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EXHIBIT A – ATTACHMENT 2

STUDY PLAN
TUOLUMNE RIVER RESTORATION MONITORING
TASK 4 – 7/11, M.J. RUDDY, AND SRP 9 MONITORING

Subtask 4.1 - Resurvey cross sections and longitudinal profiles: Resurvey 7 to 9 cross sections and a longitudinal profile through each project site after each of two high flow events exceeding 4,500 cfs. 

Method/Sampling Needs: Nine pre-construction cross sections have been established at the SRP 9 site, and twelve pre-construction cross sections have been established at the 7/11 site. A subset of the pre-construction cross sections was surveyed post-construction at both sites, and a few cross sections were added. A total of seven post-construction cross sections were surveyed at the SRP 9 site in 2002 (Table 1), and nine post-construction cross sections were surveyed at the 7/11 site in 2002 (Table 2).  In addition to the cross section surveys, channel bathymetry and ground topography were documented by LIDAR and sonar based surveys between La Grange Dam and the 7/11 haul road bridge to 2-foot contour intervals in 2005. Channel bathymetry and topography in the SRP 9 site were surveyed in November 2003.  These bathymetry surveys were used as the post-construction baseline for generating a longitudinal profile. At the M.J. Ruddy site, pre-construction cross sections were surveyed in 1999 (Table 3).  Post-construction cross sections at the M.J. Ruddy site will be surveyed immediately following completion of in-channel grading.

Cross sections will be surveyed using a level and stadia rod or a total station.  Endpoints of all cross sections have been or will be permanently monumented with rebar, and locations documented via survey-grade GPS and overlaid onto aerial photographs.  All cross sections will continue to be identified using a permanent station number based on the linear thalweg distance from the confluence of the Tuolumne River with the San Joaquin River as shown in Tables 1-3.  Cross section endpoints and station numbers will be added to the Tuolumne River GIS database.  All surveys will be referenced to the NGVD 1929 vertical datum.  

Sample Location(s):  At the 7/11, M.J. Ruddy, and SRP 9 sites, cross sections listed in Tables 1 through 3 and shown in Figures 1 through 3 will be considered for future resurvey.  At each site, a minimum of seven post-construction cross sections will be re-surveyed. New cross section locations may be added as needed to support geomorphic, hydrologic, groundwater, and/or vegetation monitoring. In addition, a longitudinal profile will be surveyed over the project extent at the same time the cross section surveys are conducted.
Table 1. Cross section survey history at the SRP 9 Site.

	Cross Section
	Year Surveyed

	
	1998
	1999
	2002
	2003

	1463+39
	
	
	(
	*

	1464+75
	(
	(
	(
	*

	1465+43
	(
	(
	
	*

	1466+00
	(
	(
	
	*

	1467+17
	(
	(
	(
	*

	1468+07
	(
	(
	
	*

	1469+05
	(
	(
	(
	*

	1469+92
	(
	(
	
	*

	1470+51
	
	
	(
	*

	1471+25
	(
	(
	
	*

	1472+08
	(
	(
	
	*

	1472+52 (replaces 1471+25)
	
	
	(
	*

	1473+21 (replaces 1472+08)
	
	
	(
	*

	*Complete channel topography and bathymetry surveyed at site.


Table 2. Cross section survey history at the 7/11 Site.
	Cross Section
	Year Surveyed

	
	19981
	1999
	2002
	2005

	2141+60
	(
	(
	
	*

	2147+00
	
	(
	
	*

	2162+20
	(
	(
	(
	*

	2168+40
	(
	(
	(
	*

	2176+00
	(
	(
	
	*

	2181+00
	(
	(
	(
	*

	2194+00
	(
	(
	
	*

	2198+30
	
	
	(
	*

	2199+20
	(
	(
	(
	*

	2207+00
	(
	(
	(
	*

	2208+60
	
	
	(
	*

	2214+50
	(
	(
	(
	*

	2221+10
	
	
	(
	*

	2233+00
	(
	(
	
	*

	2247+00
	(
	(
	
	*

	*Complete channel topography and bathymetry surveyed at site.


Table 3. Cross section survey history at the MJ Ruddy Site.

	Cross Section
	Year Surveyed

	
	1999

	2129+00
	(

	2123+00
	(

	2093+00
	(

	2077+50
	(

	2066+00
	(

	2061+50
	(

	2233+00
	(

	2247+00
	(


Schedule/Flow Threshold:  Cross sections and profiles should be resurveyed following a flow of 4,500 cfs.  The budget estimate was developed assuming that there will be two years where the flow threshold exceeded 4,500 cfs. Again, long profiles will be surveyed at the same time and schedule as the cross section surveys. In winter 2005, flows on the Tuolumne River exceeded 4,500 cfs at SRP 9 and 7/11, thus one of the two events allocated in the budget has already occurred and the cross sections will be re-surveyed as soon as possible. A bathymetry survey was conducted at the end of the winter 2005 high flows at the 7/11 site, and this bathymetry survey will be used to create a longitudinal profile. Post-winter 2005 high flow cross sections at the SRP 9 and 7/11 sites will be resurveyed in summer or fall 2006. As-built cross sections and longitudinal profile at the M.J. Ruddy site will be surveyed in late fall 2006 (assuming construction occurs in summer 2006).  
Analysis:  Cross sections collected over a number of years will be overlain to quantify channel aggradation, degradation, and lateral migration.  The longitudinal profiles will also be overlain to quantify systemic and local zones of aggradation and degradation, and if appropriate, correlated to causal mechanisms (e.g., expansions/contractions of floodway width, bridges, grade control). If large-scale topographic changes occur during a larger flood, we may conduct a topographic survey of the entire reach (e.g., total station surveys, LIDAR, and/or sonar bathymetry) rather than cross sections to better capture these large-scale changes.
References:  Harrelson et al. 1994
Contingency Issue(s)/Plan:  If more than two high flow years occur between 2006-2009, then either the cross sections will not be resurveyed after the second high flow year, or a budget shift from a different task will be requested to accommodate the additional survey work. If no high flow years occur, then the unused budget will either be allocated to a different task (if needed), or not used at all. 
If the M.J. Ruddy project is not constructed, then the unused budget will be allocated to a different task (if needed), a different implementation site (e.g., Bobcat Flat), or not used at all. Proposed budget reallocations resulting from a lack of high flows or lack of construction at the M.J. Ruddy site will be presented to the TRTAC Monitoring Subcommittee for review and approval. Once the TRTAC Monitoring Subcommittee comments are incorporated, TID will submit a contract amendment request to CDFG.
Subtask 4.2 - Deploy and maintain tracer rocks: Deploy and maintain tracer rocks on approximately six cross sections at each of the 7/11 and M.J. Ruddy sites.  Rocks will be checked and replaced after each flow exceeding 4,500 cfs.  Budget allows at least three tracer rock deployments at each site. 

Method/Sampling Needs:  

A fundamental characteristic of properly functioning alluvial rivers is the initiation of bed surface mobility and bedload transport of the larger particle clasts at streamflows approaching bankfull discharge. Based on the anticipated future high flow regime, one objective of the project is to mobilize the bed surface particles by flows approaching and exceeding the design bankfull discharge. Evaluation of this objective will be monitored by placing painted tracer rocks at several point bars and riffles in the constructed channel. The tracer rocks representing the D84 and D50 particle sizes will be placed on cross sections and monitored until a discharge large enough to initiate movement is observed. 

Surface particle sizes will be determined using a modified Wolman pebble count (Wolman 1954, Leopold 1970). In most cases, tracer rocks are painted a bright color, such as fluorescent orange, and placed along a cross section (Figure 4). Rocks are placed into the bed surface to simulate the surrounding particle packing and protrusion. On exposed point bars, we may also photograph and paint 2 ft by 2 ft square “boxes” along the cross sections to document mobility of in-situ particles (Thompkins 2005). Following a discrete high flow, the tracer rocks will be revisited to document whether and how far the rocks were mobilized. The tracer rocks will then be re-painted and re-set for the next high flow event. 

This discharge will then be compared to the design bankfull discharge to evaluate whether the design bankfull discharge achieved the objective of mobilizing the bed surface. Water surface elevation and slopes will be measured to estimate the hydraulic variables of the discharge that mobilizes the bed surface particles. 

Sample Location(s):

Marked rocks were deployed at the 7/11 site in 2005 (cross sections 2198+30 and 2214+50).  A minimum of three sets of marked rocks will be placed per site on point bars and riffles at the 7/11 and M.J. Ruddy sites prior to winter high flows, and monitored after winter high flow events in 2007, 2008, and 2009. The three cross sections for tracer rock placement will be selected based on previous placement and field conditions at the time of placement. Our original proposal stated that we would not place marked rocks at the SRP 9 site due to low slope; however, we have reconsidered and plan on placing one set of marked rocks in the steeper riffle at the upstream end of SRP 9.
Schedule/Flow Threshold:

Marked rocks will be placed by January of each year (to capture high flows occurring from January through May). Rocks will be monitored after at least three high flow events greater than 4,500 cfs, once the releases from New Don Pedro Dam ramp down to a wadable flow (e.g., less than 1,000 cfs) where monitoring can occur.
Analysis: 

Tracer rocks are grouped into “sets”, with each set consisting of the D84, D50, and in some cases, the D31 particle sizes. We use the D84, D50, and in some cases the D31 because they provide a good representation of the channel bed particle size distribution. The D84 is also an idealized representation of the bed framework particles (Church et al. 1987).

The goal of tracer rock experiments is to document flow magnitude that exceeds the bed’s incipient motion threshold. Full bed mobilization is considered to have occurred when more than 80% of the D84 clasts were mobilized from the cross section (Figure 5). Partial mobility is considered to have occurred when <80% of the D84 clasts are mobilized. The basic analysis will be to compare bed mobility percentages for a variety of flood control releases (if they occur), and evaluate whether the bed is mobilized by 4,500 cfs. If not, then a hydraulic analysis will be used to help determine why mobilization has not occurred (e.g., particle size is too large, confinement is too low, etc.). Monitoring water surface elevations and slopes, combined with a 1-D hydraulic model, will be used to explain why (or why not) bed mobility objectives are being achieved. 
References:  McBain and Trush 2004, Wolman 1954; Leopold 1970; Church et al 1987; Thompkins 2005
Contingency Issue(s)/Plan:  If more than three high flow years occur between 2007-2009, then either the tracer rocks will not be resurveyed for the third high flow year, or a budget shift from a different task will be requested to accommodate the additional survey work (if needed). If no high flow years occur, then the unused budget will either be allocated to a different task (if needed), or not used at all. 

If the M.J. Ruddy project is not constructed, then the unused budget will be allocated to a different task (if needed), a different implementation site (e.g., Bobcat Flat), or not used at all. Proposed budget reallocations resulting from a lack of high flows or lack of construction at the M.J. Ruddy site will be presented to the TRTAC Monitoring Subcommittee for review and approval. Once the TRTAC Monitoring Subcommittee comments are incorporated, TID will submit a contract amendment request to CDFG.

Subtask 4.3 - Map channel migration and other planform changes: Obtain and orthorectify aerial photographs after one flow exceeding 8,000 cfs or if noticeable changes in channel location occur.  Aerial photographs will be true color, stereo pairs, and at suitable resolution for printing and interpretation at a scale of 1:6,000 or larger. 

Method/Sampling Needs:  

Small-scale planform adjustments, such as lateral movement, will be documented by surveying cross sections at locations susceptible to lateral movement (apex of meanders) (see Task 4.1). Large-scale planform adjustments will be documented by a combination of cross section evaluations and low-altitude aerial photographs with 6-inch pixel resolution (see Task 7.1).  Future aerial photos flown after a flow greater than 8,000 cfs or in summer 2008 as part of Task 7.1 will be orthorectified at the 7/11, M.J. Ruddy, and SRP 9 project sites.  Aerial photographs were taken September 20, 2005 from La Grange to the San Joaquin River confluence and will be orthorectified in early 2007.  The post-construction topographic surveys, and/or 2005 aerial photographs, post-flood topographic surveys, and/or post-flood aerial photographs will be overlain to quantify channel migration, and describe flood-related changes in alluvial storage.  Post-construction and post-flood cross section surveys will also be compared to document finer-scale planform changes.
Sample Location(s):  7/11 project site, M.J. Ruddy project site, and SRP 9 project site
Schedule/Flow Threshold:  Since 4,500 cfs threshold was exceeded in 2005, cross sections at the SRP 9 and 7/11 sites will be surveyed in 2006. Thereafter, planform and channel migration adjustments will be documented via cross sections (Task 4.1) for up to two flows exceeding 4,500 cfs. For up to one flow exceeding 8,000 cfs, the planform location will be mapped from locally orthorectified aerial photos obtained as part of Task 7.1. Note that flows exceeding 8,000 cfs occurred in January 2006.
Analysis: Cross sections will be analyzed by comparing lateral movement before and after high flow events, and results will be provided graphically and as a net distance moved (e.g., feet). Changes in channel geometry will be shown on the overlaid cross section plots. Planform changes will be analyzed by digitizing the water edge of repeat aerial photographs. Every attempt will be made to conduct subsequent air photo flights when river flows are similar to the September 20, 2005 flight (315 cfs). Results will be provided graphically as 2-D planform changes through the reach.
References: None
Contingency Issue(s)/Plan:  If more than two high flow years >4,500 cfs or 8,000 cfs occur between 2006-2009, then either the channel migration documented via cross sections or air photos will not be recomputed after the second high flow year, or a budget shift from a different task will be requested to accommodate the additional work. If no high flow years occur, then the unused budget will either be allocated to a different task (if needed), or not used at all. 

If the M.J. Ruddy project is not constructed, then the unused budget will be allocated to a different task (if needed), a different implementation site (e.g., Bobcat Flat), or not used at all. Proposed budget reallocations resulting from a lack of high flows or lack of construction at the M.J. Ruddy site will be presented to the TRTAC Monitoring Subcommittee for review and approval. Once the TRTAC Monitoring Subcommittee comments are incorporated, TID will submit a contract amendment request to CDFG.
Subtask 4.4 - Monitor peak flow water surface elevations (crest gauges): Establish and maintain crest gauges at a subset of channel cross sections to monitor peak flow water surface elevation.  Maintain each gauge after each flow exceeding 4,500 cfs.  These data will be used to test actual channel capacity relative to design capacity and calibrate the hydraulic model developed for the project. 

Method/Sampling Needs:  Computations of floodway conveyance and geomorphic surface design (floodplains and terraces) depend on hydraulic roughness values. Manning’s n is typically the roughness variable of choice, and is a function of particle size, bedforms (bars), sinuosity, vegetation, and other channel obstructions. When channel restoration projects are constructed, the initial Manning’s n is smaller (0.025 to 0.030) than it is after vegetation matures (0.035 and higher). These roughness values are typically estimated by back-calculation from other sites or from professional experience. By monitoring water surface elevations during discreet high flow events immediately after construction, we can back-calculate roughness values using HEC-RAS to compare observed versus design values, which can then be used to improve future designs. Additionally, we can evaluate floodplain and terrace inundation during discreet high flow events to determine if floodplains were inundated by discharges exceeding the design bankfull discharge. 
At least two crest gages will be installed to monitor peak water surface elevation at the upstream and downstream ends of each project site on cross sections surveyed as part of Task 4.1.  A schematic drawing of a typical crest gauge is shown in Figure 6.  The flow data corresponding to flow elevation measured by the crest gage will be obtained from the USGS gaging station Tuolumne River below La Grange Dam near La Grange (station # 11-289650). The crest gages will be installed at the 7/11 site, M.J. Ruddy site, and the SRP 9 site, and will be set up to capture peak stages for flows ranging from 4,000 cfs to 10,000 cfs. 
Sample Location(s):  Crest gages will be installed on cross sections at the 7/11 site, M.J. Ruddy site, and SRP 9 site at the upstream and downstream ends of each reach. Additional crest gages may be installed at intermediate cross sections as needed to support other monitoring experiments (e.g., marked rocks).
Schedule/Flow Threshold:  Gages will be installed at the 7/11 and SRP 9 sites as soon as practicable after the grant is funded.  Crest gages will be installed at the M.J. Ruddy site prior to the January following completion of construction.  Gages will be monitored following flows exceeding 4,000 cfs.
Analysis: Peak water surface elevations will be used to compare actual water surface elevations with predicted floodplain inundation thresholds. These data will evaluate design performance with respect to constructed floodplain elevations. Additionally, the peak water surface elevations will be used to back-calculate as-built and future channel roughness to improve future HEC-RAS hydraulic model predictions. 
References: None
Contingency Issue(s)/Plan:  Crest gages will be installed regardless of flow.  If more than two high flow years >4,500 cfs between 2006-2009, then either the crest gages will not be monitored after the second high flow year, or a budget shift from a different task will be requested to accommodate the additional work. If no high flow years occur, then the unused budget will either be allocated to a different task (if needed), or not used at all. 

If the M.J. Ruddy project is not constructed, then the unused budget will be allocated to a different task (if needed), a different implementation site (e.g., Bobcat Flat), or not used at all. Proposed budget reallocations resulting from a lack of high flows or lack of construction at the M.J. Ruddy site will be presented to the TRTAC Monitoring Subcommittee for review and approval. Once the TRTAC Monitoring Subcommittee comments were incorporated, TID will submit a contract amendment request to CDFG.
Subtask 4.5 - Continuous water surface elevation recording gage: Establish and maintain one continuously recording stage gauge at one cross section within the each project site. 

Method/Sampling Needs: At least one continuous recording gage will be installed at the 7/11 site, M.J. Ruddy site, and SRP 9 site to monitor year-round water surface elevations (total of 3 recording gages).  Gages will record water stage at a cross section at 15-minute intervals, and will allow spot measurements of stage as recorded by the crest gage (Task 4.4) to be converted to 15-minute stage data if needed.  Data will be downloaded a minimum of once every four months.  The proposed installation method at a given cross section will follow USGS protocols, and will also include installation of staff plates (Figures 7 and 8).  Streamflow will not be measured at each continuous recorder. The flow data corresponding to flow elevation measured by the continuous recording gage and crest gages will be obtained from the USGS gaging station Tuolumne River below La Grange Dam near La Grange (station # 11-289650). The stage data will be related to streamflow to generate local rating curves. 
Sample Location(s):  One recording gage will be installed on a cross section within the 7/11 site, M.J. Ruddy site, and SRP 9 site. Specific location will depend on local site conditions and anticipated hydraulic conditions over the expected range of flows.
Schedule/Flow Threshold:  Continuous recording gages and staff plates will be installed at the 7/11 and SRP 9 sites as soon as practicable after the grant is funded.  The continuous recording gage at the M.J. Ruddy site will be installed prior to the January following completion of construction. Gages will be downloaded once every four months.
Analysis: Continuous stage data will be related to streamflow as measured by the USGS gaging station Tuolumne River below La Grange Dam near La Grange (station # 11-289650) in order to generate rating curves at the gaging location. The 15-minute stage data can be related to spot measurements at crest gages and other cross sections to generate similar stage-discharge data at these other locations. The continuous stage data will be used to relate streamflow stage and rate of decline to groundwater dynamics (Task 4.9) and riparian recruitment success (Task 4.7).
References: None
Contingency Issue(s)/Plan:  Continuous stage recorders will be installed regardless of flow.  If the M.J. Ruddy project is not constructed, then the unused budget will be allocated to a different task (if needed), a different implementation site (e.g., Bobcat Flat), or not used at all. Proposed budget reallocations resulting from a lack of construction at the M.J. Ruddy site will be presented to the TRTAC Monitoring Subcommittee for review and approval. Once the TRTAC Monitoring Subcommittee comments were incorporated, TID will submit a contract amendment request to CDFG.
Subtask 4.6 - Monitor survival, percent cover, and growth of planted riparian vegetation: Continue monitoring survival, percent cover, and growth of planted riparian vegetation through post-project year 5 (i.e., 2008).  

Method/Sampling Needs: Extensive riparian plantings were conducted at the 7/11 site and SRP 9 site, and are planned at the M.J. Ruddy site. The site topography was designed to enable natural riparian regeneration on floodplains and high flow scour channels during wetter water years with higher spring flood control releases. Riparian experiments (with control) have been added to the M.J. Ruddy design to test different success rates when modifying certain variables, including irrigation versus non-irrigation, cuttings versus container stock, fertilized versus non-fertilized, and topsoil versus alluvium. In addition, areas have been set aside with no riparian plantings to assess stand quality with natural recruitment versus planted riparian vegetation. 
Monitoring will evaluate project performance using plot-based descriptions of species composition, survival, and cover to evaluate recruitment, survival, and growth. The project was designed using different types of plant modules (hexagon “tiles”), each containing a different group of species dominated by one or two species. Many of these tiles were planted on designed geomorphic surfaces that provided reasonable hydrology for the species within that tile (e.g., planting a tile dominated by black cottonwood on floodplains, and planting a tile dominated by rush at the downstream end of high flow scour channels). The monitoring plan proposes to randomly sample a number of each tile type within important designed geomorphic surfaces, and conduct plots for these randomly selected tiles to document trends in riparian planting survival and coverage. A module (a 50’ hexagon) will be the sample plot. Data collected within plots will include species, plant vigor, and plant size in the tree, shrub, and herb strata. Plant vigor will be assessed using visual decline indicators (for example, yellowing or burnt leaves, leaf abscission, stunted growth, irregular plant morphology or stem death). Plant size assessment will be based on cover, root collar or breast height diameter, and height.  Plant density, and survivorship will also be calculated.

Quantitative performance standards will be correlated to revegetation techniques such as design, planting, irrigation methods, fertilizer, planting stock, and environmental causes. Potential performance measures for natural regeneration include area of initiating seedling area, percent survival, and soil moisture. The performance measures for natural regeneration will require additional information, such as groundwater monitoring (Task 4.9), soil moisture monitoring (Task 4.9), and water stage monitoring (Task 4.4 and 4.5).
Areas of planting survival will also be mapped onto 2005 orthorectified air photos. This mapping will be conducted at the same scale, but greater detail, as that used in the riparian vegetation inventory (McBain and Trush 2000). 
Sample Location(s): Monitoring locations will focus at the 7/11 site, M.J. Ruddy site, and SRP 9 site.
Schedule/Flow Threshold: Annual monitoring will occur at the end of summer in 2006 and 2008 to document survival of plantings. 
Analysis:  The primary analysis will be to evaluate revegetation success by analyzing changes in plant size, vigor or species composition on common geomorphic surfaces and tiles (e.g., changes in survivorship with time for black cottonwood tiles on constructed floodplains). Groundwater monitoring will complement this statistical comparison by providing data that may help explain the phenomena that is being documented (e.g., why are the plants surviving or dying?). The secondary analysis will be to compare general planform maps illustrating areas of plant survival and death. 
References: None
Contingency Issue(s)/Plan:  Riparian monitoring will be installed regardless of flow.  If the M.J. Ruddy project is not constructed, then the unused budget will be allocated to a different task (if needed), a different implementation site (e.g., Grayson River Ranch or Bobcat Flat), or not used at all. Proposed budget reallocations resulting from a lack of construction at the M.J. Ruddy site will be presented to the TRTAC Monitoring Subcommittee for review and approval. Once the TRTAC Monitoring Subcommittee comments were incorporated, TID will submit a contract amendment request to CDFG.
Subtask 4.7 - Monitor natural riparian vegetation recruitment and establishment on reconstructed floodplain surfaces: Conduct annual plot-based monitoring of natural riparian vegetation recruitment and establishment on the reconstructed floodplains for three years.  

Method/Sampling Needs: Band transects will be used to document riparian hardwood recruitment locations, riparian vegetation structural changes, and species distribution. A representative floodplain will be selected for each site, and a single band transect will be established on an existing cross section for each site for a total of three band transects. The band transects will be integrated with geomorphic monitoring (Tasks 4.1-4.3) and hydrologic monitoring (Tasks 4.4, 4.5, and 4.9) at each site to relate riparian changes to channel morphology, annual flow regimes, and bed mobility and scour. Specific objectives of band transect sampling are:
1) Document bank position of riparian hardwood initiation, establishment, and mortality at bank rehabilitation sites.

2) Document current riparian hardwood demographics within discrete vegetation layers, correlating these demographics with distance from, and elevation above, the wetted stream channel.

3) Relate riparian hardwood recruitment patterns to the low water channel margin, flow timing, flow ramping rates, and riparian hardwood species annual seed dispersal patterns. 

4) Relate initiation and establishment patterns to inter- and intra-annual streamflow variations (e.g., magnitude, timing, duration, frequency and rate of change), woody riparian hardwood physiology, and riparian hardwood phenology.

The band transect monitoring relies using on transects established for geomorphic monitoring purposes and follows methods used by Bair (2001). Band widths have been selected based on the frequency and size of plant species, and the potential to include woody riparian plants growing in the tree, shrub, or herb vegetation layers. For example, woody riparian plants shorter than 1.5m (usually seedlings) frequently occur as dense patches. Consequently, band width does not have to be large to sample a sufficient number of plants to describe the spatial variation, density, age, and size structure of these shorter plants. Sample size and the number of measurements needed to address the variation in hardwood size along transects have been considered in making band width determination. 

Three bands of different width (1.5, 5, and 10-meters) will be nested within the band transect, with the band transect being centered on a cross section. A nested band width design is preferable to a single band width to better sample the diversity of species’ growth habits and age classes with reasonable effort. The 1.5 meter band is primarily used to document the location, number, age, and species of hardwood seedlings. The 5 meter band is for sampling shrubby hardwoods that are usually mature and more widely spaced, while the 10 meter band is for sampling mature hardwoods that have grown into trees are widely spaced due to fully developed tree canopies. 
Sample Location(s): Monitoring locations will focus at the 7/11 site, M.J. Ruddy site, and SRP 9 site.
Schedule/Flow Threshold: Annual monitoring will occur at the end of each summer to document survival of different cohorts that were naturally regenerated. More monitoring emphasis on natural recruitment will occur during wetter water years with a high spring release.
Analysis: Riparian hardwood recruitment trends must be related to the physical mechanism that inhibit/facilitate initiation (e.g., nursery site location and substrate) or inhibit/facilitate subsequent establishment (e.g., channel bed scour). Relating riparian mortality to those physical mechanisms that are induced by larger flood control releases requires integration of information collected during geomorphic monitoring and hydrologic monitoring. Analysis of this integrated information will include relating plant initiation success to hydrologic and geomorphic data (soils, groundwater table elevation, stream stage, soil moisture, bed mobility, and bed scour). Riparian initiation patterns will be related to these controlling variables, and graphically shown on cross section plots along the band transect. In addition, areas of initiating riparian vegetation will be shown on planform maps, and acreages computed.
References: Bair 2001, Sawyer and Keeler-Wolf 1995, McBain and Trush 2000
Contingency Issue(s)/Plan:  Riparian monitoring will be installed regardless of flow.  If the M.J. Ruddy project is not constructed, then the unused budget will be allocated to a different task (if needed), a different implementation site (e.g., Grayson River Ranch or Bobcat Flat), or not used at all. Proposed budget reallocations resulting from a lack of construction at the M.J. Ruddy site will be presented to the TRTAC Monitoring Subcommittee for review and approval. Once the TRTAC Monitoring Subcommittee comments were incorporated, TID will submit a contract amendment request to CDFG.
Subtask 4.8 - Map Chinook salmon spawning location and habitat characteristics at spawning sites: Conduct biweekly surveys to document Chinook salmon spawning and habitat characteristics of spawning sites in the reconstructed reach from approximately November 1 through December 31 each year.  
Method/Sampling Needs: 

In conjunction with annual river-wide spawning surveys, detailed redd mapping will be conducted to document Chinook salmon spawning and habitat characteristics of spawning sites in the reconstructed reach.  A combination of float and on the ground surveys will be conducted by a team of two observers along the reach looking for possible redds, which will be identified by recently disturbed or “cleaned” gravels and typical redd morphology (i.e., pit, mound, crest).  All redds will be flagged to avoid double counting and determine the duration of redd longevity, measured, and geo-referenced using orthorectified aerial photographs and hand-held GPS as appropriate.  Small gravel disturbances will be initially classified as “test redds.”  If the “test redd” does not become a “completed redd” on subsequent surveys, it will not be tracked further.  Following procedures used in past studies (TID/MID 1997), redd locations and habitat characteristics, including flow depth and velocity, will be recorded near head of each redd.  Water depth will be measured to the nearest 0.015 m (0.05 ft) using a top-setting wading rod, with water velocity measured in ft/s using a Marsh-McBirney (Flowmate 2000) water velocity meter.
Sample Location(s): 

Approximately 2–3 sites currently completed by CDFG from 1999 to 2003 (CSMP Phase I-II), five sites completed at 7/11 in 2003 (GMR Phase I).  Additional sites anticipated to be completed during project monitoring period include five sites at MJ Ruddy in 2006 (GMR Phase II), 2 sites completed at Warner Deardorff in 2006 (GMR Phase III).  Other spawning sites monitored by CDFG (for annual escapement surveys) will be used to provide control sites throughout the spawning reach.
Task 4.8 Spawning survey sites corresponding to Gravel Mining Reach Phases I-IV.  Note river-wide spawning survey monitored by CDFG not affected by channel reconstruction denoted as “control”.
	RM
	Riffle ID
	Project
	Treatment

	
	TID
	CDFG
	
	

	51.4
	RA5
	A5
	
	Control

	50.7
	RA7
	B1
	CSMP I (CDFG)
	Tx (2002)

	50.5
	R1A
	B2
	CSMP II (CDFG)
	Tx (2003)

	48.8
	R4A
	D2
	
	Control

	41.8
	R24A,24B
	K1
	CSMP III (TLSRA)
	Tx (2007?)

	41.6
	R25
	K2
	
	Control

	40.9
	R26
	L1
	
	Control

	40.4
	R27A,27B
	L2
	
	Control

	40.2
	R28A,28B
	L3
	
	Control

	39.6
	R28C
	M1
	GMR-I (7-11)
	Tx (2003)

	39.2
	R29
	M2
	GMR-I (7-11)
	Tx (2003)

	39.2
	R29B
	N1
	GMR-I (7-11)
	Tx (2003)

	38.6
	R30A
	
	GMR-I (7-11)
	Tx (2003)

	38.6
	R30B
	N2
	GMR-I (7-11)
	Tx (2003)

	38.1
	R31
	
	
	Control

	38.1
	R31A
	N3
	
	Control

	38.1
	R31B
	N4
	
	Control

	37.9
	R32
	O1
	
	Control

	37.7
	R33
	O2
	
	Control

	37.7
	R33B
	O3
	
	Control

	37.5
	R34A
	O4
	GMR II (MJR)
	Tx (2006)

	37.1
	R35A
	O5
	GMR II (MJR)
	Tx (2006)

	37.1
	35B
	P1
	GMR II (MJR)
	Tx (2006)

	36.6
	R36A
	P2
	GMR II (MJR)
	Tx (2006)

	36.6
	R36A1
	
	GMR II (MJR)
	Tx (2006)

	36.4
	R36B
	P3
	
	Control

	36.2
	R37
	P4
	
	Control

	35.6
	R38
	Q1
	GMR III (Deardorff)
	Tx (2006)

	35.3
	R41
	Q2
	GMR III (Deardorff)
	Tx (2006)

	34.9
	R42A,42B,43A,43B
	Q3
	GMR IV (Reed)
	Tx (2007?)

	34.2
	R44
	R1
	
	Control

	34.1
	R45
	R2
	
	Control

	33.9
	R46
	R3
	
	Control


Schedule/Flow Threshold: Approx 5 biweekly surveys in each of three years from 2007–2009, beginning on November 1 and completed by December 31st.  Surveys will be conducted at flows between 150–300 cfs
Analysis: The locations of all completed and test redds and gravel patches will be mapped on aerial photographs and subsequently digitized.  To determine the area of a redd, the length and width will be digitized and an oval shape was calculated to define the shape of the redd.  Completed redds and gravel patches will be analyzed using GIS to determine the location and frequency of spawning relative to the available spawning gravel area within the riffle or reach.  Comparison of redd counts and spatial clustering will be used to examine differential spawning preference of treatment sites to similar “natural” or control riffles within the same reach, and utilization of different augmentation methods/designs.
References: TID/MID 1997

Contingency Issue(s)/Plan:  Other sites completed under GMR Phase IV (Reed) and CSMP Phases 3–6 dependent upon funding and permit approvals.
Subtask 4.9 - Monitor groundwater wells on reconstructed floodplains: Install and monitor groundwater wells on reconstructed floodplains within each site.  

Method/Sampling Needs:  At least five piezometers will be installed at the 7/11 site, M.J. Ruddy site, and SRP 9 site. Piezometers will be located near riparian band transects (Task 4.7) in order to relate riparian planting success and natural riparian recruitment success to hydrologic conditions. Wider floodplains will have multiple piezometers installed to evaluate lateral changes in groundwater table with respect to stream stage. Piezometers will be installed with a backhoe to a depth of 10 ft or the summer low flow groundwater surface, whichever is less. Piezometers will 2-inch diameter screened PVC, and will be bailed immediately after installation. Soil moisture probes were installed at the 7/11 site and SRP 9 site after construction, and will be monitored along with the piezometers.
Piezometers, staff plates, and crest gages will be monitored monthly through the spring runoff period when riparian seed germination and plant growth occurs, then every two months in the late fall and winter. One piezometer at each site will be installed with a continuous stage recorder (pressure transducer and datalogger) in order to predict continuous stage at other piezometers where spot measurements have been made. 

Sample Location(s): Monitoring locations will focus at the 7/11 site, M.J. Ruddy site, and SRP 9 site.
Schedule/Flow Threshold: Monitoring will occur on a monthly basis from April through August, then every other month for the remainder of the year. At one piezometer at each site, groundwater elevation will be measured continuously (hourly measurements) with a pressure transducer and datalogger.
Analysis: The primary analysis will be to relate riparian planting and natural riparian recruitment success to environmental conditions, with groundwater table being an important driver in plant survival. If needed, spot groundwater elevations from piezometers will be converted to continuous elevations based on the pressure transducer and datalogger in one of the piezometers. The results of the riparian plantings monitoring (Task 4.6) and riparian recruitment monitoring (Task 4.7) will be related to groundwater monitoring data and streamflow water surface monitoring data (Task 4.5) to establish cause-and-effect relationships to riparian success. In addition, bed mobilization and scour (Task 4.2) will be used as needed to illustrate cause-and-effect relationships between flow magnitude and riparian scour mortality.
References: None
Contingency Issue(s)/Plan:  Groundwater monitoring will be installed regardless of flow.  If the M.J. Ruddy project is not constructed, then the unused budget will be allocated to a different task (if needed), a different implementation site (e.g., Grayson River Ranch or Bobcat Flat), or not used at all. Proposed budget reallocations resulting from a lack of construction at the M.J. Ruddy site will be presented to the TRTAC Monitoring Subcommittee for review and approval. Once the TRTAC Monitoring Subcommittee comments were incorporated, TID will submit a contract amendment request to CDFG.
Subtask 4.10 - Monitor riparian nesting species composition, abundance of selected species, and associations with vegetation structure: Conduct repeat point count bird surveys and associated riparian vegetation relevée surveys during the breeding season (May and June) on at least one restored floodplain location at each project site and at least two control sites (i.e., one “natural” riparian forest and one unrestored site) for three years. Methods will be consistent with similar monitoring being conducted by Pt. Reyes Bird Observatory Conservation Science on several Central Valley rivers and streams, including the San Joaquin River, Tuolumne River (Grayson River Ranch), Sacramento River, and Clear Creek. 
The following is excerpted from a DRAFT proposal submitted by PRBO. This task may be refined as the proposal is finalized.

Method/Sampling Needs: The overall goal of the proposed avian monitoring task will be to monitor changes in the avifauna and vegetation at key sites along the Tuolumne River as a result of restoration activities.  The objectives of the avian monitoring are to: 1) document avian community species composition (native and non-native) and relative abundance in Tuolumne River riparian restoration sites during the breeding season, 2) document baseline avian community species composition and relative abundance at pre-restoration sites, and 3) provide baseline data that can be integrated with ongoing surveys being conducted on the San Joaquin and Sacramento river systems and tributaries. This task represents a minimal monitoring effort designed to provide a baseline status for more intensive future monitoring and to attempt to describe potential large-scale changes in the avifauna between year 1 and year 3 of each project.  Due to the inherently high variability resulting from a low sample size (two transects) and minimal sampling frequency, ability to ascribe change in the avian community to restoration (as opposed to weather or other factors) may be uncertain.  
Point Count Surveys.  Point counts are a cost-effective method for estimating the relative abundance, richness, diversity, and habitat associations of bird species (Nur et al. 1999).  Point count surveys will be conducted in accessible riparian and potentially non-riparian habitat along the mainstem of the Tuolumne River following nationally standardized protocol (Ralph et al. 1993).  Each station will be surveyed three times during the breeding season (15 April through 30 June).  Variable circular plot counts of five-minute duration will be used and the distance to all birds detected (by sight, song or call note) will be recorded.   

Vegetation data will also be collected at all point count stations, following nationally standardized protocol (Ralph et al. 1993).  This information will provide variables to which bird data may be correlated.  In summary, cover class, relative abundance, and species for all vegetation within 50 meters of each point count station will be recorded.  Vegetation characteristics can be related to changes in bird species composition and abundance across stations and over time.  These data can be used to evaluate the quality of existing habitat and help guide the implementation of restoration to improve habitat conditions for birds.

Nest searching. Locating nests provides the best means of confirming breeding status for a given species.  When combined with vegetation assessment, nest searching provides site- and habitat-specific information on breeding songbirds (Nur et al. 1999).  Nest finding will follow BBIRD protocol (Martin et al. 1997) and guidelines outlined in Martin and Geupel (1993).  Data collected at nest sites will be limited to nest contents, Brown-headed Cowbird status, age of nest, nest height, nest substrate and nest substrate height.

Area search. The area search survey method is used to determine relative abundance, species richness, and breeding status for an area too small for point counts.  An area search is a 20-minute survey of a defined area conducted in the first four hours of the morning where all birds detected are recorded as described in Ralph et al. (1993). Area searches will be conducted three times during the breeding season to coincide with point count surveys. 

PRBO will visit two point count transects three times during the breeding season in order to document baseline avian community species composition and abundance at pre-restoration sites and post-restoration sites.  Surveys will be conducted between April 15 and June 30 in 2007 and 2009.  No surveys will be conducted in 2008.  PRBO will consider the area search method to supplement point count surveys for sites too small to contain at least five individual point count survey stations.    
Sample Location(s): To be determined prior to contract execution 
Schedule/Flow Threshold: N/A
Analysis: See above.
References: Martin and Geupel 1993, Nur et al. 1999, Ralph et al. 1993
Contingency Issue(s)/Plan: N/A 

Task 5. FINE SEDIMENT MONITORING

Subtask 5.1 - Quantify annual sediment accumulation in the interim sedimentation basin: Extend interim sedimentation basin monitoring to include two additional total station surveys of sediment accumulation. 

Method/Sampling Needs:  Bathymetry will be surveyed using a total station, and all surveys will be referenced to the NGVD 1929 vertical datum. 

Sample Location(s): Gasburg Creek sedimentation basin (property is owned by CDFG).
Schedule/Flow Threshold:  Bathymetry of the sedimentation basin will be surveyed annually.  As-built basin bathymetry will be surveyed in summer 2006 under the Gasburg Creek project construction contract and budget.  The first post-project, post-high flow bathymetry monitoring will be funded by the Gasburg Creek monitoring task, and subsequent monitoring in 2008 and 2009 will be funded by this grant.  There is no flow threshold for this task.  
Analysis:  Post-project surveys will be compared in AutoCAD Land Development Desktop to the as-built survey to quantify the volume of sediment deposited in the basin.  Survey results will be used to determine if and when maintenance (i.e., excavation of deposited sediment) is needed to maintain basin capacity.  Surveys results will also be used to test predictions of upstream sediment yield made in the Gasburg Creek Sediment Source Analysis (Stillwater Sciences 2004).  
References:  Stillwater Sciences 2004 
Contingency Issue(s)/Plan:  This task assumes that the project is constructed in 2006 and includes budget for two years of follow-up monitoring.  If the project is delayed until 2007, only one year of monitoring will be conducted (2009).  If the project is not constructed, this task will be eliminated from the grant.  
Subtask 5.2 - Monitor channel stability and riparian vegetation establishment in the Gasburg Creek restoration site: Extend monitoring of the reconstructed Gasburg Creek channel (repeat cross section and profile surveys) and planted riparian vegetation (survival and percent cover by species) for three years. One year of this survey is funded under the existing Fine Sediment Management Plan, and this task will extend surveys to 2007 and 2008. 

Method/Sampling Needs:  
Channel stability will be monitored using cross section and profile surveys.  Monitoring funded by this grant includes one as-built survey (channel profile and 5 to 8 cross section) and one follow-up post-project survey.  The cross sections and channel profile will be surveyed using a level and stadia rod or a total station.  Endpoints of all cross sections will be permanently monumented using 3/8-inch rebar, and locations will be recorded onto aerial photographs.  All cross sections will be identified using a permanent station number based on the linear thalweg distance from creek’s confluence with the Tuolumne River.  Cross section endpoints and station numbers will be added to the Tuolumne River GIS database.  All surveys will be referenced to the NGVD 1929 vertical datum.  
To estimate peak flows driving channel adjustment, one crest gage and one set of staff plates will be installed at the site.  Staff will be read opportunistically (i.e., whenever survey crews are in the field in the vicinity of Gasburg Creek).  Crest gages will be read and maintained following winter high flow events.  McBain & Trush will work with CDFG, whose offices are located at the Gasburg Creek site, to determine when the crest gage should be serviced (based on their observations of flows in the creek).  Peak flow magnitude will be estimated either through rating curve extension or by slope-area method.  Discharge will also be measured in Gasburg Creek during high flows under Task 5.3 to develop a rating curve.

Planted vegetation will be monitored using plot-based surveys.  Parameters to be recorded at each plot will include: (1) enumeration of live plants (by species), (2) percent cover (by species or group of species) of native and invasive plants, (3) plant vigor, and (4) soil texture.  Mapping of as-built vegetation is included under the construction contract.  One follow-up vegetation survey is included in this grant.

Sample Location(s):
Throughout planted riparian area along the reconstructed Gasburg Creek channel from the MID culvert exit to the Old LaGrange Bridge Road crossing.

Schedule/Flow Threshold:

As-built channel and cross sections surveys will be conducted in 2006, and as-built vegetation maps will be prepared in winter 2006-07 following completion of planting.  Follow-up channel and vegetation surveys will be conducted in 2008 and 2009.  There is no flow threshold for this task.  
Analysis: 

Post-project cross sections and longitudinal profile will be overlain with as-built cross sections and channel profile to quantify channel aggradation, degradation, and lateral migration (see also Task 4.1).  Vegetation data will be analyzed to quantify percent survival of planted vegetation, riparian habitat development (percent cover and vigor), and invasion of the riparian zone by non-native plants.
References:  McBain and Trush 2004
Contingency Issue(s)/Plan:  This task assumes that the project is constructed in 2006 and includes budget for two years of follow-up monitoring.  If the project is delayed until 2007, monitoring will be conducted in 2008 and 2009.  If the project is not constructed, this task will be eliminated from the grant.  
Subtask 5.3 - Quantify fine sediment contribution to the river from tributaries and prioritize future fine sediment management actions: Measure suspended sediment transport rates during consistent storm event (synoptic) in tributaries identified through field surveys (McBain and Trush 2004) as the largest potential contributors of fine sediment to the river.  Based on fine sediment loading, identify and prioritize future fine sediment management needs and locations. 

Method/Sampling Needs:  
Suspended and bedload sediment transport rates will be measured during high flows on each of three tributaries – Gasburg Creek, Peaslee Creek, and Dominici Creek.  Bedload and suspended load sampling will use the methods of described in Edwards and Glysson (1989).  During each monitoring event, stream discharge will be measured using standard USGS methods.  Staff plates and crest gages will be installed at each monitoring location for the duration of the grant and will be monitored during or following each sampling event.  Field crews will be mobilized based on storm predictions and will attempt to sample the rising limb of the storm hydrograph.
Sample Location(s):  
Sample locations will be near the mouth of Gasburg, Peaslee, and Dominici creeks, but upstream to a point beyond the backwater effect of the Tuolumne River.

Schedule/Flow Threshold:

Sampling will be conducted in each of three years during the grant period.  Synoptic measurements will be taken (samples taken at approximately the same time during a given storm event). Field crews will be deployed based on predicted storm magnitude and timing.  The grant budget includes at least two “storm chasing” events each year.
Analysis:  For each synoptic measurement, sediment loading (concentration multiplied with stream discharge) will be computed for each stream to enable general comparison in loading rates between stream for consistent storm events.
References:  Edwards and Glysson, 1989
Contingency Issue(s)/Plan:  Monitoring storm-driven processes in small, flashy streams is difficult.  Field crews must be mobilized based on weather predictions, which are not always accurate.  Also, sampling should be conducted on the rising limb of the hydrograph, the timing of which can be difficult to predict.  In some instances, crews may be mobilized but may not be able to successfully sample the rising limb of the hydrograph or may not be able to continue sampling through the rising limb (for long storms).  Mobilizing field crews without gathering data can be costly and frustrating.  Every effort will be made to focus sampling on large storms and work with local contact to determine when crews should be mobilized.
Subtask 5.4 - Monitor benthic macroinvertebrate composition, abundance, biomass and diversity in the gravel-bedded reach: Monitor benthic macroinvertebrate composition, abundance, biomass and diversity indices using the California Stream Bioassessment Procedure (CDFG 1999) at five sites (three Hess samples each) in the gravel-bedded reach.  Sample locations will be selected from cleaned riffles and untreated sites using staircase design (Walter et al. 1998). 

Method/Sampling Needs:

The proposed experimental design uses a modification to the “before-after-control-impact” (BACI) approach (Stewart-Oaten et al. 1986) at five riffle habitat sites in the lower Tuolumne River.  Four of these sites will be targeted for gravel augmentation over the course of several weeks during the summer season.  The remaining site will serve as a long-term control.  This approach is based on nested temporal sampling of invertebrate community composition that is capable of detecting both changes in long-term mean abundance and diversity as well as changes in temporal variance among Control and Impact sites (Underwood 1991).  This is an important point because gravel augmentation will likely cause large temporal fluctuations in population density, rather than just affecting mean density and these fluctuations may not be captured in single-round sampling events.

In the field, collected samples will be sieved, sorted and preserved in 100% ethanol for subsequent laboratory processing.  Invertebrate identification and enumeration will be performed by a contract laboratory (Aquatic Biology Associates, Inc., Corvallis, OR).  In the laboratory, samples will be processed under a dissecting scope, and identified to the lowest practicable taxonomic unit (typically genus).  From these samples, species composition, abundance, and diversity indices will be calculated according to CSBP (CDFG 1999) protocols.

Sample Location(s):

In addition to six long-term monitoring sites monitored under Task 6.4 (RA4, R4A, R23C, R31A), five additional riffle sites in the lower Tuolumne River (4 treatment and 1 control) have been selected from the following Gravel Mining Reach Phases II and III, and CSMP Phase III projects and are denoted as new or “N”(Table 5.4).

Task 5.4 Benthic macro-invertebrate sampling sites. 
Existing river-wide monitoring sites under Task 6.4 are denoted as “E.”
	Site
	RM
	Riffle ID
	Project
	‘88-00
	2001
	‘02-04
	2006
	2007
	2008

	
	
	TID
	CDFG
	
	
	
	
	
	
	

	1(E)
	51.6
	RA4
	A4
	Existing site/CSMP III
	Cont.
	Cont.
	Cont.
	Cont
	Cont/Tx?
	Tx?

	2(E)
	48.8
	R4A
	D2
	Existing Site
	
	Cont.
	Cont.
	Cont
	Cont
	Cont

	3(E)
	42.3
	R23C
	J4
	Existing Site
	
	Cont.
	Cont.
	Cont
	Cont
	Cont

	4(N)
	38.6
	R30B
	N2
	GMR-I (7-11 2002)
	
	
	
	Cont
	Cont
	Cont

	5(E)
	38.1
	R31A
	N3
	Existing Site
	
	Cont.
	Cont.
	Cont
	Cont
	Cont

	6(N)
	37.5
	R34A
	O4
	GMR II (MJR)
	
	
	
	Cont/Tx
	Tx
	Tx

	7(N)
	37.1
	R35A
	O5
	GMR II (MJR)
	
	
	
	Cont/Tx
	Tx
	Tx

	8(N)
	37.1
	35B
	P1
	GMR II (MJR)
	
	
	
	Cont/Tx
	Tx
	Tx

	9(N)
	36.6
	R36A
	P2
	GMR II (MJR)
	
	
	
	Cont/Tx
	Tx
	Tx

	10(E)
	31.5
	R57
	
	Existing Site
	
	Cont.
	Cont.
	Cont
	Cont
	Cont

	11(E)
	25.4
	R72
	
	Existing Site
	
	
	Cont.
	Cont
	Cont
	Cont


Schedule/Flow Threshold:

To monitor the response of the benthic macroinvertebrate community (e.g., grazers, predators, collectors) to gravel augmentation, three Hess samples will be collected from each of five sites over five events in three summers.  Initially, pre-project sampling will occur at all five sites.  As each site is subjected to gravel augmentation and additional sampling event will be conducted at all five sites again, with successively lower and greater numbers of control and treatment sites represented, respectively.  Longer-term sampling will take place at the end of the first, second, and third summers following treatment (i.e., five events total). 

Analysis:

Upon completion of invertebrate identification, data will be analyzed using ANOVA and other appropriate statistical techniques (Underwood 1991).  Analysis will center upon effectiveness monitoring of the planned gravel augmentation projects to determine whether this will tend to increase overall invertebrate abundance (Hypothesis 1), as well as shift the invertebrate community structure from dominance by armored or sessile taxa to more mobile and thus less protected taxa following bed mobilizing events (Hypothesis 2).

References: CDFG 1999, Stewart-Oaten et al. 1986, Underwood 1991, Walters et al. 1988
Contingency Issue(s)/Plan:  Initial sampling plan based upon sites planned to be completed in summer 2006 will be modified depending upon actual construction contracts awarded in 2006 and 2007. Total number of samples will be reapportioned between treatment and control sites accordingly.
TASK 6. MONITORING OF CUMULATIVE EFFECTS ON TARGET POPULATIONS [CHINOOK SALMON AND O. MYKISS]

Subtask 6.1 - Juvenile Chinook salmon and O. mykiss distribution, relative abundance, and size (winter and spring seine surveys):  Conduct biweekly seining surveys from January through May at up to 18 locations from approximately RM 51.5 (near La Grange) through RM 0 (including two sites in the San Joaquin River) for three years.  Sample locations will include approximately ten sites used during prior years, as well as additional sites within the Gravel Mining Reach, SRPs 9 and 10, Bobcat Flat, and coarse sediment augmentation projects.  Data for Bobcat Flat will be extracted and provided to FOT. 

Method/Sampling Needs:

Annual river-wide seining surveys will be used to document the presence, distribution, size, and relative abundance of juvenile salmonids and resident fish species in the lower Tuolumne River.  Beach seining will be conducted by crews of two biologists to sample fish in shallow areas near the channel margin and on inundated floodplains (Hayes et al. 1996).  Seines will be hauled through two to three different locations at each site and drawn to shore to trap and capture the fish.  The width of the deployed seine opening will be noted, and haul distance will be estimated in order to calculate an approximate sample area for use in calculating catch per unit effort (CPUE) and salmon density.  All fish will be identified to species, counted, and a subset will be measured for length.  Data will be recorded in the field on standard field datasheets, entered into a spreadsheet and quality checked. 

In order to better quantify the physical characteristics of the sampled lower Tuolumne River habitat,  channel depth and velocity of seined areas will be conducted in conjunction with seining surveys, at approximately three flows between 150-5,000 cfs.  In addition, physical water properties, including temperature, conductivity, and dissolved oxygen, will be sampled during each seining survey.  The physical location of seining sites will be located using aerial photos analyzed with GIS.  GPS points will be taken at each sampling location to accurately record habitat locations.  Through aerial photo analysis, the percent bank line cover of overhanging shade, aquatic vegetation, and substrate size can be determined.  Similar techniques for quantifying these variables were used by USFWS for monitoring fish habitat use in the Sacramento River Bank Protection Project (USFWS 2002).

Sample Location(s): 

In conjunction with annual river-wide seining surveys, additional survey sites will be sampled to document the presence, distribution, and relative abundance of juvenile salmonids and resident fish species in the Tuolumne River at proposed or completed restoration project sites.  Sample locations include approximately ten seining sites used during prior years (TID/MID 2004), as well as up to eight additional sites within the Gravel Mining Reach, SRP 9, Bobcat Flat, and coarse sediment augmentation projects.  Proposed sites are listed below:

Task 6B Seining sites.  New (N) seine sites correspond to 

channel and floodplain restoration projects.

	Site
	RM
	Site Name
	Project
	Meso-habitat
	Flow (cfs)

	1 (N)
	51.4
	RA5/A6
	CSMP II
	Run
	>150

	2 (E)
	50.5
	R1A
	OLGB
	Riffle/Run
	>150

	3 (N)
	49.5
	R3A/3B
	CSMP II
	Run/Pool

Floodplain
	>150

	4 (E)
	47.8
	R5A
	
	Riffle
	>150

	5 (N)
	47.4
	New Basso Bridge below boatramp
	
	Pool,

Floodplain
	>150

	6 (N)
	42.8
	R21/R22 (Patch 5/6)
	Bobcat Flat
	Run
	>150

	7 (E)
	42.4
	R23C (Tuolumne River Resort)
	
	Run
	>150

	8 (N)
	38.7
	R29/30
	GMR - 7/11
	Run
	>150

	9 (C)
	37.7
	R33  below Haul Rd. Bridge
	GMR - 7/11
	Riffle/Run
	>150

	10 (N)
	36.9
	R35A/R35B (GMR - MJ Ruddy)
	GMR - MJ Ruddy
	Riffle/run
	>150

	11 (E)
	31.5
	R57 (Hickman Br)
	
	Riffle
	>150

	12 (N)
	25.8
	R69/R70
	SRP 9
	Run, Floodplain
	>150

	13 (E)
	24.9
	R74 (Charles Rd)
	
	Riffle/Run
	>150

	14 (E)
	17.2
	Legion Park
	
	Run, Floodplain
	>150

	15 (E)
	7.4
	Venn Ranch
	
	Run
	>150

	16 (E)
	3.4
	Shiloh Rd above bridge
	
	Run, Floodplain
	>150

	17 (E)
	SJR 90.2
	Laird Park
	
	Run
	

	18 (E)
	SJR 77.8
	Gardener Cove
	
	Run
	


Schedule:

Sampling strategy includes biweekly surveys from about mid-January  through May of each year (approximately 11 surveys annually) for a total of about 33 surveys between 2007‑2009.  During low flows (e.g., 150–300 cfs), samples would be collected in run and pool habitats near 7/11 Project, Ruddy, Bobcat Flat & SRP 9.  During flood flows, samples would be collected in floodplain habitats near R5B and R1C (3,500-5,000 cfs), 7/11 floodplain surfaces (2,500–5,000 cfs), Bobcat Flat (< 4,500 cfs), Grayson (> 4,500 cfs), Big Bend (>5,000 cfs).

Analysis:

Data analysis will include data entry, data QA/QC, statistical examination of fish species composition, fish length frequency, spatial distribution, correlation with physical parameters and, if feasible, comparison with existing data and data collected as part of other Tuolumne River survey efforts.  General fish species composition and distribution will be described for the Tuolumne River during seasons sampled.  Longitudinal gradient in fish community will be assessed by comparison of observed species distributions and Moyle’s fish assemblages (Moyle 2002).  Percentage of native fish will be used as an indicator of fish community health (Brown 1998).  

Analysis of the salmon population on a river-wide basis will include: (1) salmon density by location, by river section, and for the total river, (2) comparisons of river-wide and section density, (3) fry density to female salmon, and (4) growth rate index.  

Analysis of salmon habitat use of restoration project sites will rely upon statistical examination of treatment and control sites with respect to salmon density, fish species composition, fish length frequency, spatial distribution, correlation with physical parameters and, if feasible, comparison with existing data and data collected as part of historical surveys.  
References: AFS 1996, Moyle 2002, Brown 1998, TID/MID 2004, USFWS 2002. 

Contingency Issue(s)/Plan:  

Proposed new seine locations may be modified depending upon a number of factors that will be determined in the first year of sampling, including: (1) reasonable road access, (2) public access or permission by landowner, (3) channel and bank features that allow for 2–3 seine hauls ranging from approximately 10-30 feet into the channel and 25-50 feet along the channel per haul at depths no greater that four feet, without significant obstructions (i.e. boulders, snags), and with suitable bank slope for completing the haul.

In addition, a one-time opportunistic snorkel survey may be conducted to assess relative density of rearing salmon within open water versus vegetated floodplain habitats.  This survey will be conducted in clear water using direct observation techniques (see Task 6.1, methods).  This survey will determine the relative number of fish that may be hiding in aquatic vegetation, and therefore missed during beach seining.

Subtask 6.2 - Juvenile Chinook salmon and O. mykiss distribution (summer snorkel surveys)  Conduct two snorkel surveys during June through September at up to 16 locations from RM 51.5 (La Grange Bridge) through RM 31.5 (near Hickman Bridge), including restoration project sites, to document summer distribution of juvenile Chinook salmon and O. mykiss.  Data for Bobcat Flat will be extracted and provided to FOT. 
Method/Sampling Needs:

Direct observation (snorkeling) will generally take place in a manner representative of previous Tuolumne snorkel surveys for consistency.  Snorkel surveys are conducted similar to other snorkel surveys described by Edmundson et al. (1968), Hankin and Reeves (1988), McCain (1992), Dolloff et al. (1996), and Cannon and Kennedy (2003).  Sampling units will typically be snorkeled sequentially from downstream to upstream in a zigzag pattern.  This will decrease 1) the potential for sediment disturbance, 2) the approach speed of the diver, and 3) startle-bias due to the upstream-orientation of fish in the current.  Divers will record counts of individual fish by species and estimated total length.  Start and end times will be noted along with an estimate of the unit area, maximum and average depth, and substrate composition.  Following completion of each survey, all data recorded on the dive slates will be transcribed to a data sheet.  Divers will also note visibility and weather conditions at the site during each snorkel survey.

Within each site, several mesohabitats are represented, such as riffles, runs, and pools.  A survey of physical habitat will be conducted to facilitate habitat typing.  Physical surveys will consist of measurements of channel depth and water velocity. Routine physical water quality measurements, including water temperature and dissolved oxygen, will be made.  

Sample Location(s): 

Up to 16 sample locations will be sampled from near RM 51.5 (above Old La Grange Bridge) through RM 31.5 (near Hickman Bridge) and will include sites used during prior years (TID/MID 2004) as well as additional augmentation project sites.

Task 6.1 Snorkel sites.  Snorkel sites corresponding to 

channel and floodplain restoration projects denoted as “N.”

	Site
	Riffle ID
	CDFG
	Project
	Mesohabitat

	
	RM
	TID
	
	
	

	Section A

	1 (N)
	51.1
	RA6
	A6
	
	

	2 (E)
	50.7
	RA7
	B1
	CSMP I (CDFG 2002)
	1 riffle, 1 run

	Section 1A

	3 (E)
	49.8
	R2
	C1
	
	1 riffle, 1 pool, 1 run

	4 (E/N)
	49.1
	R3B
	C3
	CSMP III (2007?)
	1 riffle, 1 run

	5 (E)
	47.9
	R5B
	E1
	
	1 riffle, 1 run, 1 pool

	Section 1B

	6 (E)
	46.9
	R7
	F1
	
	1 riffle, 1 run

	7A (N)
	45.9
	R12,A
	G1N
	CSMP III (2007?)
	

	8 (E)
	45.5
	R13B
	G3
	
	1 riffle, 1 run

	9 (N)
	43.2
	R20 (Patch 1/2)
	I2B
	CSMP III (RM 43 2007?)
	

	10 (E/N)
	42.9
	R21
	I3
	CSMP III (RM 43 2007?)
	1 riffle, 1 pool

	11 (E)
	42.4
	R23B
	J3
	
	1 run

	12 (E)
	42.3
	R23C
	J4
	
	1 riffle

	Section 2

	13 (N)
	39.2
	R29
	M2
	GMR-I (7-11 2002)
	

	14 (E)
	38.1
	R31 above 7/11
	
	
	1 riffle, 1 run

	15 (N/E)
	37.1
	R35A
	O5
	GMR II (MJR 2006)
	1 riffle, 1 run

	16 (E/N)
	35.3
	R41
	Q2
	GMR III (Deardorff 2006)
	1 riffle, 1 run, 1 pool

	Section 3

	17 (E)
	31.5
	R57
	
	
	1 riffle, 1 run


Schedule/Flow Threshold:

Two snorkel surveys of 4 days each will be performed in each year (2006-2008) during June through September at flows < 100cfs as feasible.

Analysis:

The snorkeling method employed provides an index of species abundance as the fish/unit of effort is recorded for time and area covered.  Number and size of fish observed at each site are counted or estimated for each species.

References: Cannon and Kennedy 2003, Dolloff et al. 1996, Edmundson et al. 1968, Hankin and Reeves 1988, McCain 1992, TID/MID 2004

Contingency Issue(s)/Plan:  

Proposed new snorkel locations may be modified depending upon construction projects awarded in 2006 and 2007 as well as other factors that described under Task 6.1..

Subtask 6.3 - O. mykiss adult distribution:  Conduct hook-and-line surveys from approximately RM 52 through RM 36.5 (within the M.J. Ruddy Reach) for three years to document distribution of adult O. mykiss.
Method/Sampling Needs:

Distribution and habitat use of O. mykiss will be assessed beginning in the winter/spring spawning period by hook-and-line sampling.  In the first year of the study, adult O. mykiss will be captured by intensive angling in the lower Tuolumne River during the spawning season (January–April) for four days per week over a three week period, preferably following a high flow, storm event or full moon phase.  Locations of captured fish will be recorded using a handheld GPS unit, and information on habitat (substrate, depth, cover) and river conditions (temperature, flow, velocity) will be documented at the time of capture or shortly thereafter.  This information will be used to assess spatial distribution and the use of natural and restored habitat in the Tuolumne River by holding and spawning adult O. mykiss.  Mr. Steve Walser of California Rivers Restoration Fund (CRRF), or other licensed river guide familiar with the lower Tuolumne River, will collect O. mykiss under supervision of a qualified fisheries biologist (university degree in fisheries or related field) using hook-and-line methods.  Additional hook-and-line sampling will be continued once per month through June 2007 to document late spring/early summer distribution and habitat use.  The level of effort (i.e., time spent per location) during the winter/spring (intensive) sampling and spring/early summer (monthly) sampling will recorded, in order to allow sampling comparisons..

In addition to the adult distribution surveys above, a multiple mark-recapture method using a non-invasive “natural tag” technique will be used in the first year in an attempt to develop a winter-spring  (spawning) population estimate in the lower Tuolumne River.  To “mark” the captured fish, a high quality digital photograph will be taken of the fish (dorsal and lateral view) to facilitate subsequent image processing and identification using computerized pattern recognition to uniquely identify and thus “tag” individual fish based on their natural spotting pattern.  The technique has been applied in the adjacent Stanislaus basin, is highly reliable and does not harm the fish.  Once identified, recaptured fish can again be photographed and positively identified to permit a population estimate using multiple-mark-recapture methods (e.g., Jolly-Seber; Seber 1982).  The first-year effort will be considered a pilot study to determine the level of effort necessary to capture, photograph, and recapture enough fish to permit a reasonably accurate population estimate (e.g., 10% recaptures).  If the capture and recapture rate proves sufficient during the first year, following TRTAC review, intensive hook-and-line sampling will be conducted again the following year during the peak winter O. mykiss spawning period in an attempt to derive a population estimate for adult spawners.  Statistical power analysis will be used to determine the potential accuracy of the second-year population estimate (assuming capture and recapture rates will be similar from year to year).  The second-year sampling effort would likely be similar to the first year, commencing immediately following a high flow/rainfall event during January.  High-quality digital photographs will again be taken of each fish’s head to facilitate positive identification and serve as a “mark” for multiple-mark-recapture analysis of population size. 

Depending upon permit approvals, scale samples will be collected from all captured adult O. mykiss in order to provide information on age and annual growth rates. All O. mykiss scales will be archived for purposes of documentation of degree of anadromy by analysis of scale chemistry, or elemental composition. Growth in the marine environment is typically more rapid than in freshwater, and these differences can be discerned by analysis of scale annuli.  Analysis of growth patterns from scale samples has been used previously to identify the duration of ocean rearing and freshwater rearing periods in steelhead (Shapovalov and Taft 1954).  Although otoliths are the preferred and most reliable method of determining marine residence (i.e., anadromy), recent research indicates that analysis of salmonid scale chemistry (e.g., Sr:Ca) may be indicative of marine residence.  Wells et al. (2003) demonstrated a high correlation between the elemental composition (e.g., Sr:Ca) of salmonid scales and otoliths, pointing to the potential use of scales as a nonlethal alternative for determination of natal origin and rearing environment (Munro 2004).   

Sample Location(s): 

Potential sample locations from RM 52  through RM 34 are shown below.
Task 6.3 Angling sites. Sites marked with an asterisk were previously identified as spawning, feeding, and holding habitat for adult O. mykiss between the La Grange Dam and Robert’s Ferry Bridge (TID/MID 2005).

	Site
	Riffle ID
	CDFG
	Project
	Mesohabitat

	
	RM
	TID
	
	
	

	La Grange Reach

	
	52
	RA1
	A1
	
	

	
	51.9
	RA1A,B
	A1A
	
	

	
	51.5
	RA2
	A2
	
	

	
	51.6
	RA3
	A3
	
	

	1*
	51.6
	RA3A,B
	
	CSMP III (2007?)
	

	2*
	51.6
	RA4
	A4
	CSMP III (2007?)
	

	
	51.4
	RA5
	A5
	
	

	
	51.1
	RA6
	A6
	
	

	
	50.7
	RA7
	B1
	CSMP I (CDFG 2002)
	1 riffle, 1 run

	3*
	50.5
	R1A
	B2
	CSMP II (CDFG 2003)
	

	4*
	50.1
	R1B
	B3
	CSMP III (2007?)
	

	
	49.9
	R1C
	B4
	CSMP III (2007?)
	

	5*
	49.8
	R2
	C1
	
	1 riffle, 1 pool, 1 run

	6*
	49.5
	R3A
	C2
	
	

	7*
	49.1
	R3B
	C3
	CSMP III (2007?)
	1 riffle, 1 run

	8*
	49.1
	R3BN,S
	
	CSMP III (2007?)
	

	9*
	49.1
	R3C
	D1
	
	

	Basso Reach

	10*
	48.8
	R4A
	D2
	
	

	11*
	48.4
	R4B
	D3
	
	

	12*
	48.3
	R4C
	D4
	
	

	13*
	48.0
	R5A
	D5
	
	

	14*
	47.9
	R5B
	E1
	
	1 riffle, 1 run, 1 pool

	Bobcat Reach

	
	47.1
	R6
	E2
	
	

	15*
	46.9
	R7
	F1
	
	1 riffle, 1 run

	16*
	46.7
	R8A
	F2
	
	

	17*
	46.7
	R8B
	F4
	
	

	
	46.5
	R9
	F5
	
	

	18*
	45.9
	R12,A
	G1N
	CSMP III (2007?)
	

	
	45.8
	R12B
	G1S
	CSMP III (2007?)
	

	19*
	45.6
	R13A
	G2
	
	

	
	45.5
	R13B
	G3
	
	1 riffle, 1 run

	20*
	45.1
	R13C,D
	G4
	
	

	21*
	44.9
	R14
	H1
	
	

	
	44.8
	R15
	H2
	
	

	22*
	44.7
	R16N,S
	H3
	
	

	
	44.7
	R16B
	H4
	
	

	
	44.4
	R17
	H5
	
	

	23*
	44.4
	R17A
	H5
	
	

	
	44.2
	R17B
	H6
	
	

	24*
	44.2
	R17C
	H7
	
	

	25*
	43.4
	R18A
	I1
	
	

	
	43.4
	R18B
	I2
	
	

	
	43.3
	R19
	I2A
	
	

	26*
	43.2
	R20
	I2B
	CSMP III (RM 43 2007?)
	

	27*
	42.9
	R21
	I3
	CSMP III (RM 43 2007?)
	1 riffle, 1 pool

	28*
	42.8
	R22A
	J1
	CSMP III (RM 43 2007?)
	

	
	42.8
	R22B
	J2
	
	

	29*
	42.4
	R23B
	J3
	
	1 run

	30*
	42.3
	R23C
	J4
	
	1 riffle

	31*
	41.9
	R23D
	J5
	
	

	32*
	41.8
	R24A,24B
	K1
	CSMP III (TLSRA)
	

	
	41.6
	R25
	K2
	
	

	33*
	40.9
	R26
	L1
	
	

	34*
	40.4
	R27A,27B
	L2
	
	

	Gravel Mining Reach

	
	40.2
	R28A,28B
	L3
	
	

	
	39.6
	R28C
	M1
	GMR-I (7-11 2002)
	

	
	39.2
	R29
	M2
	GMR-I (7-11 2002)
	

	
	39.2
	R29B
	N1
	GMR-I (7-11 2002)
	

	
	38.6
	R30A
	
	GMR-I (7-11 2002)
	

	
	38.6
	R30B
	N2
	GMR-I (7-11 2002)
	

	
	38.1
	R31
	
	
	1 riffle, 1 run

	
	38.1
	R31A
	N3
	
	

	
	38.1
	R31B
	N4
	
	

	
	37.9
	R32
	O1
	
	

	
	37.7
	R33
	O2
	
	

	
	37.7
	R33B
	O3
	
	

	
	37.5
	R34A
	O4
	GMR II (MJR 2006)
	

	
	37.1
	R35A
	O5
	GMR II (MJR 2006)
	1 riffle, 1 run

	
	37.1
	35B
	P1
	GMR II (MJR 2006)
	

	
	36.6
	R36A
	P2
	GMR II (MJR 2006)
	

	
	36.6
	R36A1
	
	GMR II (MJR 2006)
	

	
	36.4
	R36B
	P3
	
	

	
	36.2
	R37
	P4
	
	

	
	35.6
	R38
	Q1
	GMR III (Deardorff 2006)
	

	
	35.3
	R41
	Q2
	GMR III (Deardorff 2006)
	1 riffle, 1 run, 1 pool

	
	34.9
	R42A,42B,43A,43B
	Q3
	GMR III (Reed 2007?)
	

	
	34.2
	R44
	R1
	
	


Schedule/Flow Threshold:

Preliminary habitat typing (assigning of habitat unit locations) will begin prior to the onset of intensive sampling during the primary spring spawning period (January–March) in 2007.  Monthly sampling would continue through June, 2007.  This sampling schedule would be repeated in 2008 and 2009, subject to annual assessment.  The pilot Natural Tagging study will occur in conjunction with angling surveys.  Depending on results of the pilot study and the availability of funds, additional intensive spring sampling would occur in 2008.  There is no flow threshold for this study.

Schedule of Surveys

	Parameter
	Timeline
	Activity

	Distribution
	Jan-Mar, May 2007-2009
	Angling survey

	Abundance
	Jan-March 2007-2008
	Natural tagging


Analysis:

Location and habitat data collected during hook-and-line sampling will be entered into an MS Access (or similar) database and the Tuolumne River GIS for analysis.  Analysis will focus on identifying habitat use and spatio-temporal distribution patterns, including use of mesohabitats and restored vs. unrestored habitat.

Digital photographs of the dorsal surface of the head of each O. mykiss captured will be saved to a computer hard drive and archived for digital analysis.  The resulting data on capture and recapture rate will be recorded and used to perform statistical power analysis to determine the necessary sample size to obtain a statistically robust population estimate.  The data will be used to calculate a population estimate, with 95% confidence intervals, using Jolly-Seber multiple-mark-recapture (MMR) methods (Seber 1982) or other MMR formulas.

References: Jearld 1983, Seber 1982, Shapovalov and Taft 1954, TID/MID 2005

Contingency Issue(s)/Plan:  

Due to the potential federally threatened listing status of Central Valley steelhead, the proposed sampling activities (angling, scale samples) may require a NOAA Fisheries 4(d) take permit (administered through CDFG) - a CDFG Scientific Collecting Permit is required regardless of listing status  The successful implementation of the proposed study is therefore contingent on field personnel being granted necessary permits as required.  

In the event that capture or recapture rates during the first year’s sampling are insufficient to permit a reasonably accurate population estimate, funding allocated to the second year of the study may be used instead to continue and potentially expand the intensive hook-and-line survey to collect additional data on the distribution and habitat use of adult O. mykiss during the spawning period, subject to TRTAC approval, possibly to allow for flow conditions differing from the initial study year, thereby testing for potential differences in distribution and habitat use of O. mykiss. 
Subtask 6.4 - Benthic macroinvertebrate composition, abundance, and diversity indices: Conduct annual summer benthic macroinvertebrate monitoring (composition, abundance, and diversity indices) using the California Stream Bioassessment Procedure (CDFG 1999) over a three-year period.  Three separate kicknet samples will be taken at six sites in the gravel-bedded reach; three Hess samples will also be collected at two of those sites.
Method/Sampling Needs:

To provide an ongoing independent monitoring of  ecosystem health, summer benthic macroinvertebrate will be monitored (composition, abundance, and diversity indices) using the California Stream Bioassessment Procedure (CDFG 1999) over a three-year period (2006‑2008).  Consistent with recent Tuolumne River sampling methods, benthic invertebrates will be collected using a D-frame Kicknet (Frost et al. 1971) at six sites in the gravel-bedded reach between RM 52 and RM 24.  Kick-net sampling will consist of collecting composite samples in general accordance with the Non-point Source Sampling Design as described in the CSBP (CDFG 1999).  A total of one composite sample will be collected at each riffle area.  The samples will be collected by randomly selecting a transect within the upper third of the riffle area.  Invertebrates will be collected at three stations along the transect representing the stream center and side margins.  In addition, a 0.10 m2 Hess sampler (Hess 1941, Jacobi 1978) will be used to collect invertebrates at two of the six sites sampled with kick-nets.  Distance measurements of sample collection locations along the transects and transect placement within the riffle area will be recorded relative to a designated reference datum at each riffle.  Water depths and mean water column velocities will also be measured at the upstream edge of each sample collection area using a flow meter (Marsh-McBirney Flowmate 2000) and topset wading rod.

Samples will be preserved in the field in 95% ethanol, and the bottle labeled with the location, date, sampling technique, and replicate number.  During sample processing, samples will be decanted, picked and sorted based on protocols outlined in the CBSP (CDFG 1999).  Sample picking, sorting and identification will be performed to the genus level, otherwise using the approach outlined by CAMLnet (CDFG 2003).  Quality Assurance (QA) guidelines outlined in the CSBP (CDFG 1999) including Sample Handling and Custody, Sub-sampling, Taxonomic Identification and Enumeration, Organism Recovery, and Taxonomic Validation, will be followed.

Sample Location(s): 

Three separate kicknet samples will be used to form a composite sample taken at each of six sites established in prior years within the gravel-bedded reach (RM 52 through RM 24); three Hess samples will also be collected at two of those sites.

Task 6.4 Benthic macro-invertebrate sampling sites. 

Existing river-wide monitoring sites are noted as Sites 1-6. 

Other sites monitored under task 5.4
	Site
	RM
	Riffle ID
	Project
	2006
	2007
	2008

	
	
	TID
	CDFG
	
	
	
	

	1
	51.6
	RA4
	A4
	Existing site
	Kick
	Kick
	Kick

	2
	48.8
	R4A
	D2
	Existing Site
	Hess/Kick
	Hess/Kick
	Hess/Kick

	3
	42.3
	R23C
	J4
	Existing Site
	Hess/Kick
	Hess/Kick
	Hess/Kick

	
	38.6
	R30B
	N2
	GMR-I (7-11 2002)
	Kick
	Kick
	Kick

	4
	38.1
	R31A
	N3
	Existing Site
	Kick
	Kick
	Kick

	
	37.5
	R34A
	O4
	GMR II (MJR)
	Kick
	Kick
	Kick

	
	37.1
	R35A
	O5
	GMR II (MJR)
	Kick
	Kick
	Kick

	
	37.1
	35B
	P1
	GMR II (MJR)
	Kick
	Kick
	Kick

	
	36.6
	R36A
	P2
	GMR II (MJR)
	Kick
	Kick
	Kick

	5
	31.5
	R57
	
	Existing Site
	Kick
	Kick
	Kick

	6
	25.4
	R72
	
	Existing Site
	Kick
	Kick
	Kick


Schedule/Flow Threshold:

Annual mid summer surveys tend to coincide with lower flows and maximum detectable species richness with respect to emergence of aquatic organisms.  Collection of invertebrate samples typically require flows <500 cfs.  

Analysis:

The aquatic invertebrate bioassessment will include analysis of taxonomic composition and relative abundance in the lower Tuolumne River.  Analyses will be consistent with the California Stream Bioassessment Procedure (CSBP) (CDFG 1999) and the Environmental Protection Agency’s (EPA) “Rapid Bioassessment Protocols” as indicators of water quality and overall aquatic ecosystem health.  

References: CDFG 1999, CDFG 2003, Frost et al. 1971, Hess 1941, Jacobi 1978

Contingency Issue(s)/Plan:  

Subtask 6.5 - Quantify Chinook salmon spawning habitat selection and redd superimposition: Conduct biweekly, detailed Chinook salmon redd mapping at riffle treatment sites (riffle cleaning sites and augmentation sites including CDFG sites, Bobcat Flat RM 43, and Phase III Sediment Transfusion sites) and control sites throughout the spawning reach to compare spawner utilization of treatment sites to similar “natural” riffles, utilization of different cleaning and augmentation methods/designs, and redd superimposition rates between riffles and years (i.e., within increasing numbers of augmentation projects constructed). Mark each redd and measure mound length, mound width, pit depth, pit length, pit depth and length of tail spill using previously established methods (TID/MID 1992), and measure flow depth and velocity at a subset of redds during each survey. This task uses a staircase design (Walters et al. 1988) modification to the “before-after-control-impact” (BACI) approach (Stewart-Oaten et al. 1986) at six riffle habitat sites in the lower Tuolumne River.
Method/Sampling Needs:

In conjunction with redd mapping conducted under subtask 4.8 and spawner surveys conducted under by CDFG, intensive redd surveys will be conducted here to evaluate superimposition at control sites, CSMP augmentation sites or reconstructed riffles.  On the-ground redd mapping conducted under subtask 4.8 will be used to identify the initial presence of redds at the preliminary survey sites below.  Intensive surveys will be conducted twice per week. 

Fish spotted at test sites during a spawning survey will be observed for up to 15 minutes to identify the species and gender and to document behavior.  If a fish is not observed at a redd, surveyors will wait 15–20 minutes to see if a fish returned to the redd.  The lengths of female fish will be estimated to the nearest 50 mm (1.9 in) and their conditions (e.g., fresh, tail worn, etc) will be recorded.  When possible, spawning individuals will be approached for more precise length measurements.  Spawning and guarding behavior will also be recorded. 

Once a redd is documented during the spawning survey, it will be assigned a location code (riffle and redd number) labeled on a rock placed at the crest.  After a redd has been completed, it will be measured for mound length, mound width, pit depth, pit length, pit depth and length of tail spill using previously established methods (TID/MID 1992).  To determine redd dimensions and the extent of redd superimposition, each redd will be located to a known benchmark and measured using a Total Station, GPS or other survey device.  Four distinct length measurements and one width measurement will be recorded to the nearest 3 cm (0.1 ft).  Depth and velocity of the water at the pit will also be recorded.  

A line of painted rocks will be placed on the redd starting at the upward slope, just downstream of the bottom of the pit area, in line with the flow, to the top of the crest area.  Superimposition will be noted by a change in rock position or documenting fish actively superimposing a redd.  During each survey, the crew will examine the redd and the surrounding area and note any change in the painted rock structure to determine if the marked redd is being superimposed, e.g., rocks that are buried, piled, shifted, scattered, or missing.  If the disturbance occurred within a couple of days of placing the rocks and further redd-building activity is not observed near the front of the redd, it will be assumed that the redd is not being superimposed but under continued construction and the rocks will be replaced.  In the event that superimposition occurred, the area will be re-surveyed and new dimensions will be re-recorded after the superimposing redd is complete.  Any superimposing redds observed will be marked with painted rocks in the same manner as described above. 

Sample Location(s):
Six potential sites will be selected from locations in the following table with preference given to sites undergoing gravel augmentation in 2007 and sites monitored in previous studies (TID/MID 1992).  In addition to the superimposition surveys conducted here, other spawning sites monitored under Tasks 4.8 and by CDFG will be used to provide information regarding reach wide spawner preferences control sites throughout the spawning reach.

Task 6.5 Redd mapping sites to compare superimposition at completed gravel augmentation sites.  

Sites previously evaluated for redd superimposition (TID/MID 1992, 1997) are noted 

as “E” and newly proposed sites are noted as “N.”
	Site
	Riffle ID
	CDFG
	Project
	2006
	2007
	2008

	
	RM
	TID
	
	
	
	
	

	Section A

	1(E)
	51.6
	RA3
	A3
	
	Cont
	Cont
	Cont

	2(N)
	51.6
	RA3A,B
	
	CSMP III (2007?)
	Cont
	Tx
	Tx

	3(E)
	51.4
	RA5
	A5
	
	Cont
	Cont
	Cont

	Section 1A

	4(N)
	50.1
	R1B
	B3
	CSMP III (2007?)
	Cont
	Tx
	Tx

	5(N)
	49.9
	R1C
	B4
	CSMP III (2007?)
	Cont
	Tx
	Tx

	6(E)
	49.5
	R3A
	C2
	
	Cont
	Cont
	Cont

	7(E/N)
	49.1
	R3B
	C3
	CSMP III (2007?)
	Cont
	Tx
	Tx

	8(N)
	49.1
	R3BN,S
	
	CSMP III (2007?)
	Cont
	Tx
	Tx

	9(E/N)
	48.8
	R4A
	D2
	
	Cont
	Tx
	Tx


Schedule/Flow Threshold:

Twice-weekly surveys will be performed from late October through early January, at flows <300 cfs.  In the first year (2006), baseline mapping will be conducted at riffles selected in the dominant spawning reach as a baseline evaluation.  As each site is subjected to gravel augmentation, annual surveys will be conducted at all six sites again, with successively lower and greater numbers of control and treatment sites represented, respectively (2007, 2008). 

Analysis:

Maps showing Chinook spawning redds will be prepared on available ortho-rectified photographs or GIS mapping product (ArcGIS, AutoCAD) to examine the spatial distribution within the project reach and temporally throughout the spawning season.  This task uses a staircase design (Walters et al. 1988) modification to the “before-after-control-impact” (BACI) approach (Stewart-Oaten et al. 1986) at riffle habitat sites in the lower Tuolumne River.  Data analysis uses ANOVA and other appropriate statistical techniques (Underwood 1991) to determine whether gravel augmentation projects increase spawner preferences (Hypothesis 1) or rates of redd superimposition (Hypothesis 2).  A spatially explicit model will be run to estimate egg mortality caused by redd superimposition (TID/MID 1997).

References: Stewart-Oaten et al. 1986, TID/MID 1992, TID/MID 1997, Walters et al. 1988
Contingency Issue(s)/Plan:   

TASK 7. AERIAL PHOTOGRAPHY AND BATHYMETRY

Subtask 7.1 - Aerial Photo Flight: Take low altitude color aerial photographs from La Grange Dam (RM 53) to the San Joaquin River (RM 0). 

Note that McBain & Trush has inquired with CDFG re: the potential for funding LIDAR surveys and aerial photography conducted after the grant was awarded (August 2005) under this contract. This task will be finalized based on CDFG’s response.

Method/Sampling Needs:  Digital aerial photographs were taken in September 2005 between La Grange Dam and the San Joaquin River, and the product will be digital imagery for this reach with 6-inch pixel resolution. These images will be orthorectified under the Coarse Sediment Transfusion Project.  Budget has been reserved for another flight with similar imagery resolution in one future year. 
Sample Location(s):  

The flight will extend from La Grange Dam (RM 52) to the San Joaquin River (RM 0).

Schedule/Flow Threshold:

Aerial photographs have been taken in September 2005, and another flight will be conducted after an 8,000 cfs event or in summer 2009, whichever occurs first, to support geomorphic evolution monitoring (Task 4.3) and other monitoring tasks. The latter air photo will attempt to be flown when flows are at a similar level as the September 2005 photos (315 cfs) to enable comparisons of channel adjustment and exposed gravel bars (Task 4.3).

Analysis:  At a minimum, aerial photographs will be used to analyze planform adjustment at the 7/11, Ruddy, and SRP 9 sites following a large flow event as part of Task 4.3. These digital photographs will be orthorectified as part of the Coarse Sediment Transfusion Project.
References:  None.

Contingency Issue(s)/Plan:  The flow threshold for the second aerial photograph is 8,000 cfs.  If this flow is not met or exceeded during the grant period, another flight will be conducted at the end of the grant period (summer 2009) to document final monitoring conditions.
Subtask 7.2 - Ground Control: Install surveyed ground control points. 

Note that McBain & Trush has inquired with CDFG re: the potential for funding LIDAR surveys and aerial photography conducted after the grant was awarded (August 2005) under this contract. This task will be finalized based on CDFG’s response.

Method/Sampling Needs:  At least 50 air photo control points were installed prior to the September 2005 air photo flight. Targets were installed for each point, and the coordinates for each point were surveyed with a survey-grade kinematic GPS by a licensed surveyor. 

Sample Location(s):  For the 2005 aerial photo flight, control points were installed and surveyed along the river bottoms from La Grange Dam (RM 52) to the San Joaquin River (RM 0).  Additional ground control points may be installed and surveyed at SRP 9, the 7/11 Reach, the M.J. Ruddy Reach, and along coarse sediment transfusion reaches as needed for local orthorectification of aerial photographs funded by the CDFG grant (Task 7.1).

Schedule/Flow Threshold: The ground control points were installed and surveyed in September 2005. Additional site-specific control points will be installed after an 8,000 cfs flow or in summer 2009, whichever comes sooner.

Analysis:  Ground control points will be used in Task 7.3 to orthorectify air photos collected in Task 7.1 for specific project locations.
References:  None
Contingency Issue(s)/Plan: The flow threshold for the second aerial photograph is 8,000 cfs.  If this flow is not met or exceeded during the grant period, the site specific ground control points will be installed and surveyed at the end of the grant period (summer 2009) to enable air photo orthorectification at the 7/11 site, M.J. Ruddy site, SRP 9 site, and coarse sediment augmentation sites.
Subtask 7.3 - Orthorectification: Orthorectify aerial photographs based on ground control points from La Grange Dam (RM 52) to RM 25. Orthorectification could be extended downstream to include the entire river at a later date, if needed and as funding permits. 

Note that McBain & Trush has inquired with CDFG re: the potential for funding LIDAR surveys and aerial photography conducted after the grant was awarded (August 2005) under this contract. This task will be finalized based on CDFG’s response.

Method/Sampling Needs: Based on the control points collected in Task 7.2 and topography developed in Tasks 7.4 and 7.5, the digital aerial photographs obtained in Task 7.1 will be orthorectified for specific project locations. 

Sample Location(s): Digital orthorectified aerial photos taken in September 2005 will be provided along the Tuolumne River corridor between La Grange Dam (RM 52) and the San Joaquin River (RM 0) in 2006. Digital orthorectified aerial photos will be provided for the 7/11 site, M.J. Ruddy site, and SRP 9 site after 8,000 cfs or summer 2009, whichever occurs first.

Schedule/Flow Threshold: Orthorectification for the Tuolumne River corridor from La Grange Dam (RM 52) to the San Joaquin River (RM 0) should be completed by January 2006. Orthorectification for the future flight at the 7/11 site, M.J. Ruddy site, and SRP 9 site will be conducted after an 8,000 cfs flow or summer 2009, whichever occurs first.

Analysis:  Standard orthorectified analysis by a qualified firm, using ground control points, digital aerial photographs, and a digital terrain model developed from bathymetry and LIDAR topography.
References:  None
Contingency Issue(s)/Plan: The flow threshold for the second aerial photograph is 8,000 cfs.  If this flow is not met or exceeded during the grant period, the orthorectification at the 7/11 site, M.J. Ruddy site, and SRP 9 site will be conducted at the end of the grant period (summer 2009).
Subtask 7.4 - Develop Topography: Using standard photogrammetric analyses, generate topographic data and maps from La Grange Dam to RM 34.2 at a 2 ft contour interval accuracy. Photogrammetry could be completed for the entire river at a later date, if needed and as funding allows. 

Note that McBain & Trush has inquired with CDFG re: the potential for funding LIDAR surveys and aerial photography conducted after the grant was awarded (August 2005) under this contract. This task will be finalized based on CDFG’s response.

Method/Sampling Needs: Light Detection and Ranging (LIDAR) technology will be used to document surface topography along the Tuolumne River corridor rather than photogrammetry because LIDAR provides much greater point density, accuracy, and ability to document topography under plant cover than photogrammetry. The LIDAR flight was conducted in September 2005 using a 1.6 meter posting and 15 cm vertical accuracy. The resulting topography will be used to generate a Digital Terrain Model (DTM) with 2-ft contour accuracy. 

Sample Location(s):  The LIDAR topography will extend from La Grange Dam (RM 52) to the San Joaquin River (RM 0).

Schedule/Flow Threshold: The LIDAR flight was conducted in September 2005 during low flow period (315 cfs) to better enable overlap with the bathymetry surveys in Task 7.5. No future LIDAR flights are planned as part of this project.

Analysis:  The surface topography will be used to generate a DTM of the dry portions of the river corridor. The LIDAR raw data will be run through automatic filters to eliminate topographic returns from non-topographical features (e.g., vegetation, buildings, bridges) and reduce noise inherent with the large data sets collected by LIDAR. A DTM of surface topography along the Tuolumne River corridor from La Grange Dam to the San Joaquin River will be generated with a combination of breaklines and masspoints in order to improve contour generation. This DTM will then be used in Task 7.5 to develop a single DTM of the entire river corridor, including bathymetry within the river.
References:  None
Contingency Issue(s)/Plan: None
Subtask 7.5 - Channel bathymetry: Use boat-mounted bathymetric surveys to generate channel bathymetry data and maps from the downstream end of the 2005 bathymetry coverage (i.e., the 7/11 haul road bridge) to the San Joaquin River. 

Method/Sampling Needs:  Bathymetric survey data will be collected using several techniques.  The majority of data will be collected with a boat-based bathymetric mapping system which combines a survey-grade echosounder (RESON Nav110) with a survey-grade RTK GPS (Trimble 4700/4800).  Where depths are too shallow, water too turbulent, vegetation too dense for boat access, or adequate satellite coverage not available, conventional survey-grade GPS or total station surveys will be used to collect bathymetric survey data.  The boat based surveys will be completed using a grid system within the river channel, whereby longitudinal transects are surveyed 20’ – 30’ apart with approximate spacing between points of 2’ – 5’.  All boat-based bathymetric data will be combined with ground-based survey points (total station or wading GPS) in AutoCAD Software (Land Development Desktop 2005), where final editing is accomplished by building DTM’s, creating contours, and inspecting for horizontal and vertical errors.

Every attempt will be made to collect bathymetry data at flows greater than 1,500 cfs in order to overlap with the LIDAR (collected when flows were 315 cfs) to ensure that there are no topographic gaps between the two surveys. Ideally, the bathymetry data will be collected when flows are at a steady flow rate between 1,500 cfs to 2,500 cfs. Only river bathymetry data will be collected; off-channel water bodies (e.g., dredger ponds, mining pits, and wetlands) will not be surveyed.

Bathymetry data between La Grange Dam and the 7/11 haul road bridge (RM 37.7) were collected in spring 2005; thus this task will collect bathymetry data between the 7/11 haul road bridge (RM 37.7) to the San Joaquin River (RM 0), and use the spring 2005 data with this newly collected LIDAR and bathymetry data to create a combined DTM of the Tuolumne River corridor between La Grange Dam and the San Joaquin River. 

Sample Location(s):  

The bathymetric survey will extend from the 7/11 haul road bridge (RM 37.7) to the San Joaquin River (RM 0). The DTM will be constructed from La Grange Dam to the San Joaquin River.

Schedule/Flow Threshold:

Bathymetry surveys were conducted between La Grange Dam (RM 52) and the 7/11 haul road bridge (RM 37.7) in spring 2005. Bathymetry surveys downstream of the 7/11 haul road bridge will be conducted as soon as possible following award of the contract, and will attempt to be conducted when river flows are approximately 1,500 cfs or greater to cover sufficient channel width to merge with the 2005 floodplain LIDAR surveys.

Analysis:  A DTM will be generated from the bathymetric surveys, then merged with the DTM developed from the LIDAR-based surface topography to create a single DTM of the entire river corridor with 2-ft contour accuracy. This single DTM will be broken into manageable pieces for use in future channel design and monitoring activities. The product will be a digital terrain model of the entire river corridor between La Grange Dam and the San Joaquin River, and a set of topographic maps with 2-ft contour interval accuracy stamped by a licensed surveyor.

References: None
Contingency Issue(s)/Plan: Every attempt will be made to conduct the bathymetry survey at a flow greater than 1,500 cfs in order to have adequate topographic overlap with the LIDAR topography. If this overlap cannot occur, additional ground survey effort will be required to ensure that there are no gaps in the overall topography. Additional funds may be required to conduct these additional ground surveys. If unused budget from other tasks are available, we will submit a reallocation request to the TRTAC Monitoring Subcommittee for review and approval. Once the TRTAC Monitoring Subcommittee comments are incorporated, TID will submit a contract amendment request to CDFG. 
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