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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. Technical and/or scientific background

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.
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.  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.
The proposed project may help to identify 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 numerous.  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 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 immediately.
c. Rationale and significance to Regional Programs

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.  Various measures directed under the Columbia River Basin Fish and Wildlife Management Plan (Plan) (Northwest Power Planning Council 1994; Northwest Power Planning Council 2000) address O. mykiss biology and management.  An overall objective of the Plan is to achieve a Columbia River ecosystem that sustains an abundant, productive and diverse community of fish.  The Plan calls for recovery issues identified by the Endangered Species Act to be addressed as well as for mitigation for losses of the numbers and diversity of native fishes.  In addition, the Plan requires a complete assessment of fish populations and directs that the purpose of research is to resolve key uncertainties.  This proposal addresses life history, production and supplementation issues identified by the Northwest Power Planning Council under their management plan (sections 2.2A, 3.2D, 4.1A, 7.4A, 7.4O and 10.8A of NPPC 1994; NPPC 2000).

Recently the federal government published a Biological Opinion (Opinion) on the operation of the hydropower system in the Columbia River (NMFS 2000).  Summaries from the Opinions indicate that O. mykiss (specifically the anadromous form) in the Grande Ronde and Imnaha river subbasins are impacted by the federal hydropower system.  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 particular, the Biological Opinion lists several RPAs that this proposal addresses.  RPA 107 includes an assessment of the reproductive success of O. mykiss and identification of the measures related to that success.  RPA 164 includes assessments of harvest impacts to listed O. mykiss.  RPA 169 calls for adequate HGMPs to be completed for Snake River ESUs.  RPA 173 requires that reforms in HGMPs be implemented.  Finally, RME 184 emphasizes research on hatchery programs.  Understanding the nature of the relationship between anadromous and resident forms of O. mykiss  is essential to all of these actions.

Both the Grande Ronde River (Nowak et al. 2001), and Imnaha River (Bryson et al. 2001) subbasin plans address specific goals and objectives related to O. mykiss.  The subbasin plans for the Grande Ronde River subbasin (GRRSBP) and Imnaha River subbasin (IRSBP) emphasize O. mykiss as a key species.  The GRRSBP and IRBP summarize the goals of various agencies with management responsibilities in the subbasin.  In general, these goals include mitigating for damages resulting from the operation of the mainstem hydropower system, recovery of a species listed as threatened under the Endangered Species Act, evaluating the connectivity, the degree of interchange and gene flow between populations, responsible management of O. mykiss, protecting and enhancing O. mykiss populations, as well as coordinated management.  

Relative to bull trout, both the GRRBP and IRSBP define specific goals and objectives.  Specifically, these plans identify the need to determine life history composition of O. mykiss including the role of resident and anadromous forms to basin-wide production.  In addition, the plans include needs to 1) determine population structure of O. mykiss, 2) redevelop of hatchery broodstocks (using existing or endemic stocks) and programs as necessary to meet conservation, natural production and harvest augmentation goals, 3) develop new methods to minimize the impact of hatchery production activities on endemic stocks, 4) continue and expand monitoring of hatchery supplementation and interactions with natural fish, 5) use improved statistical sampling techniques to ensure current spawning ground surveys are an appropriate measure of productivity, and use these techniques, reassess escapement and spawner/recruitment goals, 6) calculate returns per spawner from index surveys to determine if this relationship is improving as smolt passage facilities are modified at Columbia and Snake River dams, 7) consider alternative approaches to assess population status, 8) determine life history and movement patterns of steelhead including assessment of adult holding areas, juvenile rearing areas, and juvenile migration patterns, 9) determine extent of summer steelhead distribution within the subbasin at various life history stages, and 10) monitor summer steelhead by examining drainage escapements and population trends.  Again, understanding the nature of the relationship between anadromous and resident forms of O. mykiss  is essential to all of these needs.

The anadromous form of O. mykiss is listed as threatened under the ESA.  In 2000 the NMFS published protective regulations for the Snake River ESU of anadromous O. mykiss.  Currently, a recovery plan for these fish is being developed.  Efficient and useful recovery measures require an understanding of the dynamic between anadromous and resident forms of O. mykiss .

d. Relationships to other projects 

The work we are proposing is directly related to numerous other ongoing efforts in the Blue Mountain Province.  These include BPA-funded projects 8805301, 8909600, 8909700, 9202601, 9202604, 9306600, 9403000, and 9404600 as well as the Lower Snake River Compensation Plan which is administered through the US Fish and Wildlife Service.  These projects focus, at least in part, on O. mykiss in the Blue Mountain Province.  Information that would be collected in the proposed study would directly support each of these projects.  In addition, the relationship of the proposed project to these other BPA-funded projects ranges from sharing resources and expertise, to data collection and information sharing which supports monitoring and evaluations of various projects, to specific collaboration between projects.  

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.  

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. Project history
 (for ongoing projects) 

Relative to BPA funding, this is not an ongoing project.  However, preliminary work has been conducted over the past four years.  What follows is a brief summary of this pilot work.  

Otolith microchemistry may provide a tool to describe the contribution of anadromous and resident, O. mykiss females to subsequent O. mykiss populations.  This is possible because, when a female begins the process of vitellogenesis, chemicals from the environment in which she exists are deposited in the egg.  During development, embryos deposit these chemicals in the core region of the otolith.  In particular, the strontium:calcium ratio is often different between ocean and freshwater environments.  Thus, it may be possible to examine the otolith and determine the origin of a fish’s the mother.  We have verified that the freshwater environment in the Grande Ronde River subbasin and the ocean are different with respect to strontium:calcium ratios.  We have also verified that the strontium:calcium ratio in the core region of the otolith of known anadromous O. mykiss is different than that in known resident O. mykiss (see Table 1).  Thus, we have taken the necessary quality control steps to verify the utility of the technique.  We have also collected and archived a number of otoliths from O. mykiss of unknown parental origin.

Table 1 Mean Sr/Ca values from core and freshwater otolith regions for O mykiss in each of four groups from northeast Oregon. Numbers in parentheses are one standard deviation from the mean.

	
	
	                Sr/Ca (atom ratio ∙ 1000)

	
	Specimen Group
	Otolith Core
	Otolith Freshwater Zone

	1
	Anadromous adults from anadromous parents.
	0.93 (0.19)
	0.22 (0.11)

	2
	Residualized adults from anadromous parents.
	1.02 (0.20)
	0.31 (0.19)

	3
	Migrating smolts from anadromous parents.
	0.97 (0.14)
	0.26 (0.15)

	4
	Residualized adults from resident parents.
	0.63 (0.23)
	0.73 (0.25)


Controlled breeding experiments may provide a means to describe ability of resident and anadromous forms of O. mykiss and produce anadromous or resident progeny.  For the past four broodyears we have collected resident and anadromous O. mykiss broodstock and bred them in a hatchery environment.  The broodstock sizes have been small, but crosses have included resident female x resident male, resident female x anadromous male, anadromous female x anadromous male, and anadromous female x resident male.  Progeny from these crosses were reared in a traditional steelhead hatchery program, PIT-tagged, and released as one-year-old smolts.  The morphology, physiology and behavior of the progeny were evaluated for smolt characteristics (compared to progeny of anadromous parents).  Progeny from each cross expressed smolt-like characteristics.  For example, from the first broodyear approximately 50% of the anadromous progeny were detected at mainstem dams.  In this same broodyear, 40-50% of progeny that had one resident parent were also detected at mainstem dams.

Typically, fall-spawning O. mykiss are thought to be absent or inconsequential.  However, review of the literature indicates that fall-spawning O. mykiss were present in the Grande Ronde River subbasin at least through the mid-1960’s.  In preliminary surveys that we conducted during the late-1990’s and early-2000’s we were able to confirm the presence of ripe O. mykiss residents during the fall.  These fish were observed in watersheds that also contain resident and anadromous O. mykiss that spawn in the spring.

Table 2.  Number of PIT-tagged progeny released, number detected at Snake and Columbia River mainstem dam facilities, and detection rate (percentage) from six experimental release groups. Abbreviations for parental origin of release groups include rainbow (Rb, resident origin), steelhead  (Sts, anadromous origin), residualized steelhead (Res.; fish from anadromous parents that has switched to a freshwater life history). Two entries in any release group indicate replicate groups.
	Release Group
	Detection Year

	
	1999
	2000
	2001

	
	Number Released
	Number Detected
	Detection Rate
	Number Released
	Number Detected
	Detection Rate
	Number Released
	Number Detected
	Detection Rate

	Rb female Rb male
	    n.d.
	    n.d.
	n.d.
	365
	     24
	6.6 %
	   206
	    34
	16.5 %

	Rb female

Sts  male
	    209
	     79
	37.8 %
	379
	     50
	13.2 %
	     87
	    22
	25.3 %

	Sts  female

Rb male
	    263
	   127
	48.3 %
	390
	   132
	33.8  %
	   206
	    55
	26.7 %

	
	
	
	
	
	
	
	   174
	    49
	28.2 %

	Sts  female

Sts  male
	    290
	   152
	52.4 %
	411
	   148
	36.0 %
	   210
	    88
	41.9 %

	
	    220
	   112
	50.9 %
	
	
	
	   241
	  108
	44.8 %

	Res.  female

Rb male
	    n.d.
	   n.d.
	n.d.
	405
	     75
	18.5 %
	    n.d.
	   n.d.
	n.d.

	Res.  female

Sts  male
	    n.d.
	   n.d.
	n.d.
	394
	   102
	25.9 %
	    n.d.
	   n.d.
	n.d.


f. Proposal objectives, tasks and methods

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 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 and include final releases of smolts from the breeding experiment, returns of steelhead adults, through 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.
Tasks and Methods.

Task 1.1

For broodyear 2001, complete rearing O. mykiss at Irrigon Fish Hatchery (IFH).  To identify the hatchery origin of the fish, excise the adipose fin from all juveniles that will be released.  To assess smolt-to-adult survival rates (if numbers of progeny are sufficient for statistical purposes) mark juveniles with coded-wire tags (CWTs).  To assess smolt migration, tag juveniles with passive integrated transponders (PIT).  To assess smolt development, sample morphological and physiological characteristics of the juveniles.  Release the fish to allow them to migrate as smolts.  Monitor the smolt migration of the fish through screw traps as well as Snake and Columbia river dams.  Transfer physiological samples and have them analyzed (i.e. for gill Na+/K+ ATPase activity).

Task 1.2

For broodyear 2002, identify locations, times and methods to sample.  Collect resident and anadromous fish for broodstock.  Spawn broodstock between April - June, 2002.  Initial incubation of embryos at Wallowa Fish Hatchery (WFH).  Transfer embryos to IFH.  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). complete rearing O. mykiss at Irrigon Fish Hatchery (IFH).  To identify the hatchery origin of the fish, excise the adipose fin from all juveniles that will be released.  To assess smolt-to-adult survival rates (if numbers of progeny are sufficient for statistical purposes) mark juveniles with coded-wire tags (CWTs).  To assess smolt migration, tag juveniles with passive integrated transponders (PIT).  To assess smolt development, sample morphological and physiological characteristics of the juveniles.  Release the fish to allow them to migrate as smolts.  Monitor the smolt migration of the fish through screw traps as well as Snake and Columbia river dams.  Transfer physiological samples and have them analyzed (i.e. for gill Na+/K+ ATPase activity).

Task 1.3

For broodyear 2003, identify locations, times and methods to sample.  Collect resident and anadromous fish for broodstock.  Spawn broodstock between April - June, 2002.  Initial incubation of embryos at Wallowa Fish Hatchery (WFH).  Transfer embryos to IFH.  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). complete rearing O. mykiss at Irrigon Fish Hatchery (IFH).  To identify the hatchery origin of the fish, excise the adipose fin from all juveniles that will be released.  To assess smolt-to-adult survival rates (if numbers of progeny are sufficient for statistical purposes) mark juveniles with coded-wire tags (CWTs).  To assess smolt migration, tag juveniles with passive integrated transponders (PIT).  To assess smolt development, sample morphological and physiological characteristics of the juveniles.  Release the fish to allow them to migrate as smolts.  Monitor the smolt migration of the fish through screw traps as well as Snake and Columbia river dams.  Transfer physiological samples and have them analyzed (i.e. for gill Na+/K+ ATPase activity).
Task 1.4

Summarize data and, if appropriate, conduct preliminary analysis.  Write a chapter in an annual progress report.  Continue to review literature on the topic.

Objective 2:  Evaluate the relative proportions of known-origin anadromous and resident O. mykiss  as well as unknown-origin O. mykiss juveniles that are 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.
Tasks and Methods.

Task 2.1

Identify locations, times and methods to sample.  Sample to collect otoliths from known anadromous juveniles.  Sample to collect otoliths from known resident juveniles.  Sample to collect otoliths from known anadromous adults.  Sample to collect otoliths from known resident adults.  Sample to collect otoliths from BY 2002 and 2003, young-of-the-year (YOY) O. mykiss.  Catalog otolith samples.  Transfer otoliths for Sr and Ca analysis.

Task 2.2

Summarize data and, if appropriate, conduct preliminary analysis.  Write a chapter in an annual progress report.  Continue to review literature on the topic.

Objective 3:  Explore whether a relationship may exist between fall-spawning and spring-spawning 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.
Tasks and Methods.

Task 3.1

Identify locations (index streams), times and methods to sample.  Conduct spawning ground surveys.  Conduct surveys to sample YOY O. mykiss.  To analyze growth patterns, collect scales from these fish.  Mount, press and read scales.  Collect and summarize data on the annual environmental conditions in each stream.

Task 3.2

Summarize data and, if appropriate, conduct preliminary analysis.  Write a chapter in an annual progress report.  Continue to review literature on the topic.
g. 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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