Research plan comments 4

I. Introduction

This document addresses monitoring and research plans and budgets required for Montana to achieve the four Governor’s Recommendations for monitoring resident fish. Materials are arranged according to the outline provided by Steve Waste (NPCC).  Elements in the All-H approach: hydropower, habitat, harvest and hatcheries (Federal Caucus 2000) and the Human element included in the Governor’s recommendation are addressed separately so they can be repositioned in the final document. The goal is to assimilate required fisheries research and monitoring throughout the region to address key management questions.  This can be accomplished by developing compatible probabilistic sampling designs, field sampling protocols, data management protocols, and analytical tools to address fisheries restoration on multiple spatial and temporal scales. Many of the monitoring tools and research methodologies applied in Montana are applicable elsewhere in the Columbia Watershed.

II.  Mandate for a Research Plan for Fish and Wildlife in the Columbia River Basin

The Governors of Idaho, Montana, Oregon and Washington recommended that the Northwest Power and Conservation Council (Council) should design an integrated, complementary and scientifically sound monitoring system for counting fish that includes budgets and priorities by the end of 2003. During the same time frame, the Council was also directed to draft a systemwide research plan with budgets and priorities. The Council’s product was to include an equitable plan for funding the implementation of this program.  The governor’s supported federal agency budgets that reflect commitments made to Columbia Basin fish and wildlife and the “All-H” approach, and pledged to work, as States, with regional partners and the Council to secure congressional support for separate appropriations - including additional appropriations to the States - to meet these commitments. 

III.  The Development of A Regional Research Plan
IV.  Critical Uncertainties and Research Recommendations for the Columbia River Basin 

Tributary

Effectiveness of Tributary Habitat Actions

A habitat and fish passage plan was developed for the tributaries in the Flathead Watershed (Knotek et al. 1997).  Similar implementation and monitoring strategies have been adopted in the Kootenai Watershed. Specific monitoring strategies, including pre- and post-treatment sampling of habitat and fish are designed for each restoration project. 

MFWP uses Rosgen methodology (Rosgen 1996) to determine the natural stream dimension, pattern and profile using reference reach information used to establish accurate dimension, pattern and profile on stream restoration projects. These characteristics include velocity, depth, slope, width, channel materials, discharge, sediment supply and substrate condition. Level III (Rosgen 1996) field evaluation to determine the state, stability, and “health” of each project site. Physical changes are also evaluated using photopoints, aerial photography, and substrate analysis (sediment scoring and coring). Restoration projects rely heavily on revegetation techniques within the riparian area to provide long-term stability. 

Biological success or failure of each tributary project is evaluated based on pre- and post-treatment measurements of standing stock, fish growth at age (scales and otoliths), proportional stock density, condition factor (weight/size), increased spawning utilization (redd/spawner counts), catch or harvest rates, and changes in benthic macro-invertebrate communities. Fisheries population sampling in tributaries is combined with watershed level evaluations of spawning runs, spawning substrate coring and scoring, redd counts, electrofishing, and gill net series to assess direct and indirect effects of the program. Research to determine the relative contribution of juvenile fish from the various tributary streams is described in greater detail later in this document. 

In many instances, native amphibians and reptiles co-exist with native fish. Efforts to protect or restore native fish may have far reaching affects on other non-target organisms. Understanding these interactions through basic survey and inventory projects will aid in advancing holistic native aquatic species management. 

Hatchery Effectiveness: Hatchery-Wild Interactions

The habitat and hatchery portions of Montana’s fisheries program are co-dependent. Rehabilitated sites can be rapidly reestablished with genetically compatible hatchery fish where natural recolonization can not occur.  Conversely, the survival of hatchery out-plants is largely dependent on the availability of quality habitat, especially if we are to avoid conflicts with wild stocks. 

Montana has initiated experiments to replicate locally adapted stocks from selected wild donor populations. Our goal is to reestablish naturally sustaining spawning in waters where native populations have been extirpated. Only the progeny of wild adults will be used for restoration actions where genetically pure, wild stocks can not be restored naturally.  When completed, the Sekokini Springs Natural Rearing Facility will raise up to four genetic strains of wild cutthroat trout in nearly natural habitat to maintain their wild behavior and pure genetic integrity. In the future, gametes and/or juveniles from the wild population will be used to reestablish naturally reproducing westslope cutthroat trout populations where the species has been extirpated. 

Redband trout, native in the Kootenai drainage, are being experimentally raised in a renovated stream and pond habitat at MFWP’s Libby Field Office for recovery actions within their historic range in Montana. Only a few sources of genetically pure redband remain in Montana.  MFWP recently constructed a natural stream channel in the water source for the former state hatchery at the site. Existing rearing ponds were enlarged and deepened, and habitat was restored. Nonnative brook trout were successfully eradicated using antimycin and a self-cleaning fish barrier was installed to isolate the facility.  After potential donor populations were determined to be genetically pure and free of reportable pathogens, wild juvenile redband trout were captured and established in the new habitat. To avoid impacts to the remaining wild populations, only a portion of the wild population is transported to the isolation facility annually until comparable genetic diversity is achieved in the captive stock. Fish are now reproducing naturally in the spawning stream. In the future, gametes and/or juveniles from the captive population will be used to reestablish naturally reproducing redband populations where the species has been extirpated.  In 2002, gametes from captive adults were collected and progeny are being raised at the Murray Springs state fish hatchery. 

Experiments are ongoing to determine the most cost-effective method to reestablish spawning runs where wild trout have been extirpated. Remote site incubators (RSIs) have been successfully used to rear eyed eggs of westslope cutthroat trout to emergence in a tributary to Libby Reservoir.  Young Creek contains limited spawning habitat due to habitat degradation, but rearing habitat remains relatively intact. Trout from RSIs and fingerling plants in Hungry Horse Reservoir tributaries have survived to rear naturally in the stream through the smolt stage and emigration. Short term marks (e.g. oxytetracycline, fin clips or fluorescent pigments) will be used to assess rearing survival in the natal tributary and emigration rates. Future experiments will determine if the fish return as adults to spawn. Verification will require permanent marks to differentiate hatchery and wild origin fish. 

The otoliths of fry reared in the RSIs were marked using cold water treatments intended to enable researchers to identify these fish at older ages. Unfortunately, previous research on MFWP’s Libby Mitigation program showed that otolith marks applied by cold temperature did not reliably produce discernable marks in all fish.  Therefore, MFWP is implementing alternate methods to differentiate hatchery and wild origin fish. Multiple treatments with cold water may provide the required permanent marks on otoliths (Schroder et al. 1996). A few fish from each treatment will be sacrificed upon emergence to assure marks can be detected. A second method utilizes microelemental signatures (i.e. strontium, barium, magnesium, manganese and lead as ratios with calcium) within otoliths and scales (Thresher 1999; Gillanders 2001; Wells et al. 2003). The method operates on premise that differing ratios of rare earth elements are incorporated into otoliths and scales of developing bony structures at the same ratio they are found in their natal waters.  Although this technique is relatively new, it has proven to provide reliable results. 

MFWP is also planning a controlled experiment at the Sekokini Springs Natural Rearing Facility to assess the persistence of  elemental markers (Sr, Sr stable isotopes, Ba, Mn and Mg) on fish scales.  These marks will be at concentrations observed naturally in the environment that have proven to be quite accurate in assigning fish to their natal tributary. Direct marking of scales and otoliths in hatchery fish using strontium chloride or barium may be used to assure permanent marks (Snyder et al. 1992). Microelemental signatures incorporated in fish scales and/or otoliths will be used to differentiate wild fish from hatchery origin imprint plants, allowing researchers to determine the relative contribution from various streams, or changes in recruitment resulting from various mitigation actions.

MFWP plans to verify laboratory experiments through field trials.  The  F1 progeny of wild trout will be outplanted as eyed eggs and as imprint fingerlings (juveniles released prior to the age at which they would emigrate from their natal tributary) and monitored over time to determine which strategy is most cost effective for reestablishing a wild spawning run.  Individuals from both incubation strategies will be otolith-marked or scale-marked for future identification. Fish from both release strategies will be sampled annually in the rearing tributary using electrofishing population census to monitor age-specific survival and growth. Migrant class (age at which fish emigrate from tributaries) can be determined using growth checks on scales, or through known intervals between the time of marking and subsequent emigration.  Fish recaptured at larger size during subsequent surveys will be marked again using PIT tags.  Migrant traps and PIT tag detectors will be used to compare age and size at emigration from each source. Condition factor and incremental growth from scales and/or otoliths will be used to describe the health of individual fish relative to other treatments or control groups.  

Provided that the study fish survive in sufficient numbers to detect as spawning adults, we plan to install remote PIT tag detection stations to assess the degree of homing, or straying, and cost-effectiveness of each release strategy.  Spawners will be examined for physical tags or microelemental signatures in calcified fish tissues (Wells et al. 2003). MFWP is also researching a non-lethal sampling methodology that uses DNA analysis of fin tissues and minerals incorporated in fish scales to determine their natal stream or origin (Muhlfeld et al. in review). Spawning success will be assessed through standard redd counts.

When spawning runs are established using hatchery introductions, it is important to avoid the possibility that fish may stray to adjacent waters and impact native populations. Understanding the mechanism and timing for fish imprinting on their natal water source is crucial to increase the likelihood that hatchery origin fish will naturalize and return to spawn in the intended natal stream.  It is hypothesized that a spike in thyroxin hormone is associated with the time in which juvenile salmonids store the long-term memory required to imprint on their natal water source, enabling individuals to return to their natal tributaries as adults (Scholz et al. 1992; Dittman et al. 1996).  The imprinting mechanism in westslope cutthroat trout is poorly understood, although preliminary measurements indicate that thyroxine spikes occur during swim-up around 22-32 days post fertilization (pre-hatch and post-hatch) (Tilson et al. 1994). Evidence suggest that a second thyroxine spike occurs when juveniles emigrate from their natal stream. Additional research should be repeated with more frequent sampling during incubation and continued through smoltification to verify which of these hormone spikes, if not both, are important to the homing of adult westslope cutthroat trout. 

Montana has chemically rehabilitated several small, closed-basin lakes to remove illegally introduced species and create recreational opportunity for harvest. Small lakes generally provide the greatest hatchery-to-creel harvest potential (MFWP unpublished files). Where possible, this project utilizes Montana’s captive westslope cutthroat broodstock to restock the lakes and provide fishing opportunities for native trout. The state of Montana funds hatchery production of westslope cutthroat at the Washoe park State Fish Hatchery in Anaconda, Montana. The broodstock was founded using wild stocks from the South Fork Flathead River drainage and a small number of wild adults captured in from the Clark Fork River drainage. Genetic monitoring has revealed little change in the captive broodstock over time and Montana has determined the stock is appropriate for cutthroat restoration in many locations. 

Where nonnative species are irreversibly established and native species recovery is not feasible, managers can enhance biological productivity and improve angler harvest. Recreational fisheries are usually supplemented with rainbow trout supplied by state fish hatcheries. Closed-basin lakes, especially valley floor lakes that attract high recreational use, are often sustained through hatchery supplementation. Many have a long history of species introductions, contain self-reproducing mixed-stock fisheries and represent poor candidates for native species restoration.  Recreational fisheries are monitored by periodic gill net surveys and angler creel surveys.  The number of lakes in northwestern Montana necessitates low resolution monitoring. 

Mainstem/Systemwide 

Assessing the Effects of Hydrosystem Operation

Montana Fish Wildlife & Parks developed quantitative biological models to assess the biological consequences of various dam operation strategies on reservoir and river biota.   

Reservoir Modeling

Reservoir assessments are based on computer models of Hungry Horse Dam (HRMOD) and Libby Dam (LRMOD) that were empirically calibrated using field measurements of physical and biological parameters, as related to dam operations (Marotz et al. 1996). The biological response to varying reservoir operation can be modeled at all trophic levels extending from primary producers (plants) through tertiary trophic levels (fish growth).  

The reservoir models calculate phytoplankton production (metric tons of carbon fixed) calibrated by C14  liquid scintillation in light and dark bottle arrays.  Phytoplankton washout through the dam (metric tons) was calibrated by chlor α vertical distribution within the reservoir and verified using entrainment sampling.  Total zooplankton production (metric tons) was calibrated on phytoplankton production and seasonal measures of carbon transfer efficiencies.  The Hungry Horse Reservoir model partitions zooplankton production by genera, based on measured relative abundances in Wisconsin net tows. Zooplankton washout was calculated on vertical distributions measured in the reservoir with Schindler trap series and samples from the turbine discharge (Cavigli et al 1998).   Benthic production (metric tons of emergent insects) was calibrated on the depth distribution of insect larvae collected in benthic grab samples and emergence rates from insects captured in emergence traps.  Terrestrial insect deposition (percent of maximum) by insect order (coleoptera, hemiptera, homoptera, and hymenoptera) were calibrated using near shore (<100 m) and offshore surface insect tows.  Fish growth (end of year kokanee size at Libby and westslope cutthroat growth at Hungry Horse) in total length (TL) and weight (grams) were calculated through multivariate analysis on water temperature structure and food availability.  Fish growth is correlated with survival, fecundity and reproductive success (Chapman and Bjornn 1969). 

Thermal modeling conducted by MFWP resulted in the installation of selective withdrawal structures on the four penstocks on Hungry Horse Dam (Christenson et al. 1996 and Marotz et al. 1996).  The thermal components of the reservoir models continue to assess various strategies for thermal control in the Kootenai and Flathead Rivers.

Entrainment of reservoir fish through Libby Dam turbines can be estimated using the empirically calibrated entrainment model developed for Libby Dam by Skaar et al. (1996) given the necessary field data.  Multiple regression analysis explained that most of the raw variance (r2=0.776) was explained by dam discharge, forebay fish density at 0-10 m above the withdrawal depth and vertical fish densities derived from seasonal hydroacoustic transects.   Entrainment was correlated with discharge (r2=0.758). The model can be used to estimate fish entrainment using trends in fish density and vertical distribution extrapolated from sampling conducted from December 1990 through June 1993, or verified in real time using hydroacoustic sampling techniques.

Riverine Habitat Modeling

Riverine habitat models are important tools to examine potential impacts of dam operations on riverine organisms. Previous research demonstrated that the Flathead and Kootenai Rivers provide critical rearing areas for native bull trout and westslope cutthroat trout populations (Shepard et al. 1984; Fraley and Shepard 1989; Muhlfeld et al. 2003). Therefore, Montana Fish, Wildlife, & Parks (MFWP) conducted studies to determine how changes in river discharge (e.g., seasonal flow regimes and discharge change rates) influence the availability of suitable habitat for subadult and adult bull trout and westslope cutthroat trout. MFWP used a modified Instream Flow Incremental Methodology approach (IFIM; Bovee 1982; B. Miller, Miller Ecological Consultants Inc., personal communication) using site-specific biological and physical data to quantify impacts on critical salmonid habitat. The IFIM models use a combination of physical and biological empirical data to quantify the total availability of various habitats for selected life stages of native fishes under different dam operation scenarios (Hoffman et al. 2002; Marotz and Muhlfeld 2000; Muhlfeld et al. 2003). The resulting limits to flow fluctuations were included as recovery actions in the USFWS 2000 BiOp. A sliding-scale minimum flow strategy was implemented in the South Fork downstream of Hungry Horse Dam (Marotz and Muhlfeld 2000). 

Habitat use and movement data were collected for each target species and life stage by use of radiotelemetry and snorkeling in reaches affected by dam operations.  Habitat suitability functions were developed using these data to ensure that the suitability criteria accurately reflected the habitat requirements of the species and life stage of interest. Suitability curves were combined with two-dimensional hydraulic simulations of river hydraulic characteristics (i.e., stream bed elevations, mean column velocity, habitat type) in a GIS analysis format to determine habitat area as a function of discharge. Model results were then corroborated with radio telemetry, to assure meaningful and defensible instream flow analyses. Miller and Ptacek (2003) provided a visual characterization of habitat and Arcview project data.  A similar approach is being implemented for the Kootenai River IFIM model. Correlating fish locations with habitat preferences can be used to directly tie fish responses to habitat changes caused by dam operation. For example, Muhlfeld et al. (2002), using radiotelemetry, found that subadult bull trout (<400 mm) moved from deep, mid-channel areas during the day, to shallow low-velocity areas along the channel margins without overhead cover at night. Flow fluctuations caused by hydropower operations directly influence trout when they are forced to move into areas that were recently dewatered and are biologically unproductive. 

Although previous Instream Flow Incremental Methodology (IFIM) research by MFWP have directly correlated dam operation with habitat effects, questions remain regarding operational  effects on fish at the population level. MFWP has used Catch Per Unit Effort (CPUE) and/or mark recapture results to estimate population shifts and species relative abundances, which can be correlated with various dam operation strategies. Sampling can detect changes in condition factor and growth rate.  Food habits and prey abundance can be used, as in the reservoir models, to relate operational effects to fish production and potentially cohort survival. However, it remains unclear how researchers can separate the effects of dam operation from unrelated factors that affect recruitment and survival, such as changing harvest regulations, drought, flood, shifts in relative species abundances or species introductions.   

Mainstem Amendments

The four Governor’s strongly endorsed the Council’s Mainstem Plan with its core principle considering the entire Columbia Basin ecosystem and hydroelectric system as a whole. The governor’s urged the federal action agencies to fully implement the Council’s Fish and Wildlife Program including the Mainstem Plan as soon as is practicable. Previous and ongoing monitoring by MFWP has yielded scientific evidence used to support the Council's mainstem amendment (see MFWP comments on the mainstem amendment). 
Configuration and Operation

Model simulations were used to develop integrated rule curves (IRCs) for the operation of Hungry Horse and Libby Dams (Marotz et al. 1996 and 1999). The Northwest Power Planning Council adopted the IRCs in 1994 (NWPPC 1995). The endangered Kootenai white sturgeon Recovery Team also adopted the IRCs and a new variable flow, system flood control strategy called VARQ in their white sturgeon recovery plan (USFWS 1999, also see appendices). Reservoir models of Hungry Horse Libby Dams were used to evaluate system-wide impacts and solutions (SOR EIS 1985). The reservoir models were also useful to the Army Corps of Engineers (ACOE) in developing VARQ (ACOE 1999). Implementation of VARQ at Hungry Horse and Libby Dams was called for by the 2000 Biological Opinions (BiOp) on the operation of the Federal Columbia River Power System (FCRPS) by both the National Marine Fisheries Service (NMFS 2000) and US Fish and Wildlife Service (USFWS 2000). The US Bureau of Reclamation implemented VARQ at Hungry Horse Dam in 2002. The ACOE is currently producing an environmental impact statement (EIS) on the long-term implementation of VARQ at Libby Dam. 

Research by MFWP also provided a “tiered” flow strategy for augmenting springtime river flows to aid in the recovery of the endangered Kootenai white sturgeon (USFWS 1999 and 2000) and summer flows for bull trout and anadromous fish in the lower Columbia River (USFWS 2000). The document included terms and conditions for flow ramping rates for Hungry Horse and Libby Dams, and requires that action agencies, in consultation with the USFWS, conduct a 10-year study to assess the feasibility of these prescribed ramping rates beginning in 2001. Now that the habitat models are completed, MFWP has the opportunity to combine the IFIM model with radio-telemetry and model simulations to determine the effectiveness of flow ramping rates (up and down) as prescribed in the BiOp.

Monitoring and Evaluation

Fish Population Monitoring 

Most physical and biological monitoring in the Montana portion of the Columbia Basin is directed at measuring population trends for the recovery of native resident species, including the endangered Kootenai River White sturgeon, threatened bull trout, westslope cutthroat trout, interior redband trout, and burbot.  Data are also compiled for other native fish species including mountain whitefish, pygmy whitefish, northern pikeminnow, peamouth, largescale sucker, longnose sucker, redside shiners and various sculpins.  Nonnative fish species (i.e. lake trout, rainbow trout, brook trout, northern pike, kokanee, black bullhead, largemouth bass, pumpkinseed, blue gill, black crappie and walleye) are monitored carefully for sportfishing and for interactions with native fish species. 

MFWP has established a long-term monitoring program within the Montana portion of the Kootenai and Flathead Basins to monitor the status and trend of threatened bull trout and species of special concern including redband, burbot and westslope cutthroat trout.  Trout monitoring includes annual redd count surveys and fine sediment monitoring in spawning tributaries, gill net surveys, genetic and pathogen inventory and juvenile trout population estimates in core spawning tributaries. Radio telemetry and IFIM projects relate trout movements to dam operation effects. Field investigations of burbot populations use a combination of trapping and tagging efforts and sonic/radio telemetry techniques. Project personnel conduct aerial reconnaissance to track tagged fish to assess spawning timing and location and track seasonal migrations. Empirical population genetics, evolutionary, and phylogenetic studies of burbot in the entire Kootenai Basin is currently lacking. Therefore, in order to improve the scientific uncertainty, MFWP will collaborate with the Kootenai Tribe of Idaho and conduct an investigation to improve the scientific uncertainty regarding these issues.

Tools Available for Monitoring

Redd Counts provide evidence of spawner escapement (fall spawning bull trout redds are more visible than spring spawning cutthroat trout redds). Redd counts are proportional to survival to maturity. Improved dam operation should increase the number and size of redds. Confounding factors include harvest (regulation changes), density dependant growth, species interactions and recruitment during prior years.

Migrant trapping during spawning runs and juvenile emigrations can provide a time-series trend analysis in tributaries. Data include species relative abundances, genetic compliment, sex ratios, size at maturity, fecundity. Improved dam operation should increase the number of spawners. Unfortunately, trapping can impact the run(s) being studied. Confounding factors include harvest, passage and habitat improvements (unrelated to dam operation) and juvenile production from prior years. Juvenile emigration is controlled more by tributary condition (e.g. fine sediments, drought , flood) than by dam operation. 

Remote Sensing with radio telemetry and PIT tags can be used to assess fish movements and migrations relative to environmental change. 

Population Estimation is typically accomplished through underwater observation or electrofishing using mark-recapture or extinction methodologies.  Lake populations are estimated through hydroacoustic techniques verified through vertical and horizontal netting. 

Age/growth analysis performed on scales, rays and otoliths is used to calculate growth rates, age at emigration and age at maturity.  Fish from various test groups can be compared, or growth can be related to environmental variables. 

Gill Netting series provide annual trends in reservoirs and lakes including species relative abundance, growth at age, size distributions, Improved dam operation should increase the number and size of fish. Confounding factors include harvest, reservoir volume fluctuation, gear selectivity, species interactions. 

Angler Creel Census provides estimates of harvest and angling pressure. Improved dam operation should influence catch per unit effort. Accurate harvest information helps isolate human caused mortality. Confounding factors include population effects unrelated to dam operation, and operational effects on 

angling effectiveness. 

Genetic Testing assesses the location and degree of genetic introgression in native westslope trout and determines the source of hybridization.  Historically, allozyme tests required lethal sampling.  Advancements in nuclear and mitochondrial DNA testing has allowed researchers to use nonlethal fin clips.  Results have been mapped and are being used to prioritize mitigation actions.  Pure populations are selected as donor populations for infusing wild genes into the state’s captive brood stock and for future efforts to replicate wild populations for species restoration.   

Fish Pathogen Inventories are conducted to identify and possibly contain fish pathogens.  Populations determined to be free of all reportable pathogens, and genetically pure, may be selected as donor populations for species restoration actions. 

Research for Recovery Planning 

I urge you to contact Sue Ireland (KTOI) (208) 267-3620 and Vaughn Paragamian (IDFG) (208) 769-1418 for Kootenai White Sturgeon recovery monitoring. 

Emerging Issues: Toxics, Invasive Species

Preventing the introduction and spread of invasive aquatic nuisance species (ANS) is an over-arching priority in Montana’s fisheries program.  Aquatic nuisance species (ANS), such as Eurasian watermilfoil, zebra mussels, whirling disease, noxious weeds, snapping turtles, bull frogs and exotic fish species, could be extremely difficult and expensive to control if they became established.  Total eradication of ANS can be virtually impossible if not detected immediately.  Once established, ANS can permanently alter habitat supporting native aquatic species. Montana has initiated a multi-agency cost-sharing program to alert the public to threats associated with ANS using pamphlets and public service nnouncements. Pamphlets describe how to identify ANS, avoid their spread, and how to report their presence when discovered. A radio traveler information system was installed to warn recreationists entering Montana to wash their vehicles and boats before traveling off road or launching on Montana’s waterways.  

Offsite projects, particularly lake rehabilitation, have been successful in removing hybridized fish populations, creating genetic reserves for native fish, drastically improving fisheries, and eliminating source populations for further illegal introductions.  Completed and ongoing projects were identified primarily through past watershed assessments and research.  These remain active components of Montana’s fishery program to help ensure quality projects in the future.

V. 
Identifying Priorities and Estimated Costs for Future Research 

Summary of Recommendations for Future Research

Recommendations for Future Research

· Determine the long-term persistence of natural elemental signatures in fish scales.

· Improve the persistence of cold marks at the focus of otoliths in swim up fry to allow for subsequent detection.  Cold marking of otoliths has been used as an inexpensive batch-marking technique for swimup fry. Although lethal otolith sampling is required to detect marks,  this technique may still serve a useful purpose for certain research applications. 

· Assess the effectiveness of batch marking of fish scales using applied concentrations of microelements.  Microelemental marking of fish scales and otoliths may be an alternative to cold marking techniques in hatchery research.  

· Determine the exact timing of imprinting in juvenile WCT and Bull trout.  Assured imprinting on a specific water source will reduce the potential for straying when fish are planted to establish a new wild spawning run.  

· Evaluate the cost-effectiveness of various planting strategies for re-establishing wild spawning runs (e.g. RSIs, imprint fingerling plants, eyed egg plants in artificial redds).  This will advance efforts to establish wild spawning runs in waters where limiting factors (that previously resulted in the loss of native species) have been eliminated. 

· Identify all sources of native fish species that are genetically pure and free of all reportable pathogens.  Potential donor populations should then be assessed for unique adaptations and properties (e.g. temperature tolerance, growth rate, condition factor etc.) useful for species restoration. 

· Conduct empirical research to identify links between fish genetics and unique adaptations and properties. 

· Increase the number of genetic markers to enable researchers to determine the genetic integrity of individual fish.  This is crucial for selecting appropriate donor parents for replicating unique genetic strains of fish that are threatened by extirpation. 

· Determine the most cost-effective strategies to eradicate non-native species.  This should include an evaluation of the success and failure of various techniques under various environmental conditions. 

Relevance to Fish and Wildlife Program Objectives




Cost-Effectiveness




Technical Feasibility 




Political Feasibility

Recommended Research Priorities


Short Term Research Priorities


Long Term and New Research Priorities

VI. Implementing A Short-Term Research Agenda Through the NPCC Fish and Wildlife Program

VII. Implementing Long-Term Collaborative Research Agenda for the Region

Opportunities for Collaborative Research 

Monitoring the relative effectiveness of various habitat restoration or fish passage improvement strategies represents an important opportunity for collaboration among projects.  While the goal is to design experiments allowing direct comparisons between treatments and unaltered controls, establishing directly comparable controls is problematic under field conditions. Paired streams may be similar, but not identical to the treatment stream.  A portion of a stream assigned as control may be representative of the entire reach, but not an exact replicate.  Assessment of various treatments therefore has typically been accomplished by measuring population responses pre- and post-treatment.  Results may be confounded by annual variation in population size and structure.  While this is not an issue when we evaluate the effectiveness of fish passage improvements, because post-treatment sampling clearly demonstrates successful fish passage where previously passage was blocked, habitat restoration in connected systems presents a greater challenge at the population level. This is because researchers must rule out the possibility that the restored habitat did not simply concentrate fish from other areas, without increasing the overall population.  One potential solution is to compare treatments to a group of streams of identical stream order, habitat type and gradient over time.  Post-treatment samples can be compared collectively to determine if the treatment group responds differently than the natural variation in the controls.  

Another strategy is to compare the relative contribution of juvenile recruits from various streams to the parent population over time.  To do this, we must be able to determine the natal stream of origin of individual fish after they emigrate from their natal stream.  MFWP has experimented with various techniques to measure juvenile recruitment. Trapping emigrating juveniles is a direct measure of tributary production, but is labor intensive and subject to trap failure and escapement.  Juvenile fish marking and subsequent recapture requires marking a sufficient subsample of all rearing juveniles prior to emigration, and the technique is dependant on obtaining a sufficient number of recaptures to compare the relative contribution of recruits from the various streams.  Also, the marks must persist long enough to be detected during subsequent sampling. Most marking techniques require handling the fish during marking procedures and during subsequent sampling and many techniques require lethal sampling to detect marks. Lethal sampling techniques are counterproductive to species recovery. We have therefore initiated research to use natural microelemental signatures (i.e. strontium, barium, magnesium, manganese, lead etc.) assimilated into fish scales to determine a fishes natal stream of origin. The method operates on premise that differing concentrations of rare earth elements occur within the various natal tributaries, and that these elements are incorporated into the scale and otoliths of rearing juvenile trout at concentrations proportional to those present within each tributary.  Preliminary results have demonstrated that differing ratios of calcium and the sampled elements serve as unique natural mark allowing researchers to correlate fish with their respective tributaries.  The technique using scales can be accomplished without having to sacrifice the fish (as is the case when otoliths are used). Westslope cutthroat sampled from tributaries in the North, Middle and South Forks of the Flathead River were correctly classified with 90 percent accuracy.  We are now attempting to refine this accuracy by using additional stable isotopes of strontium and by introducing a second level of evidence in the form of  nonlethal genetic sampling.  Future research will assess the long-term persistence of natural elemental signatures to determine if returning adults can be assigned to their natal stream.  This technique may be applicable to other fish species systemwide. 

Sturgeon and Bull Trout (USFWS)

VIII.  Charting the Course for Future Research
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