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a. Abstract 
This project has two objectives.  First, to PIT-tag 12,000 juvenile chinook salmon Oncorhynchus tshawytscha for an Idaho Department of Fish and Game (IDFG) NATURES (Natural Rearing System) study being conducted at Sawtooth Fish Hatchery, near Stanley, Idaho.  The second objective is to evaluate PIT-tag retention in sub-yearling salmon for 30 days post-tagging.  While PIT tags are ubiquitous in studies of salmonid movement and survival through Columbia and Snake River hydroelectric projects, little research has been conducted on tag retention since the technology was developed in the 1980s.  This research typically possesses one of two shortcomings: the study was conducted on a small number of fish, or the study lacks a long-term temporal component.  There is a particular lack of information pertaining to sub-yearling fish, which may display increased shedding due to their small size at the time of tagging.  Biomark will tag 12,000 sub-yearling chinook salmon in June or July, 2002.  Following tagging, all shed tags will be collected in 24-hour intervals for 7 days post-tagging and at 72-hour intervals for 8-30 days post-tagging.  As part of an agreement with the IDFG, Biomark will provide them with the PIT-tag data files in order to evaluate the downstream movement of these fish through hydroelectric projects after release.  Data analysis will consist of determining how the shedding rate decreases over time, comparing fish size to probability of shedding using logistic regression, and preparation of the tag-retention findings into a manuscript for submission to a peer-reviewed journal.

b. Technical and/or scientific background
Sawtooth Fish Hatchery provides an opportunity to use hatchery-reared spring chinook salmon in experiments designed to identify hatchery methods that could potentially improve adult returns.  Presently, NATURES experiments are being conducted to test rearing strategies that may improve survival during downstream migration and ultimately adult returns. To monitor the success of these treatments two methods are used, (1) fish are PIT-tagged prior to release to evaluate survival during migration, and (2) adult returns to the hatchery are monitored to evaluate smolt to adult returns.  Chinook salmon reared at Sawtooth Hatchery are typically tagged in February and released in April.  Fish are marked to allow unique identification of treatment and control fish.  Both personnel and budget constraints have limited the number of fish able to be PIT tagged in the past (300 to 500 fish per raceway up to 3,000 total).  Increasing numbers of PIT-tagged fish as proposed (12,000) would provide additional information on migration, substantiating existing data. Furthermore, increased numbers of PIT-tagged fish will allow for additional analysis of migration survival.  Survival rates could be calculated using models such as SURPH (Statistical Survival Analysis for Fish and Wildlife Tagging Studies; School of Fisheries University of Washington 1994), rather than basing analyses on only unique-detection interrogation rates from a small number of detections. Additional fish marked proportionally across each of the treatment and control groups would not change the design of existing experiments, assuming negligible tagging mortality. Necessary documentation would include tags identifying treatment and control fish, mortalities, release date(s), and detection rates during downstream migration.

The use of PIT tags in large-scale survival studies through hydroelectric projects carries a number of assumptions and satisfying these assumptions is critical to accurately assessing survival (Burnham et al. 1987).  According to Burnham et al. (1987) there are twelve assumptions associated with release-recapture data.  Three of these assumptions relate directly to PIT-tag retention: (1) the number of fish released is exactly known; (2) there are no tag losses; and (3), all fish in a release group have the same probability of capture (Burnham et al. 1987).   It is easy to see how these assumptions would be violated if tag retention was less than 100% or the number and identities of all shed tags were not accounted for.  Considering the time prior to release is the only time during a survival study that a researcher has direct control over the fish, controlling potential sources of error, including tag-shedding rates, should be a high priority.  

There is little published research pertaining to PIT-tag retention.  As the technology was developed in the 1980s, a number of studies were conducted by National Marine Fisheries Service (NMFS) personnel and these were published as technical reports and summarized during the American Fisheries Society Symposium: Fish Marking Techniques (Parker et al. 1990, editors).  Prentice et al. (1990a) conducted a retention study using juvenile steelhead O. mykiss and chinook salmon under a variety of conditions.  They found that retention in fish as small as 55 mm was 99 to 100%.  Studies addressing PIT-tag retention in adult fishes have also found that retention rates were at or near 100% (Harvey and Campbell 1989; Jenkins and Smith 1990; Prentice 1990).  However, all of these studies were conducted using relatively small numbers of fish: 22-300 per treatment group.  More recently, Muir et al. (2001) published a study where PIT-tag retention was evaluated on larger treatment groups of 119-1,405 chinook salmon and 148-4,009 steelhead.  The shortcoming of this work was that fish were held for approximately 24 hours prior to release; therefore, this study did not address long-term retention.


During a PIT-tag retention pilot study conducted in 2000 at Wells Dam, on the Columbia River, approximately 12,000 juvenile steelhead were placed in aluminum release containers after they were PIT-tagged by Biomark personnel.  Approximately 2,000 fish were held in each container and the tagging and holding protocols were identical to those used during large-scale survival studies (C. McCutcheon, Biomark, personal communication).  Fish were held for 48 hours and then all individuals were removed, scanned for PIT-tags, and release containers were examined for shed tags.  We found that shed rates were as high as 6.4% within a release container, substantially higher than what has been previously observed.  Additionally, we examined individual fish that were found to not contain a PIT tag.  Several of these actually contained two tags: one in body cavity and one in the stomach, implying the individual had ingested a shed tag within the container (C. McCutcheon, Biomark, personal communication).  During a study to assess survival through the Wanapum and Priest Rapids hydroelectric projects on the Columbia River, conducted during 2001, Biomark PIT-tagged approximately 117,000 juvenile chinook salmon.  These fish were tagged at Wells Dam and transported to Priest Rapids dam approximately 10 days after tagging.  Biomark personnel collected a substantial number of shed tags in raceways at Priest Rapids dam.  This observation suggests that shedding occurs beyond 10 days post-tagging.


Therefore, despite previous research, it appears that questions remain regarding delayed shedding and long-term retention of PIT tags.  While working with the Idaho Fish and Game Department, in tagging chinook salmon as part of a natural-rearing study, we propose to conduct a 30-day PIT-tag retention study in order to quantify shed rates in sub-yearling chinook salmon and to identify a minimum holding period, beyond which further shedding would be negligible.   

c. Rationale and significance to Regional Programs

The majority of our funding request will be used to tag the 12,000 sub-yearling chinook salmon at Sawtooth Fish Hatchery.  The passage and survival data generated using these tagged fish will be analyzed by Idaho Department of Fish and Game (IDFG) personnel.  While Biomark is not participating directly in this analysis, budgetary and personnel limitations within the IDFG will preclude large-scale PIT tagging of these fish prior to release. 


According to the Salmon River sub-basin summary for the Mountain Snake Province, a goal of the Fisheries Bureau of the IDFG is “to preserve Idaho’s rare fishes to allow for future management options” (see Section 5.2.3a).  One of the strategies associated with this goal is to use supplementation as part of a program to aid in the recovery of rare anadromous fishes.  Further review of the sub-basin summary reveals a number of instances where supplementation is listed as a major tool in anadromous fish management.  An objective of anadromous fish management by the IDFG is to “rebuild naturally reproducing populations of anadromous fish to utilize existing and potential habitat at an optimal level.”  The first strategy associated with this objective is to “use appropriate and proven supplementation techniques.”  There are two objectives of supplementation research by the IDFG: (1) “monitor and evaluate the effects of supplementation on pre-smolt and smolt numbers…” and (2) “determine which supplementation strategies provided the quickest and highest response in natural production…[of salmon].”  These sorts of objectives and strategies are not restricted to the IDFG.  Review of the sub-basin summary reveals similar recommendations for the Nez-Perce and Shoshone-Bannock tribes in the Mountain Snake province.  


The natural-rearing study being conducted in 2002 is part of the supplementation research being done by the IDFG.  In order to properly assess the efficacy of natural-rearing methods a sufficient number of fish will have to be PIT-tagged so their downstream movement and passage through hydroelectric projects can be monitored and evaluated.  Through a collaborative effort with Biomark, NATURES methods will be evaluated using juvenile fish that will be PIT-tagged through funding by the Bonneville Power Administration.  Ancillary to the natural-rearing study, Biomark will conduct a large-scale, long-term PIT-tag retention study on sub-yearling chinook salmon.

The rationale for conducting a tag-retention study like the one we propose is that no previous work has combined a large number of fish (approximately 12,000 sub-yearlings) and a long-term (30 days post-tagging) temporal component.  These data are needed considering one of the objectives of IDFG supplementation research, as stated in the Salmon River sub-basin summary, is to expand knowledge pertaining to PIT-tagged pre-smolt, or sub-yearling chinook salmon.

In addition to its relationship with the goals, objectives, and management and research strategies in the Salmon River sub-basin, this research will potentially provide data germane to two RPA actions described in the December 12, 2000 FCRPS Biological Opinion.  Action 174 describes a system-wide, comprehensive marking plan for the Columbia River watershed.  PIT-tags will be a major component of the comprehensive marking plan and this tag-retention research could contribute insight into methodologies necessary to minimize pre-release sources of error when monitoring the out-migration of juvenile anadromous fishes.  

Action 185 states that “…fish marking and recapturing programs aimed at defining juvenile migrant survival…” will be funded and expanded.  This tag retention research is aimed at identifying “critical uncertainties” related to passage and survival estimates through hydropower projects.  By identifying a time, post-tagging, when shedding becomes negligible, future passage and survival studies can be designed to account for delayed sheds and improve the accuracy and precision of survival estimates.

d. Relationships to other projects 
 
 The goal of this project is to improve the understanding of PIT-tag retention and consequently improve the quality of future research pertaining to supplementation and fish passage through hydroelectric projects.  Therefore, the data could potentially benefit any study with the goal of evaluating a supplementation program through the use of PIT-tagged salmonids.  


The most direct relationship is with the NATURES study that will be conducted concurrently with the tag retention study. Coordination of the NATURES-rearing experiment with the tag retention study will benefit both projects by increasing evaluation potential, definitively identifying tag loss, reducing costs of tagging and fish care during the experiment, and providing additional oversight throughout the work.  


There are several supplementation research programs being conducted within the Salmon River sub-basin.  The Shoshone-Bannock tribes are managing two BPA-funded projects.  The first, Salmon River Production Program (Project No. 9705700), is large-scale program that is currently developing a “master plan” for salmonid supplementation in the Upper Salmon River.  Related to this project are Idaho Supplementation Studies (Project No. 8909803), which have been funded since 1991 to evaluate “critical uncertainties” associated with the use of hatchery fish for supplementation.  One of the objectives associated with the goals of this program is to “determine which supplementation strategies provide the quickest and highest response in natural production without adverse effects on productivity.”  One way to evaluate the efficacy of potential supplementation programs is through the use of PIT-tagged fish.  Data pertaining to PIT-tag retention would be an important consideration in such studies.  Salmon Supplementation Studies in Idaho Rivers (Project No. 8909802) is a research program being conducted by the Nez Perce tribe.  Large- and small-scale projects related to supplementation, specific supplementation programs, and long-term studies are conducted through this program.


Related to programs conducted by the Shoshone-Bannock and Nez Perce tribes, the Idaho Department of Fish and Game Idaho Supplementation Studies (Project No. 8909800) has been funded since 1991.  This program is very similar to the Shoshone-Bannock program of the same name and has identical objectives.  The natural-rearing study to be conducted in 2002, funded through the Lower Snake River Compensation Plan, will generate data that relates directly to the supplementation strategy objective described above.  


While the scale and scope of this research is small relative to other BPA-funded research projects, the data that will come from it will be important to continued high precision of passage and survival estimates through Columbia and Snake River hydropower projects (Skalski 1998).  Therefore, while the study will be conducted in the Salmon River sub-basin, inferences regarding PIT-tag retention will be germane to projects conducted throughout the Columbia River watershed.

e. Project history NEW PROJECT

f. Proposal objectives, tasks and methods
OBJECTIVE 1: PIT-tag 12,000 sub-yearling chinook salmon located at Sawtooth Fish Hatchery in June or July 2002.  Meeting this objective will require a pre-operational site visit (Spring 2002) and approximately 8 days of fieldwork.


a. The site visit will take place several weeks prior to the fieldwork.  The site visit will enable Biomark personnel to determine the best location for the tagging station, coordinate water and electrical hook-ups for use during fieldwork, and to coordinate post-tagging shed monitoring with IDFG personnel.  This last task will require daily access to raceways and participation in any raceway cleaning that takes place during the 30-day monitoring period.


b. Fieldwork will take place in June or July 2002 after sub-yearlings have reached total lengths greater than 55 mm.  A four-person crew will be necessary to efficiently tag approximately 2,000 fish per day.  Biomark personnel will tag all fish following the methods presented in Prentice et al. (1990b).  The estimated time to complete fieldwork includes a day to set up the tagging station and a day to take down the tagging station.

OBJECTIVE 2: Monitor post-tagging shedding rates for 30 days.  There are several tasks associated with this objective.  These tasks incorporate fieldwork, data analysis, and presentation in report and manuscript form.


a. Approximately 2,000 PIT-tagged fish will be held in each of six raceways following tagging.  These raceways will serve as replicates.  During the first 7 days post-tagging, each raceway will be “swept” daily with a large magnetic roller in order to collect all shed PIT-tags.  PIT tags from each raceway will be collected and the number of shed tags from each raceway will be recorded.  Shed PIT-tags will be retained so that they can be removed from tagging data files.  During days 8 through 30 post-tagging, raceways will be swept every 72 hours and the number of sheds from each raceway will be recorded.  Fieldwork during the second part of the tag collection phase will include travel time from Boise, Idaho to the Sawtooth Fish Hatchery.  Based on previous research and our observations, the majority of shedding should occur during the first seven days.  However, it is important to monitor shedding for 30 days because it takes 14 to 30 days for tag wounds to completely heal (Prentice et al. 1985).


b. Data analysis will consist of using the replicate shed rates (calculated within each raceway) to estimate shed rates over the duration of the experiment.  If one takes the conservative approach and assumes high shed rates ranging from 0.05 to 0.10 among raceways this would yield an estimate of the standard deviation of the mean shed rate of approximately 0.0125.  This suggests that with n = 6, confidence limits around the estimate of shed rate would be very precise.  The objective of this analysis would be to determine how long following tagging would it take for mean shed rate to decrease so that a confidence interval overlapped 0.0 and therefore, subsequent shedding could be considered negligible.


The NATURES study may result in a confidence interval estimated using a sample size of 6 becoming inappropriate, considering half of the raceways will be treatment (natural-rearing methods) and half would be control (standard rearing methods).  In that case, confidence intervals would be estimated using n = 3.  However, if there were justification for splitting the shed rate estimates between the treatment and control groups this would provide the opportunity to compare shed rates based on a parametric comparison of two proportions or a t-test comparing the number of sheds in treatment raceways to those in control raceways.


c. The final phase of this task involves the preparation of the data into a final report and a manuscript for publication in a peer-reviewed journal.  The most appropriate venue for the results of this research would likely be the North American Journal of Fisheries Management as a Management Brief.  Additionally, the results could be made available electronically on the Biomark website or another repository.


OBJECTIVE 3: The third objective of this project is the preparation of the tagging files for transfer to the IDFG Supplementation workgroup and submission to the PITTAGIS database.


a. This objective will be accomplished by a Biomark fisheries biologist specializing in data management.  During the retention study, shed tags will be periodically scanned and removed from the initial tagging files created during the fieldwork at Sawtooth Fish Hatchery.   Upon completion of the retention study, the final tagging files will be compiled and transferred to IDFG personnel for use in evaluation of their natural-rearing study.

g. Facilities and equipment

  This study will be conducted as Sawtooth Fish Hatchery, operated by the Idaho Department of Fish and Game for the U.S. Fish and Wildlife Service and located near Stanley, Idaho.  The 12,000 sub-yearling chinook salmon will be raised at the hatchery.

Biomark currently possesses all the equipment necessary to tag 12,000 sub-yearling chinook salmon in approximately 6 days.  Essential equipment will be rented from Biomark as part of the project budget and anything not described in the equipment budget is owned by Biomark and is considered standard tagging material.  Biomark will rely on personnel at the Sawtooth Fish Hatchery to provide a water supply for the tagging operation.  Expenses associated with the purchase and rental of tagging equipment can be found in part 1 of the proposal form.


Biomark has a fleet of three vehicles.  These vehicles are adequate to transport personnel and equipment anywhere in the Pacific Northwest.  Travel expenses associated with the use of these vehicles can be found in part 1 of the proposal form.
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Matthew R. Dare, Fisheries Research Biologist, Biomark, Inc.  Dr. Dare will serve as the Project Manager for this study.  His primary duties will be to oversee data collection, analysis, and compilation of the data into a final report and manuscript for submission to a peer-reviewed journal.  Dr. Dare will work closely with Mr. Vidergar during the data analysis and writing stages of the study.

MATTHEW R. DARE; Biomark.

EDUCATION

Doctorate of Philosophy, University of Wyoming, 2001.  Specialization: salmonid-habitat relationships in lotic systems, Research Tool: statistics. 

Master of Science, Central Michigan University, 1997. Specialization: fisheries biology and stream ecology. 

Bachelor of Science, Central Michigan University, 1994. Major: Biology, Concentration: Natural Resources. 

RESEARCH AND WORK EXPERIENCE

6/01 – Present. Fisheries Research Biologist, Biomark, Inc.  I am responsible for the design, implementation, and analysis of research pertaining to fish passage, fish-habitat relationships, and ecological studies in the northwestern U.S.  My duties include grant proposal preparation, fieldwork supervision, data analysis, and manuscript preparation.   Additionally, I assist Biomark customers in need of consultation pertaining to experimental design and analysis.  On this project I will serve as Project Manager.

6/97 – 5/01. Ph. D. Student/Research Assistant.  The research project examined the habitat use and movement of cutthroat trout and brown trout in a regulated river during winter.  Fieldwork involved the observation of radio-tagged trout during successive winters when discharge was held constant then systematically decreased over 3 months.  In a related study, I examined how the distribution and movement of trout was affected by hydrogen sulfide during stable and variable discharge.  My academic experience consisted of developing an understanding of field experimental design and associated analytical approaches through a number of statistical methods courses, preparation of a research plan, and the analysis and integration of data into peer-reviewed manuscripts.

SKILLS AND QUALIFICATIONS

· Versed in the principles of experimental design and analysis using a variety of parametric, non-parametric, and multivariate approaches and the use of several popular statistical software packages including SAS, SPSS, and Minitab.  Twenty-one credit hours of undergraduate and graduate-level statistics courses.

· Familiar with the considerations necessary to accurately analyze field data sets including accounting for spatial and temporal autocorrelation.

· Possess management and leadership experience developed while coordinating the efforts of three technicians during my dissertation research.  Additionally, I have demonstrated the ability to participate in positive and efficient working relationships with state and federal-level management personnel.

· Application for Associate Fisheries Scientist certification through the American Fisheries Society is currently in review.

PUBLICATIONS

Dare, M. R., and W. A. Hubert. 2000. Precision and interpretation of data collected using a new measurement technique for microhabitat features at fish locations determined by radio telemetry. Journal of Freshwater Ecology 15:29-38.

Dare, M. R., W. A. Hubert and J. S. Meyer. In Press.  The influence of stream flow on hydrogen sulfide concentrations and distributions of two trout species in a Rocky Mountain tailwater. North American Journal of Fisheries Management.

Dare, M. R., and W. A. Hubert. In Review. Spatial segregation and behavioral plasticity in cutthroat trout and brown trout in a regulated river during winter. Submitted to the Journal of Fish Biology.

Dare, M. R., W. A. Hubert, and K. G. Gerow. In Review. Changes in habitat availability, habitat use and movements by two trout species in response to declining discharge in a regulated river during winter. Submitted to the North American Journal of Fisheries Management.
Clinton S. McCutcheon, Senior Fisheries Biologist, Biomark, Inc.  Mr. McCutcheon’s primary duties will be to oversee all aspects of the field component of the study.  He will coordinate the set-up, tagging, and takedown of the tagging station and oversee the four-person tagging crew.

CLINTON S. McCUTCHEON; Biomark.

EDUCATION

Bachelor of Science, California Polytechnic State University, 1979. Major: Natural Resources Management/ Fisheries.

Associate of Science, Cuesta College, 1976.

RESEARCH AND WORK EXPERIENCE

1990 – Present. Senior Fisheries Biologist, Biomark, Inc. My duties include project management and coordination of six to eight person field crews during PIT-tagging and release-recapture studies.  Additionally I oversee PIT-tag data collection and analysis and am responsible for data compilation and report writing.    

1998 – Present. Douglas Co. Public Utility District survival studies. I supervised all aspects of fieldwork, data management, and report writing for survival studies funded by Public Utility District No. 1, Douglas County, Washington.  During three years of fieldwork Biomark supervised the release of approximately 162,000 PIT-tagged salmon and steelhead smolts.

2000 – Present. Grant Co. Public Utility District survival studies. I supervised all aspects of a large-scale study that examined smolt passage and survival through the Wanapum and Priest Rapids hydroelectric projects on the Columbia River.  This research, funded by Public Utility District No. 1, Grant County, Washington, entailed the PIT-tagging and release of approximately 117,000 juvenile chinook salmon.

1984 – 1990. Fisheries Research Biologist, National Marine Fisheries Service. Coded wire tag Coordinator for PSMFC.  I supervised all PIT-tag projects for NMFS from 1985 through 1990.  Participated in the development of the PIT tag database for the Columbia River and managed all PIT tag data from 1985 through 1990.  First Chairman of the PIT tag technical workgroup and was the NMFS PIT-tag coordinator through 1990.

SKILLS AND QUALIFICATIONS

· 22 years experience with salmonids culture, management, and research

· 15 years experience with management of large PIT tagging projects

· 15 years experience with coordination of interagency projects

· 15 years experience with PIT tag data management

· Conducted numerous PIT tag training courses and workshops 

· 3 years experience with salmon culture and hatchery management

PUBLICATIONS

McCutcheon, C. S., E. F. Prentice, and D. L. Park.  1994.  Passive Monitoring of Migrating Adult Steelhead with PIT Tags.  North American Journal of Fisheries Management 14:220-223.

Muir, W. D., W. S. Zaugg, A. E. Giorgi, and S. McCutcheon.  1994.  Accelerating smolt development and downstream movement in yearling chinook salmon with advanced photoperiod and increased temperature.  Aquaculture 123 (1994): 387-399.

Prentice, E. F., T. A. Flagg, and C. S. McCutcheon.  1990.  Feasibility of Using Implantable Passive Integrated Transponder (PIT) Tags in Salmonids.  American Fisheries Society Symposium 7:317-322.

Prentice, E. F., T. A. Flagg, C. S. McCutcheon, and D. F. Brastow.  1990.  PIT-Tag Monitoring Systems for Hydroelectric Dams and Fish Hatcheries.  American Fisheries Society Symposium 7:323-334.

Prentice, E. F., T. A. Flagg, C. S. McCutcheon, D. F. Brastow, and D. C. Cross.  1990.  Equipment, Methods, and an Automated Data-Entry Station for PIT Tagging.  American Fisheries Society Symposium 7:335-340.

Dmitri T. Vidergar, Fisheries Research Biologist, Idaho Department of Fish & Game.  Mr. Vidergar will serve as co-principal investigator and liason to the IDFG during the course of the study.  He will participate in the planning and coordination phase of the study and in the tagging phase.  Mr. Vidergar will work closely with Dr. Dare and be co-author on all reports and manuscripts generated from the research.

DMITRI T. VIDERGAR, Idaho Department of Fish and Game.

EDUCATION

Masters of Science, University of Idaho, 2000.  Specialization: fisheries resources.

Bachelors of Science Degree, Montana State University, 1993. Major: Fish and Wildlife Management.
RESEARCH AND WORK EXPERIENCE

Serving as the IDFG chinook hatchery evaluation biologist, my main objective is to use a research-based approach to evaluate hatchery production of chinook salmon.  However, this position is more a component of an extensive cooperative effort to manage Idaho’s hatchery chinook program.  I work closely with a myriad of entities including inter/intra state and LSRCP (Lower Snake River Compensation Plan) research and management biologists, hatchery personnel, NMFS (National Marine Fisheries Service), FPS (Fish Passage Center), Native American tribes, USFWS (US Fish and Wildlife Service), and BPA (Bonneville Power Administration).  Specific duties include evaluating and providing direction toward certain hatchery operational practices including brood stock selection, size, numbers of fish reared, disease history, and time of release through a framework of research-designed experiments.  Coordination with other biologists and hatchery managers for juvenile out-planting, brood stock collection and spawning strategies.  Collect, edit, submit and maintain all PIT-tag files and activities for chinook salmon from hatcheries operated by the state and Idaho Power.  Provide administrators and managers a clear and concise record of research findings and adult salmon returns by preparing summarization reports for individual research projects in addition to annual reports.  Annual reports detail post release survival of all (five) representative year classes.

SKILLS AND QUALIFICATIONS

My work experience has provided a diverse understanding of the biological, social, economic, and political facets of managing fisheries in today’s era. Being a part of the IDFG chinook salmon research program, I have the knowledge and background to conduct high-quality research which will be incorporated into the framework of ongoing projects. I have a detailed understanding of IDFG PIT-tagging protocols, hatchery operations, rearing of chinook salmon, and collection and interpretation of data.  Being the project leader on the existing NATURES project will directly benefit the proposed work by facilitating its integration into existing research and management programs.  Additionally, I will have the opportunity to provide oversight on location and serve as a liaison between Biomark and hatchery personnel while the work is being performed.  Lastly, my graduate and professional training will enable me to contribute to all aspects of data analysis and presentation.
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