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Life history strategies in Oncorhynchus mykiss: interactions between anadromous and resident forms. 

Section 3. Project description

Provide project detail for headings a through g. 

a. Abstract

Oncorhynchus mykiss in the Snake River basin may exhibit multiple life history forms (Behnke 1992).  Anadromous and resident fish are known to spawn in the spring while resident fish may spawn in the fall.  The extent to which these forms interact is unknown (see Zimmerman and Reeves 2000).  More specifically, it is unclear how much resident forms may contribute to future generations of anadromous fish.  The proposed project is designed to evaluate the relationship and interactive potential between anadromous and resident forms of O. mykiss.  In clinical trials, this project proposes to test whether and to what extent resident O. mykiss adults can produce anadromous progeny.  As a natural occurrence, this project also proposes to assess the degree to which resident and anadromous forms of O. mykiss contribute to subsequent generations of resident and anadromous O. mykiss.  Finally, this project proposes to begin describing the occurrence of fall spawning in O. mykiss and the potential of progeny from such spawning to contribute to the anadromous form. 

b. Justification as high priority

In 1997, the anadromous form of O. mykiss in the Snake River basin was listed as threatened under the federal ESA.  In 2000, the anadromous form of O. mykiss in the Snake River basin was protected under the federal ESA (NOAA 2000).  These fish are at a relatively high risk of extinction, recovery planning is underway, and managers have begun to implement conservation efforts.  In general, efforts to prevent the extinction of anadromous O. mykiss are being implemented with very poor understanding of the relationship between resident and anadromous forms (see NOAA 1997).  Information on this relationship would greatly expand the flexibility of biologists to manage many steelhead populations and to better understand population management units.  For recovery to be efficient and successful it is necessary to understand this relationship.  Thus, it is necessary to conduct the proposed project as quickly as possible.  

The logistic feasibility of conducting this work successfully is extremely high.  A great deal of pilot work has already been conducted.  Planning for the proposed project is nearly complete.  The final steps in this planning are dependent on securing funding and positions for the work.  Federal authorization to take listed fish has already been obtained.  Much of the work is on federal or state land, where access has been granted.  The limited access to private land that is necessary for this project has also been obtained.  Pilot work is ongoing and the proposed project could start on or before September, 2001.
Ideally, the project would last though 2008 (to provide for sufficient replication and lasting through the returns of released fish and final data analysis).  However, funding for FY 2001 would allow for archived samples and data to be analyzed.  This would provide managers with valuable information, immediately.  Funding for FY 2001 would also allow for a continuation of preliminary work that is critical to the success of this type of investigation, with the hope that longer-term funding could be obtained in the future.

c. Rationale and relationship to criteria for high priority projects adopted in the 2000 Fish and Wildlife Program

In general, the number of naturally-produced adult steelhead (Oncorhynchus mykiss) returning to the Snake River basin has declined over the past several decades (Busby et al. 1996).  This trend is reflected by adult summer steelhead returning to the Grande Ronde and Imnaha river subbasins in NE Oregon.  The Lower Snake River Compensation Plan (LSRCP) was developed in 1976 to compensate for losses of anadromous salmonids in the Snake River basin that resulted from construction of the lower four mainstem dams.  The LSRCP focuses on the use of artificial propagation.  Releases of approximately 1.35 million and 330 thousand smolts occur annually into the Grande Ronde and Imnaha river subbasins, respectively.  These releases, in turn, provide adults that return to these subbasins.  Despite the returns of hatchery fish, the number of naturally-produced steelhead in the Grande Ronde and Imnaha river subbasins has remained low (see Whitesel et al. 1998).  Natural population sizes are low enough that, in 1997, the National Marine Fisheries Service listed these fish as threatened under the Endangered Species Act (ESA) (NOAA 1997). 

In 2000, the anadromous form of O. mykiss in the Snake River basin was protected under the federal ESA (NOAA 2000).  These fish are at a relatively high risk of extinction, recovery planning is underway, and managers have begun to implement conservation efforts.  In general, efforts to prevent the extinction of anadromous O. mykiss are being implemented with very poor understanding of the relationship between resident and anadromous forms.  If resident and anadromous forms of O. mykiss exist in some type equilibrium, the proposed project would provide information to assist in evaluating the likely outcomes of ongoing and future actions.  For example, hatchery practices associated with O. mykiss are likely to focus around locally-adapted broodstocks.  Results from the proposed study will help managers assess whether they can use resident O. mykiss as a source of locally-adapted broodstock.  In addition, an improved understanding of the relationship between resident and anadromous forms of O. mykiss will help managers identify potential actions to assist in recovery and conservation efforts.  Information on this relationship would greatly expand the ability of biologists to manage many O. mykiss populations and to understand the appropriate management units.  For recovery to be efficient and successful it is necessary to understand this relationship.
The proposed project may help to identify, indirectly, factors that change the condition of the species.  Recent analyses suggest that the federal hydropower system in the Columbia and Snake river basins has created a situation in the migratory corridor of anadromous fish which makes it difficult for them to survive (Schaller et al. 1999).  In the Snake River basin, overall survival for the anadromous form of this species is so poor that recruitment processes appear to be inadequate for these fish to sustain themselves (Whitesel et al. 1998).  In these O. mykiss populations, the resident form may function in a dynamic equilibrium with the anadromous form.  Evidence is beginning to accumulate which suggests that the balance between anadromous and resident O. mykiss forms (particularly for males) may be shifting towards residency.  For example, in the Imnaha River subbasin, resident forms of O. mykiss appear to be relatively healthy.  In addition, recent returns of natural-origin, anadromous adults to a tributary of the Imnaha River have been greater than 75% female (J. Hesse, Nez Perce Tribe, personal communication).  This anecdotal information suggests that resident fish may be a natural reserve for the anadromous form.  The proposed project may help identify if and to what extent there may be an equilibrium relationship in the production of resident and anadromous forms within an O. mykiss population as well as identify any factors that might influence how this equilibrium is expressed.

Given its status as threatened under the Endangered Species Act (ESA), certain actions are likely to be implemented to help recover the anadromous form of O. mykiss.  If resident and anadromous forms of O. mykiss exist in some type equilibrium, the proposed project would provide information to assist in evaluating the likely outcomes of ongoing and future actions.  For example, hatchery practices associated with O. mykiss are likely to focus around locally-adapted broodstocks.  Results from the proposed study will help managers assess whether they can use resident O. mykiss as a source of locally-adapted broodstock.  In addition, an improved understanding of the relationship between resident and anadromous forms of O. mykiss will help managers identify potential actions to assist in recovery efforts.

The proposed project does not focus on habitat issues.  However, changes in environmental conditions may have a great influence on the relationship or equilibrium between resident and anadromus forms of O. mykiss.  This project may help managers better understand which conditions promote residency and which conditions promote anadromy.

d. Relationships to other projects 
Declines of O. mykiss populations, particularly the anadromous forms, have been linked to the existence and operation of the federal hydropower system.  The Power Act was established, at least in part, as a result of the operation of this system.  The Northwest Power Planning Council (NPPC) serves as the nexus between fish and wildlife managers in the northwest and the Power Act.  Specifcally, this study addresses life history, production and supplementation issues identified by the Northwest Power Planning Council under sections 2.2A, 3.2D, 4.1A, 7.4A, 7.4O and 10.8A of their management plan (NPPC 1994).

The proposed project is related to numerous other projects.  The Lower Snake Compensation Plan (LSRCP) of the US Fish and Wildlife Service has is mandated to compensate for losses of steelhead that resulted from the construction and operation of the four dams on the lower Snake River.  The LSRCP focuses on artificial propagation to try and achieve this compensation.  The LSRCP funded initial pilot work on this project and LSRCP personnel will continue to collaborate on the work.  As well as helping to integrate goals and objectives, this collaboration may also provide some in-kind cost share.  As noted previously, these Snake River steelhead are protected under the federal ESA.  Ongoing Recovery Plan development as well as existing Biological Opinions indicate that better population assessments and improved hatchery operations may be critical to recovery efforts.  In addition, the Oregon Plan for Salmon and Watersheds as well as plans and initiatives put forth by the Oregon Department of Fish and Wildlife, the Confederated Tribes of the Umatilla Reservation (CTUIR) and the Nez Perce Tribe (NPT) are working toward accurate assessments of populations, hatchery modifications and a focusing on recovery of listed fish.  This project would be intimately linked to ongoing ODFW, CTUIR, and NPT projects designed to monitor steelhead adults and juveniles in the Snake River basin of Oregon as well as understand the early life history of O. mykiss.  The proposed project will provide information that is necessary to adequately assess the status of O. mykiss populations and manage natural populations as well as information that may provide options for hatchery reforms. 
e. Proposal objectives, tasks and methods
Background:

Pacific trout (O. mykiss) exhibit distinct life history forms as either anadromous (steelhead) or resident (rainbow) fish (Behnke 1992).  However, there is significant overlap in many of the ecological and genetic characteristics of rainbow and steelhead trout, especially in sympatric demes (Busby et al. 1996, Nielsen et al. 1997).  Rainbow and steelhead trout can be hybridized artificially (Johnsson et al. 1993) and probably hybridize naturally.  Progeny from steelhead crosses, rainbow and steelhead hybrids, as well as from rainbow crosses can exhibit seawater adaptability (Johnsson et al. 1994) and progeny of rainbow trout have been used to develop seawater culture programs (Gorie 1993).  Hatchery origin steelhead are also known to produce resident trout (Jonasson et al. 1994) and, in the natural environment, resident fish may give rise to anadromous progeny (Northcote 1992, Zimmerman and Reeves 2000).  

Generally, anadromous and resident O. mykiss are managed as two distinct entities.  This follows from the underlying belief that the life history strategy (or form) is largely heritable (Neave 1944) (also see Jordan and Evermann 1905, Behnke 1992) and that one form has very little impact on the population dynamics of the other form.  However, in streams that contain both, reports have indicated that anadromous and resident forms are not distinguishable genetically (for examples see Allendorf 1975, Leider et al. 1995, Currens et al. 1987, 1990).  It is also certain that the environment has a regulatory effect over the development of anadromous fishes.  For example, juvenile size and growth rate have been shown to influence smolt development and higher latitudes tend to produce smolts that are older and more variable in age than lower latitudes (XXX).  Genetic and environmental factors appear to act in a complex manner that may permit a production equilibrium to exist between anadromous and resident forms within a given population of O. mykiss.
Objectives 

Goals and Objectives:

The goal of this project is to provide information that will allow biologists to better understand the relationship between the various life history forms exhibited by O. mykiss.  This goal will be approached from two perspectives.  First, this project proposes to explore the potential of the various forms of O. mykiss to be reproductively interactive by examining the heritability of anadromy and residency through both field and laboratory investigations.  Second, this project proposes to explore the potential of the various forms of O. mykiss to be reproductively interactive by examining their spawning behavior in the natural environment.

The first objective of the study is to determine if and to what extent resident O. mykiss adults can produce anadromous progeny.  The second objective of the study is to evaluate the relative proportion of anadromous O. mykiss that are produced by resident and anadromous forms.  The third objective of the study is to evaluate the relative proportion of resident O. mykiss that are produced by resident and anadromous forms.  The fourth objective of the study is to evaluate the relative proportion of general O. mykiss production that is produced by resident and anadromous forms.  The fifth objective of study is to explore whether a relationship may exist between fall spawning and other forms of O. mykiss.  The initial phase of the project (initiation of the experiment) would last for three years (September, 2001 – August, 2004) and would include sample and data collection, breeding and preliminary analysis and reporting.  The second phase of the project (analysis of the experiment) would last for four years (September, 2004 – August, 2008) and include final releases of smolts from the breeding experiment (2005), returns of steelhead adults through 2008, final analysis and reporting. 


Tasks and Methods 

Objective 1:  Determine if and to what extent resident O. mykiss adults can produce anadromous progeny.
Approach:  The plasticity in the life history characteristics of O. mykiss may be conducive to the production of anadromous progeny from resident adults.  The experimental design calls for the collection anadromous and resident forms of mature O. mykiss from the same stream or streams.  Gametes from these fish would be crossed to generate embryos from anadromous parents only, resident parents only as well as anadromous and resident parents combined.  Samples of the resulting embryos and juveniles would be reared under environmental conditions mimicking a steelhead smolt program.  The performance of each of these treatments would be evaluated with regard to life history characteristics associated with anadromy.  In a pilot investigation, broodstock were collected in the spring of 1998, 1999, and 2000.  Many of the smolt characteristics exhibited by progeny from crosses of rainbow and steelhead trout adults were similar to those exhibited by progeny from steelhead adults. This preliminary data suggest that, in some cases, resident rainbow and anadromous steelhead trout may be equally capable of producing anadromous progeny.
Broodyear 2000

Task 1.1:  Monitor for smolt migration of residuals.

Schedule:  March - September, 2002.

Broodyear 2001

Task 1.2:  Complete rearing at Irrigon Fish Hatchery (IFH).

Schedule:  October, 2001 – May, 2002.

Task 1.3: To identify the hatchery origin of the fish, excise the adipose fin from all juveniles that will be released.

Schedule:  January, 2002.

Task 1.4:  To assess smolt-to-adult survival rates (if numbers of progeny are sufficient for statistical purposes) mark juveniles with coded-wire tags (CWTs).

Schedule:  January, 2002.

Task 1.5:  To assess smolt migration, tag juveniles with passive integrated transponders (PIT).

Schedule:  January, 2002.

Task 1.6:  To assess smolt development, sample morphological and physiological characteristics of the juveniles.

Schedule:  January – May, 2002.

Task 1.7:  Release the fish to allow them to migrate as smolts.

Schedule:  May, 2002.

Task 1.8:  Monitor the smolt migration of the fish through screw traps as well as Snake and Columbia river dams.

Schedule:  May - September, 2002.

Task 1.9:  Transfer physiological samples and have them analyzed (i.e. for gill Na+/K+ ATPase activity).

Schedule:  June - September, 2002.

Broodyear (BY) 2002

Task 1.10:  Identify locations, times and methods to sample.

Schedule:  October – December, 2001.

Task 1.11:  Collect resident and anadromous fish for broodstock.

Schedule:  April - June, 2002.

Task 1.12:  Spawn broodstock.

Schedule:  April - June, 2002.

Task 1.13:  Initial incubation of embryos at Wallowa Fish Hatchery (WFH).

Schedule:  April - July, 2002.

Task 1.14:  Transfer embryos to IFH.

Schedule:  May - July, 2002.

Task 1.15:  Final incubation of embryos, hatching, early rearing of juveniles at IFH.  Fish will be programmed for release as yearling smolts at a mean size of 205 mm fork length (5 fish per pound).

Schedule:  May - September, 2002.

General

Task 1.16:  Summarize data and, if appropriate, conduct preliminary analysis.

Schedule:  October, 2001 – September, 2002.

Task 1.17:  Write a chapter in an annual progress report.

Schedule:  May – September, 2002.

Task 1.18:  Continue to review literature on the topic.

Schedule:  October, 2001 – September, 2002.

Objective 2:  Evaluate the relative proportion of anadromous O. mykiss that is produced by resident and anadromous forms.  Evaluate the relative proportion of resident O. mykiss that is produced by resident and anadromous forms.  Evaluate the relative proportion of general O. mykiss production that is produced by resident and anadromous forms.
Approach:  The dynamics of an O. mykiss population are likely influenced by the relationship between resident and anadromous forms.  In addition, it is possible that equilibrium between resident and anadromous production in a given population is influenced by environmental conditions.  The experimental design calls for the collection anadromous and resident forms of both adult and juvenile O. mykiss.  Otoliths would be collected from these fish.  The relative amounts of Sr and Ca in various sections of these otoliths would be measured.  Sr:Ca ratios, particularly in the core region of the otolith, would be used to determine the maternal origin.  The relative proportion of known anadromous juveniles, anadromous adults, resident juveniles, and resident adults (respectively) that had either resident or anadromous mothers would be determined.  In addition, the relative proportion of the young-of-the-year population of O. mykiss that had either resident or anadromous mothers would also be determined.  Pilot work has been conducted to verify the utility of the methodology.  Fish of known maternal origin as well as water samples from various streams in the Snake River basin of Oregon were collected.  Sr:Ca ratios were evaluated from otoliths and from water samples.  The preliminary data suggest that otolith microchemistry would be a useful tool o address this objective.
General

Task 2.1:  Identify locations, times and methods to sample.

Schedule:  October, 2001 – September, 2002.

Task 2.2:  Sample to collect otoliths from know anadromous juveniles.

Schedule:  March - June, 2002.

Task 2.3:  Sample to collect otoliths from know resident juveniles.

Schedule:  March - June, 2002.

Task 2.4:  Sample to collect otoliths from know anadromous adults.

Schedule:  March - June, 2002.

Task 2.5:  Sample to collect otoliths from know resident adults.

Schedule:  March - June, 2002.

Task 2.6:  Sample to collect otoliths from BY 2002, young-of-the-year (YOY) O. mykiss.

Schedule:  August - September, 2002.

Task 2.7:  Catalog otolith samples.

Schedule:  August - September, 2002.

Task 2.8:  Transfer otoliths for Sr and Ca analysis.

Schedule:  October, 2001 - September, 2002.

Task 2.9:  Summarize data and, if appropriate, conduct preliminary analysis.

Schedule:  October, 2001 – September, 2002.

Task 2.10:  Write a chapter in an annual progress report.

Schedule:  July – September, 2002.

Task 2.11:  Continue to review literature on the topic.

Schedule:  October, 2001 – September, 2002.

Objective 3:  Explore whether a relationship may exist between fall spawning and other forms of O. mykiss.
Approach:  The dynamics of an O. mykiss population are likely influenced by the relationship between resident and anadromous forms and, within a population, some type of equilibrium probably exists between resident and anadromous production.  Although it is generally believed that most O. mykiss in the Snake River basin spawn in the spring, resident fish are capable of spawning throughout the year, particularly in the fall.  If fall spawning occurs, progeny of these fish may also play a role in the equilibrium between resident and anadromous production.  The experiment is designed to assess whether O. mykiss spawn in the fall and whether juveniles produced from fall spawning residents may interact with and contribute to the anadromous form of the population.  Spawning ground surveys would be conducted in the fall to determine the time, locations and environmental conditions associated with spawning.  Surveys for emerging fry would also be conducted to determine the location and time of emergence.  Anecdotal observations from recent studies suggest that some O. mykiss in the Snake River basin of Oregon do spawn in the fall.  Ripe males have been observed in numerous tributaries throughout the fall and the occurrence of ripe females has also been documented.  Juvenile O. mykiss have been observed at a time and size that may suggest these fish were progeny of fall spawners.  These juveniles coexisted with other juvenile O. mykiss that were believed to be progeny form spring spawning O. mykiss.  Previous surveys conducted in the mid 1960’s also reported the occurrence of fall spawning O. mykiss in the Snake River basin of Oregon.  This preliminary information suggests that fall spawning O. mykiss may influence the equilibrium between resident and anadromous production.
General

Task 3.1:  Identify locations (index streams), times and methods to sample.

Schedule:  October, – December, 2001.

Task 3.2:  Conduct spawning ground surveys.

Schedule:  October - November, 2001, and August -September, 2002.

Task 3.3:  Conduct surveys to sample YOY O. mykiss.  To analyze growth patterns, collect scales from these fish.

Schedule:  June – September, 2002.

Task 3.4:  Mount, press and read scales.

Schedule:  June – September, 2002.

Task 3.5:  Collect and summarize data on the annual environmental conditions in each stream.

Schedule:  October, 2001 – September, 2002.

Task 3.6: Summarize data and, if appropriate, conduct preliminary analysis.

Schedule:  October, 2001 – September, 2002.

Task 3.7:  Write a chapter in an annual progress report.

Schedule:  July – September, 2002.

Task 3.8:  Continue to review literature on the topic.

Schedule:  October, 2001 – September, 2002.
f. Facilities and equipment
The breeding experiment would make use of current Lower Snake River Compensation Plan (LSRCP, US Fish and Wildlife Service) facilities (Wallowa and Irrigon fish hatcheries) for spawning, rearing and release of O. mykiss.  These are state-of-the-art facilities for culturing salmonids.  LSRCP programs and protocols are currently in place that would allow for adequate tagging and monitoring of tagged fish.  Dams in the mainstems of the Snake and Columbia rivers are outfited to allow us to monitor the downstream movement of PIT-tagged fish.  Pilot work has already been conducted and the equipment necessary for sampling both otoliths and smolt physiology is already in place.  With the exception of an electrofisher, which would need to be purchased, equipment to collect or survey fish already exists.  In general, computers and software necessary to complete the project already exist.  However, in an effort to be more rigorous, we propose to purchase more powerful statistical software than what we currently use.  Laboratory and office space as well as vehicles are available to rent. 
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Section 4. Key personnel

Dr. Richard Ewing, Consultant:  Dr. Ewing is currently the owner and operator of BioTech, a consulting company focused on conducting physiological analyses on fish tissues.  Prior to his current position, Dr. Ewing was a long time employee with the Oregon Department of Fish and Wildlife where his work focused on the biology of various salmonids.  Dr. Ewing will analyze tissue (i.e. for gill Na+/K+ ATPase activity) collected during this project to evaluate the smolt status of juvenile O. mykiss.  

Mr. Michael Flesher, Natural Resource Specialist 2:  Mr. Flesher has more than 15 years of experience working for the Oregon Department of Fish and Wildlife.  The majority of his work has focused on anadromous salmonids in NE Oregon.  Currently Mr. Flesher has a lead role in steelhead research in NE Oregon.  He coordinates data collection as well as necessary project operations in eastern Oregon.  He prepares manuscripts, study plans, budgets, reports, permits, detailed sampling plans, and schedules.  He presents project results at professional meetings and to public interest groups.  He assists the project supervisor in personnel activities.  Mr. Flesher will share responsiblity for overseeing the implementation of the breeding and otolith components of this project.

Mr. James Ruzycki, Natural Resource Specialist 3:  Mr. Ruzycki received his masters degree from Utah State working on native fishes and he has nearly completed his dissertation.  Dr. Ruzycki has been with the Oregon Department of Fish and Wildlife for one year.  Prior to that, Mr. Ruzycki was the head fisheries biologist for the National Park Service, Yellowstone National Park.  Currently Mr. Ruzycki oversees research on the artificial propagation of steelhead in NE Oregon as well as on the life history of chinook salmon in the John Day River.  He coordinates program activities with other state, federal, and tribal agencies.  He supervises permanent and seasonal personnel.  He writes and reviews manuscripts, study proposals, annual reports, permits, detailed sampling plans, and budgets.  He presents project findings to various public and professional fisheries groups. Mr. Ruzycki will share responsiblity for coordinating and directing all components of this project.

Mr. Paul Sankovich, Natural Resource Specialist 2:  Mr. Sankovich has a masters degree from the University of Idaho.  He has worked with the Oregon Department of Fish and Wildlife for the past five years.  Currently he is responsible for conducting and overseeing life history studies on bull trout and Oncorhynchus mykiss with an emphasis on bull trout spawning.  He coordinates data collection as well as necessary project operations and is also responsible for coordinating ESA and other research activities in eastern Oregon.  He prepares manuscripts, study plans, budgets, reports, permits, detailed sampling plans, and schedules.  He presents project results at professional meetings and to public interest groups.  He assists the project supervisor in personnel activities.  Mr. Sankovich will share responsiblity for overseeing the implementation of the otolith and fall spawning components of this project.

Mr. Erick Volk, Fisheries Biologist:  Mr. Volk is currently employed by the Washington Department of Fish and Wildlife.  Mr. Volk is an expert in otolith microchemistry.  His work over the past five years has focused on analyzing the composition of otoliths relative to salmonid life histories.  He has published numerous papers associated with the otolith microchemistry of salmonids.  He will be responsible for analyzing the otoliths collected in this project.

Dr. Timothy Whitesel, Natural Resource Specialist 3:  Dr. Whitesel received his Ph.D. from the University of Rhode Island studying the smoltification in Atlantic salmon.  He has worked for the Oregon Department of Fish and Wildlife for 10 years.  He is responsible for overseeing ODFW’s Native Trout Program, which includes as many as four research projects.  He negotiates funding with federal agencies and private companies.  He coordinates program activities with other state, federal, and tribal agencies.  He supervises permanent and seasonal personnel.  He writes, reviews and approves manuscripts, study proposals, annual reports, permits, detailed sampling plans, and budgets.  He presents project findings to various public and professional fisheries groups.  Dr. Whitesel will share responsiblity for coordinating and directing all components of this project.
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