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a. Abstract 
We propose continuation of research funded by BPA since 1999 to describe factors influencing the spatial distribution and persistence of wild chinook salmon (Oncorhynchus tshawytscha). A multitude of regional program documents emphasize the need for long-term monitoring and analysis of the spatial structure of Snake River chinook salmon. Emerging conservation theory suggests that recolonization and persistence of widely ranging species may be strongly influenced by the spatial geometry of remaining habitats. The relevance of these concepts to the persistence of declining stocks of salmon is unknown. If patterns in the distribution and spatial structure of salmon populations are important to their persistence in stochastic environments, effective conservation may imply maintaining or restoring a critical amount or mosaic of habitat as well as smaller scale habitat characteristics. As our central hypothesis, we propose that habitat area, quality, or context (relative location) influences the occurrence of spawning chinook salmon. We are testing this hypothesis by describing the distribution of chinook salmon redds and spawning habitats within the Middle Fork Salmon River drainage. Our results will advance current understanding of the relationship between landscape characteristics and the distribution, pattern, and persistence of chinook salmon. Such information could be key for development of conservation and restoration strategies. While this research focuses on larger scale spatial questions about persistence, it simultaneously has provided information useful for intensively monitoring an ESA listed chinook salmon stock. Our annual estimates of wild chinook salmon redds enable managers to estimate total annual redd numbers in order to monitor stock status and evaluate the influences of various mitigation and restoration efforts. Six years of data have already been gathered since inception of the project in 1995. The project will require additional years to follow a complete generation or more of spawning fish in order to complete the analysis of spatial structure.  
b. Technical and/or scientific background

Chinook salmon (Oncorhynchus tshawytscha) stocks in the Snake River ESU (Ecologically Significant Unit) have been listed as threatened or endangered under the Endangered Species Act (ESA) since 1992. In 1994, an estimated 1,880 naturally produced spring/summer chinook salmon reached Lower Granite Dam (NMFS 1995) compared to an estimated production of 1.5 million chinook salmon in the late 1880’s (Bevan et al. 1994). Chinook salmon populations have severely declined from historical levels as a result of blocked access to historic habitat, passage mortality at dams and obstructions, habitat degradation, overharvest, and interactions with hatchery-reared and exotic fishes. An estimated 12,452 km of habitat are no longer accessible to anadromous fish in the Snake and Columbia River basins (NWPPC 1986). Construction and operation of mainstem Columbia and Snake River dams is considered the major cause of recent declines in anadromous fish (CBFWA 1991). Nehlsen at al. (1991) identified habitat loss or degradation as a major problem for 90% of the 195 at risk salmon and steelhead (Oncorhynchus mykiss) stocks they identified. 

In response to declining populations and ESA requirements, agencies have adopted policies that attempt to conserve and restore remaining chinook salmon populations. These efforts have included measures to maintain genetic integrity of remaining wild stocks, reduce passage mortality by improving conditions in the migration corridor, reduce the effects of exotics, restrict sport and commercial harvest, and conservation or restoration of remaining critical habitat (Lee et al. 1997; NWPPC 2000; IDFG 2001). The conventional approach to managing critical habitat has been focused on conserving or restoring the quality of remaining habitats; i.e. conserving and restoring those habitats considered necessary for chinook salmon to complete their complex life cycle from an incubating egg to a mature fish depositing eggs in natal spawning areas. 

While conservation of the quality of critical habitats is essential, there is growing concern that the size and spacing of habitats also needs to be considered (Krohn 1992). Simberloff (1988) suggested that effective conservation may require maintaining or restoring a critical amount or mosaic of habitat, as well as habitat of certain quality. Recent literature has emphasized the potential importance of larger scale processes and spatial concepts to conservation of declining native fish stocks (Frissell et al. 1993; Rieman and McIntyre 1993; Bisson 1995; Reeves et al. 1995; Schlosser and Angermeier 1995; NRC 1996). Theory suggests large scale spatial concepts may be important to persistence (Simberloff 1988, Krohn 1992, Frissell et al. 1993) but there is little empirical evidence to evaluate or guide the application of these concepts to salmonids (Rieman and Dunham 2000). Relatively few studies of non anadromous forms have examined the influence of larger scale processes on salmonid occurrence. Rieman and McIntyre (1995) reported that habitat area strongly influenced the distribution of disjunct populations of bull trout (Salvelinus confluentus). Dunham and Rieman (1999) expanded the dataset and found that both patch size and isolation were strongly associated with bull trout occurrence. Similarly, Koizumi and Maekawa (2001) found occurrence of dolly varden (Salvelinus malma) influenced by patch size but isolation effects were inconsistent. Using a similar approach, Dunham et al. (In Press) reported the importance of patch size and isolation to persistence of Lahontan cutthroat trout (Oncorhynchus clarki henshawi). The relevance of these concepts to declining populations of chinook salmon is unknown.   

Since 1995, we have been testing these concepts by studying populations of chinook salmon in the Middle Fork Salmon River (MFSR) drainage. Our central hypothesis is that habitat area, habitat quality, or habitat context (location in relation to other populations) influences the occurrence of spawning chinook salmon. If the hypothesis is true, recolonization and persistence of chinook salmon populations may be strongly influenced by the spatial geometry of remaining habitats. Our study has five objectives: 1) Map the annual distribution of chinook salmon redds; 2) Map the distribution of potential chinook salmon spawning areas; 3) Describe spawning patch quality; 4) Relate the location, size, and quality of spawning patches to basin geomorphic features; and 5) Evaluate the influence of patch size, quality, and context on the distribution of chinook salmon redds. 

We have selected the Middle Fork Salmon River (MFSR) drainage as the study area. See Thurow (2000) and Servheen et al. (2001) for detailed descriptions of the study area (Figure 1). The study area was selected for several reasons: 1) Remaining chinook salmon stocks are wild and indigenous, unaltered by hatchery supplementation. Consequently, the ability of the salmon population to respond to the quality and quantity of the available habitat has not been altered. Wild, indigenous, chinook salmon populations like those in the MFSR are rare; Thurow et al. (2000) reported their presence in 4% of the potential historical range and 15% of the current range in the Columbia River basin and portions of the Klamath River basin. 2) Most of the drainage has been lightly disturbed by anthropogenic activities so habitat quality has not been substantially altered in most areas. Widespread degradation of habitat would be expected to confound a spatial analysis of freshwater habitat by influencing fish distribution and abundance. 3) The large area provides an opportunity for a large sample size. About 650 km of tributaries and 170 km of the mainstem are accessible to chinook salmon (Mallet 1974; Thurow 1985). This increases the likelihood of a sample size large enough to complete a robust spatial analysis. 4) Opportunities exist for extensive collaboration with other agencies and tribes who are already conducting chinook salmon redd counts in the drainage; and 5) the principal investigator has more than 20 years of experience working in this drainage and has an intimate knowledge of the MFSR and the spawning ecology of its chinook salmon. 

Returns of adult chinook salmon are influenced by a variety of factors (IDFG 1992), including migratory corridor (Raymond 1979) and ocean conditions (Lichatowich and Mobrand 1995). Therefore, adult escapements and corresponding redd counts will fluctuate annually. Because of this variation, it will be necessary to follow a more than one full generation of chinook salmon to adequately complete an analysis of spatial dynamics. The age structure of spring and summer chinook salmon that spawn in the MFSR includes precocial males that mature after two years or less in freshwater, jacks that mature after two or three years in freshwater and 1 year in the ocean, and males and females that mature after two or three years in freshwater and two or three years in the ocean (IDFG et al. 1990). An occasional fish will spend four years in salt water. As a result of this variable age structure, the spawners in an individual year may range up to seven years of age. We propose to continue annual redd counts through 2004. 

Studies will result in publishable contributions to the fields of fish biology and management, ecology, population biology, and conservation biology. Information will be distributed via contract reports; peer-reviewed publications in professional journals; oral papers presented at professional meetings, technical conferences, and workshops; in response to information requests; and at informal meetings with state and federal agencies, tribes, and university scientists involved in management of Snake River chinook salmon.
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Figure 1. Middle Fork Salmon River drainage, Idaho.

c. Rationale and significance to Regional Programs
This research addresses three critical needs identified in Regional Program documents. 1.) the need for long-term information to assess trends in wild chinook salmon populations; 2) the need for evaluation of broad scale population sampling and inventory methods; and 3) the need for analysis of the spatial structure of wild chinook salmon populations.

Long-term trend information

The Power Planning Council’s Fish and Wildlife Program (NWPPC 2000), the Salmon Subbasin summary (Servheen et al. 2001), the National Marine Fisheries Service Biological Opinion (NMFS 2000), and IDFG (2001) all emphasize the need for long-term monitoring and acquisition of life history information for chinook salmon. These and other Regional Program documents emphasize the need for efforts to gather data on wild and naturally occurring spawning stocks. The Biological Opinion (NMFS 2000) also notes that a comprehensive monitoring and evaluation program will be required to meet RPA (reasonable and prudent alternatives). Our research objectives are very consistent with guidelines outlined by NMFS (2001) that call for “critical monitoring/evaluation components” which will be integral to measuring recovery performance standards. The Columbia Basin Fish and Wildlife Authority (CBFWA) notes that a primary function of species monitoring and evaluation components is to measure progress toward achieving conservation and recovery objectives (NWPPC 2000). Since the project inception in 1995, this research has provided information critical to intensively monitoring an ESA listed chinook salmon stock. Our annual estimates of wild chinook salmon redds enable managers to estimate total annual redd numbers in order to monitor stock status and evaluate the influences of various mitigation and restoration efforts.   

Broad scale sampling

The recent Salmon Subbasin summary, specifically calls for research to provide validation of broad scale population sampling and inventory methods (Serhveen et al. 2001). The Biological Opinion (NMFS 2000) calls for monitoring population status by assessing population abundance, trends, distribution, and variation. Prior to this project, chinook salmon were inventoried only in “index” areas of the MFSR drainage. This research represents the first comprehensive survey of spawning areas and redds in the basin and provides key information on overall distribution of redds and spawning fish. Further, the data enables a comparison of population trends between “index” areas and the complete inventories.

Spatial structure

The Biological Opinion (NMFS 2000) and the Salmon Subbasin summary (Serhveen et al. 2001) both call for an analysis of the spatial structure of wild chinook salmon populations. The CBFWA similarly notes that monitoring programs need to be expanded as necessary to reduce critical uncertainties (NWPPC 2000). As noted above, in response to declining populations, ESA requirements, and regional monitoring efforts, agencies have adopted policies that attempt to conserve and restore remaining chinook salmon populations. Considerable effort has been applied to conserve or restore the quality of habitats considered necessary for chinook salmon to complete their complex life cycle. Although recolonization and persistence of chinook salmon may be strongly influenced by the spatial geometry of remaining habitats, the relevance of these concepts to the persistence of declining stocks of salmon remains unknown. Yet, little effort has been directed toward evaluating whether patterns in the distribution and spatial structure of salmon populations are important to their persistence in stochastic environments. This research directly addresses those stated research priorities and management needs. 

In addition to providing long-term and broad scale information to monitor an ESA listed salmon population, our results will simultaneously advance current understanding of the relationship between landscape characteristics and the distribution, pattern, and persistence of chinook salmon. Such information could be key for development of conservation and restoration strategies. At a broad scale, emerging strategies to conserve and restore critical habitats and viable populations will be based on this and associated research. 

d. Relationships to other projects 

This research fully complements the annual chinook salmon redd surveys completed within the MFSR study area by a large group of collaborators including IDFG, the Nez Perce Tribe, the Shoshone-Bannock Tribe, and National Forests including the Payette, Boise, Salmon-Challis, and Sawtooth. IDFG conducts annual redd counts at several index reaches as part of BPA Projects #89098000 “Idaho Supplementation Studies” and #199107300 “Idaho Natural Production Monitoring and Evaluation”. The Nez Perce tribe conducts redd counts in Big and Bear Valley creeks as part of “Lower Snake River Compensation Plan hatchery Evaluations”. The Shoshone-Bannock tribe conducts redd counts in Bear Valley Creek under BPA Project #199405000 “Salmon River Habitat Enhancement M&E”. Biologists from the Boise, Payette, and Salmon-Challis National Forests also participate in redd counts in selected areas. To capitalize upon this situation, our project integrates with the existing projects to the maximum extent possible. Our redd count data are currently shared with IDFG, the Tribes, and the National Forests. 

Scientists at the NMFS Northwest Fisheries Science Center have been charged with assisting development of consistent approaches for monitoring chinook salmon populations. After meeting with their scientists, we at RMRS are in the process of developing cooperative agreements (contact Chris Jordan 206/860-3423) for collaboration on existing and future projects. 

This project is directly linked to two new BPA Proposals. The first is entitled “Evaluate Factors 

Influencing Bias and Precision of Chinook Salmon Redd Counts”. If funded, the the aerial counts

of chinook salmon redds we are conducting as part of Project #199902000 will be 

applied at no additional cost to facilitate the mark-resight approach described in the new 

proposal. The second is entitled “Assessing Geomorphic Controls on Watershed-scale 

Availability of Chinook Salmon Habitat”. If funded, the project will quantify geomorphic 

controls on watershed-scale availability of sediment sizes suitable for chinook spawning in the 

MFSR study area. 

In 1997, the principle investigator also collaborated with a University of Idaho project designed 

to assess passage of adult chinook salmon at dams and their movement into tributaries. During 

aerial redd surveys, we assisted the University of Idaho researchers by radio tracking tagged 

chinook salmon in the areas we flew. 

Finally, we have been gathering and archiving otoliths collected from chinook salmon carcasses encountered in MFSR tributaries during our surveys and those conducted by the cooperating agencies and tribes listed above. Literature demonstrates that the elemental chemical composition of otoliths may be used to reconstruct the environmental history of individual fish and to distinguish between populations. Otoliths could prove useful for addressing important questions about dispersal, life history characteristics, origin, and persistence of MFSR chinook salmon. As otolith analysis techniques are improved, we may initiate a new project using our archived samples.

e. Project history (for ongoing projects) 

Progress to Date: In 1995, we developed a draft study plan and coordinated with IDFG and U.S. Forest Service biologists. We developed a Memorandum of Understanding- No. INT-95121-MOU to coordinate our research with State of Idaho biologists and fisheries managers. We developed a cost-share agreement with the Payette National Forest to assist funding of a portion of the field work. In September, we flew reaches of the mainstem MFSR and 12 tributaries and used a GPS unit to map the location of potential spawning areas and redds. We completed ground-based counts in four stream reaches that were not visible from the air. In September 1996-2000, we surveyed the same 12 tributaries and reaches of the mainstem, mapped chinook salmon redds, and mapped the location of potential spawning patches. From 1996 to 2000, we completed ground-based surveys of spawning patches in eight tributaries in order to validate aerial survey data and to measure patch quality. GPS files have been corrected and transferred into GIS for spatial analysis. Summaries of redd surveys have been submitted to collaborators listed above and other interested parties. Since 1995, annual redd counts have ranged from 15 to more than 630. Redds were observed at elevations between 1100m and 2100m; a majority were constructed between 1500m and 2000m. Chinook salmon spawned in both mainstem reaches of the Middle Fork Salmon River and tributaries with about 99% of the redds to date observed in tributaries. Although the project has been in progress since 1995, FY 1999 was the initial year of BPA funding. Previous year costs were paid by RMRS with some assistance from cooperators. Information has been transferred and shared with interested parties. The principal investigator regularly distributes annual redd count summaries to interested cooperators. In 1999 he attended a technical conference, presented preliminary results for Objectives 1, and published a paper in the conference proceedings (see Thurow 2000). 

f. Proposal objectives, tasks and methods
Objective 1: Map the annual distribution of chinook salmon redds in the study area. 

Our hypothesis is that redds will not be randomly distributed. Our assumptions are that trained observers will be capable of distinguishing redds and that annual water conditions will be suitable for a complete inventory of all redds in the drainage. We intend to produce a complete annual count and database of spatially located chinook salmon redds in the study area.

Task 1. Select study streams. (completed in 1995)

Because chinook salmon have specific spawning area requirements, not all reaches of the mainstem Middle Fork Salmon River (MFSR) and its tributaries have the potential to support spawning fish. We selected potential study areas by reviewing past redd survey records, reviewing anecdotal accounts of redds and spawners, personal communications with biologists familiar with the drainage, and by reviewing records of juvenile chinook salmon occurrence. Existing information suggests a total of 12 tributaries and the mainstem MFSR have the potential to support spawning by chinook salmon. Chinook salmon redd counts were made in Idaho as early as 1947, however, counts prior to 1957 were not consistently done (Hassemer 1993). Redd counts in 1953 documented chinook salmon spawning in the mainstem MFSR and the Bear Valley, Big, Camas, Indian, Loon, Marble, Marsh, Rapid River, and Sulphur creek drainages (Hauck 1954). Gebhards (1959) reviewed historical information and reported chinook salmon spawning in the Pistol and Wilson creek drainages in addition to those listed above. Juvenile chinook salmon and suitable chinook salmon spawning areas were observed by Thurow (1985) in ten of the above listed streams except for Wilson Creek. We also included Sheep Creek as a potential spawning stream as a result of its size and the presence of potential spawning substrate. These 12 tributaries and the mainstem MFSR total about 804 km. The remaining tributaries to the MFSR are judged to be too steep or too small to support spawning chinook salmon (Gebhards 1959; K. Ball, IDFG, personal communication). 

Task 2. Annually count and map chinook salmon redds

The methods described below have been employed since 1995 and will be duplicated in post 2000 surveys. For further consistency, the principle investigator will continue to conduct all of the aerial redd counts. 

Our primary survey method is aerial reconnaissance of redds during low-level helicopter flights. The principal investigator will fly all of the accessible stream reaches in the study area and observe redds from a low-flying helicopter. All flights will be conducted after chinook salmon have completed spawning and while redds are still visible. Based on IDFG index area surveys (Hassemer 1993), interviews with biologists who survey MFSR index areas, and our own observations, chinook salmon typically complete spawning by about September 8. Since 1995, all redd count flights have been completed after September 8. Surveys will be conducted between 0900 and 1800 hours to increase the likelihood of direct overhead sunlight. Flights require about 40 hours of aerial census time per year. 

During counts, the pilot will maintain the slowest airspeed possible and hover the helicopter (typically a turbo Hiller Saloy) at an altitude ranging from 15 to 50 m above the streambed, depending on the terrain and presence of trees and cliffs. The observer, will wear polarized sunglasses and search for the characteristic pit and tailspill morphology of chinook salmon redds (Burner 1951) in potential spawning areas. Redd dimensions illustrate the area of disturbed gravel the observer will search for: Burner (1951) reported an average area of 3.3 m2 for 184 spring chinook salmon redds, and King and Thurow (1991) reported an average area of 4.7 m2 for 30 summer chinook salmon redds. Redd dimensions tend to be proportional to the length of spawning fish (Burner 1951; Crisp and Carling 1989; Ottaway et al. 1981) and MFSR chinook salmon are of similar size to those studied by King and Thurow (1991). After observing a redd, the observer will immediately record its position with a global positioning system (GPS) mounted in the ship. For ease of recording, we will use a data dictionary and record redds as point features in a GPS file. One of the benefits of the helicopter is the ease with which it can be used to re-survey an area. For example, if we require a second look, the pilot will hover the craft and re-fly the area in question.  

Some portions of the study area cannot be adequately surveyed from a helicopter. Narrow streams with a large amount of canopy and shading are particularly difficult to survey from the air. Since 1995, we have recorded the areas where aerial surveys are ineffective. Crews will return to those areas and complete ground-based redd surveys. During ground surveys, two observers will wear polarized sunglasses, walk parallel on adjacent stream banks, and record redd locations with a portable GPS unit. Both mainstem stream reaches and side channels will be surveyed.    

Results of the aerial and ground surveys will be integrated to produce a complete map of all redds for each year surveyed. We will correct GPS files for redd locations with base station files, move data into GIS format, and plot maps. 

Objective 2: Map the distribution of potential chinook salmon spawning areas 

Potential spawning areas represent patches of gravel suitable for chinook salmon spawning. Our hypothesis is that spawning patches will not be randomly distributed. Our assumptions are that we will be able to develop criteria for accurately defining potential spawning patches and that

water conditions will be suitable for a complete inventory of all patches in the drainage. We intend to produce a map and database of spatially located potential chinook salmon spawning patches in the study area.

Task 1. Aerially map potential spawning patches

Since 1995, we have aerially mapped potential spawning patches in portions of the study area. We will apply the same criteria used previously to develop a complete post-2000 map. We defined criteria for potential spawning areas by reviewing existing literature describing spawning of stream-type chinook salmon and by observing characteristics of spawning areas currently used in the MFSR. Potential spawning patches will be selected to mimic those characteristics. Chinook salmon select spawning sites with relatively specific substrate sizes, water depths, and water velocities within some minimum-sized area for redd construction (Chapman et al. 1986; Burner 1951). Kondolf (1988) suggested that both substrate framework size and fine sediment content contributed to suitability of gravels for spawning. Our proposed criteria for spawning patches includes: 1) Substrate primarily from 8 mm to 200 mm in diameter with a majority gravel size (8-64 mm in diameter); 2) Patch surface area must be at least 5m2 and 2m wide; 3) Water depths ranging from 10-90 cm and averaging 30 cm; 4) Water velocities ranging from 0.2-1 m/s; and 5) Particles that are larger than 100 mm (intermediate axis) must comprise less than 30% of the patch area or particles that are sand-size (<8 mm) or less must comprise less than 30% of the patch area.

Proposed criteria were based on the following literature. Burner (1951) reported that stream-type chinook salmon spawned over substrate comprised of predominately gravel (60-86%), less than 6% of the substrate was sand size or smaller and the remainder was substrate larger than 150 mm in diameter. Thurow and King (RMRS, personal communication of unpublished data) described the mean surface (0-10 cm) particle size distribution of 15 summer chinook salmon redds in the South Fork Salmon River as 25% of the substrate consisting of cobble (> 64 mm in diameter), 55% gravel (8-64 mm), 10% small gravel (2-8 mm), and 10% sand or finer. Burner (1951) reported depths adjacent to 184 spring chinook salmon redds that ranged from 5-91 cm and averaged 29 cm. King and Thurow (1991) reported depths upstream from 30 completed summer chinook salmon redds that ranged from 12-50 cm and averaged 32 cm. Velocities adjacent to chinook salmon redds have been reported as 0.15-1.07 m/s averaging 0.61 m/s (Burner 1951), 0.37-0.67 m/s (Bovee 1978), and 0.2-0.61 m/s averaging 0.34 m/s (King and Thurow 1991). Redd dimensions provide an estimate of the minimum area of gravel required for a chinook salmon redd. Burner (1951) reported an average area of 3.3 m2 for 184 spring chinook salmon redds. King and Thurow (1991) reported an average area of 4.7 m2 for 30 summer chinook salmon redds. Redd dimensions tend to be proportional to the length of spawning fish (Burner 1951, Ottaway et al. 1981, Crisp and Carling 1989) and MFSR chinook salmon are of similar size to those King and Thurow (1991) studied. Burner (1951) reported that the total average area necessary for a pair of chinook salmon to spawn was about four times the average redd area, averaging 16 m2 for spring chinook. As a result, for redds averaging 4-5 m2, a minimum area of 16-20 m2 would be required to support a pair of spawning fish. K. Ball, an IDFG biologist with nearly 20 years of experience counting chinook salmon redds, has observed that chinook salmon rarely build redds in streams less than 3 m wide or in areas where suitable patches are less than 17 m2. However, since 1995 we have observed chinook salmon redds in gravel patches with surface areas from 5m2 to 10m2 so criteria were adjusted accordingly.

Both spawning adults and rearing chinook salmon parr appear to be associated with low gradient, meandering C-type (Rosgen 1985) stream channels. Scully et al. (1990) reported that the average density of chinook salmon parr in C channels was 3.5 times the density in B channels. Within watersheds supporting chinook salmon, other researchers observed chinook salmon parr in 50% of the C channel habitats compared to 18% of the B channel habitats and 3% of the A channel habitats (K. Overton and R. Thurow, RMRS, personal communication of unpublished data). We will attempt to use existing information to map low gradient, C channel reaches in the 12 study streams as indexes to the areas with the highest potential for spawning. 

We propose to sample each of the 12 streams listed above and the mainstem MFSR and to map the location of all patches of potential spawning substrate. The primary survey method will be observations from low-level helicopter flights during redd surveys. Potential spawning areas will be specifically located with the aide of a GPS unit mounted on the helicopter. Some areas of the streams may not be adequately surveyed from a helicopter. Small streams with a large amount of canopy or shading may be unsuitable for aerial surveys. The observer will record those areas that were judged to be unsuitable for aerial surveys and we will map those areas with ground-based counts described in Task 2 below. 

Task 2. Validate aerial surveys with ground-based surveys.

Ground-based surveys of spawning patches will be conducted in a subsample of reaches to validate aerial estimates of potential spawning substrate. Since 1996, we have conducted ground-based surveys in a subsample of tributary reaches. Ground-based crews will survey stream reaches, apply the same criteria listed above, and use a GPS unit to map the location of all patches of potential spawning substrate they encounter. 

Task 3. Develop a comprehensive patch map. 

Results of the aerial and ground surveys will be integrated to produce a comprehensive map of all spawning patches in the study area. Aerial and ground derived GPS files of spawning patches will be corrected with base station files, brought into GIS format, and plotted. The aerial estimates of potential spawning patches and the ground-derived estimates will be compared and spatially analyzed for errors of inclusion and omission. We will integrate the aerial and ground patch maps to develop our best estimate of the spatial distribution of spawning patches.

Objective 3: Describe spawning patch quality. 

Our hypothesis is that patch quality will vary within and across drainages. Our assumption is that we will be able to accurately assessing patch quality through measurement of key variables. We intend to produce a database linking characteristics of patch quality to the spatially located chinook salmon spawning patch map developed in Objective 2. 

Task 1. Measure indices of patch quality.

During the ground-based patch surveys described in Objective 2, we will also collect empirical information within a subsample of patches. We will measure patch length, mean width, and gradient; and characterize patch quality. In cooperation with RMRS watershed scientists, we developed a sampling scheme to characterize the substrate, depth, and gradient of each subsampled patch. The search for an index of spawning gravel quality has been a persistent theme in the fisheries literature and Kondolf (1988) argued that no single statistic can adequately describe gravel size distribution. To assess the quality of potential spawning gravel, as we propose, Kondolf (1988) suggested evaluating the substrate framework size and the fine sediment fraction. Framework size and the fines fraction might be evaluated by visual observation methods or by collecting gravel samples via freeze or hollow-core techniques (Platts et al. 1983). The remoteness of the study streams and endangered status of chinook salmon precludes gravel collection. We will characterize substrate size with two methods, an ocular estimate of the percent fine substrate along transects and the Wolman pebble count (Wolman 1954). Within each subsampled patch, we will establish random transects and conduct an ocular estimate of the percentage of fine sediment along each transect. To estimate framework size, 

we will complete a Wolman pebble count by randomly zig-zagging and measuring substrate across the patch (Overton et al. 1995). Patch-specific gradient will be measured using a hand level. Depths within patches will be measured along transects.  

We will calculate patch area and use that variable to represent patch size. Patch location or context will be represented by either the distance to the nearest patch supporting redds or by a value calculated from the number of redds within a predetermined distance of a patch (number of redds within 20 km, for example). Patch quality will be represented by a single variable of gravel quality or a variable derived from substrate, depth, and gradient measurements at each measured patch. The variables measured or derived for each patch will be attributed and spatially referenced to the patch maps.  

Objective 4: Relate the location, size, and quality of spawning patches to basin geomorphic features. 

Our hypothesis is that large-scale geomorphic features influence the location, size, and quality of spawning patches in a predictable manner. Our assumptions are that a database of geomorphic features is available for the study area and that a sufficient sample size of patches will be obtained to develop a robust model. We intend to produce a model that applies geomorphic features to predict the likelihood of a spawning patches location, size, and quality. This objective has been further refined and expanded in a new proposal to BPA entitled “Assessing geomorphic controls on watershed-scale availability of chinook salmon spawning habitat.” 

Task 1. Compile existing databases to describe basin landscape features.

Existing databases describing geomorphic landscape features (parent geology, elevation, aspect, basin size, channel slope, etc.) will be acquired. 

Task 2. Develop models to predict patch distribution and empirically validate models.

We will attempt to predict the distribution and abundance of patches and perhaps patch quality using a suit of landscape features. This work will be done in cooperation with RMRS and University of Idaho watershed scientists and geomorphologists. The dependent variables will be distribution and abundance of patches or patch quality and the independent variables will represent landscape variables and process-based empirical constants. We will evaluate and apply the most appropriate analysis and model selection techniques to determine which variables have the largest predictive power. Finally, we will apply data collected in Objectives 2 and 3 to empirically validate the model.

Objective 5: Evaluate the influence of patch size, quality, and context on the distribution of chinook salmon redds. 

Our hypothesis is that patch area, quality, or context influences the occurrence of spawning chinook salmon. Our assumption is that we will develop a large enough sample of spawning patches and redds to adequately test this hypothesis. We intend to produce a model that applies patch information to predict the likelihood of chinook salmon spawning. The model will incorporate a temporal scale to evaluate changes as the spawning populations expand or contract. 

Task 1. Explore various regression and discriminate function analysis approaches.

To draw inferences about spatial processes influencing local populations, potential habitat patches should be consistent in scale with the habitat defining local populations (Rieman and McIntyre 1995). We propose to define patches for chinook salmon as discrete and contiguous areas of stream substrate judged to be suitable for spawning. Patches will be required to meet four criteria: 1) accessible to chinook salmon; 2) discrete areas separated by some distance of unsuitable spawning habitat from other patches. We will analyze the data to verify the best estimate of distance between patches; 3) high potential to have reproductively isolated spawning groups; and 4) must meet criteria for minimum patch size, gradient, substrate size, water depth, and water velocity judged to be suitable for chinook salmon spawning. 

Chinook salmon are known to display strong site fidelity and home to natal areas. Homing is apparently linked to olfactory imprinting that may return fish to specific stream reaches (Quinn 1993). Rieman and McIntyre (1995) suggested that, as a result of homing, fish originating from a particular patch have a higher probability of mating with fish from that patch than with fish from another patch. We will evaluate the data to determine how much distance between patches is necessary to isolate spawning groups.  

Task 2. Select the analysis and complete.

We will conduct our analysis of the influence of patch size, location, and quality at both the stream (N = 12) and basin (all streams pooled) scale. We will attempt to predict the presence of chinook salmon redds using patch size, location (context), and quality. The dependent variable will be presence/absence of redds and the independent variables will represent patch size, location, and quality. An expected equation would be: Presence/absence of chinook salmon redds= F(Patch Size) + F(Patch Location) + F(Patch Quality). We will evaluate and apply the most appropriate analysis technique after considering logistic regression, multiple linear regression, and discriminant function analysis.   

g. Facilities and equipment
Since 1995, existing facilities and equipment have been demonstrated to be adequate to complete the funded portions of the research. RMRS and the Arkansas Cooperative Fish and Wildlife Research Unit (USGS) maintain permanent office space and associated administrative assistance and services (i.e., copying, mailing) in Boise, Idaho and Fayetteville, Arkansas, respectively. RMRS and USGS also provide all necessary computer hardware (pc, lazer printer, modum) and software for wordprocessing (Wordperfect), database management (QPro, DBase), internet access (Internet Explorer), electronic mail (Applix), analysis (SAS), file management (Explorer, Smartcom), GPS file correction (PFinder), and GIS plotting (ArcInfo, ArcView). RMRS has purchased two GPS units with antennae and internal data recorders, one suitable for aerial surveys and one for ground-based surveys. This research necessitates rental of helicopter and fixed-wing aircraft for aerial surveys and to deploy crews to remote areas for ground-based surveys. Leased vehicles will be used for transportation and access during ground-based surveys. Major new equipment purchases will include backpack and camping equipment and gear for mainstem river access.
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Section 10 of 10. Key personnel

Key personnel on this project include Russ Thurow—Fisheries Research Scientist at the Rocky Mountain Research Station in Boise, Idaho; Bill Thompson—Assistant Unit Leader of the Cooperative Fish and Wildlife Research Unit at the University of Arkansas, and Dan Isaak—Postdoctoral Fellow with a joint appointment at RMRS and the University of Idaho. In addition, RMRS scientists Bruce E. Rieman and Jason B. Dunham will collaborate with the primary investigators. Rieman and Dunham have extensive experience in the biology, population dynamics, and conservation of fishes in the Intermountain Region and have been particularly active in testing the application of metapopulation theory to resident salmonids. Project duties will be partitioned among the primary investigators as follows: Russ Thurow will serve as the principle investigator and primary contact and administrator for the project, and will also be fully involved with data collection and analysis, and will share the dissemination of information stemming from this research. Bill Thompson will provide expertise related to selection and completion of the most rigorous and appropriate data analysis techniques and will share in dissemination of results. Dan Isaak will assist with certain aspects of data collection, analysis, and will share in dissemination of results. Brief resumes are attached. 
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Russell F. Thurow is a Fisheries Research Scientist with the U.S. Forest Service, Rocky Mountain Research Station in Boise, Idaho. He serves as a member of a team of scientists investigating fish population dynamics, habitat relationships, and factors influencing persistence. The mission of the team is to provide new information and techniques for understanding, conserving, and restoring fish populations and critical habitats in the Intermountain West. He has extensive experience with anadromous salmonids and is the principle investigator for BPA Project #199902000 “Analyze the Persistence and Spatial Dynamics of Snake River Chinook Salmon”. He has more than 25 years of experience counting salmonid redds and is intimately familiar with the study area and spawning ecology of its chinook salmon.
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Bill Thompson

William L. Thompson is Assistant Unit Leader of the Cooperative Fish and Wildlife Research Unit at the University of Arkansas, Fayetteville. His expertise is in designing survey methods for sampling biological populations, developing and evaluating methods for monitoring population trends, and modeling biological data. He is senior author of a book that outlines and describes how to design and conduct monitoring programs for detecting important trends in fish and wildlife populations over space and time. In his previous position, Dr. Thompson applied state-of-the-art model selection techniques to investigate relationships between landscape habitat variables and production and parr densities of chinook salmon and steelhead trout in the Columbia River Basin as part of the PATH process. He also is co-writing a software manual for the program BayVAM (written be D. C. Lee), which is used to assess the viability of resident salmonid populations in the Intermountain West.
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Daniel J. Isaak is a postdoctoral fellow with a joint appointment at the University of Idaho and the RMRS. In his current position Dr. Isaak provides assistance with projects designed to better understand the dynamics of chinook salmon populations in the MFSR. The first project involves an evaluation of the effects that the spatial structure of spawning habitats has on occurrence, persistence, extinction, and colonization of chinook salmon populations. The second project is exploring relationships between the location and size of spawning patches and broadscale geomorphic and landscape attributes of watersheds. Previously, Dr. Isaak worked for the Wyoming Cooperative Fish & Wildlife Research Unit on a conservation assessment for three species of native fish found on the Black Hills National Forest. Qualifications for the proposed research include a strong statistical background, previously publishing a manuscript that addressed issues of accuracy and precision for stream habitat measurements, and involvement with other research in the MFSR that provides a familiarity with the study area and redd count surveys.
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