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ABSTRACT 

 

 

Paired watershed studies provide valuable scientific understanding of the effects 

of disturbance on aquatic resources. Recently, the Watersheds Research Cooperative 

(WRC) in western Oregon initiated three paired watershed studies in order to investigate 

the effects of contemporary timber management practices on aquatic ecosystems.  I use 

geographic information system (GIS) tools, combined with principal components and 

cluster analyses, to develop a landscape classification of forested headwater basins in 

order to support these paired watershed studies.  Spatial and statistical analyses were 

applied to landform, geologic texture, forest cover, and climate variables that describe the 

biophysical and climatic setting of forested headwater catchments (300 – 58,000 km
2
) in 

western Oregon.  Cluster analysis isolated 5 groups that account for major differences in 

environmental conditions across the landscape, but have a large ratio of among to within 

group dissimilarity.  The first and second principal component axes correlate most 

strongly to differences in slope and elevation, and the percent coniferous tree cover and 

past harvest, respectively.   

Ultimately, results from clustering and principal components analysis are 

combined to identify areas on the landscape that are best represented by WRC study sites.  

Results show that the WRC sites are environmentally similar to the majority of forested 

areas in western Oregon, with notable exceptions. These results provide a landscape 

context for interpreting and extrapolating the findings of paired watershed studies and are 

useful for prioritizing site locations for future paired watershed studies in the region.  

Partners including the Bureau of Land Management, Oregon Department of Forestry, and 

private landowners will use this information to better understand the broader implications 

of contemporary timber harvest techniques on watershed processes and aquatic biota.     
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INTRODUCTION 

 

 Paired watershed studies provide a major source of data on climate, streamflow, 

and biological communities and therefore offer opportunities to gain valuable scientific 

understanding of the effects of disturbance on aquatic resources (Jones and Post 2004).  

Recently, the Watershed Research Cooperative (WRC) in western Oregon initiated three 

paired watershed studies in order to investigate the effects of contemporary timber 

management practices on aquatic ecosystems (Figure 1).  WRC paired watershed studies 

specifically aim to determine the effects of forest management on the biophysical 

characteristics and habitat quality in headwater streams, as well as the influence of 

changes to these parameters on fish, amphibian, and aquatic invertebrate abundance and 

distribution (Skaugset et al. 2000).   

 

 
Figure 1. Location of WRC watershed study sites and basin divisions from USGS EDNA 

catchment data. 
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The negative impacts of forest management actives on stream ecosystems are well 

documented (Salo and Cundy 1987, Beschta et al. 1995).  The impacts from timber 

harvest include alteration of hydrologic flow, increased stream temperature, and 

decreased accumulation of large woody debris which is critical for aquatic biota habitat 

(Macdonald et al. 1991).  Forestry induced alteration of aquatic ecosystems has been 

linked to declines in the diversity and abundance of several fish species in the Pacific 

Northwest (Beschta et al. 1995 and Reeves et al 1993).  The magnitude of environmental 

effects is controlled in part by the extent and intensity of harvest, logging methods, and 

biophysical attributes within a watershed, such as geology, topography, and watershed 

size (Skaugset et al. 2000).  Although negative environmental effects of forestry have 

long been recognized, the majority of current knowledge comes from studies that 

observed historic timber management practices and the initial harvest of naturally grown 

forests (Macdonald et al 1991, Skaugset et al. 2000).   

Historic timber management practices required the construction of a road system 

and use of large machinery to harvest and transport logs (Skaugset et al. 2000). In 

contrast, contemporary timber management practices are currently applied to harvest-

regenerated young forests grown on land that will likely be managed intensively for the 

production of wood in perpetuity.  Timber harvest actives conducted during WRC studies 

will be carried out on an existing road system and use modern machinery intended to 

harvest uniform logs from middle-aged forest (Skaugset et al. 2000).  Results produced 

by WRC studies will ultimately fill a critical gap in our understanding of the 

environmental impacts of forestry on aquatic systems and will strengthen the body of 

information available to influence policy formation.   

The application of knowledge gained from paired watershed studies to 

management decisions that affect large geographic regions is hindered by many 

uncertainties (Skaugset et al. 2000).  First, few formal measures exists to assess how 

representative test sites are compared to the region for which management actions are 

implemented. Many study sites are chosen based on historical work, convenience, or 

landowner willingness, rather than a robust sampling design that would facilitate 

extension of the scope of inference (Gresswell et al. 2004).  In addition, data and 

information collected within a number of different study sites often needs to be 
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synthesized into a broad and coherent picture of environmental response prior to policy 

formation (Winter 2001).  Thus, it is critical to develop a landscape context in order to 

examine and apply data from paired watershed studies in a broader context (Johnson and 

Gage 1997, Gresswell et al. 2004).  Metric measures of landform, geology, and climate 

can be used to construct a landscape context.  However, a landscape context is best 

developed using multivariate statistics and Geographical Information Systems (GIS) data 

(Johnson and Gage 1997, Winter 2001, Wardrop et al. 2005). 

I use a gradient analysis and a classification of forested basins in western Oregon 

in order to set the landscape context for WRC studies.  This landscape context serves to 

reduce uncertainty associated with comparing and extrapolating results produced by 

WRC paired watershed studies. I identify watersheds in the region that are most 

comparable the WRC experimental sites.  These watersheds are areas to which results 

from WRC sites may be extrapolated with the greatest confidence.  The landscape 

context and associated GIS tools produced by this study are also helpful for identifying 

areas that are most dissimilar from current study sites.  This information is useful for 

interpreting results from current WRC paired watershed studies and prioritizing the 

locations of future study basins in the region. 

 

Setting the Landscape Context 

 

Gradient analysis is based on the assumption that species, or similar end-points 

such as water quality variables, respond to changes along an environmental gradient.  

Indirect gradient analysis techniques, such as principal components analysis, are used to 

infer patterns of variations within a data set (Johnson and Gage 1997).   Townsend and 

others (1997), used principal components analysis of landscape scale datasets to identify 

invertebrate community types that were related to land use within watersheds in New 

Zealand.  Gradient analysis has also been used to identify relationships between land 

cover, elevation, and landscape structure with stream water chemistry within many 

regions (Johnson et al. 1997, Schilling and Spooner 2006) 

Complementary to gradient analysis, landscape classifications group tracts of land 

based on similar physiographic, biological, and chemical attributes that may affect the 

target of interest (Pyne et al. 2007).  Classification systems are useful for predicting 
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ecological risk, biotic communities, and potential response to management practices 

(Johnson and Gage 1997).  Several systems that classify landscapes in order to group 

terrestrial species and environments have been created by combining topography, 

climate, geology, vegetation, and land use data (Omernik 1987). 

Recently, efforts have been made at many scales to classify watersheds based on a 

variety of metrics associated with aquatic systems (Wolock et al. 2004).  Watershed 

classifications throughout the eastern Unites States have predominately focused on water 

quality impacts from human land use activities.  For example, Wardrop and others 

(2005), used landscape and land use parameters to classify watersheds in the mid-Atlantic 

region in order to predict the health of stream resources.  Landscape classifications 

initiated within the western United States have focused on grouping watersheds in order 

to prioritize and monitor large-scale habitat restoration for aquatic wildlife (Kelly and Jett 

2006, Pyne et al. 2007).  In addition to classifications aimed specifically at hydrologic 

processes, more general regional frameworks, such as ecoregions (Omernik 1987, U.S. 

Environmental Protection Agency 2002), have been used to throughout the United States 

to establish reference sites and set stream recovery criteria (Johnson and Gage 1997, 

Wolock et al. 2004). 

 The gradient analysis and landscape classification developed by this study aims to 

group drainage basins with respect to the structure and function of aquatic systems within 

catchments.  Scientists interested in the influence of landform on the flow of rivers have 

long recognized that drainage basins are a fundamental hydrologic unit for understanding 

surface waters systems (Chorley et al. 1964).  Landscape properties within a basin that 

contribute most directly to the structure and function of aquatic systems include climate, 

catchment and riparian land use, land cover patterns, slope and aspect, geology and 

hydrography (Johnson and Gage 1997).  Multiple studies have included a limited subset 

of these properties, such as climate, landform, and geology variables, to characterize and 

classify hydrologic units (Johnson et al. 1997, Wolock et al. 2004, Myers et al. 2005, 

Wardrop et al. 2005).  However, none of these studies has used small (300 – 58,000 km
2
) 

catchments or been constrained to a single land cover type. 
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Landscape Controls on Aquatic Function 

 

 Dominant landform variables that influence water flow include slope and altitude 

(Wardrop et al. 2005).  Surface water will flow over landscape surfaces that have steeper 

slopes faster than it will flow over flatter slopes, and higher slopes often represent greater 

risk for adverse environmental impact associated with human disturbance (Winter 2001, 

Wardrop et al. 2005).  In addition, assuming that the water table reflects the configuration 

of the land surface, the water table will be closer to the surface in the lowland than in the 

upland. Geologic materials also affect water flow within basins because the quantity and 

rate of runoff versuss infiltration depends on the permeability and resistance of 

underlying rock (Winter 2001).  The degree of human dominated land cover within a 

basin determines vegetation cover, and increases in impervious surfaces affect aquatic 

function by decreasing groundwater infiltration. Even relatively pristine watersheds may 

be impacted by historic logging roads, which can lead to altered storm flows within a 

basin (Storck et al. 1998).  

Ultimately, climatic conditions overlay landform, landcover, and geologic 

properties to drive aquatic structure and function within watersheds.  Precipitation and 

evapotranspiration affect the distribution, timing, and magnitude of aboveground runoff 

and ground water recharge within a basin (Winter 2001).  Solar radiation is critical in 

controlling stream temperature (Beschta 1997) and contributes to evaporative demand 

(Bartholow 2000).  Throughout the Pacific Northwest, rain on snow events are 

particularly important contributors to increased flood peaks (Storck et al 1998). 

 

Objectives 

 

I use a subset of variables that are dominant controllers of aquatic structure and 

function to develop a gradient analysis and classification of forested basins in western 

Oregon.  Spatial and statistical analyses are applied to landform, geologic texture, forest 

cover, and climatic variables that describe the aquatic structure and function in forested 

catchments.  Although the variables included in this analysis represent a limited subset of 

the factors that control stream response within a watershed, they enable broad scale 

mapping of aquatic function within small basins across western Oregon.  The extent of 
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this study is comparable to other watershed classifications currently being produced in 

the region (Chris Jordan, pers. comm.), but much smaller catchments are used for this 

analysis. Thus, this analysis not only sets the context for WRC paired watershed studies, 

it helps incorporate the hierarchical scaling inherent in stream systems into the suite of 

tools used for management of the region’s aquatic resources. 

 

METHODS 

 

Study Area 

 

Western Oregon 

 

 The state of Oregon is located in the northwest corner of the United States of 

America.  All forested areas in the western portion of the state are included in this 

analysis.  The western portion of the state has a maritime climate and receives an 

abundance of precipitation three seasons of the year (Thorson et al. 2003).  Due to two 

significant orographic rises, the Coastal Mountains and the Cascade Mountains, 

precipitation generally decreases from the west to the east across the state.  Four broad 

geographic regions encompass the study area: 1) the Coastal Range 2) the Willamette 

Valley 3) the Cascade Mountains and 4) the Klamath Region.   

 The Coastal Range consists of low mountains covered by highly productive, rain-

drenched evergreen forests.  The vegetation was historically dominated by Sitka spruce 

forest, and is accompanied by mosaic of western red cedar (Thuja plicata), western 

hemlock (Tsuga heterophylla), and Douglas fir (Pseudotsuga menziesii).  Today, 

Douglas-fir plantations are wide spread on the intensively managed landscape.  The 

geology of the Coast Range consist of volcanic rocks intermixed with massive beds of 

sandstone (Thorson et al. 2003). 

 The Willamette Valley contains terraces and floodplains of the Willamette River 

system and adjacent foothills.  Elevation and relief are lower in the Willamette Valley, 

compared to all other regions included in the study.  The majority of the valley is used for 

industry, cropland, and commerce (Thorson et al. 2003), therefore few forested areas 

remain in the valley.  The majority of forested areas that remain are located along the 
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foothills that rim the valley.  These foothills are dominated by white oak (Quercus alba) 

and Douglas fir forest (Thorson et al. 2003). 

 The Cascade Mountains are underlain by Cenozoic volcanic rocks and have been 

affected by alpine glaciations (Thorson et al. 2003).  With elevations up to 3423 m, the 

Cascades have the highest regions within the study area.  The eastern boarder of the study 

area lies along the crest of the Cascade Mountains, which transect Oregon from north to 

south.  The western portion of the Cascades consists of numerous steep-sided stream 

valleys. Douglas fir, noble fir (Abies procera), and Pacific silver fir (Abies amabillis) 

dominate forests through the Cascade Mountains (Thorson et al. 2003).  

 The Klamath Region, located in the southern portion of western Oregon, 

encompasses highly dissected ridges and valleys in the Klamath and Siskiyou mountains.  

In contrast to the predominately volcanic rocks of the Cascade Mountains, a mix of 

granitic, sedimentary, metamorphic, and extrusive rocks underlies the Klamath 

Mountains.  The climate of the Klamath Mountains is characterized by a long summer 

drought and the vegetation is a mosaic of northern Californian and Pacific Northwestern 

conifers and hardwoods (Thorson et al. 2003). 

  

WRC Watershed Study Sites 

 

 The WRC is a collaborative organization that is dedicated to investigating the 

effects of contemporary forest practices on hydrology, water quality, fish, and other 

aquatic biota.  The WRC is lead by a team of scientists from several organizations that 

includes the U.S. Geological Survey’s (USGS) Forest and Range Ecosystem Science 

Center, the U.S. Forest Service’s Forest (USFS) Sciences Laboratory of the Pacific 

Northwest Forest and Range Experiment Station, Weyerhaeuser Company, and Oregon 

State University’s Department of Fish and Wildlife.  The WRC oversees three 

multidisciplinary watershed study sites that are geographically distributed throughout 

western Oregon: 1) Hinkle Creek in the southern Cascades 2) the Trask in the North 

Coast Range, and 3) the Alsea in the mid-Coast Range (Figure 1). 

 The Hinkle Creek paired watershed study has an area of 5,000 acres, evenly 

divided into the North and South Forks of Hinkle Creek.  Roseburg Forest Products has 

set the North Fork of Hinkle Creek aside for 10 years to act as a control basin for the 
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study.  The South Fork will serve as the treated watershed in the paired watershed study.  

The geology of the basin is basalt and the soils are typically deep and well drained with 

loamy textures.  The forest canopy is composed of Douglas fir with some western 

hemlock; the mean annual precipitation ranges from 1,400 mm to 1,900 mm at higher 

elevation (Skaugset et al. 2000).   

 The Alsea study site has an area of 1247 acres, divided between three basins 

(Moring and Lantz 1975). Sedimentary rocks underlie the site and gravely to clay loam 

soils are present throughout the basins (Corliss 1973).  Vegetation consist predominately 

of red alder (Alnus rubra) and Douglas fir. The Alsea complements the other WRC study 

sites by providing a 40-year record over a 50-year period from a historical paired 

watershed studies initiated in the 1970’s (www.watershedreserach.org). 

 The Trask watershed study is being conducted in the headwaters of the Trask 

River in northwestern Oregon.  Elevations in the basin range from 275 m to 1,100 m at 

the top of Trask Mountain. Mean annual precipitation ranges from 175 cm to 500 cm 

with the majority of precipitation falling in winter months.  The bedrock geology of the 

study area is a mix of igneous and sedimentary formations.  The Tillamook Burns and 

post fire salvage logging impacted much of the Trask study area.  Today, the overstory 

vegetation is predominantly second-growth Douglas fir and red alder (Alnus rubra) 

(Reiter 2007).   

   

Data Analysis 

 

 The overall approach for setting the landscape context for WRC paired watershed 

studies involved four steps:  

 

1) Obtain a set of watersheds that covers all forested areas in the western portion 

of Oregon.  In this study, the term “watershed” or “basin” denotes the drainage 

areas of tributary streams, headwater streams, and stream segments lying between 

two confluences. 

 

2) Determine metrics to quantify the landform, geologic, and climate 

characteristics that are dominant controllers of aquatic structure and function.  

Then average the metrics for each watershed. 
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3) Use cluster analysis to group watersheds according to their similarity in 

landform, geologic, and climate characteristics and use principle components 

analysis to compare WRC study sites to the larger region of western Oregon.  

 

 

4) Combine results from clustering and principal components analysis to identify 

areas that are best represented by WRC study sites and develop a GIS decision 

support tool in order to assist in prioritization of areas not well represented by the 

study sites. 

 

  ESRI’s ArcGIS 9.2 was used in the first two steps listed.  All GIS data were 

analyzed at 30 m resolution, with the exception of climate data, which was analyzed at 1 

km resolution. All analysis were conducted with GIS data projected into the Universal 

Transverse Mercator Zone 14 North. PC-ORD 5.0 statistical software (McCune and 

Medford 1999), as well as the R statistical freeware and contributed packages Ecodist, 

cluster, and tree were used for cluster analysis and principal components analysis (R 

Development Core Team 2007).   

 

Determination of Forested Basins in Western Oregon 

 

 GIS datasets that described the ownership and vegetation throughout the study 

region were acquired from the Bureau of Land Management (BLM).  The vegetation 

maps were a product of the Interagency Vegetation Mapping Program (IVMP).   The 

IVMP maps was derived using satellite imagery from the Landsat Thematic Mapper TM, 

Forest Inventory and Analysis (FIA) plot field data, and plot photo interpreted 

information.  The IVMP products obtained included a vegetation cover prediction map, 

as well as conifer and broadleaf cover prediction maps (IVMP Project Description 

Document).   

 A GIS map that described small (~ 2 square mile) basins throughout the study 

region was acquired from the USGS Earth Resources Observation Systems (EROS) Data 

Center. The catchment map was one of many layers made available by EROS for this 

study through their Elevation Derivatives for National Applications (EDNA) seamless 

dataset (Franken 2006).  Catchments that were not completely located within western 

Oregon (west of the Cascade divide and north of the 42
nd

 parallel) were removed from 

consideration. 
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 In order to isolate forested basins in western Oregon, the IVMP vegetation cover 

map was reclassified to forest and non-forested areas.  The percent of each catchment that 

was forested was calculated and basins that were greater than 90% forested were retained 

for analysis.  The 90% threshold was chosen because it produced the most accurate match 

to ancillary ownership information.  For example, the forested basins map produced by 

the 90% threshold most correctly distinguished between private industrial and private 

non-industrial forest land.  These steps resulted in a total population of 5528 basins which 

represent the potential management unit within western Oregon (Figure 2). 

Ü
0 5025 Kilometers

Oregon

 
Figure 2. Total population of small forested basins in western Oregon. 
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Landscape Metrics 

 

 Landscape and climatic characteristics for each basin was described using 

numerous GIS datasets.  Landform is described by average elevation, average percent 

slope, and average compound topographic index (CTI) within each basin.  CTI is the 

quantification of the position of a site in the local landscape and represents the steady 

state wetness of a site.  Landform variables were calculated from a filled digital elevation 

model (DEM), slope map, and CIT map, respectively. The data for all landform variables 

were acquired from the USGS EROS EDNA seamless dataset.   

 Land cover within basins is described by the average percent of coniferous cover 

within each basin and percent of each basin that has was harvested from 1972 to 2002.  

The percent coniferous cover was derived from IVMP data (described above).  The 

percent of each basin that was harvested was derived from the Western Oregon Stand 

Replacement Map developed at the USFS Pacific Northwest (PNW) Research Station 

(Cohen 2002).     

 Geologic texture is described by the percentage of each basin that contains 

Igneous, Metamorphic, and Sedimentary rocks.  Geology variables were obtained from a 

reclassified geologic map of Oregon (Walker and MacLeod 1991) by the Federal 

Ecosystem Management Assessment Team (FEMAT) at the USFS Pacific Northwest 

Research Station (Myers and Swanson, pers. comm.).   

 Climatic conditions are described by average mean annual precipitation within 

each basin.  Precipitation data was acquired from Daily Surface Weather and Climate 

Summaries (DAYMET).  DAYMET consist of daily weather parameters from 

meteorological observations collected over an 18 year period (1980-1997) extrapolated to 

a 1 km grid (Thornton et al. 1997).  

 

Cluster Analysis 

 

 Clustering consists of partitioning a collection of samples into groups based on 

observed similarities and differences (Legendre and Legendre 1998).  More specifically, 

cluster analysis refers to a hierarchical agglomerative algorithm for determining groups 

of samples within a multidimensional data set.  Cluster analysis is hierarchical because 

the method finds nested groups and agglomerative in that groups from bottom up by 
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fusion rather than division, according to the similarity of samples (McCune and Grace 

2002). 

  Cluster analysis is used to partition 5528 forested basins according to 7 

environmental conditions within each basin.  The Euclidean distance between 

standardized environmental variables was used to assess the dissimilarity of groups in the 

analysis.  Exploratory analysis showed that two sets of variables, percent slope and 

compound topographic convergence (CTI) and percent igneous and percent sedimentary, 

were redundant (r = 0.86 and 0.87, respectively) (Appendix A).  Therefore, percent slope 

and percent igneous were removed from the dataset prior to clustering.  Ward’s minimum 

variance joining was chosen as the method for joining groups.  This method preserves the 

ecological space and has a low propensity of chaining, and is compatible with Euclidean 

distances (McCune and Grace 2002). Clustering was performed using PC-ORD statistical 

software, version 5.0 (McCune and Medford 1999).   

 MRPP is a nonparametric procedure that was developed as a means of testing the 

hypothesis that samples within the same group are clumped in multivariate space (Mielke 

1991, Biondini et al. 1988).  MRPP provides a test statistic that is used for evaluating 

how likely it is that the difference between the average within group distance and 

expected distance is due to chance.  In addition, MRPP provides an agreement statistic 

(A) that describes within-group homogeneity, compared to a random expectation.  When 

all items in a group are identical, A = 1, and if heterogeneity within groups equals 

expectation by change, then A = 0 (McCune and Grace 2002).  MMRP, are conducted 

across a range of clustering levels in order to access which clustering level provides the 

most distinct groups. 

 Summary statistics are used to describe the average environmental conditions 

within groups and identify major differences among groups.  Geographic maps of the 

clustered groups complement summary statistics.  The maps also aid in the determination 

of an appropriate clustering level.   

 

Principal Components Analysis 

 

 Principal components analysis (PCA) is a method of ordination that seeks to 

reduce a multidimensional data set to a smaller number of synthetic variables, or 



                                                                        

                                                                                                                                            17 

principle components, which represent most to the information in the original data set 

(McCune and Grace 2002).   Principle components are derived from eigenvalues 

produced from a covariance or correlation matrix of the original data set.  Geometrically, 

the first principle component is specified by an axis passing through the greatest 

dimension of an ellipsoid formed by the scattering of objects in hyperspace (Legendre 

and Legendre 1998).  This first principal component explains the most variance in the 

data set.  Subsequent axes are fitted orthogonally to the residuals, and form a descending 

series, with each explaining less variance than the previous axis (McCune and Grace 

2002).    

 Principal components derived from a correlation matrix are used to investigate the 

relationships between six environmental variables and map WRC test sites in ordination 

space.  Initial data screening showed that geologic variables had strongly non-normal 

distributions and did not meet multi-normality and linearity assumptions of PCA.  

Therefore geology variables were not included in the PCA.  The percent of each basin 

that has been harvested was transformed using the arcsine square-root transformation in 

order to better approximate normality. 

 

WRC Test Site Extrapolation  

 

 Ultimately, in order to map areas where results from WRC test sites may be 

extrapolated to with the most confidence, results from clustering and principal 

components analysis were combined.  First, using all but the final principal component, 

clustered groups were mapped into principal component space.  Then a threshold for 

extrapolation was derived.  This threshold was based on the average Euclidean distance 

between a group centroid and all basins clustered to that group.  Finally, for each WRC 

test watershed, the Euclidean distance from the study site to all other basins was 

calculated.  The Euclidean distance on the first five principal components was used to 

calculate multivariate distance because this method approximates Mahalanobis distance, 

but removes ecological noise by disregarding the final principal component. 

The distance away from WRC test sites to all other basins was mapped in 

geographic space and the extrapolation threshold was applied.  This process produced 

maps which identify areas on the landscape that are most well represented by each test 



                                                                        

                                                                                                                                            18 

site.  Conversely, selecting for areas with the highest multivariate distance away each 

WRC test site produces maps that identify areas that are not well represented by any of 

the test sites.   

 

Prioritization Tool Development 

 

A GIS decision support tool was developed using Python scripting in order to 

assist in prioritization for future paired watershed study sites.  The tool is implemented in 

ArcGIS and automates the calculation of multivariate distance from a potential test basin 

to all other basins on the landscape.  This information allows a manager to easily map 

and calculate the area on the landscape that is well represented by the potential test site 

and the number of basins that fall within that area. The tool is demonstrated using a basin 

within a region not well represented by WRC test sites. 
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RESULTS 

 

Watershed Classification 

 

Clustering of the entire population of basins produced a dendrogram with a low 

percent chaining (0.05, Figure 3).  Six groups are present at 50% of the information 

remaining and 4 groups are present slightly above 50%.  Only two groups remain below 

25% of the information remaining level.  Many basins are joined into groups at small 

ecological distances and all basins are assigned to a group at 75% of the information 

remaining.  The low percent chaining and distribution of groups relative to ecological 

distance indicates that this analysis was able to cluster samples into well-defined groups. 

However, the dendrogram does not provide sufficient information about within group 

homogeneity compared to among group heterogeneity to assess the degree to which 

groups differ. 

 The effect size (A), produced from MRPP, increases as group number increases 

(Figure 4) and all group levels significantly clump together in multivariate space (p < 

0.001).  The magnitude of increasing effect size decreases above group level 4 and is 

minor above group level 6.  Although this sill indicates that retaining greater than 6 

groups would provide the most internally homogeneous groups, it is important to note the 

low effect size for all group levels (0.12 – 0.36). 

The MRPP results indicate that retaining between 4 and 6 groups will provide the 

most internally homogeneous groups for this data set.  In order to select one group for 

further analysis, cluster levels were mapped geographic space (Figure 5).  The cluster 

level with 5 groups provided the most spatially contiguous groups across the study 

landscape (Figure 6.d).  Thus, 5 groups were retained for further analysis.  
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Figure 3. Clustering dendrogram for 5528 forested basins.  Group level 5 is coded by 

color (1 = Red, 2 = Blue, 3 = Green, 4 = Yellow, 5 = Aqua).  Color coding also 

corresponds to geographic maps.  
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Figure 4. MRPP results for group levels 2-10.  All MRPP A values were significant (p< 

0.0001) 
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Figure 5. Clustered groups in geographic space. 
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Groups 1 is characterized by very high elevation, high percent igneous, and low 

percent slope averages (Table 1).  Compared to group 1, group 2 has slightly lower 

average elevation and slightly higher percent igneous.  Groups 3 and 4 have nearly 

identical average values for all geologic variables and precipitation.  The two groups 

differ with respect to elevation and percent harvest averages.  Group 3 has lower average 

elevation compared to group 4 and substantially higher mean percent harvest compared to 

all other groups.  With the exception of the average percent metamorphic, Group 5 has 

mid-range environmental condition compared to all other groups.  The average percent 

metamorphic for this group (94%) is much higher than the percent averaged for all other 

groups.  

 

Table 1. Average environmental composition of last 5 clustered groups 

Environmental Variable Group 1 Group 2 Group 3 Group 4 Group 5 

Average Precipitation (cm) 162.11 176.16 197.55 199.93 178.75 

Percent Harvest 10.40 15.40 13.90 48.60 12.60 

Average % Slope 9.43 18.19 21.17 15.68 19.86 

Average Elevation (m) 1264.88 831.12 500.33 368.15 618.30 

Percent Coniferous 76.85 73.27 68.18 55.19 59.26 

Average CTI 11.01 9.81 9.43 9.87 9.63 

Percent Igneous 67.00 83.70 22.90 21.40 4.40 

Percent Sedimentary 2.00 7.00 74.40 75.70 0.01 

Percent Metamorphic NA 0.01 1.40 0.01 94.10 

 

 

 A cluster analysis performed on the entire population of forested basins resulted 

in 5 groups which represent diverse environmental conditions.  At a high level of 

information remaining, the basins were joined with respect to geologic, elevation, 

precipitation, and harvest conditions.  Of these variables, geologic conditions appear to 

be the most influential in determining group membership.  Groups 1 and 2 have high 

igneous averages, groups 3 and 4 contain a high percent of sedimentary rocks, and group 

5 is strongly defined by basins with very high percents of metamorphic rocks.  The 

importance of geologic variables for influencing cluster analysis can be attributed to the 

type of geologic data used and the size of basins.  Because the basins are small relative to 

the size of geologic units, a majority of basins contain a high percent of one geologic 

class and very low percents of all other geologic types.  As a result, basin geology for any 
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one geology type closely resembles a binomial distribution that shows a large break 

between 0 and 100%.  Thus, in contrast to other variables that have normal distributions, 

the geologic variables allow basins to be more naturally classified and therefore drive 

clustering. 

MMRP offers the most explicit tests of among group differences included in this 

analysis.  The low MMRP effect size all cluster levels indicate that the groups do not 

differ substantially.  It is important to note that the statistical significance produced by the 

procedure is likely an artifact of a very large sample size (n = 5528).  Therefore, 

statistical significance for within-group agreement does not necessarily translate to 

ecological significance (McCune and Grace 2002).  The low effect sizes indicate that the 

ecological separation among groups is small relative to within group distances. 

Because the distances among groups are small relative to the distances within 

groups for all cluster levels, any one basin may not be representative of only its assigned 

group.  For example, a basin classified to group 3 maybe very similar to many basins 

classified to group 4.  Thus, cluster analysis alone provides an insufficient landscape 

context for extrapolating results produced by WRC paired watershed studies and 

selecting new paired watershed study sites. Given the lack of discrete differences in 

environmental conditions among basins across this landscape, a gradient analysis would 

provide a useful complement to clustering for quantifying how well test watersheds 

represent the entire management region.  

 

Gradient Analysis 

 

 PCA resulted in two principal components that summarize more variation that an 

original variable (eigenvalue > 1) (Table 2).  These first two principal components 

explain 65 % of the total variance in the data set and more than 98% of the total variation 

in the data set is explained within the first 5 principal components.  The largest decrease 

in variance explained occurs between the second and third principal and another large 

decrease in variance occurs before the fourth principal component (Figure 6).  These 

results indicate that the first two principle components are appropriate for investigating 

patterns among environmental variables.  
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Table 2. PCA loadings and correlations with environmental variables. 

 PC1 PC2 PC3 PC4 PC5 PC6 

Variance  0.36 0.29 0.16 0.09 0.08 0.02 

Cumulative Variance 0.36 0.65 0.81 0.88 0.98 1.00 

Eigenvalues 1.46 1.33 0.97 0.73 0.71 0.33 

Precipitation -0.28 0.01 0.91 -0.26 0.16 -0.01 

Slope -0.50 0.46 -0.19 -0.05 0.08 -0.70 

Elevation 0.45 0.33 -0.14 -0.69 0.44 0.03 

% Coniferous 0.34 0.47 0.22 0.67 0.42 0.01 

CTI 0.56 -0.35 0.20 0.02 -0.18 -0.70 

% Harvest -0.21 -0.58 -0.16 0.09 0.76 -0.11 

 

 

 

 
 

Figure 6. Scree plot for PCA 
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 Landform metrics, such as CTI and Slope, load most heavily on principal 

component 1, followed by Elevation (Table 2 and Figure 7).  The moderate amount of 

loading of elevation (0.45) on principal component 1 is the strongest association for 

elevation among all principal components (Table 2).  Principal component 2 is associated 

most strongly with the percent of harvest in a basin and the percent of coniferous trees in 

the basin (Table 2 and Figure 8).  Precipitation is the only variable that is strongly 

correlated with principal component 3 (Table 2 and Figure 9).   

 Geographic maps of the first two principal components show the spatial 

distribution of principal component scores across the landscape (Figure 10).  The first 

principal component displays a strong longitudinal gradient, with scores generally 

increasing from east to west.  The second principal component does not display a linear 

gradient across the study area, but spatially contiguous groups are present.  For example, 

a contiguous group of basins with low principal component two scores is located in the 

northwest corner of the state.   

 The basins which comprise each WRC study site have similar coordinates in 

principal component joint plots (Figure 11).  Although WRC study sites are distributed 

across a narrow range of environmental conditions compared to the entire range of 

principal component scores, a large number non-study basins are also located within this 

range.  The location of test sites in ordination space and the environmental correlations 

with principal components indicates basins with high elevation or high slopes are not 

well represent by the test sites. However, principal components 1 and 2 do not capture a 

large proportion of the total distance between many pairs of basins (Figure 12).  For these 

basins, principal components 1 and 2 do not accurately represent ecological distance.  

Therefore more than the first two principal components must be considered in order to 

more accurately identify areas which are best represented by WRC test sites.  
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Figure 7. PCA biplot shows the location of all forested basins (points) and environmental 

variable correlation vectors in ordination space defined by principal components 1 and 2.  

The relative length and direction of vectors corresponds to the magnitude and sign of 

correlations between environmental variables and components 1 and 2. 
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Figure 8. PCA biplot, principal components 1 vs 3.   
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Figure 9. PCA biplot, components 2 vs 3.  Correlation vectors show that Precipitation 

has a strong positive correlation with component 3 and has no correlation with 

component 2. 

 
Figure 10. Principal components 1 and 2 mapped in geographic space.  
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Figure 11. Locations of WRC study basins in PCA ordination space. 
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Figure 12. Shepard diagram for ecological distance captured in PC 1-2 vs PC 1-6.  Points 

located far from the 1 to 1 line represent of pairs of basins that have a substantially higher 

ecological dissimilarity when all principal components are included in the distance 

calculation, compared to their distance if only the first two components are included. 
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Study Site Extrapolation 

 

 Mean environmental distance between group centroids and all basins clustered to 

that group ranged between 2.51 and 3.02 (Table 3).  These mean group distances are 

approximately one-fourth the range of pair-wise distances for the total population of 

basins (0 to 12.2).  All WRC were assigned to group 3 by cluster analysis.  Therefore 

2.51 was used as the extrapolation threshold for all study basins. 

 

Group 
Mean 
Distance 

1 2.88 

2 2.69 

3 2.51 

4 2.38 

5 3.02 

Table 3. Mean environmental distance between group centroids and all basins clustered 

to that group (mean pair-wise distance within groups).   

 

 Control and treatment basins within the Trask and Hinkle Creek study sites are 

environmentally similar to other basins within their respective study site and therefore are 

representative of the same areas across the landscape (Figures 13 and 14).  In contrast, 

variability in environmental conditions exists among basins that comprise the Alsea test 

site (Figure 15).  In particular, the Flynn Creek basin has lower average slope and percent 

harvest compared to the other two Alsea study basins.  As a result of these lower 

averages, Flynn Creek has a high multivariate distance from many of the basins that are 

environmentally similar to the other Alsea study basins. 

 The three study sites are most representative of between 39.4 and 47.7% of the 

total area covered by forest in western Oregon (Figure 16 and Table 4).  The Alsea basins 

incorporate the most area and number of other basins within a distance threshold of 2.5.  

The majority of basins which share low environmental distance to the Alsea basins are 

located in the Coast Range or at mid-elevations in the Cascade Mountains.  Similar to the 

Alsea, the Trask study site is most representative of basins located at mid elevations in 

the Cascades and along the crest of the Coast Range.  The Hinkle Creek study site is most 

similar to basins located at mid to high elevations in the Cascades and portions of the 

eastern slopes of the Coast Range.   
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Figure 13. Environmental distance from the 3 basins that comprise the Trask study site. 

 

Figure 14. Environmental distance from the 2 basins that comprise the Hinkle Creek site. 
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Figure 15. Environmental distance from the 3 basins that comprise the Alsea study site. 

 

 
Figure 16. Basins (in grey) that are under extrapolation threshold for each WRC study 

site. 
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 Approximately two-thirds of the forested areas in western Oregon, 2796 basins, 

are within the extrapolation threshold from at least one WRC study site (Figure 17 and 

Table 4).  Approximately one-third of the forest areas in the study site have a multivariate 

distance greater than 2.5 from all study sites.  These areas, with high environmental 

dissimilarity compared to test sites, are concentrated in two contiguous groups on the 

landscape.  One group is located along the crest of the Cascades and expands toward the 

west at in the southern portion of the study area.  The second geographic concentration of 

basins with high dissimilarity compared to the test sites is located in the northwest corner 

of the state on the eastern slope of the Coast Range.  The areas with high environmental 

distance from all test basins are not well represented by WRC sites and therefore should 

be prioritized for future paired watershed studies. 

 
Figure 17. Areas within and outside confidence threshold from all WRC study basins. 

 

Table 4. Area and basins within confidence threshold from each WRC study site. 

 HA < 2.5 % Landscape # of Basins Cluster Group 

Trask 1915568 39.4 2117 3 

Hinkle 2120057 43.6 2385 3 

Alsea 2319306 47.7 2534 3 

All WRC Basins 3215564 66.2 2796 NA 
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Prioritization Tool Demonstration 

 

 A basin in the northwest corner of the state that has a high dissimilarity compared 

to WRC test sites was chosen to demonstrate the GIS prioritization tool (Figure 19.a and 

19.b).  The GIS tool allows a manager to quickly calculate and map the number of basins 

that are most similar to a potential test site and the area covered by those basins. The 

potential test basin was selected by clicking the region in ArcGIS and the tool calculated 

the multivariate distance from the potential test site to all other basins on the landscape 

(Figure 19.c).  The potential test site is shown to be most similar to basins located in the 

northwest corner of the study region and along the western portions of the Cascade 

Mountains.  Interestingly, many basins that have a high dissimilarity to the potential test 

site are located close to the basin in geographic space (Figure 18).  Ultimately, 

environmental dissimilarity maps may be combined with other information, such as 

ownership and recent land use history, in order to prioritize future paired study sites in 

the region.   
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Figure 18. Maps demonstrate GIS prioritization tool.  Tool allows a user to select 

potential test site (b.) and calculate the environmental distance from that basin to all other 

basins (c.).  Applying confidence threshold for the basin identifies basins that are most 

similar to the potential test site (d.).   
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DISCUSSION 

 

 The distance mapping approach outlined by this project provides a regional 

framework for analyzing the similarities and differences between an intensively 

monitored test site and the surrounding landscape.  The application of this regional 

framework resulted in a spatial inventory of the hydraulic setting for all small-forested 

basins in western Oregon.  This dataset and associated GIS tool are useful for multiple 

aquatic resource management applications.  For example, water resource managers may 

use this information to compare results from multiple test sites in order to better 

understand how aquatic systems vary with landscape characteristics.  The framework also 

facilitates the application of results from small test sites to policy and management 

decision that effect large geographic regions.   

 Results show that the WRC paired watershed study sites are representative of the 

majority of the total population of forested basins in western Oregon.  Two study sites, 

the Alsea and Trask, are most environmentally similar to forested basins located in the 

Coast Range.  The third WRC study site, Hinkle Creek, is most similar to basins located 

at mid-elevations in the Cascade Mountains.  These results provide managers confidence 

for applying best management practices developed from WRC study sites to the majority 

of forested areas in western Oregon.  However, it is also important to note that substantial 

areas on the landscape are not environmentally similar to the WRC study sites.  In 

addition, this regional framework should not yet be considered a comprehensive 

description the aquatic structure and function within basins. 

 In order to more completely describe the hydrologic setting of small basins, 

additional variables should be included in the framework.  Currently, variables included 

in the framework are most representative of large-scale biophysical phenomena, such as 

climate, geology, and topography.  Therefore, inclusion of data that incorporates more 

fine scale variability should be considered a priority for future work.  Including measures 

of stream gradient, sediment supply, and drainage network position might help 

incorporate finer scale variability that substantially influence aquatic systems (Higgins et 

al. 2005).    

 In addition to increasing the grain of spatial data, the inclusion of temporal data 

would improve the ability of the framework to identify unique hydrologic settings.  For 
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example, the timing of peak flows, as well as rain on snow events, contributes to the 

functional organization of stream communities in the Pacific Northwest (Storck et al. 

1998).  Metrics collected from stream flow frequency curves, which have recently been 

developed within the study region (Kelly and Jett 2006), could help incorporate a 

measure of temporal variability in stream flow conditions. 

 Geologic variables were the most problematic metric used in this analysis because 

they had strongly non-normal distributions and approximated categorical variables.  As a 

result, geologic variables were not included in the PCA or distance calculations.  This 

exclusion lowered the environmental distance from test sites to other basins on the 

landscape.  In particular, it should be noted that no test basin is located in an area with a 

high percentage of metamorphic rocks.  Although areas with a high percentage of 

metamorphic rocks cover only a small amount of the study area (Figure 6.d, Cluster 

Group 5), they likely represent a unique set of hydrologic conditions compared to basins 

that are under lied by igneous or sedimentary rocks.  For example, landslide deposits in 

serpentinitic terrain often support wetlands that have high concentrations of heavy metals 

and are strikingly different from the surrounding terrain (Leea et al. 2003).    

 Alternative ordinations and data sources should be explored in order to better 

incorporate geologic variables into the environmental distance calculation.   In contrast to 

PCA, principal coordinates analysis (PCoA) is an ecological distance-based ordination.  

Using Gower’s metric (Gower 1971, Podani 1999) to construct the dissimilarly matrix for 

PCoA would enable categorical variables to be included in the framework.  However, the 

large number of basins included in this analysis resulted in an exceptionally large dataset, 

which could not be processed by PCoA due to computing limitations.  Increasing the size 

of the basins included or limiting the study to only headwater catchments are two 

potential steps to reducing the size of the dataset.  In addition to alterative ordination 

techniques, the use of finer grained geologic data, such as Soil Survey Geographic 

(SSURGO) data, would likely result in a set of naturally continuous geologic variables 

for the study area.   

 Validation of the distance calculation framework present by this study should also 

be considered a second priority for future work.  Although numerous landscape 

classifications and regional frameworks have been developed in order to assist in natural 
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resource management (Omernik 1987, Hawkins et al 2000, Higgins et al. 2005), 

relatively few formal efforts have been made to assess the degree to which regional 

frameworks account for variability in aquatic ecosystems.  Hawkins and others (2000), 

summarized the degree to which ecoregions and catchment classifications could predict 

variation the composition of aquatic biota among sites and found that the amount of 

variation related to landscape features was not large.   Hydrologic-landscape regions 

(HLRs) have been assed by analyzing the variation explained in landscape and 

hydrologic data among sites.  Results showed HLRs could explain approximately 75% of 

the variance in landform, geologic texture, and climatic variables, but could only explain 

34 % of the variance in nitrogen transport efficiency (Wolock et al. 2004).   

 USGS gauging stations currently distributed across western Oregon are one 

potential source of validation data.  Variation in mean annual peak flow data from 

gauging stations could be used to quantify how environmental dissimilarity presented by 

this framework relates to hydrologic flow.  Ultimately, data collected during WRC paired 

watershed studies could be used to increase the capability of environmental distance 

calculations to predict variation in the response of aquatic systems within different basins 

to timber harvest. WRC data could potentially be applied within and among study sites, 

because the spatial inventory produced by this study was conducted on basins smaller 

than WRC study sites. 

 

Conclusion 

 

 This project provides aquatic resource managers a landscape context for 

comparing and extrapolating results from WRC paired watershed studies.   Results 

indicate that the WRC study basins are environmentally similar to the majority of 

forested basins in western Oregon.  These basins are areas where policy and management 

decisions based on results from the study sites may be applied with the highest 

confidence.  The project also provides a GIS decision support tool that aids in prioritizing 

future study sites.  This tool and supporting scripts also serve to increase efficiency in 

improving the current framework, which may be accomplished by incorporating 

additional fine scale-data.  Finally, the automation of environmental distance calculation 

provided by this tool allows this regional framework to quickly be applied to other study 

areas where geospatial data that describe hydrologic conditions are readily available.  



                                                                        

                                                                                                                                            39 

ACKNOWLEDGMENTS 

 

 The inspiration for and completion of this Masters Project could not have been 

possible without the support and guidance of several people: 

 I am indebted to my internship supervisor Dr. Christian Torgersen (USGS 

Cascadia Research Station, University of Washington) for offering me a position at the 

Cascadia Research Station and providing initial ideas and much needed guidance for the 

project.  I also thank him for sharing his excitement for landscape ecology, aquatic 

resources, and natural science with me, as well as for his dedication to the success of the 

project and all other facets of my internship experience.   

 I must also thank Dr. Dean Urban (Duke University) for sharing his endless store 

of knowledge of ecology and multivariate analysis.  Without his courses and open office 

door, I could not have completed this project.   

 Finally, I would like to thank Laura Bax for invaluable moral support during our 

time at Duke University.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



                                                                        

                                                                                                                                            40 

WORKS CITED 

 

Benda, L., Poff, N.L., Miller, D., Dunne, T., Reeves, G., Pess, G. and M. Pollock. 2004. 

The network dynamics hypothesis: how channel networks structure riverine 

habitats. BioScience. 2:413-427. 

Beschta, R.L. 1997. Riparian shade and stream temperature: An alternative perspective. 

Rangelands. 19: 25-37. 

Beschta, R.L., Boyle, J.R., Chambers, C.C., Gibson, W.P., Gregory, S.V., Grizzel, J., 

 Hagar, J.C., Li, J.L., McComb, W.C., Parzybok, T.W., Reiter, M.L., Taylor, G.H. 

 and J.E. Warila. 1995. Cumulative effects of forest practices in Oregon: Literature 

 and synthesis. Final Report to the Oregon Department of Forestry, Salem, 

 Oregon. 

Burnett, M., Reeves, G., Miller, D.J., Clark, S., Vance-Borland, K. and K. Christiansen. 

 2007. Distribution of salmon-habitat potential relative to landscape characteristics 

 and implications for conservation. Ecological Applications. 17:66-80. 

Chorley, R.J., Schumm, S.A. and D.E. Sugden. 1984. Geomorphology. Methuen, 

London, England. 

Cohen, W.B., T.A. Spies, R.J. Alig, D.R. Oetter, T.K. Maiersperger and M.  

 Fiorella. 2002. Characterizing 23 years (1972-1995) of stand replacement 

disturbance in western Oregon forests with Landsat imagery. Ecosytems. 5:122-

137. 

Corliss. J.F. 1973. Soil Survey, Alsea Area, Oregon. U.S. Soil Conservation Service, 82. 

Franken, S.K. USGS EROS Data Center Produces Seamless Hydrologic Derivatives with 

GIS. http://www.esri.com/news/arcnews/fall04articles/usgs~eros.html. Accessed 

online January 10, 2008. 

Gresswell, R.E., Bateman, D.S. and Lienkaemper, G.W. 2004. Geospatial techniques  

for developing a sampling frame of watersheds across a region.  In  

Proceedings of the Second International Symposium on GIS/Spatial Analysis  

in Fishery and Aquatic Sciences, 3-6 September, 2002, University of Sussex,  

Brighton, U.K. Nishida, T., Kailola,  P.J., Hollingworth, C.E. 

Hawkins, C.P., Norris, R.H., Gerristens, J., Hughes, R.M., Jackson, S.K., Johnson, R.K. 

and R.J. Stevenson. 2000. Evaluation of the use of landscape classifications for 

the prediction of freshwater biota: synthesis and recommendations. Journal of the 

North American Benthological Society. 19:541-556. 

Healey, S.P., W.B. Cohen, Y. Zhiqiang, O. Krankina. 2005. Comparison of 

 Tasseled Cap-based Landsat data structures for forest  disturbance detection. 

 Remote Sensing of Environment 97:301-310. 

Higgins, J.V, Bryer, M.T., Khoury, M.L. and T.W. Fitzhugh. 2004. A freshwater 

classification approach for biodiversity conservation planning. Conservation 

Biology. 19:432-445. 

IVMP Project Description Document. Accessed online January 22, 2008. 

http://www.blm.gov/or/gis/data.details.php?theme=dt000003&grp=IVMP&data=

ds000103 

Johnson, L.B and S.H Gage. 1997. Landscape approaches to the analysis of aquatic 

ecosystems. Freshwater Biology. 37: 114-122. 



                                                                        

                                                                                                                                            41 

Johnson, L.B., Richards, C., Host, G.E. and J.W. Arthur. 1997. Landscape influences on 

water chemistry in Midwestern stream ecosystems. Freshwater Biology. 37:145-

157. 

Johnson, S.L. and J.A. Jones. 2000.  Stream temperature responses to forest harvest and 

debris flows in western Cascades, Oregon. Canadian Journal of Aquatic Sciences. 

57: 30-39. 

Jones, J.A. and D.A. Post. 2004. Seasonal and successional stream flow response to forest 

cutting and regrowth in the northwest and eastern United States. Water Resouces 

Research. 40:203-223. 

Skaugset A., Li, J., Cromack, K., Gresswell, R. and Adams, M. 2000. Cumulative 

environmental effects of contemporary forest management activities in headwater 

basins of western Oregon. The Hinkle Creek Paired Watershed Study Review. 

Kaufman, L. and Rousseeuw, P.J. (1990). Finding Groups in Data: An Introduction to 

Cluster Analysis. Wiley, New York. 

Leea, B.D., Grahamb, R.C., Laurentc, T.E. and C. Amrhein. 2004. Pedogenesis in a 

wetland meadow and surrounding serpentinitic landslide terrain, northern 

California, USA. Geoderma. 118:303-320 

Legendre, P., and L. Legendre. 1998. Numerical ecology (2nd English edition). Elsevier, 

 Amsterdam, The Netherlands  

MacDonald, L.H, Smart, A.W. and R.C. Wissmar. 1991. Monitoring guidelines to 

 evaluate effects of forestry activities on streams in the Pacific Northwest and 

 Alaska. EPA 910/9-91-001. US Environmental Protection Agency. Region 10. 

 Seattle, Washington, USA.  

 Mantel, N. 1967. The detection of disease clustering and a generalized regression 

 approach. Cancer Research 27:209-220 

McCune, B. and M.J. Mefford. 1999. PC-ORD. Multivariate Analysis of Ecological 

Data. Version 5.0. MjM Software, Gleneden Beach, Oregon, U.S.A. 

McCune, B., and J.B. Grace. 2002. Analysis of ecological communities. MjM Software 

Design, Gleneden Beach, Oregon. 

Moring, J.R. and R.L. Lantz. 1975. The Alsea watershed study: Effects of logging on the 

aquatic resources of three headwater streams of the Alsea River, Oregon. 

Biological Studies. Oregon Department of Fish and Wildlife. 9:1. 

Myers, W., McKenney-Easterling, M., Hychka, K., Griscom, B., Bishop, J.A., Bayard, 

A., Rocco, D.L., Brooks, R.P., Constantz, G.C., Patil, G. P. and C. Taillie. 2006. 

Contextual clustering for configuring collaborative conservation of watersheds in 

the Mid-Atlantic Highlands. Environmental and Ecological Statistics. 13:391-

407. 

Omernik, J.M. 1987. Ecoregions of the conterminous United States. Annals of the 

Associatin of American Geographers. 77: 118-125. 

Pyne, M., Rader, R.B. and W.F. Christensen. 2007. Predicting local biological 

characteristics in streams: a comparison of landscape classifications. Freshwater 

Biology. 52:1302-1321. 

R Development Core Team (2007). R: A language and environment for statistical 

computing. R Foundation for Statistical Computing, Vienna, Austria. ISBN 3-

900051-07-0, URL http://www.R-project.org. 



                                                                        

                                                                                                                                            42 

Reeves, G.H, Everest, F.H. and J.R. Sedell. 1993. Diversity of juvenile anadromous 

 salmonid assemblages in coastal Oregon basins with different levels of timber 

 harvest. Transactions of the American Fisheries Society. 122:309-317. 

Reiter, M. 2007. Trask River Conceptual Analysis. 

 http://www.odf.state.or.us/trask/defalut.asp. Accessed online January 22, 2008. 

Salo, E.O. and T.W. Cundy. 1987. Streamside Management: Forestry and Fishery 

 Interactions. University of Washington, Institute of Forest Resources, 

 Contribution No. 57. Seattle, Washington. 

Schilling, K.E. and Spooner, J. 2006. Effects of watershed-scale land use change on 

stream nitrate concentrations. Journal of Environmental Quality. 6: 2132-2145. 

Storck, P., Bowling, L., Wetherbee, P. and D. Lettenmaier. 1998. Application of a GIS-

based distributed hydrology model for prediction of forest harvest effects on peak 

stream flow in the Pacific Northwest. Hydrological Processes. 12:889-904. 

Thornton, P.E., Running, S.W. and M.A. White. 1997. Generating surfaces of daily 

meteorological variables over large regions of complex terrain. Journal of 

Hydrology. 190:214-251. 

Thorson, T.D., Bryce, S.A., Lammers, D.A., Woods, A.J., Omernik, J.M., Kagan, J., 

Pater, D.E., and Comstock, J.A. 2003. Ecoregions of Oregon (color poster with 

map, descriptive test, summary tables, and photographs): Reston, Virginia. U.S. 

Geological Survey 

Townsend, C., Arbuckle, C., Crowl, T. and M. Scarsbrook. 1997. The relationship 

between land use and physicochemistry, food resources and macroinvertebrate 

communities in tributaries of the Taieri River, New Zealand: a hierarchically 

scaled approach. Freshwater Biology. 37:177-191. 

Walker, G. and N. MacLeod. 1991. Geologic map of Oregon, 1:500,000 scale. U.S. 

Geological Survey, Denver, CO Thornton, P.E., S.W. Running, and M.A. White. 

1997. Generating surfaces of daily meteorology variables over large regions of 

complex terrain. Journal of Hydrology 190:214-251. 

Wardrop, Bishop, J.A., Easterling, M., Hychka, K., Myers, W., Patil, G.P. and C. Taillie. 

2005. Use of landscape and land use parameters for classification and 

characterization of watersheds in the mid-Atlantic across five physiographic 

provinces. Environmental and Ecological Statistics 12: 1352-8505. 

Winter, C. 2001. The concept of hydrologic landscapes. Journal of the American Water 

Resouces Association. 37:335-349. 

Wolock, D.M., Winter, T. C., McMahon, G. 2004. Delineation and evaluation of 

hydrologic-landscape regions in the United States using GIS tools and 

multivariate statistical analyses. Enironmental Management. 34:71-88. 

 

 

 

 

 

 

 

 

 



                                                                        

                                                                                                                                            43 

Appendix A. Exploratory Analysis  

 
Figure 1a. Pairs Plots: CTI and SLOPE (0.86) as well as Percent Igneous and Percent 

Sedimentary (0.87) are correlated. Therefore slope and percent ingenious were removed 

for clustering with Euclidean distance.  

 

 

 

 PRECIP HAR SLOPE ELE PERCON CTI INGEN SEDM META 

PRECIP 1.00 0.04 0.15 -0.25 -0.06 -0.18 -0.08 0.11 0.00 

PERHAR 0.04 1.00 -0.19 -0.37 -0.48 0.04 -0.21 0.27 -0.06 

SLOPE 0.15 -0.19 1.00 -0.15 -0.02 -0.87 -0.02 0.17 0.05 

ELEVATION -0.25 -0.37 -0.15 1.00 0.42 0.27 0.47 -0.58 -0.03 

PERCON -0.06 -0.48 -0.02 0.42 1.00 0.13 0.21 -0.26 -0.11 

CTI -0.18 0.04 -0.87 0.27 0.13 1.00 0.10 -0.30 -0.04 

PER_INGEN -0.08 -0.21 -0.02 0.47 0.21 0.10 1.00 -0.88 -0.13 

PER_SEDM 0.11 0.27 0.17 -0.58 -0.26 -0.30 -0.88 1.00 -0.10 

PER_META 0.00 -0.06 0.05 -0.03 -0.11 -0.04 -0.13 -0.10 1.00 

Table 1a. Correlation coefficients 
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Figure 2a. Histograms for six environmental variables included in PCA 

 

 


