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a. Abstract 
The 2000 NWPPC Fish and Wildlife Program and various NMFS Biological Opinions have identified the need to monitor and evaluate various aspects of salmonid biology.  Of particular interest in both of these documents is evaluating aspects of the freshwater life stages of naturally spawned salmonids.  The current study will explicitly quantify freshwater life characteristics such as instream smolt survival, migration timing, population status monitoring, survival to adult, population changes due to altered habitat attributes for naturally spawned coho salmon, steelhead trout, and cutthroat trout.  These life history characteristics will be quantified remotely with PIT tag monitoring systems that do not depend on traditional smolt traps or physically trapping adults.  Adult migration timing and return rates of fish tagged as juveniles will be monitored continuously throughout the year.  This will allow estimates of adult escapement for coho salmon and steelhead trout as well as estimates of estuarine use by cutthroat trout.  In addition, frequency and magnitude of interactions between hatchery and naturally spawned steelhead trout will be directly quantified. Population estimates using PIT tag monitoring will be compared with more traditional measures including smolt trapping and depletion estimates.  System validation, efficiency, tag retention, and the effects of tagging on growth, smolt physiology and behavior will be quantified.  

b. Technical and/or scientific background
Evaluation of supplementation or restoration and recovery programs involves monitoring biological characteristics of species throughout their life cycles.  For Pacific salmonids this includes monitoring freshwater habitat use and migrations.  Resolving patterns of migrations and behavior requires methodologies that minimize alteration of natural behaviors and are effective under changing environmental conditions, e.g. high river flow.  Limitations of traditional fish monitoring methods make it difficult to assess large numbers of individual fish moving in the natural environment.  Over the last decade passive integrated transponder (PIT) technology has facilitated affordable mass marking.  This technology has been used to monitor migration through small orifices, primarily at dams (Prentice et al. 1990 a&b; Giorgi et al. 1997).  Long-range PIT tag technology has been developed to monitor movements of fish through large fishway orifices (Castro-Santos et al. 1996); and multiple antenna arrays have allowed comprehensive monitoring of the entire width of a small stream (Zydlewski et al. 2001).  This system has been successfully implemented and validated for continuously monitoring seasonal movements of Atlantic salmon parr and smolts at 93% efficiency (Zydlewski et al. 2001) as well as continuously monitoring fall movements of steelhead trout, coho salmon, and cutthroat trout in Abernathy Creek, a tributary of the Columbia River.  Applications of this technology include, but are not limited to: examining seasonal movements of juveniles, estimating winter survival, migration timing between two or more stationary systems, overall migratory run timing to and between passage structures, monitoring fine-scale spatial movements to assess microhabitat preference variables, and monitoring smolt to adult survival.  

Smolt abundance estimates traditionally include mark-recapture techniques (Hubert 1996).  These techniques require one tagging event and at least one recapture event where individuals are actually handled on two occasions to at least estimate efficiencies of the techniques themselves.  More traditional studies estimating salmonid population abundance incorporate capturing as many juveniles leaving as smolts in the spring and estimating the total population from the number leaving the system.  By marking a known number of fish above a fixed reference point and continuously monitoring movements of all individuals passing that point a less laborious technique becomes available for quantifying population size.  Researchers gain the ability to track population abundance, migrational timing of known origin fish as well as adult return timing by using remote and continuous monitoring of individuals past a fixed site in coordination with occasional site surveys for PIT tags.  Ultimately this allows the critical measure of population assessment, survival through the entire life cycle. 

Smolt abundance estimates of naturally produced steelhead trout in Abernathy Creek are currently being made with two techniques:  PIT tag detection units and a smolt trap.  Baseline information is being collected in an effort to assess the eventual impact of a new native captive broodstock program at Abernathy Fish Technology Center (AFTC) that will involve hatchery releases in 2003 (Campton et al. proposal submitted).  The overall objective of the program is to develop, test and evaluate new strategies for steelhead supplementation efforts.  Such supplementation efforts offer unique opportunities to monitor ecological interactions of hatchery-reared and naturally-reared (hatchery vs. wild) individuals.  This study will monitor supplementation efforts and assess the impacts on naturally spawned steelhead juveniles and returning adults of both groups.

The effect of PIT tagging on fish growth, physiology and behavior of salmonids has not been quanitified.  Tag retention rates and migration timing of juvenile Chinook with different types of tags have been identified for Chinook salmon greater than 3 g (Prentice and Flagg 1987).  Tag retention rates have been determined for various other fish species (Buzby & Deegan 1999; Wisniewolksi & Nabialek 1993; Moore 1992) but effects on physiology and behavior have not been documented for any of these species.  Of particular interest in the Pacific Northwest is the effect of tag on species undergoing a dramatic transformation (smoltification) immediately before migration that is the desired time of monitoring movements with PIT tags.  Such studies are warranted for species of interest in the Columbia River Basin.

c. Rationale and significance to Regional Programs
The 2000 Northwest Power Planning Council (NWPPC) Fish and Wildlife Program and various National Marine Fisheries Service (NMFS) Biological Opinions have identified the need to monitor and evaluate various aspects of salmonid biology.  Abernathy Creek has been used as a model stream for the assessment of new methods of monitoring populations of salmonids, anadromous and resident, throughout the Columbia River Basin.  These newly applied methods have already enabled remote quantification of freshwater life history characteristics including juvenile migration timing, microhabitat use, and age at downstream migration.  The tools will be even more powerful when they are applied to monitor adult migration timing, adult age at return, and smolt to adult return rates.  This proposal provides the requirements to meet the critical need of determining the utility of stationary PIT tag monitoring systems to assess adult return rates.  Furthermore, results from this study will provide information regarding population health for use in adaptive management strategies.

This project is particularly relevant to objectives identified in Sections III C 2a1, III C 2a3, III D 4, III D 5, III D 9 of the 2000 NWPPC Fish and Wildlife Program.  According to the Basinwide Biological Objectives (Section III C 2) efforts must be made to describe responses of populations to habitat conditions in terms of abundance and life history diversity.  Life history diversity will be documented for three species of salmonids in this study including resident fish  (III C 2a3) and anadromous fish that are considered to be at “depressed levels”.  The consistency of Artificial Production Strategies with principles of fish recovery will be evaluated in this project (Section III D 4).  Specifically, artificial production strategies implemented at AFTC will be conducted as experimental with an evaluation of risks and benefits of hatchery-wild interactions of individuals.  Management decisions will be based on hatchery vs. wild or naturally spawning fishes that will be evaluated directly with instream comparisons of life history characteristics such as migration timing of naturally spawned and artificially produced juveniles and returning adults.  Furthermore, adult return rates of hatchery and wild fish will be assessed through the project and will be used to determine changes necessary to allow harvest to occur in Abernathy Creek (addressing Section III D 5).  This project has measurable and quantitative objectives that will be made available to the public through a previously established database used throughout the Columbia River Basin (meeting the objectives of Section III D 9).

Continued monitoring and evaluation of freshwater life history information will be collected to improve management and conservation of wild and naturally spawning populations (identified as a need in Section III D 4).  Baseline information (e.g., time of migration, age at migration, winter survival) will be compared to post-manipulation situations to assess life history changes associated with modifications in hydropower operation (Section III D 6) or habitat manipulations (Seciton III C 2).  Specifically, Cowlitz County is in the process of purchasing Conservation Easements on Abernathy Creek.  How the planting of riparian areas effects salmonid populations in the future will continue to be monitored with the methods initiated in this study.  Under ESA Section 7 when conducting analyses of habitat-altering actions the status and biological requirements of the potentially impacted species and the effects of the action on species must be determined.  The specific effects on Abernathy Creek will be monitored and evaluated using these methodologies.  Further, the relative effectiveness of these comparisons can be applied to other tributaries of the Columbia River Basin.  Of particular interest in many cases is the effect on juvenile survival, which is directly quantifiable using these methods.  

Baseline freshwater life history information will be collected to determine population status of native species (Section III C 2a1) and resident fish (Section III C 2a3, cutthroat trout).  There is a growing interest in data collection for managing wild and naturally spawning populations.  The Wild and Naturally Spawning Population Policy states that management measures must be developed to maintain life history, morphology and genetic characteristics of wild and naturally spawning populations.  Little is know concerning the life history characteristics of cutthroat trout or native steelhead trout or coho salmon in Abernathy Creek.  Washington Department of Fish and Wildlife (WDFW) has only recently started to collect information at a smolt trap operated at the mouth of Abernathy Creek in the spring.  Total production estimates are 11,000 steelhead smolts, 7,000 coho smolts, and 750 cutthroat trout with trapping efficiencies between 22 and 30 %.  However, this leaves the void of other seasonal movements that may be integral to tributary and estuarine habitat use in summer, fall and winter.  This has already been revealed for cutthroat trout in Abernathy Creek since over 450 individuals of “smolt-size” were captured and tagged in the fall of 2001.  Therefore there are likely to be many more than 750 cutthroat trout in Abernathy Creek that would not be accounted for by the smolt trap being operated at the mouth of the creek.  Furthermore detection efficiencies at the PIT tag detection units are estimated at 50-100%.  Important aspects of the freshwater portion of coho salmon, steelhead and cutthroat trout will be collected.
Section 9 of the NMFS 2000 FCRPS Biological Opinion identifies the need for novel fish detection and tagging techniques for use in long-term research and monitoring and evaluation efforts (RPA 193).  The techniques being used in this study (new and innovative PIT tag technology) that are being compared with other long-term research monitoring and evaluation techniques have enormous potential for wide-ranging applicability throughout the Columbia River Basin.  Also, RPA 188 states that studies of PIT tagged wild stocks from the lower river streams need to be conducted to constrast stock productivity and hydrosystem effects.  This will clearly be addressed for three populations of salmonids in the Lower Columbia Estuary Province.

Assessment of a new captive broodstock program at AFTC provides “additional sampling efforts and specific experiments to determine relative distribution and timing of hatchery and natural spawners” (RPA 174 #4) in Abernathy Creek.  This assessment will enable quantification of “survival of adult salmonids migrating upstream and factors contributing to unaccounted losses” (RPA 107) in the Lower Columbia Estuary Province.  Techniques employed in this proposal will allow detection of not only individual fish PIT tagged in Abernathy Creek but also any fish PIT tagged in the Columbia River Basin.  Therefore, we will be able to quantify any straying losses of coho salmon or steelhead trout migrating in the Lower River before they encounter the first hydroelectric facility.

Work from this proposal will directly “determine whether hatchery reforms reduce the risk of extinction for Columbia River basin salmonids and whether conservation hatcheries contribute to recovery”  (RPA 184, 9.6.5).  WDFW characterized the steelhead population in Abernathy Creek as “depressed” but stable.  This population serves as a distinct surrogate for listed steelhead populations in the Lower Columbia River ESU (NMFS Biological Opinion 9.7.2.10 states the need for evaluating these populations).  Population estimates of naturally spawning steelhead trout in the Abernathy Creek system are currently being collected.  We will establish baseline life history information for a stock that we have recently started developing a native broodstock program.  Steelhead trout smolts will be released into Abernathy Creek as first year progeny from native broodstock fish in the spring of 2003.  We will have the opportunity to not only monitor differences in migration timing between naturally produced and hatchery produced individuals but also quantify interactions between those individuals by extensively documenting microhabitat preferences of individuals of both wild and hatchery origin.

d. Relationships to other projects 
The Lower Columbia River and Columbia River Estuary Subbasin Summary indicates the need to determine abundance and monitor natural production of smolt and adult salmonids in Abernathy Creek.  An ongoing project in Abernathy Creek conducted by WDFW is a juvenile trapping study.  Estimates of juvenile/smolt production are being made for the Creek.  We are working in coordination with WDFW to run the screwtrap at the mouth of Abernathy Creek in spring 2002.  Estimates of smolt production using the screwtrap will be compared with estimates of production made from the PIT tag monitoring systems.  Redundant methods of estimating production will provide a more accurate measure of production in this system.

Earl Prentice has been implementing projects to monitor the use of PIT-tag technology to passively obtain information for juvenile and adult salmonids and expand the system’s capabilities.  The proposed project directly tests and applies new system modifications to PIT tag technology that have not yet been assessed Project 198331901.  Both projects are assessing new techniques and furthering the ubiquity of the technology for both mainstem and tributary use of PIT tag technology.

Project 199008000 directed by Carter Stein is critical for the maintenance of monitoring systems used in this project.  All data collected in the proposed study will be uploaded and accessible by the public through the established PTAGIS database.  

Project 199701501, directed by Peter Cleary will be implementing new PIT tag technology to monitor smolt survival and smolt to adult return rates of Chinook salmon and steelhead populations in the Imnaha River.  All fish in the Imnaha study will be PIT tagged and monitored using similar technology proposed in this study.  Peter Cleary is depending on data collected from the proposed study to determine the feasibility and utility of this PIT tag technology for monitoring smolts and adults in the Imnaha River.

Campton et al have submitted a companion proposal, Evaluation of Two Captive Rearing Methods for Assisting with Recovery of Naturally Spawning Populations of Steelhead and Coho Salmon.  Survival estimates and smolt recruitment of juveniles produced with new captive rearing methods will be assessed with the innovative methods described below. AFTC will continue to conduct applied research along these lines to evaluate new hatchery approaches that comply with the Performance Standards required for artificial production.  Should this and the companion proposal both be funded the subcontract with WDFW for smolt trapping will be awarded through only one of the projects.

e. Project history (for ongoing projects) 

New Project

f. Proposal objectives, tasks and methods
1. Objective:  Determine abundance and natural production of juvenile, smolt and adult salmonids in Abernathy Creek (p.109 of Draft Lower Columbia River and Columbia River Estuary Subbasin Summary).  

FY 03-07


Task a.  Monitor freshwater life history characteristics of naturally spawned juvenile steelhead trout, coho salmon, and cutthroat trout in Abernathy Creek.  

FY 03-FY07

Scope  Life history characteristics of naturally spawned steelhead trout, coho salmon, and cutthroat trout are virtually unknown in Abernathy Creek.  Recent efforts have included one year of smolt trapping at the mouth of the Creek.  Baseline characters that would be collected in this study will provide an opportunity to address aspects of NMFS Biological Opinion 9.6.5.  Population status of all stocks in Abernathy Creek is likely to change over the next decade because Cowlitz County is establishing a program to provide easements to landowners on Abernathy Creek in an effort to restore riparian zones along the Creek corridor.  Our monitoring efforts will provide baseline life history information that can be compared to the post-restoration efforts on the Creek.  This baseline information will also be used in Objectives 2 of this study.  The natural juvenile migration timing from this portion of the study will be used to determine release strategies for a native captive broodstock program being initiated at AFTC.  

Approach:  This project will provide an accurate measure of population abundance and natural production through redundant population estimators.  Estimates of juvenile population size will be made using depletion methods (Zippin 1958), stationary PIT tag detection units, and screwtraps.  Estimates of adult salmonids will be established using stationary and portable PIT tag detection units.

Methodology:  October 2002: Up to 1000 juvenile steelhead, 500 cutthroat trout, and 500 juvenile coho salmon will be electrofished from Abernathy Creek, tagged internally with individually coded 23 mm PIT tags and released back into the general area of capture.  Juveniles will be captured from 3 discrete reaches of the Creek, sections a, b, and c:
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Electrofishing will involve 3-pass removal of 300 m2 block-netted sites in each electrofishing section.  This technique will allow us to estimate population densities and biomass by depletion (Zippin 1958).  At the time of electrofishing length, weight, and scale samples will be collected from all fish.  Scales will be analyzed for age (DeVries and Frie 1996).  Monitoring of fish movements will be initiated immediately after tagging.  PIT tag detection efficiencies will be estimated biweekly at each stationary detection unit.  Applications will need to be submitted for the necessary permits for collecting and tagging juvenile steelhead trout, cutthroat trout, and coho salmon from Abernathy Creek.
To test for tag retention and tag recovery in the field a group of steelhead juveniles will be double marked.  Approximately 200 steelhead will receive a double mark, a PIT tag and an anal fin paint mark. Another 200 of each species will receive a paint mark and no PIT tag.

[image: image2.bmp][image: image3.bmp]  PIT tag retention will be assessed in the spring at a smolt trap (rotary screw trap) operated downstream of the stationary detection system.  Tag retention and effects on growth and survivorship by PIT tagging 100 steelhead, 50 cutthroat trout, and 50 coho salmon and monitoring them in a flow-through tank at AFTC.

Fall - Summer FY03-FY07:  Monthly surveys will be conducted with the portable detection system.  Juveniles that did not leave the creek will be identified by locating all PIT tagged fish in the original tagging locations.  Monthly surveys will consist of scanning each electrofishing site extensively to detect all remaining tags.  During this time period there will also be a continuous record of those fish passing the stationary detection system.  Once fish pass that system they do not necessarily leave the creek (as would be assumed if using a smolt trap) but re-entrance to the system can be identified as upstream movement.

A rotary screw trap will be operated downstream of AFTC from the end of February to the beginning of June.  All captured smolts will be identified to species, counted, and released.  A subsample of smolts will be fin clipped and released upstream of the trap in order to estimate trap efficiency.  Smolt production will be estimated from the percentage of recovered fin-clipped fish.

Results:  Basic life history information: length, weight, and age in the fall will be collected for naturally spawned coho salmon and steelhead juveniles.  Movements past the stationary system in the fall and winter will allow us to determine if and when juveniles are being flushed out of the system with freshets.  Movements past the system in the spring will provide descriptive information on winter survival, timing of the smolt migration, and the age of the fish leaving the creek.  Based on both the stationary and the portable systems estimates of winter survival and parr-smolt recruitment will be determined.  The portable system will provide quantification of the number of fish residualizing in the creek.  Survival and smolt recruitment will be related to biotic (initial size, maturation, condition) and abiotic (temperature and flow conditions) factors.  All of this information can be used to evaluate natural population characteristics.


Task b.  Monitor adult return of juveniles PIT tagged in Task a.  

FY04-FY07

Scope:  The critical measure of population status is survival through the entire life cycle.  Stationary detection units are continuously run and monitored at AFTC.  Any PIT tagged adults (from this study or strays from other systems) will be detected.  This provides a unique opportunity to monitor adult escapement of three populations of salmonids in Abernathy Creek.

Approach: The timing of adult coho salmon and steelhead return to Abernathy Creek can be coincident with fall high water conditions.  This means redd counts for these fish are virtually impossible due to the dangerous conditions and high turbidity.  As a back up, AFTC is equipped with an electric weir that can be used to divert adults into a holding pond.  We will be able to count and pass all adult fish entering AFTC.  Adult escapement of individuals tagged as juveniles will provide estimates of smolt to adult return as well as estimates of population status.  This again will be important baseline information required to determine whether restoration efforts being implemented by the County are effective.
Methodology:  September – April FY 04-FY 07:  Anecdotal observations have identified the timing of adult coho salmon passage at AFTC to begin with the first fall freshet event.  Winter run steelhead approach Abernathy in March and April.  For coho, the electric weir will be operated from late September until there is one consecutive week of coho adults not entering the holding pond.  Similarly for steelhead, the electric weir will be operated from early March until the numbers of adults drops off.  Adults will be removed from the holding pond, measured, scale sampled, and placed back in the Creek above the electric weir.  Data collected will include PIT identification, adult size (length and weight), age, and the timing of the adult migration into the Creek.  This will provide information on adult return rates, efficiencies of the PIT stationary detection systems, and creek migration rates.
2. Objective:  Compare biological and ecological interactions and differences between hatchery and wild fish of the same stock (Directly addressing RPA 184 NMFS BioP 9.6.5.3.4).

FY04-06

Task a.  Determine timing of release of supplemental steelhead trout. 

FY 04 – FY 06

Scope  The newly established native broodstock program at AFTC will initiate juvenile releases in the spring of 2003.  The established monitoring methods (particularly monthly surveys) in Objective 1 Task a will serve as the initial monitoring for this task.  Fish released in 2003 and 2004 will be in coordination with the efforts conducted in Objective 1.  The broodstock program identifies the importance of the natural characteristics of wild fish.  The natural migratory timing of wild fish will be used to determine the time of release of hatchery-reared native broodstock fish.  Data collection from Objective 1 Task a will be used for this determination.

Approach  See Objective 1 Task a.  Timing will be determined in FY 03 and there will be no additional costs associated with Objective 2 Task a.

Methodology  See Objective 1 Task a

Task b.  Assess frequency and magnitude of ecological interactions between hatchery-released and naturally-produced steelhead trout (hatchery vs. wild).  

FY 04 – 06

Scope  Concerns regarding the release of hatchery fish into environments with naturally-produced fish are innumerable.  Direct quantification of interactions between these individuals is difficult.  Individually marked fish can be monitored on a regular basis to establish microhabitat preferences and direct interactions of juvenile and adult in Abernathy Creek. The established monitoring methods (particularly monthly surveys) in Objective 1 Task a will serve as the initial monitoring for this task.  However, more intense sampling will begin with the second release in 2004 in an effort to be sure that the program gets off the ground and any bugs are worked out in the first year.  Fish released in 2003 and 2004 will be in coordination with the efforts conducted in Objective 1.  

Approach This project has the potential for monitoring interactions with two different detection techniques:  (1)  Individuals (uniquely identified as either naturally produced or hatchery produced) will be detected as they move past a fixed site;  (2)  individuals will also be detected using a portable detection unit that does not disturb the fish and will allow identification of microhabitat preference. Frequency and magnitude of individual interactions will be continually monitored at the stationary units and will be discontinuously monitored, but on a regular basis, with the portable unit.

Methodology  January 2004.  PIT tag 1000 hatchery-reared juvenile steelhead trout that will be released in the spring of 2004.  

March – September FY 04-06.  Hatchery-reared juvenile steelhead trout will be released in March or April of 2004 (based on the results of Task a).  Stationary detection units operating for Objective 1 will be monitoring migratory timing (diel and daily movements) of both hatchery and wild fish.  During this time period there will also be a continuous record of those fish passing the stationary detection system.  The stationary detection unit has already proven to be an important tool for monitoring diel movements of individuals and will be likely to provide such information for both wild and hatchery fish for direct comparisons.  Once fish pass stationary units they do not necessarily leave the creek (as would be assumed if using a smolt trap) but re-entrance to the system can be identified as upstream movement.  Differences in the frequency of upstream movements of wild and hatchery fish will be compared.

Simultaneously, monthly surveys will be conducted with the portable detection system.  Juvenile stream use (microhabitat preference) will be identified by locating all PIT tagged wild and hatchery fish.  Monthly surveys will consist of scanning the entire lower Creek (mouth of Abernathy Creek to upper stationary detection unit) for individual fish.  Microhabitat preferences will be mapped/recorded for each incidence that fish are detected.  Comparisons of preferences of hatchery and wild fish will be conducted using ANOVA or t-tests as appropriate.  

Assessments of ecological interactions will be conducted for three consecutive years in order to identify baseline information for the initial years of the supplementation efforts.


Task c.  Monitor behavioral differences between wild and hatchery fish under 
controlled conditions.  

FY 04.

Scope  Quality of smolts produced under hatchery conditions has been questioned recently.  There have been several efforts to implement more “natural” rearing environments for hatchery fish so that hatchery fish better mimic their wild counterparts.  There is little to no evidence of the behavioral quality of hatchery fish before release.  

Approach  Behavioral performance of individual fish has been difficult to quantify.  Recently developed Behavioral Evaluation Tanks (BET) (Zydlewski et al., in review1; see Appendix 1) can be used to quantify behavioral performance of individual hatchery and wild fish as well as their interactions in a controlled environment.  

Methodology  May 2004 – June 2005.  Three specially designed tank will be used to assess downstream movements of hatchery and wild fish.  During the second week of March 60 fish from one tank of each treatment group (30 wild and 30 hatchery) will be randomly removed form stock tanks and placed into the designated behavioral evaluation tank (BET).  The BET will have a circular barrier offset from the middle and a pump circulating water around the barrier.
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Water supply to the tanks will be flow through.  Two antennas will fit in the narrow portion of each tank.  When in the field of an antenna, the tag will be energized and the reader number, date, time, and tag number will be recorded on a computer.  If a fish moves past antennas with the flow the movement will be considered downstream. Fish will be monitored for 14 d, removed from the assay tanks and physiological parameters of smolting will be measured (Task d).  At the end of the 14 d sixty fish from replicate treatment tanks will be randomly removed and placed in the assay tanks for the same test.  In the middle of April the last group of fish will be moved to the assay tanks to be tested.

Statistical comparisons of the daily number of downstream movements among treatment groups and the relationship between downstream migration and rearing history will be conducted.  The frequency distribution of the number of downstream movements per day will be compared among treatment groups using a 2 test.   The mean number of daily downstream movements will be compared among treatment groups using a one-way ANOVA.  The number of daily downstream movements expressed by hatchery and wild fish will be compared using a t-test to assess the relationship between rearing history and downstream migration.  Also, the impedance of hatchery or wild fish from moving downstream will be monitored and recorded.


Task d.  Monitor physiological differences between wild and hatchery fish.  

FY04

Scope Quality of smolts produced under hatchery conditions has been questioned recently.  There have been several efforts to implement more “natural” rearing environments for hatchery fish so that hatchery fish better mimic their wild counterparts.  There is little to no evidence of the physiological quality of hatchery fish before release.  Recent studies of physiological smolt quality of steelhead reared under two very different environments within the hatchery have revealed that the hatchery environment alone can drastically alter physiological quality of released smolts (Zydlewski et al. In review2, Appendix 2).
Approach Standard physiological assessment of physiological smolt characteristics include both lethal and non-lethal measures of enzymatic changes and endocrine changes associated with becoming tolerant of seawater.  These changes are readily quantifiable with standard colorimetric techniques.  Differences between physiologically defined smolts of hatchery and wild origin can be directly compared using these standard methods.

Methodology July 2004 – June 2005.  After behavioral assessment of smolting (Task c) fish will be assessed for physiological status.  Seawater challenges will involve placing all individuals in 35 ppt seawater for 24 hours.  After 24 hours gill and blood samples will be taken to examine gill Na+ K+ ATPase activity, plasma Na+ and plasma Cl- concentrations as measures of seawater tolerance and smolt condition.  Those fish that can tolerate seawater (survive the challenge) or have normal levels of plasma Na+ and Cl- concentrations will be classified as smolts.  A second measure of physiological smolt condition will be assessed when fish are removed for the behavioral assay.  

Also, a group of hatchery-reared steelhead (n = 40) will be sampled for standard physiological parameters that are expected to change seasonally as smolting occurs (Hoar 1988).  Sampling will include preparing gill tissue for gill Na+K+ ATPase activity, blood sampling for plasma thyroid hormones (thyroxine and triiodothyronine), plasma prolactin, plasma GH, plasma IGF-1.  Abernathy Creek will also be electrofished for YOY of naturally spawning (n = 40) steelhead of the same cohort as those being raised at AFTC.  Juveniles will be sampled for physiological parameters within the same month as those sampled at AFTC (Oct, Dec, Feb, Mar, and Apr).  If possible sampling will occur more frequently as smolting occurs in Apr - May of subsequent years to get a better time series of physiological condition.  Also, as gill Na+K+ ATPase activity (an indicator of osmoregulatory tolerance) increases seawater challenges will be conducted on 20 individuals from wild and hatchery fish.  After 24 hours in 35 ppt seawater individual survival will be noted and plasma osmolality, plasma Na+ and plasma Cl- will be determined from survivors to examine relative tolerance to seawater during smolting.
Power analysis of mean detectable differences in plasma hormone parameters reported in the literature (Zaugg 1981; Dickhoff et al. 1982; Ewing et al. 1984; Barton & Schreck 1987; Barrett & McKeown 1988; Himick & Eales 1990; Pottinger et al. 1995; Gomez et al. 1997; Pottinger & Carrick 1999) for steelhead and rainbow trout revealed that at least 40 fish should be sampled from each sampling group in order to detect differences between the groups statistically.  
Data analysis: The experimental design requires examining differences between rearing conditions at two or more time periods (May and Sep).  If the data collected meet the assumptions of parametric statistics a two-way ANOVA will be conducted to compare the effect of rearing conditions and the interaction of rearing condition over time.  If the data do not meet the assumptions of parametric statistics they will be ranked and similar nonparametric tests will be conducted. 

3. Objective:  Evaluate novel tagging techniques for long-term research, monitoring, and evaluation efforts (Directly address RPA 193).  

FY 03-FY05
Task a.  Evaluate effects of tag size on fish survival, growth, and physiology. 

FY 03

Scope  PIT tags have long been used in the Columbia River Basin where the known minimum size for tagging with a 12 mm tag is 65 mm Fork Length (FL).  However, behavioral and physiological assessment of the effects of such tagging have only been conducted on a coarse scale, survival upon release of PIT tagged fish compared to coded wire tagged fish and control fish (Prentice et al. 1990).  This study will evaluate many important biological parameters associated with the tagging event including long-term assessments of survival.  The study will not be restricted to the common 12 mm tag but also assess the use of novel PIT tags.  Recent replicated tag retention studies have indicated that 69 (100 mm  FL) coho salmon tagged with 12 mm, 20 mm, and 23 mm tags had retention rates of 100 %, 100 % , and 99 %, respectively.  Similarly 101 cutthroat trout tagged with 23 mm tags retained those tags at a rate of 100%. 

Approach  A carefully designed replicated experiment using hatchery-reared steelhead trout, coho salmon and cutthroat trout will include control groups, and 3 sizes of tags to be tested.  Growth of tagged fish as well as physiological assessments of smolting will be conducted. 

Methodology  November 2002 – June 2003.  Four different groups will be examined.  Three groups, 100 mm FL or greater, will be tagged internally with passive integrated transponders (PIT tags) of differing dimensions:  12 mm long, 20 mm long, and 23 mm long.  The fourth group will serve as a control, fish will be anesthetized, weighed, and returned to a tank.  For the tagged groups, a small incision (slightly smaller than the diameter of the tag itself) will be made on the ventral surface of the fish between the pectoral fins and the tag will be placed intraperitoneally.  

Coho salmon and steelhead trout from Big Creek hatchery and cutthroat trout from Cowlitz hatchery will be used in this study.  Fish will be observed in the laboratory indefinitely for tag retention and growth.  Fifteen hundred of each species will be used.  Fish will be examined for length and weight at the time of tagging.  Initially three replicate 122 cm diameter tanks with approximately 1 l/min well water at ambient temperatures (10 - 12 oC) will be used.  Each replicate tank will contain 500 fish from each treatment group:  control, 12 mm, and 23 mm.  Fish will be fed Bio-Oregon dry pellets daily at 1 % body weight per day.  Tanks will be examined daily for tag loss.  Fish will be re-examined (anesthetized, measured, and weighed) every six weeks to determine growth rates.  When fish are large enough they will be moved to raceways for rearing.  In December, February, March and April 30 fish from each group will be sampled for assessment of physiological smolt condition (methods described in Objective 2 Task d and Appendix 2).

Comparisons of length, weight, physiological parameters, and growth rate will be made for each group within a tank to determine the difference between the observed means in each group.  If the detectable differences within a tank are too low (less than 0.05) then pooling fish from different tanks will not be statistically appropriate.  If the differences are 0.1 or greater then fish from the three tanks can be pooled and one-way ANOVAs can be run with sample sizes of 75 per group.  For tagged fish, individual growth rates for all tanks will also be compared according to the above stated statistical constraints.

Task b.  Evaluate effects of tag size on fish behavior. 

FY 04

Scope  The effect of PIT tagging on the expression of downstream migration (the ultimate expression of smoltification) has not been quantified.  Not only have 12mm tags not been evaluated but the utility and flexibility of using different size tags for different applications have not been evaluated.  Three tag sizes and their effect on smolt behavior will be directly quantified.

Approach Behavioral performance of individual fish has been difficult to quantify.  Recently developed Behavioral Evaluation Tanks (BET) (Zydlewski et al., in review1; see appendix1) can be used to quantify behavioral performance of individual hatchery and wild fish as well as their interactions in a controlled environment.  

Methodology  June 2003 – July 2004.  Three specially designed tank will be used to assess downstream movements of tagged fish.  During the second week of March 20 fish from one tank of each treatment group (20 12 mm, 20 20 mm, 20 23 mm, and 20 control; tagged as in task a but in Nov 2004) will be randomly removed form stock tanks and placed into the designated behavioral evaluation tank (BET, as described in Objective 2 task c).  The BET will have a circular barrier offset from the middle and a pump circulating water around the barrier.

Water supply to the tanks will be flow through.  Two antennas will fit in the narrow portion of each tank.  When in the field of an antenna, the tag will be energized and the reader number, date, time, and tag number will be recorded on a computer.  If a fish moves past antennas with the flow the movement will be considered downstream. Fish will be monitored until the end of the smolt season (beginning of June).  

Statistical comparisons of the daily number of downstream movements among treatment groups and the relationship between downstream migration and tag treatment will be conducted.  The frequency distribution of the number of downstream movements per day will be compared among treatment groups using a 2 test.   The mean number of daily downstream movements will be compared among treatment groups using a one-way ANOVA.  The number of daily downstream movements expressed by each group will be compared using a t-test to assess the relationship between tagging history and downstream migration.  

Task c.  Evaluate detectability of 12 mm supertags on currently implemented small stream PIT tag detection units. 

FY 05

Scope  Currently implemented PIT tag detection units on Abernathy Creek are optimized to read 23 mm long PIT tags.  However, there is some evidence that smaller tags can be read on these units but perhaps at a slightly lower efficiency than the 23 mm tags.  Determination of this rate would allow different assessment capabilities at possibly acceptable rates.  Where smolt traps are currently 5-50% efficient at best the detectability of 12 mm supertags on the currently established units may be as high as 50% or more.

Approach Determination of detection (or trapping) efficiencies at stationary detection units or smolt traps is best established by detecting or trapping live fish moving past or through the device.  Along with determination of efficiencies using surrogate tags we will test the efficiency of our units using live PIT tagged fish released upstream of the detection units.

Methodology  January 2005 – October 2005.  During the third release of hatchery-reared native broodstock steelhead trout from AFTC one thousand individuals will be tagged.  Five hundred fish will be tagged with 12 mm supertags and 500 with 23 mm tags.  Detection rates at the lower site (remote site # 2 shown above) will be monitored for each of the tag types.  Detection efficiencies at this site currently approximate 100%.  Direct assessment of detectability differences will be made using probability analysis.  

g. Facilities and equipment
AFTC in Longview, WA will provide the necessary laboratory and office space to fulfill all aspects of this study.  Hatchery space is available for maintenance and monitoring of fish used for behavioral and physiological studies as well as PIT tag retention studies.  The electric weir at AFTC will be operated when needed to assess adult returns.  PIT tag detection unit infrastructures are already established at two sites on Abernathy Creek.  Smith-Root, Inc. in Vancouver, WA will be subcontracted to provide personnel and equipment for capturing juveniles using electrofishing techniques.  Destron Fearing will be subcontracted to provide operations and maintenance support.  Pacific States Marine Fisheries Commission will be contracted to provide operations and maintenance of PIT tag infrastructure and database services.
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RESPONSIBILITIES

Gayle B. Zydlewski    (0.25 FTE)

Behavioral Physiologist

Abernathy Fish Technology Center – USFWS

1440 Abernathy Creek Road


Longview, WA  98632

360-425-6072

Jeffrey Johnson     (0.1 FTE)

14014 NE Salmon Creek Avenue

Smith-Root, Inc.

Vancouver, WA  98686

Joseph Zydlewski     (0.1 FTE)

USFWS

Columbia River Fisheries Program Office 

9317 Highway 9, Suite 1

Vancouver, WA 98665

Key Subcontractors:  

David Seiler


WDFW

Science Division

Freshwater Production and Evaluation Unit

Sean Casey

Destron Fearing/Digital Angel

490 Villaume Avenue

S St. Paul, MN  55075

Carter Stein

Pacific States Marine Fisheries Commission

45 SE 82nd Drive

Gladstone, OR 97027

Principal investigator responsible for project coordination, implementation and oversight.  Participates in all aspects of planning, design, construction and implementation.  Primarily oversight of operations and maintenance.

Provide expertise in electrofishing capture and tagging of juveniles.  Also provide assistance with PIT tag detection unit installation and some maintenance.

Provide expertise with cutthroat trout:  capture, tagging, tag retention, monitoring, evaluation, and data analysis. Also provide assistance with PIT tag detection unit installation and some maintenance.

Provide expertise with smolt trapping and outmigration from Abernathy Creek.  Also trap efficiency monitoring.

Provide engineering expertise in PIT tag technologies.  Responsible for some aspects of operations and maintenance.

Provide operations and maintenance of PIT tag interrogation devices, special assistance with new construction and implementation of interrogation devices, and database management.

Gayle Barbin Zydlewski, Behavioral Physiologist

Experience

1999-Present:  Research Fisheries Biologist, USFWS, Abernathy Fish Technology Center, Longview, WA

Current Responsibilities:  To develop innovative fish culture methods in support of restoration and recovery initiatives; investigate relationships between juvenile rearing strategies and adult return rates at Regional fish hatcheries; determine the effects of modifications and enhancements to hatchery rearing environments on fish growth, behavior, and survival; develop new approaches to investigate the extent of interactions between hatchery-reared and wild fish; and evaluate restoration and recovery strategies for certain populations in decline.  These duties revolve around the use of behavioral (assessment of downstream movements of smolts) and physiological (biochemical and endocrine) techniques to assess the above listed strategies.

1997-1999:  Postdoctoral Research Associate, USGS/BRD, Conte Anadromous Fish 

Research Center, Turners Falls, MA
Responsibilities:  I conducted research to determine whether environmental factors which control the physiology of smolting also affect downstream migratory behavior of Atlantic salmon smolts. I also worked to determine the influence of endocrine changes (exogenous thyroid hormones, cortisol, growth hormone, prolactin) throughout smolting and the initiation of downstream migration.  This research involved maintenance of Atlantic salmon parr and smolts for experimental studies, technical training in fish physiology (nonlethal gill biopsies, Na+-K+ ATPase activity assays, radioimmunoassays, ion analysis) and development of passive integrative transponder (PIT) systems for quantifying behavior in the laboratory and field. 

Education:     



School           




Degree and Date Received
 
Southeastern Massachusetts University 



B.S., 1990
 
University of Rhode Island




M.S., 1992


University of Maine





Ph.D., 1996

Expertise:
Examining behavior and physiology of migration.  This includes design of behavioral monitoring systems and analysis of data collected with these systems.  Experience in integrating physiological and behavioral aspects of migration of diadromous fishes as detailed above.

Recent Publications:

Zydlewski, G.B., A.J. Haro, K.G. Whalen, & S.D. McCormick.  2001.  Performance of stationary and portable Passive Transponder detection systems for monitoring of fish movements.  Journal of Fish Biology. 58(5):  1471-1475.

Zydlewski, G.B., S. Foott, K. Nichols, S. Hamelberg, J. Zydlewski, B. Th. Björnsson.  In Review.  Enhanced smolt characteristics of steelhead trout exposed to alternative hatchery conditions during the final month of rearing.  Aquaculture.

Zydlewski, G.B., J. R. Johnson.  Accepted.  Response of bull trout fry to four water diversion screen types.  North American Journal of Fisheries Management.

Zydlewski, G.B., S.D. McCormick, & A.J. Haro. In Review. The role of temperature in downstream migratory behavior of Atlantic salmon smolts.

Barbin, G.P., S.J. Parker, & J.D. McCleave. 1998. Olfactory clues play a critical role in the estuarine migration of silver-phase American eels. Environmental Biology of Fishes 53: 283-291.



Jeffrey Randall Johnson

Experience:
Senior Scientist, October 1998- Present
Smith-Root, Inc. 14014 NE Salmon Creek Ave., Vancouver, WA 98686
Responsibilities:  Investigate electrofishing techniques for the purpose of quantifying and minimizing injuries to target and non-target fish species.  Provide scientific opinions to Smith-Root engineers regarding design and use of Smith-Root products. 

Fisheries Technician, August 1998-September 1998

Olsten Staffing Services, 121 SW Salmon, Portland, Oregon 97204

Responsibilities:  Analyze Lake Billy Chinook (central Oregon) hydroacoustic and life history fishery data in collaboration with Oregon State University and Portland General Electric scientists.  

Fisheries Research Assistant, March 1998-July 1998

Dept. Fisheries and Wildlife, 104 Nash Hall, Oregon State University, Corvallis, Oregon 97331

Responsibilities:  Field collection of Lake Billy Chinook, Redband Trout fishery data.  Deploy and monitor fish traps dispersed throughout the lake basin. Daily data collection and documentation collected from Redband and Bull trout, other salmonids, and peripheral fish species.

Natural Science Research Associate I, March 1997-April 1998
Cooperative Institute for Limnology and Ecosystems Research, 2200 Bonisteel Blvd, 

University of Michigan, Ann Arbor, MI 48109

Responsibilities:  Maintain data management system for Lake Michigan and Saginaw Bay, Lake Huron aquatic contaminant programs.  Field collection and processing fish, zooplankton, phytoplankton and benthos for food web mapping and contaminant bioaccumulation and biomagnification studies.

Natural Science Research Assistant II, September 1994-March 1997
Cooperative Institute for Limnology and Ecosystems Research, 2200 Bonisteel Blvd, 

University of Michigan, Ann Arbor, MI 48109

Responsibilities:  Assist in developing new field techniques to examine effects of the non-indigenous zebra mussel on energy flow and nutrient cycling through food webs.  Plan, organize and carry out field experiments and collections of aquatic biota. 

Education:
Master of Science, Eastern Michigan University, Ypsilanti, MI 48197, August 1998

Bachelor of Science, Eastern Michigan University, Ypsilanti, MI 48197, April1992


Joseph Zydlewski

U.S. Fish and Wildlife Service, Columbia River Fisheries Program Office, Vancouver, WA 

Experience

2001- present  

Fishery Biologist,  U.S. Fish and Wildlife Service, Vancouver, WA 
2001- present 

Adjunct Faculty, Washington State University, Vancouver, WA

2000-2001
Consulting Research Physiologist, Abernathy Fish Tech. Ctr., Longview, WA

1998-1999
Postdoctoral Research Associate, University of Massachusetts, Amherst MA 

1999
Lecturer, Wildlife and Fisheries Conservation, University of Massachusetts, Amherst, MA

1999
Postdoctoral Research Associate, Conte Anadromous Fish Research Center USGS/BRD, Turners Falls, MA

1999


Instructor, Five Colleges, Amherst, MA 

1998-1999

Lecturer, Biology Dept., University of Massachusetts, Amherst, MA 

1993-1994
Teaching Assistant, Biology Dept. University of Massachusetts, Amherst, MA 

1992-1998 
Research Assistant, Biology Dept. University of Massachusetts, Amherst, MA 

1990-1991

Inland Fisheries Extension Agent, Peace Corps Volunteer, Sierra Leone, 

West Africa

Education:

B.S. 

Bates College Lewiston, ME 1990

Ph.D.

University of Massachusetts, Amherst, MA 1998

Publications: 
Zydlewski, J., S. D. McCormick, and J.G. Kunkel (in review).  Early migration may be advantageous in juvenile American shad (Alosa sapidissima). 

Zydlewski, G.B., S. Foott, K. Nichols, S. Hamelberg, J. Zydlewski and B.T. Bjornsson (submitted) Enhanced smolt characteristics of steelhead trout exposed to alternative hatchery conditions during the final months of rearing.  Aquaculture. 

Shrimpton, J.M, J. Zydlewski  and S.D. McCormick (in press).  The stress response of juvenile American shad to handling and confinement is greater during migration in freshwater than in seawater.  Transactions of the American Fisheries Society. 

Pelis, R.M., J. Zydlewski  and S.D. McCormick (2001).  Gill Na+,K+,Cl- cotransporter localization and abundance in Atlantic salmon during seawater acclimation and smolting.  American Journal of Physiology.

Zydlewski, J. and S. D. McCormick (2001). Changes in chloride cells corresponding to the natural development of osmotic tolerances in American shad (Alosa sapidissima). Journal of Experimental Zoology. 

Zydlewski, J. and S. D. McCormick (1997). The ontogeny of salinity tolerance in American shad (Alosa sapidissima). Canadian Journal of Fisheries and Aquatic Sciences 54: 182-189.

McCormick, S.D., J.M. Shrimpton, and J.D. Zydlewski (1997). Temperature effects on osmoregulatory physiology of anadromous fish. In Global Warming Implications for Freshwater and marine fish. Society for Experimental Biology, Seminar Series: 61. Edited by C.M. Wood and D.G. McDonald. University Press, Cambridge, United Kingdom. 

Zydlewski, J. and S. D. McCormick (1997). Loss of hyperosmoregulatory ability in migrating juvenile American shad (Alosa sapidissima). Canadian Journal of Fisheries and Aquatic Sciences 54:2377-2387.

Oberst MD, T.J. Gollan, M. Gupta, S.R. Peura, J.D. Zydlewski, P. Sudarsanan, T.G. Lawson TG. (1993).  The encephalomyocarditis virus 3C protease is rapidly degraded by an ATP-dependent proteolytic system in reticulocyte lysate.  Virology 193(1):28-40. 

AFTC, 1





2, remote site





Columbia River





N











PIT tag Detectors





Data logger











Water flow














12

