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a. Abstract 
For five years, the project will annually measure surface fines and overwinter sedimentation during the incubation period in spawning gravels in the John Day and Grande Ronde Rivers.  This will allow assessment of the following:  1) whether there is a trend in substrate conditions in spawning habitat in monitored reaches, and if so, whether it is consistent with efforts to reduce sedimentation and improve habitat conditions; 2) whether there is a relationship between the magnitudes of surface fine sediment and fine sediment intrusion into cleaned spawning gravels;  3) whether substrate conditions and trends are consistent with the quantitative substrate objectives of  NPPC (1994), NMFS (1995),  and CRITFC (1995). 

Project data will be used to test the following hypotheses:  1)  The fine sediment substrate goals in recovery plans (NPPC; CRITFC, 1995) and biological opinions (NMFS, 1995) are being met; 2) the aggregate effectiveness of land management is adequate to meet fine sediment/substrate goals, prevent degradation of substrate conditions, and allow improvement in substrate conditions; 3) overwinter sedimentation in salmon redds is not occurring at magnitudes that reduce salmon survival; 4) overwinter sedimentation is not related to the level of surface fine sediment; 5) watersheds with differing magnitudes of land disturbance (e.g.,  roads), do not have significantly different levels of surface fine sediment or of overwinter sedimentation in clean gravels.  The project quantifies the magnitude of overwinter sedimentation in cleaned gravels to estimate salmon survival from egg to emergence.  Work occurs in  the Columbia Plateau province (NFJD) and Blue Mountain Province (Grande Ronde) (this form does not account for multi-province/multi-subbasin projects.)  The project is in its third annual monitoring cycle.
b. Technical and/or scientific background
Previous watershed assessments have consistently noted that fine sediment is a major problem in the Grande Ronde River (GRR) (Anderson et al., 1992; Huntington, 1993; NMFS, 1993; Mobrand et al., 1995) and, to a lesser extent, in the John Day River (JDR) (OWRD, 1986).  High levels of fine sediment can reduce salmon survival from egg-to-smolt by contributing to egg entombment and reductions in pool volumes, egg pocket dissolved oxygen, interstitial rearing space, and food  (USFS, 1983;  Everest et al., 1987; Chapman, 1988; Bjornn and Reiser, 1991; Scully and Petrosky, 1991; Lisle and Hilton, 1992).  In the GRR, reductions in sediment delivery and fine sediment have been repeatedly identified as a priority measure to improve habitat conditions and salmon survival (Anderson et al., 1992; NMFS, 1992;  Huntington, 1993; Mobrand et al., 1995).  

Our proposed project will monitor surface fine sediments and overwinter intrusion of fine sediments into cleaned gravels in spawning habitat for five years to determine baseline conditions and trends and whether habitat objectives for substrate in salmon habitat are being met in monitored reaches.  NMFS (1995) and CRITFC (1995) set goals for surface fine sediment in spawning habitat at <20%.  The NPPC's 1994 Fish and Wildlife program set a goal of <20% fine sediments in salmon redds in measure 7.6D (NPPC, 1994).  Watershed assessments have recommended monitoring and investigation of relationships between surface substrate conditions and fine sediment conditions in redds in the Grande Ronde (Anderson et al., 1992; NMFS, 1993).  Despite these goals for fine sediment and documented sediment-related problems, baseline and trends in surface fine sediment are not being monitored in these rivers, to our knowledge.  

It has been posited that high levels of fine sediment in ambient stream substrate may not reduce egg-to-fry survival because salmon winnow fine sediment from the redd during spawning (Everest et al. 1987; Chapman 1988).  However, it has been documented in laboratory and field settings that sedimentation of fine sediment occurs in salmonid redds subsequent to spawning (Meehan and Swanston, 1977; Beschta and Jackson, 1979; Chapman, 1988; Lisle, 1989; Grost et al., 1991).  Our proposed project will investigate sedimentation within redds during the incubation period by measuring overwinter intrusion of fine sediment into cleaned gravels in a field setting resembling redds.

The project will also investigate the potential relationship between surface fines sediment levels and overwinter intrusion rates.  The amount and size distribution of fine sediment at the surface of channel substrate can affect sediment transport during the incubation period (Carson and Griffiths, 1987; Wilcock and McArdell, 1997) and thereby affect sedimentation and resultant fine sediment concentration in redds (Lisle, 1989).  Within a stream reach, the threshold of stream discharge needed to initiate sediment transport decreases with decreasing particle size at the substrate surface (Carson and Griffiths, 1987; Wilcock and McArdell, 1997).  Fine sediment at the substrate surface can be transported at low levels of stream discharge (Booth and Jackson, 1997).  The expected frequency of flow exceedance increases with decreasing stream discharge (Leopold, 1992).  Therefore, it is likely that streams with high levels of fine sediment at the substrate surface have a greater frequency and duration of sediment transport than streams with lower levels of surface fine sediment, assuming other factors remain equal (Leopold, 1992; Wilcock and McArdell, 1997).  The infiltration of fine sediment into a relatively clean substrate in redds appears inexorable once transport of fine sediment begins (Chapman, 1988; Lisle, 1989).  The amount of fine sediment deposited into cleaned gravels is mediated by a variety of factors, but it generally increases as the particle sizes in transport decrease, because smaller particles settle deeper within the substrate (Beschta and Jackson, 1979).  Thus, it is likely that the amount of fine sediment at the surface of channel substrate may affect salmon survival by influencing the amount of fine sediment in salmon redds during the incubation period.   

The potential relationship between surface fine sediment levels and overwinter sedimentation will be investigated for two reasons:  1) the data will be available without additional project effort; and 2) to investigate whether monitoring surface fines can be a useful surrogate for bulk monitoring of bed composition.  The latter consideration is key, because sampling of bed materials at depth is time-consuming and expensive, yet still introduces bias in some environments (Platts et al., 1987; Lisle and Eads, 1991).  In warm water (about 70oF), more than 45 minutes may be required to obtain a single freeze core (R. Baker, USFWS, pers. comm., Sept. 8, 1997).  Many cores are needed to provide an indication of conditions within a reach (Lisle and Eads, 1991).  In contrast, surface fines within a reach can be measured using the grid method in less than 75 minutes using five randomly spaced measurement points across three transects within a reach. Determination of sedimentation in redds during the incubation period by bulk sampling,  requires repeated sampling (Lisle and Eads, 1991).  There is limited assurance that such "before" and "after" comparisons are valid given the destructive nature of sampling and questions regarding bias and accuracy (Lisle and Eads, 1991).  Therefore, if there is a valid relationship between surface fines and intrusion levels in some streams, measuring surface fines, alone, may be adequate to assess relative trends in habitat condition and salmon survival at a fraction of the expense and effort related to bulk substrate sampling.

Despite the biological and management importance of the relationship among ambient substrate conditions, fine sediment levels in redds, and the survival of threatened salmon, to our knowledge there have been no investigations of these relationships in northeastern Oregon, USA and very few elsewhere. 

Reckendorf and Van Liew (1989) monitored fine sediment intrusion into artificial redds for two years in the Tucannon River, Washington.  Intrusion was measured by sequential freeze core samples taken during the incubation period for spring chinook salmon.  They found an increase in fine sediment in the artificial redds in all areas sampled. The study did not rigorously analyze the potential relationship between intrusion into artificial redds and surface fine sediments.  Reckendorf and Van Liew (1989) concluded that the pebble count method (Wolman, 1954) which was used to characterize the substrate surface, did not account for the sizes of fine sediment at the substrate surface that intruded into the artificial redds.  In contrast, the proposed project will measure surface fine sediments as recommended in situations where fine sediment covers a significant amount of the substrate surface and differential transport and intrusion of sediment are of interest (Smith et al., 1997).  Unlike the proposed project, the study of Reckendorf and Van Liew was not aimed at investigating:  temporal trends in overwinter sedimentation or surface substrate conditions; the relationship of substrate conditions to the objectives of Columbia Basin habitat restoration approaches (e.g., CRITFC, 1995); the relationship of surface fine sediment to intrusion; or inter-stream differences in substrate conditions and temporal trends. 

Fine sediment intrusion has been investigated in Idaho in spawning habitat for chinook salmon (King and Thurow, 1991) and steelhead  and cutthroat trout (King et al., 1992), using sequential freeze cores in artificial redds and intrusion buckets in cleaned gravels.  Generally, fine sediments increased during the incubation period, although during the incubation period for steelhead, spawning gravels that were initially high in fine sediment showed a decrease in fine sediment (King et al., 1992).  In the South Fork Salmon River, Idaho, during the incubation period for spring chinook salmon, intrusion buckets with cleaned gravels rapidly accumulated fine sediments, even during low flow periods (King and Thurow, 1992).  Intrusion buckets with cleaned gravels accumulated fine sediment more rapidly than substrate with a mixture of sediment sizes in artificial redds  (King et al., 1992).  These studies differed from the proposed project in that they did not investigate multi-annual trends or the potential relationship between surface substrate conditions and overwinter sedimentation of fine sediments.

The project proposes to focus on surface fine sediment and fine sediment intrusion for several reasons.  First, surface fine sediment can be measured more rapidly and at less expense than substrate composition at depth.  If there is a relationship between surface fine sediment and fine sediment intrusion, monitoring of surface fine sediment may provide a more efficient means of monitoring substrate trends affecting salmon survival.   Second, surface fine sediment has been set as an objective in regional approaches to protect and restore salmon habitat (e.g., CRITFC, 1995).  Third, the amount and size distribution of fine sediment at the surface of channel substrate can affect sediment transport during the incubation period and thereby affect sedimentation and resultant fine sediment concentration in redds, as previously discussed.  Fourth, direct measurement of surface fines has been recommended where fine sediment covers a significant amount of the substrate and/or differential transport of sediment and fine sediment intrusion are of interest (Kondolf, 1997; Smith et al. 1997).  Substrate composition at depth may have little effect on overwinter intrusion, because flows that fully mobilize the channel bed are relatively rare during the incubation period.  While larger substrate particles are not moved below some threshold of discharge, sands and finer sediment can be transported by very small flows.  The total bed composition may not be directly related to conditions within redds because salmon winnow fine sediment during spawning (Chapman, 1988).

Adaptive management implications include the following.  The proposed project will provide an updated assessment of substrate conditions and trends in salmon spawning habitat.  Thus, it can indicate whether watershed level restoration efforts, when combined with cumulative effects under a variable climatic and hydrologic regime, have been adequate to allow key habitat conditions to improve.  This information can be used to determine whether additional restoration efforts may be needed to improve habitat conditions.  The study will also supply information to determine whether substrate trends and conditions in monitored reaches meet the objectives of NPPC (1994), CRITFC (1995) and NMFS (1995).  This addresses one of the primary, unresolved issues related to land management effects on salmon habitat:  whether improvements in land management, including restoration activities, in combination with existing watershed conditions (e.g.,  road networks) are effective enough, in aggregate, to allow improvement in habitat conditions.   Although restoration activities and erosion reduction measures have been taken in some of the watersheds within the project study, these watersheds also have many sources of accelerated sediment delivery, such as roads and mining.  Natural disturbances, such as fires, can also contribute elevated sediment delivery.  It is uncertain that improved land management and restoration efforts at the watershed scale, together with existing watershed conditions, will be adequate to improve sediment conditions in spawning habitat. 


The bottom-line goal of Columbia Basin watershed efforts to rebuild populations of anadromous salmonids is improvement in habitat conditions and salmonid survival.  Current federal efforts to prevent extinction of these populations rely heavily on improvement in anadromous fish habitat conditions (Federal Caucus, 2000).  Substrate condition and trend data provide an indication of the need to make additional efforts to prevent and reduce elevated sediment delivery in areas where fine sediment is a major habitat problem (PNF, 1988; Platts et al., 1989; Anderson et al., 1992; Espinosa et al., 1997),  as is the case in the GRR (Anderson et al., 1992; Huntington, 1993; NMFS, 1993; Mobrand et al., 1995).  

While one of the goals of the project is to assess the cumulative effectiveness of land management in reducing fine sediment, the project is not aimed at attempting to identify which particular activities are effective or ineffective.  The proposal's goals are to test the hypothesis that salmon habitat and survival has improved and will continue to do so, consistent with the goals of recovery plans (CRITFC, 1995).  Other objectives include determining if fine sediment goals of NPPC (1994), NMFS (1995), and CRITFC (1995) are being met; determining if additional restoration/protection measures are needed (e.g., if high levels of fine sediment are maintained or are increasing); estimating salmon survival from egg-fry; and, investigating the relationship between surface fines and fine sediment intrusion.  These goals do not require a full sediment budget.  Reid and Dunne (1997) noted that complete sediment budgets (including erosion and sedimentation) are not necessary to evaluate every land management issue.  The simplest possible approach should be employed to answer a specific management question related to sediment (Reid and Dunne, 1997).  The project takes the simplest possible approach to meeting project objectives.  At the same time, the project results would greatly complement modular efforts at constructing sediment budgets from land management activities.

The collection of  data for five years under the project will allow statistical analysis of the magnitude, direction, and statistical significance of potential trends in surface fines and overwinter sedimentation, even in the absence of  pre-existing data.  In its 1997 review of the project, the Watershed Technical Work Group noted the importance of "'pre' information" to ascertaining trends in habitat quality.  The habitat improvement approach of  Federal Caucus (2000), intrinsically requires monitoring of key habitat variables affecting anadromous fish survival, such as fine sediment, to determine if habitat conditions are actually improving.  This underscores the importance of collecting baseline information, as will be done under the project, so data are available for future investigations of trends in habitat attributes.

c. Rationale and significance to Regional Programs

The project will monitor trends in surface fine sediments and overwinter sedimentation and examine potential relationships between them as specifically recommended for the GRR in watershed assessments (Anderson et al., 1992; NMFS, 1993).  The Confederated Tribes of the Umatilla Indian Reservation (CTUIR) have  endorsed implementation of Anderson et al. (1992) as a keystone of the CTUIR’s policy on salmon habitat (CTUIR, 1995).

The project will measure baseline substrate conditions and trends as recommended in  NMFS (1995) and  (CRITFC, 1995).   NMFS (1995) noted that measurement of important habitat components, such as substrate, is a critical aspect of the recommended effectiveness monitoring (NMFS, 1995).

By measuring substrate conditions, the project will determine if current substrate goals set in watershed-scale and regional plans are being met in monitored reaches.  (CRITFC, 1995) and NMFS (1995) set a substrate standard of <20% surface fine sediment in spawning habitats.  The NPPC's Fish and Wildlife program sets a goal of <20% fine sediments in salmon redds in measure 7.6D (NPPC, 1994).  The proposed project will monitor overwinter intrusion in cleaned gravels in areas excavated to mimic salmon redds to estimate whether the NPPC's substrate goal is being met in monitored reaches.  The project will also supply trend data to determine progress towards NPPC substrate objectives as recommended in NPPC Fish and Wildlife Program measures 3.3D.1 and 7.6C.2.  Collection of trend data on key habitat variables, such as substrate, have repeatedly been recommended in regional efforts to restore salmon habitat (CRITFC, 1995; NMFS, 1995) and cited as lacking in the GRR (NMFS, 1993). 

The project will also provide data on habitat conditions, using peer-reviewed methods (e.g., Lisle and Eads, 1991), as recommended in NPPC Fish and Wildlife measure 7.6C.   The trend data should indicate of whether watershed efforts have been adequate to lead to improved substrate conditions within monitored reaches, which should be useful to watershed councils, the Grande Ronde Model Watershed, and other entities interested in improving salmon habitat.

The habitat improvement approach of  Federal Caucus (2000), intrinsically requires monitoring of key habitat variables affecting anadromous fish survival, such as fine sediment, to determine if habitat conditions are actually improving.  This project specifically addresses the provision of the Reasonable and Prudent Alternatives (RPA) in the USFWS and NMFS Biological Opinion (BO) for tributary habitat (Section 9.6.5 Research, Monitoring, and Evaluation Plan), because the BO states that research, monitoring, and evaluation must address environmental status monitoring, including the provision of "...baseline information against which the effectiveness of management actions can be assessed."  The BO also states that research, monitoring, and evaluation must address effectiveness monitoring to assess whether intended effects occur in aquatic systems.  This project provides information on both baseline conditions and trends in  substrate conditions in salmon spawning and rearing habitat, which provides an indication of the cumulative effect of watershed conditions and actions on anadromous fish habitat and survival.  

d. Relationships to other projects 
The project will provide updated data on the trend and condition of fine sediments in monitored reaches in spawning habitats in the GRR and JDR.  This will indicate whether substrate objectives are met and/or improving, which can be used to assess the aggregate effectiveness of past and on-going restoration efforts together with the effects of watershed conditions.  This information can also be used to assess the need for additional sediment abatement actions.  The information should be useful to all land and fish management entities in the two watersheds, including the Grande Ronde Model Watershed Project (BPA Project #:  9402700).  

The project results were submitted in a timely fashion to the preparers of the John Day Basin Subbasin Summary for inclusion in the summary.

e. Project history (for ongoing projects) 

Due to administrative delays at BPA, project funding did not begin until Jan. 1, 1998.  The project was funded at $30,000 from Jan. 1, 1998 through Dec. 1998 with FY97 funds.  For FY1999, the project requested $31,500 (5% over the previous year's level of $30,000), but received only $26,042, underfunding the project by about $5,458 or 17.3% in FY 98, creating a backlog in analytical work for the project.  In FY2000, the project requested $33,075, based on a 5% per year increase over base funding, and received $32,409, a shortfall of $666 or about 2%.  This budget was completely expended prior to the end of the performance period, requiring the deferment of additional analytical and fieldwork, adding to the backlog of deferred work.  In FY 2001, the project requested $42,217 to cover significant increases in project costs caused by significant increases in costs of personnel salaries, sample analyses, travel, and consequent increases in fringe and indirect costs.  The amount requested in FY 2001 would have also allowed the project to stem the tide on the annual accrual of work backlog from annual underfunding in previous years.  However, the project was funded at only $39,846, or about 6% below levels needed to complete annual work under the multi-year project, which cause an accrual to the existing backlog of project work. 

In Aug. 1998, ESA consultation with NMFS was completed with NMFS concurring with the biological assessment that the project was unlikely to adversely affect fish species listed under the ESA.  The USFWS concluded that project consultation was not required for effects related to bull trout.  USFWS and NMFS have been contacted prior to the onset of fieldwork annually since 1998, and the consultation situation remains the same.

In Aug. 1998, reaches with salmon spawning habitat were selected for monitoring in the upper Grande Ronde River (GRR) mainstem, Catherine Creek (a GRR tributary), the NFJDR and Granite Creek (a NFJDR tributary)  (See Figure 1).  Sampling sites were established and surface fine sediment levels were measured, concurrent with the placement of containers of clean gravels embedded into artificially constructed salmon redds.   Locations of surface fine monitoring and containers of clean gravels were benchmarked a global positioning system.  Two samples each were collected in the GRR and Catherine Creek in Dec. 1998; the rest of the gravel samples in the four rivers were collected in April 1999, after the incubation period to measure of overwinter sedimentation of fine sediments.  This annual sampling cycle was repeated in 1999 and 2000.  The  2001 sampling cycle has been partially completed. 

Annual reports on project results were submitted in a timely fashion in 1999, 2000, and 2001.  These reports included all compiled project data for surface fine sediment and overwinter sedimentation data, as well as statistical analysis and graphical presentation of the data.

To date, the project (Rhodes and Greene, 2001) has documented that:

1) Quantitative goals of CRITFC (1995) and NMFS (1995) for < 20 % surface fine sediment were not met in some streams in some years (p<0.10).

2) The relationship between surface fine sediment levels and overwinter sedimentation in spawning habitat was statistically significant (p<0.10) for the 1998-1999 sampling cycle, but not for the 1999-2000 sampling cycle.

3) From 1998 to 2000, there was a statistically significant improving trend in surface fine sediment levels in monitored reaches in the upper GRR and Granite Creek, no significant trend in Catherine Creek, and statistically significant deteriorating trend in the NFJDR.

4) Although widely used, the pebble count method for estimating surface fine sediment levels appear to a less sensitive and more time-consuming method of characterizing fine sediment levels than the grid method or calibrated visual estimates;

5) Significant overwinter sedimentation occurs during the incubation period in cleaned gravels in spawning habitat in all reaches in all monitored creeks in all years.

These reports are posted on the BPA website.  The reports and results have also be disseminated to ODFW's statewide fish habitat monitoring personnel, ODFW fishery biologists in La Grande and John Day, Oregon, and to the preparers of the John Day Basin Subbasin Summary for inclusion in the summary.  They have also been disseminated to fishery hydrology personnel with the CTUIR, Nez Perce Tribe, the Umatilla and Wallowa-Whitman National Forests, and the USFWS.  

The results of previous, but unfunded efforts, similar to the proposed project (Rhodes and Purser, 1998) include:  1) overwinter sedimentation occurred in cleaned gravels in all reaches in all years monitored; 2) among reaches and years, the magnitude of overwinter sedimentation and % surface fines had a statistically significant relationship; 3) reaches with the highest levels of surface fine sediment consistently had the highest levels of overwinter sedimentation; 4) stream discharge was not related to overwinter sedimentation in a statistically significant fashion; 5) ocular estimates of surface fines had standard error of about 5% and no significant bias, when compared to measured surface fines. 

Figure 1.  General location of monitored reaches.  Codes are as follows:  grr = Grande Ronde River; cat = Catherine Cr.; nfj = NFJDR; gt = Granite Cr.
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f. Proposal objectives, tasks and methods
Obj 1.: For five years, annually measure surface fine levels in monitored reaches and determine if substrate goals of CRITFC (1995) and NMFS (1995) are met.

Task a.:  Annually measure surface fine sediment prior to the onset of spawning via three methods in monitored reaches in John Day and Grande Ronde Rivers and statistically analyze data from each method and compare to substrate goals.
Method:  Surface fine sediment is annually measured at the onset of the spawning period using the grid method (Bauer and Burton, 1993), visual estimates (Platts et al., 19) and the pebble count method (Wolman, 1954).   Visual estimates are made at 10 transects in each monitored reach.  Grid measurements are made at the same 10 transects, using 5 measurements per transect.  Pebble count data are collected at four of the 10 transects in each reach.  Results are compared among the methods via regression analysis and F- and t-tests. Results from each method are compared to surface fine sediment goals (CRITFC, 1995; NMFS, 1995), using parametric statistics.  
Obj. 2.: For five years, annually measure overwinter of sedimentation of fine sediment and estimate if substrate goals of NPPC FW Program (NPPC, 1994) are met.

Task a.  Placement and collection of  containers of cleaned gravels in spawning habitat and particle size analysis of contents of containers.

Method: Containers filled with cleaned gravels are embedded annually in artificially constructed salmon redds, prior to the onset of the salmon spawning.  This method has been used successfully to monitor fine sediment accumulation in channel substrate in northern California (Lisle, 1989), and provides an indication of the ultimate sediment conditions in redds (Lisle and Eads, 1991).   Although there is uncertainty regarding the exact composition of natural salmon redds and how this influences egg pocket conditions (Chapman, 1988), the use of the proposed approach provides at least some in-channel approximation of fine sediment conditions within redds (Lisle and Eads, 1991) and, perhaps the only one available, since destructive sampling of actual redds is unlikely to be allowed with the existing listing of salmon under the ESA.

The artificially constructed redds are excavated in pool tailouts in salmon spawning habitats according to the dimensions and shape of natural redds described in Bjornn and Reiser (1991).  The containers are placed so that the bottom is located within the range of depths that egg centrums are found within redds (Bjornn and Reiser, 1991).  Sample placement occurs prior to spawning to avoid effects on spawning salmon.  Two containers of cleaned gravels are placed within each constructed redd; five "redds" are constructed in each monitored reach.  At least two containers are collected mid-winter in the accessible reaches (GRR and Catherine Creek) to provide some estimate of the rate of overwinter sedimentation during the incubation period.  The rest of the containers are collected shortly after the end of the incubation period.   The amount and  particle size of accumulated sediment within the containers of cleaned gravels is determined using standard particle size methods.

Obj. 3.: Estimate effects of fine sediment on salmon survival from egg-to-emergence, using available data and methods.

Task a.:  Estimate of salmon survival based on available methods relating salmon survival to fine sediment levels.
Methods: Salmon survival from egg-to-fry will be estimated from the fine sediment and overwinter sedimentation data (Obj. 2, Task a.) via the methods of Stowell et al. (1983) and the data of Scully and Petrosky (1991), using regression equations.  Although there are uncertainties regarding the accuracy of these methods (Chapman, 1988), they provide some estimate of differential survival in areas with differing levels of fine sediment.

Obj. 4.: Investigate potential temporal trends in surface fine sediment and overwinter sedimentation based on results of multi-year sampling and analysis.

Task a.:  Statistical trend analysis of results of  multi-year measurements of surface fine sediment and overwinter sedimentation.
Obj. 5.: Investigate potential relationship between surface fine sediment levels and overwinter sedimentation in cleaned gravels.

Task a.:  Statistical analysis of results of annual and multi-year measurements of surface fine sediment and overwinter sedimentation.

Methods: The results of Obj. 1 (Task a.) and Obj 2 (Task a.) are statistically analyzed using regression analyses to investigate potential relationships between surface fine sediment and overwinter sedimentation levels. 

Discharge in the study reaches during the monitoring period will be estimated from data from the gaging stations nearest the study reaches, using area/elevation methods (Dunne and Leopold, 1978).  Stream width, gradient, and depth will be measured using standard methods (Dunne and Leopold, 1978).  The relationship between stream discharge and overwinter sedimentation will be analyzed by regression analysis to assess whether potential sediment transport capacity appears to affect the magnitude of overwinter sedimentation.  Preliminary data indicate that stream discharge attributes explain little of the variability in the volume of overwinter sedimentation in cleaned gravels (Rhodes and Purser, 1998).

Obj. 6.: Determine if spawning habitats in different streams have different levels of surface fine sediment and different levels of overwinter sedimentation within years and over time. 

Task a.:   Statistical analysis of potential differences in temporal trends in surface fine sediment and overwinter sedimentation data among streams.

Methods:  The results of Obj. 1 (Task a.) and Obj 2 (Task a.) are statistically analyzed using regression analyses for trends and F- and t-tests to investigate potential differences among streams with respect to surface fine sediment and overwinter sedimentation levels.
Obj. 7: Report results and disseminate to watershed councils and fish and land management entities.

Task a.:  Annual report of compiled results to BPA, with all compiled data for posting on BPA website and CRITFC website.  Results provided to watershed councils, subbasin planning efforts, and land and fish management entities.  Preparation of journal paper.

Methods:  The project will generate reports that are based on recommended monitoring and provide information cited as necessary in the NPPC Fish and Wildlife Measures 7.6C, 7.6C.2, and 7.6D, NMFS (1993; 1995), and CRITFC (1995).   It will also provide information on whether substrate goals are met (e.g., CRITFC, 1995) and if habitat conditions are maintained or improving.  Reports will be structured using BPA formats and created using widely used word processing, spreadsheet, and graphics software.  All summary data and analysis will be supplied, in electronic form, to StreamNet and BPA, upon project finalization. 

g. Facilities and equipment
The major special equipment is needed.  Vehicles will be rented.  The CRITFC has suitable office space and personal computers that support a variety of widely used word-processing, spreadsheet, and statistical analysis applications adequate to store and analyze data and report findings.  The CRITFC has a laboratory equipped with soil sieves and scale for particle size analysis of overwinter sedimentation samples.
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