Treatment:
 

Type Date 
Glyphosate October 26, 1990
 

2 , 4 - D April 12, 1991
 
2 , 4 - D April 2, 1991
 
Hoelon March 23, 1992
 

Fenced:
 
Barbed Wire: May 21, 1991 Net Wire:
 

Vispore Plots Established:
 

Year Two Seedlings Established:
 
Broadcast Treatment Over Row Plots: November 1, 1991
 

Site History (disturbance, etc.):
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Appendix Figure 13. Plot Diagram for Site 13 on the Study Area in Southwestern 
Oregon. 

c B A
.1_,[22.1	 Vispore Plots

3 3 3(4F-3M
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Fescue 
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tBerber 
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Control2 Berber Palestine	 Sheep : : "h"....;"""
 
Fescue
 

1  WA. Ordaign. 
2 - 1.... 0.2..... 
3 C.. 34. nom 

Sheep 
TFescue 

PalestineBerber Palestine Sheep Control 4 53 

t 
Fescue m 

Sheep 
Fescue 

A1 I B1 I C1	 Berber 
2C i 2.8 1 2A 

UTM Location: 
X= 533911 

Y= 4675087 

Elevation: 860 m 
Aspect: 280 degrees 
Slope: 20 % 

Soil Type: 28e Carney cobbly clay 
Date Seeded: November 10, 1990 
Herbicide Treatment: 

Type Date
 
Glyphosate October 26, 1990
 
2, 4 - D April 12, 1991
 
2 , 4 - D April 2, 1992
 
Hoelon March 23, 1992
 

Fenced: 
Barbed Wire: May 26, 1991 Net Wire: October 29, 1991 

Vispore Plots Established: April 5 1992 

Year Two Seedlings Established: 
Broadcast Treatment Over Row Plots: November 1, 1991 
Site History (disturbance, etc.): 
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Appendix Figure 14. Plot Diagram for Site 14 on the Study Area in Southwestern 
Oregon. 

--,..--,..... 
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1 
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Block 14 
1 Palestine Sheep Control Berber up
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Control Palestine Berber Sheep C . "k"" ..a"2 PlotsFescue 
1 IlArbor OninnAgrees 
2 - 2.1.11. Ombordenss 
I Omer nem reftm. 

T 
Sheep Berber Control Palatine 4.5 

3 mFescue 

1 
A [BIC C BI 
3 3 3 2 2 2 

UTM Location:
 
X= 535381
 

Y= 4676412
 

Elevation: 1030 m
 

Aspect: 190 degrees
 
Slope: 7 %
 

Soil Type: 28d Carney cobbly clay
 
Date Seeded: November 10, 1990
 
Herbicide Treatment:
 

Type Date 
Glyphosate October 26, 1990
 

2 , 4 - D April 12, 1991
 
2 , 4 - D April 2, 1992
 
Hoelon March 23, 1992
 

Fenced:
 
Barbed Wire: not fenced Net Wire:
 

Vispore Plots Established:
 

Year Two Seedlings Established:
 
Broadcast Treatment Over Row Plots: November 4, 1991
 
Site History (disturbance, etc.):
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Appendix Figure 15. Plot Diagram for Site 15 on the Study Area in Southwestern 
Oregon. 
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T
 
Palestine Berber Control Sheep 4 -55 yrl 13 

Fescue m 

yr2 
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, CIB1Aopen j 
1 1 1 

UTM Location: 
X= 538706 

Y= 4675300 

Elevation: 1342 m 
Aspect: 160 degrees 
Slope: 10 % 

Soil Type: 20e Bybee - Tatouche 
Date Seeded: November 3, 1990 
Herbicide Treatment: 

Type Date 
Glyphosate October 26, 1990 

2 , 4 - D April 12, 1991 
2 , 4 - D April 2, 1992 
Hoelon March 23, 1992 

Fenced: 
Barbed Wire: May 26, 1991 Net Wire: October 31, 1991 

Vispore Plots Established: June 1, 1991 

Year Two Seedlings Established: 
Broadcast Treatment Over Row Plots: November 4, 1991 
Site History (disturbance, etc.): 
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Appendix Figure 16. Plot Diagram for Site 16 on the Study Area in Southwestern 
Oregon. 

AB C -rv--
Vispore Plots3 3 3 -4-3m-o- Val 
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1 Sheep Palestine Control Berber upFescue slope 
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Fescue 

1 Defter Otehrdersse 
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UTM Location: 
X= 538669 

Y= 4675200 

Elevation: 1335 m 
Aspect: 320 degrees 
Slope: 3 % 

Soil Type: 

Date Seeded: November 4, 1990 
Herbicide Treatment: 

Type Date 
Glyphosate October 26, 1990 

2 , 4 - D April 12, 1991 
2 , 4 - D April 2, 1992 
Hoelon March 23, 1992 

Fenced: 

Barbed Wire: May 26, 1991 Net Wire: 
Vispore Plots Established: 

Year Two Seedlings Established: 
Broadcast Treatment Over Row Plots: November 5, 1991 
Site History (disturbance, etc.): 



Appendix Table 1. Characteristics of Ground Truth Point. 

Site UTM Coordinates Elevation Slope Aspect Aspect Soil Clay 
Xcoord. Ycoord. (meters) (%) Zonel Zone2 Series Content 

1 517543 4688518 965 48 - 6 McMullin - rock outcrop 17 

2 519437 4688956 680 0 1 - McMullin - rock outcrop 17 

3 517174 4687320 652 13 - 6 Coker clay 60 

4 518137 4686190 648 18 - 4 Carney clay 53 

5 521168 4689650 674 0 - 3 Mcnull loam 23 

6 522151 4689747 878 0 - 3 McMullin Mcnull 17 

7 522524 4688345 940 0 - 5 Mcmullin - rock outcrop 17 

8 520815 4686378 846 6 - 2 Carney cobbly clay 53 

9 518972 4685604 662 0 - 4 Carney cobbly clay 53 

10 518066 4684808 588 15 - 2 Carney clay 53 

11 519941 4684894 731 0 - 2 Carney clay 53 

12 518295 4683158 623 13 - 3 Carney clay 53 

13 521755 4682487 1103 10 - 6 McMullin - rock outcrop 17 

14 521279 4681919 943 19 - 6 Carney clay 53 

15 522145 4681196 967 28 - 3 Heppsie clay 47 



Appendix Table 1. Continued. 

Site UTM Coordinates Elevation Slope Aspect Aspect Soil Clay 
Xcoord. Ycoord. (meters) (%) Zonel Zone2 Series Content 

16 519572 4680640 743 55 - 5 Heppsie clay 47 

17 519430 4680060 609 14 - 5 Darow silty clay loam 33 

18 522277 4680162 854 17 - 4 Brader - Debenger 17 

19 521322 4678553 671 0 2 - Heppsie clay 47 

20 523850 4680953 1049 26 - 5 Carney cobbly clay 53 

21 525921 4679426 1217 15 - 3 McMullin - rock outcrop 17 

22 523848 4678576 734 0 - 4 Heppsie clay 47 

23 525377 4678226 1048 26 - 4 Heppsie clay 47 

24 523489 4677237 665 4 5 Brader - Debenger 17 

25 523289 4675797 603 3 - 5 Coker clay 60 

26 524044 4675948 651 9 - 4 Cove clay 43 

27 526133 4676078 853 7 - 6 Carney clay 53 

28 525691 4674541 733 28 - 5 Carney cobbly clay 53 

29 528312 4674564 869 15 - 6 Carney clay 53 

30 528776 4672706 693 9 - 6 Carney clay 53 



Appendix Table 1. Continued. 

Site UTM Coordinates Elevation Slope Aspect Aspect Soil Clay 
Xcoord. Ycoord. (meters) (%) Zonel Zone2 Series Content 

31 530189 4672866 682 13 6 - Carney clay 53 

32 530886 4674678 938 39 - 6 Heppsie clay 47 

33 529808 4675497 943 0 - 4 Heppsie clay 47 

34 528626 4676471 1061 0 - 3 McMullin - Medco 17 

35 529052 4676817 1157 0 - 4 McMullin - McNull 17 

36 529865 4678317 1566 34 - 6 Woodseye - rock outcrop 13 

37 533425 4678340 1234 23 5 - Bybee - Tatouche 23 

38 532472 4678016 1321 0 6 - Bybee - Tatouche 23 

39 532647 4675858 971 27 4 - Medco - McMullin 33 

40 533289 4675430 856 8 5 - Medco - McMullin 33 

41 526930 4681542 1137 27 2 - Medco clay 33 

42 528327 4681224 1068 0 1 - McNull - Medco 23 

43 528007 4679488 1363 0 2 - Tatouche gravelly loam 23 

44 526415 4677472 985 20 5 - Carney cobbly clay 53 

45 530111 4680878 1312 44 - 1 Woodseye - rock outcrop 13 



Appendix Table 12. Continued. 

Site UTM Coordinates Elevation Slope Aspect Aspect Soil Clay 
Xcoord. Ycoord. (meters) (%) Zonel Zone2 Series Content 

46 529501 4680251 1192 0 2 - Bybee - Tatouche 23 

47 531866 4680578 1444 29 - 1 Farva 16 17 

48 532748 4679815 1556 0 2 - Tatouche gravelly loam 23 

49 533742 4679472 1407 0 3 - Bybee - Tatouche 23 

50 532357 4673406 792 2 5 - Carney clay 53 

51 532607 4672916 738 19 - 2 Carney clay 53 

52 533712 4674448 848 7 - 3 Heppsie clay 47 

53 535347 4680507 1401 0 - Sibannac silt loam 23 

54 537960 4681433 1505 0 - 2 Bybee - Tatouche 23 

55 539237 4680123 1551 0 1 - Pinehurst loam 13 

56 537429 4679633 1545 0 - 6 Bybee - Tatouche 23 

57 535543 4679121 1351 0 - 5 Bybee - Tatouche 23 

58 536158 4677738 875 14 3 2 McMullin gravelly loam 33 

59 538638 4677048 1290 17 - 5 Carney cobbly clay 53 

60 537448 4676863 1169 0 - 5 McNull gravelly loam 23 



Appendix Table 1. Continued. 

Site UTM Coordinates Elevation Slope Aspect Aspect Soil Clay 
Xcoord. Ycoord. (meters) (%) Zonel Zone2 Series Content 

61 539981 4676210 1514 0 - 5 Bybee - Tatouche 23 

62 536109 4676239 1045 0 - 5 Medco - Mc Null 33 

63 540595 4675096 1524 0 - 3 Farva very cobbly loam 17 

64 539592 4673129 1382 0 - 4 Bybee - Tatouche 23 

65 538072 4675105 1401 8 - 6 Bybee - Tatouche 23 

66 540406 4673061 1611 48 - 3 Farva very cobbly loam 17 

67 536941 4673833 1150 0 - 5 Mc Null - McMullin 23 

68 535077 4673366 1092 0 - 2 Medco - Mc Null 33 

69 534375 4671409 985 23 1 - Heppsie clay 47 

70 536485 4671585 1284 8 3 - Bybee - Tatouche 23 

71 537480 4671356 1255 0 - 2 Bybee - Tatouche 23 

72 539083 4671638 1414 0 - 2 Bybee - Tatouche 23 

73 538902 4671039 1501 25 - 3 Farva very cobbly loam 17 



Appendix Table 2. Characteristics of Supervised and Unsupervised Ground Truth Points with Predicted Total Annual Standing 
Crop. 

Site UTM Coordinates Super. Unsuper. Actual Total 
Xcoord. Ycoord. Class. Class. Annuals 

1 517543 4688518 6 6 6 853 

2 519437 4688956 4 7 3 1169 

3 517174 4687320 6 7 6 1123 

4 518137 4686190 6 6 6 1127 

5 521168 4689650 5 4 5 1102 

6 522151 4689747 1 1 3 921 

7 522524 4688345 2 5 2 872 

8 520815 4686378 4 2 3 947 

9 518972 4685604 5 4 4 1113 

10 518066 4684808 6 6 6 1188 

11 519941 4684894 2 4 3 1048 

12 518295 4683158 5 2 6 1152 

13 521755 4682487 4 6 6 755 

14 521279 4681919 6 6 6 870 

15 522145 4681196 6 6 6 851 



Appendix Table 2. Continued. 

Site UTM Coordinates Super. Unsuper. Actual Total 
Xcoord. Ycoord. Class. Class. Annuals 

16 519572 4680640 6 6 6 1037 

17 519430 4680060 2 6 6 1166 

18 522277 4680162 6 6 6 940 

19 521322 4678553 5 2 5 1105 

20 523850 4680953 6 6 6 792 

21 525921 4679426 6 6 6 683 

22 523848 4678576 5 4 5 1045 

23 525377 4678226 5 5 6 793 

24 523489 4677237 6 6 6 1110 

25 523289 4675797 masked 8 8 1173 

26 524044 4675948 masked 7 8 1124 

27 526133 4676078 6 6 6 941 

28 525691 4674541 6 6 6 1046 

29 528312 4674564 6 6 6 928 

30 528776 4672706 6 6 6 1083 



Appendix Table 2. Continued. 

Site UTM Coordinates Super. Unsuper. Actual Total 
Xcoord. Ycoord. Class. Class. Annuals 

31 530189 4672866 6 6 6 1609 

32 530886 4674678 6 6 6 873 

33 529808 4675497 2 4 3 870 

34 528626 4676471 4 4 5 784 

35 529052 4676817 2 1 2 720 

36 529865 4678317 5 2 1 503 

37 533425 4678340 3 1 3 928 

38 532472 4678016 3 3 1 624 

39 532647 4675858 omitted omitted omitted 1029 

40 533289 4675430 omitted omitted omitted 1295 

41 526930 4681542 4 3 5 834 

42 528327 4681224 1 1 1 831 

43 528007 4679488 2 3 2 641 

44 526415 4677472 4 2 5 1156 

45 530111 4680878 1 1 1 629 



Appendix Table 2. Continued. 

Site UTM Coordinates Super. Unsuper. Actual Total 
Xcoord. Ycoord. Class. Class. Annuals 

46 529501 4680251 2 1 1 745 

47 531866 4680578 3 1 2 560 

48 532748 4679815 2 3 1 577 

49 533742 4679472 1 1 1 701 

50 532357 4673406 6 6 6 993 

51 532607 4672916 2 5 5 1041 

52 533712 4674448 5 5 5 945 

53 535347 4680507 7 8 7 581 

54 537960 4681433 2 3 1 530 

55 539237 4680123 5 3 1 579 

56 537429 4679633 4 7 2 512 

57 535543 4679121 2 3 2 607 

58 536158 4677738 4 6 5 1122 

59 538638 4677048 3 1 1 641 

60 537448 4676863 3 3 3 713 



Appendix Table 2. Continued. 

Site UTM Coordinates Super. Unsuper. Actual Total 
Xcoord. Ycoord. Class. Class. Annuals 

61 539981 4676210 3 1 2 526 

62 536109 4676239 7 8 7 795 

63 540595 4675096 4 4 3 522 

64 539592 4673129 5 4 5 591 

65 538072 4675105 3 1 3 581 

66 540406 4673061 1 1 1 483 

67 536941 4673833 5 4 5 725 

68 535077 4673366 1 1 2 763 

69 534375 4671409 2 1 3 894 

70 536485 4671585 5 5 3 687 

71 537480 4671356 2 1 2 661 

72 539083 4671638 2 1 2 575 

73 538902 4671039 1 1 1 532 




