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1.0 INTRODUCTION 
 
1.1 Background 
 
Turlock Irrigation District (TID) and Modesto Irrigation District (MID) (collectively, the 
Districts) are the co-licensees of the 168-megawatt (MW) Don Pedro Project (Project) located on 
the Tuolumne River in western Tuolumne County in the Central Valley region of California.  
The Don Pedro Dam is located at river mile (RM) 54.8 and the Don Pedro Reservoir has a 
normal maximum water surface elevation of 830 ft above mean sea level (msl; NGVD 29).  At 
elevation 830 ft, the reservoir stores over 2,000,000 acre-feet (AF) of water and has a surface 
area slightly less than 13,000 acres (ac).  The watershed above Don Pedro Dam is approximately 
1,533 square miles (mi2).  The Project is designated by the Federal Energy Regulatory 
Commission (FERC) as project no. 2299.     
 
Both TID and MID are local public agencies authorized under the laws of the State of California 
to provide water supply for irrigation and municipal and industrial (M&I) uses and to provide 
retail electric service.  The Project serves many purposes including providing water storage for 
the beneficial use of irrigation of over 200,000 ac of prime Central Valley farmland and for the 
use of M&I customers in the City of Modesto (population 210,000).  Consistent with the 
requirements of the Raker Act passed by Congress in 1913 and agreements between the Districts 
and City and County of San Francisco (CCSF), the Project reservoir also includes a “water bank” 
of up to 570,000 AF of storage.  CCSF may use the water bank to more efficiently manage the 
water supply from its Hetch Hetchy water system while meeting the senior water rights of the 
Districts.  The “water bank” within Don Pedro Reservoir provides significant benefits for 
CCSF’s 2.6 million customers in the San Francisco Bay Area. 
 
The Project also provides storage for flood management purposes in the Tuolumne and San 
Joaquin rivers in coordination with the U.S. Army Corps of Engineers (ACOE).  Other important 
uses supported by the Project are recreation, protection of the anadromous fisheries in the lower 
Tuolumne River, and hydropower generation. 
 
The Project Boundary extends from RM 53.2, which is one mile below the Don Pedro 
powerhouse,  upstream to RM 80.8 at an elevation corresponding to the 845 ft contour (31 FPC 
510 [1964]).  The Project Boundary encompasses approximately 18,370 ac with 78 percent of the 
lands owned jointly by the Districts and the remaining 22 percent (approximately 4,000 ac) 
owned by the United States and managed as a part of the U.S. Bureau of Land Management 
(BLM) Sierra Resource Management Area. 
 
The primary Project facilities include the 580-foot-high Don Pedro Dam and Reservoir 
completed in 1971; a four-unit powerhouse situated at the base of the dam; related facilities 
including the Project spillway, outlet works, and switchyard; four dikes (Gasburg Creek Dike 
and Dikes A, B, and C); and three developed recreational facilities (Fleming Meadows, Blue 
Oaks, and Moccasin Point Recreation Areas).  The location of the Project and its primary 
facilities is shown in Figure 1.1-1.   
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Figure 1.1-1. Don Pedro Project location. 
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1.2 Relicensing Process  
 
The current FERC license for the Project expires on April 30, 2016, and the Districts will apply 
for a new license no later than April 30, 2014.  The Districts began the relicensing process by 
filing a Notice of Intent and Pre-Application Document (PAD) with FERC on February 10, 2011, 
following the regulations governing the Integrated Licensing Process (ILP).  The Districts’ PAD 
included descriptions of the Project facilities, operations, license requirements, and Project lands 
as well as a summary of the extensive existing information available on Project area resources.  
The PAD also included ten draft study plans describing a subset of the Districts’ proposed 
relicensing studies.  The Districts then convened a series of Resource Work Group meetings, 
engaging agencies and other relicensing participants in a collaborative study plan development 
process culminating in the Districts’ Proposed Study Plan (PSP) and Revised Study Plan (RSP) 
filings to FERC on July 25, 2011 and November 22, 2011, respectively.   
 
On December 22, 2011, FERC issued its Study Plan Determination (SPD) for the Project, 
approving, or approving with modifications, 34 studies proposed in the RSP that addressed 
Cultural and Historical Resources, Recreational Resources, Terrestrial Resources, and Water and 
Aquatic Resources.  In addition, as required by the SPD, the Districts filed three new study plans 
(W&AR-18, W&AR-19, and W&AR-20) on February 28, 2012 and one modified study plan 
(W&AR-12) on April 6, 2012.  Prior to filing these plans with FERC, the Districts consulted 
with relicensing participants on drafts of the plans.  FERC approved or approved with 
modifications these four studies on July 25, 2012.  
 
Following the SPD, a total of seven studies (and associated study elements) that were either not 
adopted in the SPD, or were adopted with modifications, formed the basis of Study Dispute 
proceedings. In accordance with the ILP, FERC convened a Dispute Resolution Panel on April 
17, 2012 and the Panel issued its findings on May 4, 2012.  On May 24, 2012, the Director of 
FERC issued his Formal Study Dispute Determination, with additional clarifications related to 
the Formal Study Dispute Determination issued on August 17, 2012.   
 
This study report describes the objectives, methods, and results of the O. mykiss Scale Collection 
and Age Determination Study (W&AR-20) as implemented by the Districts in accordance with 
FERC’s SPD and subsequent study modifications and clarifications.  On January 17, 2013, the 
Districts filed the Initial Study Report for the Don Pedro Project.  The U.S. Department of the 
Interior, Fish and Wildlife Service (USFWS) filed comments on the Initial Study Report on 
March 11, 2013; the Districts replied to study comments on April 9, 2013.  The USFWS 
comment referred to use of the W&AR-20 data in the W&AR-10: O. mykiss Population Study 
Report; data used in the model are fully described in the W&AR-10 study report.  In order to 
clarify data analyzed in this study, the Districts edited the W&AR-20 O. mykiss Scale Collection 
and Age Determination Study Report to correct an error regarding the Zimmerman et al. (2009) 
O. mykiss age classes.  Documents relating to the Project relicensing are publicly available on the 
Districts’ relicensing website at www.donpedro-relicensing.com. 
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1.3 Study Plan 
 
The continued operation of the Don Pedro Project may contribute to cumulative effects to the 
salmonid fish habitat in the lower Tuolumne River, including the quantity and quality of physical 
habitat available for O. mykiss,  potentially affecting populations in the lower Tuolumne River. 
 
As part of the Oncorhynchus mykiss Population Study (W&AR-10), the Districts will incorporate 
fish age and growth analyses into the development of population models, relying primarily on 
length-frequency analysis (e.g., MacDonald and Pitcher 1979) of O. mykiss observed during 
snorkel surveys of the past several years (e.g., TID/MID 2011). At the request of relicensing 
participants, the Districts also agreed to collect scales from O. mykiss in the lower Tuolumne 
River downstream of La Grange Dam to refine the age composition and growth estimates as 
detailed in the W&AR-20 Study Plan. The results of this exercise (age-at-length relationship 
based on scale analysis) will provide more comprehensive O. mykiss length data to develop a 
representative population age structure as part of the interrelated O. mykiss Population Study 
(TID/MID 2011). 
 
Consistent with the Districts agreement to undertake this study, FERC in its December 22, 2011 
Study Plan Determination directed the Districts to file a study plan for FERC approval after 
consultation with relicensing participants, within 60 days of the SPD.  On February 28, 2012, the 
Districts filed their study plan. FERC subsequently approved the study plan as proposed by the 
Districts on July 25, 2012.  FERC recommended that the Districts collect O. mykiss data, 
including scales, to verify their age and growth, but only if the Districts were able to obtain 
authorization from NMFS to collect scales from O. mykiss in the lower Tuolumne River. The 
Districts were able to conduct this study by operating under FISHBIO’s existing Endangered 
Species Act (ESA) section 10(a)(1)(a) permit that allowed take of up to 80 O. mykiss. The 
Districts carried out the Scale Collection and Age Determination Study consistent with the 
FERC-approved study plan.  
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2.0 STUDY GOALS AND OBJECTIVES 
 
The goal of this study is to use scales to estimate the age-at-length relationship of O. mykiss in 
the lower Tuolumne River. Objectives in meeting this goal include: 
 
 Collecting, preserving, and analyzing O. mykiss scales to estimate ages of individual fish, and  

 Developing an age-at-length relationship for the Tuolumne River O. mykiss population. 
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3.0 STUDY AREA 
 
The study area included the Tuolumne River from the La Grange Dam (RM 52) downstream to 
Robert’s Ferry Bridge (RM 39.5). O. mykiss were collected by angling in the reach that extended 
from La Grange Dam to Turlock Lake State Recreation Area (TLSRA) at RM 42. In addition, a 
single sample was collected from the rotary screw trap (RST) survey near Waterford (RM 30). 
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4.0 METHODOLOGY 
 
4.1 Sample Collection 
 
The study plan proposed that “length data and scale samples will be obtained from up to 75 fish 
using 15 individuals per 100 mm size-group (i.e., 50–150 mm, 150–250 mm, 250–350 mm, 350–
450 mm, and 450–550 mm) encountered during sampling.”   Six O. mykiss sampling efforts were 
conducted by angling from February 13 through April 9, 2012. One O. mykiss was also obtained 
from ongoing RST monitoring at Waterford during June 2012 (Table 4.1-1). O. mykiss were 
collected from pool and riffle-tail habitats by angling as required by FISHBIO’s ESA Section 
10(a)(1)(a) permit. Fish were collected from the 50–150 mm, 150–250 mm, 250–350 mm, 350–
450 mm, and 450–550 mm size groups encountered during sampling. However, only two fish 
(one from the Waterford rotary screw trap) were collected from the 50-150 mm size class, likely 
due to this cohort being generally too small to take a hook and bait. No fish were captured from 
the 450–550 mm size group, probably due to the inherent difficulty in catching old fish that are 
few in number and have experience with hooks. In addition, continuing to try and collect fish to 
fill in the 50–150 and 450–550 mm size groups would have required capturing large numbers of 
O. mykiss in the already filled 150–250 mm, 250–350 mm, 350–450 mm categories. That could 
have potentially resulted in injury, and possibly mortality, to a significant number of fish, so the 
sampling was halted.  
 
The survey crew recorded the date, location (GPS coordinates), and habitat type at each sampling 
location. Upon capture, each fish was photographed and transferred to a measurement cradle for 
positive identification. Data recorded for each fish included fork length (FL, mm), total length 
(TL, mm), sex (if possible), and any marks that would aid in determining hatchery versus wild 
origin (e.g., adipose fin clip).  
 
Table 4.1-1. O. mykiss scale sampling dates and locations, Tuolumne River, 2012. 

Sample Event Sample Period Method Location 
1 February 13 Angling La Grange Powerhouse to Basso Bridge 
2 February 16 Angling Basso Bridge to TLSRA1 
3 March 12 Angling Basso Bridge to TLSRA1 
4 April 3 Angling Basso Bridge to TLSRA1 
5 April 4 Angling La Grange Dam to Basso Bridge 
6 April 9 Angling Basso Bridge to TLSRA1 
7 June 2 Trap Waterford rotary screw trap 

1 Turlock Lake State Recreation Area 
 
In accordance with the study plan, scale sampling was limited to O. mykiss greater than 50 mm 
FL.  Removing scales from fish smaller than 50 mm may increase the risk of injury. Scales were 
removed from the region between the posterior end of the dorsal fin and the lateral line on the 
left side, roughly two scale rows above the lateral line (Figure 4.1-1) (RIC 1997, Stokesbury et 
al. 2001). Prior to scale removal, mucous and debris were cleaned from the sampling location for 
ease in scale processing (Schneider et al. 2000). Scales were removed by scraping a dull knife 
from the anterior to posterior of the sample area (RIC 1997). Approximately 10 scales were 
removed per fish, with the fish released immediately following sampling. Knives were cleaned 
with ethanol between each fish sampled to prevent cross-contamination. 
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Scales from each fish were placed in individual “Rite in the Rain” envelopes clearly labeled with 
species, site location, total and fork length, date, condition, and any other applicable information. 
Envelopes were pressed flat to reduce scale curling and increase analytical accuracy.  

 
Figure 4.1-1. Fish schematic showing area (oval) where scale samples were taken from fish 

(modified from Columbia Basin Fish and Wildlife Authority 1999). 
 
4.2 O. mykiss Age Analysis 
 
Scales were prepared for analysis by qualified staff according to standard procedures described 
by Drummond (1966). Scales were transferred from envelopes onto glass slides. The best scales 
were arranged towards the top of the slide, with all scales oriented the same direction. Care was 
taken to insure that all scales were laid flat, not curled. A second glass slide was then placed on 
top and both slides were taped together. Each slide was labeled with the sample identification 
number and date.  
 
Slides containing scales were examined under a microscope at 25x magnification, and digital 
images were generated and enhanced for each scale examined using AmScope Corporation’s 
ToupView®Version 3.2 software to improve contrast and make scale annuli more apparent. In 
general, age was estimated based on the number of annuli on the three best scales from each 
sample; however, some samples lacked three readable scales, such as in cases where scales had 
been regenerated (regenerated scales were excluded from the aging analysis). In those instances, 
fish age was based on the best available one or two scales. Annuli were identified at a 20 degree 
angle from the anterior-posterior scale axis. The age of fish was determined by counting the 
number of annuli between the scale focus and the outer margin, as described in DeVries and Frie 
(1996) and results were recorded in a Microsoft Excel® spreadsheet.  
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4.3 Growth Determination 
 
Individual fish growth was estimated based on the distance between the scale focus and each 
annulus along the scales’ longest posterior axis. Measurements were made to the nearest 
micrometer using a calibrated scale for 25x magnification power. Individual fish lengths at 
previous ages were back-calculated using the Fraser-Lee method, as described in DeVries and 
Frie (1996). 
 

 
 
Where: 
 
Li = back-calculated length of the fish when the ith increment was formed, 
Lc = Fork length of the fish at capture, 
Sc = scale radius at capture,  
Si = scale radius at the ith increment, and  
α = intercept parameter (fish size at time of scale focus development). 
 
A relatively accurate intercept parameter (α) could not be obtained from this study’s dataset due 
to the relatively small overall sample size (n = 47), low numbers of samples in the smallest and 
largest size classes, and capture method bias (primarily angling); it was therefore necessary to 
review available literature to obtain a representative intercept parameter. The intercept parameter 
(α = 36.65) used in this study was obtained from 1,956 rainbow trout (resident O. mykiss) 
collected during electrofishing efforts in the years 1994, 1996, and 1997 on the Sacramento 
River upstream of Lake Shasta  (Glowacki 2003).  
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5.0 RESULTS 
 
5.1 O. mykiss Age-at-length 
 
The Districts were able to collect 53 O. mykiss for sampling (See Attachment A). Scale samples 
were obtained from 48 O. mykiss collected during the study of which 47 were suitable for 
analysis (the non-suitable sample contained only regenerated scales). No scales were taken from 
five fish because sufficient numbers of fish in their size class had already been collected.  
 
Angling was the more successful of the two sampling methods permitted to collect O. mykiss, 
(angling and RST). However, angling is biased toward larger, older age classes. Susceptibility to 
angling decreases with smaller, typically younger fish. Only two samples were obtained from O. 
mykiss younger than age 2+: (1) an age-1+ fish collected by angling, and (2) an age-0+ fish 
captured in the Waterford RST; therefore, no size range could be determined for these age 
classes (Table 5.1-1). No fish from the 450–550 mm size group were captured. Overall, the size 
of captured fish ranged from 78 mm FL (age 0+) to 450 mm FL (age 4+) and included fish from 
five age classes (age 0 to age 4) (Table 5.1-1, Figure 5.1-1, Attachment A). 
 
Table 5.1-1. Age and size ranges of O. mykiss in the lower Tuolumne River between RM 52 and 

30. 
Age Number Sampled Fork Length Range (mm) 
0+ 1 78 
1+ 1 150 
2+ 16 194–270 
3+ 17 267–370 
4+ 12 365–450 
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Figure 5.1-1. O. mykiss age-at-length relationship for the lower Tuolumne River between RM 52 

and 30. 
 
5.2 Growth Rates 
 
The results of the scale analysis show a strong positive relationship between fish length and scale 
size (Figure 5.2-1). This relationship allowed for back-calculating fish size from scale data.  
 
Growth rates for O. mykiss captured in this study were calculated using the Fraser-Lee method, 
as described in DeVries and Frie (1996). The growth rates presented in Table 5.2-1 below are 
based on the back-calculated lengths of individual fish when their annuli were formed (See 
Attachment A for raw data). Frequency distributions of back-calculated incremental growth 
between annuli are presented in Table 5.2-2 and Figure 5.2-2. Back-calculated lengths at annuli 
formation are typically less than the lengths at time of capture (i.e., when the scale was collected) 
due to the growth of fish between the time of most recent annulus formation and time of scale 
sampling.  
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Figure 5.2-1. Relationship between scale radius and fork length for O. mykiss collected in this 

study. 
 
Table 5.2-1. Minimum, maximum, and average back-calculated fork length at annuli and 

growth rates to annuli for O. mykiss in the lower Tuolumne River. 

Age 
Back-calculated Fork Length (mm) at 

Annuli Annual Growth Rate (mm) to Annuli 

Range Average Range Average 
1 87–127 109 51–90 73 
2 147–212 182 51–92 72 
3 217–291 257 49–94 74 
4 298–382 331 61–98 78 

 
Table 5.2-2. Back-calculated incremental growth rates between annuli of O. mykiss in the lower 

Tuolumne River. 
Annual Growth 

Range (mm) 
Number of Fish at Annuli Age 

Age-1 Age-2 Age-3 Age-4 
49–60 6 9 6 0 
61–70 11 10 4 2 
71–80 19 14 9 6 
81–90 10 11 6 2 

91–100 0 1 4 2 
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Figure 5.2-2. Incremental growth rate between annuli of O. mykiss collected in this study. 
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6.0 DISCUSSION AND FINDINGS 
 
In general, age-at-length datasets often show substantial overlap between cohorts, which is 
typical in fish populations, while mean age-at-length increases each year. This is due to 
differences in individual growth rates which may be related to fish density, food resource 
abundance, water temperature, suspended sediment, disease, environmental stress, territorial 
competition, or other factors (Harvey et al. 2006, Bjornn and Reiser 1991, Newcombe and 
Jensen 1996).  
 
A separate age-at-length data set for O. mykiss in the Tuolumne River was developed by 
Zimmerman et al. (2009). These authors analyzed otoliths from 151 fish collected between 1996 
and 2008 in an attempt to determine the maternal origin and migratory history of O. mykiss 
found in Central Valley rivers. However, Zimmerman et al. (2009) combined all fish four years 
old and older into the single four year old age class (Figure 6.0-1). This combining of the oldest 
age classes limited the study’s comparability with the W&AR-20 age and length data to only 
those fish three years old and younger. 
 

 
Figure 6.0-1. Age-at-length data from Zimmerman et al.’s (2009) analysis of Tuolumne River O. 

mykiss otoliths. Note the four-year age class includes all fish four years old and 
older. 

 
The one-to-three year old fish analyzed in this study (W&AR-20) were generally of a smaller size 
than those collected by Zimmerman et al. (2009) (Table 6.0-1 and Figure 6.0.2). This may be due 
to differences in the time of sample collection; the fish in this study were collected during the 
winter and early spring when annuli would be forming and only early season growth occurred, 
while Zimmerman et al. (2009) samples were collected between October and May when 
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substantial growth would have followed annulus formation. For example, a two-year old fish 
captured in March (just after annulus formation) would be smaller than if that same two-year old 
fish were captured in October to January, following a growing season that extended through the 
spring summer, and fall.  
 
Dissimilarities in collection methods between this study and Zimmerman et al. (2009) resulted in 
differences in sample sizes and fish lengths. This study primarily used angling (one RST capture) 
as a collection method, resulting in a smaller sample size. This is because many fish in the 50-
150 mm size class are generally too small to take a hook and bait. No fish were captured from 
the 450-550 mm size group, probably due to the inherent difficulty in catching old fish that are 
few in number and have experience with hooks.  Zimmerman et al. (2009), on the other hand, 
was able to employ rotary screw traps, angling, electrofishing, beach seining, and carcass 
surveys that allowed a larger number and broader range of sizes to be collected.  
 
Due to permitting restrictions, the W&AR-20 sample size was too small to represent the full 
range of fish lengths at given ages. Therefore, the Zimmerman et al. (2009) and this study’s age 
and fork length data were combined to develop an age-at-length relationship that was based on a 
larger dataset (Table 6.0-2 and Figure 6.0-2).  
 
Table 6.0-1. Size ranges of fish in this study (W&AR-20) compared to those reported by 

Zimmerman et al. (2009). 

Age 
Study W&AR-20 Zimmerman et al. (2009) 

Minimum FL 
(mm) 

Maximum FL 
(mm) 

No. of 
Fish 

Minimum FL 
(mm) 

Maximum FL 
(mm) No. of Fish 

0 78 78 1 -- -- 0 
1 150 150 1 145 199 37 
2 194 270 16 200 315 37 
3 267 370 17 320 395 37 
4 365 450 12 - - - 

Note: Age four fish from Zimmerman et al. (2009) were not included in this table due to that study combining all age four and 
older fish into the single age four category. 
 
Table 6.0-2. Combined Zimmerman et al. (2009) and W&AR-20 age and size ranges of O. 

mykiss. 
Age Number Sampled Fork Length Range (mm) 

0 1 78 
1 38 145–199 
2 53 194–315 
3 54 267–395 
4 12* 365–450 

*Includes only W&AR-20 age four fish. 
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Figure 6.0-2. Combined age-at-length relationship from O. mykiss otoliths and scales in 

Zimmerman et al. (2009) ages 1–3 fish and this study. 
 
Annual growth appeared consistent and comparable for each of the four years and each of the 
three age groups of O. mykiss collected for this study. Growth exhibited during the first and 
second years was very similar for all three age groups that dominated the sample (i.e., age 2, age 
3 and age 4) (Figure 6.0-3). The mean observed growth during the first year varied less than 3 
mm, ranging from 70 mm for age 2 fish (in 2010) to 73 mm for age 3 fish (in 2009). Similarly, 
mean growth during the second year varied about 2 mm among the three age groups, ranging 
from 72 mm for age 3 fish in 2010 to 74 mm for age 2 fish in 2011. Annual growth observed for 
each age group present during 2009 through 2011 was also very similar (Figures 6.0-3 and 6.0-
4). Mean annual growth ranged from 74 mm (age 2) to 78 mm (age 4) in 2011, 69 mm (age 4) to 
72 mm (age 3) in 2010 and was the same for both the age 3 and age 4 groups in 2009. Growth 
varied very little among years as well. The combined mean growth for all age groups present 
ranged from 70 mm in 2010 to 76 mm in 2011. 
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Figure 6.0-3. Mean and standard deviation growth exhibited by cohort-year (i.e., the year in 

which the fish was hatched) and by age for the three age groups of O. mykiss 
sampled from the lower Tuolumne River for this study in 2012. 
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Figure 6.0-4. Estimated growth by age for four age groups of O. mykiss collected for this study in 

the lower Tuolumne River. 
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7.0 STUDY VARIANCES AND MODIFICATIONS 
 
Consistent with permit requirements, the Districts proposed in their Study Plan that up to 75 fish 
would be collected. The Districts were able to collect 53 fish using approved sampling methods, 
of which 48 were sampled. No scales were taken from five fish because sufficient numbers of 
fish in their size class had already been collected. Permit requirements that limited the collection 
methods to angling and RST resulted in fewer samples per size group and limited the number of 
fish collected in the smallest and largest size classes.  
 
The objectives for this study were met; scale data were used to estimate ages of individual fish, 
and an age-length relationship for the Tuolumne River O. mykiss population was developed. In 
addition, incremental annual growth rates for each age class were developed. The data from this 
study, and the information from from Zimmerman et al (2009), are sufficient as input for 
developing a representative population age structure as part of the interrelated O. mykiss 
Population Study (TID/MID 2011).  
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