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II.   Project Summary 
The proposed research will use a before-after-control-impact (BACI) approach to determine the extent to which hatchery summer and wild winter steelhead juveniles compete and the effect of various hatchery release practices (direct and volitional releases) on the interactions of juvenile summer and winter steelhead.  The goal of this research effort is to address critical uncertainties related to the influence of different types of releases of hatchery-origin summer steelhead on naturally-produced (putatively) winter steelhead. The objectives are to 1) determine whether behavioral interactions between juvenile steelhead are affected by hatchery releases, 2) determine whether specific hatchery release practices (direct vs. volitional release) affect the behavioral interactions of juvenile hatchery-origin and wild steelhead, and 3) determine the extent of spatial and temporal overlap of hatchery summer and wild winter steelhead juveniles.  The relevant hypotheses to be tested are;

Ho1: Releases of juvenile hatchery summer steelhead do not affect the rate and types of behavioral interactions of rearing Oncorhynchus mykiss juveniles.

Ho2: Different types of releases (direct and volitional) of juvenile hatchery-origin steelhead do not influence the rate and types of behavioral interactions among juvenile rearing Oncorhynchus mykiss.

Ho3: Hatchery-origin summer steelhead released as juveniles do not remain in areas where juvenile wild (putatively) winter steelhead rear for extended periods (>30 days). 
These null hypotheses would be tested using a combination of methodologies, including direct behavioral observation (snorkeling) in areas with and without hatchery steelhead releases.  In addition, radio telemetry will be used to determine the extent of spatial and temporal overlap of hatchery-origin summer and wild (putatively) winter steelhead juveniles. 

The proposed research will address RPAs in the NMFS Biological Opinion for the Operation of the Willamette Valley Project related primarily to hatcheries (RPA 6.1). Specifically, RPAs 6.1.6 (Improve Summer Steelhead Release) and 6.1.8 (Adjust Releases of Summer Steelhead in the Santiam Basin) will be addressed.  The results from the proposed research will benefit fish management in the Willamette Basin by providing information that may be used to adjust hatchery release practices to reduce the potential for negative impacts on the ESA-listed winter steelhead in the basin.

The results obtained will provide information about the level of competition between hatchery summer steelhead and wild winter steelhead juveniles, the relative effect of each hatchery release strategy on the frequency and types of interactions between hatchery summer steelhead and wild winter steelhead juveniles, and the level of spatial and temporal overlap between hatchery summer steelhead and wild winter steelhead juveniles.   

III.  Project Description 

A.  Background


Native winter steelhead in the Willamette Basin were listed as ‘threatened’ under the Endangered Species Act in 1999, and reaffirmed in 2006.  The 2006 review of the status of listed steelhead showed that the long term trends for all populations in the Willamette Basin were negative (NOAA 2006).  Further, the Federal Register pointed out that about one-third of the habitat that was historically accessible to these fish is now upstream of manmade barriers. The majority opinion of the Biological Review Team (BRT) was that the upper Willamette Distinct Population Segment (DPS) was “likely to become endangered within the foreseeable future.” Finally, the BRT was troubled that releases of non-native hatchery summer steelhead continue in the basin (NOAA 2006).

The Oregon Department of Fish and Wildlife (ODFW) manages for a steelhead sport fishery in the Willamette Basin through extensive hatchery operations.  ODFW began the hatchery steelhead program in the 1960s and currently releases over 600,000 hatchery-reared summer steelhead (Skamania stock) to provide an enhanced sport fishery and to mitigate for reduced angling opportunities on native winter steelhead (Tinus and Friesen 2010).  Summer steelhead are not native to the upper Willamette Basin.  Additional reasoning for this hatchery summer steelhead program, as provided by Tinus and Friesen (2010) is that winter steelhead are generally present in the basin when angling conditions are less attractive.

As pointed out by Tinus and Freisen (2010), there are data needs in the upper Willamette Basin to better understand the possible impacts of the hatchery summer steelhead program on the native winter steelhead DPS.  To better understand the effects of summer hatchery steelhead on naturally-produced winter steelhead in the upper Willamette Basin it is necessary to determine the extent to which juveniles of these stocks compete for resources.  Information about relative densities, behavioral interactions, movement, competitive effects, relative physiological condition, disease, predation, and food habits is lacking for the upper Willamette Basin (Tinus and Friesen 2010).  Further, the reproductive success of returning adult hatchery-origin summer steelhead and native naturally-produced winter steelhead in the upper basin is of importance and is currently being assessed at some level by Van Doornik and Teel (2010) by their assessment of the genetics of unclipped (putatively naturally-produced) juvenile steelhead collected at Willamette Falls. Van Doornik and Teel (2010) reported that 92% of the unclipped juvenile steelhead sampled at Willamette Falls in 2009 were winter stocks, whereas about 8% were summer steelhead.

In other areas of the Willamette Basin and in other areas in Washington and Oregon, researchers have found that interactions between hatchery and naturally-produced salmonids can result in negative consequences for the naturally-produced stocks/species.  Stock-recruit analyses of steelhead productivity in the Clackamas River, a tributary to the lower Willamette River, showed that the wild winter steelhead population’s productivity was negatively influenced by large releases of hatchery steelhead in that watershed (Kostow and Zhou 2006).  The authors reported that the ODFW subsequently ceased releases of summer steelhead in the Clackamas Basin and prevented access to the upper watershed based on the early findings of this productivity assessment.

The mechanisms for reduced productivity of a stock typically relate to competition for limited resources or untimely migration.  McMichael et al. (1999) described the behavioral interactions between hatchery-origin summer steelhead and naturally-produced O. mykiss observed in a multi-year study.  They reported that the typically larger hatchery-origin steelhead most often dominated the smaller wild fish, frequently resulting in the displacement of the wild fish.  In situations where optimal foraging locations may be limited, these behavioral interactions and displacement events may reduce the fitness, and ultimately productivity, of the wild stocks.  In paired growth experiments in enclosures within natural streams McMichael et al. (1997) found that wild O. mykiss paired with residual hatchery-origin steelhead had significantly lower growth than wild O. mykiss that were not paired with the hatchery fish.  In this study, the pairing of conspecifics (O. mykiss) significantly reduced the growth of the wild fish, while pairing hatchery-reared steelhead with wild spring Chinook salmon O. tshawytscha did not significantly reduce the growth of the salmon.  McMichael et al. (2000) suggested possible management actions that could be used to minimize the negative effects of hatchery-reared steelhead on wild salmonids.  Most of the strategies presented focused on attempts to separate the hatchery-origin fish from naturally produced fish in space, time, or both.

The proposed research could support or be supported by ongoing or proposed research in the basin.  In particular, the University of Idaho and ODFW, who may be tracking radio-tagged spring Chinook salmon and steelhead adults using both mobile tracking and fixed stations, could assist with the tracking of radio-tagged juvenile steelhead to determine the extent of spatial and temporal overlap of juvenile hatchery and wild fish.  In addition, collaboration with ODFW or other researchers who may be capturing juvenile salmonids in areas that would be suitable for the experimental design may be able to provide wild winter steelhead juveniles to be implanted with transmitters, which would result in efficiencies and reduced impact on the resource. 

To determine whether there are areas within the upper Willamette Basin where the hatchery summer steelhead program may be adversely affecting the naturally-produced O. mykiss, we propose to use a before-after-control-impact (BACI) approach to determine the extent to which hatchery summer and wild winter steelhead juveniles compete and the effect of various hatchery release practices (direct and volitional releases) on the interactions of juvenile summer and winter steelhead.  Additionally, we propose to use radio telemetry to determine the extent of spatial and temporal overlap of hatchery summer and wild winter steelhead juveniles.  The goal of this research effort is to address critical uncertainties related to the influence of different types of releases of hatchery-origin summer steelhead on naturally-produced (putatively) winter steelhead.  
B. Objectives
The objectives are to 1) determine whether behavioral interactions between juvenile steelhead are affected by hatchery releases, 2) determine whether specific hatchery release practices (direct vs. volitional release) affect the behavioral interactions of juvenile hatchery-origin and wild steelhead, and 3) determine the extent of spatial and temporal overlap of hatchery summer and wild winter steelhead juveniles.  The relevant hypotheses to be tested are;

Ho1: Releases of juvenile hatchery summer steelhead do not affect the rate and types of behavioral interactions of rearing Oncorhynchus mykiss juveniles.

Ho2: Different types of releases (direct and volitional) of juvenile hatchery-origin steelhead do not influence the rate and types of behavioral interactions among juvenile rearing Oncorhynchus mykiss.

Ho3: Hatchery-origin summer steelhead released as juveniles do not remain in areas where juvenile wild (putatively) winter steelhead rear for extended periods (>30 days). 

These hypotheses would be tested using a combination of methodologies, including direct behavioral observation (snorkeling) in areas with and without hatchery steelhead releases.  In addition, radio telemetry would be used to determine the extent of spatial and temporal overlap of hatchery-origin summer and wild (putatively) winter steelhead juveniles. 

The proposed research will address RPAs in the NMFS Biological Opinion for the Operation of the Willamette Valley Project related primarily to hatcheries (RPA 6.1). Specifically, RPAs 6.1.6 (Improve Summer Steelhead Release) and 6.1.8 (Adjust Releases of Summer Steelhead in the Santiam Basin) will be addressed.  The results from the proposed research will benefit fish management in the Willamette Basin by providing information that may be used to adjust hatchery release practices to minimize negative impacts on the ESA-listed winter steelhead in the basin.

The results obtained will provide information about the potential for competition between hatchery summer steelhead and wild winter steelhead juveniles, the relative effect of each hatchery release strategy on the level of competition, and the extent of spatial and temporal overlap between hatchery summer steelhead and wild winter steelhead juveniles. 

C.  Methodology   

We propose to use a combination of direct behavioral observations and radio telemetry to determine the potential for negative interactions between hatchery summer and wild winter steelhead juveniles in the North and South Santiam rivers.  A before-after-control-impact (BACI) approach will be used to determine the extent to which hatchery summer and wild winter steelhead juveniles compete.  Radio telemetry will be used to determine the extent of spatial and temporal overlap of wild winter and hatchery summer steelhead juveniles.  Both approaches will be used to determine the effect of various hatchery release practices (i.e., direct and volitional releases) on the interactions and overlap of juvenile summer and winter steelhead.  
Direct Behavioral Observations

On August 8-11, 2012, a site visit was completed to identify potential treatment and control sites in the North and South Santiam rivers.  Sites were selected based on discussions with local hatchery managers, hatchery release locations, accessibility, and the presence and abundance of hatchery and wild juvenile steelhead and quality rearing habitat.  On the North Santiam River, hatchery-raised summer steelhead smolts are directly released (i.e., “scatter planted”) at four locations downstream of the Minto Fish Collection Facility (Minto), including Packsaddle Park (~40 river miles from North-South fork confluence), Fishermen’s Bend (~32 mi), Stayton (~16 mi), and Shelburn (~10.5 mi).  Treatment sites were selected directly downstream of each “scatter plant” location due to the high probability of observing interactions between hatchery summer and wild winter steelhead juveniles.  Although volitional releases of hatchery summer steelhead from Minto have not occurred during the last couple of years due to construction, volitional releases are expected to resume in spring 2014.  Thus, Packsaddle Park would be an appropriate treatment site to observe interactions between volitionally released hatchery steelhead smolts and wild winter steelhead juveniles, beginning in 2014.  Because hatchery summer steelhead adults have been able to pass above Minto during the construction phase and low abundances of wild steelhead juveniles were observed between Minto and Big Cliff Dam during the August 2012 site visit, a control site (area with abundant wild winter steelhead juveniles but without summer steelhead juveniles) was not identified on the North Santiam River.  However, the Little North Fork Santiam River contains wild winter steelhead, does not receive hatchery summer steelhead releases, and has several county parks along the river.  Therefore, a control site will be identified on the Little North Fork prior to field data collection.
On the South Santiam River, summer steelhead smolts are directly released (i.e., “scatter planted”) at Waterloo Park (~22 river miles from the from North-South fork confluence) and Pleasant Valley (~32 mi).  Waterloo Park is easily accessible with available juvenile rearing habitat.  Therefore, a treatment site was selected directly downstream from the hatchery release location.  Accessibility for snorkelers to enter the river from the bank at the Pleasant Valley boat launch is not practical.  Therefore, a nearby treatment site will be identified prior to surveying.  Fish are volitionally released from South Santiam Hatchery (~35.5 mi) and a treatment site located downstream of the hatchery will also need to be established.  Because Minto will likely not be in operation as a volitional release facility in 2013, efforts related to addressing the objective on determining the effects of release types on interactions will be focused around the South Santiam Hatchery in 2013. A suitable control site was identified at Riverbend Campground, located upstream of Foster Dam and immediately downstream of the adult spring Chinook salmon release site (hatchery-reared steelhead are not released upstream of Foster Dam). 
Direct observation (i.e., snorkel) surveys will be conducted at all control and treatment sites before, during, and after hatchery summer steelhead releases, which occur in April.  The first set of surveys will occur in March 2013 before hatchery releases commence to assess wild fish interactions in the absence of hatchery fish.  The surveys will be repeated at the same sites in April 2013 during the period of volitional releases of hatchery steelhead and immediately following direct releases to observe interactions between hatchery and wild fish.  The final snorkel surveys will be conducted in May and again in July, after all hatchery steelhead have been released, to determine the presence of residual hatchery fish and observe their interactions with wild individuals.  At each site (including control sites), snorkel surveys will be completed twice within each of the before, during, and after release time periods.  All surveys will be completed during daylight hours.  Hatchery steelhead will be identified by the absence of an adipose fin and all unclipped O. mykiss will be considered wild winter steelhead.  Hatchery summer steelhead that are “scatter planted” will be differentiated from volitional releases by the presence of a maxillary clip if possible.  However, it is likely to be difficult to distinguish the maxillary marks while snorkeling.  Therefore, hatchery steelhead observed directly downstream of direct (i.e., “scatter plant”) release sites will be assumed to be fish that were “scatter planted”.   
Treatment and control sites will be about two channel widths in length.  The upstream and downstream boundaries of each site will be identified from GPS waypoints and marked with flagging prior to each survey.  Each site will be surveyed by two snorkelers that are trained in the identification of juvenile salmonids.  Each snorkeler will survey about half of each site with one surveying the downstream half and the other surveying the upstream half.  A 20 m “buffer” section that divides each site into two nearly equal halves will be marked but will not be surveyed for fish interactions.  This buffer section will provide the snorkelers with a location to enter and exit the site without disturbing the fish that are to be surveyed.  Each snorkeler will begin at the downstream end of their half of each site, carefully work his/her way upstream (so as to not disturb or alter the behavior of the fish in the site) until a group of juvenile steelhead are encountered.  Observational data will be recorded for each group of juvenile steelhead, similar to the methods described by McMichael et al. (1999).  Particular attention will be directed towards the behavior of steelhead and interactions between wild and hatchery steelhead.  Observational data will include the number and type of interactions, origin (hatchery or wild) and size of interacting fish, which fish initiated the interaction, which fish dominated the interaction, and whether the subordinate fish was ultimately displaced (one fish causes the other to move at least two body lengths away).  For each interaction, agonistic behavior will be classified as a threat (fin flaring and/or body arching), crowd (causing the other fish to move laterally), chase (pursuing for more than two body lengths without physical contact), nip (actively biting the other fish), or butt (physical contact with a closed mouth).  A fish will be considered to be dominant in an interaction if it displaces its opponent in a contest or successfully defends its location from an opponent.  A contest will be defined as a single or multiple interactions that occur less than one minute apart (a contest may include many interactions).  Observation times will be recorded (approximately 20 minutes in duration per group of fish).  
We expect that fish densities and observation times will vary between sampling sites and potentially between the North and South Santiam rivers.  Thus, observations will be standardized by calculating interaction rates by dividing the total number of interactions observed by the number of fish observed, and then by the duration of the observation period (interaction rate = total interactions per fish per minute; McMichael et al., 1999).  Statistical analysis methodology will resemble analyses completed by McMichael et al. (1999).  Chi-square tests will be used to compare the frequency of the different types of agonistic behaviors observed in treatment and control sites in the North and South Santiam rivers.  Data from both rivers will be pooled if behaviors are found to be similar within site types in the two rivers.  Otherwise, the behavioral data from each river will be analyzed separately.  Analysis of variance (ANOVA) will be used to compare the mean interaction rates between treatment and control sites, treatment types (volitional and direct releases), and time periods (before, during, and after release).  T-tests will be used to determine if the percentages of interactions that result in the displacement of the subordinate fish differ between treatment and control sites, treatment types, and time periods.  Finally, chi-square tests will be used to determine if the frequency of the different types of agonistic behavior observed differ between treatment and control sites, treatment types, and time periods.
Radio Telemetry

Due to the potential for high turbidity, which could potentially limit the usefulness of the direct observation methodology during the period of interest, radio telemetry will be used to determine the extent of spatial and temporal overlap of wild winter and hatchery summer steelhead juveniles in the North and South Santiam rivers.  Both wild winter and hatchery summer steelhead juveniles will be implanted with radio transmitters prior to the release of hatchery juveniles in April.  During March 2013, just prior to the release of hatchery steelhead, about 20 Age-1 and older wild winter steelhead juveniles will be collected from each river using electrofishing, seining, or both.  Wild winter steelhead will be implanted with Lotek NTC-3-2 radio transmitters that weigh 1.1 g (in air).  Programmed with a 5 sec pulse rate interval (PRI), these tags have an estimated life of 80 days.  Hatchery steelhead will also be implanted just prior to release.  Two groups of hatchery steelhead will be studied in the South Santiam River: volitional and direct (i.e., “scatter plant”) releases.  Forty fish that are to be released volitionally and 40 fish that are to be “scatter planted” will be implanted with radio transmitters at the South Santiam Hatchery.  Because hatchery steelhead will not be released volitionally from Minto in 2013, only one group of 40 hatchery steelhead that are to be “scatter planted” will be studied in the North Santiam River (in 2013).  Fish that are to be released at Pleasant Valley (South Santiam River) and Stayton Bridge (North Santiam River) will be targeted for inclusion in the “scatter plant” groups.  Hatchery steelhead will be implanted with Lotek MST-930 radio transmitters that weigh 4.0 g (in air).  Programmed with a 5 sec PRI, these tags have an estimated tag life of 266 days.  Tag burden (tag weight/fish weight) will not exceed 6.7% (Brown et al. 2010) for any implanted fish and mean tag burdens will be kept as similar as possible between wild and hatchery groups.  
Implanted fish will be detected during mobile tracking surveys conducted by the ODFW and by fixed station receivers maintained by the University of Idaho.        

 
D.  Facilities and Equipment   

Direct behavioral observations will be conducted in dry suits and snorkeling equipment.  PNNL maintains some of this equipment; however additional suits and peripheral equipment may need to be purchased during the project.  For the radio telemetry task, we will collaborate with the University of Idaho and ODFW for reception data, however, the purchase of 110 radio transmitters will be required to tag the two types of hatchery release groups and the wild fish. PNNL will coordinate the field schedule with ODFW hatchery and research personnel and University of Idaho researchers.
E.  Impacts  
We do not expect to impact any other ongoing research.  The radio telemetry equipment that will be used to collect information on fish tagged for this project will be installed and maintained by the University of Idaho researchers.  PNNL will apply for the necessary ESA and ODFW permits to conduct this work.  Implantation and release of the radio-tagged hatchery steelhead juveniles will require close coordination and limited support (access to fish and an area to set up a small tagging station) from ODFW hatchery staff.
F.  Collaborative Arrangements and/or Sub-Contracts
We will work directly with the University of Idaho and ODFW to coordinate data collection related to radio telemetry detection data on juvenile steelhead tagged for this study.
IV.  List of Key Personnel and Project Duties
Geoff McMichael will be the Project Manager and Principal Investigator for this Project and will be supported by Ryan Harnish, Amanda O’Toole, and Caleb Price.  The PNNL team will work closely with Chris Caudill and his staff from the University of Idaho to coordinate data collection related to radio telemetry detection data on juvenile steelhead tagged for this study.  Ryan Harnish will have the lead for field data collection and data analyses.
V.  Technology Transfer 
Results from the project will be communicated orally (PowerPoint presentation) at the Willamette Science Review as well as in written reports and publications, if appropriate.  All field data will be made available to the ACOE POC upon request.
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VII.  Budget 
Provided under separate cover. 
Attachment 1; Underwater Photographs of juvenile salmonids in the North and South Forks of the Santiam River.
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Age 0+ O. mykiss in the South Fork of the Santiam River upstream of Foster Reservoir in the proposed control site near Riverbend Campground, August 9, 2012.
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Juvenile O. mykiss in the South Fork of the Santiam River upstream of Foster Reservoir in the proposed control site near Riverbend Campground, August 9, 2012.
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Juvenile spring Chinook salmon in the North Fork of the Santiam River near Stayton, August 10, 2012.
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Juvenile O. mykiss in the North Fork of the Santiam River near the McDowell Creek Bridge, August 11, 2012.

[image: image5.jpg]



North Fork of the Santiam River near McDowell Creek, August 11, 2012.
