ONCORHYNCHUS MYKISS SCALE
COLLECTION AND AGE DETERMINATION
STUDY REPORT

DON PEDRO PROJECT

NO. 2299

.MID

WAER & POWER Modesto Irrigation District

Serving Central California since 1887

Prepared for:
Turlock Irrigation District — Turlock, California
Modesto Irrigation District — Modesto, California

Prepared by:
Stillwater Sciences

January 2013



Oncorhynchus mykiss Scale Collection and Age Determination

Study Report
TABLE OF CONTENTS
Section No. Description Page No.
1.0 INTRODUGCTION. ...ttt ettt st ste e te e sreentesseesseessesneesreesesneesneesens 1-1
1.1 General Description of the Don Pedro Project ..........ccccoveieniieiiienieniieieeenne, 1-1
1.2 RElICENSING PTOCESS ..oovviieiiieeiiie ettt e e e e e 1-3
1.3 SUAY PIAN ..ttt 1-3
20 STUDY GOALSAND OBJIECTIVES.......oooi ittt 2-1
3.0 STUDY AREA .t 3-1
4.0  METHODOLOGY ...ooiiiiiiiiieiieieeie ettt sttt sbe sttt see e e beenaesneentesnee e 4-1
4.1 Sample CollECHION ........eeieiieiieiie ettt et 4-1
42 0. MYKISS AZE ANALYSIS ...oooviiiieiiiciieii ettt ettt 4-2
4.3 Growth Determination .............cocuereeriirienienieniesiteeeee et 4-3
5.0 RESULTS ettt ettt st e b e st e be e be e st e nre e beenee e 5-1
5.1 O. MykKisS Age-at-1ength............ccevieiiieiiiieiiciee et 5-1
5.2 GIOWEh RS ..ot 5-2
6.0 DISCUSSION AND FINDINGS .....ccoiiiiiiiiiiciiese et 6-1
7.0 STUDY VARIANCES AND MODIFICATIONS.......coiitiiie it 7-1
8.0  REFERENCES...... ..ot 8-1
List of Figures

Figure No. Description Page No.
Figure 1.1-1. Don Pedro Project 10Cation. ..........coevuiieiiiiiiiiieiieceeeeeeee e 1-2

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

Figure 5.1-1. O. mykiss age-at-length relationship for the lower Tuolumne River
between RM 52 and 30. ....ccveiiiiiiiiiicee et 5-2

Figure 5.2-1. Relationship between scale radius and fork length for O. mykiss collected
TN IS STUAY. c.evieiieeiiciie ettt ebaestaeenbeeenas 5-3

Figure 5.2-2. Incremental growth rate between annuli of O. mykiss collected in this
SEUAY . ¢ttt ettt et e e b e et e e bt eenbeebeeenreenees 5-4
W&AR-20 i Initial Study Report

O.mykiss Scale Collection and Age Determination Don Pedro Project, FERC No. 2299



Table of Contents

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

River O. MYKISS OtOLIthS. .....c.ooovieiiiiiieiicieeeete et 6-1
Figure 6.0-2. Combined age-at-length relationship from O. mykiss otoliths and scales in

Zimmerman et al. (2009) and this StUAY. .......ccceevieriiienienieeeeeee e 6-3
Figure 6.0-3. Mean and standard deviation growth exhibited by year and by age for the

three age groups of O. mykiss sampled from the lower Tuolumne River for

this StUAY 11 2012, e et 6-4
Figure 6.0-4. Estimated growth by age for four age groups of O. mykiss collected for

this study in the lower Tuolumne RiVer...........cccoovviieviiieniiieee e 6-5

List of Tables

Table No. Description Page No.
Table 4.1-1.  O. mykiss scale sampling dates and locations, Tuolumne River, 2012................ 4-1
Table 5.1-1. Age and size ranges of O. mykiss in the lower Tuolumne River between

RM 52 a0d 301ttt 5-1
Table 5.2-1.  Minimum, maximum, and average back-calculated fork length at annuli

and growth rates to annuli for O. myKkiss in the lower Tuolumne River. ............. 5-3
Table 5.2-2. Back-calculated incremental growth rates between annuli of O. mykiss in

the lower Tuolumne RIVET. .......cocueriiiiiiiiiiiiicieeceeeeee e 5-3
Table 6.0-1.  Size ranges of fish in this study (W&AR-20) compared to those reported

by Zimmerman et al. (2009). .......cooiieiiiieeiieee e 6-2
Table 6.0-2. Combined Zimmerman et al. (2009) and W&AR-20 age and size ranges of

O MYKISS. ..t 6-2

List of Attachments

Attachment A Scale Sample Collection, Age, and Growth Data
W&AR-20 ii Initial Study Report

O.mykiss Scale Collection and Age Determination Don Pedro Project, FERC No. 2299



List of Acronyms

AC eenteeeieieete e acres

ACEC.....ccooviiiieenn Area of Critical Environmental Concern

AF L acre-feet

ACOE......ccovvienn. U.S. Army Corps of Engineers

ADA ..o, Americans with Disabilities Act

ALJ oo Administrative Law Judge

APE ..o Area of Potential Effect

ARMR.......cccoe Archaeological Resource Management Report

BA .o, Biological Assessment

BDCP...coveiiiiins Bay-Delta Conservation Plan

127 511 S U.S. Department of the Interior, Bureau of Land Management

BLM-S ... Bureau of Land Management — Sensitive Species

BMI....cooiiiiiiiies Benthic macroinvertebrates

BMP ..o Best Management Practices

BO.oooiiiieieee, Biological Opinion

CalEPPC .................... California Exotic Pest Plant Council

CalSPA......cccoveenee. California Sports Fisherman Association

CAS...coie California Academy of Sciences

CCC.viiieieeeee Criterion Continuous Concentrations

CCIC ... Central California Information Center

CCSF..oovieeiveiieeiene City and County of San Francisco

CCVHIV ..o California Central Valley Habitat Joint Venture

CDveeeeeeeee Compact Disc

CDBW.....cocviiene California Department of Boating and Waterways

CDEC...cccvviiirieenns California Data Exchange Center

CDFA....ccoeeeeee California Department of Food and Agriculture

CDFG...cccvvieieiienns California Department of Fish and Game (as of January 2013, Department
of Fish and Wildlife)

CDMG......cccevvernnne California Division of Mines and Geology

CDOF.....ccovvveeveenen. California Department of Finance

CDPH......ccovevrnne California Department of Public Health

W&AR-20 iii Initial Study Report

O.mykiss Scale Collection and Age Determination Don Pedro Project, FERC No. 2299



List of Acronyms

CDPR.....coovvene California Department of Parks and Recreation
CDSOD......ccccevveeneee. California Division of Safety of Dams
CDWR.....cccvee California Department of Water Resources

CE oo California Endangered Species
CEIL.....oovveieiieen. Critical Energy Infrastructure Information
CEQA....coeee California Environmental Quality Act

CESA ..o California Endangered Species Act

CFR ..o Code of Federal Regulations

CES e cubic feet per second

CGS..ooeeeee California Geological Survey

CMAP ..o California Monitoring and Assessment Program
CMC...ooiiiiiiieene Criterion Maximum Concentrations
CNDDB.......ccccevveee California Natural Diversity Database
CNPS...coiieeeee California Native Plant Society
CORP...covveieiiis California Outdoor Recreation Plan

CPUE ..o Catch Per Unit Effort

CRAM......covvrrn California Rapid Assessment Method
CRLF....ccoovvveeiiene California Red-Legged Frog

CRRF ...ooviiiiiiies California Rivers Restoration Fund
CSAS....cooeeee, Central Sierra Audubon Society
CSBP....cooviiiiis California Stream Bioassessment Procedure

O California Threatened Species
CTR..ooiiiiiieieiies California Toxics Rule

CTS e California Tiger Salamander
CVRWQCB............... Central Valley Regional Water Quality Control Board
CWA Clean Water Act

CWHR.......ccooeiinn California Wildlife Habitat Relationship
Districts ....coveeveennnnne. Turlock Irrigation District and Modesto Irrigation District
DLA ..o Draft License Application

DPRA. ..o Don Pedro Recreation Agency

DPS ..o Distinct Population Segment

EA o Environmental Assessment

EC i Electrical Conductivity

W&AR-20 iv Initial Study Report

0. mykiss Scale Collection and Age Determination Don Pedro Project, FERC No. 2299



List of Acronyms

EFH...cooooiiiiiiies Essential Fish Habitat

EIR ..coooeiiiieie Environmental Impact Report

EIS .o Environmental Impact Statement

EPA oo U.S. Environmental Protection Agency
ESA ..o Federal Endangered Species Act
ESRCD.....cccoeeviiienne East Stanislaus Resource Conservation District
ESU ..o Evolutionary Significant Unit
EWUA......ooi Effective Weighted Useable Area
FERC....ccovveiieie. Federal Energy Regulatory Commission
FES .o Foothills Fault System

FL oo, Fork length

FMU....coovviiiiene. Fire Management Unit

FOT ..ot Friends of the Tuolumne

FPC .o Federal Power Commission
ft/mi..eei feet per mile

FWCA ... Fish and Wildlife Coordination Act
FYLF..coooiiiiii Foothill Yellow-Legged Frog
ettt grams

GIS. ..o Geographic Information System

GLO i General Land Office

GPS o Global Positioning System
HCP...oooiie Habitat Conservation Plan
HHWP......ooviis Hetch Hetchy Water and Power
HORB ..o Head of Old River Barrier
HPMP.......ccooveies Historic Properties Management Plan
ILP i, Integrated Licensing Process

ISR o Initial Study Report

ITA .o Indian Trust Assets

KV o kilovolt

101 JOUURPRRR meters

M&I.....cooiiiiiine. Municipal and Industrial
MCL..cotiiiiiieiees Maximum Contaminant Level

mME/Kg oo milligrams/kilogram

W&AR-20 v Initial Study Report

0. mykiss Scale Collection and Age Determination

Don Pedro Project, FERC No. 2299



List of Acronyms

mg/L...ccoooiiiiiiiee milligrams per liter

1007504 IR million gallons per day

1007 (USRS miles

1oV square miles

MID.....ooovvirieiee Modesto Irrigation District

1\Y (O 1 6 Memorandum of Understanding
MSCS...covieeee, Multi-Species Conservation Strategy
100 DSOS mean sea level

MVA .. Megavolt Ampere

MW e megawatt

MWh ..o megawatt hour

100)'7: TSRS million years ago

NAE .o, National Academy of Engineering
NAHC ... Native American Heritage Commission
NAS. .o, National Academy of Sciences

NAVD 88....cceeeene North American Vertical Datum of 1988
NAWQA ..o National Water Quality Assessment
NCCP...veeeveeee, Natural Community Conservation Plan
NEPA .....ccvi, National Environmental Policy Act

NE/E coieieeeeeieieene nanograms per gram

NGOS ...oveieeiieicenn Non-Governmental Organizations

NHI ..cooviiiiees Natural Heritage Institute
NHPA......ccoeie. National Historic Preservation Act
NISC oo, National Invasive Species Council
NMFS. ..o, National Marine Fisheries Service
NOAA ..., National Oceanic and Atmospheric Administration
J2\[© ) R Notice of Intent

NPS .o, U.S. Department of the Interior, National Park Service
NRCS ..o National Resource Conservation Service
NRHP.....ccooevvvein. National Register of Historic Places
NRIL...oooiiiiiiiiee Nationwide Rivers Inventory

NTU oo, Nephelometric Turbidity Unit
NWLoiiiee National Wetland Inventory

W&AR-20 vi Initial Study Report

0. mykiss Scale Collection and Age Determination Don Pedro Project, FERC No. 2299



List of Acronyms

NWIS e, National Water Information System

NWR oo, National Wildlife Refuge

NGVD 29....cccovveenee. National Geodetic Vertical Datum of 1929
O&M....cooeevveeveenee operation and maintenance

OEHHA.........cccce.... Office of Environmental Health Hazard Assessment
ORV ..o Outstanding Remarkable Value
PAD...ccoooiieiiis Pre-Application Document

PDO....cooiiiiies Pacific Decadal Oscillation

PEIR.....cceveiiien Program Environmental Impact Report

PGA ..o Peak Ground Acceleration

PHG......coooiiiiiis Public Health Goal

PM&E .....cccovvve Protection, Mitigation and Enhancement
PMF...ccoviiniininiinns Probable Maximum Flood

POAOR.........cccveen.. Public Opinions and Attitudes in Outdoor Recreation
J0J0] 0 TR parts per billion

PPM e parts per million

PSP, Proposed Study Plan

QA ..o Quality Assurance

QC ., Quality Control

RA Recreation Area

RBP. ..o Rapid Bioassessment Protocol

Reclamation ............... U.S. Department of the Interior, Bureau of Reclamation
RM i River Mile

RMP....coovviie Resource Management Plan

RP.coiiiiiiee Relicensing Participant

RSP i Revised Study Plan

RST .o Rotary Screw Trap

RWF ..o Resource-Specific Work Groups

RWG ..o Resource Work Group

RWQCB.........ccueee... Regional Water Quality Control Board
SCoiiieeeeeeeee, State candidate for listing under CESA
SCD...oovveeeeeeeen State candidate for delisting under CESA

SCE ..oooiiiiiiiienee State candidate for listing as endangered under CESA
W&AR-20 vii Initial Study Report

0. mykiss Scale Collection and Age Determination Don Pedro Project, FERC No. 2299



List of Acronyms

SCT .o State candidate for listing as threatened under CESA

N1 D ) S Scoping Document 1

SD2 .o Scoping Document 2

SE i State Endangered Species under the CESA

SFP ..o State Fully Protected Species under CESA

SFPUC ....cceiieieee. San Francisco Public Utilities Commission

SHPO .....coovevveiinne. State Historic Preservation Office

SIRA ..coeeieeee San Joaquin River Agreement

SIRGA ...cooviiiine San Joaquin River Group Authority

SITA e, San Joaquin River Tributaries Authority

SPD ..o Study Plan Determination

SRA ..o State Recreation Area

SRMA ....ccoveieireeen Special Recreation Management Area or Sierra Resource Management
Area (as per use)

SRMP.....coovviiiinnn Sierra Resource Management Plan

N 2 Special Run Pools

SSC i, State species of special concern

ST e, California Threatened Species under the CESA

STORET ......cccvveneee. Storage and Retrieval

SWAMP.......cccveenee. Surface Water Ambient Monitoring Program

SWE ..., Snow-Water Equivalent

SWRCB.......ccceeeeene. State Water Resources Control Board

TAC .., Technical Advisory Committee

TAF thousand acre-feet

TCP e Traditional Cultural Properties

TDS . Total Dissolved Solids

TID oo, Turlock Irrigation District

TLSRA ..o Turlock Lake State Recreation Area

TMDL ....ccooviiiiee. Total Maximum Daily Load

TOC....coieeeieeen. Total Organic Carbon

TRT i Tuolumne River Trust

TRTAC ....ccvveveee. Tuolumne River Technical Advisory Committee

UC . University of California

W&AR-20 viii Initial Study Report

0. mykiss Scale Collection and Age Determination Don Pedro Project, FERC No. 2299



List of Acronyms

USDA....ccoiiiiiiiee U.S. Department of Agriculture

USDOC.......cccoveeenn. U.S. Department of Commerce

USDOI ......cccovvevenne U.S. Department of the Interior

USFS.iiieeieee, U.S. Department of Agriculture, Forest Service

USFWS ... U.S. Department of the Interior, Fish and Wildlife Service
USGS ..o U.S. Department of the Interior, Geological Survey
USR..ccoiiiieiieieeine Updated Study Report

UTM...cciiiiiiiiiieee Universal Transverse Mercator

VAMP ....cccoviiiiinnn. Vernalis Adaptive Management Plan

VELB ... Valley Elderberry Longhorn Beetle

VRM ..o Visual Resource Management

WPT e Western Pond Turtle

WSA. .o Wilderness Study Area

WSIP...cvviiiie, Water System Improvement Program

WWTP ... Wastewater Treatment Plant

WY water year

US/CM i microSeimens per centimeter

W&AR-20 ix Initial Study Report

0. mykiss Scale Collection and Age Determination Don Pedro Project, FERC No. 2299



1.0 INTRODUCTION

1.1 General Description of the Don Pedro Project

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 formed by
the dam extends 24-miles upstream at the 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 (mi®).

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. CCSF’s “water bank™ within Don Pedro Reservoir provides significant benefits for its
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 approximately one mile downstream of the dam to
approximately RM 79 upstream of the dam. Upstream of the dam, the Project Boundary runs
generally along the 855 ft contour interval which corresponds to the top of the Don Pedro Dam.
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) is 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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1.0 Introduction

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. Documents relating to the
Project relicensing are publicly available on the Districts’ relicensing website at www.donpedro-
relicensing.com.

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

W&AR-20 1-3 Initial Study Report
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1.0 Introduction

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 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.

W&AR-20 1-4 Initial Study Report
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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.

W&AR-20 2-1 Initial Study Report
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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).

W&AR-20 3-1 Initial Study Report
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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 TLSRA'

3 March 12 Angling Basso Bridge to TLSRA'

4 April 3 Angling Basso Bridge to TLSRA'

5 April 4 Angling La Grange Dam to Basso Bridge

6 April 9 Angling Basso Bridge to TLSRA'

7 June 2 Trap Waterford rotary screw trap

U 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.

W&AR-20 4-1 Initial Study Report
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4.0 Methodology

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.

Pyloric caeca

Scale Sample Area
Adipose fin

Anal fin

Pectoral fin
Spleen Pelvic fins

This lllustration is based on a fish
specimen of 150 mm fork length.

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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4.0 Methodology

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).

L, a
L#=( - )3,+¢

Where:

L; - back-calculated length of the fish when the ith increment was formed,
L.= Fork length of the fish at capture,

S. = scale radius at capture,

S;= scale radius at the ith increment, and

o = intercept parameter (fish size at time of scale focus development).

A relatively accurate intercept parameter (o) 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
(0 = 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

51 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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5.0 Results
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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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5.0 Results
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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.
Back-calculated Fork_Length (mm) at Annual Growth Rate (mm) to Annuli
Age 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 Number of Fish at Annuli Age
Range (mm) 2 3 4
49-60 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 (Figure 6.0-1).
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Figure 6.0-1. Age-at-length data from Zimmerman et al.’s (2009) analysis of Tuolumne River O.
mykiss otoliths.

The 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 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.
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6.0 Discussion and Findings

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).

Study W&AR-20 Zimmerman et al. (2009)
Age Minimum FL | Maximum FL No. of Minimum FL | Maximum FL .
. No. of Fish
(mm) (mm) Fish (mm) (mm)

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 12 401 523 40

Table 6.0-2. Combined Zimmerman et al. (2009) and W&AR-20 age and size ranges of O.

myKkiss.

Age Number Sampled Fork Length Range (mm)

0+ 1 78

1+ 38 145-199

2+ 53 194-315

3+ 54 267-395

4+ 52 365-523
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6.0 Discussion and Findings
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Figure 6.0-2. Combined age-at-length relationship from O. mykiss otoliths and scales in
Zimmerman et al. (2009) 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 year 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 were 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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