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A. Abstract and statement of innovation

Increasing agricultural and urban land-use, climate warming, and the epidemic of invasive species represent a lethal cocktail of threats to freshwater ecosystems.  In the Columbia River Basin, combinations of these factors have led to serious reductions in abundance, distribution, and life-history diversity of a number of salmon populations.  Addressing the cumulative effects of multiple threats on Pacific salmon will require innovative science and new decision-support tools that managers and scientists can use to efficiently target management and restoration actions.  The Council recognizes both climate change and invasive species as emerging uncertainties in the future research plan for the Columbia River Basin (NPCC 2006-3). 

Elevated stream temperature is one of the most pervasive water quality issues in the Columbia River Basin.  Although much research has addressed the direct impacts of changing temperature regimes on salmon, one key effect of stream warming has largely gone unstudied.  Increasing water temperatures may promote the range expansion of warmwater species, such as northern pikeminnow (Ptychocheilus oregonensis) and invasive smallmouth bass (Micropterus dolomieu) into formerly uninhabitable reaches that contain critical migration, spawning, and rearing habitat for salmon.  Temperature-driven fish invasions in the Columbia River have the potential to greatly impact the survival and productivity of salmon populations by increasing the likelihood of interactions with novel predators and competitors.  Quantifying where, when, and to what degree temperature-mediated invasions might occur in the Columbia River Basin are critical steps for reducing the future impact of climate change on threatened salmon populations.

Here, we propose to develop an innovative modeling approach that integrates climate-change projections, riparian land-use scenarios, water temperature monitoring and modeling, and species distribution modeling to project the potential impact of changing stream temperatures on Chinook salmon, smallmouth bass, and northern pikeminnow in the Upper John Day River Basin.  The project has three main objectives.  First, we will predict future riverine thermal regimes (i.e., magnitude, duration, frequency, and rate of change in water temperatures) in response to climate change and human land-use practices.  We will do this by integrating general circulation model projections, riparian vegetation coverages, and a recently-developed stream temperature model.  Second, we will provide detailed predictions of changes in the distributions of Chinook salmon, smallmouth bass, and northern pikeminnow based on projected stream temperature regimes.  These predictions will be generated by mechanistic thermal niche models developed for each of the species.  Third, we will evaluate the effects of alternative scenarios of riparian land-use on future stream temperatures and fish distributions throughout the Upper John Day River.  These evaluations will allow us to determine where targeted riparian restoration or protection efforts could most effectively off-set the effects of climate change on stream temperatures.

The results from this research will contribute directly to improving the survival and productivity of spring Chinook salmon in the John Day River.  Comparisons of present-day to predicted future stream temperatures will show how the availability of thermally suitable habitat is likely to change for Chinook salmon, smallmouth bass and northern pikeminnow and how, when, and where interactions among these species are likely to increase.  The novel modeling approach proposed here will be readily applicable to other species of concern and relevant elsewhere in the Columbia River where the range expansion of warmwater fishes in response to climate change and riparian habitat loss is ongoing and of imminent threat to Pacific salmon.  

B. Technical and/or scientific background
The century-long decline of anadromous salmon in the Pacific Northwest has been well documented and is now one of the most important environmental issues in the United States (Ruckelshaus et al. 2002).  Pacific salmon (Oncorhynchus spp.) are integral to the freshwater ecosystems, the economy, and culture of the region (Schindler et al. 2003), and their decline is attributed to over-exploitation, habitat destruction, dams, climate change, and interactions with hatchery and invasive fishes (NRC 1996, Kareiva et al. 2000, Levin and Schiewe 2001, Levin et al. 2002).  In the Columbia River Basin, combinations of these factors have led to serious reductions in the abundance, distribution, and life-history diversity of a number of salmon populations (NPPC 1986, Williams et al. 1999, McClure et al. 2003).  In the coming decades, many of these factors will increase in intensity and interact in unanticipated ways.  Addressing the cumulative effects of multiple threats on Pacific salmon will require innovative science and new decision-support tools that managers and scientists can use to efficiently target management and restoration actions.

Climate change and human land-use activities are two primary threats to Pacific salmon in the Columbia River Basin (Ruckelshaus et al. 2002, Mote et al. 2003, NPCC 2006-3).  Although these two factors have independent effects on salmon abundance and productivity, they are also likely to influence salmon through their interactive effects on stream thermal regimes.  Future climate scenarios that forecast an increase in air temperatures and changes in hydrology (i.e., altered streamflow patterns resulting from changing precipitation and snowpack) will translate directly into warmer water temperatures for many streams and rivers (Poff et al. 2002, Mohseni et al. 2003).  In the Columbia River Basin, general circulation models predict an increase in annual average temperature of about 2°C for 2025 and about 4.5°C for 2095 (Hamlet and Lettenmaier 1999).  Similarly, removal or alteration of riparian vegetation by logging and grazing activities can have important implications for stream temperature by reducing shade and changing channel morphology (Beschta and Taylor 1988, Beschta 1997, Poole and Berman 2001, Johnson 2004).  Reduction of riparian vegetation and irrigation water withdrawl are responsible for elevated water temperatures throughout the Columbia River Basin and specifically in the John Day River Basin (Li et al. 1994, Wissmar et al. 1994, Tait et al. 1994, Chen et al. 1998).
Today, elevated stream temperature is one of the most pervasive water quality issues threatening freshwater ecosystems in the Pacific Northwest (Poole et al. 2004).  Heat is considered a pollutant under Section 502(6) of the Clean Water Act, and today, over 1,000 streams or stream segments have been listed as impaired with respect to water temperature in Oregon (ORDEQ Section 303(d)).  This is more than 7 times the number of streams listed for any other water quality parameter (ORDEQ 2006).  Elevated water temperature is the primary water quality parameter of concern for John Day River, and has been identified as one of the most important limiting factor for habitat quality (Lindsay et al. 1986, NPCC 2005, ORDEQ 2006).  Water temperature directly influences the metabolic rates, physiology, and life-histories of aquatic species and helps determine rates of important ecological processes such as nutrient cycling and productivity.  Freshwater fishes and the organisms on which they feed respond to thermal heterogeneity and require specific temperature ranges to survive and reproduce (Magnuson et al. 1979).  The incubation, fry survival, smoltification, migration and spawning success of Pacific salmon can all be adversely affected by elevated temperatures (McCullough et al. 2001).  For example, higher peak summer water temperatures may reduce or even eliminate salmonid feeding in some streams, increase harmful metabolic effects, increase the prevalence of disease, and decrease predation avoidance ability of juvenile Chinook salmon (Oncorhynchus tshawytscha) (Mesa 1994, McCullough 1999).  Given the role of water temperatures in shaping the density and distribution of salmon in the Columbia River Basin much research has focused on the independent effects of thermal heterogeneity, climate change, and riparian habitat (e.g., Torgersen et al. 1999, Ebersole et al. 2003, Crozier and Zabel 2006). 

 Despite the research that has been done on the impacts of changing temperature regimes, one key effect of increasing stream temperatures has largely gone unstudied.  Increasing water temperatures will likely alter the composition of the resident biota by facilitating the range expansion of fish species (including invasive species) that are characteristic of warmer temperature waters.  In the case of Columbia River tributaries, temperature increases may allow warmwater species to move upstream into formerly uninhabitable reaches that contain critical migration, spawning, and rearing habitat for Pacific salmon.  Two species of particular concern, the invasive smallmouth bass (Micropterus dolomieu) and native northern pikeminnow (Ptychocheilus oregonensis) are both widespread and have been shown to be, at times and places, a potential threat to native salmon (e.g., Rieman et al. 1991, Zimmerman and Parker 1995, Knutsen and Ward 1999, Petersen and Ward 1999, Zimmerman 1999, Zimmerman and Ward 1999, NMFS 2000, Jackson and Mandrak 2002, Vander Zanden et al. 2004, Harvey and Karieva 2005).  This research has shown that salmon are at risk from direct predation and completion by both species, although northern pikeminnow likely have a greater impact.  Moreover, competition for food between the northern pikeminnow and smallmouth bass may increase northern pikeminnow predation pressure on juvenile salmonids (Poe et al. 1994).
Temperature-driven fish invasions in the Columbia River have the potential to greatly impact the abundance and productivity of salmon populations.  Eaton and Scheller (1996) estimated that thermally suitable habitat for cool/warmwater bass species in the United States would increase by up to 30 percent due to climate warming, whereas cold water habitat for Chinook salmon would decline by over 43 percent.  Keleher and Rahel (1996) predicted substantial shifts in potential salmonid distributions in response to climate change.  Thermal regimes also strongly influence the distribution of smallmouth bass (Shuter and Post 1990) and northern pikeminnow (Torgersen et al. 2006), and projected increases in water temperatures may not only expand the range or population size of these species, but it may also increase their predation rates or competitive effects on juvenile Chinook salmon and other coolwater native species.  The effects of higher temperature on energetics and, thus, on predation rates are established, and numerous studies illustrate that competitive interactions among fishes can be sensitive to temperature (e.g., Reese and Harvey 2002).  
Our proposal describes the development of an innovative model and powerful methodology that integrates multiple climate-change projections, alternative riparian land-use scenarios, water temperature monitoring and modeling, and species distribution modeling to project the potential shifts in distributions of smallmouth bass, northern pikeminnow, and Chinook salmon in the Upper John Day River Basin.  This research agenda is particularly relevant for this basin, which contains one of the healthiest runs of naturally reproducing spring Chinook salmon compared to neighboring subbasins of the Columbia River and whose listing as “of special concern” indicates that a relatively minor disturbance could threaten its existence (Lichatowich and Mobrand 1995, NMFS 1998).  At the same time, the John Day River is home to a significant recreational fishery for smallmouth bass and a sizable population of northern pikeminnow (Shrader and Gray 1999).  In short, understanding the interaction between climate change, riparian habitat loss, and new species interactions as well as the range of potential future impacts will be critical for managing sustainable spring Chinook salmon populations in the John Day River Basin. 

C. Rationale and significance to the Council’s Fish and Wildlife Program

The ISRP (2005-14) recommended that “The Council should do all in its power to limit the introduction of exotic species into the Columbia River basin and to explore ways that exotic species interactions with salmonids and other native species can be minimized.” (p. 53).  The Panel also stated that “Climate change offers both opportunity and challenge for the mainstem for both fish and other uses. The challenge will be to work with climate researchers to adequately prepare for long-term changes.” (p. x).  Finally, NPCC recognizes that “The cumulative effects of human disturbance may not become apparent until severe climatic stresses trigger a dramatic response.” (NPCC 2006-3, p. 19).  Our proposal addresses these major recommendations by detailing an innovative project that will contribute directly to the Columbia River Basin Research Plan (NPCC 2006-3), including a number of key research priorities identified in the John Day Subbasin Plan (NPCC 2005).  
Climate change – The Council recognized the following as a critical uncertainty: “What long-term (climate) changes are predicted in the Columbia River Basin and the northeast Pacific Ocean, how will they affect the fish and wildlife in the region, and what actions can ameliorate increased water temperatures, decreased summer river flows, and other ecosystem changes?”
(NPCC 2006-3, p. 19).  This proposal will help the Council examine how climate change could impact the success of restoration efforts and how new knowledge of climate trends could be incorporated in future fish and wildlife planning and management.
Water temperature – Elevated water temperature is the primary water quality parameter of concern for John Day River, and it has been identified as one of the most important limiting factors for habitat quality in the Middle and North Forks (NPCC 2005; pp. 38-39,138-139).  The Oregon Department of Environmental Quality lists 107 John Day basin stream reaches as exceeding their standard for water temperature (ORDEQ 2006).  The Council recommended research in determining “how temperatures in tributaries are part of the environmental change that has fragmented salmonid habitat, and develop programs to improve tributary temperatures for salmonids” (NPCC 2004-13, p. 13).  By predicting changes in stream temperatures as a function of climate change and riparian canopy cover, our proposal will provide insight into where, when and how much thermal regimes of the Middle and North Forks of the John Day River are likely to change in the future.  
Invasive species – The John Day Subbasin Plan identifies changes in water temperature “as a significant source of human disturbance in the basin”  which “have in many cases favored introduced (smallmouth bass, channel catfish and carp) or non-salmonid species (northern pikeminnow, chiselmouth and redside shiner) in places that historically were dominated by salmonids” (NPCC 2005, p. 31).  By predicting changes in the distributions of Chinook salmon, smallmouth bass and northern pikeminnow in the Upper John Day Basin our proposal will contribute to a better understanding of potential interactions among species; an identified research question in the subbasin plan (NPCC 2005, p. 231).  More broadly, this research agenda addresses ISRP’s (2005-14) recommendation that “ … the Council is encouraged to focus research and mitigation on ecological changes created by the hydrosystem that foster the proliferation of predators and their impacts on salmonids” (p. 54), and a primary management issue forwarded by the Council “What are the primary pathways of introduction of invasive and nonnative species, and what methods could limit new introductions or mitigate the effects of currently established invasives?” (NPCC 2006-3, p. 21). 
Protection and restoration of riparian habitat – Our proposal is responsive to the Council’s needs for improved targeting of critical areas for riparian protection and restoration intended to (re-)establish canopy cover and reduce stream temperatures.  By elucidating how climate warming and riparian canopy cover will influence the spatial and temporal availability of thermally suitable habitat for Chinook salmon our proposal will address the top two restoration priorities for the Middle and North Forks: Protection of Existing Habitat and Riparian Habitat Improvements (NPCC 2005, p. 7, 250).  Products from this research will also be useful in future applications (or refinement) of the Ecosystem Diagnosis and Treatment Model (NPCC 2005, pp. 65-71), with respect to predicting how future environmental and biological change are likely to influence the abundance and productivity of spring Chinook salmon in the John Day River.  Scientific knowledge gained from our research will also contribute directly to the 2001 John Day Fish Habitat Enhancement Program and other programs involving individual landowner initiatives and contractual agreements associated with conservation easements and riparian fencing management.  By providing a comprehensive model for stream temperatures this proposal will contribute to a forward-thinking strategy for identifying optimal locations of riparian conservation restoration and easements in light of future climate change.
The novel methodologies developed from this research will also be readily applicable to other species of conservation concern (e.g., summer steelhead) and invasion concern (e.g., largemouth bass, crappie) in the John Day Basin.  Moreover, it will be relevant elsewhere in the Columbia River where the range expansion of warmwater fishes in response to climate change and riparian habitat loss is ongoing and of imminent threat to Pacific salmon.  Therefore, we firmly believe that the significance of our proposal to the Council extends beyond our species and basin of focus.

D. Relationships to other projects

Specific relationships to other projects include (but are not limited to):

· Collaborate with Council projects that are researching the role of water temperature in structuring native fish populations in subbasins of the Columbia River Basin (#200725200: Multi-scale assessment of hyporheic flow, temperature and fish distribution in Columbia River Tributaries).

· Provide data, model output and technical support to Council projects concerned with riparian habitat restoration for native salmon, including (#198402100: Mainstem, Middle Fork, John Day Rivers Fish Habitat Enhancement Project; #199801800: John Day Watershed Restoration; #199801700: North Fork/Mid-John Day Fish Passage Improvement).
· Contribute to Council projects examining the role of northern pikeminnow predation on juvenile salmon (199007700: Develop Systemwide Predator Control for Northern Pikeminnows).
E. Proposal objectives, work elements, methods, and monitoring and evaluation

Objectives
The overall objective of the proposed study is to advance the understanding and prediction of the interactive effects of climate change and land-use change on the distribution of Chinook salmon, northern pikeminnow, and smallmouth bass in the Middle and North Forks of the John Day River Basin.  The project also has three, more specific objectives which are discussed in detail below.

Objective 1: Model the effects of alternative climate-change scenarios and riparian canopy cover on the thermal regimes of the Upper John Day River.

Combining a regional general circulation model, spatial distribution of riparian vegetation, and a stream temperature model, will provide novel insight into how riverine thermal regimes (i.e., magnitude, duration, frequency, and rate of change in water temperatures) are predicted to respond to future climate, streamflow, and riparian vegetation.  We expect that water temperatures will increase in response to projected global warming, the magnitude of which will vary among the North and Middle Forks of the John Day River and differ seasonally and longitudinally within these sub-basins.  Moreover, local-scale increases in water temperatures associated with climate change scenarios will be most pronounced in reaches of degraded riparian habitat with less shade, and least pronounced with intact riparian canopy cover.
Objective 2: Model the distributional responses of Chinook salmon, smallmouth bass, and northern pikeminnow to projected future thermal regimes.

Mechanistic thermal niche models for each species will be coupled with projected stream temperature regimes to provide detailed predictions of changes in the distributions of Chinook salmon, smallmouth bass, and northern pikeminnow in the Upper John Day River Basin.  We expect that thermal habitat suitability for different life-history stages of Chinook salmon will decrease in response a warmer climate.  Spatial and seasonal availability of required thermal conditions for juvenile Chinook salmon will be defined by its age-specific thermal tolerances, including cold-water summer refugia for adults.  The potential distribution of smallmouth bass and northern pikeminnow will likely increase in response to projected climate warming; the rate of spread and extent of range expansion will be directly related to thermal aspects of their life-histories.  Climate-induced range expansion of smallmouth bass and northern pikeminnow may increase their spatial and temporal overlap with critical habitats of spring Chinook salmon, including rearing and migration habitat. 

Objective 3: Identify critical areas for riparian habitat restoration, protection and conservation easements to mediate stream warming in a changing climate.

Alternative scenarios of future stream temperatures throughout the Upper John Day River will be simulated using projections of climate change and riparian land-use (i.e., projected future loss, protection opportunities using conservation easements, and restoration efforts according to the John Day Fish Habitat Enhancement Program and other riparian management plans).  This will provide critical information for identifying intact riparian habitat that might mediating the effects of climate change by decreasing instream water temperatures, thus creating more habitat for salmon and less opportunity for smallmouth bass and northern pikeminnow to expand their range.  Moreover, this information will feed directly into the development of management priorities for riparian restoration and conservation efforts (i.e., riparian fencing) aimed at maintaining coolwater habitat for salmon.
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Figure 1. Schematic of the novel modeling methodology developed in this proposal.  By combining a series of Work Elements (numbered) our proposal will advance our understanding and prediction of the interactive effects of climate change and riparian change on the distribution of Chinook salmon, northern pikeminnow, and smallmouth bass in the Upper John Day River Basin.
Work elements, methods and monitoring and evaluation
Emerging climate and land-use models, current data availability, and technologies such as infrared thermal imagery provide an unprecedented opportunity to understand and predict the response of stream fishes to spatiotemporal patterns in water temperatures.  Below, we discuss why the Upper John Day River provides an exciting opportunity to address our study objectives and detail the 5 primary work elements of our proposal (depicted in Figure 1).
Ecological Setting: The study area includes the North and Middle Forks of the John Day River, northeastern Oregon.  The John Day River is characterized by high spring flows from melting snows and rainfall with peak runoff occurring March through June and low late summer flows in August and September, largely from ground water discharge.  Approximately 70% of the annual precipitation falls from November to May, mostly as snow while less than 10% falls as rain during July and August.  Daily air temperatures in the study system vary from winter lows of -18°C to summer highs of >30°C (NPCC 2005).  The largest tributary, the North Fork, enters the John Day at Kimberly and extends 180 km to its headwaters in the Elkhorn Mountains at elevations near 2300 m.  The Middle Fork originates just south of the headwaters of the North Fork and flows roughly parallel to it for 120 km until it merges with the North Fork.

We chose this study region for a number of reasons that relate directly to the objectives of our proposal.  First, land use and resource extraction, such as road building, logging, and grazing, vary longitudinally in the North and Middle Forks of the John Day River Basin.  The upper basins flow through well-forested wilderness areas or National Forest, whereas alluvial valleys of the middle and lower basins have been channelized and are currently used for cattle grazing.  Sparse riparian vegetation in these areas consists of black cottonwood, Douglas hawthorn, and graminoid communities dominated by sedges and grasses, which provide minimal stream shading compared to the forested upper reaches.  Second, with only two dams below the confluence with the Columbia and hundreds of river miles of spawning habitat scattered among its many tributaries, the North and Middle Forks provide some of the best habitat for one of the few remaining wild spring Chinook runs in the Columbia Basin.  At the same time, these populations are depressed relative to historic levels (McClure et al. 2003).  Third, the North and Middle Forks exhibit a strong downstream thermal gradient because of natural longitudinal processes and patterns of human land use.  As a result, smallmouth bass and northern pikeminnow only seasonally use portions of the middle and upper basins, whereas year-round populations are established in the warmer waters of the lower North and Middle Forks and mainstem (Shrader and Gray 1999, C. Torgersen per. comm.).  Therefore, this represents the leading edge of the warmwater fish invasion, which is expected to be most sensitive to the effects of future stream warming. 
Work Element 1: Quantifying multi-scaled thermal regimes of the Upper John Day River Basin.
Thermodynamics of the North and Middle Forks of the John Day River will be assessed using a network of digital temperature recorders at point locations.  At the onset of the study, temperature recorders (HOBO® Pendant Temperature/Light Data Logger) will be deployed at major confluences, tributaries and other locations, and programmed to record temperature every 30 min.  Optimal locations will be defined by previous work using forward-looking infrared (FLIR) thermal imagery depicting spatially continuous patterns of stream temperature in the John Day River (Torgersen et al. 1999, 2001).  Instream data from temperature recorders will provide information on daily and seasonal water temperature fluctuations throughout the North and Middle Forks of the John Day River.  Additional loggers will also be positioned to assess the effects of riparian shading on the mean and range in water temperatures throughout the study area; water temperature measurements will also be made with hand-held digital thermometers in riffle and pool habitats.  Other data sources will be queried to quantify long-term trends in water temperatures, including large databases developed by co-PI Torgersen, USGS, DEQ, ODFW, OSU, and NOAA (C. Volk and C. Jordan, unpublished data).  Next, we will examine published and unpublished FLIR thermal imagery maps for the Upper John Day River to quantify spatially continuous patterns of stream temperature.  These data will be used to validate the stream temperature model (Work Element 3) at channel-unit, reach-, and section-level spatial scales.  
Deliverables
· Reach-scale water temperature maps depicting longitudinal thermal variation in the North and Middle Forks of the John Day River, identifying key areas of coldwater refugia for Chinook salmon.

· Seasonal thermographs illustrating critical warm periods in the North and Middle Forks of the John Day when thermal impacts on Chinook salmon are expected to be most pronounced due to direct physiological effects.

Work Element 2: Climate-change projections for the Upper John Day River.
Previous research has suggested that stream temperatures will be very sensitive to projected increases in air temperatures and changes in precipitation and snowpack in the United States (Mohseni et al. 1999).  According to two representative general circulation model (GCM) simulations from the Hadley Centre and Max Planck Institute, the Columbia River Basin is predicted to show reasonably consistent basin average increases in annual air average temperature of about 1.8-2.1°C for 2025, about 2.3-2.9°C for 2045, and about 4.5°C for 2095 (Hamlet and Lettenmaier 1999).  To explore the potential impacts of climate change on water temperatures, we will use simulated future climate data from 30 different GCM projections for three different time periods 2011-2040, 2041-2070, 2071-2100.  These projections will represent model runs from 10 different GCMs run under three different green-house gas emissions scenarios (B1, A1B, and A2) representing the lower, mid, and mid-high range of the scenarios developed by the Intergovernmental Panel on Climate Change Special Report on Emissions Scenarios (Nakicenovic et al. 2000).  All 30 projections have been developed for the IPCC Fourth Assessment Report initiative.  Downscaled projected temperature and precipitation anomalies from the GCMs will be applied to current climate data.  Current climate will be based on CRU CL 1.0 (New et al.  1999) and 2.0 (New et al. 2002) and CRU TS 2.1 (Mitchell and Jones 2005) datasets.  Downscaling is a method of translating relatively coarse resolution GCM projections to finer resolutions that take local climate patterns into account (Wilby and Wigley 1997).  The monthly temperature and precipitation values will be used as inputs into base flow temperature calculations for the stream-temperature model (see Work Element 3).  Existing statistical models will be modified to predict snow pack and the period of spring runoff.  Although snowmelt is a relatively large input to the John Day River as a whole (thus influencing discharge patterns), it plays a much lesser role in determining water temperatures in the North and Middle Forks throughout most of the year.  
Deliverables
· All data will be deposited directly into the Northwest Habitat Institute’s Interactive Biological Information System to assist in understanding climatic changes in the basin over time.
Work Element 3: Spatially explicit stream temperature model for the Upper John Day River.
Many approaches exist for modeling stream temperature in riverine ecosystems.  Prior to this proposal, we evaluated a series of models developed by the U.S. Environmental Protection Agency, the Washington State Department of Natural Resources, and the Oregon Department of Environmental Quality to determine the most practical application to model the thermodynamics of the Upper John Day River.  Due to the spatial extent and network connectivity of streams (Ganio et al. 2005) we wanted to employ a spatially explicit approach that uses readily-available data sets.  Based on this preliminary analysis, we selected WET-Temp (Watershed Evaluation Tool – Temperature) proposed by Cox and Bolte (2007) over the HeatSource model (Boyd 2004), SSTEMP and SNTEMP (USGS 2004) and other competing methodologies.  WET-Temp’s integration of spatial information (ESRI shapefiles and grid coverages) along with its representation of network connectivity advances the prediction of stream thermodynamics processes across entire watersheds.

WET-Temp is a network-based model that predicts stream temperature distributions based on the physics of contributing heat flux processes.  Spatial data sets describing stream temperatures (see Work Element 1), vegetation cover, stream network locations, elevation, stream discharge, and channel characteristics are used by WET-Temp to quantify geometric relationships between the sun, stream channel and riparian areas (Cox and Bolte 2007).  These relationships are used in conjunction with air temperature, relative humidity and wind speed to estimate the energy gained or lost by the stream via various heat flux processes (solar and longwave radiation, evaporation, convection and advection).  The sum of these processes is expressed as a differential energy balance to provide estimates of diurnal temperature fluctuations at the reach-scale within an entire basin.  
Cox and Bolte (2007) developed WET-Temp in the Willamette River Basin, Oregon, and found high model performance for predicting water temperatures based on external validation.  The WET-Temp model developed in this study will be validated with past water temperature data for the Upper John Day River, including FLIR thermal imagery (Torgersen et al. 1999, 2001, unpublished data), and present-day temperature data collected using digital temperature recorders (see Work Element 1) Spatial data sets required in WET-Temp will be acquired from Landsat Thematic Mapper satellite images, Oregon Geospatial Data Clearinghouse (2004), SSURGO (Soil Survey Geographic Dataset) and Streamnet (2002).  WET-Temp has been made available from John Bolte, Oregon State University (per. comm.).

Deliverables
· Maps of predicted daily stream water temperatures for North and Middle Forks of the John Day River Basin.

· Statistical model formulating our understanding of how riverine thermal regimes vary as a function of climate, channel morphology, and riparian vegetation.
· Identification of critical coolwater thermal refugia for Chinook salmon and the relationship of these refugia to riparian canopy cover.

Work Element 4: Forecasting future stream thermal regimes under scenarios of climate change and riparian canopy cover. 
WET-Temp will be used to evaluate stream temperature responses to the 30 climate change scenarios and the different riparian land-use scenarios.  Specifically, once the WET-Temp model has been calibrated and validated (see Work Element 3), future climate and riparian habitat conditions will be entered into the model to simulate temporal and spatial patterns of stream temperatures.  The climate scenarios are described above (Work Element 2).  The land-use change scenarios will represent three alternative cases in which 1) there is no change in riparian cover, 2) there are varying degrees of canopy cover loss on private and unprotected lands, and 3) additional riparian areas are protection and restored in accordance with the plans of the John Day Fish Habitat Enhancement Program and other conservation/acquisition priorities (i.e., those identified by The Nature Conservancy).  

Deliverables
· Predictions of future stream temperatures in response to regional climate and different riparian habitat management strategies in terms of restoration and protection.
· Databases contained in a Geographic Information System to enable reach-scale querying of stream temperatures throughout the basin under different climate and riparian habitat scenarios.

· A model formalizing how future scenarios of climate change and riparian vegetation cover will influence the spatiotemporal dynamics of stream temperatures in the Upper John Day River Basin. 
· All data will be deposited directly into the Northwest Habitat Institute’s Interactive Biological Information System.
Work Element 5: Modeling the potential distribution of Chinook salmon, smallmouth bass and northern pikeminnow as a function of future thermal regimes.

Fishes respond to thermal heterogeneity and require specific ranges of temperatures to survive and reproduce.  By applying thermal ranges and tolerances for Chinook salmon, smallmouth bass and northern pikeminnow (see Table 1) to simulated stream temperatures according to scenarios of climate change and riparian land-use, we will estimate species-specific responses to projected thermal change in the Upper John Day River.  Because the thermal preferences are well known for all 3 species, we will be able to mechanistically link changes in stream temperature to potential biological responses across different life-history stages.  

A number of parameters will be calculated according to different scenarios of climate-change and riparian land-use, including the total number of days (and timing) per year and the total river kilometers (and spatial distribution) that temperatures exceed or fall below temperatures critical for growth, tolerance and survival.  Comparisons of present-day to predicted future stream temperatures will show how the availability of thermally-suitable habitat (at the stream-segment scale) in the Upper John Day River Basin changes for Chinook salmon, smallmouth bass and northern pikeminnow and how the degree of sympatry among these species (i.e., the occurrence of organisms in overlapping geographical areas) is likely to increase.  Temperature regimes also, in part, determine the outcome of competitive interactions within a fish community.  Therefore, we will examine where future stream temperatures fall within adult optimum temperature ranges across species.  
Table 1. Stream temperature ranges and tolerances (presented in °C) for Chinook salmon, smallmouth bass, and northern pike.  Lethal limits represent the temperature at which survival of a test group is 50% in a 10-min exposure, given a prior acclimation to temperatures within the tolerance zone.  Tolerance zone is a set of temperatures for which species can tolerate without physiological damage.  Growth zone is a set of temperatures for which growth is positive.  Preferred is a set of temperatures for which the fish most frequently inhabits when allowed to freely select temperatures in a thermal gradient.  Migration, holding and spawning is the set of temperatures during which these activities typically occur in natural populations.  Data sources include Brett (1952), Shuter et al. (1980), Armour (1991), Eaton et al. (1995), Smale and Rabeni (1995), McCullough (1999, and references therein), Moyle (2002).
	Parameter
	Chinook salmon
	Smallmouth bassd
	Northern pikeminnowd

	
	Egg/Alevin
	Juvenile
	Adult
	
	

	
	
	
	
	
	

	Lower lethal limit
	1.7
	0.8
	0.8
	10.0e
	†

	Lower tolerance limit
	4.0
	4.5
	3.3
	†
	†

	Lower growth limit
	4.5
	10.0
	N/A
	20.2
	16.1

	Preferred temperature
	6.0-10.0
	12.0-13.3
	7.2-14.5
	25.0-26.0f
	18.1-22.8

	Upper growth limit
	12.8
	15.6
	N/A
	27.0
	24.4

	Upper tolerance limit
	14.4
	19.1
	21.0
	29.5
	26.0

	Upper lethal limit
	18.9
	25.1
	22.0
	36.9
	38.0

	Migration
	N/A
	N/A
	3.3-13.3a
	N/A
	N/A

	Holding
	N/A
	N/A
	6.0-14.0b
	N/A
	N/A

	Spawning
	N/A
	N/A
	5.6-12.8c
	12.8-20.0
	13.0-15.0


Notes: † values to be determined from more extensive literature reviews; a >21.0°C (19.0-23.9°C) represents a thermal barrier to migration; b >15.0°C cause thermal stress in holding salmon; c >12.8°C inhibits spawning, >16.0°C ceases spawning; d Values are presented for adults unless otherwise noted.  Values for other life-history stages will be determined (when possible) during the course of the study; e Based on incubating eggs and larvae; f Preferred temperature for age-0 smallmouth bass is 29.0°C.

A number of additional key temperature benchmarks will also be explored.  For spring run Chinook salmon temperatures exceeding 21.0°C represents a thermal barrier to migration, >15.0°C cause thermal stress in holding salmon, >12.8°C inhibits spawning,  and >16.0°C completely prevents spawning (McCullough 1999, and references therein).  By linking the timing of these critical thresholds to projected stream thermal regimes we will calculate the effects of climate and land-use change for Chinook salmon migration, holding and spawning potential.  Warmer water temperatures are also expected to increase the vulnerability of juvenile Chinook salmon to predation (Marine and Cech 2004).  For example, peak consumption of juvenile salmonids by northern pikeminnow occurs at temperatures near 21.5°C (Vigg and Burley 1991).  In summary, our proposal will shed predictive insight into species distributional responses, patterns of species co-occurrence (establishing the potential for predatory or competitive interactions), and potential temperature-mediated impacts by smallmouth bass and northern pikeminnow on Chinook salmon in a changing climate.

We also expect that changes in stream temperatures will also have a dramatic effect on the coexistence of native and nonnative cold-water fish species in the John Day River, including bull trout (Salvelinus confluentus), westslope cutthroat (O. clarki lewisi), rainbow trout and steelhead (O. mykiss) and nonnative brook trout (Salvelinus fontinalis).  Model predictions would also be possible with these species.

Deliverables
· Mechanistic model and predictions of how projected stream temperatures will influence the potential for survival, growth and reproduction of spring-run Chinook salmon in reaches of the Upper John Day River.

· Mechanistic model and predictions of how projected stream temperatures will influence the potential for survival, growth and reproduction of smallmouth bass and northern pikeminnow in reaches of the Upper John Day River.

· Changes in distributional overlap among the 3 species in response to predicted stream temperatures associated with climate change and riparian land-use.

· Scientific publication in a peer-reviewed journal (combined with Work Elements 1-4). 

· Model predictions (including current and future daily stream temperatures) will be made available for additional analyses aimed at elucidating potential temperature-mediated interactions between Chinook salmon, smallmouth bass and northern pikeminnow.  For example, Petersen and Kitchell (2001) used bioenergetics modeling to estimate loss of emigrating salmonids to northern pikeminnow and smallmouth bass predation in relation to temperature in the lower Snake River.  A similar bioenergetics approach could be applied using future stream temperatures projected under scenarios of climate and riparian land-use change.
Schedule 
All work elements will be completed in accordance with the schedule depicted in Table 2.  Progress will be assessed based on the completion of each successive work element.  The project uses specific metrics for the monitoring and reporting of research results as outlined by ISRP (2007-01).  Model predictions of stream temperature and thermal-suitability for Chinook salmon, smallmouth bass and northern pikeminnow will be geo-referenced and reported in terms of total river kilometers and temporal extent. This will enable explicit comparisons among years and sub-basins of the Upper John Day River, thus facilitating the effective reporting and evaluation of all research results.  Metadata for derived spatial data layers will be developed and evaluated according to Federal Geographic Data Committee (FGDC) standards to insure valid data content, quality, and transfer.  Work elements will be accomplished in a timely and orderly fashion to ensure that all research and reporting has been completed in an 18-month period. 
Table 2. Work Schedule
	Task
	Implementation of Research
	Research Report

	
	N
	D
	J
	F
	M
	A
	M
	J
	J
	A
	S
	O
	N
	D
	J
	F
	M
	A

	Element 1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Element 2
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Element 3
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Element 4
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Element 5
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


F. Facilities and equipment 

The facilities and equipment available to the investigators will ensure that the proposed research will be completed with 18 months.  The research will be conducted in the Laboratory of Freshwater Conservation Ecology in the School of Aquatic and Fishery Sciences (SAFS), University of Washington.  Faculty and students in SAFS conduct basic and applied research in the aquatic sciences with an emphasis on fisheries management and aquatic resource conservation.  The investigators will have access to numerous resources and strong logistical support throughout the 18-month duration of the study, and have opportunities to collaborate with other academic programs, as well as public and private organizations and environmental and regulatory agencies.  This will include the UW SAFS Columbia Basin Research Group (http://www.cbr.washington.edu/).  Computer facilities will be provided by the Landscape Ecology Laboratory in the College of Forest Resources (CFR).  Data sets will be managed in a geographic information system (GIS) and processed on one or more high-speed UNIX workstations. Together, SAFS, CFR and NOAA currently have the necessary office space, computers, tools, vehicles and equipment to successfully implement this project. 
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H. Key personnel

An important strength of the proposed research is the collaborative effort among an interdisciplinary team with a wide range of expertise and experience.  Together, we consist of a group of faculty/scientists from the University of Washington School of Aquatic and Fishery Sciences (Olden) and College of Forestry Resources (Lawler, Torgersen), U.S. Geological Survey Forest and Rangeland Ecosystem Science Center (Torgersen), and NOAA Northwest Fisheries Science Center (Beechie).  We each contribute extensive expertise in each of the 5 core research areas of our proposal: invasive species (Olden), climate change (Lawler), stream thermodynamics (Torgersen), riparian habitat and restoration (Beechie) and salmon ecology (all).
Dr. Julian Olden is an assistant professor in the School of Aquatic and Fishery Sciences at the University of Washington.  His research explores the conservation ecology of freshwater ecosystems with a focus on hydrologic change by dams and invasive species.  Research projects are on-going throughout the United States, Canada and Australia.  His expertise includes the modeling of non-indigenous fish distributions, quantifying the ecological impacts of invasive species, and understanding and predicting how future environmental change will influence the distribution and impacts of species invasions.  He recently participated in a working group “Assessing gaps and needs for invasive species management in a changing climate” (funded by the EPA and hosted by the Environmental Law Institute, Washington, DC) from which the proceedings will be published in a special issue of Conservation Biology. 

Dr. Josh Lawler is an assistant professor in the College of Forest Resources at the University of Washington.  His current work includes predicting the effects of climate change on vertebrate species distributions and modeling the relative and cumulative effects of multiple stressors on at-risk populations. More generally, his expertise includes habitat modeling, species distribution modeling, population modeling, and optimization.  He is a contributing author to a US Climate Change Science Program report due out next winter and has collaborated on a National Center of Ecological Analysis and Synthesis assessment of Endangered Species recovery plans organized by the U.S. Fish and Wildlife Service and the Society for Conservation Biology.
Dr. Christian Torgersen is a research landscape ecologist with the USGS Forest and Rangeland Ecosystem Science Center (FRESC) Cascadia Field Station and an assistant professor in the College of Forest Resources at the University of Washington.  His research focuses on spatial patterns of riverine fishes and watershed processes and how they relate to landscape patterns in geology, topography, climate, and land use.  Much of his research involves the use of geospatial applications, such as remote sensing, spatial statistics, and geographical information systems (GIS).  He has extensive experience studying stream temperature and conducting spatially continuous surveys of high-desert fish assemblages in the Grande Ronde and John Day basins of northeastern Oregon.  He pioneered the use of airborne thermal infrared remote sensing to quantify thermal heterogeneity in rivers and streams.
Dr. Timothy Beechie is a geomorphologist and river ecologist at the NOAA Northwest Fisheries Science Center in Seattle, Washington.  His research focuses on geomorphic and landscape process controls the dynamics of riverine ecosystems.  He has studied influences of valley morphology and wood debris on salmon habitats and populations, restoration of incised channels in semi-arid ecosystems, the formation and evolution of floodplain habitats, and impacts of land uses and dam removal on dynamics of floodplain ecosystems.  He also has extensive experience in development of process-based river restoration strategies, working with GIS analysts to evaluate human impacts on watershed processes and river dynamics, and working with conservation biologists to develop analytical tools for evaluating influence of habitat change on salmon populations.  His recent research has focused on understanding conservation of salmon life history diversity in the context of climate change, and predicting outcomes of alternative restoration strategies for salmon recovery.
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Author: US Climate Change Science Program report on the impacts of climate change (2007)

Panel speaker:  Climate impacts on Greater Yellowstone Ecoregion , Bozeman, MT (2007)

Manuscript reviewer for 20 professional journals
 and member of 5 scientific associations.

Christian E. Torgersen
Research Landscape Ecologist, U.S. Geological Survey (USGS), Forest and Rangeland Ecosystem Science Center, Cascadia Field Station; Assistant Professor, College of Forest Resources, 
University of Washington, Box 352100, Seattle, Washington 98195-2100

Phone: (206) 616-1874, fax: (206) 685-3091

E-mail: ctorgersen@usgs.gov, cet6@u.washington.edu; 

http://faculty.washington.edu/cet6 

Education
Ph.D. and M.S. in Fisheries Science, Oregon State University (2002, 1996)
B.A. Geography Robert D. Clark Honors College, University of Oregon (1993)
Practicum, Oregon Institute of Marine Biology, Charleston, Oregon (1990)
Recent Grants and Funding sources
USGS National Parks Resource Preservation Program (2007)


$210,000
Bureau of Land Management, Riparian Management and Conservation (2006)
$149,000
Bureau of Land Management, Landscape Scenario Modeling (2006)


  $93,000

U.S. EPA Region 10, Coldwater Thermal Refugia in Pacific Northwest (2005)
  $54,000
Bureau of Land Management, Crooked River Fish Ecology, Oregon (2004)
 
  $80,000
Selected Publications (of 15 total)
Torgersen, C.E., C.V. Baxter, H.W. Li., and B.A. McIntosh. 2006. Landscape influences on longitudinal patterns of river fishes: Spatially continuous analysis of fish-habitat relationships. Pages 473-492 in R. M. Hughes, L. Wang, and P. W. Seelbach, editors. Influences of landscapes on stream habitats and biological assemblages. American Fisheries Society, Symposium 48, Bethesda, Maryland.

Ganio, L.M., C.E. Torgersen, and R.E. Gresswell. 2005. A geostatistical approach for describing spatial pattern in stream networks. Frontiers in Ecology and the Environment 3(3): 138-144.

Torgersen, C.E., and D.A. Close. 2004. Influence of habitat heterogeneity on the distribution of larval Pacific lamprey (Lampetra tridentata) at two spatial scales. Freshwater Biology 49(5): 614-630.

Fausch, K.D., C.E. Torgersen, C.V. Baxter, and H.W. Li. 2002. Landscapes to riverscapes: Bridging the gap between research and conservation of stream fishes. BioScience 52(6): 483-498.

Torgersen, C.E., R.N. Faux, B.A. McIntosh, N.J. Poage, and D.J. Norton. 2001. Airborne thermal remote sensing for water temperature assessment in rivers and streams. Remote Sensing of Environment 76(3): 386-398.

Torgersen, C.E., D.M. Price, H.W. Li, and B.A. McIntosh. 1999. Multiscale thermal refugia and stream habitat associations of chinook salmon in northeastern Oregon. Ecological Applications 9: 301-319.
Relevant Professional Activities

Member of Advisory and Outreach Board, Geosalar Phase II, Geomatics for Informed Decisions (GEOIDE): Natural Sciences and Engineering Research Council (NSERC), Canada (2004 - present)

Panel member for science briefing on thermal refugia and salmonid ecology to Northwest Regional Administrator, NOAA Fisheries, Portland, OR (2002)
Manuscript reviewer for over 20 professional journals and books

Timothy J. Beechie
Team Leader – Ecosystem Processes Research Team
Watershed Program, Northwest Fisheries Science Center, NOAA Fisheries, Seattle, Washington
Phone: (206) 860-3409, fax: (206) 860-3335

E-mail: tim.beechie@noaa.gov

Education
PhD, forest resources, 1998, University of Washington

MS, fisheries, 1990, University of Washington

BS, geology, 1983, University of Washington

Recent Grants and Funding sources
NOAA BiOp Research, Climate change and restoration effectiveness (2007)

$100,000
NOAA BiOp Research, Post-glacial habitat evolution, Columbia basin (2007)
  $70,000

NOAA BiOp Research, Environmental flow studies, Washington (2007)

$130,000

NOAA BiOp Research, Restoring incised channels, Columbia basin (2007)

$244,000

Selected Publications (of 33 total)
Beechie, T., G. Pess, P. Roni, and G. Giannico. In press.  Setting river restoration priorities: a review of approaches and a general protocol for identifying and prioritizing actions. N. Am. J. Fish. Mgmt.

Beechie, T.J., H. Moir, and G. Pess. In press. Hierarchical physical controls on salmonid spawning location and timing. In DeVries et al.; AFS special publication: Riverine salmonid spawning habitat: physical controls, biological responses, and approaches to remediation.

Hall, J., D. Holzer, and T. Beechie. 2007. Modeling floodplain distribution and lateral channel migration potential in the Interior Columbia River Basin, USA. Journal of the American Water Resources Association 00:0000-0000.
Bartz, K. L., K. Lagueux, M. D. Scheuerell, T. J. Beechie, A. Haas, M.H. Ruckelshaus. 2006. Translating restoration scenarios into habitat conditions: an initial step in evaluating recovery strategies for Chinook salmon (Oncorhynchus tshawytscha). Canadian Journal of Fisheries and Aquatic Sciences 63: 1578-1595.

Beechie, T.J., C.M. Greene, L. Holsinger, and E. Beamer. 2006. Incorporating parameter uncertainty into evaluations of spawning habitat limitations on Chinook salmon populations. Canadian Journal of Fisheries and Aquatic Sciences 63: 1242-1250.

Beechie, T.J., M. Liermann, M.M. Pollock, S. Baker, and J. Davies. 2006. Channel pattern and river-floodplain dynamics in forested mountain river systems. Geomorphology 78: 124-141.

Beechie, T.J., M. Ruckelshaus, E. Buhle, A. Fullerton, L. Holsinger. 2006. Hydrologic regime and the conservation of salmon life history diversity. Biological Conservation 130:560-572.

Fullerton, A.H., T.J. Beechie, S.E. Baker, J.E. Hall, K.A. Barnas. 2006.  Regional Patterns of Riparian Characteristics in the Interior Columbia River Basin, Northwestern USA: Applications for Restoration Planning. Landscape Ecology 21: 1347-1360.

Beechie, T.J., M. Liermann, E.M. Beamer, and R. Henderson. 2005. A classification of habitat types in a large river and their use by juvenile salmonids. Transactions of the American Fisheries Society 134:717-729.

Relevant Professional Activities

Science Advisory Board, the Water Center, University of Washington (2000 - present)


Science Advisory Panel, San Francisco Estuary Institute, Napa Watershed Project (2006-present)

Manuscript reviewer for over 15 professional journals, member of 2 professional organizations
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SALARIES

(Salary and wage details must be provided on Budget Detail - Part 1 worksheet)

(No.)
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Project Leader: Olden (1.0 month)
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1

Investigator: Lawler (1.0 month)
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Investigator: Beechie (0.5 month)

4,077

         

 

-

            

 

1

Research Associate/ Post-doc (Full time)
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D.
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-

            

 

E.
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103,719

     

 

34,075

       

 

H.

INDIRECT COSTS
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Julian Olden

FA
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Research Associate/ Post-doc
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Research Associate/ Post-doc

RES

AS/PD

4,166.67

     

 

6.00
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Undergraduate Assistant

UGS

ST
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Budget Detail Part 1 (Personnel Costs)

*Indicate position using one of these codes: 

FA

=Faculty; 

AS

=Academic Staff; 

RES

=Research Associate; 

PC

=Permanent or Project Classified; 

LTE

=Limited Term Employee; 

RA

=Graduate Student Research Assistant; 

PA

=Graduate Student Project Assistant; 

UGS

=Undergraduate student; 

OTH

=Other.

Total Salary and Fringe Benefits for Year 1  

Salaries, Wages and Fringe Benefits

**Indicate role on this project using one of these codes: 

PL

=Project Leader; 

AS

=Associate; 

ST

=Student; 

TECH

=Technical; 

PR

=Professional; 

PD

=Post-

Doctoral

Year 2 (6 months)

Total Salary and Fringe Benefits for Year 2  

Year 1 (12 months)
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Budget Detail Part 2 (Non-Personnel Costs)









Total Permanent Equipment:  

Itemize by trip.  Indicate destination, purpose, # of people traveling, meal cost, lodging cost, transportation cost and extend total cost to appropriate 

budget year column.

John Day River field sampling (4 people for 2 weeks to install and retrieve 100 loggers)

Travel





Total Travel:  







Trip Description

Lodging

Travel

Permanent Equipment

Item

List items and extend cost to appropriate budget year column.

Expendable Supplies

Statement of use







Computer supplies

HOBO Digital Temperature Recorders (100 @ $25/each)
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