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Section 9 of 10. Project description

a. Abstract 
The proposed research would include the development and testing of a progeny mark.  A progeny mark is a material or chemical administered to female parents that is detectable in the tissue of their progeny.  Ideally, a benign compound (or element such as strontium) would be injected either into the female adult's peritoneum or dorsal sinus and be assimilated into the eggs. The marker would be tested in laboratory conditions at three different concentrations against a control group.  The hypothesis is that after the marker is incorporated into the egg, it would be laid down in the otolith of the progeny where it would be detectable using an electron microprobe.  A nested ANOVA would be used to test within-female variation and between-treatment variation.  This work would be an extension of work done by Kalish (1990) and Rieman et al. (1994) on sockeye salmon to determine if juvenile salmon had an anadromous or resident female parent.  Researchers found that the higher strontium concentrations in anadromous sockeye (because of the higher strontium concentrations in the ocean) were passed on to their progeny and were detectable in the center of the progeny’s otoliths.  In the development of a progeny mark we would be artificially manipulating marker concentrations in adult females during their upstream migration. 

If successful, researchers would now have a tool to evaluate the success of their supplementation programs by determining the natural reproductive success of hatchery fish spawning in the wild in relation to wild spawners.  After an effective progeny mark is developed, the new marker would be injected into adult, hatchery, female steelhead collected at traps and weirs (such as the Three Mile Falls Dam Trap on the Umatilla River).  The marked adults would be released for natural spawning.  The chemical compositions of otolith centers from a sample of naturally produced progeny would indicate the ratios of progeny from marked (hatchery) and unmarked (wild) females. 

b. Technical and/or scientific background
The Umatilla River Summer Steelhead Program artificially supplements Umatilla steelhead using wild endemic broodstock to prevent domestication.  Hatchery reared steelhead are the progeny of about 115 wild parents taken from a cross section of the run annually.  Between 1986 and 1988, hatchery steelhead comprised roughly ten percent of the adult return.   Between 1989 and 1996, the percent of the adult run comprised of hatchery fish climbed from 14% to as much as 43%, and in 1997 hatchery fish outnumbered natural fish, comprising 60% of the adult returns (CTUIR et al., 2001) (see Figure 1).  In 1999 and 2000 hatchery fish represented 39.8% and 25.3% of the run respectively. Hatchery reared endemic summer steelhead are frequently observed digging redds and spawning naturally during spawning surveys (Contor et al. 1998).  
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Figure 1.  Umatilla adult summer steelhead returns 1988-2000 (Contor et al. 2000).
The current assumption is that returning, hatchery-reared steelhead produce progeny successfully and enhance natural production.  However, because the supplementation program uses endemic steelhead for broodstock, there has remained an inability to monitor the reproductive success of hatchery fish using genetic markers.  This proposal would evaluate the ability of a benign, stable isotope to be used as a progeny marker.  A progeny marker would need to be a substance that can be introduced to female steelhead and be absorbed by the eggs prior to spawning.  The marker would then need to be incorporated in the larvae’s tissue during the first stages of growth.  In a similar manner, past studies have shown that erythromycin phosphate can be passed from maturing females into the developing ova and resultant embryos (Haukenes and Moffitt, 1999). 

The elemental composition of fish bony structures, such as fin rays, scales and otoliths, provide useful natural markers of population structure and ecology.  Such elemental isotopes are naturally incorporated into fish tissues throughout their lives, as each fish is affected independently by its environment (Gallahar and Kingsford, 1996; Wells et al., 2000). For example, analysis of otolith microchemistry provides a means of determining whether adult spawners are the progeny of migratory or nonmigratory forms (Rieman et al, 1994; Zimmerman and Reeves, 2000).  Otolith microchemistry can be used to identify maternal origin based on examination of the ratio of non-radioactive strontium (Sr2+) and calcium (Ca2+).  Strontium, an element with binding characteristics similar to calcium (i.e. similar ionic radius and identical valence), is substituted for calcium in the calcium carbonate matrix of the otolith at levels relative to the concentration in the environment (Kalish, 1990).  The concentration of strontium is greater in seawater than in fresh water.  Therefore, analysis of Sr:Ca ratios across the otolith of a fish can describe the migrational history of that fish.  Further, comparison of Sr:Ca ratios in the primordia (core region) and freshwater growth region can be used to determine maternal origin (resident or anadromous), based on the assumption that primordia composition reflects the environment in which yolk precursors develop.  Using these techniques, Rieman et al. (1994) were able to determine the maternal origin of juvenile sockeye salmon and their resident form, kokanee, in the Snake River, Idaho.  Similar findings were repeated by Zimmerman and Reeves (2000) (see Figure 2).
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Figure 2.  Frequency distribution of the difference between mean primordia Sr:Ca ratios and mean freshwater growth region Sr:Ca rations for resident rainbow trout (solid bars) and steelhead (open bars) in the Babine River, British Columbia (a), and the Deschutes River, Oregon (b).  (Reproduced from Zimmerman and Reeves, 2000) 

The manipulation of ambient levels of chemicals such as strontium has also allowed fish to be marked or tagged invisibly.  Artificially induced strontium marks have been detected in otoliths (Schroder et al., 1995), scales (Behrens-Yamada and Mulligan, 1982; Snyder et al., 1992), vertebrae (Behrens-Yamada and Mulligan, 1982; Schroder et al., 1995) and dorsal spines (Pollard et al., 1999).  During this proposed study, it will be determined whether strontium levels can be artificially elevated in adult female hatchery salmon migrating to spawning grounds to effectively mark their progeny.  This artificial strontium increase will mimic the naturally occurring progeny mark that was discovered by such as Kalish (1990), Rieman et al. (1994), and Zimmerman and Reeves (2000).

We hypothesize that an artificially induced strontium mark will be most visible in the otoliths of the progeny.  In fish, strontium is mobilized and made available in the blood plasma, vitellogenin, the resulting yolk proteins of developing ova, and ultimately in the substitution for Ca in the primordia of developing otoliths (Kalish 1990).  Some ion exchange occurs between the female and her eggs in the period prior to spawning and such exchange may continue to influence the yolk content during a salmon’s migration (Alderdice 1988).  This would allow an artificially introduced marker to be taken up by the developing eggs and incorporated into the otolith of the progeny.  The primordia of salmonid otoliths are the first calcified structures to form in the developing embryo and are present at least several weeks prior to hatch (Rieman and Myers, 1994).  The elemental composition of the primordia that develop directly from the yolk should reflect the elemental composition of that yolk (Rieman and Myers, 1994).  However, because strontium markers have been shown to visible in scales (Behrens-Yamada and Mulligan, 1982; Snyder et al., 1992) and other bony structures (Behrens-Yamada and Mulligan, 1982; Schroder et al., 1995; Pollard et al., 1999), we will conduct some additional strontium testing on scales and fin rays of marked progeny to possibly provide for a non-lethal alternative for sampling.

Because strontium has been so well researched as a marker for fish, we will use it for this proposed research.  In the past, radioactive isotopes have been proven to be effective markers of fish.  However, marking fish with stable salts such as strontium chloride has many advantages over radioactive tagging, which is comparatively expensive, environmentally unattractive, and a potential threat to human health.  The latter is an extremely important criticism because the steelhead that would receive the marker developed in this proposal could be caught and eaten by both tribal and non-tribal anglers.  Strontium marking has in fact been suggested as a identification technique for farm-reared brook trout destined for human consumption (Guillou and de la Noue, 1987).  In fact, fish artificially marked with strontium in that particular study did not demonstrate any abnormal increase in strontium content of muscle or skin tissue.  However, during this proposed study, strontium will be introduced to the fish in a different manner (injected into the peritoneum or dorsal sinus), therefore samples will be taken to ensure that muscle and skin tissue is not over-accumulating strontium.

After the marker has been developed, female adult hatchery steelhead (identified by a fin clip) would be collected at traps and weirs (such as the Three Mill Falls Dam Trap on the Umatilla River) and injected with the marker medium.  The marked adults would be released for natural spawning, and their progeny would acquire the marker.  The chemical compositions of otolith centers from a sample of naturally produced progeny would indicate the ratios of progeny from marked (hatchery reared) and unmarked (wild) females.  This would provide a means of evaluating the reproductive success of the endemic hatchery-raised females that spawn naturally.

c. Rationale and significance to Regional Programs
Until the conception of this proposal, no one has developed a tool that could be used to monitor the natural reproductive success of hatchery fish from endemic broodstock, because the hatchery fish are genetically identical to the wild fish.  The development of a progeny marker would allow the evaluation of any supplementation program using endemic broodstock throughout the Pacific Northwest.  In this manner, fisheries managers would be able to support the hypothesis that these hatchery supplementation programs are providing fish to rebuild naturally spawning populations, not just providing fish for harvest, as consistent by the 2000 Fish and Wildlife Program (FWP).  This project is also consistent with the 2000 FWP Artificial Production Strategies that states that “artificial production must be implemented within an experimental, adaptive management design that includes an aggressive program to evaluate the risks and benefits and address scientific uncertainties”.  This research project would allow the CTUIR to effectively evaluate their supplementation program, and provide a tool for other fish managers to do the same.

This project is also consistent with the Research, Monitoring, and Evaluation Strategies listed in the 2000 FWP:

1. Identify and resolve key uncertainties for the program,

2. Monitor, evaluate and apply results, and

3. Make information from this program readily available.

An uncertainty in the CTUIR Artificial Production Project is whether hatchery produced females from endemic broodstock are spawning successfully in the wild.  This has been identified as an unknown (section 10.5) in the Draft Umatilla Hatchery Genetics and Management Plan (HGMP) (CTUIR and ODFW, 2000).  The development of a progeny marker would allow fish managers to monitor and evaluate this uncertainty. This is consistent with Action 14.4 of the Umatilla/Willow Subbasin Summary (CTUIR et al., 2001), which states the need to “evaluate natural reproductive success of hatchery supplemented steelhead”.  After the marker has been developed, this technology will be made available to other supplementation programs for the purpose of monitoring.  This information will be made available through BPA, published journal articles and postings on a proposed CTUIR research, monitoring and evaluation website.

The NMFS Biological Opinion (December, 2000) states in section 9.6.5.3.2 that “reproductive success of naturally spawning hatchery fish is a critical uncertainty”.  Action 182 states that “the Action Agencies and NMFS shall work within regional priorities and congressional appropriations processes to establish and provide the appropriate level of FCRPS funding for studies to determine the reproductive success of hatchery fish relative to wild fish”.  The marker that would be developed under this proposal would provide a tool to be used for this evaluation.  This proposal also meets the hatchery effectiveness monitoring required under Action 184 of the NMFS Biological Opinion.  As previously stated, the development of progeny marker would allow the CTUIR to effectively monitor the reproductive success of hatchery steelhead.  It would also provide a tool to meet the overall research, monitoring, and evaluation needs of artificial propagation throughout the entire Pacific Northwest.

d. Relationships to other projects 
This proposed project is part of a much larger fisheries management program implemented by the CTUIR in cooperation with the Oregon Department of Fish and Wildlife (ODFW), the Bureau of Reclamation (BOR), the Irrigation Districts and other various resource management agencies.  Four critical components of the subbasin summary are being addressed by the Fisheries Program to meet the successful enhancement of salmonid fish populations in the Umatilla Basin, including artificial production, removal of passage impediments, enhancement of instream flow, and restoration/protection of habitat.  This framework encompasses projects funded by both BPA and the Bureau of Reclamation (BOR), including the following.  In the absence of habitat protection (Umatilla Habitat Enhancement Project #8710001) and holistic management practices, all other efforts toward restoration will fail.  This is clearly emphasized in the 1994 FWP, the 2000 FWP and the subbasin summary.

The development of a progeny marker is most directly related to hatchery programs because of its use as an evaluation tool to monitor reproductive success of supplemented fish spawning naturally.  As co-managers of the Umatilla Basin hatchery program, ODFW operates the Umatilla Hatchery and the CTUIR operates the satellite facilities.  The two projects are dependent upon each other in order to meet the artificial production objectives in the basin.  The Umatilla Hatchery O&M project (#8903500) receives eggs from the Umatilla Hatchery Satellite Facilities O&M project (#198343500).  The satellite facilities acclimate smolts and provide eggs to Umatilla, Bonneville, Little White Salmon, and Cascade Fish Hatcheries operated by ODFW and USFWS.  Broodstock are collected and transported by the Umatilla River Fish Passage Operations project (#8802200).  Finally, the Umatilla River Fish Facilities O&M project (#8343600), with the involvement from Westland and West Extension Irrigation Districts, also assists in preventative and heavy maintenance at all satellite facilities.  The development of a progeny marker would help evaluate the success of the collaborative efforts being undertaken by the ODFW and CTUIR hatchery programs, and other similar programs.

In the Umatilla Basin, there are several projects that work closely together to monitor fish population status and the interactions between wild and hatchery fish.  In addition to hauling adults and juveniles during low water conditions and providing broodstock for spawning and coded-wire tag recovery information, the Umatilla River Fish Passage Operations project (#8802200) provides a comprehensive monitoring opportunity for assessing adult returns to the Umatilla River as they pass over Three-Mile Dam.  Their setup also provides the perfect opportunity and facilities to capture and mark hatchery females with the progeny marker as they migrate up river to spawn.  The Umatilla Basin Natural Production M&E project (#8710001) conducts extensive spawning ground and juvenile outmigration surveys to assess natural production.  This project will be the primary user of the new progeny marker as they monitor outmigrating juveniles and test for the presence of the marker.  

e. Project history (for ongoing projects) 

Not applicable – this is a new project.

f. Proposal objectives, tasks and methods
We hypothesize that a strontium compound injected either into the peritoneum or the dorsal sinus of adult female salmonids will be taken up by the eggs and incorporated into the progeny's otolith primordia.  This marker must be benign and pose no human health hazard.  During the research we will function under the assumption that otoliths are metabolically inert, unlikely to be resorbed, and grow throughout the life of the fish.  All scientific trials will be run on hatchery fish to avoid ESA and NEPA concerns.  The research should be accomplished by 2004, at which time the marker will be available for use by the Umatilla Basin Natural Production M&E Project and other research programs interested in using the marker as an evaluation tool.

OBJECTIVE 1.

Determine chemical composition and delivery medium of marker to be tested on maturing females.  

Task 1a. – Define the best chemical composition to be used to allow strontium uptake by developing ova.  

Methods:  The CTUIR Lead Biologist in consultation with the Project Leader will consult with fisheries developmental physiologists and biochemists to determine to the best chemical composition to test as a marker.  

Task 1b. – Conduct initial trials on a small number of fish to test the physiological effects of the proposed markers on maturing females and developing embryos.

Methods:  The CTUIR will contract this work to either the University of Idaho, Oregon State University, or Washington State University.  They will be required to test the proposed chemical marker developed in Task 1.1 on a small number of fish (n ( 30). This may include trials using a variety of delivery mediums and chemical compositions. Past research shows that a strontium salt (such as strontium chloride) may work effectively (Schroder et al., 1995), in a similar manner that erythromycin phosphate has worked to carry erythromycin into the ova of maturing females (Haukenes and Moffitt, 1999).  A comparison should also be made between injecting the marker into the peritoneum versus the dorsal sinus.  Some tests should be run to determine whether the progeny marker is appearing in scales or fin rays to provide a non-lethal alternative to sampling.  The contractor will have to determine the physiological effect the marker has on adult females.  The contractor will have to test the flesh and skin of marked adults to ensure that excess strontium is not accumulating and becoming a potential human threat if consumed.  Finally, the contractor must monitor the embryological development of the progeny of marked adults to ensure the experimental marker will not negatively impact development.

OBJECTIVE 2.

Test new marker on hatchery-raised, adult, female steelhead to determine whether it can be incorporated into the otoliths of their progeny.  
Task 2a. – Mark maturing female fish with three different marker concentrations and rear their progeny.  

Methods:  The CTUIR will contract this work to either the University of Idaho, Oregon State University, or Washington State University.  For each of the three marker concentrations, the contractor should mark 20+ female fish (extra fish allow for possible mortality) at different levels of ripeness.  A control group (n = 20+) will remain unmarked.  The contractor will need to have lab space and tanks to hold the fish in each of the four separate treatments.  They will also be responsible for the care and feeding of the juveniles.

Task 2b. – Artificially spawn marked and control females and rear progeny.

Methods: The CTUIR will contract this work to either the University of Idaho, Oregon State University, or Washington State University.  The contractor will artificially spawn 20 females from each treatment and then rear 100 progeny from each female.  The contractor will need to have the lab space and equipment necessary to artifically spawn each fish and raise the progeny to smolt stage.  This will include incubators, Heath trays and juvenile tanks.  They will also be responsible for the care and feeding of the juveniles.

Task 2c. – Extract otoliths from progeny and prepare samples for elemental analysis using methodology outlined in Zimmerman and Reeves (2000)

Methods:  The CTUIR will contract this work to either the University of Idaho, Oregon State University, or Washington State University. Take otolith samples from 10-20 progeny of each female to test for marker presence.  Repeat with the control group that do not receive any progeny mark.  The CTUIR Lead Biologist and staff will prepare otoliths for analysis. This will allow staff to be trained to repeat the process when using the progeny marker to evaluate their supplementation program.  Mount one sagittal otolith from each fish sulcus side down with Crystal Bond 509 on a microscope cover slip attached to a standard microscope slide.  Grind the otolith down to the primordia in preparation for elemental analysis with a wavelength dispersive microprobe.

Task 2d. – Analyze the Sr:Ca ratio within the primordia and freshwater growth regions of each otolith using methodology outlined in Zimmerman and Reeves (2000).  

Methods:  The CTUIR will contract this work to either the University of Idaho, Oregon State University, or Washington State University.  Use wavelength dispersive microprobe to sample Sr:Ca ratios within otolith samples.  Use a 15-kV, 50-nA, 7 (m diameter beam to sample all primordia and transects of at least 5 points in the freshwater growth region.  This will allow for comparisons of Ca:Sr ratios during the developmental history of the marked progeny.  These regions are identifiable based on growth rates inferred from banding patterns.

OBJECTIVE 3:

Analyze data gathered from the experimental trials and report results to BPA and the scientific community.

Task 3a. – Statistically analyze the data obtained from the electron microprobe sampling to determine whether the marker was effective.

Methods:  The CTUIR will contract this work to either the University of Idaho, Oregon State University, or Washington State University.  Use a nested ANOVA to test between within-female and progeny variation in marker effectiveness and between-treatment variation in marker effectiveness.

Task 3b. – Report data to BPA and scientific community.

Methods:  The CTUIR Lead Biologist will be responsible for the development of quarterly and annual reports to BPA, and posting results on the proposed CTUIR fisheries research, monitoring and evaluation website.  They will work in cooperation with the university contractor to publish data and results in a scientifically relavent journal.  The contractor will also present the research at relavent workshops and symposiums.

g. Facilities and equipment
The proposed research would be done in co-operation with an institution such as the University of Idaho, Oregon State University or Washington State University.  It would require wet lab facilities with at least four large holding tanks that could potentially hold 50 adult steelhead each.  The laboratory should also be equipped with a variety of containers for artificially spawning adult steelhead and for rearing juveniles, including egg incubators and tanks.  

Elemental analysis of the otoliths will be conducted with a wavelength dispersive (electron) microprobe, such as the Cameca SX-50.  Oregon State University has an electron microprobe laboratory that would be perfect for this level of analysis.  Bulk particulate and macromolecular materials (> 5 microns) can be imaged and analyzed with their Cameca SX-50 electron microprobe, equipped with 4 WDS spectrometers.
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Experience includes: juvenile and adult salmonid tagging and enumeration; use of GPS units, radio-telemetry equipment and water quality calorimeters; identifying and classifying plant and fish specimens in laboratory and field settings; knowledgeable of techniques used for stream rehabilitation, bank stabilization and environmental mitigation; identifying restoration and proactive mitigation opportunities; conducting stream surveys, habitat inventories and limnology studies; analyzing data and integrating results into effective research reports; working with a wide variety of individuals including stewardship groups, government agencies and landowners; working with a wide variety of individuals including stewardship groups, government agencies and landowners; participating in interagency planning groups; preparing scientific reports; supervising and training individuals.

Recent Project Reports

Contributor to:

CTUIR et al.  Prepared for the Northwest Power Planning Council (NPPC).  2001.  Umatilla Subbasin/Willow Creek Subbasin Summary (Draft).
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