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a. Abstract 
The goal of this project is to provide information that will reduce uncertainty related to identifying habitats that are valuable for the improved recruitment of juvenile spring chinook salmon and steelhead.  By examining survival, identifying critical habitat types, and relating early life history to river processes in the Methow River drainage, we will identify habitat features that are important to the survival of these species.  Identification of these important features will be useful for identifying optimal areas for habitat protection and enhancement. Specific project objectives include 1) Determine differential survival of juvenile spring chinook salmon and steelhead in relation to habitat quality and quantity  2)Describe fish behavior and quantify habitat use and selection using underwater videography and snorkeling  3) Investigate how life history and survival is associated with warm groundwater presence, river ice, and other habitat parameters. 

b. Technical and/or scientific background
Recruitment of juvenile spring chinook salmon and steelhead is likely highly dependent on surviving their first winter in the Methow River and/or tributaries such as the Chewuch and Twisp rivers.  There are many factors that may limit overwintering survival of juvenile stream salmonids.  Density dependent factors such as a high density of spawning, superimposition of redds, predation, and interspecific competition may influence overwintering survival (Cunjak and Therien 1988).  Interspecific competition may also decrease growth, which can lead to increased overwinter mortality (Toneys and Coble 1979, McMichael et al. 1997).  However, results from many studies emphasize the link between survival and environmental factors.  Survival has been found to be lower during colder winters (Bagliniere 1993, Cunjak and Therien 1998).  Years with midwinter freshets accompanied with ice scouring have also been found to result in low survival (Cunjak and Therien 1998).  Habitat factors such as the amount of woody debris have been strongly correlated to the survival of coastal populations of overwintering salmonid juveniles (Quinn and Peterson 1996).  However, in colder climates such as the Methow River, the presence of surface and subsurface ice may engulf a majority of this cover type.  River ice can have many negative impacts on salmonids.  Mortalities occur in rivers and streams after frazil and anchor ice events (Brown et al. 1994, Simpkins et al. 2000) and anchor ice can also force juvenile and adult salmonids from overwintering habitats (Brown and Mackay 1995, Jakober et al. 1998, Brown 1999).  Frazil ice can even fill large areas of streams covered with surface ice, forcing fish out of overwintering pools (Brown 2000).  The presence of surface ice can also change the behavior of juvenile fish (Gregory and Griffith 1996).  However, there is relatively little known about how habitat is associated with survival of overwintering juvenile salmonids, and even less is know about how river ice influences survival of juveniles.  Knowledge of  winter habitats may be especially critical for steelhead populations which spend two winters or more in natal streams, while spring chinook only spend one winter.  The goal of this study is to examine the overwintering survival and behavior of juvenile spring chinook salmon and steelhead in the Methow River basin, and link behavior and survival to key habitat types.  The practical management implications would be to assist in identifying habitat features that can be enhanced or protected to either improve or sustain recruitment of juvenile spring chinook salmon and steelhead into the population.

c. Rationale and significance to Regional Programs
This project directly addresses several of the needs outlined in the Methow River subbasin summary.  In general, this project would provide information on the life history, habitat use, and population dynamics of juvenile spring chinook salmon and steelhead in the ecosystem.  This project is specifically targeted at reducing uncertainty relative to the importance of various habitat features and over-winter survival of spring chinook salmon and steelhead.  Identification of critical habitats for these species will increase the probability of acquiring/protecting habitats that may result in improving recruitment of spring chinook salmon and steelhead.  

These objectives specifically address statements of need by the subbasin summary to: 

· “design and implement an over-winter ecology and fish abundance study” 

· “design and implement a study that evaluates which life history stages of fish species utilize which habitat components at various times of the year”

· understand the relationship between fish abundance and ground water discharge

· monitor smolt outmigration of spring chinook salmon

· examine and determine natural life history characteristics of steelhead.  

· identify limiting factors to increased productivity of spring chinook salmon and steelhead in distinct watersheds within the Methow Basin

· to quantify use and survival of stream type spring chinook salmon and steelhead through summer and winter of their first year.  

Data collected in this project will also be useful in determining winter instream flow needs of juvenile spring chinook salmon and steelhead.  

This project also addresses several biological opinions of the National Marine Fisheries Service.  

One goal of this project is to identify critical habitats of juvenile spring chinook salmon and steelhead so that they can be protected, this directly supports Action 150 which states: in subbasins with listed salmon and steelhead, BPA shall fund protection of currently productive non-Federal habitat, especially if at risk of being degraded, in accordance with criteria and priorities BPA and NMFS will develop by June 1, 2001.  This project also addresses Action 185: which states: the Action Agencies shall continue to fund and expand, as appropriate, fish marking and recapturing programs aimed at defining juvenile migrant survival for both transported and nontransported migrants and adult returns for both groups.  Also by using some new an innovative techniques to track movements and site fidelity of fish, this project supports Action 193 which states: the Action Agencies shall investigate state-of-the-art, novel fish detection and tagging techniques for use, if warranted, in long-term research, monitoring, and evaluation efforts.

This project also addresses goals presented by the Washington State Conservation Commission as stated in the water resource inventory of area 48.  While the sole focus of this study is not to examine groundwater surface water interactions, it does make steps toward a stated goal to evaluate how groundwater and surface water interactions moderate low wintertime surface water conditions and to identify locations where groundwater contributes to surface water.  This study also would work at filling a stated data gap which is “temperature monitoring of summer and winter thermal refugia”.

d. Relationships to other projects 

This project would tie into several of the following projects: Methow Hatchery Supplementation and Evaluation Plan (Wells Settlement Agreement), Mid-Columbia Mainstem Conservation Plan (Draft 1997) and current draft incorporating NMFS issued Biological Opinions, Methow Basin Planning Unit and the Use of a Precipitation Model to Simulate Natural Streamflow Conditions in the Methow River Basin, Washington (USGS 2001), Chewuch Basin Council draft HCP, Methow Basin Limiting Factors Analysis, Yakama Nation Coho Re-introduction Project, Eastbank Hatchery Supplementation and Evaluation Project (Rock Island Settlement Agreement), A Strategy to Protect and Restore Salmonid Habitat in the Upper Columbia Region, A Report to the Upper Columbia Salmon Recovery Board (Upper Columbia Regional Technical Team draft 2001), Production and Habitat of Salmonids in Mid-Columbia River Tributary Streams, U.S. Fish and Wildlife Serv. Monogr. I. (Mullan et al.). Rock Island Smolt Bypass Project

e. Project history (for ongoing projects) 

This is a new (proposed) project.

f. Proposal objectives, tasks and methods
Objective 1.  Determine differential survival of juvenile spring chinook salmon and steelhead in relation to habitat quality and quantity.

Task a.
Collect and PIT tag approximately 500 wild juvenile spring chinook salmon and steelhead in various habitat types during fall and winter.  PIT tag and release another approximately 2500 each hatchery juvenile spring chinook salmon and steelhead in various habitat types during fall and winter.   Portions of these fish will be re-captured in the spring in tributary and mainstem traps operated by the Yakama Nation and/or Douglas County PUD/WDFW.

Methods:  Juvenile spring chinook salmon and steelhead will be collected and implanted with PIT tags throughout the fall and winter.  Fish will be captured by seining, night netting, or other active methods.  Additional fish will be captured and PIT tagged thoughout the study period during snorkeling and videography surveys.  To increase sample sizes, another 2500 of each hatchery juvenile spring chinook salmon and steelhead will be PIT tagged and released in various habitat types in the fall and winter.  The location of fish capture and tagging will be mapped and the macrohabitat unit that it was capured in will be documented.  Since macrohabitat units will be marked and the habitat within them will be quantified, differential survival estimates will be made and related to macrohabitat type (pool, run, riffle, backwater) and size (length, width), gradient of reach, microhabitat parameters (substrate size and embeddedness, cover quantity and quality, water depth and velocity profiles) the availability of groundwater and river ice, and other channel characteristics.  Pools will also be divided up into several sub-categories (i.e. plunge pool, scour pool, etc).  Attempts will be made to tag fish in reaches which are distinctly different so that meaningful comparisons of survival can also be made on a reach scale.  An example of this approach would be to compare survival in the Twisp River, which has abundant large woody debris, to the Chewuch River, which has less large woody debris.




PIT tagged fish will be recovered in the winter (when possible) and the spring at several locations.  Rotary screw traps will be used as the primary recapture method with the Methow basin.   Survival will be calculated as the percentage of fish tagged in the fall that are recaptured in the spring (with adjustments made for trap efficiency estimates).  Additional data may be obtained from PIT tag detections at downstream dams on the Columbia River.  

Objective 2.  Describe fish behavior and quantify habitat use and selection using underwater videography and snorkeling.

Task a.
Perform bi-weekly surveys of the behavior of juvenile spring chinook salmon and steelhead during the late fall/winter period.  Observe habitat positions and quantify habitat use, availability and selection.

Methods:  Surveys of habitat use will be performed approximately every two weeks during the late fall and winter.  During snorkeling surveys, locations of fish will be identified and marked using a colored object on the stream bottom.  Focal point height in the water column will also be recorded.  Following the snorkeling survey, habitat will be quantified at marked locations.  This will include measurements of water depth and focal point velocity, substrate coarseness and embeddedness, cover types, cover density and complexity, and water temperature. The availability measurements will be matched with measurements of habitat availability using methods similar to Brown and Mackay (1995).  The stream will be divided into 1 m2 grid and habitat availability in a randomly picked location will be determined for each observation of habitat use.  



Habitat use and availability will also be determined using videography in ice covered areas.  Waterproof cameras and infrared lights will be mounted in the stream at least 24 hours before habitat surveys are conducted.  This will allow ice to freeze back over the small hole necessary for insertion of the camera and allows the habitat to return to an undisturbed state.  Video images will then be captured throughout the day and night.  At the end of the collection period, small holes will be made in the ice cover and rulers will be inserted into the stream within the viewing area of the camera.  Locations, and depths of areas used by fish will be determined by relation to objects in the area viewable by the camera and by images of rulers.  Water velocities will be determined using one of two methods.  The first method is to make small holes in the ice and insert the flow meter probe.  The second is use videography to time the passage of particles a known distance through the water column.  Substrate and cover characteristics will be observed through holes in the ice, using a periscope like device (described in Brown 1999) or using video footage.  Holes in ice cover will be replaced with ice and snow so that minimal disturbance to habitat is made.  Habitat availability will also be determined in randomly picked areas to match observations of habitat use determined by videography.  




Behavior of fish will be monitored both during snorkeling and by videography.  Videography is very advantageous since cameras can be left in the stream for days, providing views of undisturbed behavior, habitat use, and predation, even in areas of dense cover. Long term monitoring can be done using multiple video recorders timed to record in sequence.  Power is supplied by deep cycle batteries converted to AC using power inverters.  



Habitat selection will be determine using methods similar to Aebischer et al. (1993).  Habitat use and availability will be split into several categories within each habitat type (water depth, substrate coarseness, water velocity, etc.) to determine the proportion of each category which is used and available.  Since the proportions that describe habitat composition sum to one over all categories (Aebischer et al 1993), use of one habitat type is related to that of other habitat types.  This invalidates the use of several statistical tests.  A result of this is that there are no absolute selection preferences since the avoidance of one habitat type leads to the selection of another type.  To apply the log-ratio analysis technique described by Aebischer et al. (1993), the number and percentage of observations in each category of habitat use and availability will be determined. A logging function will be performed on the habitat use and available data.  A Hotelling’s T2 MANOVA is then used to determine if there are any differences in habitat selection.



During snorkeling surveys, fish will also be identified individually to asses movement and site fidelity.  Methods similar to Roussel et al. (2000) will be used to identiy PIT tags from up to one meter away from a reading unit while fish are in the water column and up to 20 cm deep in the substrate.  



Habitat use and availabilty data will be transformed into suitability curves which can be used in determining intream flow needs for fish.  This would not be a primary objective during the first year of the study, but would be stressed more in the second and third year of the study after more data has been collected and analyzed.

Objective 3. Investigate how life history and survival is associated with warm groundwater presence, river ice, and other habitat parameters to determine optimal areas for habitat protection and enhancement.

Task a.
Identify and quantify distinct habitat types.  Delineate and mark macrohabitat areas (within reaches varying in gradient and groundwater availability) where fish may be captured and marked with PIT tags and differential survival may be determined.

Methods:  During fall and winter, monthly surveys of habitat areas will be conducted.  Different macrohabitat types will be mapped and marked so that the origin of PIT tagged fish can be determined when they are caught later in the spring. Stream reaches will be divided into pools, backwaters, riffles and runs.  Pools will also be divided up into several sub-categories (i.e. plunge pool, scour pool, etc).  The wetted width and length of these habitat types will also be determined.  Within these macrohabitats, quantity and quality of habitats will be determined.  This will include describing coarseness and embeddedness of substrate and cover types, quantity, quality and complexity.  A profile of water depths and velocities will also be completed by running several transects across macrohabitat units.  The gradient of the reach that macrohabitat units are in will also be determined.  

Task b.
Quantify the extent and thermal properties of warm groundwater areas

Methods:  The importance of groundwater will be determined, not only because it can prevent river ice formations during winter and be a source of winter refugia (Power et al. 1999), but also since the use of habitats, especially cover and substrate can be much different when groundwater is available versus an ice covered, or anchor ice influenced stream section.  Since the characteristics of groundwater areas fluctuate with air temperature (see Brown 1999) several surveys of groundwater resources is advantagous.  Thus, after ice cover begins to form in fall, groundwater resources will be surveyed at least three times.  Since smaller groundwater areas may provide shelter from river ice in milder winter temperatures but not during extremely cold periods, three separate surveys will be dedicated to groundwater surveys in late fall, early winter, and late winter.  This will be done to determine the extent and thermal properties of groundwater areas during three general temperature categories, slightly below freezing, moderate cold, and extreme cold.  This will allow relative survival to be examined based on groundwater quantity and quality.  Observations of groundwater characteristics will also be made during snorkeling, videography and other activties.  After river ice begins to form in fall, areas lacking ice cover will be identified to narrow in on warm groundwater effluents.  Then the spatial extent of open water areas will be mapped using a GPS and mapped using a GIS system.  Within groundwater areas, temperatures will be recorded every 1 – 100 m, depending on the extent of the groundwater area.  Changes in temperature in these areas will be reevaluated on subsequent surveys and the extent of ice encroachment and frazil ice formation in these areas will be examined.



During the first year groundwater will be quantified spatially.  Preliminary tests will be made in areas of groundwater discharge to determine the hydraulic gradient and permeability.  These are prerequisites to estimate the rate and/or quantity of groundwater discharge.  This will be done to determine the rate of groundwater discharge temporally throughout the winter to examine the stability of winter fish habitat.  Permeability will be determined using slug tests.  The hydraulic gradient will be logged using data loggers.  Water chemistry will also be examined.  Approximately four sites will be examined, keying in on areas of heavy use by juvenile salmon and steelhead.  


In the second and third year of the study relationships between groundwater discharge and fish survival or site fidelity will be examined further using the information gathered during the first field season.

g. Facilities and equipment
PNNL will provide the necessary office space and computer and office support for this project.  Much of the video equipment needed for fieldwork are available from PNNL at no cost to this project.  Minor equipment purchases that will be required include PIT tags/readers and dry suits.  Trucks, and ATV’s or snowmobiles will be rented.
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Geoffrey A. McMichael

Richard S. Brown

GEOFFREY A. MCMICHAEL, Senior Research Scientist, Battelle, Pacific Northwest National Laboratory

Education
Master of Science, Fish and Wildlife Management, Montana State University, Bozeman.  June 1989.

Bachelor of Science, Biological Sciences, Fish and Wildlife Management option, Montana State University, Bozeman.  June 1987.

Current Employer

Battelle, Pacific Northwest National Laboratories

Current Responsibilities

Mr. McMichael led the year 2000 effort to collect current velocity data using ADCP technology at Grand Coulee Dam. Other projects that are currently being managed by Mr. McMichael include; Passage Evaluations in the Yakima Basin (BPA), Effects of the Priest Rapids Project on fall chinook salmon (Grant Co. PUD), Chandler Canal smolt loss investigation (U.S. Bureau of Reclamation).  Mr. McMichael has been leading a study of fall chinook salmon in the mid-Columbia that uses PIT tags to estimate survival and travel time of juvenile salmon. He has also been working  on a project on the stranding of fall chinook salmon in the Hanford Reach, an evaluation of the spawning habitat selection by fall chinook and endangered chum salmon in the Ives Island area below Bonneville Dam, and the quality of spawning habitat for fall chinook salmon in the upper Snake River. 

Previous Employment

From December 1989 through September, 1999, Mr. McMichael was the Species Interactions/Ecological Risk Assessment Biologist, Ecological Interactions Team, Washington Department of Fish & Wildlife, Ellensburg, Washington.  Work included the design and implement of experimental species interactions research.  Research areas include hatchery-wild interactions, electrofishing injury and methods development, trapping of anadromous and resident fishes in fishways at dams and with mobile traps, and predator-prey relationships. 
Expertise

Mr. McMichael is considered a regional expert in salmonid behavior, with emphasis on hatchery-wild interactions and competition experiments that have been widely published. Electrofishing injury is another area of expertise for Mr. McMichael. He has participated in the regional forums to evaluate/establish electrofishing criteria for sensitive/listed fishes. The wide range of projects Mr. McMichael has managed or been involved in has given him a good understanding of the complex linkages between biotic and abiotic factors and their interactions as well as a unique ability to identify management options to address aquatic problems.

Publications
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McMichael, G. A., and T. N. Pearsons.  1998.  Effects of wild juvenile spring chinook salmon on growth and abundance of wild rainbow trout.  Transactions of the American Fisheries Society 127:261-274.

McMichael, G. A., A. L. Fritts, and T. N. Pearsons.  1998.  Electrofishing injury to stream salmonids; injury assessment at the sample, reach, and stream scales.  North American Journal of Fisheries Management 18:894-904

McMichael, G. A., T. N. Pearsons, and S. A. Leider.  1999.  Behavioral interactions among hatchery-reared steelhead smolts and wild Oncorhynchus mykiss in natural streams.  North American Journal of Fisheries Management 19:948-956.

Richard S. Brown, Ph. D, Pacific Northwest National Laboratory

Dr. Brown has extensive experience studying riverine salmonids and is a leading expert in the field of winter ecology.  He has years of experience refining methods to observe and study fish during the very challenging winter season.  Also, he has a major interest in the interactions between fish and groundwater and examining the different challenges fish face during winter in groundwater influenced habitats as compared to ice covered areas.  Examining habitat use of stream dwelling salmonids and using advanced analysis to determine preferences is also one of his strengths.  Dr. Brown also has over a decade of experience using radiotelemetry.  His is a top expert in using Electromyogram radiotelemetry to determine interactions between fish activity and environmental factors such as water temperature, habitat parameters, flooding, and river ice conditions.

Education:

*
Doctor of Philosophy, December 1999

Biology, University of Waterloo, Waterloo, Ontario

*
Master of Science, June 1994, Zoology, University of Alberta, Edmonton

*
Bachelor of Science, December 1988 


Wildlife and Fisheries Sciences, South Dakota State University, Brookings

Work Experience:
2000-

Post-doctoral fellow, Ecology group, Pacific Northwest National Laboratory, Richland, WA.  

1993-96  

Owner, FRM Environmental Consulting Ltd., Edmonton, AB

1990-91 
   
Research Assistant, South Dakota Cooperative Fish and Wildlife 



Research Unit, Brookings SD. 

1990
Research Technician, Alabama Cooperative Fish and Wildlife 


Research Unit, Auburn University, Auburn, AL. 
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