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1. INTRODUCTION
Mountainous watersheds, less than 100,000 ha, are fundamental landscape elements that form an important setting for local ecological interactions, forest resource management, human occupation, and water supply development (Wohl, in press).  As components of the global hydrosphere, they encompass a set of physical and biological variables that interact via complex systems response and interdependent feedback mechanisms (Schumm, 1977; Swanson and others, 1990).  Study of the production, transport, and storage of sediment in drainage basins is essential for deciphering their evolution and assessing the relative controls of complex variables (Dietrich and Dunne, 1978; Swanson and others, 1982b).  In addition, geomorphic analysis establishes the fundamental framework for monitoring the response of forest ecosystems to extrinsic variables such as climate, land use, and natural disturbance (Swanson, 1980; Swanson and Franklin, 1988; Stallins, 2006).  As such, the understanding of hydrogeomorphic variables and ecological process interactions is critical for designing sustainable water resource and habitat management plans.  
The purpose of this proposed work is to extend existing sediment-transport research in small, mountainous watersheds at H.J. Andrews Experimental Forest (HJA), Oregon (Figures 1 and 2; attached at back).  HJA was established in 1948 and is managed by the Pacific Northwest Research Station (USDA Forest Service) as a Long Term Ecological Research (LTER) site.  Given the history of science at Andrews, over 50 years of hydrologic and sediment-transport data are available for three sets of experimental watersheds ranging in size from 9 – 101 ha (Table 1, attached at back) (Swanson and Jones, 2002).  These watersheds form part of a series of paired-basin studies that are used to evaluate the long-term hydrogeomorphic effects of vegetative disturbance and recovery in a coniferous forest biome.  While some of the paired-basin sediment data were analyzed in the 1980’s (e.g. Swanson et al., 1982a, 1982b; Grant and Wolff, 1991), this work is superannuated and an up-to-date synthesis is needed.  The research proposed herein comprises part of a sabbatical research opportunity for the principal investigator, in collaboration with personnel from Andrews Experimental Forest and Oregon State University.
2. STUDY AREA

The Andrews is comprised of 6400 ha (15,810 ac) of forestland located in the Tsuga heterophylla zone of the western Cascades (Figures 1 and 2) (Franklin and Dyrness, 1988).  Site geology is characterized by colluvium-dominated hillslopes underlain by late Tertiary (Oligocene to Pliocene) basaltic to andesitic, volcaniclastics and lava flows (Figure 3) (Swanson and James, 1975; Priest and others, 1988; and Sherrod and Smith, 2000).  Land surface elevations range from 420 to 1630 m, those above 760 m were subject to Pleistocene glaciation.  The climate of Andrews Forest is marine temperate with winter storm systems driving seasonal floods and episodic debris-flow events (Swanson and Jones, 2002).  Other mass-wasting processes include deep-seated earth flows originating in hydrothermally-altered volcanic strata.  Bedrock-controlled hillslope processes exert a significant influence on watershed morphology (Figure 3) (Grant and Swanson, 1995). 

3. STATEMENT OF THE PROBLEM

Timber harvesting from coniferous forests represents an anthropogenic disturbance that initiates secondary ecological succession as vegetative recovery occurs over time (Cromack and others, 1979).  This perturbation results in hydrogeomophic response via changes in stream discharge, energy expenditure, and sediment yields.  Other variables that influence the system include road construction, logging practice, and post-harvest management techniques (e.g. tree planting, slash burning, fertilization).  In terms of forest ecosystem function, routing and storage of sediments have significant influence on distribution of nutrients and disturbance zones (Figure 4) (Swanson and others, 1982a, 1982b).  Understanding of the post-harvest effects, rate of vegetative recovery, and attendant response in the hydrogeomorphic system through time is essential for design of habitat management and timber harvest plans (Gregory and others, 1989; FEMAT, 1993; Reid and Dunne, 1996).

Study of long-term watershed behavior has been a central feature of the Andrew Experimental Forest research program for more than 50 years, most notably in the International Biological Program of the 1970s and Long-Term Ecological Research (LTER) program since 1980.  Small experimental watersheds (9-101 ha) at Lookout Creek form the basis for paired-basin studies that focus on various aspects of geomorphic, hydrologic, and ecological monitoring (Figure 2, Table 1).  The results of this research effort represent an invaluable foundation upon which to frame regional forest management plans.

Long-term hydrologic and sediment-transport data are available for three sets of paired basins, including watersheds 1-2-3 (WS 1-2-3), watersheds 6-7-8 (WS 6-7-8), and watersheds 9-10 (WS9-10) (Figure 2, Table 1).  Of the three sets, WS 1-2-3 and WS 9-10 have received the most attention in terms of sediment budget analyses and studies relating sediment yield to timber harvest techniques (e.g. Fredriksen and Harr, 1979; Swanson and others, 1982a, 1982b; Grant and Wolff, 1991; Grant and Hayes, 2000; Swanson and Jones, 2002).  While some sediment data analysis was completed in previous studies (Table 1), the results were based on records primarily from the 1970s and 1980s.  There is significant need to update the sediment yield records and conduct a comprehensive synthesis that includes the full 35-year record, particularly for the WS 9-10 basin set.  This time frame is important as it includes the February 1996 storm event, and thus represents an opportunity to further decipher the relative roles of anthropogenic and meteorologic disturbance on mass transport rates at HJA.  Updated sediment yield records are necessary to more accurately reflect present-day sedimentation patterns and to map time-averaged response trajectories during post-harvest vegetative recovery.  The critical research questions posed by this study include the following: (1) What are the relationships between forest management, timber harvesting, geomorphic disturbance, vegetative recovery and sediment flux over time?  (2) What are the long term effects of storm-driven geomorphic processes on sediment-yield trajectories in paired watersheds?  (3) How do episodic debris flow events impact sediment yield trajectories?

4. GOALS AND OUTCOMES

The general objectives of this proposal are to: (1) compile and update existing sediment yield records from gaged experimental watersheds at HJA, (2) analyze the sediment records in the context of historic land use and hydrometerological events, (3) evaluate the effects of geomorphic and anthropogenic variables on decadal-scale sediment yields, and (4) posit process-response models for interdependent variables that control sediment transfer in the western Cascades.  
Phase 1 of this project will focus on updated compilation and analysis of sediment yield data in watersheds 9 and 10 (Figure 2), a paired set of untreated control and clear-cut basins, respectively.  The purpose of this work is to extend the interpretation and findings from studies of sediment routing in these basins since the last publications 25 years ago (e.g. Cromack and others, 1979, Swanson and others,1982a).  This early work posed hypotheses about changing rates of sediment flux in the post-logging landscape, described sediment storage and transfer under forested conditions, and provided frameworks for assessing the effects of forest disturbance on sediment transport.  Given that there is now a long (>30 yrs) decadal-scale record of post-logging sediment yield, retrospective analyses will be used to test hypotheses of biotic controls on sediment transfer and also document rates of soil loss in watershed environments.  The results will be used to constrain sediment yield trajectories through time, following timber harvest and subsequent vegetative recovery.  Analyses will also examine the influences of climate variability, including 50-year flood events, and change in vegetative cover on organic and inorganic mass transfer.  The findings will then be compared to other studies of biogeochemical cycling at HJA and similar research sites throughout the United States.  Project results will contribute to the derivation of empirical, process-response models that may be used to mitigate effects of forest management practices on surface erosion and sedimentation.

5. METHODOLOGY

The proposed research will employ standard techniques for sediment-budget analyses, following the protocol outlined by Reid and Dunne (1996).  Essential components of sediment budgets include quantification of transport processes, storage elements, and time-averaged sediment yields (Dietrich and others, 1982).  The study proposed herein will focus on a retrospective analysis of sediment yield and time-averaged transfer rates in WS9 and WS10.  Mass transfer parameters will include surface erosion volumes (through 1987), dissolved constituents of precipitation and streamflow (cations, silica, and a few others) (to present), suspended and bedload sediment (to present), and debris flows (1986, 1996 events).  


Sediment yield, erosion and streamflow data for WS 9-10 are stored both in-house at HJA and on web-based information systems such as ClimDB/HydroDB, comprising part of the USDA Forest Service information network (http://www.fsl.orst.edu/climhy/).  The daily suspended sediment yield will be derived as a product of streamflow discharge and suspended sediment concentration.  Spot readings of suspended sediment concentrations will used to extrapolate average annual yield according to regression models developed by Grant and Wolff (1991).  Data will be analyzed in the context of average annual yields, peak-flow discharge, precipitation patterns, seasonal variability and debris flow occurrence.

6. PROJECT TIMELINE

The bulk of Phase 1 research activities will be conducted between April 1 and September 15, 2007.  During this time period, the principal investigator will be on sabbatical leave from teaching duties at Western Oregon University, and serving as a visiting research associate to Dr. Fred Swanson (Pacific Northwest Research Station and Oregon State University).  Follow-up analysis and manuscript preparation will be completed during fall term 2007.  It is envisioned that the proposed work will serve as a catalyst for longer-term collaboration and additional watershed studies, at varying scales and under differing geologic conditions.  
7. PROJECT JUSTIFICATION

Sediment budget techniques were originally defined and applied to mountainous watersheds in the Oregon Coast Range and western Cascades during the 1970s, including those at HJA (Dietrich and Dunne, 1978; Swanson and others, 1982b; Reid and Dunne, 1996).  The long-term sedimentologic and hydrologic record at HJA provides an important source of data that spans the careers of multiple generations of scientists.  Quantifying and analyzing sediment yield records over such long time frames allows evaluation of episodic meteorologic events, seasons, climate change, and vegetative adjustment.  The WS9-10 basin set has been a centerpiece for work on hydrology, biogeochemical cycling, and soil/sediment routing in native and managed forests.  While several studies have examined the post-logging sediment yield histories at HJA, an updated synthesis is lacking.  There is significant need to extend the records, map the sediment-yield trajectories, and establish an updated framework for long-term forest management decisions in the western Cascades.  The ongoing work on sediment storage and transport addresses soil erosion, nutrient capital, and disturbance themes that are important parts of the HJA-LTER program.  Scaling is such that variability of independent geologic, climatic and tectonic variables are minimized, thus allowing detailed examination of local disturbance regimes.  The results of this study will be used to advance conceptual and quantitative models of sediment-transport dynamics in forested headwater systems.  

From an applied perspective, land managers are concerned with erosion responses to forestry and water resource practices (Reid and Dunne, 1996).  Regional sediment budget analyses provide important data from which to predict future impacts by proposed land-surface alterations.  Given that forest harvest rotation on much Federal land is on the order of 80-100 years (Swanson and Fredriksen, 1982), the 30 to 40 year sediment record at HJA provides an important data set from which to design regional management plans.  These sediment-yield models are also a prime consideration in the assessment of present and future water management systems, dams, and reservoirs in the western Cascades.  
8. DISSEMINATION PLAN

Data compilations, analyses, and derivative products resulting from this project will be made available via web-based information technologies managed by the Andrews LTER facility.  Interim findings will be presented at the fall 2007 meeting of the American Geophysical Union, with final products submitted for publication in relevant, peer-reviewed journals.  Project results will also be disseminated at Western Oregon University through campus newsletters, faculty web sites, and undergraduate course curricula (e.g. reading assignments, contextual problem sets, and class field trips).
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Figure 1 – regional map
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Table 1 – experimental watershed summary

Budget Form

Budget Justification

Travel 

The travel portion of the budget is to cover roundtrip personal vehicle mileage to and from Andrews Experimental Forest (located east of Eugene, Oregon).  A total of 10 travel days are planned to Andrews for use of the facility database system and to perform field-based validation of sediment-transport records.  Round trip travel from Corvallis (Taylor home) to Andrews Experimental Forest is 220mi x 10 travel days x $0.485 / mi = $1067.00 total.

Student Research Assistant(s)

The budget includes 100 hours for 1 to 2 WOU undergraduates to participate in the project as Research Assistants.  Students will be involved with data validation and analysis.  They will also be included in staff meetings with personnel from Andrews Experimental Forest.  RA employment will be a valuable professional development experience for the students and will provide potential employment contacts with personnel at the U.S. Forest Service.  Students will be employed part-time during the project period from April 1, 2007 to September 15, 2007.   The hourly rate of $8.00 includes minimum wage and student OPE.

Supplies and Software

$300 is budgeted for purchase of aerial photographs of Andrews Experimental Forest.  A portion of the proposed study involves assessment of the influence of the Feb. 1996-1997 storm event on debris flow processes and the watershed sediment records.  Air photos will be required to document the landscape response following the 1996-1997 storm event(s).

$600 is budgeted for purchase of SigmaStat analytical software.  The software will be used by the principle investigator to conduct time series and statistical analyses of Andrews sediment and discharge data.  SigmaStat will be used on a laptop for mobile computing during the project period.
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Faculty Development Category III Grant Report

Bryan E. Dutton & Stephen B. Taylor

Geomorphic and Anthropogenic Influences on the Distribution of Invasive Plant Species in the Luckiamute Watershed, Polk and Benton Counties, Oregon

The following report represents a synthesis of progress made on our invasive plant research as a result of funding from both Western’s Faculty Development and the Oregon Community Foundation.  Our report includes progress made in refining specific methods and achieving anticipated goals / outcomes as well as a revised project timeline.

METHODOLOGY

Significant progress was made in refining and employing our plant data collecting strategies.  Our survey strategy employed a 100-meter transect that lies perpendicular to the river course under examination, with a total of 20 transects.  Determination of percent cover for all plants found in 1 meter by 1 meter contiguous grids along this transect was then made.  We also collected available light data (in the 400 to 700 nm range – the “photosynthetically active” portion of the visible light spectrum) along each transect line to document correlations between light availability and invasive plant distribution.  Site selection was based on GIS analysis (geographic information system) and creation of a “wooded riparian border” thematic layer (i.e. digital map).  Once completed, wooded riparian areas of sufficient width were matched with their respective property owners.  More than 200 owners were identified and contacted via mail with a description of our project and request for property access.  We received 25 positive responses, granting us permission to conduct surveys.  Data from these surveys are currently being analyzed in Excel spreadsheets as part of ongoing statistical analysis.

GOALS AND EXPECTED OUTCOMES

As stated in our proposal, results of this project include: (1) delineation of a select set of invasive species that will serve as useful indicators for monitoring the occurrence and spread of non-native plants in the Luckiamute Watershed, (2) identification of geomorphic and anthropogenic disturbance regimes that are acting as principle migration corridors for invasive plant species in western Oregon, and (3) derivation of spatial associations between invasive species and landscape-land use components.  These results will form the basis of more extensive studies in the region and have potential use for development of larger scale predictive models of invasive plant dispersion.  We have provided a detailed list of goals and outcomes attained along with additional support received and grant writing activity conducted below.

Detailed List of Project Outcomes:

Western’s Faculty Development Grant funds, in conjunction with Oregon Community Foundation grant monies have been invaluable in advancing the following components of our research project.  

· Developed and implemented survey procedures appropriate for the research questions posed

· Completed extensive literature survey yielding nearly 200 relevant technical references 

· Created a literature reference database

· Created “species information pages” for the most commonly encountered native and non-native invasive species (total number of species encountered = 170)
· Information in each “page” includes: Life History, Life Expectancy, Plant Description, Reproductive Ecology, Seedling Ecology, and Bibliography

· Generated a Geographic Information System (GIS) thematic layer depicting wooded riparian buffers (>50 meters) and survey transects along the Luckiamute River and its major tributaries
· Collected and scanned a series of historic air photos for the Luckiamute Watershed, ranging in age from the 1930’s to present
· Using the related GIS thematic layer data, generated a contact list of more than 200 riparian property owners along the Luckiamute 

· Drafted and mailed a permission request letter to the more than 200 property owners mentioned above

· Completed initial field reconnaissance along more than 100 miles of the Luckiamute River and its tributaries.
· Completed twenty, 100-meter survey transects along with supporting light meter data

· Sponsored 4 undergraduate research assistants with stipends and transportation costs

Additional Support / Grant-writing Activity

· Initiated a collaborative project with the Luckiamute Watershed Council and the Northwest Oregon Invasive Weed Management Partnership, the focus of which involves reconnaissance mapping of Japanese Knotweed (Polygonum cuspidatum) populations along the Luckiamute River and its major tributaries 
· Submitted a proposal to the Oregon Community Trust for additional funding ($6,000) in order to continue and broaden the scope of our research

In sum, Western’s Faculty Development Grant funds provided much needed seed money to initiate invasive plant studies in the mid-Willamette Valley and established the framework for related spin-off proposals and community collaboration.  Additional information, research data, analyses, and ancillary materials are available upon request.
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