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1.0 Introduction
This report describes the macroinvertebrate and aquatic mollusk study conducted by the Placer County Water Agency (PCWA) in 2007 in accordance with the AQ 3 - Macroinvertebrate and Aquatic Mollusk Technical Study Plan (AQ 3 - TSP) for the Middle Fork American River Project (MFP or Project).  The stakeholder-approved TSP was included in Supporting Document (SD) H of the Pre-Application Document (PAD) filed with the Federal Energy Regulatory Commission (FERC or Commission) on December 13, 2007 (PCWA 2007a).  A draft report was distributed to the Aquatics Technical Working Group (TWG) on May 19, 2008 for a 60 day comment period.  The comment period ended on July 18, 2008.  No oral or written comments were received.
The macroinvertebrate study was conducted in the vicinity of the MFP during the spring and fall of 2007 to: (1) characterize the benthic macroinvertebrate (BMI) community in the peaking, bypass, and comparison reaches; and (2) document the seasonal density and size distribution of drifting macroinvertebrates for input into bioenergetics modeling (see AQ 5 - Bioenergetics TSP (AQ 5 - TSP)).  The study consisted of field sampling, analyzing the field data, and data analyses.  The data analyses included longitudinal trends along the Rubicon River and Middle Fork American River peaking reach, comparisons of the peaking reach, bypass reach, and comparison stream sampling sites, and comparisons with data from previous studies in the study area and data in Rehn (2008) (review of data from other hydroelectric projects in the Sierra Nevada).  
The following sections provide a detailed description of the study objectives, study implementation, extent of the study area, study approach, study results, and literature cited.  

2.0 Study Objectives
The objectives of the macroinvertebrate and aquatic mollusk study in the AQ 3 - TSP include the following:
· Document the BMI community in the peaking reach and compare to adjacent bypass and comparison reaches to characterize general habitat conditions.  

· Sample the BMI community at long-term United States Department of Agriculture - Forest Service (USDA-FS) sampling sites to supplement existing data sets.

· Document the BMI community in the bypass reaches downstream of each large reservoir (Middle Fork American River below French Meadows Reservoir and Rubicon River below Hell Hole Reservoir).

· Document the BMI community in areas with known water quality issues, if any, as determined in the AQ 11 - Water Quality Technical Study Report (AQ 11 - TSR) (PCWA 2007a). 

· Document the seasonal density and size distribution of drifting macroinvertebrates in selected bypass reaches and the peaking reach for input to bioenergetics growth and habitat modeling.

· Determine the presence or absence of three special-status
 mollusk species (California Floater, Anodonta californiensis, scalloped juga, Juga occata, and Great Basin rams-horn snail, Helisoma newberryi) and identify potentially suitable habitat for these species (Furnish 2007).

3.0 Study Implementation
Figure AQ 3-1 shows the AQ 3 - TSP objectives and the study elements and activities that relate to completion of the study.  It also shows how the information developed during the study will be documented and provided to the stakeholders.  The following sections summarize the study elements completed, any deviations from the TSP and the rationale, outstanding study elements, and proposed modifications to the TSP.  
3.1 Study Elements Completed

The following study elements have been completed:

· Surface Water Ambient Monitoring Program (SWAMP) (Ode 2007) benthic sampling at 14 sampling sites on bypass and peaking reaches and comparison stream reaches in September and October, 2007;
· California Stream Bioassessment Procedure (CSBP) (CDFG 2003) benthic sampling at seven sampling sites currently being monitored for the ongoing Ralston Afterbay Sediment Management Project (RASMP) on bypass and peaking reaches and comparison stream reaches;
· SWAMP benthic sampling at the long-term agency CSBP sampling sites above and below the diversions on Duncan and South Fork Long Canyon creeks;
· SWAMP benthic sampling downstream of French Meadows Reservoir on the Middle Fork American River and downstream of Hell Hole Reservoir on the Rubicon River;
· BMI samples processed at the BLM/USU National Aquatic Monitoring Center, Department of Aquatic, Watershed, and Earth Resources (AWER), Utah State University, Logan Utah (USU Bug Lab);
· Comparison of SWAMP and CSBP benthic sampling results between reaches and with data reported in the literature; and
· Drift sampling at seven sampling sites on the bypass and peaking reaches in June, July/August, and September/October 2007 using a sampling methodology similar to that used in Hayes et al. (2000).
3.2 Deviations from Technical Study Plan
The macroinvertebrate and aquatic mollusk study proceeded as described in the AQ 3 - TSP except for the following variance:

· The TSP states that the macroinvertebrate metrics will be reported as outlined in Rehn et al. (2007).  The macroinvertebrate metrics were reported as outlined in an updated study by Rehn (2008). 
3.3 Outstanding Study Elements

The following study elements will be completed in 2008 and presented in the reports listed below: 
· Conduct special-status aquatic mollusk sampling in the summer of 2008.  This information will be presented to the TWG in the 2009 Macroinvertebrate TSR (AQ 3 - TSR).
· Complete drift sample analysis for inclusion in the AQ 5 - TSR to be distributed to the TWG in 2009.
· If water quality issues are identified in the AQ 11 - TSR, determine in collaboration with the Aquatic TWG if 2008 macroinvertebrate contingency studies are needed.  The study results of any contingency studies will be presented to the TWG in the 2009 AQ 3 - TSR.
3.4 Proposed Modification to Technical Study Plan
There are no proposed modifications to the AQ 3 - TSP.
4.0 Extent of Study Area
The study area included accessible bypass reaches, the peaking reach, and potential comparison reaches.  The BMI sampling locations are listed in Table AQ 3-1 and are shown on Map AQ 3-1.  The BMI sampling locations where historical data have been collected on the peaking reach (including adjacent bypass and comparison reaches), Duncan Creek, and South Fork Long Canyon Creek are listed in Tables AQ 3-2 and AQ 3-3, and are also shown on Map AQ 3-1.  The locations where drift sampling was completed are listed in Table AQ 3-4 and are shown on Map AQ 3-1.  
5.0 Study Approach
This section describes the BMI sampling and the macroinvertebrate drift sampling methods.
5.1 BMI Sampling 

The BMI field sampling protocols, field sampling design, sample processing, and data analyses are described below.
5.1.1 BMI Field Sampling Protocols

Two different, but comparable, BMI sampling protocols, SWAMP and CSBP, were used to collect BMI data (Table AQ 3-1).  The CSBP protocol, superseded by the SWAMP protocol beginning in 2007, was used to sample seven study sites that have been monitored using CSBP since 2001 as part of the Ralston Sediment Management Project (RASMP) (Jones and Stokes 2002; PCWA 2007b).  The SWAMP protocol was used to sample all the other study sites.  The targeted riffle sampling component of the SWAMP and CSBP protocols are similar composite riffle sampling approaches and the results from the two protocols were assumed to be equivalent (Rehn 2008; Ode 2007). 

SWAMP includes two BMI sampling methods: (1) targeted riffle composite (TRC); and (2) reachwide benthos (RWB).  The TRC sample consisted of a composite of eight sub-samples randomly selected from the riffle habitats within the study site.  The RWB sampling did not target any specific type of meoshabitat.  RWB samples collected from each sampling site were a composite of 11 sub-samples, each taken from one of 11 equally spaced transects.  The transects were spaced 15 meters apart, or 25 meters if the wetted width of the channel was greater than 10 meters wide.  Sub-sampling alternated between left-center, center, and right-center locations on each sequential transect.  Physical habitat measurements were also collected at the transects. 

The CSBP sampling sites established previously as part of the ongoing RASMP (Jones and Stokes 2002; PCWA 2007b) (Table AQ 3-2), typically consisted of three transects located in riffle habitats.  A composite sample composed of three sub-samples was collected from each transect.  

5.1.2 BMI Field Sampling Design
The field sampling program was structured to collect data to: (1) identify longitudinal trends in BMI community metrics in the Rubicon River and Middle Fork American River, with emphasis on the peaking reach; (2) compare the BMI communities between sites in the peaking and bypass reaches affected by MFP operations with comparable sites unaffected by the MFP operations (i.e., above Project diversion or nearby unimpaired river reaches); and (3) characterize inter-annual trends in BMI community metrics at long-term sampling sites.  
Twenty-one representative BMI study sites, 14 SWAMP and 7 CSBP, were located in the Project area (Table AQ 3-1 and Map AQ 3-1).  The sampling design was based primarily on using the targeted riffle samples (TRC) from each of the 21 study sites (both SWAMP and CSBP).  Where applicable, the RWB data from the 14 SWAMP sampling sites were also used in the analysis, but kept separate from the TRC analysis.  Many of the 21 sampling sites were included in multiple comparisons (e.g., Project versus non-Project comparisons, longitudinal comparisons, and temporal comparisons).  The study sites contained meso-habitat types similar to those in the larger river reach based on the meso-habitat mapping completed as part of the 2006 Aquatic Habitat Characterization Study (PCWA 2007a).
The sampling design is summarized below.  The sampling sites included in each comparison analyses are identified in Table AQ 3-1 and Map AQ 3-1.
Unimpaired Comparison Sites - Five sampling sites were located in river reaches unaffected by Project operations.  Results from the sites were used to compare biological conditions between Project and non-Project affected river reaches.  Two sites, D9.0 and SFLC4.2, were located in the higher elevation, small streams above Project diversions and three sites were located in unimpaired low elevation, larger rivers, NF31.3, NFMF2.3, and NFMF0.1. 
Longitudinal Trends - Sampling sites were used to identify longitudinal gradients in biological conditions in the Middle Fork American River peaking reach and in the Rubicon River.  Four sampling sites were located along the length of the Rubicon River downstream of Hell Hole Reservoir (R25.7, R20.9, R3.5, and R0.9) and seven sampling sites were located in the Middle Fork American River downstream of Ralston Afterbay along the length of the peaking reach (MF24.2, MF23.6, MF20.9, MF19.1, MF14.3, MF14.1, and MF4.8).  
Peaking Reach Comparison - The seven sampling sites in the peaking reach downstream of Ralston Afterbay (see above) were paired with an equal number of adjacent non-peaking comparison river sampling sites.  Three of the non-peaking comparison sites were the unimpaired comparison sites (NF31.3, NFMF2.3, and NFMF0.1) and the other four non-peaking sampling sites were located in the Middle Fork American River and Rubicon River bypass reaches just upstream of Ralston Afterbay (R0.9, R3.5, MF26.0, and MF26.2).
Above and Below Diversions - BMI sampling was conducted at two sites in Duncan Creek (D9.0 and D6.3) and two sites in South Fork Long Canyon Creek (SFLC4.2 and SFLC2.3) to compare BMI metrics above and below the diversions.  

Bypass Reaches Below Large Reservoirs - BMI sampling was also conducted in the bypass reaches downstream of French Meadows Reservoir on the Middle Fork American River (MF44.7) and downstream of Hell Hole Reservoir on the Rubicon River (R25.7 and R20.9) to characterize BMI metrics downstream of the large reservoirs.  

Long-term BMI Sampling Sites - To characterize inter-annual trends in BMI community metrics, BMI samples were collected at several long-term sampling sites.  The seven sampling sites associated with the RASMP (Jones and Stokes 2002; PCWA 2007b) were resampled in the fall of 2007.  These sites are located in the peaking reach and adjacent bypass and unimpaired comparison reaches (Tables AQ 3-1, AQ 3-2, and Map AQ 3-1).  The CSBP protocol was used historically to collect BMI data associated with the RASMP (2001-2006).  To ensure that the 2007 data collected as part of this study was consistent with data collected during previous years, staff that participated in the previous RASMP monitoring assisted with the 2007 sampling and the data were collected using the same CSBP protocol.  
BMI samples were also collected in Duncan Creek and South Fork Long Canyon Creek (D9.0 and SFLC2.3) to compare to USDA-FS historical data (Tahoe and Eldorado National Forests).  An approach consistent with the CSBP protocol was used historically to collect data by USDA-FS at these locations and at one additional location on Duncan Creek (D4.5).  In this study, a BMI sample at instream flow study site D6.3 was compared to the historical USDA-FS D4.5 site.  In 2007, the sites were sampled using the SWAMP protocol.  The SWAMP TRC samples were compared to the historical USDA-FS BMI data.  The historical data were obtained from the USU Bug Lab.  Duncan Creek data was available from 2000 to 2003.  Data was available for the South Fork Long Canyon Creek from 1999 and 2000. 
5.1.3 BMI Sample Processing

The samples collected during the 2007 field season (SWAMP and CSBP) were processed by the USU Bug Lab.  At the laboratory, the samples were processed following SWAMP protocols and the samples were prepared following the methods recommended by the United States Geological Survey (Cuffney et al. 1993) and described in Vinson and Hawkins (1996).  The standard procedures that were used at the USU Bug Lab for sorting and analyzing samples and their quality control/assurance measures are described in Appendix A.  The USU Bug Lab provided data for 300 and 500 organism count sub-samples, which included species abundances and numerous BMI metrics for each sampling site.  The USU Bug Lab metric calculations were based on the Southwest Association of Freshwater Invertebrate Taxonomists (SAFIT) taxonomic level 2 (Richards and Rogers 2006).  Generally this is a genus-species level of taxonomic identification.
The historical USDA-FS samples from Duncan Creek and South Fork Long Canyon Creek were also processed at the USU Bug Lab following generally the same protocols and procedures.  
The historical RASMP samples were processed by Jones and Stokes according to the CSBP protocol as described in PCWA (2007b). 
5.1.4 BMI Data Analyses

BMI Metrics

A number of metrics can be calculated to describe the BMI community at a sampling site.  Based on previous studies, some metrics discriminate between impaired and unimpaired sites better than others.  For this study, the metrics calculated for the BMI samples were the hydropower metrics used by Rehn (2008) and those necessary to compare with the previous sampling analysis from the RASMP study (Jones and Stokes 2002; PCWA 2007b).  The metrics required for each of these analyses are described below. 

Rehn (2008) developed a multi-metric index of biotic integrity (IBI) for streams and rivers influenced by hydropower projects.  The hydropower IBI is a combination of metrics that can be used to identify trends in BMI data and facilitate comparisons among sites.  Each metric used to determine the hydropower IBI (Rehn 2008) is briefly described in Table AQ 3-5.  
The hydropower IBI was developed from statistical analyses of data collected above and below hydropower reservoirs and from existing hydropower BMI datasets that had been collected using a variety of methods, including TRC and RWB sampling methods from above and below diversions and dams.  Longitudinal trends in the hydropower IBI scores were evaluated by Rehn (2008) in relation to the distance downstream from a diversion or dam.  However, the most downstream site included in the dataset was 3 km (1.9 miles), thereby, limiting the longitudinal scope of Rehn’s analysis.  In addition, all of the sites included in Rehn’s analyses were located above 2,913 feet in elevation.
For the BMI data collected in 2007 and the historic USDA-FS samples, the 500 organism count data was used to calculate the hydropower IBI metrics at each sampling site (21 sites total) as described in Rehn (2008).  This was completed for each of the sample types (SWAMP TRC, CSBP TRC, and SWAMP RWB).  The hydropower TRC IBI scores (both SWAMP and RASMP CSBP) were used together in the comparative analysis as they are analogous sample types.  The hydropower TRC IBI scores were graphed by site and contrasted and compared with each other and with the hydropower IBI scores in Rehn (2008).  The hydropower SWAMP RWB IBI scores were graphed separately and the sites with RWB samples were contrasted and compared with each other and with the hydropower IBI scores in Rehn (2008), as appropriate.
Additional BMI metrics were calculated at the RASMP sampling sites to compare with the analyses completed in previous studies (Jones and Stokes 2002; PCWA 2007b).  These metrics are briefly described in Table AQ 3-6. The BMI samples collected previously (2001-2006) for the RASMP were historically processed in the lab according to the CSBP taxa identification Level 1 laboratory procedures using 300 organism count data.  The 2007 USU Bug Lab identifications at the RASMP sampling sites were, therefore, adjusted to CSBP Level 1 using the 300 organism count data for calculations of these BMI metrics. The metric results for the three composite samples (one from each transect) were then averaged to create a single BMI metric for each sampling site.  All of the data, 2001-2007, were then compared to identify any temporal and spatial trends in the BMI metrics. 
Sample Site Characterization 
Sampling site location information, habitat conditions, and photographs illustrating the site characteristics are provided in Appendix B.  Average August 2007 water temperatures in the study streams are shown on Map AQ 3-2.  Copies of the SWAMP datasheets are provided in Appendix C.  

5.2 Macroinvertebrate Drift Sampling Method 
Drift samples were collected from June 14 through June 26, 2007; July 30 through August 8, 2007; and September 24 through October 8, 2007 at seven sampling sites on the bypass and peaking reaches.  These locations are also AQ 1 - Instream Flow TSP study sites (AQ 1 - TSP) (PCWA 2007a) and are shown in Table AQ 3-4 and Map AQ 3-1 (PCWA 2007a).  At each sampling site, two representative riffles were identified for sampling.  At the downstream end of each riffle, three drift samples were collected using a sampling methodology similar to that used in Hayes et al. (2000).  Drift samples were collected twice during the day (mid-morning and mid-afternoon).  The results of the drift sampling will be included in the AQ 5 - TSR.  

6.0 Study Results
6.1 Overview

The following briefly summarizes the key study findings.
6.1.1 Longitudinal Trends in BMI Community Metrics 

Hydropower TRC IBI scores were higher (indicating better biological conditions) at the higher elevation, colder water sampling sites than at the lower elevation, warmer water sampling sites in the study area, suggesting that the hydropower IBI is correlated with elevation and water temperature (Tables AQ 3-1, AQ 3-7, Figure AQ 3-2, and Map AQ 3-2).  
· Interpretations of longitudinal trends in BMI metrics over the long reaches of the Rubicon River and the peaking reach should consider the observed relationships between hydropower IBI scores and water temperature and elevation.  

· In the Rubicon River, hydropower TRC IBI scores generally declined with distance downstream of Hell Hole Reservoir (IBI scores decreased from 66 to 44) (Figure AQ 3-3).
· In the peaking reach, hydropower TRC IBI scores were: comparatively low at the top of reach immediately downstream of Ralston Afterbay Dam and Oxbow Powerhouse, MF24.4 and MF23.6 (IBI scores of 40 and 61); higher through the middle portion of the reach, MF14.3, MF19.1, and MF20.9 (IBI scores from 63 to 71 similar to unimpaired comparison sites); and typically slightly lower in the farthest downstream portions of the peaking reach, MF4.8 and MF14.1 (IBI scores of 54) (Figure AQ 3-3).
6.1.2 Comparison of Peaking Reach with Adjacent Bypass and Comparison Reaches 
In combination, the hydropower TRC IBI and individual metric scores indicated lower biological conditions at the top of the Middle Fork American River peaking reach immediately below Ralston Afterbay Dam (MF24.4) and immediately below Oxbow Powerhouse (MF23.6), compared to the adjacent bypass (MF26.0, MF26.2, R0.9, and R3.5) and comparison sites (NFMF0.1, NFMF2.4, and NF31.3) (Figures AQ 3-3a, AQ 3-4a, AQ 3-5, AQ 3-6, and Tables AQ 3-7 and AQ 3-8). 
· The hydropower TRC IBI score in the short bypass reach immediately below Ralston Afterbay Dam (MF24.4) was the lowest of the scores (IBI score of 40) at all sampling sites (Table AQ 3-7). 

· Although the individual metrics were variable from year-to-year (2001-2007) at the RASMP monitoring sites, the results consistently indicated lower biological condition metric scores at the two sites  immediately downstream of Ralston Afterbay Dam and Oxbow Powerhouse (MF24.4 and MF23.6).  There were fewer intolerant EPT taxa, more high tolerance individuals, and lower taxa richness (Figure AQ 3-5). 
At sites downstream from the top of the peaking reach (MF20.9 to MF4.8) biological conditions (IBI and individual scores) were similar to those in non-peaking comparison sites (unimpaired comparison rivers and the Middle Fork American River and Rubicon River immediately upstream of Ralston Afterbay), although some variability occurs based on the individual metric examined (Figures AQ 3-3, AQ 3-4, AQ 3-5, AQ 3-6, and Table AQ 3-7).  
· Hydropower TRC IBI scores were similar or higher in the downstream peaking reach sites, MF20.9 through MF4.8 (IBI scores from 71 to 54), than those in the non-peaking comparison sites, NF31.3, MF26.0, MF26.2, NFMF0.1, NFMF2.4, R0.9, and R3.5 (IBI scores from 71 to 44) (Figures AQ 3-3a and AQ 3-4a). 

· The downstream peaking reach sampling sites (MF20.9 to MF4.8) had lower California Tolerance Values and similar or higher percentages of intolerant individuals (indicating better biological conditions) and similar EPT and ET Index values compared to sampling sites from the non-peaking comparison reaches (NF31.3, MF26.0, MF26.2, NFMF0.1, NFMF2.4, R0.9, and R3.5) (Figure AQ 3-5 and Table AQ 3-7).  

· In contrast, the downstream peaking reach sampling sites, MF20.9 to MF4.8, overall had slightly lower taxa richness (Figure AQ 3-5) (indicating poorer biological conditions) and some differences in functional feeding groups (percentage collector-gatherers, scrapers, and collector-filters) compared to the non-peaking comparison sampling sites (NF31.3, MF26.0, MF26.2, NFMF0.1, NFMF2.4, R0.9, and R3.5) (Figures AQ 3-5, AQ 3-6, and Table AQ 3-7).  The functional feeding group differences likely reflect the greater abundance of filamentous algae that was observed in the peaking reach compared to other reaches. 

The hydropower IBI scores from the RWB sampling were slightly different than the TRC scores in the peaking reach and adjacent non-peaking bypass and comparison stream reaches.  Hydropower RWB IBI scores were slightly lower in the downstream part of the peaking reach, MF4.8 and MF14.1 (IBI scores from 40 to 49), compared to sites in the non-peaking comparison river reaches, NFMF2.4 and NF31.3 (IBI scores from 60 to 54), and bypass reaches immediately above Ralston Afterbay, MF26.2 and R3.5 (IBI scores from 73 to 63) (Figures AQ 3-4b, AQ 3-7, and Table AQ 3-8).  
· The community described from the RWB sampling in the non-peaking comparison reaches (NFMF2.4, NF31.3, MF26.2, and R3.5) had higher ET taxa richness, lower percentage of non-insect taxa, higher percentage of scraper individuals, and higher diversity than the community in the peaking reach (MF4.8, MF14.1, and MF19.1) (Table AQ 3-9).  

Above and Below Diversions 
Hydropower IBI scores from the TRC and RWB sampling in Duncan Creek and South Fork Long Canyon Creek in 2007 indicate somewhat lower scores below the diversions than above the diversions. Long-term data in Duncan Creek, however, contradicts this observation (Figures AQ 3-3, AQ 3-4a, AQ 3-4b, AQ 3-7 and Tables AQ 3-7, AQ 3-9, and AQ 3-10).  
· Repeated annual sampling results from above and below Duncan Creek Diversion do not indicate a consistent difference in hydropower IBI scores (Figure AQ 3-8).  Higher hydropower IBI scores occurred downstream of the Duncan Creek Diversion, D4.5 and D6.3 (IBI scores from 63 to 86) than above the diversion, D9.0 (IBI scores from 44 to 91) during two of the three sampling years.  
· On the South Fork Long Canyon Creek, repeated annual sampling only exists below the diversion, precluding further comparison.  The range of variability of the hydropower IBI scores between sampling years at the sampling site downstream of the diversion, SFLC2.3 (IBI scores of 73, 80, and 81) was of similar magnitude as the observed 2007 difference between upstream, SFLC4.2 (IBI score of 84) and downstream, SFLC2.3 (IBI score of 81) sampling sites (Figure AQ 3-8). 
The TRC and RWB sampling approaches generally showed similar above and below diversion trends and hydropower IBI scores.  The results from the two different sampling approaches were consistent for Duncan Creek, but there was a slight difference for the South Fork Long Canyon Creek (Figures AQ 3-3c and AQ 3-7c).  
· On the South Fork Long Canyon Creek, the difference between hydropower IBI scores from the above and below diversion sites was very small for the TRC sampling, but slightly greater based on the RWB sampling. 
Bypass Reaches Below Large Reservoirs
Hydropower TRC IBI scores downstream of French Meadows and Hell Hole reservoirs were relatively high and within the range of those observed in unimpaired river reaches above hydropower reservoirs by Rehn (2008) (Table AQ 3-7, Figures AQ 3-3 and AQ 3-4a).
· The hydropower IBI scores in the Rubicon River below Hell Hole Reservoir (IBI scores of 60 and 66) were on the ‘high end’ of the range observed for sites below hydropower reservoirs and on the ‘lower end’ of the range of scores for sites above reservoirs (Figure AQ 3-3b).  
· The hydropower IBI scores on the Middle Fork American River below French Meadows Reservoir (IBI scores of 81 and 84) were very high and were on the ‘high end’ of the range observed for reference sites above reservoirs (Rehn 2008). 
The hydropower TRC and RWB IBI scores below the reservoirs were similar (Figures AQ 3-3 and AQ 3-7).
6.1.3 Long-term BMI Sampling Sites
RASMP Sampling Sites

· At all the RASMP sampling locations, inter-annual variability in the individual metrics and the relative abundance of the different functional feeding groups was high (Figures AQ 3-5 and AQ 3-6).

· Since 2001, the BMI communities in the two sites immediately downstream from Ralston Afterbay and Oxbow Powerhouse (MF24.4 and MF23.6) had poorer individual metric scores than the sites farther downstream in the peaking reach and in the adjacent non-peaking bypass and comparison reaches (Figures AQ 3-5 and AQ 3-6).  

· Since 2001, in the two most downstream sites in the peaking reach the BMI communities had slightly lower taxa richness than the non-peaking bypass and comparison river reaches (lower biological condition).  However, EPT index values were greater and California Tolerance values were lower compared to the non-peaking bypass and comparison river reaches (better biological condition) (Figure AQ 3-5).
· Since 2001, chironomid midges have been one of the most abundant taxa at most of the sampling sites during the annual sampling (Table AQ 3-11).

· Chironomid midges have been particularly dominant at the site in the short bypass reach below Ralston Afterbay Dam (MF24.4) and the upper peaking reach site (MF23.6).

USDA-FS Long-term Sampling Sites 
In the South Fork Long Canyon Creek downstream of the diversion, hydropower IBI scores have slightly increased since 1999, from 73 to 81 (Figure AQ 3-8 and Table AQ 3-10).
In Duncan Creek, hydropower IBI scores have varied substantially over time and the scores have been alternately higher or lower below versus above the diversion (Figure AQ 3-8 and Table AQ 3-10).  Also, hydropower IBI scores both upstream and downstream of the diversions were lowest in 2002, one year after the Star Fire, and have generally increased since 2003.

6.2 Detailed Study Results 

Detailed study results are presented in the sections below.  The hydropower IBI scores discussed are based on those from the TRC sampling.  As discussed above, the results from the RWB were different from the TRC results at some sites, but the overall trends were generally similar. 
6.2.1 Longitudinal Trends in BMI Community Metrics

Rubicon River

In the Rubicon River, the hydropower IBI scores were considerably higher (66 and 64) in the two upstream sampling sites (R25.7 and R20.9) than the sampling site just upstream from Ralston Afterbay (44 at R3.5).  The upstream hydropower IBI scores were in the middle to low end of the range of scores for sites above reservoirs evaluated by Rehn (2008; see Figure 2, which is provided in Appendix D) (Figure AQ 3-3b and Table AQ 3-7), while the hydropower IBI score (44) was similar to the scores for the sites downstream of reservoirs evaluated by Rehn (2008).  Water temperature was considerably higher at the downstream sampling site compared to sampling sites farther upstream (Map AQ 3-2 and Figure AQ 3-2).  
The percentage of intolerant individuals and ET taxa richness were lower, and percentage of non-insect taxa was greater at the downstream sampling site compared to the two upstream sampling sites.  The percentage of scrapers was also lower in the most downstream sampling site than the upstream sampling sites.    
Middle Fork American River - Peaking Reach

In the peaking reach, the hydropower IBI scores ranged from a low of 40 at MF24.4 (short bypass reach immediately below Ralston Afterbay Dam) to a high of 71 at MF20.9 (Table AQ 3-7).  The hydropower IBI scores gradually increased downstream from MF24.4 to MF20.9, and then decreased with continued distance downstream.  The lowest hydropower IBI scores were of similar magnitude to the hydropower IBI scores calculated for BMI communities downstream from dams and diversions in Rehn (2008) (Appendix D).  In comparison, the higher IBI scores from the sites in the middle section of the peaking reach (e.g., MF19.1 and MF20.9), were within the range of hydropower IBI scores for unimpaired BMI communities upstream of hydropower dams that were evaluated in Rehn (2008).  

The BMI community just downstream of Ralston Afterbay Dam (MF24.4) had low individual metric scores compared to those in the peaking reach sampling sites further downstream (Table AQ 3-7).  ET taxa richness, percent intolerant and predator individuals, and the diversity of the BMI community were low compared to those in the peaking reach sites further downstream.  In addition, the percent of non-insect taxa within the community was higher than all the other sampling sites in the peaking reach.  The BMI communities in the two most downstream sampling sites in the peaking reach also had lower individual metric scores compared to those in the middle sections of the reach.  The BMI communities at these two sites were comprised of fewer ET taxa, with a lower percentage of intolerant and predator individuals compared to the middle section of the peaking reach.  Diversity was also lower.  This declining trend in the biological condition of the BMI community in the lower portion of the reach may be reflective of increased water temperature or decreased elevation with downstream distance in the peaking reach (e.g., Map AQ 3-2). 
6.2.2 Comparison of Peaking Reach with Adjacent Bypass and Comparison Reaches 
The hydropower IBI scores in the peaking reach were comparable to those in the two comparison sampling sites on the North Fork of the Middle Fork American River (hydropower IBI scores of 49 and 61) and the comparison site on the North Fork American River (hydropower IBI score of 69).  The metrics describing the BMI communities in the comparison streams differed in some respects from those along the peaking reach.  The ET taxa richness was often greater and the community was typically comprised of more scrapers and fewer predators compared to the communities in the peaking reach.  

On the Middle Fork American River upstream of Ralston Afterbay, the hydropower IBI scores for the two sampling sites were slightly greater (hydropower IBI scores of 71 and 76) than those in the peaking reach, and were greater than those calculated for the BMI communities downstream of dams and diversions evaluated by Rehn (2008) (i.e., typical of scores upstream of dams) (Appendix D).  The BMI communities upstream of Ralston Afterbay typically had higher ET taxa richness and a comparatively higher percentage of scrapers compared with the peaking reach communities.  The hydropower IBI scores at the sites on the Middle Fork American River were higher than those on the unregulated comparison stream reaches.  The diversity and percentage of predators was also greater compared to the communities on the unregulated comparison streams.  
In comparison, the hydropower IBI scores for the two sampling sites on the Rubicon River upstream of Ralston Afterbay (hydropower IBI scores of 50 and 44) were lower than those on the Middle Fork American River upstream of Ralston Afterbay and the middle portion of the peaking reach.  These sites had warmer temperatures than the peaking reach or Middle Fork American River sites just upstream of Ralston Afterbay (Map AQ 3-2).  The hydropower IBI scores for the BMI communities on the Rubicon River were similar to the sites downstream from impoundments in Rehn (2008), but were also similar to the North Fork of the Middle Fork American River unregulated comparison site (NFMF2.4).  The communities on the Rubicon River immediately upstream of Ralston Afterbay had a lower percentage of intolerant individuals and predators, but a slightly higher percentage of scrapers compared with the peaking reach communities.

The hydropower IBI scores were averaged for the sampling sites in the peaking reach and the non-peaking comparison stream reaches.  The average, minimum, and maximum hydropower IBI scores are shown in Figure AQ 3-4a.  The average hydropower IBI scores were similar for the peaking reach and non-peaking comparison reach sampling sites.
Above and Below Diversions

In 2007, study sites were sampled upstream and downstream from the South Fork Long Canyon and Duncan Creek diversions.  In both streams, the hydropower IBI scores were slightly higher upstream from the diversion than downstream (Table AQ 3-7).  In South Fork Long Canyon Creek, the proportion of intolerant individuals and scrapers within the BMI community and the diversity of the community were higher upstream of the diversion than downstream.  In both Duncan Creek and South Fork Long Canyon Creek upstream of the diversions, the BMI communities were comprised of a lower proportion of predator individuals compared to the communities downstream from the diversions.  The hydropower IBI scores for the sampling sites both above and below the diversions on South Fork Long Canyon and Duncan creeks were above the median hydropower IBI scores for streams located upstream of dams and diversions evaluated by Rehn (2008) (Appendix D).  
Bypass Reaches Below Large Reservoirs

One study site was sampled approximately 2.5 miles downstream of French Meadows Dam on the Middle Fork American River.  The hydropower IBI score for this location was 84, which is higher than the median hydropower IBI score for rivers located above reservoirs (Rehn 2008) (Appendix D). 

Two study sites were sampled on the Rubicon River downstream of Hell Hole Dam.  The study sites were located 4.8 miles and 9.6 miles downstream of the dam (R25.7 and R20.9, respectively).  The hydropower IBI score for the upstream location (R25.7) was 66.  The hydropower IBI score for the lower site located near Ellicot Bridge (R20.9) was 64.  The hydropower IBI scores for these sampling sites were similar to river sites located above reservoirs evaluated by Rehn (2008).  

6.2.3 Long-term BMI Sampling Sites
Ralston Afterbay Sediment Management Project

Nine BMI metrics were evaluated at the seven RASMP monitoring sites to describe the long-term trends in the BMI communities.  The metrics included BMI density, taxa richness, EPT index, weighted California tolerance value, and the percentages of shredder, scraper, collector-filterer, collector-gatherer, and predator individuals.  The 2007 RASMP results are summarized in Table AQ 3-8.  The 2007 BMI results were compared with the results from 2001 - 2006 (Figures AQ 3-5 and AQ 3-6) and are summarized below.  
BMI Density
In 2007, BMI density ranged from 2,385 individuals per square meter in MF14.3 to 5,684 individuals per square meter in MF23.6 (Figure AQ 3-6).  With the exception of the most upstream sampling sites in the peaking reach (MF23.6, MF24.4), the densities were slightly greater in 2007 than those calculated in 2006.  Density at the sampling site immediately downstream from Oxbow Powerhouse (MF23.6) was extremely high in 2006 at one transect compared to 2007 and previous years (PCWA 2007b).  Densities have been variable through time, with the highest variation in the two most upstream sampling sites in the peaking reach (MF23.6 and MF24.4).

Taxa Richness

Taxa richness was similar throughout the peaking reach, except for the short bypass reach immediately below Ralston Afterbay Dam (MF24.4).  The number of different taxa in this sampling site (MF24.4) in 2007 was lower than the sampling sites farther downstream (MF14.3, MF20.9, and MF23.6).  In addition, similar to the previous years, taxa richness tended to be slightly lower in the peaking reach compared to the BMI communities in the unregulated comparison river reach (NFMF0.1) and non-peaking bypass reaches just upstream of Ralston Afterbay (MF26.0 and R0.9).  

EPT Index

The percent EPT values have been highly variable through time.  In 2007, the EPT values were relatively high at all sites, similar to 2005.  For 2007, the peaking reach EPT index values ranged from 4% in the short bypass reach immediately downstream from Ralston Afterbay Dam (MF24.4) to 51% in MF14.3.  In the non-peaking bypass and comparison reaches, the EPT index values ranged from 35% in the Rubicon River upstream from Ralston Afterbay (R0.9) to 46% in the North Fork of the Middle Fork American River (NFMF0.1).  Similar to trends between 2001 and 2006, EPT index values in 2007 were considerably lower in the two most upstream reaches in the peaking reach (MF23.6, MF24.4) compared to the reaches farther downstream and in the non-peaking comparison and bypass reaches.  With increased distance downstream from Ralston Afterbay, the relative abundance of EPT individuals in the BMI community increased.  In the sampling sites downstream of MF23.6, EPT index values were of similar magnitudes or greater than the EPT index values in the non-peaking comparison and bypass sampling sites.

California Tolerance Values

In 2007, the weighted California tolerance values in the peaking reach followed trends observed in previous years.  The California tolerance value decreased (indicating better biological conditions) with distance downstream of Ralston Afterbay from 5.05 in MF24.4 to 3.10 in MF14.3.  Similar to previous years, the California tolerance value was high (indicating poorer biological conditions) in the two most upstream sampling sites (MF23.6 and MF24.4) compared to the other sampling sites farther downstream in the peaking reach and in the non-peaking bypass and comparison sampling sites.  Tolerance values were lowest in the two most downstream peaking reach sites.

Dominant Taxa

Dominant taxa in 2007 included chironomid midges (Chironomidae), mayflies (Rhithrogena, Baetis, and Ephemerellidae), caddisflies (Hydropsyche, Lepidostoma, and Cheumatopsyche), craneflies (Antocha), stoneflies (Sweltsa and Isoperla), black flies (Simulium), and riffle beetles (Optioservus).  The dominant taxa identified in 2007 are compared with those from the previous years by reach in Table AQ 3-11.  

Three taxa were identified as potentially useful indicators of changes in the RASMP study, including chironomid midges, Rhithrogena mayflies, and Baetis mayflies (PCWA 2007b).  Chironomid midges have been one of the most numerically abundant taxa at most of the sampling sites during the annual sampling, however, chironomids have been particularly dominant at the site in the short bypass reach below Ralston Afterbay Dam (MF24.4) and the upper peaking reach site (MF23.6).  The relative abundance of Baetis mayflies, Rhithrogena mayflies and other taxa has changed from year to year, and a specific pattern of taxa dominance is not readily discernable. 

Functional Feeding Groups

In 2007, collector-gatherers were the dominant functional feeding group in the majority of the reaches (Table AQ 3-8 and Figure AQ 3-6).  Collector-filterers (greater than 30% of the communities), in which Hydropsyche caddisflies were the dominant taxa, were dominant in two sampling sites, MF14.3 in the peaking reach, and R0.9 in the Rubicon River upstream from Ralston Afterbay.  Collector-gatherers comprised more than 40% of the BMI communities in the upper portion of the peaking reach (MF20.9, MF23.6, MF24.4), in which chironomid midges, which tend to be in greater abundance in impaired habitat, were the dominant taxa.  Compared to previous years, however, the relative abundance of collector-gatherers in the BMI communities in all the reaches was lower in 2007 (Figure AQ 3-6).  

Scrapers were found in relatively low abundance in the upper portion of the peaking reach (MF20.9, MF23.6, and MF24.4) in 2007.  The trend in the proportion of scrapers within the community likely reflects the greater abundance of filamentous algae observed in the more upstream peaking reach sampling sites compared to the other sites.  The relative abundance of scrapers decreased compared to 2006 abundances in the middle and lower peaking reach sites (MF14.3 and MF20.9), and increased in relative abundance at all other sampling sites.  

The relative abundance of predators increased in all sampling sites in 2007 compared to 2006.  The greatest relative change occurred in the peaking reach.  The greatest abundances of predators (greater than 20% of the community) occurred in the Middle Fork American River in the peaking reach (MF14.3 and MF23.6), and upstream from Ralston Afterbay (MF26.0).

Shredders were a relatively small component (<1%) of all the BMI communities except in the North Fork of the Middle Fork American River (NFMF0.1) (13% of the community).  The relative abundance of shredders has consistently been higher at this sampling site compared to all the other sampling sites since 2001.  

Individuals in other functional feeding groups were also present in all the sampling sites.  Since 2001, the relative proportion has varied, ranging from less than 1% to more than 15% of the community.  In 2007, the greatest relative abundance of other functional feeding groups occurred in one site in the peaking reach (MF20.9) and on the Middle Fork American River upstream from Ralston Afterbay (MF26.0).  

South Fork Long Canyon Creek and Duncan Creek
BMI data collected by Eldorado National Forest in South Fork Long Canyon Creek (1999 and 2000) were obtained from the USU Bug Lab.  The hydropower IBI scores from 1999, 2000, and 2007 are compared in Figure AQ 3-8 and summarized in Table AQ 3-10.  The hydropower IBI scores were similar among the 3 years (hydropower IBI scores of 73, 80, and 81, respectively).  The metrics describing the BMI communities were similar among the years, except for greater ET taxa richness and a lower percentage of scraper individuals in 2007 compared with the previous years’ communities.  A study site upstream of the diversion (SFLC4.2) was also evaluated in 2007.  The hydropower IBI score was similar to those calculated at the downstream site (hydropower IBI score of 84).  The community upstream of the diversion was similar to the downstream sampling sites, except the upstream community was comprised of higher percentage of intolerant individuals and a lower percentage of predators.  
BMI data collected by Tahoe National Forest in Duncan Creek (2000-2003) were obtained from the USU Bug Lab.  In 2007, the hydropower IBI score was higher above the diversion than below (77 versus 66).  The BMI community at the sampling site downstream of the diversion was comprised of fewer predator and scraper individuals and slightly fewer intolerant individuals than the community upstream of the diversion.  The above and below diversion hydropower IBI scores in 2002 and 2003, however, were the opposite of that found in 2007.  The highest hydropower IBI scores were downstream of the diversion.  The historical BMI results could be confounded due to the 2001 Star Fire.  The Star Fire burned within close proximity to all of the sampling sites. 
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� Special-status species is defined as any species that is listed as rare, threatened, or endangered or as a species of special concern by a federal, state, or local agency.  The species identified are USDA-FS sensitive species.





