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1 INTRODUCTION 

Beginning on January 6, 2008 the lower Tuolumne River experienced several episodes of extremely high 
turbidity resulting from fine sediment input and runoff from the Peaslee Creek watershed (Figure 1). The 
Turlock Irrigation District (District) discovered the situation on January 11, 2008, at which time the 
District began to take action by notifying the nearby La Grange office of the California Department of 
Fish and Game (CDFG) and through subsequent turbidity monitoring in the Peaslee Creek watershed and 
upstream/downstream of the Peaslee Creek confluence with the Tuolumne River (Figures 2 – 4).  

On March 7, 2008, the District followed up with a letter to the Central Valley Regional Water Quality 
Control Board (Regional Board) addressing the District’s concerns regarding the potential impacts from 
the Peaslee Creek runoff events to downstream Tuolumne River habitats. Within the letter to the Regional 
Board, the District provides potential analyses that could be done to identify if there was any damage to 
recent restoration projects and other aquatic resources downstream of Peaslee Creek (Appendix A). One 
restoration project of concern was Bobcat Flat (RM 43). Bobcat Flat is a 303-acre parcel adjacent to 1.6 
miles of the Tuolumne River, located approximately 10 miles east of Waterford, California and 
approximately 2 miles downstream of the confluence between Peaslee Creek and the Tuolumne River. 
During the summer of 2005, Phase I of restoration efforts at Bobcat Flat placed 10,820 yd3 (McBain & 
Trush, Inc., 2006) of washed coarse sediment within the Tuolumne River active channel. Apart from 
being a recent coarse sediment augmentation project, monitoring efforts at the Bobcat Flat restoration site 
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provided baseline information to assess impacts as a result of the Peaslee Creek erosion and runoff events. 
A summary of monitoring parameters, methods, and dates is provided in Table 1.  

As part of the District’s efforts to evaluate impacts to the Tuolumne River below Peaslee Creek and 
follow up with the recommendations made to the Regional Board, the District hired McBain & Trush, 
Inc. to monitor and conduct analysis at Bobcat Flat to attempt to document potential fine sediment 
impacts as a result of the Peaslee Creek runoff events (Table 2). Unfortunately, assessment effort could 
not occur until after the spring pulse flow period on the river, by which time much of the fine sediment 
coating of the river bed, originally observed by the District, was no longer evident. McBain & Trush, Inc. 
field efforts took place between May 28 and May 30, 2008. This technical memorandum summarizes the 
monitoring and analysis done on the Tuolumne River.  

Table 1. Summary of Bobcat Flat monitoring parameters, methods, and dates. 

Pre-project As-
built 

Post-Project 
Monitoring 

Monitoring Parameter Method 

2003 2004 2005 2005 2006 2008 

Channel cross section  Level and total station surveys •   • •  

Level and total station surveys •   • •  Channel profile 

Acoustic bathymetry survey   •    

Augmentation patch 
topography, volume and 
area 

Total station survey 
(1-ft contour DTM) 

   • •  

Pebble counts •   • • • Bed texture 

Bulk samples    • • • 

Bed mobility thresholds Marked rock experiments    • •  

Total station survey 
(1-ft contour DTM) 

•      

Kinematic GPS survey 
(1-ft contour DTM) 

   •   

Floodplain Topography 

LIDAR survey 
(2-ft contour DTM) 

   •   

2 staff plates installed along 
river channel 

   •   River Stage and Shallow 
Groundwater Table 
Fluctuations 

5 staff plates installed in 
dredger ponds 

• •     

Photo Points Photo documentation of site  • • • • • • 

Invertebrate Sampling Benthic macroinvertebrate 
sampling 

     • 

Spawning habitat mapping •   • • • Chinook salmon 
spawning  

Redd counts  •  •   
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Figure 1. Location map of Peaslee Creek, invertebrate sampling riffles,  and Bobcat Flat 
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Table 2. Summary of potential monitoring efforts as described in the District’s comments to the Draft 
Cleanup and Abatement Order. 

Potential Monitoring Efforts Monitoring Location Included as part of monitoring 
effort, analysis, and report 

Bulk sediment sampling 
Bobcat Flat coarse sediment 
augmentation Patches 1, 3, 4, 
and 5 placed in 2005 

Yes; Bulk sediment samples were 
taken at 4 of 6 patches (Figure 5) 

Reoccupy existing photopoints 

Bobcat Flat Photopoints 1-5 
of coarse sediment 
augmentation patches placed 
in 2005 

Yes; All 5 photopoints were 
reoccupied (Figure 5) 

Surface substrate pebble 
counts or mapping  

Bobcat Flat coarse sediment 
augmentation cross sections 
2412+90 and 2394+00 

Yes; Photographs of 2x2 paint 
patches were taken at cross sections 

2412+90 and 2394+00 (Figue 5) 

Cross section surveys of pools  None 
This was not done as part of the field 
effort as there was no recent pre-event 

data to compare the surveys to 

Benthic macroinvertebrate 
species richness and 
abundance surveys  

Upstream and downstream of 
the Tuolumne River 
confluence with Peaslee 
Creek 

Yes; surveys were done at five sites 
(Figure 1) 
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Figure 2. Tuolumne River daily average turbidity readings at two sites downstream of Peaslee Creek. 
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Figure 3. Spot turbidity measurements on the Tuolumne River upstream and downstream of the 
confluence with Peaslee Creek (RM 45.2). 
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Figure 4. Turbidity measurements on Gasburg Creek for control and Peaslee Creek upstream and 
downstream of erosion source tributary during storm runoff events, and the Peaslee Creek tributary 
flowing from the erosion source. 
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2 DESCRIPTION OF FINE SEDIMENT EVENTS 

On January 6, 2008 the first of several high turbidity events took place on the Tuolumne River as a result 
of erosion runoff into Peaslee Creek, which flows into the Tuolumne River at River Mile 45.2 (Figure 1). 
A primary and clearly evident source of the erosion and subsequent turbidity was been identified as 
graded land draining a tributary of Peaslee Creek belonging to the Stanislaus Almond Ranch LLC and 
Lake Road Grizzly Ranch LLC (Appendix A). Those seasonally dry channels cross Lake Road and enter 
Peaslee Creek between its crossing of Lake Road and the Tuolumne River.  Periodic local runoff and 
extreme sediment input during those events occurred through February 2008. Since the fine sediment 
events, the Regional Board has made efforts to remedy the source situation through Cleanup and 
Abatement Order No. R5-2008-0701 (Appendix B).  

Following a rainfall event on January 23, 2008 (Figure 5), the Peaslee Creek erosion source tributary 
turbidity readings were 11,200 nephelometric turbidity units (NTU) near the graded land, and 167 NTU 
on Peaslee Creek upstream of the tributary erosion source (Figure 4). Gasburg Creek, a nearby small 
seasonal tributary to the river used as a control, measured 70 NTU at the time. Two later readings in 
excess of 2,000 NTU were obtained in the Peaslee Creek tributary (Figure 4).  Spot river readings 
exceeding 1,000 NTU were recorded on three separate dates (Figure 3). 

 

 
Figure 5. Bobcat flat post-construction monitoring and bulk sampling collection dates overlaid on the 
daily average streamflow on the Tuolumne River at Modesto, CA (USGS Stn 11-290000) and at La 
Grange, CA (USGS Stn 11-289650). 
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3 BULK SEDIMENT SAMPLING AT BOBCAT FLAT 

Three sampling events occurred between October 2005 and May 2008 (Figure 5). Initial sampling was 
conducted in October 2005, where sampling areas (patches) were delineated and bulk samples were 
collected to document Phase I post-construction conditions. Following the WY 2006 high flows, a second 
sampling event was conducted in September 2006 to document changes in particle size distributions 
following the first year. A third sampling event was conducted in May 2008 in response to the Peaslee 
Creek fine sediment discharge event. This section evaluates whether particle size distributions computed 
from the 2008 sampling show evidence of bed fining, and if so, can the fining be linked to the Peaslee 
Creek event. 

3.1 Field Methods and Sampling Frequency 
Six individual patches of similar-sized placed coarse sediment were identified and mapped in October 
2005 (Figure 6). Within each sediment patch, four individual sampling locations were selected and then 
samples collected from each patch to yield a total target sample mass of 300 lb. This sample mass was 
estimated to provide a representative sample mass for particle size analysis, following the guidelines of 
Bunte and Abt (2001). The subsamples were then combined to generate a patch-average particle size 
distribution.  

The October 2005 sampling was conducted at six the defined sediment patches (see McBain & Trush 
2006). Sampling in September 2006 was limited due to budget constraints, and sampling was conducted 
at Patch 1 and Patch 3 only. Similar to 2006, the 2008 sampling also had budget constraints and sampling 
was conducted at four of the six sediment patches (see Table 3).  

Table 3. Summary of patches sampled by sampling event. 

Patch October 2005 September 2006 May 2008 
Patch 1 x x x 

Patch 2 x   

Patch 3 x x x 

Patch 4 x  x 

Patch 5 x  x 

Patch 6 x   
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Figure 6. Map of Bobcat Flat Coarse Sediment Augmentation Site (RM 43) showing as-built  
coarse sediment placement boundaries and monitoring locations.  
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In October 2005, as-built bulk samples were collected using a shovel. At each selected sampling location, 
the bed was shoveled into a nylon feed bag and then labeled. Normally bulk samples are collected using a 
McNeil or similar kind of sampler, which is designed to prevent the escape of fine sediments from 
excavation to container; however, because the October 2005 sampling occurred immediately following 
site construction (and the placed sediments contained no particles finer than 4 mm) the risk of fine 
sediment loss using a shovel was low. Subsequent sampling was done using a 30 cm diameter by 60 cm 
tall McNeil-type sampler. The sampler was manually worked into the bed and the substrate carefully 
removed by hand and placed into plastic 5-gallon buckets. For all sampling events, all subsamples were 
grouped by patch and then transported to Kleinfelder, Inc., for particle size analysis. The samples were 
dried, weighed, and sieved following ASTM specifications. The size gradations used for all sample 
processing are shown in Table 4. 

Table 4. Sieves used in particle size analysis for all sampling events. Particle size classes using the 
Wentworth scale are defined as follows:  cobble, 64mm – 256mm; gravel, 2mm – 64mm; sand, 0.063mm 
– 2mm; silt and clay, finer than 0.063mm. 

Sieve 
designation 

Sieve 
opening (in) 

Sieve 
opening 

(mm) 

Sieve 
designation 

Sieve 
opening (in) 

Sieve 
opening 

(mm) 

6 inch 6 152.4 3/8 inch 0.38 9.53 

5 inch 5 127.0 #4 0.19 4.75 

4 inch 4 101.6 #8 0.09 2.36 

3 inch 3 76.2 #16 0.046 1.18 

2 inch 2 50.8 #30 0.024 0.60 

1.5 inch 1.5 38.1 #50 0.012 0.30 

1 inch 1 25.4 #100 0.006 0.15 

¾ inch 0.75 19.1 #200 0.0028 0.075 

½ inch 0.50 12.7 Pan N/A N/A 

 

3.2 Analysis, Results, and Discussion 
Kleinfelder Inc., reported sample results as percentages of sediment retained on each sieve screen used. 
From these results, we computed cumulative size distributions, plotted particle size gradation curves, and 
computed statistical size parameters (e.g., D84 and D50). Because this analysis focuses on changes to the 
particle size distributions in each patch, results are presented for Patches 1, 3, 4, and 5. Patches 2 and 6 
were sampled only once, and thus did not have subsequent sampling from which to compare changes. 
Patch-averaged cumulative particle size distribution curves are shown in Figures 7 through 10.  
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Figure 7. Patch 1 average cumulative size distribution of bulk sediment samples. 

 
Figure 8. Patch 3 average cumulative size distribution of bulk sediment samples. 
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Figure 9. Patch 4 average cumulative size distribution of bulk sediment samples. 

 
Figure 10. Patch 5 average cumulative size distribution of bulk sediment samples. 
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Overall bed fining at Patches 1, -3, -4, and -6 has occurred since October 2005; all cumulative distribution 
curves show a shift to the left, indicating the percentage of fine sediment has increased. These results 
were somewhat expected, given the newly-constructed “clean” alluvial features built at the site were 
subjected to fine sediment deposition from upstream sources. Patch 1 and Patch 3, the only patches to be 
sampled three times, suggest the primary shift occurred before September 2006 and that the May 2008 
sampling did not reveal much difference from September 2006 (suggesting the Peaslee Creek event did 
not contribute a detectable amount of fine sediment to these patches). 

Figure 11 and 12 show the changes in the patch average size distribution between sampling dates for a 
particular particle size at Patches 1 and 3 (respectively). Although some fining occurred at Patch 1 from 
September 2006 to May 2008, the portion showing fining is for particles greater than 10 mm. The 
sediment discharged from Peaslee Creek contained an appreciable amount of fine suspended sediment 
(Figure 4, Appendix B), and if this sediment were deposited at Patch 1 we would expect to see an increase 
in the percentage of particles finer than 10 mm. Conversely, Patch 3 showed slight coarsening for all 
particle sizes between September 2006 and May 2008, suggesting the Peaslee Creek event may not have 
affected the bed at Patch 3. Figure 11 and 12 indicate all major substrate fining below 10 mm occurred 
between the October 2005 and September 2006 sampling dates and that no change for particles less than 
10 mm was measured between the September 2006 and May 2008 sampling dates. 

To explore this further, and to account for any potential bias caused by larger particles sampled, the 
cumulative particle size distributions were re-computed for particles finer than 1 inch (25.4 mm). By 
truncating the samples at 1-inch, we were able to focus on the changes to the finer fraction of the particle 
size distribution curves shown in Figures 7 – 10. The truncated curves are shown in Figures 13-16 and 
show similar results to Figures 7 – 10, suggesting: (1) large particle bias is not apparent when viewing 
results for all particle sizes sampled, and (2) the most significant bed fining occurred between October 
2005 and September 2006, largely affecting the cumulative size distribution for particle sizes finer than 
10 mm. 

It is important to note the period between September 2006 and May 2008 had comparatively very little 
flow compared with the October 2005 to September 2006 period. Sediment mobilizing flows, if they 
occurred, were limited to fine particle sizes and we do not expect to have seen an appreciable change in 
particle size distributions.  
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Figure 11. Bobcat Flat Patch 1 ratio of first sampling to second sampling, and second coarse sediment 
sampling to third sampling patch-averaged particle size parameters. 

 
Figure 12. Bobcat Flat Patch 3 ratio of first sampling to second sampling, and second coarse to third 
sampling patch-averaged particle size parameters. 
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Figure 13. Truncated patch 1 average cumulative size distribution of bulk sediment samples for the 
fraction of the sample finer than 1 inch. Compare to complete sample cumulative distribution shown in 
Figure 7. 
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Figure 14. Truncated patch 3 average cumulative size distribution of bulk sediment samples for the 
fraction of the sample finer than 1 inch. Compare to complete sample cumulative distribution shown in 
Figure 8. 



 15

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

0.01 0.1 1 10 100 1000

Grain size diameter (mm)

C
um

ul
at

iv
e 

pe
rc

en
t f

in
er

 (%
)

Patch 4, Oct. 2005 Patch 4, May 2008

SILT SAND GRAVEL COBBLE BOULDER

 
Figure 15. Truncated patch 4 average cumulative size distribution of bulk sediment samples for the 
fraction of the sample finer than 1 inch. Compare to complete sample cumulative distribution shown in 
Figure 9. 
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Figure 16. Truncated patch 5average cumulative size distribution of bulk sediment samples for the 
fraction of the sample finer than 1 inch. Compare to complete sample cumulative distribution shown in 
Figure 10. 
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Although the sampling results illustrate general trends in bed particle size changes since October 2005, 
the results of the bulk sampling do not show a compelling effect from the Peaslee Creek fine sediment 
event on the percentage of fine sediments at the site. Because the last sampling date prior to the Peaslee 
Creek event occurred in 2006, there is no information on how the bed had changed up to the Peaslee 
Creek event. Moreover, if the Peaslee Creek event did deposit fine sediment at the site, a subsequent 
spring dam release occurred in mid-April 2008 which may have flushed out any fine sediment deposited 
from Peaslee Creek (Figure 5).   

Without sampling having occurred at least immediately following the Peaslee Creek event, results cannot 
quantify the amount (and therefore the significance) of fine sediment the Peaslee Creek event may have 
deposited at the site.   

In addition to the bulk sediment samples, additional geomorphic and biologic monitoring activities were 
conducted at the Bobcat Flat site (concurrent with the sediment sampling). Photographs taken at the site 
in May 2008 suggest fine sediments were recently deposited at the site, but these were in areas generally 
outside the bulk sampling patches, higher up on bar surfaces.  Photographs show a veneer of fine 
sediments (sand and silt) that deposited over certain areas (Figures 17 and 18), which suggests the Peaslee 
Creek event did deposit fine sediments at the bulk sediment sampling patches, but that the sediment had 
already been transported from the site where flows could recruit it. Although the bulk sediment sampling 
did not describe how the Peaslee Creek event affected the particle size distribution at sampling locations, 
it appears the Peaslee Creek event did supply fine sediment to the site.  

 
Figure 17. Example of silt deposits along right bank deposited over clean coarse sediment placed during 
2005 construction at Bobcat Flat, Patch 2, Cross Section 2412+90. 
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Figure 18. Example of silt dusting of bulk sediment sampling location at Patch 2 just after excavation. 

4 PHOTO DOCUMENTATION 

During the May 2008 field work, fine sediment (sand and silt) deposits were observed along the right and 
left bank of the channel above the low flow water surface (Q = 180 cfs at La Grange) at all coarse 
sediment augmentation patches. To document this, we duplicated bed mobility experiment photos at 
Cross Sections 2412+90 and 2394+00 and all photopoints taken during the 2005 and 2006 monitoring 
efforts (Figure 6).  

4.1 Methods  
4.1.1 Bed Mobility Paint Patch Photographs 

Bed mobility experiments were established between October 10 – 14, 2005 at cross sections 2413+20, 
2412+90, 2412+10, 2408+10, 2403+95, 2395+90, and 2394+00 (Figure 6, Table 1). Experiments 
consisted of painted rock sets placed along monitoring cross sections in the wetted channel (during flows 
of ranging from 360 – 610 cfs at La Grange) and painted in-situ patches on dry bar surfaces. The painted 
in-situ patches at each cross section consisted of 2-foot by 2-foot square “boxes” painted onto the bar 
surface at four-foot spacing (spacing between the center of each box). Paint patches were photographed to 
document initial conditions (Figure 19), then photographed again during the fall of 2006 to document 
mobility and changes to surface substrate of in-situ particles resulting from the spring 2006 high flow 
event (peak daily average flow = 9,000 cfs at La Grange) 

As part of the Peaslee Creek 2008 monitoring efforts, photographs of the in-situ paint patches at cross 
sections 2412+90 and 2394+00 were taken to document changes to surface particles of in-situ paint 
patches. Although observations of fine sediment deposits were similar at all coarse sediment 
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augmentation patches, the presence of remnant paint patches at cross sections 2412+90 and 2394+00, and 
that these cross sections locations provided an upstream and downstream boundary to the project area 
made them ideal choices during the 2008 monitoring effort.  

 
Figure 19. Example of 2 ft x 2 ft paint patches set at Patch 6 as part of the as-built monitoring in 2005. 

4.1.2 Photopoints 
No fixed photopoints were established prior to construction; however, casual photos were taken 
throughout the Bobcat Flat Phase I project site between 2003 and prior to construction in 2005 to 
document existing conditions.  
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As-built photopoints were established at each of the six augmentation patches in October 2005 (Figure 6). 
Photopoint locations were mapped using a total station to provide recoverable long term photopoint 
locations. As-built photographs were taken at each of the five photopoints during a flow of 360 cfs at La 
Grange. Photopoints were reoccupied September 2006 and again in May of 2008 as part of the site 
monitoring. Flows at La Grange were 311 cfs and 180 cfs respectively. These photos allow a comparison 
of differences before and after the Peaslee Creek fine sediment events. 

4.2 Analysis and Discussion 

4.2.1 Bed Mobility Paint Patch Photographs 

Since September 2006 and prior to the runoff events in January 2008 daily average flows at Modesto 
ranged between 200 and 700 cfs, except for a ten day period in April 2008 when spring dam releases 
increased the daily average flow to range between 700 – 1,020 cfs (Figure 5). Post construction surveys of 
cross section 2394+00 provide a water surface elevation of 589 cfs at La Grange that does not inundate 
the bars surface where the paint patches were established (Figure 20). As a result, storm peaks exceeding 
1,000 cfs in January 2008, combined with high turbidity from Peaslee Creek, and dam releases in 
exceeding 1,000 cfs in April 2008, provided the material and flows to deposit fine sediment along the 
right and left banks at Bobcat Flat.  

Although the fine sediment deposits can’t be directly attributed to the high turbidity from Peaslee Creek, 
it is likely that it did contribute to the fine sediment deposition on the coarse sediment augmentation 
patches at Bobcat Flat. Photos of paint patches provide evidence of fine sediment deposition over these 
surfaces (Figure 21). 

 
Figure 20. Surveys of cross section 2394+00 showing water surface elevations and paint patch areas of 
fine sediment deposition. 
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Figure 21. Paint patch examples showing fine sediment deposition along the right bank at 
Patches 2 and 5. 

4.2.2 Photopoints 
Photopoints illustrate broad changes to topography and surface substrate. As an example of this, Figures 
22 and 23 (photopoint #3 and #5) shows changes to surface substrate as a result of runoff events between 
October 2005 and September 2006, and September 2006 and May 2008.  



 21

Tracking of broad topographic changes through photopoints and subtle substrate changes through photo 
documentation of bed mobility experiments should continue as part of future monitoring at Bobcat flat. 
Photographs provide a simple way to document these changes and can assist monitoring efforts by 
shifting monitoring efforts to empirically address changes observed in photographs.  

 
Figure 22. Photopoint #5 showing changes to surface substrate between October 2005 and May 2008. 
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Figure 23. Photopoint #3 showing changes to surface substrate between October 2005 and May 2008. 
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5 BENTHIC MACROINVERTEBRATE SAMPLING 

The objective of the benthic macroinvertebrate sampling was to provide an alternative to bulk sediment 
sampling, as a way to assess fine sediment impacts from the Peaslee Creek events. A rapid bioassessment 
protocol (RBP) based upon invertebrate composition indices have been adopted by CDFG as the 
California Stream Bioassessment Procedure (CBSP) (CDFG 1999). The CSBP is a standardized protocol 
for assessing biological and physical/habitat conditions of wadeable streams, and is an adaptation of the 
national Rapid Bioassessment Protocols outlined by the U.S. Environmental Protection Agency 
(EPA/841-B99-002).  

5.1 Field Methods 
The CSBP was used to sample benthic macroinvertebrate (BMI) species richness and abundance at five 
riffle sites along the gravel-bedded reach of the Lower Tuolumne River. All sampling sites were located 
in riffle habitats dominated by cobble and gravel substrate. Kick-net sampling consisted of collecting 
composite samples in general accordance with the Non-point Source Sampling Design as described in the 
CSBP (CDFG 1999). The methods employed in the May 2008 Tuolumne River study were a slight 
variation of the CSBP methods. Five riffle sites with relatively uniform conditions (substrate composition, 
riffle depths and slope, etc.) were selected based on the Districts’ and consulting scientists’ knowledge of 
the reach in proximity to Peaslee Creek. Two riffle sites were chosen upstream of Peaslee Creek, and 
three sites were chosen downstream (Figure 1). Riffles 7 and 13B were considered reference sites since 
they were upstream from the 2008 Peaslee Creek fine sediment debris event (Figure 1). The downstream 
three sites included one riffle located as close as possible downstream of Peaslee Creek (Riffle 17), one 
riffle site recently reconstructed as part of the Bobcat Flat, Phase I project (Riffle 12), and one riffle 
(Riffle 23C) that is part of annual river-wide BMI data collection (Figure 1). 

At each of the five riffle sites, the riffle length was measured, and three randomly selected transects were 
chosen and marked along the bank with survey flagging. A one-foot wide D-Frame kick-net was used to 
collect a composite sample of invertebrates. Invertebrates were collected at three stations along the 
transect representing the stream center and side margins. At each kick-net location, the net was placed 
firmly on the stream bottom, larger grave and cobble particles were scrubbed by hand within a one-foot 
wide by two-foot long rectangle (2 ft2) upstream of the kick-net, then the riverbed was aggressively 
disturbed by churning  the bottom with a wader boot. Three composite samples were therefore collected 
at each riffle site. Samples were preserved in the field in 95% ethanol, and the bottle labeled with the 
location, date, sampling technique, and replicate number. Once invertebrate samples were collected, 
physical habitat data were collected for each site using the standard field form provided by the CSBP 
methodology (Appendix C). Upon returning from the field, invertebrate samples were stored at ambient 
temperatures until sample processing. 

5.2 Invertebrate Identification Methods 
A rapid bioassessment protocol based upon invertebrate composition indices has been adopted by the 
California Department of Fish and Game as the California Stream Bioassessment Protocol (CSBP) 
(CDFG 1999). Revisions to the CSBP have been ongoing and are primarily based on standards 
established for the Pacific Northwest by Aquatic Biology Associates, Inc (ABA). This report uses the 
current standard level of taxonomic effort as documented by the California Aquatic Bioassessment 
Laboratory Network (CAMLnet).   

Sample picking, sorting and identification was performed by Aquatic Biology Associates, Inc. (Corvallis, 
OR). During sample processing, samples are decanted, picked and sorted based on protocols outlined in 
the CSBP (CDFG 1999). Excessively large samples, or samples with large numbers of individuals in 
them are sub-sampled to save processing time. Each sample is quantitatively reduced, the invertebrates 
from a known portion of the sample counted, and these counts extrapolated back to the entire sample. 
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Revisions to the level of taxonomic effort may impair the ability to make direct comparisons of results 
from this report to those from previous years, although many of the metrics calculations used would be 
largely unaffected unless the specific taxon in question were very abundant in the sample. Quality 
Assurance (QA) guidelines outlined in the CSBP (CDFG 1999) include Sample Handling and Custody, 
Sub-sampling, Taxonomic Identification and Enumeration, Organism Recovery, and Taxonomic 
Validation. All archived samples were well preserved with ethanol in jars labeled with river name, sample 
date and time, location, and sample ID number. Sample tally sheets recorded counts of organisms, grid 
information, and notes on discarded organisms due to mis-identification or fragmentation. Sample 
remnants were inspected to ensure they contained fewer than 10% of the total organisms sampled (e.g., 30 
for a 300 count sample). 

5.3 Summary of Results 
General habitat conditions was assessed for the reach extending from Basso Bridge just upstream of 
Riffle 7 (the upstream-most site) down to Turlock Lake State Recreation Area (TLSRA) by recording 
riffle conditions at each site. This information was recorded on the CSBP field forms (Attachment C). 
Riffle lengths ranged from 150 ft (Riffle 13B) to over 900 ft (Riffle 7). Average channel widths 
(measured on randomly selected transects) ranged from 195 ft to 275 ft. Average depths in riffles in this 
reach (measured at kicknet sites) ranged from 0.9 ft to 1.9 ft; daily average flow at La Grange was 180 
cfs; average velocities (instantaneous velocities at mid-water column measured at kicknet sites) ranged 
from 1.3 ft/s to 3.5 ft/s. Riffle slopes ranged from 0.20% to 0.45%. Substrate embeddedness and the 
percentage of fine sediments within the gravel cobble mix were relatively low (5-15 % fines) except at 
Riffle 13B, which had a high percentage of fine sediments, mostly sand embedded within the riffle 
substrates. In general, the best riffle conditions for benthic invertebrates were observed at Riffle 7, which 
had relatively low percent fines, coarse gravel-cobble substrates, and good depths, velocities, and slope. 
The poorest conditions for benthic invertebrate habitat were observed at Riffle 13B, which had shallow 
depths, slow velocities, and a high percentage of fine sediment and embeddedness. A summary of 
selected physical variables is presented in Table 5; additional information is available in Appendix C. 

From among the numerous benthic invertebrate metrics provided by ABA (Appendix D) and based on 
recommendations from ABA, we selected a few metrics (Table 6) that would best highlight changes in 
the invertebrate community that could have resulted from a fine-sediment input event such as occurred 
from Peaslee Creek in 2008. We were also informed that later in 2008, ABA will perform their own 
internal evaluation of BMI metrics of all benthic invertebrate samples provided to them by the Districts 
consultants including the five riffle samples discussed here, and river-wide samples collected annually by 
Stillwater Sciences. 

Table 5. Summary of physical variables collected at each transect from which benthic invertebrate 
samples were collected. 

T1 T2 T3 T1 T2 T3 T1 T2 T3 T1 T2 T3 T1 T2 T3
Average Depth (ft) 1.4 1.2 1.7 1.4 1.3 1.2 1.6 1.6 1.9 1.3 1.3 1.3 1.5 0.9 1.1
Average Velocity (ft/s) 2.1 2.5 1.8 2 1.3 1.5 1.7 1.7 1.9 3.6 2 1.7 1.6 3.5 3.2
Riffle Embeddedness         
(0-20 scale*) 14 1.8 14 12 11 12 13 13 13 14 14 9 15 16 17
Substrate Consolidation** L L L L L L L L L L L M L L L
Transect Station (ft) 150 350 600 10 70 130 55 110 165 0 117 191 30 60 105
Channel Width (ft) 70 70 85 60 70 70 80 95 110 55 80 80 65 70 65
Canopy Cover (%) 0 1 5 0 0 2 2 2 4 5 3 0 15 20 20
Channel Gradient (%)

** Substrate Consolidation: L=Loose; M=Moderate; F=Firm.

Riffle 23C

* Embeddedness Score: 0-5=more than 75% embedded; 6-10=50-75% embedded; 11-15=25-50%embedded; 16-
20=0-25% embedded.

0.25% 0.20% 0.14% 0.45% 0.30%

Riffle 7 Riffle 13B Riffle 17 Riffle 20
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Table 6. Selected benthic invertebrate metrics from samples collected with D-Frame kicknet at five riffle 
sites in the Tuolumne River. A list of the five dominant taxon for each riffle is included in Appendix D. 

  
Riffle 7 Riffle 13B Riffle 17 Riffle 20 

(Bobcat Flat 
Patch-2)

Riffle 23C

River Mile (RM) 46.9 45.5 44.4 43.2 42.3

Total Number of Taxa 45 45 46 45 42
Total Invertebrate Abundance 2,874 1,011 1,187 1,719 1,784
Number EPT Taxa 15 13 14 14 12
EPT Abundance 1,980 715 809 922 1,308
Hilsenhoff Biotic Index 5 4 4 5 5

#1 Dominant Taxon 635 152 315 267 742
#2 Dominant Taxon 463 143 158 234 269
#3 Dominant Taxon 423 133 130 207 143
#4 Dominant Taxon 232 116 64 175 78
#5 Dominant Taxon 161 108 58 99 73

Subtotal 3 Dominants 1,520 428 603 707 1,154
Subtotal 5 Dominants 1,913 651 725 981 1,305

A Tolerant Organisms 3 6 4 6 5
B Intolerant Organisms 8 6 8 9 6  
 

The most obvious metric that highlights varying riffle conditions is the Total Invertebrate Abundance, 
which is the mean of the three composite samples collected at each riffle site. Total Abundance was 
highest at Riffle 7, lowest at Riffle 13B, and increased in a downstream trend between Riffle 13B and 
Riffle 23C. The Total Abundance data corroborate our field observations of the highest quality substrate 
at Riffle 7 and the lowest quality substrate (based on high embeddedness and percentage of fine sediment) 
at Riffle 13B. Conditions at Riffle 17, the first site downstream of Peaslee Creek, were not obviously 
physically impaired by substrate, based on field observations, but the Total Invertebrate Abundance at this 
site was poor relative to the uppermost reference site – Riffles 7.  

The Total Number of Taxa were relatively constant at each of the five riffle sites, with the downstream-
most Riffle 23C having only slightly fewer taxa. The consistency in  the Total Taxa counts may indicate 
that the three replicate transects each with three composite kicknet samples was intensive enough to 
collect representatives of the majority, if not all, macroinvertebrate species. 

The EPT Taxa (EPT=Ephemeroptera, Plecoptera, Trichopera) and Abundance metrics, and the Dominant 
Taxa, present results with trends similar to the Total Abundance: Riffle 7 had the highest EPT Taxa and 
Abundance; Riffle 13B had the lowest EPT counts, and the remaining three sites increased moving 
downstream. The number of Tolerant/Intolerant Organisms did not indicate a trend that matched field 
observations or the other abundance metrics. 

5.4 Discussion 
Based on our field observations during benthic invertebrate data collection in May 2008, and based on the 
results of the invertebrate taxonomic analyses, there appears to be varying riffle conditions within the 
reach between Basso Bridge and TLSRA. Riffle 7, the upstream-most site, had the highest BMI 
abundance. Several riffles within the vicinity of Peaslee Creek had lower BMI abundances, possibly 
indicating they are impaired by excess sediment or other conditions. Both Riffles 13B and 17 had 
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relatively poor conditions based on field observations and had lower BMI abundances than the other 
sampling sites. However, given that Riffle 13B is located upstream of Peaslee Creek, several conclusions 
are possible. First, site-specific independent events or conditions may have occurred (and may still be 
occurring) that have constrained benthic invertebrate abundance within several riffles sampled in May 
2008, including Riffles 13B and 17. This scenario might include a high sediment-input event from 
Peaslee Creek affecting Riffle 17, below which the effects diminish with distance downstream. 
Alternatively, channel migration or other channel disturbance(s) in the reach between Riffles 7 and 13B 
may be a dominant source of fine sediment degrading riffles more broadly within the reach between 
approximately Riffles 13B and 20 (where BMI metrics indicate conditions start to improve). In this case, 
a high sediment-input event from Peaslee Creek may not have left a detectable signature at riffles sampled 
in May 2008. 

6 RECOMMENDATIONS AND NEXT STEPS 

If additional upstream tributary sediment discharge events are likely and given the extremely low 
numbers of returning fall-run Chinook salmon, a sediment and BMI sampling and monitoring program 
could be considered. The objective of such a program would be to identify critical habitat areas and 
develop a monitoring program designed to detect changes from potential future fine sediment events, so 
the effects of these events can be documented and their significance weighed. At the Bobcat Flat site, 
sediment Patches 1, -3, -4, and -5 should be sampled and photographed at least twice annually, once in 
fall (before winter floods but when water levels are low) and again after flows recede following a winter 
or spring flood event. This would document impacts from fine sediment sources such as Peaslee Creek 
and provide evidence of the geomorphic benefits of spring releases on the Lower Tuolumne River. 

Photographic documentation should continue as an inexpensive way to track broad topographic changes 
as well as subtle substrate changes.  

Next steps could include: 

1. Gravel Quality 
• Bulk samples at Bobcat Flat, Phase I, Patches 2 and 6 to get 2008 conditions for all patches 
• Re-do bulk samples after future events including: 

• Mainstem Tuolumne River flows exceed 3,500 cfs, and 
• Peaslee Creek fine sediment is detected through turbidity monitoring. 

2. Photomonitoring 
• Photograph paint patches at Cross Sections 2395+90 and 2412+10 in anticipation of re-occupying 

after future fine sediment event; and 
• Add photopoint(s) directly downstream of Peaslee Creek at or near Riffle 17 in anticipation of 

future fine sediment events. 
3. BMI 

• Compare BMI metrics collected in May 2008 with other sites upstream and downstream of the 
five May 2008 sites and correlate with assessment of local slopes to gain a better understanding 
of previous year’s range of invertebrate species richness and abundance; 

• Expand BMI sampling by including Bobcat Flat Patches, 3, 4, Riffle 21, and Patch 6; and  
• Compare BMI metrics with fine sediment data from the five riffle sites. 
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APPENDIX B

California Regional Water Quality Control Board 
Cleanup and Abatement Order No. R5-2008-0701



CALIFORNIA REGIONAL WATER QUALITY CONTROL BOARD 
CENTRAL VALLEY REGION 

 
CLEANUP AND ABATEMENT ORDER NO.R5-2008-0701 

 
FOR 

STANISLAUS ALMOND RANCH, LLC 
LAKE ROAD GRIZZLY RANCH, LLC 

STANISLAUS COUNTY 
 

This Order is issued to Stanislaus Almond Ranch, LLC and Lake Road Grizzly Ranch, LLC 
based on provisions of California Water Code (CWC) section 13304, which authorizes the 
Regional Water Quality Control Board, Central Valley Region (Regional Water Board) to 
issue a Cleanup and Abatement Order (Order), and CWC section 13267, which authorizes 
the Regional Water Board to require the submittal of technical and monitoring reports. 
 
The Assistant Executive Officer of the Regional Water Board finds that: 
 
1. Stanislaus Almond Ranch, LLC and Lake Road Grizzly Ranch, LLC (hereafter 

Dischargers) have graded over 1,000 acres of land in Stanislaus County, causing 
significant discharges of sediment into Peaslee Creek and the Tuolumne River. The 
property is in Sections 10, 11, 13 and 14, Township 4 South, Range 13 East MDB&M.  
The Dischargers own the property (APNs 020-008-012, 020-008-013, 020-010-003, and 
020-010-004). 

 
2. On 21 February 2008, the Stanislaus County Public Works Department informed 

Regional Water Board staff of the grading activities and forwarded information from the 
Turlock Irrigation District regarding impacts from the graded area.  Turlock Irrigation 
District staff obtained turbidity measurements from Peaslee Creek upstream of the 
graded area and from the tributary of Peaslee Creek near the graded area.  Turbidity 
measurements taken on 23 January 2008 were 11,200 nephelometric turbidity units 
(NTU) near the graded area and 167 NTU upstream of the graded area.  Turbidity 
measurements taken on 28 January 2008 were 2240 NTU near the graded area and 127 
NTU upstream of the graded area.  Turlock Irrigation District staff provided photographs 
of the graded area and the turbid surface waters downstream, which are included as 
Attachment A to this Order.  The photographs show large exposed areas with eroding 
slopes and stockpiles of manure on-site. 

 
3. Sediment, when discharged to waters of the state, constitutes as a “waste” as defined in 

CWC section 13050.  The Dischargers have discharged waste directly into surface 
waters which are tributary to the Tuolumne River 

 
4. The Water Quality Control Plan for the Sacramento River and San Joaquin River Basins, 

Fourth Edition, (hereafter Basin Plan) designates beneficial uses, establishes water 
quality objectives, contains implementation programs for achieving objectives, and 
incorporates by reference, plans and policies adopted by the State Water Resources 
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Control Board.  The beneficial uses of the Tuolumne River, as identified in Table II-1 of 
the Basin Plan, are municipal and domestic supply; agricultural supply; water contact 
recreation; non-contact water recreation; warm freshwater habitat; cold freshwater 
habitat; migration of aquatic organisms; spawning, reproduction, and/or early 
development of aquatic organisms; and wildlife habitat.  

 
5. The Basin Plan lists specific water quality objectives for inland surface waters.  These 

objectives include limitations on increased temperature, sediment, settleable and 
suspended material, and turbidity.  Turbidity data obtained by the Turlock Irrigation 
District indicate that the grading activities caused violations of the Basin plan’s objective 
for turbidity. 

 
6. Section 13304(a) of the California Water Code provides that: 
 

“Any person who has discharged or discharges waste into waters of this state in 
violation of any waste discharge requirements or other order or prohibition 
issued by a regional board or the state board, or who has caused or permitted, 
causes or permits, or threatens to cause or permit any waste to be discharged or 
deposited where it is, or probably will be, discharged into the waters of the state 
and creates, or threatens to create, a condition of pollution or nuisance, shall 
upon order of the regional board clean up the waste or abate the effects of the 
waste, or, in the case of threatened pollution or nuisance, take other necessary 
remedial action, including, but limited to, overseeing cleanup and abatement 
efforts.  A cleanup and abatement order issued by the state board or a regional 
board may require provision of, or payment for, uninterrupted replacement water 
service, which may include wellhead treatment, to each affected public water 
supplier or private well owner.  Upon failure of any person to comply with the 
cleanup or abatement order, the Attorney General, at the request of the board, 
shall petition the superior court for that county for the issuance of an injunction 
requiring the person to comply with the order.  In the suit, the court shall have 
jurisdiction to grant a prohibitory or mandatory injunction, either preliminary or 
permanent, as the fact may warrant.” 
 

7. The Dischargers’ grading activities have resulted in the discharge of waste into surface 
waters, which have created, or threaten to create, a condition of pollution or nuisance.   

 
8. Section 13304(c)(1) of the California Water Code provides that: 

 
“If the waste is cleaned up or the effects of the waste are abated, or, in the case 
of threatened pollution or nuisance, other necessary remedial action is taken by 
any governmental agency, the person or persons who discharged the waste, 
discharges the waste, or threatened to cause or permit the discharge of waste 
within the meaning of subdivision (a), are liable to that governmental agency to 
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the extent of the reasonable costs actually incurred in cleaning up the waste, 
abating the effects of the waste, supervising cleanup or abatement activities, or 
taking other remedial action.  The amount of the costs is recoverable in a civil 
action by, and paid to, the governmental agency and state board to the extent of 
the latter’s contribution to the cleanup costs from the State Water Pollution 
Cleanup and Abatement Account or other available funds.” 
 

9. Section 13267(b)(1) of the California Water Code provides that: 
 

“In conducting an investigation specified in subdivision (a), the regional board 
may require that any person who has discharged, discharges, or is suspected of 
having discharged or discharging, or who proposes to discharge waste within its 
region, or any citizen or domiciliary, or political agency or entity of this state who 
has discharged, discharges, or is suspected of having discharged or 
discharging, or who proposes to discharge waste outside of its region that could 
affect the quality of waters of the state within its region shall furnish, under 
penalty of perjury, technical or monitoring program reports which the regional 
board requires.  The burden, including costs, of these reports shall bear a 
reasonable relationship to the need for the report and the benefits to be obtained 
from the reports.” 

 
10. The technical reports required by this Order are necessary to assure compliance with this 

Order and to protect the waters of the state.  The technical reports are necessary to 
demonstrate that appropriate methods will be used to clean up waste discharged to 
surface waters and to ensure that cleanup complies with Basin Plan requirements.  The 
Dischargers named in this Order own and operate the site from which waste was 
discharged. 

 
11. The issuance of this Order is an enforcement action taken by a regulatory agency and is 

exempt from the provisions of the California Environmental Quality Act, pursuant to 
Section 15321(a)(2), Title 14, California Code of Regulations. 

 
12. Any person adversely affected by this action of the Regional Water Board may petition 

the State Water Resources Control Board (State Water Board) to review the action.  The 
State Water Board must receive the petition within 30 days of the date of this Order.  
Copies of the law and regulations applicable to filing petitions may be found on the 
Internet at www.waterboards.ca.gov/centralvalley or will be provided upon request. 

 
 
IT IS HEREBY ORDERED THAT, pursuant to CWC sections 13267 and 13304, Stanislaus 
Almond Ranch, LLC and Lake Road Grizzly Ranch, LLC shall: 
 

http://www.waterboards.ca.gov/centralvalley


CLEANUP AND ABATEMENT ORDER NO. R5-2008-0701                                                               4 
STANISLAUS ALMOND RANCH, LLC  
LAKE ROAD GRIZZLY RANCH, LLC 
STANISLAUS COUNTY  
 
1. Immediately take all actions to cease the discharge of sediment and other wastes to 

waters of the state, including but not limited to Peaslee Creek and its tributaries, and to 
the Tuolumne River.   
 

2. Immediately clean up and abate the sediment discharged to surface waters in accordance 
with the following minimum schedule:   

 
(a) By 31 March 2008, submit and immediately implement a Stabilization and Cleanup 

Plan (Plan).  The Plan must describe how the site will be stabilized to prevent future 
discharges of sediment and all other wastes, and must give a proposed timeline for 
the work.  The timeline shall not extend beyond 15 August 2008.  The Plan must 
describe how sediment-impacted surface waters will be cleaned up as appropriate 
and must include timelines and long-term monitoring to assess the effectiveness of 
the stabilization and cleanup efforts.  The Plan must be prepared by a professional 
knowledgeable and experienced in erosion and sediment control measures.  
Comments from Regional Water Board staff should be incorporated into the Plan.  
The Plan shall be subject to approval by the Regional Water Board, and failure to 
submit an acceptable Stabilization and Cleanup Plan by the aforementioned deadline 
may result in the imposition of administrative civil liability. 

 
(b) By 1 September 2008, submit a Completion Report describing in detail how the 

Stabilization and Cleanup Plan has been implemented, and showing that the site and 
impacted surface waters have been fully remediated.  The Dischargers shall provide 
staff access to areas of the property, as needed. 

 
3. If requested, reimburse the Regional Water Board for reasonable costs associated with 

oversight of actions taken in response to this Order.  By 1 April 2008, submit the name 
and address to be used for billing purposes for oversight charges. 
 

Any person signing a document submitted under this Order shall make the following 
certification:    
 

“I certify under penalty of law that I have personally examined and am familiar with 
the information submitted in this document and all attachments and that, based on 
my knowledge and on my inquiry of those individuals immediately responsible for 
obtaining the information, I believe that the information is true, accurate, and 
complete.  I am aware that there are significant penalties for submitting false 
information, including the possibility of fine and imprisonment.” 

 
As required by Business and Professions Code sections 6735, 7835, and 7835.1, all 
technical reports shall be prepared by, or under the supervision of, a California Registered 
Engineer or Professional Geologist and signed by the registered professional.  
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If, in the opinion of the Executive Officer, the Dischargers fail to comply with the provisions of 
this Order, the Executive Officer may refer this matter to the Attorney General for judicial 
enforcement or may issue a complaint for administrative civil liability. 

Failure to comply with this Order may result in the assessment of an Administrative Civil 
Liability up to $10,000 per day of violation pursuant to CWC sections 13350, 13385, and/or 
13268.  The Regional Water Board reserves its right to take any enforcement actions 
authorized by law. 
 
This Order is effective upon the date of signature. 

 
 
 ________________________________________ 
 JACK E. DEL CONTE, Assistant Executive Officer 
  
 _________10 March 2008__________________ 
                    (Date) 
 



APPENDIX C

CSBP Stream Habitat Characterization Field Forms





















APPENDIX D

 Benthic Invertebrate Metrics Results Provided by Aquatic Biology Associates, Inc 



Riffle 7, May 29, 2008 
CA: Tuolumne River, Turlock Irrigation District. For Stillwater Sciences. 
CA protocol, riffle habitat, 3 replicates, each 6 ft2, 500+ subsample, 500 
um. 
Replicate data = full sample basis. Mean = m2 basis. ABA, Inc. FILE:08TU01 
 
Total invertebrate abundance= 2874.0   EPT abundance    = 1979.6   
Total number of taxa        = 45       Number EPT taxa  = 15       
Hilsenhoff Biotic Index     = 4.70   Brillouin H      = 2.56  
 
TAXONOMIC GROUP          #TAXA   ABUNDANCE    PERCENT 
Non-insects              5       32.2         1.13  
Odonata                  0       0.0          0.00  
Ephemeroptera            7       1283.6       44.67 
Plecoptera               1       160.6        5.59  
Hemiptera                0       0.0          0.00  
Megaloptera              0       0.0          0.00  
Trichoptera              7       535.4        18.62 
Lepidoptera              1       4.4          0.15  
Coleoptera               1       0.7          0.02  
Misc. Diptera            2       71.1         2.48  
Chironomidae             21      786.0        27.34 
 
FEEDING GROUP            #TAXA   ABUNDANCE    PERCENT 
Predator                 4       166.4        5.79   
Parasite                 1       1.4          0.05   
Collector-gatherer       21      1815.8       63.20  
Collector-filterer       4       566.8        19.72  
Macrophyte-herbivore     0       0.0          0.00   
Piercer-herbivore        2       2.1          0.07   
Scraper                  6       120.3        4.17   
Shredder                 0       0.0          0.00   
Xylophage                0       0.0          0.00   
Omnivore                 5       94.1         3.27   
Unknown                  2       107.1        3.73   
 
DOMINANT TAXON              ABUNDANCE     PERCENT 
Baetis tricaudatus          634.7         22.09  
Hydropsyche                 462.6         16.10  
Acentrella species          422.7         14.71  
Orthocladius Complex        231.9         8.07   
Isoperla                    160.6         5.59   
SUBTOTAL 5 DOMINANTS        1912.5        66.56  
Serratella micheneri        140.6         4.89   
Tvetenia Vitracies Group    121.4         4.22   
Orthocladius                116.9         4.07   
Chironomidae-pupae          103.7         3.61   
Simulium                    66.1          2.30   
TOTAL 10 DOMINANTS          2461.2        85.65  
 
INDICATOR ASSEMBLAGE       #TAXA  ABUNDANCE     PERCENT 
A Tolerant organisms       3      50.3          1.75   
B Intolerant mayflies      8      383.8         13.35  
 
 
 
 



 
 
 
 
 
 
 
 
Riffle 7, May 29, 2008 
CA: Tuolumne River, Turlock Irrigation District. For Stillwater Sciences. 
CA protocol, riffle habitat, 3 replicates, each 6 ft2, 500+ subsample, 500 
um. 
Replicate data = full sample basis. Mean = m2 basis. ABA, Inc. FILE:08TU01 
 
RATIOS OF TAX. GROUP ABUNDANCES 
EPT/Chironomidae                     = 2.52   
Hydropsychidae/Total Trichoptera     = 0.86   
Baetidae/Total Ephemeroptera         = 0.82   
 
RATIOS OF FFG ABUNDANCES 
Scraper/Collector-filter                        = 0.21    
Scraper/(Scraper + C.-filterer)                 = 0.18    
Shredder/Total organisms                        = 0.00    
 
Biotic Condition Index 
   Community Tolerance Quotient (a) = 90.62  
   Community Tolerance Quotient (d) = 87.34  
 
DIVERSITY MEASURES 
Shannon H (loge) = 2.59  
Shannon H (log2) = 3.74  
Evenness         = 0.68  
Simpson D        = 0.11  
 
COMMUNITY VOLTINISM ANALYSIS 
TYPE           ABUNDANCE   PERCENT 
Multivoltine   1526.2      53.10  
Univoltine     1336.2      46.49  
Semivoltine    11.6        0.40   



Riffle 7, May 29, 2008
CA: Tuolumne River, Turlock Irrigation District. For Stillwater Sciences.
CA protocol, riffle habitat, 3 replicates, each 6 ft2, 500+ subsample, 500 um.
Replicate data = full sample basis. Mean = m2 basis. ABA, Inc. FILE:08TU01
IDENTIFICATION CODE R1 R2 R3
Replicate subsampling conversion 1.15 5 2.31
CONVERSION (M2) 1.79
CAMLnet January 2003 coding parameters.
Taxon R1 R2 R3 MEAN STDEV %
Oligochaeta 10 10 16 21.8 6.2 0.76
Gyraulus 2 0 2 2.8 2.4 0.10
Crangonyx 1 0 7 4.8 6.6 0.17
Caecidotea 0 0 2 1.4 2.4 0.05
Acari 0 0 2 1.4 2.4 0.05
TOTAL: NON INSECTS 14 10 30 32.1 19.0 1.12
Acentrella species 167 350 192 422.7 177.9 14.71
Baetis tricaudatus 189 665 210 634.7 481.6 22.09
Centroptilum/Procloeon 0 0 2 1.4 2.4 0.05
Ephemerella excrusians 2 5 5 7.1 2.6 0.25
Serratella micheneri 38 140 58 140.6 96.9 4.89
Ecdyonurus criddlei 17 30 30 46.1 13.2 1.60
Tricorythodes minutus 12 15 25 31.0 13.0 1.08
TOTAL: EPHEMEROPTERA 424 1205 522 1283.7 761.3 44.66
Isoperla 43 155 72 160.6 104.5 5.59
TOTAL: PLECOPTERA 43 155 72 160.6 104.5 5.59
Glossosoma 18 45 25 53.0 24.7 1.84
Protoptila 3 5 14 13.3 10.1 0.46
Hydropsyche 62 600 113 462.6 531.5 16.10
Hydroptila 0 0 2 1.4 2.4 0.05
Oxyethira 1 0 0 0.7 1.2 0.02
Mystacides 0 5 0 3.0 5.2 0.10
Polycentropus 0 0 2 1.4 2.4 0.05
TOTAL: TRICHOPTERA 85 655 157 535.3 555.5 18.63
Petrophila 2 5 0 4.4 4.5 0.15
TOTAL: LEPIDOPTERA 2 5 0 4.4 4.5 0.15
Ordobrevia nubifera 1 0 0 0.7 1.2 0.02
TOTAL: COLEOPTERA 1 0 0 0.7 1.2 0.02
Simulium 18 90 2 66.1 83.6 2.30
Antocha 1 5 2 5.0 3.5 0.18
TOTAL: DIPTERA 20 95 5 71.1 86.7 2.47
Chironomidae-pupae 18 130 25 103.7 111.9 3.61
Cardiocladius 0 0 2 1.4 2.4 0.05
Cladotanytarsus 3 0 7 6.2 6.2 0.22



Cricotopus 21 45 0 39.2 40.3 1.36
Cricotopus Bicinctus Gr. 5 10 0 8.7 9.0 0.30
Eukiefferiella 9 45 23 46.1 32.3 1.60
Eukiefferiella Devonica Gr. 1 15 5 12.4 12.9 0.43
Orthocladius Complex 66 240 83 231.9 171.9 8.07
Orthocladius 71 60 65 116.9 10.2 4.07
Parakiefferiella 0 0 7 4.1 7.2 0.14
Paratanytarsus 1 0 5 3.4 4.3 0.12
Pentaneura 1 5 2 5.0 3.5 0.18
Polypedilum 8 10 21 23.2 12.3 0.81
Potthastia Gaedii Gr. 0 0 2 1.4 2.4 0.05
Rheocricotopus 1 10 5 9.4 8.0 0.33
Rheotanytarsus 5 0 5 5.5 4.8 0.19
Synorthocladius 1 5 5 6.4 3.8 0.22
Tanytarsus 16 20 18 32.6 3.5 1.13
Thienemanniella 0 0 7 4.1 7.2 0.14
Thienemannimyia Complex 0 5 0 3.0 5.2 0.10
Tvetenia Vitracies Group 22 140 42 121.4 113.3 4.22
TOTAL: CHIRONOMIDAE 250 740 328 786.2 471.6 27.35
GRAND TOTAL 838 2865 1113 2874.0 1967.8 100.00



Riffle 13B, May 29, 2008 
CA: Tuolumne River, Turlock Irrigation District. For Stillwater Sciences. 
CA protocol, riffle habitat, 3 replicates, each 6 ft2, 500+ subsample, 500 
um. 
Replicate data = full sample basis. Mean = m2 basis. ABA, Inc. FILE:08TU02 
 
Total invertebrate abundance= 1010.5   EPT abundance    = 715.3    
Total number of taxa        = 45       Number EPT taxa  = 13       
Hilsenhoff Biotic Index     = 3.59   Brillouin H      = 2.62  
 
TAXONOMIC GROUP          #TAXA   ABUNDANCE    PERCENT 
Non-insects              11      21.3         2.10  
Odonata                  0       0.0          0.00  
Ephemeroptera            5       393.0        38.89 
Plecoptera               1       9.8          0.97  
Hemiptera                0       0.0          0.00  
Megaloptera              0       0.0          0.00  
Trichoptera              7       312.5        30.92 
Lepidoptera              0       0.0          0.00  
Coleoptera               0       0.0          0.00  
Misc. Diptera            5       21.2         2.10  
Chironomidae             16      252.7        25.00 
 
FEEDING GROUP            #TAXA   ABUNDANCE    PERCENT 
Predator                 7       18.3         1.81   
Parasite                 1       1.2          0.12   
Collector-gatherer       16      527.0        52.14  
Collector-filterer       6       104.1        10.31  
Macrophyte-herbivore     0       0.0          0.00   
Piercer-herbivore        2       1.2          0.12   
Scraper                  9       301.4        29.82  
Shredder                 0       0.0          0.00   
Xylophage                0       0.0          0.00   
Omnivore                 3       34.1         3.37   
Unknown                  1       23.2         2.29   
 
DOMINANT TAXON              ABUNDANCE     PERCENT 
Serratella micheneri        151.7         15.01  
Protoptila                  142.7         14.11  
Glossosoma                  133.3         13.19  
Acentrella insignificans    115.7         11.45  
Baetis tricaudatus          108.0         10.68  
SUBTOTAL 5 DOMINANTS        651.4         64.44  
Cladotanytarsus             70.9          7.02   
Tanytarsus                  50.0          4.95   
Hydropsyche                 33.5          3.32   
Orthocladius Complex        31.3          3.09   
Eukiefferiella              24.4          2.41   
TOTAL 10 DOMINANTS          861.5         85.23  
 
INDICATOR ASSEMBLAGE       #TAXA  ABUNDANCE     PERCENT 
A Tolerant organisms       6      34.7          3.43   
B Intolerant organisms     6      445.4         44.06  
 
 
 
 



 
 
 
 
 
 
 
 
 
Riffle 13B, May 29, 2008 
CA: Tuolumne River, Turlock Irrigation District. For Stillwater Sciences. 
CA protocol, riffle habitat, 3 replicates, each 6 ft2, 500+ subsample, 500 
um. 
Replicate data = full sample basis. Mean = m2 basis. ABA, Inc. FILE:08TU02 
 
RATIOS OF TAX. GROUP ABUNDANCES 
EPT/Chironomidae                     = 2.83   
Hydropsychidae/Total Trichoptera     = 0.11   
Baetidae/Total Ephemeroptera         = 0.57   
 
RATIOS OF FFG ABUNDANCES 
Scraper/Collector-filter                        = 2.90    
Scraper/(Scraper + C.-filterer)                 = 0.74    
Shredder/Total organisms                        = 0.00    
 
Biotic Condition Index 
   Community Tolerance Quotient (a) = 91.51  
   Community Tolerance Quotient (d) = 81.35  
 
DIVERSITY MEASURES 
Shannon H (loge) = 2.69  
Shannon H (log2) = 3.89  
Evenness         = 0.71  
Simpson D        = 0.09  
 
COMMUNITY VOLTINISM ANALYSIS 
TYPE           ABUNDANCE   PERCENT 
Multivoltine   374.3       37.04  
Univoltine     630.0       62.35  
Semivoltine    6.2         0.61   



Riffle 13B, May 29, 2008
CA: Tuolumne River, Turlock Irrigation District. For Stillwater Sciences.
CA protocol, riffle habitat, 3 replicates, each 6 ft2, 500+ subsample, 500 um.
Replicate data = full sample basis. Mean = m2 basis. ABA, Inc. FILE:08TU02
IDENTIFICATION CODE R1 R2 R3
Replicate subsampling conversion 1 1.03 1.03
CONVERSION (M2) 1.79
CAMLnet January 2003 coding parameters.
Taxon R1 R2 R3 MEAN STDEV %
Turbellaria 2 0 0 1.2 2.1 0.12
Oligochaeta 0 3 3 3.7 3.2 0.36
Pisidium 0 2 0 1.2 2.1 0.12
Corbicula fluminea 1 3 2 3.7 1.9 0.36
Lymnaea 0 1 0 0.6 1.1 0.06
Physa 0 2 0 1.2 2.1 0.12
Gyraulus 3 3 0 3.6 3.1 0.36
Menetus 2 2 2 3.7 0.1 0.36
Crangonyx 1 0 0 0.6 1.0 0.06
Caecidotea 0 1 0 0.6 1.1 0.06
Acari 1 1 0 1.2 1.0 0.12
TOTAL: NON INSECTS 10 19 7 21.3 10.6 2.11
Acentrella insignificans 57 65 72 115.7 13.5 11.45
Baetis tricaudatus 78 46 57 108.0 28.9 10.68
Serratella micheneri 75 87 93 151.7 16.1 15.01
Ecdyonurus criddlei 7 8 3 10.9 4.8 1.08
Tricorythodes minutus 1 8 2 6.7 7.0 0.67
TOTAL: EPHEMEROPTERA 218 214 227 393.1 11.3 38.89
Isoperla 2 6 8 9.8 5.7 0.97
TOTAL: PLECOPTERA 2 6 8 9.8 5.7 0.97
Glossosoma 72 63 89 133.3 23.4 13.19
Protoptila 64 70 105 142.7 39.7 14.11
Hydropsyche 15 21 21 33.5 5.8 3.32
Hydroptila 0 1 0 0.6 1.1 0.06
Oxyethira 0 1 0 0.6 1.1 0.06
Nectopsyche 0 2 0 1.2 2.1 0.12
Polycentropus 0 1 0 0.6 1.1 0.06
TOTAL: TRICHOPTERA 151 159 214 312.6 61.8 30.92
Agathon 3 0 2 3.0 2.7 0.30
Empididae-pupae 1 3 1 3.1 2.1 0.30
Chelifera/Metachela 0 1 1 1.2 1.1 0.12
Simulium 9 4 5 10.9 4.6 1.08
Antocha 2 2 1 3.0 1.0 0.30
TOTAL: DIPTERA 15 10 10 21.2 4.9 2.10



Chironomidae-pupae 11 15 12 23.2 4.1 2.29
Cardiocladius 2 1 0 1.8 1.8 0.18
Cladotanytarsus 19 79 21 70.9 61.5 7.02
Corynoneura 1 1 0 1.2 1.0 0.12
Cricotopus 0 0 11 6.8 11.7 0.67
Eukiefferiella 11 5 25 24.4 18.0 2.41
Orthocladius Complex 5 12 35 31.3 28.0 3.09
Parakiefferiella 0 0 3 1.8 3.2 0.18
Phaenopsectra 3 0 1 2.4 2.7 0.24
Polypedilum 5 5 4 8.5 1.0 0.84
Rheotanytarsus 4 3 1 4.8 2.7 0.48
Synorthocladius 3 2 3 4.9 1.0 0.48
Tanytarsus 20 47 16 50.0 30.3 4.95
Thienemanniella 2 1 3 3.7 1.8 0.36
Thienemannimyia Complex 0 1 0 0.6 1.1 0.06
Tvetenia Vitracies Group 9 13 5 16.4 7.4 1.63
TOTAL: CHIRONOMIDAE 95 187 141 252.7 82.8 25.00
GRAND TOTAL 491 595 608 1010.8 114.8 100.00



Riffle 17, May 28, 2008 
CA: Tuolumne River, Turlock Irrigation District. For Stillwater Sciences. 
CA protocol, riffle habitat, 3 replicates, each 6 ft2, 500+ subsample, 500 
um. 
Replicate data = full sample basis. Mean = m2 basis. ABA, Inc. FILE:08TU03 
 
Total invertebrate abundance= 1187.3   EPT abundance    = 808.9    
Total number of taxa        = 46       Number EPT taxa  = 14       
Hilsenhoff Biotic Index     = 4.32   Brillouin H      = 2.63  
 
TAXONOMIC GROUP          #TAXA   ABUNDANCE    PERCENT 
Non-insects              8       14.6         1.24  
Odonata                  0       0.0          0.00  
Ephemeroptera            7       671.3        56.54 
Plecoptera               1       38.1         3.21  
Hemiptera                0       0.0          0.00  
Megaloptera              0       0.0          0.00  
Trichoptera              6       99.5         8.38  
Lepidoptera              1       18.6         1.56  
Coleoptera               1       0.8          0.07  
Misc. Diptera            4       14.1         1.20  
Chironomidae             18      330.3        27.82 
 
FEEDING GROUP            #TAXA   ABUNDANCE    PERCENT 
Predator                 4       47.0         3.97   
Parasite                 2       2.8          0.24   
Collector-gatherer       20      825.4        69.52  
Collector-filterer       6       77.4         6.53   
Macrophyte-herbivore     0       0.0          0.00   
Piercer-herbivore        2       5.6          0.47   
Scraper                  8       116.5        9.81   
Shredder                 1       0.7          0.06   
Xylophage                0       0.0          0.00   
Omnivore                 2       53.7         4.52   
Unknown                  1       58.2         4.90   
 
DOMINANT TAXON              ABUNDANCE     PERCENT 
Acentrella insignificans    315.2         26.55  
Serratella micheneri        157.8         13.29  
Baetis tricaudatus          130.0         10.95  
Orthocladius Complex        64.2          5.41   
Chironomidae-pupae          58.2          4.90   
SUBTOTAL 5 DOMINANTS        725.4         61.10  
Orthocladius                52.8          4.44   
Ecdyonurus criddlei         50.8          4.28   
Hydropsyche                 49.0          4.13   
Isoperla                    38.1          3.21   
Glossosoma                  34.8          2.93   
TOTAL 10 DOMINANTS          950.9         80.09  
 
INDICATOR ASSEMBLAGE       #TAXA  ABUNDANCE     PERCENT 
A Tolerant organisms       4      27.2          2.30   
B Intolerant organisms     8      249.2         20.99  
 
 
 
 



 
 
 
 
 
 
 
 
Riffle 17, May 28, 2008 
CA: Tuolumne River, Turlock Irrigation District. For Stillwater Sciences. 
CA protocol, riffle habitat, 3 replicates, each 6 ft2, 500+ subsample, 500 
um. 
Replicate data = full sample basis. Mean = m2 basis. ABA, Inc. FILE:08TU03 
 
RATIOS OF TAX. GROUP ABUNDANCES 
EPT/Chironomidae                     = 2.45   
Hydropsychidae/Total Trichoptera     = 0.49   
Baetidae/Total Ephemeroptera         = 0.67   
 
RATIOS OF FFG ABUNDANCES 
Scraper/Collector-filter                        = 1.51    
Scraper/(Scraper + C.-filterer)                 = 0.60    
Shredder/Total organisms                        = 0.00    
 
Biotic Condition Index 
   Community Tolerance Quotient (a) = 90.43  
   Community Tolerance Quotient (d) = 86.26  
 
DIVERSITY MEASURES 
Shannon H (loge) = 2.69  
Shannon H (log2) = 3.89  
Evenness         = 0.70  
Simpson D        = 0.12  
 
COMMUNITY VOLTINISM ANALYSIS 
TYPE           ABUNDANCE   PERCENT 
Multivoltine   613.5       51.67  
Univoltine     566.1       47.68  
Semivoltine    7.7         0.65   



Riffle 17, May 28, 2008
CA: Tuolumne River, Turlock Irrigation District. For Stillwater Sciences.
CA protocol, riffle habitat, 3 replicates, each 6 ft2, 500+ subsample, 500 um.
Replicate data = full sample basis. Mean = m2 basis. ABA, Inc. FILE:08TU03
IDENTIFICATION CODE R1 R2 R3
Replicate subsampling conversion 1.36 1.11 1.11
CONVERSION (M2) 1.79
CAMLnet January 2003 coding parameters.
Taxon R1 R2 R3 MEAN STDEV %
Nematoda 1 0 0 0.8 1.4 0.07
Oligochaeta 3 0 1 2.3 2.4 0.19
Pisidium 0 1 0 0.7 1.1 0.06
Corbicula fluminea 1 8 0 5.4 7.4 0.46
Lymnaea 0 1 0 0.7 1.1 0.06
Gyraulus 0 0 1 0.7 1.1 0.06
Crangonyx 0 2 1 2.0 2.0 0.17
Acari 0 2 1 2.0 2.0 0.17
TOTAL: NON INSECTS 5 14 4 14.5 9.8 1.22
Acentrella insignificans 193 174 161 315.2 28.9 26.55
Baetis tricaudatus 68 32 118 130.0 76.8 10.95
Centroptilum/Procloeon 0 2 0 1.3 2.3 0.11
Ephemerella excrusians 0 1 0 0.7 1.1 0.06
Serratella micheneri 56 128 81 157.8 65.3 13.29
Ecdyonurus criddlei 4 24 57 50.8 47.4 4.28
Tricorythodes minutus 8 16 2 15.5 11.9 1.30
TOTAL: EPHEMEROPTERA 329 377 418 671.2 80.1 56.54
Isoperla 10 9 46 38.1 37.5 3.21
TOTAL: PLECOPTERA 10 9 46 38.1 37.5 3.21
Glossosoma 10 19 30 34.8 18.3 2.93
Protoptila 1 2 12 9.4 10.8 0.79
Hydropsyche 12 44 26 49.0 28.9 4.13
Hydroptila 3 4 0 4.3 4.0 0.36
Oxyethira 0 1 1 1.3 1.1 0.11
Lepidostoma 0 1 0 0.7 1.1 0.06
TOTAL: TRICHOPTERA 26 72 69 99.5 46.2 8.38
Petrophila 12 9 10 18.6 3.1 1.56
TOTAL: LEPIDOPTERA 12 9 10 18.6 3.1 1.56
Ordobrevia nubifera 1 0 0 0.8 1.4 0.07
TOTAL: COLEOPTERA 1 0 0 0.8 1.4 0.07
Empididae-pupae 0 1 0 0.7 1.1 0.06
Chelifera/Metachela 3 1 1 2.9 1.7 0.25
Simulium 5 3 7 9.2 3.0 0.78
Antocha 0 2 0 1.3 2.3 0.11



TOTAL: DIPTERA 8 8 8 14.1 0.4 1.19
Chironomidae-pupae 35 46 17 58.2 26.2 4.90
Cardiocladius 0 7 2 5.3 6.1 0.45
Cladotanytarsus 15 4 1 12.2 12.9 1.03
Corynoneura 0 3 0 2.0 3.4 0.17
Cricotopus 39 14 3 34.1 33.1 2.87
Cricotopus Bicinctus Gr. 10 7 1 10.3 7.7 0.87
Eukiefferiella 11 14 9 20.4 5.0 1.72
Orthocladius Complex 30 72 6 64.2 60.3 5.41
Orthocladius 46 32 10 52.8 32.7 4.44
Parakiefferiella 0 1 0 0.7 1.1 0.06
Phaenopsectra 0 1 0 0.7 1.1 0.06
Polypedilum 14 27 16 33.3 12.6 2.80
Pseudochironomus 0 1 0 0.7 1.1 0.06
Rheotanytarsus 1 1 0 1.5 1.3 0.12
Synorthocladius 4 6 1 6.4 4.0 0.54
Tanytarsus 10 6 4 11.6 4.8 0.98
Thienemanniella 7 6 1 8.0 5.4 0.68
Tvetenia Vitracies Group 5 4 3 7.9 1.9 0.66
TOTAL: CHIRONOMIDAE 227 252 74 330.2 172.1 27.82
GRAND TOTAL 619 741 629 1187.2 121.7 100.00



Riffle 20 @ Bobcat Patch-2, May 28, 2008 
CA: Tuolumne River, Turlock Irrigation District. For Stillwater Sciences. 
CA protocol, riffle habitat, 3 replicates, each 6 ft2, 500+ subsample, 500 
um. 
Replicate data = full sample basis. Mean = m2 basis. ABA, Inc. FILE:08TU04 
 
Total invertebrate abundance= 1719.4   EPT abundance    = 921.8    
Total number of taxa        = 45       Number EPT taxa  = 14       
Hilsenhoff Biotic Index     = 4.92   Brillouin H      = 2.82  
 
TAXONOMIC GROUP          #TAXA   ABUNDANCE    PERCENT 
Non-insects              9       67.6         3.93  
Odonata                  0       0.0          0.00  
Ephemeroptera            7       789.1        45.89 
Plecoptera               1       39.5         2.30  
Hemiptera                0       0.0          0.00  
Megaloptera              0       0.0          0.00  
Trichoptera              6       93.2         5.42  
Lepidoptera              1       17.3         1.01  
Coleoptera               1       8.1          0.47  
Misc. Diptera            3       28.3         1.64  
Chironomidae             17      676.3        39.37 
 
FEEDING GROUP            #TAXA   ABUNDANCE    PERCENT 
Predator                 2       40.6         2.36   
Parasite                 2       6.1          0.35   
Collector-gatherer       21      1138.6       66.24  
Collector-filterer       6       268.4        15.61  
Macrophyte-herbivore     0       0.0          0.00   
Piercer-herbivore        2       21.2         1.23   
Scraper                  7       113.9        6.62   
Shredder                 0       0.0          0.00   
Xylophage                0       0.0          0.00   
Omnivore                 3       42.2         2.47   
Unknown                  1       86.4         5.03   
 
DOMINANT TAXON              ABUNDANCE     PERCENT 
Baetis tricaudatus          266.7         15.51  
Serratella micheneri        233.6         13.59  
Acentrella insignificans    206.7         12.02  
Cricotopus                  175.2         10.19  
Tanytarsus                  98.7          5.74   
SUBTOTAL 5 DOMINANTS        980.9         57.05  
Cricotopus Bicinctus Gr.    95.0          5.52   
Chironomidae-pupae          86.4          5.03   
Ecdyonurus criddlei         60.6          3.52   
Rheotanytarsus              60.5          3.52   
Hydropsyche                 45.0          2.62   
TOTAL 10 DOMINANTS          1328.4        77.26  
 
INDICATOR ASSEMBLAGE       #TAXA  ABUNDANCE     PERCENT 
A Tolerant organisms       6      57.7          3.37   
B Intolerant organisms     9      328.5         19.11  
 
 
 
 



 
 
 
 
 
 
 
 
Riffle 20 @ Bobcat Patch-2, May 28, 2008 
CA: Tuolumne River, Turlock Irrigation District. For Stillwater Sciences. 
CA protocol, riffle habitat, 3 replicates, each 6 ft2, 500+ subsample, 500 
um. 
Replicate data = full sample basis. Mean = m2 basis. ABA, Inc. FILE:08TU04 
 
RATIOS OF TAX. GROUP ABUNDANCES 
EPT/Chironomidae                     = 1.36   
Hydropsychidae/Total Trichoptera     = 0.48   
Baetidae/Total Ephemeroptera         = 0.60   
 
RATIOS OF FFG ABUNDANCES 
Scraper/Collector-filter                        = 0.42    
Scraper/(Scraper + C.-filterer)                 = 0.30    
Shredder/Total organisms                        = 0.00    
 
Biotic Condition Index 
   Community Tolerance Quotient (a) = 90.93  
   Community Tolerance Quotient (d) = 91.29  
 
DIVERSITY MEASURES 
Shannon H (loge) = 2.87  
Shannon H (log2) = 4.14  
Evenness         = 0.75  
Simpson D        = 0.08  
 
COMMUNITY VOLTINISM ANALYSIS 
TYPE           ABUNDANCE   PERCENT 
Multivoltine   910.8       52.97  
Univoltine     757.1       44.03  
Semivoltine    51.5        2.99   



Riffle 20 @ Bobcat Patch-2, May 28, 2008
CA: Tuolumne River, Turlock Irrigation District. For Stillwater Sciences.
CA protocol, riffle habitat, 3 replicates, each 6 ft2, 500+ subsample, 500 um.
Replicate data = full sample basis. Mean = m2 basis. ABA, Inc. FILE:08TU04
IDENTIFICATION CODE R1 R2 R3
Replicate subsampling conversion 1.43 1.76 1.67
CONVERSION (M2) 1.79
CAMLnet January 2003 coding parameters.
Taxon R1 R2 R3 MEAN STDEV %
Nematoda 0 4 0 2.1 3.6 0.12
Oligochaeta 1 4 15 11.9 13.1 0.69
Pisidium 0 0 2 1.0 1.7 0.06
Corbicula fluminea 0 0 62 36.9 63.9 2.14
Ferrissia 0 0 3 2.0 3.5 0.12
Crangonyx 1 0 3 2.8 3.0 0.17
Stygobromus 1 2 7 5.9 5.3 0.34
Hyalella 0 0 2 1.0 1.7 0.06
Acari 0 2 5 4.0 4.5 0.23
TOTAL: NON INSECTS 4 11 99 67.7 94.3 3.93
Acentrella insignificans 187 106 53 206.7 120.8 12.02
Baetis tricaudatus 293 134 20 266.7 245.6 15.51
Centroptilum/Procloeon 1 2 0 1.9 1.7 0.11
Ephemerella excrusians 0 2 0 1.1 1.8 0.06
Serratella micheneri 86 197 109 233.6 105.3 13.59
Ecdyonurus criddlei 20 60 22 60.6 40.3 3.52
Tricorythodes minutus 0 19 12 18.5 17.5 1.08
TOTAL: EPHEMEROPTERA 588 519 215 789.0 354.7 45.89
Isoperla 40 21 5 39.5 31.4 2.30
TOTAL: PLECOPTERA 40 21 5 39.5 31.4 2.30
Glossosoma 20 7 12 23.1 11.8 1.34
Protoptila 1 2 0 1.9 1.7 0.11
Hydropsyche 41 11 23 45.0 27.8 2.62
Hydroptila 0 4 23 16.1 22.6 0.93
Oxyethira 0 5 3 5.1 4.8 0.30
Nectopsyche 0 0 3 2.0 3.5 0.12
TOTAL: TRICHOPTERA 63 28 65 93.2 37.1 5.42
Petrophila 1 18 10 17.3 14.5 1.01
TOTAL: LEPIDOPTERA 1 18 10 17.3 14.5 1.01
Ordobrevia nubifera 0 5 8 8.1 7.6 0.47
TOTAL: COLEOPTERA 0 5 8 8.1 7.6 0.47
Agathon 1 0 0 0.9 1.5 0.05
Ceratopogoninae 0 2 0 1.1 1.8 0.06
Simulium 37 5 2 26.3 35.0 1.53



TOTAL: DIPTERA 39 7 2 28.2 35.7 1.64
Chironomidae-pupae 43 33 68 86.4 32.4 5.03
Cladotanytarsus 1 2 12 8.9 10.4 0.52
Cricotopus 24 107 162 175.2 124.1 10.19
Cricotopus Bicinctus Gr. 16 62 82 95.0 60.6 5.52
Cricotopus Trifascia Gr. 0 0 3 2.0 3.5 0.12
Dicrotendipes 0 2 3 3.0 3.0 0.18
Eukiefferiella 4 11 8 13.8 5.7 0.81
Orthocladius Complex 0 40 32 43.1 38.1 2.51
Orthocladius 0 2 0 1.1 1.8 0.06
Polypedilum 9 12 23 26.4 13.8 1.54
Potthastia Longimana Gr. 0 0 3 2.0 3.5 0.12
Procladius 0 0 3 2.0 3.5 0.12
Rheotanytarsus 11 28 62 60.5 45.9 3.52
Synorthocladius 7 11 23 24.5 15.3 1.43
Tanytarsus 20 33 112 98.7 88.8 5.74
Thienemanniella 4 11 35 29.8 29.1 1.73
Tvetenia Vitracies Group 1 2 3 3.9 1.8 0.23
TOTAL: CHIRONOMIDAE 142 356 636 676.2 444.1 39.33
GRAND TOTAL 877 964 1040 1719.3 146.7 100.00



Riffle 23C, May 29, 2008 
CA: Tuolumne River, Turlock Irrigation District. For Stillwater Sciences. 
CA protocol, riffle habitat, 3 replicates, each 6 ft2, 500+ subsample, 500 
um. 
Replicate data = full sample basis. Mean = m2 basis. ABA, Inc. FILE:08TU05 
 
Total invertebrate abundance= 1783.8   EPT abundance    = 1308.2   
Total number of taxa        = 42       Number EPT taxa  = 12       
Hilsenhoff Biotic Index     = 5.08   Brillouin H      = 2.20  
 
TAXONOMIC GROUP          #TAXA   ABUNDANCE    PERCENT 
Non-insects              9       18.5         1.03  
Odonata                  0       0.0          0.00  
Ephemeroptera            5       1207.6       67.70 
Plecoptera               1       28.3         1.59  
Hemiptera                0       0.0          0.00  
Megaloptera              0       0.0          0.00  
Trichoptera              6       72.3         4.05  
Lepidoptera              1       5.7          0.32  
Coleoptera               1       2.2          0.13  
Misc. Diptera            3       86.0         4.83  
Chironomidae             16      363.2        20.35 
 
FEEDING GROUP            #TAXA   ABUNDANCE    PERCENT 
Predator                 5       63.8         3.58   
Parasite                 0       0.0          0.00   
Collector-gatherer       17      1357.1       76.07  
Collector-filterer       5       165.6        9.29   
Macrophyte-herbivore     0       0.0          0.00   
Piercer-herbivore        2       3.2          0.18   
Scraper                  8       80.2         4.50   
Shredder                 0       0.0          0.00   
Xylophage                0       0.0          0.00   
Omnivore                 4       50.8         2.84   
Unknown                  1       63.1         3.54   
 
DOMINANT TAXON              ABUNDANCE     PERCENT 
Baetis tricaudatus          742.4         41.62  
Acentrella insignificans    268.8         15.07  
Serratella micheneri        142.7         8.00   
Simulium                    78.2          4.39   
Orthocladius Complex        72.6          4.07   
SUBTOTAL 5 DOMINANTS        1304.7        73.15  
Chironomidae-pupae          63.1          3.54   
Orthocladius                58.9          3.30   
Hydropsyche                 51.4          2.88   
Ecdyonurus criddlei         48.7          2.73   
Cricotopus                  37.9          2.12   
TOTAL 10 DOMINANTS          1564.7        87.72  
 
INDICATOR ASSEMBLAGE       #TAXA  ABUNDANCE     PERCENT 
A Tolerant organisms       5      46.2          2.58   
B Intolerant organisms     6      198.5         11.13  
 
 
 
 



 
 
 
 
 
 
 
 
Riffle 23C, May 29, 2008 
CA: Tuolumne River, Turlock Irrigation District. For Stillwater Sciences. 
CA protocol, riffle habitat, 3 replicates, each 6 ft2, 500+ subsample, 500 
um. 
Replicate data = full sample basis. Mean = m2 basis. ABA, Inc. FILE:08TU05 
 
RATIOS OF TAX. GROUP ABUNDANCES 
EPT/Chironomidae                     = 3.60   
Hydropsychidae/Total Trichoptera     = 0.71   
Baetidae/Total Ephemeroptera         = 0.84   
 
RATIOS OF FFG ABUNDANCES 
Scraper/Collector-filter                        = 0.48    
Scraper/(Scraper + C.-filterer)                 = 0.33    
Shredder/Total organisms                        = 0.00    
 
Biotic Condition Index 
   Community Tolerance Quotient (a) = 92.98  
   Community Tolerance Quotient (d) = 87.08  
 
DIVERSITY MEASURES 
Shannon H (loge) = 2.24  
Shannon H (log2) = 3.23  
Evenness         = 0.60  
Simpson D        = 0.21  
 
COMMUNITY VOLTINISM ANALYSIS 
TYPE           ABUNDANCE   PERCENT 
Multivoltine   1053.0      59.03  
Univoltine     721.2       40.43  
Semivoltine    9.5         0.53   



Riffle 23C, May 29, 2008
CA: Tuolumne River, Turlock Irrigation District. For Stillwater Sciences.
CA protocol, riffle habitat, 3 replicates, each 6 ft2, 500+ subsample, 500 um.
Replicate data = full sample basis. Mean = m2 basis. ABA, Inc. FILE:08TU05
IDENTIFICATION CODE R1 R2 R3
Replicate subsampling conversion 1.15 2.14 1.88
CONVERSION (M2) 1.79
CAMLnet January 2003 coding parameters.
Taxon R1 R2 R3 MEAN STDEV %
Turbellaria 5 0 0 2.7 4.8 0.15
Oligochaeta 3 0 2 3.2 3.1 0.18
Corbicula fluminea 3 4 2 5.7 2.2 0.32
Lymnaea 1 0 0 0.7 1.2 0.04
Gyraulus 1 0 0 0.7 1.2 0.04
Crangonyx 0 2 0 1.3 2.2 0.07
Stygobromus 1 0 0 0.7 1.2 0.04
Hyalella 0 0 2 1.1 1.9 0.06
Caecidotea 0 2 2 2.4 2.1 0.13
TOTAL: NON INSECTS 15 9 8 18.5 7.2 1.04
Acentrella insignificans 268 79 103 268.8 183.9 15.07
Baetis tricaudatus 117 610 517 742.4 468.5 41.62
Serratella micheneri 36 66 137 142.7 93.3 8.00
Ecdyonurus criddlei 17 19 45 48.7 27.8 2.73
Tricorythodes minutus 2 4 2 5.0 2.3 0.28
TOTAL: EPHEMEROPTERA 440 779 805 1207.7 363.8 67.70
Isoperla 1 26 21 28.3 23.2 1.59
TOTAL: PLECOPTERA 1 26 21 28.3 23.2 1.59
Glossosoma 7 11 6 13.9 4.7 0.78
Protoptila 5 0 0 2.7 4.8 0.15
Hydropsyche 17 26 43 51.4 23.7 2.88
Hydroptila 3 0 0 2.1 3.6 0.12
Oxyethira 0 0 2 1.1 1.9 0.06
Polycentropus 0 0 2 1.1 1.9 0.06
TOTAL: TRICHOPTERA 32 36 53 72.3 19.3 4.05
Petrophila 6 0 4 5.7 5.2 0.32
TOTAL: LEPIDOPTERA 6 0 4 5.7 5.2 0.32
Ordobrevia nubifera 0 0 4 2.2 3.9 0.13
TOTAL: COLEOPTERA 0 0 4 2.2 3.9 0.13
Agathon 3 2 4 5.6 1.5 0.31
Chelifera/Metachela 0 0 4 2.2 3.9 0.13
Simulium 3 45 83 78.2 71.0 4.39
TOTAL: DIPTERA 7 47 90 86.1 74.6 4.82
Chironomidae-pupae 25 43 38 63.1 16.1 3.54



Cardiocladius 21 19 9 29.5 11.0 1.65
Cladotanytarsus 1 0 0 0.7 1.2 0.04
Corynoneura 2 2 2 3.8 0.4 0.21
Cricotopus 31 19 13 37.9 16.3 2.12
Eukiefferiella 3 24 34 36.3 27.7 2.03
Eukiefferiella Devonica Gr. 1 2 9 7.6 8.1 0.42
Orthocladius Complex 47 41 34 72.6 11.9 4.07
Orthocladius 35 49 15 58.9 30.7 3.30
Polypedilum 3 0 2 3.2 3.1 0.18
Rheocricotopus 0 4 2 3.7 3.8 0.21
Rheotanytarsus 1 4 6 6.6 4.1 0.37
Synorthocladius 1 2 6 5.3 4.2 0.30
Tanytarsus 14 13 13 23.7 0.9 1.33
Thienemanniella 7 0 4 6.4 6.2 0.36
Tvetenia Vitracies Group 5 0 2 3.9 4.1 0.22
TOTAL: CHIRONOMIDAE 198 223 188 363.0 31.9 20.35
GRAND TOTAL 699 1119 1171 1783.8 463.3 100.00
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