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Project

This proposal is for the Science Program 2004 solicitation as prepared by Mangel, Marc Steven.

The submission deadline is 2005-01-06 17:00:00 PST (approximately 5.0 hours from now).

Proposal updates will be disabled immediately after the deadline. All forms, including the signature form, must be completed, compiled and
acknowledged in order to be eligible for consideration and review. Allow at least one hour for Science Program staff to verify and file signatufe pz
after they are received.

Instructions

Information provided on this form will automatically support subsequent forms to be completed as part of the Science PSP submission process. P
mindful of what information you enter and how it may be represented in the Personnel, Task and Budget forms. Please provide this information be
continuing to those forms.

Life History Variation in Steelhead Trout and the

Proposal Title Implications for Water Mangement

University of California Santa Cruz
— National Marine Fisheries Service Santa Cruz | . e .
Institutions List each institution involved, one per line.
Laboratory

California Department of Fish and Game

Proposal You have already uploaded a proposal document. View it to verify that it appear:
Document . .
as you expect. You may replace it by uploading another document
Project

Duration 36 months

Is the start date a determining factor to the successful outcome of the proposed effort?
- No.
X Yes. Anticipated start date of this effort: 2006-01-01

Select all of the following study topics which apply to this proposal.

X life cycle models and population biology of key species

X environmental influences on key species and ecosystems

X relative stresses on key fish species

X direct and indirect effects of diversions on at-risk species

- processes controlling Delta water quality

- implications of future change on regional hydrology, water operations, and environmental processes
X water management models for prediction, optimization, and strategic assessments
- assessment and monitoring

X salmonid-related projects

- Delta smelt-related projects

Select as many keywords as necessary to describe this proposal (minimum of 3).
X adaptive management

- aquatic plants

- benthic invertebrates

X biological indicators

- birds

- neotropical migratory birds

- shorebirds

- upland birds

- wading birds

- waterfowl

- climate

- climate change

— precipitation

- sea level rise

- snowmelt

- contaminants / toxicants / pollutants

- contaminants and toxicity of unknown origin
- emerging contaminants
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- mercury
- nutrients and oxygen depleting substances
- organic carbon and disinfection byproduct precursors
— persistent organic contaminants

- pesticides

- salinity

- sediment and turbidity

- selenium

- trace metals

- database management

- economics

- engineering

- civil

- environmental

- hydraulic

- environmental education

- environmental impact analysis

- environmental laws and regulations
- environmental risk assessment

X fish biology

- bass and other centarchids

- delta smelt

- longfin smelt

- other species

X salmon and steelhead

- splittail

- striped bass

- sturgeon

X fish management and facilities

X hatcheries

- ladders and passage

- screens

- forestry

- genetics

- geochemistry

- geographic information systems (GIS)
- geology

- geomorphology

- groundwater

X habitat

- benthos

- channels and sloughs

- flooded islands

- floodplains and bypasses

- oceanic

- reservoirs

- riparian

- rivers and streams

- shallow water

- upland habitat

- vernal pools

- water column

- wetlands, freshwater

- wetlands, seasonal

- wetlands, tidal

- human health

- hydrodynamics

- hydrology

- insects

- invasive species / non—native species / exotic species
- land use management, planning, and zoning
- limnology

- mammals

- large

- small
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- microbiology / bacteriology

X modeling

X conceptual

X quantitative

— monitoring

X natural resource management
- performance measures

- phytoplankton

- plants

- primary productivity

- reptiles

X restoration ecology

- riparian ecology

- sediment

- soil science

- statistics

- subsidence

- trophic dynamics and food webs
X water operations

- barriers

X diversions / pumps / intakes / exports
- gates

- levees

- reservoirs

X water quality management

- ag runoff

- mine waste assessment and remediation
- remediation

X temperature

- urban runoff

— water quality assessment and monitoring
- water resource management
X water supply

- demand

- environmental water account
X water level

- water storage

X watershed management

- weed science

X wildlife

X ecology

- management

- wildlife—friendly agriculture

X zooplankton

- administrative

Indicate whether your project
area is local, regional, or
system-wide. If it is local,
provide a central ZIP Code. If it
is regional, provide the central
ZIP Code and choose the
counties affected. If it is
system-wide, describe the area
using information such as watef
bodies, river miles, and road

intersections.

- local ZIP Code:
ZIP Code:

X regional 95064 counties!
Yolo

- system-wid¢g

Does your project fall on or adjacent to tribal lands?

Project



No.

(Refer to_California Indian reservations to locate tribal lands.)
If it does, list the tribal lands.

Has a proposal for this effort or a similar effort ever been submitted to CALFED for funding or to any other public agency for funding?
No.

If yes, complete the table below.
Status Proposal Title Funding Source Amount Comments

Has the lead scientist or principal investigator of this effort ever submitted a proposal to CALFED for funding or to any other public agency for fun
No.

If yes, provide the name of the project, when it was submitted, and to which agency and funding mechanism if was submitted. Also describe the o
and any other pertinent details describing the proposal's current status.

None to CALFED but numerous grants from NSF, NOAA, ONR over a 25 year career in UC.

All applicants must identify all sources of funding other than the funds requested through this solicitation to support the effort outlined in their prop
Applicants must include the status of these commitments (tentative, approved, received), the source, and any cost—sharing requirements. Succes
proposals that demonstrate multiple sources of funding must have the commitment of the non-Science Program PSP related funding within 30 de
notification of approval of Science Program PSP funds. If an applicant fails to secure the non-Science Program PSP funds identified in the propo
as a result has insufficient funds to complete the project, CBDA retains the option to amend or terminate the award. The California Bay-Delta Aut
reserves the right to audit grantees.

Requirements And

Status  Proposal Title  Funding Source  Period Of Commitment
Comments

Are you specifically seeking non—federal cost—share funds for this proposal?
No.

In addition to the general funds available, are you targeting additional funds set aside specifically for collaborative proposals?
No.

List people you feel are qualified to act as scientific reviewers for this proposal and are not associated with CALFED.

Full Name Organization Telephone E-Mail Expertise

Executive Summary

Provide a brief but complete summary description of the proposed project; its geographic location; project objective; approach to implement the p
hypotheses being tested; expected outcomes; and relationship to Science Program priorities. The Executive Summary should be a concise, inforr
stand-alone description of the proposed project. (This information will be made public on our website shortly after the closing date of this PSP.)

Plasticity and adaptation in life histories allow populations to persist in fluctuating environments. Steelhead exhibit a remarkable range of life histo
continue to decline in abundance throughout California. The research proposed here will examine (through models, laboratory experiments, and f
work) the hypothesis that alteration of the amount of water flow and the temporal pattern of its delivery in a watershed impact the life history trajec
selected by juvenile steelhead. Alteration of the complex linkage between life history strategies and survival potentially contributes to the continui
decline of steelhead populations. The mechanism underlying a particular trajectory is presumed to be an interacting function of growth rates, body
condition, and the temporal pattern of changes in these attributes during the first year of life. Growth opportunity is likely to be greatly modified by
changes in water flow, primarily through accompanying changes in temperature, available habitat, and food delivery in the form of drifting invertet
We will use a three—pronged approach of laboratory, field, and modeling studies to investigate the environmental factors that determine life histor
transitions and pathways for age-0 steelhead, how these patterns vary across different populations and watersheds, how modification in flow reg
impacts growth opportunity and subsequent life history decisions, and how these life history transitions affect population dynamics. Laboratory

experiments will examine the timing of decision windows that set an individual on one of three pathways: emigration at age—1, continued residenc
freshwater prior to emigration, or early maturation. Central Valley and central California coast populations will be used to assess population differe
growth responses and selected trajectories. Field studies will focus on the seasonal variability in environmental factors for age—0 steelhead in fou
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watersheds, two in the Central Valley and two on the central California coast. Physical parameters of temperature and flow rates, and biological
parameters of food availability and competitor density will be monitored throughout a three year time period. Growth rates will be measured in tag
to evaluate correspondence with expectations based on environmental factors. Data from lab and field studies will be incorporated into life cycle &
population models of California steelhead. Results of all three approaches will be used to develop predictive models of life history consequences
varying environmental conditions and water policy decisions. These scenarios will be valuable in assessing the implications of different water
management regimes for continued persistence of steelhead populations in freshwater ecosystems of the Central Valley and other California regi
work will thus focus on CalFed priority topic areas of ecological processes and their relationship to water management and key species and watel!
operations and biological resources. Furthermore, our work will provide tools and data to help achieve the CVPIA Section 3406(b)1 objective of d
populations of naturally produced salmonids.

Give additional comments, information, etc. here.
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Applicant

This proposal is for the Science Program 2004 solicitation as prepared by Mangel, Marc Steven.

The submission deadline is 2005-01-06 17:00:00 PST (approximately 5.0 hours from now).

after they are received.

Proposal updates will be disabled immediately after the deadline. All forms, including the signature form, must be completed, compiled and
acknowledged in order to be eligible for consideration and review. Allow at least one hour for Science Program staff to verify and file signatu

e pa

Instructions

Information provided on this form will automatically support subsequent forms to be completed as part of the Science PSP submission process. P
mindful of what information you enter and how it may be represented in the Personnel, Task and Budget forms. Please provide this information be

continuing to those forms.
All information on this page is to be provided for the agency or institution to whom funds for this proposal would be awarded.

This list comes from the project

Applicant Institution University of California Santa Cruz form.

Applicant Institution Type public institution of higher education

Institution Contact

Please provide information for the primary person
responsible for oversight of grant operation,
management, and reporting requirements.

Salutation Professor
First Name Marc
Last Name Mangel

AMS, UC Santa
Cruz

City Santa Cruz
State Or Province CA
ZIP Code Or Mailing Code 95064

8312342970
Include area code.

E-Mail msmangel@ucsc.edu

Street Address

Telephone

Additional information regarding prior applications submitted to CALFED by the applicant organization or agency and/or funds received from CALI

programs by applicant organization or agency may be required.

Applicant
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Personnel

This proposal is for the Science Program 2004 solicitation as prepared by Mangel, Marc Steven.

The submission deadline is 2005-01-06 17:00:00 PST (approximately 5.0 hours from now).

Proposal updates will be disabled immediately after the deadline. All forms, including the signature form, must be completed, compiled and
acknowledged in order to be eligible for consideration and review. Allow at least one hour for Science Program staff to verify and file signatufe pz
after they are received.

Instructions

Applicants must provide brief biographical sketches, titles, affiliations, and descriptions of roles, relevant to this effort, of the principal and support
project participants by completing a Personnel Form. This includes the use of any consultants, subcontractors and/or vendors; provide informatiol
form for all such people.

Information provided on this form will automatically support subsequent forms to be completed as part of the Science PSP submission process. P
mindful of what information you enter and how it may be represented in the Task and Budget forms.

Information regarding anticipated subcontractor services must be provided regardless if the specific service provider has been selected or not. If t
specific subcontractor has not been identified or selected, please list TBD (to be determined) in the Full Name field and the anticipated service tyj
Title field (example: Hydrology Expert).

Please provide this information before continuing to those forms.

Mangel, Marc, Ph.D.

This person is the Lead Investigator. Contact information for this person is required.

Full Name|Mangel, Marc, Ph.D. example: Wright, Jeffrey R., PhD.

Institution University of California Santa Cruz This list comes from the project form.

Professor of Applied Mathematics and Statistics, Director

Title Center for Stock Assessment Research

example: Dean of Engineering

Position
Classification|primary staff

Lead on the modeling, on connecting models with data, and|on
management implications

Responsibilitie

You have already uploaded a PDF file for this question. Revjew

Qualifications the file to verify that appears correctly.

Mailing Address|AMS, UC Santa Cruz
City |[Santa Cruz
State|CA
ZIP |95064
Business Phong8314595797
Mobile Phone|8312342970
E-Mail [msmangel@ucsc.edu

Describe other staff below. If you run out of spaces, submit your updates and return to this form.

Sogard, Susan, Ph.D.

example: Wright, Jeffrey R., PhD.
Full Name|Sogard, Susan, Ph.D.
Leave blank if name not known.

Institution [National Marine Fisheries Service Santa Cruz This list comes from the project form.
Laboratory
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Title Cruz Laboratory (NMFS/SCL)

Supervisory Research Fishery Biologist, NMFS Sant

aexample: Dean of Engineering

Position Classifi

cation primary staff

Responsibilitieq

execution

Field and laboratory experiment conceptualization afd

Qualifications

This is only required for primary staff.

You have already uploaded a PDF file for this question. Review
file to verify that appears correctly.

he

Titus, Robert G., Ph.D.

Full Nam

e|Titus, Robert G., Ph.D.

example: Wright, Jeffrey R., PhD.

Leave blank if name not known.

Institution This list comes from the project form.
Title Senior Environmental Scientist (senior supervisor), example: Dean of Engineerin
California Department of Fish and Game (CDFG) ple: 9 9
Position
Classification|primary staff

ResponsibilitiedField study conceptualization and execution

Qualifications

This is only required for primary staff.

You have already uploaded a PDF file for this question. Review the
verify that appears correctly.

Postdoctoral Researcher 1

Full Name

example: Wright, Jeffrey R., PhD.

Leave blank if name not known.

Institution

Santa Cruz

University of California This list comes from the project form.

Title |Postdoctoral researcher 1 |example: Dean of Engineering

Position
Classification|secondary staff

Responsibilitie

Work with Marc Mangel on

] developing the models

Qualifications

This is only required for primary staff.

Upload a PDF version of this person's resume that is no more than five pages long. To upload
resume, use the "Browse" button to select the PDF file containing the resume.

Postdoctoral Researcher 2
example: Wright, Jeffrey R., PhD.
Full Name
Leave blank if name not known.
Institution |National Marine Fisheries Service |This list comes from the project form.

Santa Cruz Laboratory

Title

Postdoctoral researcher 2

example: Dean of Engineering

Position

Classification|secondary staff

experiments

Work with Susan Sogard and Robeft
ResponsibilitiegTitus on laboratory and field

Qualifications

Titus, Robert G., Ph.D.

This is only required for primary staff.

file t
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Upload a PDE version of this person's resume that is no more than five pages long. T|
|upload a resume, use the "Browse" button to select the PDF file containing the resum

4

Postgraduate Research Assistant

Full Name

example: Wright, Jeffrey R., PhD.

Leave blank if name not known.

Institution

University of California Santa Cruz

This list comes from the project form.

Title

Postgraduate Research Assistant

example: Dean of Engineering

Position
Classification

secondary staff

Responsibilitie

data collection, organization and
assmilation

Work with Marc Mangel and PD1 on

Qualifications

This is only required for primary staff.

Upload a PDF version of this person's resume that is no more than five pages long.
upload a resume, use the "Browse" button to select the PDF file containing the resu

o

Laboratory Assistant

Full Name

example: Wright, Jeffrey R., PhD.

Leave blank if name not known.

Institution

National Marine Fisheries Service
Santa Cruz Laboratory

This list comes from the project form.

Title

Laboratory Assistant

example: Dean of Engineering

Position
Classification

secondary staff

Responsibilities

Work with Susan Sogard and Robe
Titus on field and experimental
studies

Qualifications

This is only required for primary staff.

Upload a PDF version of this person's resume that is no more than five pages long. T
upload a resume, use the "Browse" button to select the PDF file containing the resum

1%

Technician
example: Wright, Jeffrey R., PhD.
Full Name
Leave blank if name not known.
Institution University of California Santa Cruz This list comes from the project form.
Title |Technician example: Dean of Engineering
Position
Classification|secondary staff

Responsibilities

Work with Robert Titus on field
sampling and detailed analysis of fiq
samples

d

Qualifications

This is only required for primary staff.

Upload a PDF version of this person's resume that is no more than five pages long. T

O

14

upload a resume, use the "Browse" button to select the PDF file containing the resum

Postgraduate Research Assistant
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Conflict Of Interest

This proposal is for the Science Program 2004 solicitation as prepared by Mangel, Marc Steven.

The submission deadline is 2005-01-06 17:00:00 PST (approximately 5.0 hours from now).

Proposal updates will be disabled immediately after the deadline. All forms, including the signature form, must be completed, compiled and
acknowledged in order to be eligible for consideration and review. Allow at least one hour for Science Program staff to verify and file signatufe pz
after they are received.

Instructions

To help Science Program staff manage potential conflicts of interest in the review and selection process, we need some information about who w
directly benefit if your proposal is funded. We need to know of individuals in the following categories:

« Applicants listed in the proposal who wrote the proposal, will be performing the tasks listed in the proposal, or who will benefit financially
proposal is funded;
 Subcontractors listed in the proposal who will perform some tasks listed in the proposal and will benefit financially if the proposal is funde

Applicant University of California Santa Cruz
Submittor Mangel, Marc Steven
Primary Staff Mangel, Marc, Ph.D.
Primary Staff Sogard, Susan, Ph.D.
Primary Staff Titus, Robert G., Ph.D.
Secondary Staff*Postdoctoral researcher 1
Secondary Staff*Postdoctoral researcher 2
Secondary Staff*Postgraduate Research Assistant
Secondary Staff*Laboratory Assistant

Secondary Staff*Technician

Are there other persons not listed above who helped with proposal development?
No.

If there are, provide below the list of names and organizations of all individuals not listed in the proposal who helped with proposal development a
with any comments.
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Tasks

This proposal is for the Science Program 2004 solicitation as prepared by Mangel, Marc Steven.

The submission deadline is 2005-01-06 17:00:00 PST (approximately 5.0 hours from now).

Proposal updates will be disabled immediately after the deadline. All forms, including the signature form, must be completed, compiled and
acknowledged in order to be eligible for consideration and review. Allow at least one hour for Science Program staff to verify and file signatu
after they are received.

e pa

Instructions

Utilize this Task Table to delineate the tasks identified in your project description. Each task and subtask must have a number, title, brief descripti
task (detailed information should be provided in the project description), timeline, list of personnel or subcontractors providing services on each sj
task, and list of anticipated deliverables (where appropriate). When creating subtasks, information must be provided in a way that avoids duel pre
of supporting tasks within the overall task (i.e. avoid double counting). Information provided in the Task Table will be used to support the Budget F
Ensuring information regarding deliverables, personnel and costs associated with subtasks are only provided once is imperative for purposes of a
double counting of efforts within the Budget Form.

For proposals involving multiple institutions (including subcontractors), the table must clearly state which institutions are performing which tasks a

subtasks.
Task Start | End Personnel - .
D Task Name Month | Month Involved Description Deliverables
Mangel, Marc, Computer models,
Ph.D. Mangel and Post-doc, in consultation with Sogard and Titus|péer-reviewed journal
1 Extend Theory| *Postdoctoral |extend the theory of Thorpe et al to account for steelhead in [articles, final report to
of Thorpe et al|1 24 researcher 1  [California and will parametrize the models with data collecte¢iCalFED, presentations af
*Postgraduate |during the empirical work CalFed and other scientif
Research meetings
Assistant
Data analyses,
Mangel, Marc, dgvelppment of a databa
PhD. with flgld and
*Postdoctoral [The theory developed in Task 1 will be tested through experlme.ntal dgta,
2 Test the theory . - . peer—reviewed journal
25 36 researcher 1  |experimental and observational studies (Tasks 3-8_ ) )
. articles, final report to
Postgraduate .
CalFED, presentations af
Research o
: CalFed and other scientif
Assistant -
meetings
Conduct lab experiments designed to determine the influencg of
growth patterns on emigration at age 1 in juvenile steelhead,
Factors include two populations (Scott Creek and Battle Creg¢k)
and four ration treatments, with fish held at restricted levels |Final report to CalFed,
Sogard, Susan, ) . o .
except for a varying two month period of unlimited food presentations at CalFed
Laboratory Ph.D. S ) : . -
availability. Photoperiod will match the natural cycle of a latit{ated other scientific
3 Growth *Postdoctoral ) } . . S
. 17 mid-way between the two population locations, and temperdmeztings, publication in
Experiment 1 researcher 2 . . . . S
. will be moderate, matching those experienced on average byper-reviewed scientific
Laboratory : : S ;
- Scott Creek population. Measured variables will include monfjolyrnal
Assistant . . . .
growth rates in length and weight, behavioral assays of activjty
and aggression in mid-winter, Na+K+ATPase levels in April,
and responses to seawater challenges in April.
4 Laborator : Conduct lab experiments designed to determine the influengérafl report to CalFed,
Growth 17 29 Sogard, Susan,|growth patterns on emigration at age 1 in juvenile steelhead|presentations at CalFed

Experiment 2

Tasks

Ph.D.
*Postdoctoral
researcher 2
*Laboratory
Assistant

Factors include two populations (Scott Creek and Battle Cre
and four ration treatments, with fish held at restricted levels
except for a varying two month period of unlimited food
availability. Photoperiod will match the natural cycle of a latit
mid-way between the two population locations, and temperg
will be moderate, matching those experienced on average by

nd other scientific
meetings, publication in
peer-reviewed scientific
jdernal
tures

the

Battle Creek population. Measured variables will include moTtth
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growth rates in length and weight, behavioral assays of activj
and aggression in mid-winter, Na+K+ATPase levels in April,
and responses to seawater challenges in April.

ty

Sogard, Susan,

Conduct laboratory experiments to define the timing of the

Final report to CalFed,

Laboratory Ph.D. maturation decision window. Factors include two populations %rgcﬁentatlon_s at_(_:aIFed
. " . . . . : and other scientific
Maturation Postdoctoral |four ration treatments with variable timing of a switch to . S
. 29 36 . : . . megtlngs, publication in
Experiment researcher 2  |restricted rations. Measured variables include monthly length an . S
" ; - . . peer—reviewed scientific
Laboratory weight and gender and maturation status in April. :
- journal
Assistant
Sogard, Susan,
_IP_ITUZ Robert Final report to CalFed,
Field estimateg G P'h D Estimate seasonal densities of juvenile steelhead in two cenjmksentations at CalFed
of juvenile ST California coast creeks and two Central Valley rivers using [and other scientific
*Postdoctoral . - e . ST
steehead 1 36 researcher 2 snorkeling techniques supplemented by electro—shock fishingressdings, publication in
densities seining peer-reviewed scientific
*Postgraduate ;
journal
Research
Assistant
*Technician
Sogard, Susan,
P.h -D. Estimate seasonal patterns in food availability at four sites in Fezﬁ‘&% repqrt to CalFed,
. . Titus, Robert . . . . preSentations at CalFed
Field estimateg of four streams using standard benthic and drift sampling o
; G., Ph.D. . . ;i . . and other scientific
of invertebrate . techniques. Sampling will occur over four time periods per ygar .. S
" 36 Postdoctoral | . ; . meﬁtlngs, publication in
prey densities in each of three years, with one 48 hour sampling series for ¢ac . S
researcher 2 . : . peer—-reviewed scientific
. of the 16 sites during the 3 year period. :
Laboratory journal
Assistant
*Technician
Sogard, Susan,
Natural P.h D Estimate natural growth rates of juvenile steelhead in four st génrﬁl repqrt to CalFed,
Titus, Robert . . . Bresentatlons at CalFed
growth systems, using mark and recapture techniques in each of 3 ars; o
N G., Ph.D. g . ) ! and other scientific
variability in . Fish < 65 mm will be tagged with elastomer and fish > 65 mm . S
) X 1 36 Postdoctoral - . . . |[meetings, publication in
juvenile will be tagged with PIT tags. Recaptures will be conducted in . S
researcher 2 . . - L peer-reviewed scientific
steelhead . association with seining and electro—shock fishing efforts  |:
Laboratory journal
Assistant
*Technician

Tasks
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Budget

This proposal is for the Science Program 2004 solicitation as prepared by Mangel, Marc Steven.

The submission deadline is 2005-01-06 17:00:00 PST (approximately 5.0 hours from now).

Proposal updates will be disabled immediately after the deadline. All forms, including the signature form, must be completed, compiled and
acknowledged in order to be eligible for consideration and review. Allow at least one hour for Science Program staff to verify and file signatufe pz
after they are received.

Instructions

All applicants must complete a budget for each task and subtask. The Budget Form uses data entered in the Task Form, thus tasks should be en
starting this form. Failure to complete a Budget Form for each task and/or subtask will result in removal of the application from consideration for fi

CBDA retains the right to request additional information pertaining to the items, rates, and justification of the information presented in the Budget
Form(s).

Supporting details on how costs were derived for each line item must be included in the justification section for each item. The cost detail for eact
should include the individual cost calculations associated with each line item to provide the basis for determining the total amount for each budge
category.

Following are guidelines for completing the justification section of this form:

Labor (Salary &Wages)
Ensure each employee and associated classification is correctly identified for each task and subtask. This information will automatically |
provided once the Staff Form has been completed. Provide estimated hours and hourly rate of compensation for each position proposed
project.

Employee Benefits
Benefits, calculated as a percentage of salaries, are contributions made by the applicant for sick leave, retirement, insurance, etc. Provic
overall benefit rate and specify benefits included in this rate for each employee classification proposed in the project.

Travel
Travel includes the cost of transportation, subsistence, and other associated costs incurred by personnel during the term of the project. |
purpose and estimated costs for all travel. Reoccurring travel costs for a particular task or subtask may be combined into one entry. The
of trips and cost for each occurrence must be clearly represented in the justification section for reoccurring travel items of this nature.

Any reimbursement for necessary travel and per diem shall be at rates specified by the California Department of Personnel Administratic
similar employees (www.dpa.ca.gov/jobinfo/statetravel.shtm).

Equipment
Equipment is classified as any item of $5,000 or more and has an expected life of three years or more. Equipment purchased in whole o
with these grant funds must be itemized. List each piece of equipment and provide a brief description and justification for each.

Supplies
Provide a basic description and cost for expendable research supplies. Costs associated with GIS services, air photos, reports, etc. mus
separately and have a clear justification associated with each entry. Postage, copying, phone, fax and other basic operational costs assc
with each task and subtask may be combined unless the cost associated with one particular service is unusually excessive.

Subcontractor Services
Subcontractor services (Professional and Consultant services) include the total costs for any services needed by the applicant to comple
project tasks. Ensure the correct organization is entered in the Personnel Form so that it appropriately appears on the Budget Form. The
must provide all associated costs of all subcontractors (i.e. outside service providers) when completing this form. Applicants must be abl
demonstrate that all subcontractors were selected according to an applicant's institutional requirements for the selection of subcontracto
(competitive selection or sole source justification).

CBDA retains the right to request that a subcontractor provide cost estimates in writing prior to distribution of grant funds.

CBDA retains the right to request consultant, subcontractor, and/or outside service provider cost estimates in writing prior to distribution
grant funds.
Indirect Costs (Overhead)

Indirect costs are overhead expenses incurred by the applicant organization as a result of the project but are not easily identifiable with ¢
project. The indirect cost rate consists of a reasonable percentage of all costs to run the agency or organization while completing the pro
the cost and items associated with indirect costs. (These items may include general office expenses such as rent, office equipment, adm
staff, operational costs, etc. Generally these items are represented by the applicant through a predetermined percentage or surcharge st
from other specific costs of items necessary to complete a specific task or subtask.)
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https://solicitation.calwater.ca.gov/solicitations/2004.01
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If indirect cost rates are different for State and Federal funds, please identify each rate and the specific items included in the calculation |

rate.
Task 1, Extend Theory Of Thorpe Et Al: Labor Justification Amount
Mangel will spend one summer month and 15% of the academic
Mangel, Marc, Ph.D. developing the theory P7%r006
o - — —
*Postdoctoral Researcher %2%{;?;1;5@\@2&2%23 theory, fitting models to data, assisting 82087
*Postgraduate Research Assistar ibrary wprk, organizing data, and the simpler analyses; assisting T6895
ield studies when needed
Task 1, Extend Theory Of Thorpe Et Al: Benefits Justification Amount
Mangel, Marc, Ph.D.[13.5% summer, 15% academic year 11633
*Postdoctoral Researcher 125% calendar year 21218
*Postgraduate Research Assistan®2% calendar year 3717
Task 1, Extend Theory Of Thorpe Et Al: Travel Expenses Justification Amount
IPresent work 3000
Conferenceg
Task 1, Extend Theory Of Thorpe Et Al: Supplies And Justification Amount
Expendables
Other As required for project (software, phone, fax, paper) 3000
Task 1, Extend Theory Of Thorpe Et Al: Subcontractors Justification Amount
No subcontractor was assigned to this task.
Task 1, Extend Theory Of Thorpe Et Al: Equipment Justification Amount
Computers (2)Top of the line desktop machines needed for this work 11000
Task 1, Extend Theory Of Thorpe Et Al: Other Direct Justification Amount
Maintenance FeefRequired for all equipment at UCSC 30000
Task 1, Extend Theory Of Thorpe Et Al: Indirect (Overhead) Justification Amount
Indirect Costs UCS(#9% rate 102682

Task 1 Total| $370,239

Task 2, Test The Theory: Labor Justification Amount
Mangel, Marc, Ph.D.|As in task 1 39780
*Postdoctoral Researcher 1As in task 1 47800
*Postgraduate Research Assistapf\s in task 1 8415
Task 2, Test The Theory: Benefits Justification Amount
Mangel, Marc, Ph.D.|As in task 1 6660
*Postdoctoral Researcher ]As in task 1 11950
*Postgraduate Research Assistap\s in task 1 1851
Task 2, Test The Theory: Travel Expenses Justification Amount
IAs in task 1 1500
Conference$
Task 2, Test The Theory: Supplies And Expendables Justification Amount
Other Asintask 1 1500
Task 2, Test The Theory: Subcontractors Justification Amount
No subcontractor was assigned to this task.
Task 2, Test The Theory: Equipment Justification Amount
Task 2, Test The Theory: Other Direct Justification Amount
Maintenance FeefAs in task 1378
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Task 2, Test The Theory: Indirect (Overhead) Justification Amount
Indirect Costs At UCS(%49% 59207
Task 2 Total| $180,04]
Task 3, Laboratory Growth Experiment 1: Labor Justification Amount
Sogard, Susan, Ph.0100% salary paid by NMFS 0
*Postdoctoral Researcher 2100% calendar year on the details of laboratory and field work 22500
*Laboratory Assistant [100% calendar year on the details of laboratory and field project |17500
Task 3, Laboratory Growth Experiment 1: Benefits Justification Amount
Sogard, Susan, Ph.0OPaid by NMFS 0
*Postdoctoral Researcher $25% 5625
*Laboratory Assistant [25% 4375
Task 3, Laboratory Growth Experiment 1: Travel Expenses Justification Amount
0
Task 3, Laboratory Growth Experiment 1: Supplies And Justification Amount
Expendables
Other Tanks, plumbing, fish good, enzyme kits 5000
Task 3, Laboratory Growth Experiment 1: Subcontractors Justification Amount
No subcontractor was assigned to this task.
Task 3, Laboratory Growth Experiment 1: Equipment Justification Amount
One Aquarium Chiller UnifNeeded to maintain fish in the laboratory 5000
Task 3, Laboratory Growth Experiment 1: Other Direct Justification Amount
Task 3, Laboratory Growth Experiment 1: Indirect (Overhead) Justification Amount
UCSC/NMFS Partnership Cos}{26.4% 15810
Task 3 Total| $75,81(
Task 4, Laborator Growth Experiment 2: Labor Justification Amount
Sogard, Susan, Ph.0As in task 3 0
*Postdoctoral Researcher 2As in task 3 23175
*Laboratory Assistant |As in task 3 18025
Task 4, Laborator Growth Experiment 2: Benefits Justification Amount
Sogard, Susan, Ph.0As in task 3 0
*Postdoctoral Researcher 2As in task 3 5794
*Laboratory Assistant [As in task 3 4506
Task 4, Laborator Growth Experiment 2: Travel Expenses Justification Amount
Task 4, Laborator Growth Experiment 2: Supplies And Justification Amount
Expendables
Other Plumbing, fish food, videotapes, videosoftwre, enzyme kits 2000
Task 4, Laborator Growth Experiment 2: Subcontractors Justification Amount
No subcontractor was assigned to this task.
Task 4, Laborator Growth Experiment 2: Equipment Justification Amount
Task 4, Laborator Growth Experiment 2: Other Direct Justification Amount
Task 4, Laborator Growth Experiment 2: Indirect (Overhead) Justification Amount
UCSC/NMFS PartnershipAs in task 3 15869
Task 4 Total| $69,369
|Task 5, Laboratory Maturation Experiment: Labor Justification Amount
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Sogard, Susan, Ph.0As in task 3 0
*Postdoctoral Researcher 2As in task 3 23870
*Laboratory Assistant|As in task 3 18565
Task 5, Laboratory Maturation Experiment: Benefits Justification Amount
Sogard, Susan, Ph.0As in task 3 0
*Postdoctoral Researcher 2As in task 3 5968
*Laboratory Assistant |As in task 3 4642
Task 5, Laboratory Maturation Experiment: Travel Expenses Justification Amount
Task 5, Laboratory Maturation Experiment: Supplies And Justification Amount
Expendables
Other Plumkbing, fish food, videotapes, enzyme kits 2000
Task 5, Laboratory Maturation Experiment: Subcontractors Justification Amount
No subcontractor was assigned to this task.
Task 5, Laboratory Maturation Experiment: Equipment Justification Amount
Task 5, Laboratory Maturation Experiment: Other Direct Justification Amount
Task 5, Laboratory Maturation Experiment: Indirect Justification Amount
(Overhead)
UCSC/NMFS PartnershipAs in task 3 16342
Task 5 Total| $71,387
Task 6, Field Estimates Of Juvenile Steehead Densities: Labo Justification Amount
Sogard, Susan, Ph.0As in task 3 0
Titus, Robert G., Ph.D]100% salary paid by CDFG 0
*Postdoctoral Researcher 2As in task 3 23182
*Postgraduate Research Assistant
*Technician|Needed for field sampling and analysis 32000
Task 6, Field Estimates Of Juvenile Steehead Densities: Benefits Justification Amount
Sogard, Susan, Ph.0As in task 3 0
Titus, Robert G., Ph.D]100% paid by CDFG 0
*Postdoctoral Researcher 2As in task 3 5796
*Postgraduate Research Assistant
*Technician |25% 8000
Task 6, Field Estimates Of Juvenile Steehead Densities: Travel I
Justification Amount
Expenses
Other 8 trips to field sites 4000
Task 6, Field Estimates Of Juvenile Steehead Densities: Supplies I
Justification Amount
And Expendables
Temperature recorders, flow meters, snorkeling gear, data recordi%
. 00
Other|supplies
Task 6, Field Estimates Of Juvenile Steehead Densities: L
Justification Amount
Subcontractors
No subcontractor was assigned to this task.
Task 6, Field Estimates Of Juvenile Steehead Densities: -
. Justification Amount
Equipment
Task 6, Field Estimates Of Juvenile Steehead Densities: Other I
. Justification Amount
Direct
Task 6, Field Estimates Of Juvenile Steehead Densities: Indirect Justification Amount
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(Overhead)

UCSC/NMFS PartnershipAs in task 3 26374
Task 6 Total| $107,354
Task 7, Field Estimates Of Invertebrate Prey Densities: Labor Justification Amount
Sogard, Susan, Ph.0As in task 3 0
Titus, Robert G., Ph.DJAs in task 6 0
*Postdoctoral Researcher 2As in task 3 23182
*Laboratory Assistant |As in task 3 18030
*Technician|As in task 6 32000
Task 7, Field Estimates Of Invertebrate Prey Densities: Benefits Justification Amount
Sogard, Susan, Ph.0As in task 3 0
Titus, Robert G., Ph.DJAs in task 6 0
*Postdoctoral Researcher 2As in task 3 5796
*Laboratory Assistant|As in task 3 4508
*Technician|[As in task 8000
Task 7, Field Estimates Of Invertebrate Prey Densities: Travel L
Justification Amount
Expenses
Other 8 trips to field sties 4000
Task 7, Field Estimates Of Invertebrate Prey Densities: Suppligs Justification Amount
And Expendables
Invertebrate samplers, nets, collecting gear, sample processing
) 10000
Other|supplies
Task 7, Field Estimates Of Invertebrate Prey Densities: I
Justification Amount
Subcontractors
No subcontractor was assigned to this task.
Task 7, Field Estimates Of Invertebrate Prey Densities: L
) Justification Amount
Equipment
Task 7, Field Estimates Of Invertebrate Prey Densities: Other e L
. Justification Amount
Direct
Task 7, Field Estimates Of Invertebrate Prey Densities: Indirec I
Justification Amount
(Overhead)
UCSC/NMFS PartnershipAs in task 3 27010
Task 7 Total| $132,524
Task 8, Natural Growth Variability In Juvenile Steelhead: e
Justification Amount
Labor
Sogard, Susan, Ph.0As in task 3 0
Titus, Robert G., Ph.DJAs in task 6 0
*Postdoctoral Researcher 2As in task 3 23182
*Laboratory Assistant |As in task 3 18030
*Technician|As in task 6 32000
Task 8, Natural Growth Variability In Juvenile Steelhead: L
- Justification Amount
Benefits
Sogard, Susan, Ph.0As in task 3 0
Titus, Robert G., Ph.DJAs in task 6 0
*Postdoctoral Researcher 2As in task 3 5796
*Laboratory Assistant|As in task 3 4508
*Technician|As in task 6 8000
Task 8, Natural Growth Variability In Juvenile Steelhead: e L
Justification Amount
Travel Expenses
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Other 8 trips to field sites 4000
Task 8, Natural Growth Variability In Juvenile Steelhead: P
- Justification Amount
Supplies And Expendables
PIT tags, elastomer, seines, electroshock fishing accessory gear,
) 7000
Other|buckets, measuring gear
Task 8, Natural Growth Variability In Juvenile Steelhead: L
Justification Amount
Subcontractors
No subcontractor was assigned to this task.
Task 8, Natural Growth Variability In Juvenile Steelhead: L
. Justification Amount
Equipment
Task 8, Natural Growth Variability In Juvenile Steelhead: L
. Justification Amount
Other Direct
Task 8, Natural Growth Variability In Juvenile Steelhead: I
. Justification Amount
Indirect (Overhead)
UCSC/NMFS PartnershipAs in task 3 26856
Task 8 Total| $129,37
Grand Total |$1,136,091

— The indirect costs may change by more than 10% if federal funds are awarded for this proposal.

What is the total of non—federal funds requested?
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Life History Variation in Steelhead Trout and the Implications for Water Management

Marc Mangel

Center for Stock Assessment Research
and Department of Applied Mathematics
University of California

Santa Cruz, CA 95064

Susan Sogard

National Marine Fisheries Service
110 Shaffer Road

Santa Cruz, CA 95060

Robert G. Titus

California Department of Fish and Game
Native Anadromous Fish & Watershed Branch
Stream Evaluation Program

8175 Alpine Avenue, Suite F

Sacramento, CA 95826

Project Purpose

Steelhead (Oncorhynchus mykiss) exhibit a remarkable diversity of life histories. At the
end of their first year, steelhead follow three possible trajectories: smolt transformation and
emigration to the ocean, remaining in freshwater as immature parr, or precocious maturation.
Following the first year, multiple pathways are again possible, such as emigration or continued
freshwater residence. Some individuals never emigrate, thus becoming rainbow trout, the non-
anadromous form of O. mykiss. In contrast to other Pacific salmonids, steelhead are iteroparous
and may spawn over several years, returning to the ocean between each spawning. These life
history pathways are presumed to be the consequence of an interaction between genetic
thresholds and environmental context; i.e. the genetic program is cued by the environment.
Natural and artificial selection affect the genetic framework, and water policy and other
anthropogenic factors affect the environment.

This complexity of life histories makes understanding population dynamics and
environmental effects on steelhead very challenging. For example, fisheries science typically
focuses on analysis of annual cohorts (year classes) and how they fare as they progress through
their life span. However, steelhead progeny produced in a single year will very likely split into
many trajectories, inhibiting the tracking of birth cohorts. The returning run of adults will be
comprised of fish of different ages that have spent varying periods in freshwater and seawater,
making linkages of abundance to environmental conditions (i.e., flow rates in the birth year)
problematic. An improved understanding of how individuals arrive at a particular life history
pathway will greatly improve our ability to monitor and predict effects of changing environments
on steelhead populations. Our work will thus focus on CalFed priority topic areas of ecological
processes and their relationship to water management and key species and water operations and
biological resources. Furthermore, our work will provide tools and data to help achieve the



CVPIA Section 3406(b)1 objective of doubling populations of naturally produced salmonids.
Understanding the environmental conditions necessary for success of fish adopting different life
history strategies is also essential for CVPIA goals of restoring altered habitats and providing
water flows of appropriate timing to protect early stages of steelhead. In addition, the results will
be directly applicable to understanding ongoing anadromy vs. residency issues for O. mykiss,
such as reversals of life history types (switching across generations between anadromy and non-
anadromy, Zimmerman and Reeves 2000, Thrower et al. in press), the degree of genetic
relatedness and natural cross-mating, and the potential role of non-anadromous populations in
contributing to restoration of the anadromous life history.

The diversity of life histories in O. mykiss is a bet-hedging strategy promoting persistence
of populations in highly variable environments (Mangel and Clark 1988, Thorpe et al 1998).
However, despite this flexibility steelhead populations continue to decline in abundance. In
California, all but one Evolutionarily Significant Unit (ESU) of steelhead are currently listed as
either threatened or endangered under the Endangered Species Act. In the Central Valley,
declines are clearly linked to water management (McEwan 2001). Dam construction throughout
the Sacramento and San Joaquin watersheds eliminated approximately 82% of historical
spawning and rearing habitat (Yoshiyama et al. 1996 in McEwan 2001) and constrained
steelhead to spawning in lower elevations. However, the continuing decline of steelhead
populations 40+ years after the major period of dam construction suggests that other factors are
contributing to population losses. McEwan (2001) suggests 1) Increasing water exports by State
Water Project and Central Valley Project pumping facilities contribute to further degradation of
habitat quality in the remaining spawning and rearing locations accessible to steelhead. 2)
Density-dependent growth responses associated with reduced populations may increase the
proportion of steelhead that residualize (never migrate to the ocean). 3) Metapopulation
dynamics (Cooper and Mangel 1999) interacting with habitat loss may be contributing to
continuing abundance declines. In a dynamic system such as the Central Valley, extirpation of
small populations that occasionally replenish large populations or reduction of large source
populations that sustain smaller sink populations may lead to overall declines in total abundance
of the ESU.

In this project we will focus on determining and modeling the environmental conditions
that underlie the three pathways available to steelhead in their first year. Prior studies on
juvenile salmonids have demonstrated the influence of growth and lipid accumulation,
interacting with genetic factors, on timing of life history transitions (i.e., Thorpe et al. 1998).
Fast growth is typically associated with smolt transformation and emigration at age 1. Fish with
poor growth typically remain in freshwater for at least another year. Early maturation may occur
in fish that are able to both grow quickly and accumulate high levels of lipids. Once initiated,
these trajectories may be fixed, with limited opportunity to switch if conditions change.
However, major shifts in the environment can result in a high proportion of fish that have entered
an inappropriate pathway. Our overall hypothesis is that water flow levels and the temporal
pattern of water delivery have a major impact on growth opportunity and life history expression
in age-0 steelhead, which will echo through the rest of their life history and population dynamics.
Alteration of water flow patterns potentially disrupts the natural adaptive responses of juvenile
steelhead, resulting in reduced survival as fish make crucial mistakes in selected life history
trajectories. In order to reach CVPIA goals of increasing naturally produced salmonids, one
must understand how the environment affects the life history processes and how those processes
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are echoed through to production.

We propose investigating a series of questions concerning the factors determining the
timing of emigration in juvenile steelhead and the role of environment, particularly water flows,
in shaping this behavior. These include:

1) How does one modify the conceptual framework of Thorpe et al. (1998), which is

described below, to account for the relatively unique biogeography of California?

2) What predictions emerge from this modified framework?

3) What information do size distributions and growth rate provide about the probability

of migration?

4) How do coastal steelhead differ from Central Valley steelhead in these regards? Is

this evidence for local adaptation or developmental plasticity?

5) What are the implications of these results for the effects of water flows on steelhead

survival and migration?
We will address these questions from approaches of field studies, lab experiments, and modeling.

Background

Life-history strategies are the means by which organisms achieve successful reproduction
in varying environments. It is common to approach the study of life histories from two
perspectives. With the ultimate or functional perspective the goal is measuring fitness in terms
of representation in future generations. Ultimate considerations are post-hoc because they
attribute fitness to individuals at the completion of the particular phase of the life cycle and do
not attempt to characterize the mechanisms that animals use to achieve the optimum life history
pattern. The proximate or physiological perspective focuses on the developmental pathways that
are the consequences of individual responses to the opportunities offered by the environment.

Salmonid life histories are characterized by two developmental conversions: smolt
metamorphosis and maturation. Atlantic salmon Salmo salar typically spawn in autumn and first
feeding of the offspring is in the following spring (April/May). Determination of whether an
individual will undergo smolt metamorphosis the following spring (at age 1) occurs soon after
midsummer (Thorpe et al 1998), but this timing is not known for any other salmonids.
Regarding maturation, the key observation (Policansky 1983) is that fish with access to abundant
resources and stable conditions for development mature as soon as they are able to do so. Both
males and females have the potential to mature at age 0+ (typically described as ‘precocious’
maturation), but it is more commonly expressed in males. (However, in cases of landlocked
populations, both males and females mature without migration and at small size (13-15 cm); see
Behnke (2002) pg 243 for an example.)

Thorpe et al. (1998, also see Mangel 1994) developed an approach to understanding the
life history of Atlantic salmon that combines ultimate (evolutionary) and proximate
(physiological) considerations. In this approach, fish life histories are regulated by inhibition (of
smolt metamorphosis and of maturation) or the release of inhibition at certain points in the
calendar year (decision windows). Whether or not inhibition is released depends on projections
of physiological state into the future, based on current information (Fig. 1). This framework has
been successfully applied to Atlantic salmon in both North America and Europe, and to chinook
salmon Oncorhynchus tschawytscha in British Columbia and Washington respectively (W.
Dickhoft, presentation to the Recovery Science Review Panel, 30 Aug 04, using data from
Beckman et al (2003) and Larsen et al (2004)).



Experimental studies have elucidated the importance of early growth rates and the
position of an individual along an expected growth trajectory in shaping the probability of early
maturation and/or migration, as well as the timing of emigration for anadromous individuals,
with the following general sequence for Atlantic salmon (outlined in Thorpe et al. 1998). In the
spring, a maturation switch occurs in which current energetic state (lipid reserves) and the rate of
change in state are compared with a genetically determined maturation threshold. Individuals
exceeding the threshold adopt a pathway of early maturation. Near the end of their first summer,
juveniles enter a second decision window of assessment of internal state (body size) and its rate
of change (i.e. growth rate). If the threshold is exceeded, the individual adopts a migratory
pathway and continues to feed and have high activity levels during the winter in preparation for
smolting in the spring. If the threshold is not attained, the individual adopts a non-migratory
pathway, reducing its activity and thus its vulnerability during the winter. Following this
decision, the population in general will divide into two size modes as fish on the emigrating
pathway continue to increase in size relative to the non-emigrating mode. Fish that have adopted
the maturation pathway do not initiate the emigration process. As a consequence of these life
history decisions, fast growing age-0 individuals with high lipid accumulation may mature as
parr, individuals growing at moderately fast rates are likely to undergo smolt transformation in
the spring and emigrate at age 1, and the slowest growers remain in the stream for another year,
again entering the maturation and emigration decision windows at their respective times.

The relevance of this framework for steelhead populations has not been previously
assessed. There is evidence of at least moderate heritability of early maturation, smolting timing,
and growth in steelhead (Thrower et al. in press), providing support for the concept of varying
genetic thresholds for life history transitions. Here we focus on the environmental factors
underlying the expression of different pathways. Although steelhead and Atlantic salmon share a
similar repertoire of life history strategies and variability in those strategies, we believe the
situation of steelhead in California is different. Atlantic salmon on a life history pathway of
delaying emigration until age 2 reduce activity and feeding in winter, presumably as a means of
reducing predation risk during a period of poor growth opportunity due to cold temperatures and
low food availability. A similar response is evident in steelhead populations of Vancouver
Island, where fish reduce growth rates in winter even when provided with elevated temperatures
and unlimited food (Johnsson et al. 1993). Johnsson et al. (1993) suggested that high feeding
activity in winter was maladaptive due to the associated risk and costs. However, for some
California populations it is winter, rather than summer, that is the good growing season and
summer may be the harshest season, from the perspective of growth (Merz 2002, Fig. 2). Thus,
the timing of life history decisions in southern populations of steelhead is not necessarily
comparable to Atlantic salmon, despite their similarity of plasticity in life histories. Models
developed for Atlantic salmon may be more applicable in current form to northern populations of
steelhead, which experience much harsher winter conditions. Furthermore, steelhead
populations within California may experience very different biogeographic conditions. For
example, preliminary studies of the four systems to be examined in this study found extreme
differences in early growth rates and likely proportions of age-1 emigrants between the central
coast and Central Valley. Development of appropriate life history models will require detailed
comparisons of contrasts between the two regions. Most of our knowledge of steelhead ecology
has been derived from northern populations. However, local adaptation of steelhead appears to
be extensive; high levels of genetic differentiation among stream systems has been observed for
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both the Central Valley (Nielsen et al. 2003) and along the entire coast of California (Garza
2004). Thus, we expect to see many contrasts between California steelhead and northern
residents, as well as contrasts among streams within California

The central role of early growth in determining life history trajectories provides a
tractable means of generating the empirical data necessary to develop life cycle models for
California steelhead and for using these models to understand the effects of water policy on
steelhead population dynamics. Our overall focus is to understand the mechanisms underlying
variability in potential growth rates and how different factors impact growth and consequent life
history pathways. As outlined below, we believe management decisions affecting the growth
environment, including habitat availability, food delivery via drift, and physical conditions such
as temperature, can dramatically alter the natural distribution of life history patterns exhibited in
steelhead populations. Development of appropriate, well-supported life history models for
steelhead will be useful for both improved management of water resources for threatened
populations and improved predictive capabilities for future environmental impacts such as global
warming and drought regimes.

A notable exception in which California steelhead have been intensively studied is the
analysis of Waddell Creek fish in the 1930s and 1940s (Shapovalov and Taft 1954). This
detailed account provides invaluable data on variability in the proportions of different life history
pathways over a ten year time period in a relatively pristine system on the central coast. For
example, based on scale analyses of returning adults, approximately 10% of individuals
surviving to adulthood migrated to sea in their first year, with most survivors emigrating at age 2
(69%) or age 3 (19%) (Fig. 3). Although their results from a downstream migrant trap did not
directly measure emigration (many fish caught moving downstream may actually have remained
in the creek another year), they are suggestive of a proportion higher than 10% for fish entering
the ocean at age 1. Mortality rates of salmonids in general appear to increase immediately after
ocean entry and are size-selective, with smaller fish less likely to survive (Ward and Slaney
1988, Holtby et al. 1990, Beamish and Mahnken 2001). Because size at emigration increases
with freshwater age, individuals emigrating at older ages are more likely to survive the initial
period of ocean residence (Ward and Slaney 1988). In Central Valley populations such as the
American and Mokelumne rivers, growth during the first year is markedly higher than in central
coast populations (Merz 2002, Fig. 2), likely resulting in a high proportion of fish emigrating at
age 1 (Titus, unpublished data). The proportion of age-1 emigrants prior to dam construction
and extensive habitat alteration in these systems is unknown. Clearly a significant trade-off is
evident between survival to age 2+ in freshwater and size-selective survival upon ocean entry.
Individuals remaining in the stream for a second year of growth must survive through the highly
variable flow conditions present in winter. Likewise, emigrating fish must survive the initial
gauntlet of predators awaiting them as they enter marine habitats.

Preliminary results:

In field collections of age-0 steelhead in Soquel Creek, we have not observed the bimodal
size distributions in fall/winter that seem common in Atlantic salmon. Thus, this population does
not appear to split into two life history trajectories prior to winter. Based on our direct
measurements of growth rates (Fig. 2) and indirect estimates based on size-frequency
distributions, growth in Soquel Creek is inhibited in summer but increases during winter/spring,
opposite to the pattern typical of more northern populations of steelhead (Johnsson et al. 2003)



and Atlantic salmon (Thorpe et al. 1998). Similar reversed seasonal patterns of growth have
been observed in Scott Creek (Sean Hayes, NMFS, unpublished data), and Merz (2002) observed
higher gut fullness levels in winter than other seasons for steelhead in the Mokelumne River. In
academic year 2002-03, two of us (Mangel and Sogard) sponsored a senior thesis student who
conducted preliminary studies in the lab examining some of the ideas of the life history models
developed for Atlantic salmon by Thorpe et al (1998). On the theoretical side, the framework of
Thorpe et al (1998) was modified, based on a literature review (Fig. 4). The results (Atcheson
2003) demonstrate the expected size relationship with spring Na K ATPase levels but
unexpected patterns of behavior of non-emigrating fish (Fig. 5). Fish that were initially large in
size (>130 mm in January) had significantly higher ATPase levels in April than smaller fish (<
100 mm in January), suggesting a higher probability of smolt transformation and emigration.
One result was that low ration levels appeared to reverse the life history decision for some large
fish. For large fish held on high rations, 76% had ATPase levels > 3.0, our index of seawater
readiness, in contrast to 43% for large fish held on low rations. None of the small fish had
elevated levels of the gill enzyme. General behavi